iar ù i 
TE et "e. sci enc adden 5 


Encyclopædia Britannica; 
DICTIONAR Y 


азман o ree тысы ARTS md SCIENCE S 


d 
COMPILED UPON A NEW PLAN, 


nass АН гт ts woren 
erre rer а еа 


NN i Sa Ch HORS ЗГ er | 
AN TTA LITT шщ ШШШ gi pean 
ru. mo dro dr 


Encyclopaedia Britannica; 


DICTIONARY 


ARTS wd SCIENCES, 
COMPILED UPON A NEW PLAN. 


Ti0XA ^ 
fomio ELSES 
А 


чө кд سدس‎ i, ноа. 


ipu as 
1 
2 


| 


| 


АШ 


ШИ ШЕРИП ЫН 
ИУ, ál H 
1 КЕНЕНИН 


TH | 
T 


itannica; 


Үү Yu 
ИН АП 
i Но d 
TE 


à 


Вг 


СРЕ 
e Peng nen, сасе а 


and Anvs are бубый ine 


dms we raed n 
prender иот 


1 
p 
diti 


COMPILED UPON A NEW PLAN. 


DICTIONAR Y 
ARTS md SCIENCES 


Encyclopaedia 


fü ^d Marra. 


~My Bee Desuemea 


3 


ENCYCLOPADIA 
BRITANNICA 


EF 


THE UNIVERSITY OF CHICAGO 


The Encyclopædia Britannica 
is published with the editorial advice of the faculties 
of The University of Chicago and of a 
committee of members of the faculties of Oxford, Cambridge 
and London universities and of a committee 
at The University of Toronto 


* 


“LET KNOWLEDGE GROW FROM MORE TO MORE 
AND THUS BE HUMAN LIFE ENRICHED.” 


ENCYCLOP/EDIA 
BRITANNICA 


VOLUME 


17 


First Published in 1768 
by A Society of Gentlemen in Scotland 


ENCYCLOPAEDIA. BRITANNICA, INC. 
William Benton, Publisher 


CHICAGO · LONDON - TORONTO - GENEVA - SYDNEY - TOKYO - MANILA 


© 
1968 


BY ENCYCLOPADIA BRITANNICA, INC. 
COPYRIGHT UNDER INTERNATIONAL COPYRIGHT UNION 
ALL RIGHTS RESERVED UNDER PAN AMERICAN AND UNIVERSAL COPYRIGHT 


CONVENTIONS BY ENCYCLOPADIA BRITANNICA, INC. 


PRINTED IN THE U.S.A. 


Library of Congress Catalog Card Number: 68-10064 


No part of this work may be reproduced or utilized in any form or by any means, 
electronic or mechanical, including photocopying, recording, or by any information storage 
and retrieval system, without permission in writing from the publisher. 


FOUNDED 


ENCYCLOP/EDIA BRITANNICA 


This letter throughout its known history has represented 


Volume 17 


P ro PLASTERING 


the unvoiced labial stop. It corresponds to Semitic 
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from the Etruscan P , but the colonial Latin alphabet of the 3rd 
century B.C. also shows a form "| resembling the Chalcidic. The 
Umbrian alphabet had], a form resembling the ancient Semitic. 
Faliscan had the rounded form 7, (^. Oscan lengthened the 
second small vertical stroke and developed the form П. 

The minuscule letter resembles the majuscule, the chief differ- 
ence being that the loop is brought down to the level of the line 
of writing and the vertical stroke extended below the line.- Thus 
a cursive form of the 6th century was P, the uncial form was p, 
the Carolingian р. 

The English initial p is slightly aspirated, that is, it is accom- 
panied by a slight puff of breath, in contrast to the unaspirated p 
of French for example. In English, as in French and German, the 
letter is used in combination with 4 in words of Greek origin to 
denote the unvoiced labiodental spirant expressed in other words 
by the letter f; e.g., "philosophy," “phonetics” and "graphic." 
Initial ф is silent in the combinations ps and pt in such Greek- 
derived words as “psychology” and “pterodactyl.” 

For the history of sound changes affecting the letter p, see GER- 


MANIC LANGUAGES. See also ALPHABET. 
(BE G A JaW, P.) 


PAARL, a town of Cape Province, S.Af., is situated on the 
Great Berg River, between the Drakenstein Range and Paarl 
Mountain, 36 mi. ENE of Cape Town by rail, Pop. (1960) 38,- 
059; (1962 est.) 44,000. Discovered in 1657 by Abraham Gab- 
bema and founded by Huguenot settlers in 1688, Paarl extends 
about eight miles along the river. It is the centre of the South 
African wine and grape industry, and also produces citrus fruits 
and olives. Industries also include textile and flour mills, and 
cigarette and jam factories. The town has six high schools, a 
commercial training college, and two teachers’ training colleges. 

(C. H. Br.) 

PAASIKIVI, JUHO KUSTI (1870-1956), Finnish states- 


man, for ten years president of Finland, was born at Tampere on 
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Nov. 27,1870. He studied law and history at Uppsala and Leipzig 
universities, and from 1902 to 1903 was a lecturer in law at Hel- 
sinki University; but subsequently he turned to financial adminis- 
tration and banking business. Believing that small nations cannot 
afford to stand on their rights against the power policies of big 
ones, he ranged himself in the campaign for Finnish constitu- 
tion (see FINLAND: History) with the “compliers” of the Old 
Finnish Party, while the leading jurists of the day took the Con- 
stitutional standpoint. He was a senator (minister) from 1908 to 
1909, but resigned from the government to show the Russians that 
even the Old Finns could not approve illegal actions. As prime 
minister of the first government after the War of Independence in 
1918, he favoured a pro-German policy and a monarchy for Fin- 
land. He headed the Finnish delegation at the peace talks with 
Soviet Russia in 1920 and warned the government against trying 
to take advantage of Russia’s temporary weakness. 

Paasikivi's policy toward Russia during and after World War II 
was a logical continuation of his activity as a politician of the 
Old Finnish Party. In Oct. 1939 he led the Finnish delegation 
which unsuccessfully attempted to reach a peaceful settlement with 
the U.S.S.R. As minister during the Russo-Finnish Winter War 
of 1939-40 he did much to speed up the conclusion of peace; as 
ambassador to Moscow in 1940-41 he skilfully represented his 
country's interests and at the same time counseled his government 
to make concessions. In the Russo-Finnish Continuation War of 
1941-44 he made contact with the Russians to explore the possi- 
bility of a peace. As prime minister from Nov. 1944 to March 
1946 he made sure that the peace conditions were faithfully carried 
out, though the punishment of the wartime political leaders caused 
him personal difficulties. As president of the republic from March 
1946 to Feb. 1956 he stood farther aloof from party life than any 
of his predecessors. His aim, which he pursued with considerable 
success, was to remain absolutely uncompromising over Finnish 
independence while so handling Finland's foreign relations as to 
avoid all conflict with Soviet interests and to inspire the U.S.S.R. 
with confidence in Finnish sincerity. He died in Helsinki on Dec. 
14, 1956. His memoirs, Paasikiven linja (two volumes) appeared 
in 1956. 

See К. Kare, Juho Kusti Paasikivi (1956). (E. K. I. J.) 

PABIANICE, a town of central Poland in Lodz wojewodztwo 
(province), lies in the Lodz Highlands on the Dobrzynka River, a 
secondary tributary of the Warta, 10 mi. (16 km.) SSW of Lodz 
by road. Pop. (1960) 56,000. It is the second most important 
town in the Lodz industrial region and is on the railway from 
Lodz to Poznan and Wroclaw. Its Renaissance castle houses the 
museum. The town is a textile centre and also has chemical, 
metal, and papermaking industries, Settled as early as the 11th 
century, Pabianice acquired town rights in 1297. (T. K. W.) 

PABNA (Ровма), a town and district in the Rajshahi division 
of East Pakistan. The town, headquarters of the district, lies on 
the Ichamati River (a tributary of the Padma) 75 mi. WNW of 
Dacca. Pop. (1961) 40,792. It is a well laid out industrial town 
with many old buildings and is noted for its Hindu Temple of Jor 
Bangla, the walls of which are decorated with images of gods and 
goddesses. In the town are the Pabna Jubilee tank (excavated 
in 1887), Jinnah Park, a public library, a mental hospital, and a 
degree college affiliated to Rajshahi University. It is noted for its 
hosiery and handloom products. 

PABNA District (area 1,877 sq.mi.; pop. [1961] 1,959,060) lies 
in the angle between the Jamuna River in the east and the Padma 
in the southwest. It is intersected by countless water channels, 
so that during the rainy season most of the villages are accessi- 
ble by boat, and many by boat only. The district is a wide al- 
luvial plain, the southwestern portion being of a higher level. 
Fields of rice and jute, the two staple crops, are almost encircled 
by clumps of trees and bamboos which conceal the village sites. 
Enriched by annual floods, the soil is extremely fertile; two-thirds 
of the district yields two crops and many parts three crops an- 
nually, Sirajganj, northeast of Pabna, is a trade centre. 

(K. S. Ap.) 

PACA, any of several large, tailless, rabbitlike rodents of the 
family Dasyproctidae, known also as spotted cavies, The lowland 


LLOYD G. INGLES 
LOWLAND PACA (CUNICULUS PACA), SOMETIMES ATTAINING THE SIZE OF A 
LARGE RABBIT 


pacas (Cuniculus, or Agouti) occur from Brazil to Mexico, chiefly 
in swampy areas; the mountain pacas (Stictomys) live in forests 
in the Andes of Ecuador and Venezuela. They are closely related 
to the agoutis and acushis (Dasyprocta and Myoprocta), but 
stouter. Pacas have hooflike feet and thick long brownish hair, 
attractively spotted. They possess large internal cheek pouches 
and peculiar bony cheek plates that are particularly enlarged in 
males. 

Nocturnal in habits, pacas live in bank burrows and feed on 
leaves, roots, and fruits. They provide leather and are a favourite 
food locally. The rare pacarana, or false paca (Dinomys), of the 
northern Andes, has a well-developed tail and belongs to a separate 
family (Dinomyidae). (R. H. Ma.) 

PACARAIMA, SERRA (Sp. SIERRA Pacararma; Eng. 
PAKARAIMA Mrs.), is the tabular upland that surmounts the 
Guiana Highlands along the border between Brazil and Venezuela, 
and between Brazil and British Guiana. It reaches its highest ele- 
vation in Mt. Roraima (9,094 ft.), located where the boundaries 
of the three countries come together. The Serra Pacaraima ex- 
tends for about 250 mi. in an east-west direction. None of these 
surface features, including Mt. Roraima, is properly called a 
mountain, for the summits are flat or gently rolling; but the steeply 
cliffed sides make these tabular forms look like mountains as one 
approaches them on the ground. They are developed on the very 
thick, flat-lying sandstones of the Cretaceous Age that lie over the 
top of the ancient crystalline rocks of the Guiana Highlands, The 
rivers that rise on the plateau tops pour over the cliffed edges in 
spectacular waterfalls, such as Kaieteur Falls in British Guiana. 
It was these massive tablelike features, their tops often obscured 
by clouds, that inspired A. Conan Doyle to write The Lost World, 
an imaginative account of an exploring expedition that found the 
almost inaccessible heights populated by dinosaurs and other ex- 
tinct animals. 

Although the Serra Pacaraima has not been carefully explored, 
its essential character is known and the border between Venezuela 
and Brazil has been surveyed. The region is almost uninhabited 
except by a few tribes of Indians. Although the crystalline rocks 
of the Guiana Highlands contain gold and diamonds, iron ore, 
and other industrial minerals, the cover of sandstones contains 
no minerals of value. (P. E. J.) 

PACATUS DREPANIUS, LATINIUS (Lativs) (f. c. 
A.D. 390), Gallo-Roman orator and poet, was the author of an 
extant panegyric addressed to Theodosius I at Rome in A.D. 389 
after the defeat of the usurper Maximus. He was a friend of 
Symmachus, the champion of paganism, and of the Christian poet 
Ausonius. It is uncertain whether Pacatus was pagan or Christian; 
in his speech he denounced Maximus’ persecution of the Priscil- 
lianist heretics. In A.D. 390 Pacatus received the proconsulship of 
Africa and later held other high office. 

For text see W. Baehrens (eds.), XII Panegyrici Latini (1911). See 
also E. Galletier, Panégyriques latins, vol. iii (1955). (W. S. Ms.) 

PACHECO, FRANCISCO (1564-1654), Spanish painter 
and author, whose pictures and writings are representative of the 
Spanish baroque, was born at Sanlücar, where he was baptized on 
Nov. 3, 1564, He went early to Seville, where he lived with his 
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cousin, F. Pacheco, a canon whose house was a meeting place of 
the learned and artistic world of the town. Pacheco studied art 
under Luis Fernandez. It is not known whether he went abroad, 
but he greatly admired Italian art and formed a collection of 
Italian Renaissance drawings. Later he opened an academy, which 
was largely attended. Of his pupils the most distinguished were 
Alonso Cano and Velazquez, who became his son-in-law. His early 
work is hard and cut out. After a visit in 1611 to Madrid and 
Toledo, where he met El Greco, he became interested in chiaro- 
scuro, Specimens of his work are in the gallery, the university and 
the cathedral at Seville, The church of St. Sebastian at Alcalá de 
Guadaira, near Seville, contains one of his most important works. 
He was a successful portraitist and is said to have executed 150 
portraits. Pacheco visited Madrid again in 1623 with Velazquez 
and stayed until 1625, In his later life he devoted himself to writ- 
ing. His treatise on the art of painting (Arte de la pintura, 1649) 
is of considerable value for the study of Spanish art. 

PACHELBEL, JOHANN (1653-1706), German composer, 
one of the great organ masters of the generation before J. S. Bach, 
was born in Nürnberg in August 1653. He studied in Altdorf and 
Regensburg, and later held posts as organist in Vienna, Stuttgart, 
and other cities, In 1695 he was appointed organist at the St. 
Sebalduskirche in Nürnberg, where he remained until his death on 
March 6 or 7, 1706. 

All Pachelbel's work is in a clear and contrapuntally simple 
style. His organ compositions show a knowledge of the Italian 
forms such as the toccata, derived through J. J. Froberger from 
G. Frescobaldi. Of special importance are his chorale-preludes, 
which did much to establish the chorale melodies of Protestant 
north Germany in the more lyrical musical atmosphere of the 
Catholic south. Pachelbel also wrote harpsichord music, but with- 
out much feeling for that instrument's individuality, and other 
instrumental music, including six suites for two violins. 

(C. P. Co.) 

PACHER, MICHAEL (fl. 1465-1498), German painter and 
wood-carver, executed his chief work, the great altarpiece in the 
parish church of St. Wolfgang, in Upper Austria, between 1478 
and 1481. It is one of the greatest monuments of the late German 
Gothic period. The centrepiece is an elaborate wood carving rep- 
resenting Christ and Mary with St. Wolfgang and St. Benedict. 
The wings, two on each side, are painted with scenes from the life 
of Christ and St. Wolfgang. While the carving is of the Late 
Gothic style prevalent in Germany at the time, the paintings are 
influenced by the Italian Renaissance, which penetrated into the 
Tirol from Verona; they especially show the influence of 
Mantegna. The figures are plastic, the composition clear and mon- 
umental. Other works by Pacher are: the altarpiece (wood carv- 
ing) in the church of Gries, near Bozen (mod. Bolzano, Italy) 
(1471); the high altar for the church of St. Francis, in Salzburg, 
begun in 1484 and left uncompleted; and the altarpiece of the 
cathedral at Brixen (mod. Bressanone, Italy), representing the 
fathers of the church, panels of which are in the Munich and 
Augsburg galleries. 

PACHMANN, VLADIMIR VON (1848-1933), Russian 
pianist known for his performances of Chopin, was born at Odessa 
on July 27, 1848. In 1866 he went to Vienna where he studied 
under Joseph Dachs. He first appeared as a pianist at Odessa in 
1869 and later played in Germany, Austria, and France. Though 
his early concerts were successful he was severely self-critical and 
withdrew for long periods of study. He first appeared in London 
in 1882, married his Australian pupil Marguerite Oakey in 1884, 
and made his first visit to the United States in 1891. Until about 
1925 he toured Europe and America as a performer almost ex- 
clusively of the works of Chopin which he played in an intimate, 
miniature style. The informal commentaries he provided on the 
music in the course of performance were a peculiarity of his con- 
certs, He died in Rome on Jan. 7, 1933. 

PACHOMIUS, SAINT (292?-346?), Egyptian monk, 
founder of Christian cenobitical life, was born about 292 at Esna 
(Isna) in Upper Egypt, of pagan parents. The facts concerning 
his life and work are much entangled with legend. He appar- 
ently served as a conscript in the Roman army and on his return 


became a Christian (314). He at once went to live an eremitical 
life near Dandarah by the Nile, putting himself under the guidance 
of an aged hermit. After three or four years he was called (by an 
angel, according to legend) to establish a monastery of cenobites, 
or monks living in common, Pachomius spent his life in organiz- 
ing and directing the great order he created, which at his death 
included nine monasteries with about 3,000 monks, and a nunnery. 
The order was called Tabennesiot, from Tabennisi, near Dandarah, 
the site of the first monastery. Athanasius was his firm friend and 
visited his monastery c. 330 and later. The date of his death was 
probably 346 or 348. His feast is celebrated on May 9 (Coptic 
Church) or May 14. (See also Monasticism.) 

St. Pachomius' rule has not survived in its original form. The 
Lausiac History (c. 419) of Palladius quotes it, and St. Jerome 
made a Latin translation of a text written in the Coptic Sahidic 
dialect. St. Benedict's rule made considerable use of it. 

See H. Thurston and D. Attwater (eds.), Butler's Lives of the Saints, 
vol. ii, pp. 259-262 (1956), with bibliography. (X.; E. R. Hy.) 

PACHUCA, a city of Mexico and capital of the state of 
Hidalgo. Pop. (1960) 64,571. Situated in a valley of an inland 
range of the Sierra Madre Oriental at an elevation of 8,150 ft., 
Pachuca stands in the midst of the rich mining districts of Atoto- 
nilco el Chico, Capula, Potosí, Real del Monte, Santa Rosa, and 
Tepenené. Pachuca was one of the first settlements in New Spain, 
and its first mine was discovered in 1534. It is said that some 
of these silver mines were known to the Indians before the dis- 
covery of America. The nearby Real del Monte mine is considered 
to be one of the most extensive mining properties in the world. 
Begun in 1739, the mine is still in operation. Demonstrating the 
silver wealth of the region, the old Trinidad mine alone produced 
40,000,000 pesos worth of silver in ten years. It was possibly in 
Pachuca in 1557 that Bartolomé de Medina discovered the "patio" 
process of reducing silver ores with quicksilver, which was widely 
used until the 20th century. A sharp decline in mineral production 
in recent years in Pachuca has posed a serious employment prob- 
lem, which the government is seeking to resolve by greater indus- 
trialization. The city's industries include smelting works and a 
large number of metallic ore reduction plants. Pachuca has a uni- 
versity, a school of mines and metallurgy founded in 1877, a mete- 
orological observatory, and a public library. (H. R. Hv.) 

PACHYSANDRA, a small genus of the box family (Buxa- 
ceae), comprising several species of herbs or subshrubs of value 
as ground cover in shade because of their more or less evergreen 
leaves. The Allegheny pachysandra (P. procumbens), native to 
eastern North America from the mountains of Kentucky to west- 
ern Florida and Louisiana, is of little value as an ornamental be- 
cause of the dingy colour and deciduous character of its leaves. 
The Japanese pachysandra (P. terminalis), a true evergreen with 
thick glossy foliage, is a very desirable low-growing cover plant, 
succeeding admirably in full sun or partial shade; the variety 
variegata is a choice cover plant for ornamental effects. These 
plants are sometimes called spurge, a name more correctly re- 
stricted to many euphorbias (q.v.). (J. M. Br.) 

PACIFIC, WAR OF THE (1879-1884), grew out of a dis- 
pute between Chile and Bolivia over control of a part of the 
Atacama Desert lying between the 23rd and 26th parallels on the 
Pacific coast of South America. The territory contained valuable 
mineral resources, particularly sodium nitrate. 

Negotiations for a boundary settlement began in the early 1840s. 
In 1863 the Bolivian Congress authorized the President to declare 
war on Chile if that nation refused to settle the question peace- 
fully. Open conflict was averted when Bolivia became the ally of 
Chile, Peru, and Ecuador in a war against Spain in 1866. Chile 
and Bolivia then negotiated a treaty recognizing the 24th parallel 
as their boundary, but giving Chile the right to share the export 
taxes on the mineral resources of Bolivia's territory between the 
23rd and 24th parallels. 

When the war with Spain ended, relations between Chile and 
Bolivia deteriorated. Bolivians resented sharing taxes from their 
territory with Chile, and feared that Chile might seize Bolivia's 
coastal region because the mining industry there was controlled by 
Chilean interests, aggressively supported by the Chilean govern- 
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ment. Peru’s interest in relations between Chile and Bolivia com- 
plicated the situation. Not only were Peru and Chile traditional 
rivals for hegemony on the Pacific coast but the prosperity of the 
Peruvian government’s guano monopoly and the thriving nitrate 
industry in Peru’s province of Tarapacá were related to mining 
activities on the Bolivian coast. In 1873 Peru approved a “secret” 
alliance with Bolivia under which the two nations mutually guar- 
anteed their territories and independence. 

In 1874 satisfactory relations between Chile and Bolivia were 
restored by approval of a revised treaty under which Chile gave 
up its share of the export taxes on minerals shipped from Bolivia. 
In return, Bolivia agreed not to increase existing taxes on Chilean 
enterprises in Bolivia for 25 years. Harmony prevailed until 1878 
when a new Bolivian government sought to impose an additional 
tax upon a Chilean corporation—the Antofagasta Nitrate Com- 
pany. After Bolivia failed to heed Chilean protests that the tax 
violated the treaty of 1874 and threatened to confiscate the prop- 
erty of the company for failure to pay the tax, Chilean forces oc- 
cupied the port city of Antofagasta (Feb. 14, 1879). Bolivia then 
declared war on Chile and called upon Peru for help. Peru, un- 
prepared for war and in serious financial difficulties, sought to end 
the Chilean-Bolivian conflict through mediation. However, when 
the Peruvian mediator admitted the existence of the Peruvian- 
Bolivian treaty of alliance, Chile declared war on both Peru and 
Bolivia (April 5, 1879). 

Chile occupied the Bolivian coastal region with ease and pro- 
ceeded to take the offensive against more powerful Peru. Naval 
victories at Iquique (May 21, 1879) and Angamos (Oct. 8, 1879) 
placed Chile in control of the sea approaches to Peru. А Chilean 
land force then conquered the Peruvian province of Tarapacá late 
in 1879 and occupied the provinces of Tacna and Arica in June 
1880. A United States effort at mediation in Oct. 1880 failed 
when Chile demanded territorial concessions from both of its ene- 
mies as a price for peace. A few months later Chilean forces cap- 
tured the Peruvian capital of Lima (January 1881). 

For nearly three years Chile refused to negotiate a peace treaty 
with Peru because of Peruvian resistance, encouraged in part by 
U.S. sympathy for the Peruvian cause, to making territorial ces- 
sions. Finally, on Oct. 20, 1883, Chile and Peru approved the 
Treaty of Ancón under which Tarapacá was ceded to Chile. The 
treaty also provided that Chile would occupy the Peruvian prov- 
inces of Tacna and Arica for ten years, at the end of which time a 
plebiscite would be held to determine their definitive nationality. 

In 1884 a truce was arranged with Bolivia which gave Chile con- 
trol of the entire Bolivian coast. A definitive treaty (1904) ceded 
this region to Chile, making Bolivia a landlocked nation. In re- 
turn, Chile agreed to build a railroad connecting La Paz (the seat 
of the Bolivian government) with the port of Arica and guaran- 
teed freedom of transit for Bolivian commerce through Chilean 
ports and territory. (R. N. Bv.) 

PACIFIC COAST. The Pacific coast of North America pos- 
sesses two unifying geologic and geographic properties—the Pacific 
Ocean, which constitutes a natural western border, and the coastal 
mountain ranges that form the western shoreline of the United 
States. The physiographic interior consists of a diverse assort- 
ment of valleys, plateaus, river systems, and mountains, each of 
which possesses a distinctive geologic history. For this reason, 
as well as for historical and sociological reasons, it is difficult to 
establish firm inland boundaries for the region. The most com- 
monly accepted definition of the Pacific coast is largely a political 
one; it defines the region as comprising the states of California, 
Oregon, Washington, Idaho, Alaska, western Montana, and the 
province of British Columbia, which was formerly a part of the 
old Oregon country. (For a geographic description of this area see 
UNITED States [or America]: Physiography.) 

Before white men reached North America, the Pacific coast was 
inhabited by native peoples belonging to several culture areas and 
language families. The California Indians possessed a very simple 
culture pattern and spoke a great variety of languages, whereas 
the dominantly Salishan- and Nadene-speaking Indians of the Pa- 
cific Northwest, as well as the Eskimo-Aleut groups of the Bering 
Sea area, had distinctive and relatively highly developed cultures, 


Intruding upon both of these major segments were the Indians of 
the Columbia Plateau whose culture was profoundly influenced by 
the northern desert and northwest coastal tribes. (See INDIAN, 
NORTH AMERICAN.) 

The Spaniards were the first to explore the Pacific coast. Fol- 
lowing Balboa’s discovery of the Pacific Ocean in 1513, the Span- 
jards intensified their search for a sea passage to the East Indies; 
their voyages along the Pacific coast led to the discovery of Cali- 
fornia by Juan Rodriguez Cabrillo in 1542. During the ensuing 
century and a quarter Mexican-based voyages carried these sea- 
faring Spaniards steadily northward. By the time of the American 
Revolution the Spaniards had already gained familiarity with the 
California coast, cruised in Alaskan waters, established a base of 
sorts in Nootka Sound on Vancouver Island, and used the coastal 
waters for part of the famed Manila-Acapulco galleon trade. Ex- 
cept for the unplanned “visit” of Francis Drake to the vicinity 
of San Francisco Bay in 1579 and his assertion of an English 
claim to New Albion (the name given the region by this English 
navigator), the Spanish hold on California remained unchallenged 
for three centuries. 

California.— This enviable position was in large measure due to 
Spain's role as a colonizer. During the period 1769-1823, Spain 
established many missions ‘and ranchos in California's fertile and 
semihumid south-coastal valleys. Under Spain’s (after 1822, 
Mexico’s) suzerainty Alta (Upper) California became a somewhat 
self-sustained pastoral community. A sunny climate, a generally 
inviting countryside, trade possibilities, and an appealingly simple 
life offered irresistible attractions to foreigners. 

During the first half of the 19th century a Spanish and Chris- 
tianized Indian population of about 16,000 inhabitants became 
hosts to more than 3,000 foreign settlers, mostly Americans. The 
presence of Americans in California, and U.S. official desire to 
acquire West Coast ports were among the significant factors bring- 
ing on the war with Mexico in 1846-48. By the terms of the 
Treaty of Guadalupe Hidalgo, Feb. 2, 1848, at the end of the 
war, California was included in the Mexican territory ceded to 
the United States. 

The discovery of gold in California on Jan. 24, 1848, led the 
next year to the famous gold rush of the “Forty-niners.” In 1850 
California was admitted to the Union as the 31st state, and the 
decades that followed witnessed a rapid population growth, far- 
reaching agricultural developments (involving reclamation of arid 
areas), the discovery and exploitation of rich petroleum resources, 
and industrial and commercial expansion. At the time of the 1960 
census California had a population of 15,717,204, making it the 
second most populous state. In 1964 it became the most populous 
state according to official U.S. Census Bureau estimates. 

Pacific Northwest.— The northern portion of the Pacific coast, 
called the Pacific Northwest, has had a somewhat different his- 
tory from that of California. It was Vitus Bering, the Russian- 
sponsored explorer, who in 1728 became the first to navigate the 
strait named in his honour. This initial Muscovite interest led to 
the formation in 1799 of the Russian-American Company, which 
established trading posts in parts of Alaska. In 1867 Russia sold 
Alaska to the United States, and in 1958 Alaska became the 49th 
state in the Union. 

North of California lay the Oregon country, a region roughly as 
large as Alaska and possessing strikingly varied physical features, 
soil, and climate. The humid Willamette-Puget Sound trough 
dominates the region west of the Cascade Mountains; an elevated 
arid plateau spreads over the region east of the Cascades; and 
binding together the major portions of the Oregon country is the 
mighty Columbia River. 

During the last quarter of the 18th century ships of British and 
American registry carried on extensive maritime explorations along 
the Oregon coast and concurrently developed there a thriving sea 
otter fur trade. The discovery of Oregon's rich fur resources led, 
after the turn of the century, to an accelerated British and Ameri- 
can competition in the establishment of inland trading operations. 
British companies—first the Northwest Company and then the 
Hudson's Bay Company— gained control of the region north of the 
Columbia River; American traders, missionaries, and pioneer set- 
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tlers dominated the region south of the river, Following the relin- 
quishment of territorial claims by Russia and Spain, it remained 
for Great Britain and the United States to resolve their over- 
lapping claims to the Oregon country. After a period of agreed 
upon “joint occupation,” the 49th parallel was established in 1846 
as a permanent boundary line to Puget Sound (but not including 
Vancouver Island), The territory north of this line went to Great 
Britain; the territory south of it to the United States. 

American public interest in this Pacific coast region during the 
mid-1840s has been referred to as “Oregon fever.” What had 
begun as a small American overland migration to Oregon in 1841 
(by way of the Oregon Trail) gained momentum, and after the 
boundary settlement the tide of migration grew steadily. In 1848 
Oregon was made a U.S. territory; and as settlement spread, new 
states were formed from it. Oregon was admitted to the Union 
in 1859, Washington in 1889, and Idaho in 1890, 

Regional Characteristics.—Situations peculiar to the Pacific 
coast have given this geographically and historically diversified 
region at least some measure of cohesiveness. Until the admission 
of Hawaii as a state in 1959, the Pacific coast represented the 
western borderland area of the United States. As such the people 
and the press of this region displayed over the years a degree of 
regional self-consciousness. For example, the Pacific coast popu- 
lation felt that it was relatively isolated from the rest of the nation. 
This feeling was early manifested by Pacific coast efforts to bring 
about a union of eastern and western lines of transportation and 
communication, an enhancement of maritime trade, and adequate 
Pacific coast military defenses. Because of this feeling of isola- 
tion, innumerable regional business and professional groups have 
emerged on the Pacific coast over the years and are still active. 
Some of these organizations, however, exist simply as branches 
of nationally organized bodies. Quite apart from this feeling of 
isolation, which is being diminished by high-speed means of com- 
munication and travel, the Pacific coast has been obliged to cope 
with many problems of a peculiarly western nature. For example, 
Oriental immigration has been largely a Pacific coast problem. 
Another problem peculiar to this region has been the heavy de- 
pendence of West Coast business enterprises upon eastern capital 
investment. For reasons traditionally associated with the most 
westerly segments of U.S. settlements, the people of the Pacific 
coast are generally credited with being youthful, exuberant, and 
optimistic in spirit; casual or “western” in dress; progressive in 
business management; eager to promote population growth and 
business booms; and, by virtue of location, more conscious than 
their fellow citizens in the East and Middle West of America’s 
destiny in the Pacific Ocean area. 

See also ALASKA; CALIFORNIA; OREGON; WASHINGTON. 

(О. О. W.) 

PACIFIC ISLANDS, a term used to denote all the islands 
in the Pacific Ocean. However, not all of the islands in the Pacific 
are discussed in this article. The Indonesian archipelago, the 
Philippines, and Japan clearly belong to Asia, while the Bonin and 
Volcano islands as far south as Iwo Jima, like the Kuril Islands, 
are essentially Asian island arcs; the Aleutian Islands between 
Kamchatka and Alaska form a similar continental arc. Moreover, 
the Revilla Gigedo, Galapagos, and Juan Fernandez groups to the 
east are usually counted as part of America, while New Zealand 
can be considered apart. 

By far the greater number, both of groups and individual is- 
lands, normally thought of as “the Pacific Islands” (and so treated 
here) lie in a relatively restricted part of the ocean, between lati- 
tudes 10° N and 25° S and between Australia and longitude 
130° W, The main exceptions are the Marianas, or Ladrones 
(12°-20° N, about 145° E), which really prolong the Bonin line; 
the great chain of the Hawaiian Islands across the Tropic of 
Cancer; and the isolated Easter Island (q.v.). New Guinea, a vast 
continental island, is in some respects anomalous, but because of 
its strong racial and cultural affinities with the groups east of it, 
it is treated with the other Pacific Islands here. 

The Pacific Islands are usually divided into three major group- 
ings: Micronesia in the northwest (Mariana, Caroline, Marshall, 
and Gilbert islands); Melanesia, from New Guinea to Fiji (in- 


cluding the Solomon Islands, New Hebrides, and New Caledonia); 
and Polynesia to the east and northeast of Fiji (including the 
Hawaiian, Samoan, Tonga, Tuamotu, and Marquesas islands, and 
other groups). To some extent these divisions correspond to racial 
and cultural distinctions. 

This article is divided into the following sections and sub- 
sections: 


I. Physical Geography 
. The High Islands 
. Coral Islands 
. Climate 
- Soils 
. Vegetation 
. Animal Life 
. Mineral Resources 
II. Anthropology 
III. History 
1. Exploration and Exploitation 
2. The Christian Missions 
3. Copra and Colonialism 
4. The 20th Century 
IV. Administrative Groupings 
1. New Guinea 
2. British Territories 
3. United States Territories 
4. French Territories 
5. New Zealand and Other Territories 
6. 
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. Western Pacific High Commission 
. South Pacific Commission 
opulation 


I. PHYSICAL GEOGRAPHY 


Broadly, the islands may be distinguished as continental or 
oceanic, the former being those which by location or by the pos- 
session of continental rocks (e.g., sialic rocks such as granite, or 
sediments derived from marginal seas) are clearly associated with 
the continental masses. But a division with a wider range of ap- 
plicability is that between the high volcanic and the low coral 
islands, the latter including both uplifted coral platforms or still- 
living reefs and atolls. Islands of these three types are found in 
both the epicontinental seas and the Pacific basin proper; some 
islands are compounded of all three elements. 

1. The High Islands.—Omitting such large and complex is- 
lands as New Guinea and New Zealand, the former of which is 
continental in every sense, the high islands are all volcanic in 
origin; they are mainly basaltic in the basin proper and andesitic 
in the southwest. But some of the larger ones (New Britain, the 
main Solomons, New Caledonia, some of the New Hebrides, and 
Viti Levu in Fiji) have limited areas of sedimentary rocks, mainly 
Mesozoic and Tertiary; local crustal deformation due to volcanism 
may be responsible for these occurrences, and because of their 
isolation it is difficult to establish any wide correlations. Most of 
the high islands do not reach any great altitude; apart from the 16,- 
000-ft. ranges of central New Guinea, and the great volcanoes of 
Hawaii (Mauna Kea, 13,796 ft.), they rarely exceed 4,000 to 
6,000 ft., though Tahiti reaches 7,352, But as altitudes of 2,500 ft. 
or more may be reached on an island only a few miles round (e.g., 
Kao, in the Tonga Islands, attains 3,380 ft. in an area of less 
than 5 sq.mi.), they are often extremely rugged, and human occu- 
pation may be possible only on a few tiny pockets of level land or 
a narrow beach strip. Especially in Hawaii, Tahiti, and some of 
the Marquesas, a peculiar feature is the existence of steep-walled 
deep valleys with flat floors that end abruptly in a blind semi- 
circular head; some of these are 2,000-3,000 ft. deep, and the 
valley walls are sometimes fluted in a remarkable manner. These 
flutings are probably formed by the headward erosion of canyons 
under conditions of heavy rainfall and alternating layers of hard 
and soft volcanic rock; faulting may also play a part. 

Some volcanic islands, e.g., in the northern Marianas, are too 
young and/or too small to have developed much soil; this does 
not hold for those which run to several hundred square miles: 
New Britain and New Ireland together are nearly 18,000 sq.mi., 
and other large islands are New Caledonia (6,470), Viti Levu in 
Fiji (4,011), and Hawaii Island (4,030). On such islands, there is 
a considerable stream development and often well-marked diver- 
sity of climate and vegetation (often resulting from differing rain- 
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fall on windward and leeward aspects), so that there may be some 
diversified landscapes and economic activity—a contrast to the 
smaller high islands and nearly all the low coral isles. 

2. Coral Islands.—General.—The Pacific is the great domain 
of reef-building corals, and the great majority of the many thou- 
sands of Pacific isles and islets are formed of coral, at least in 
those portions that emerge above sea level. Reef-building corals 
cannot live where the sea temperature falls below 20? C (68? F), 
or at depths more than about 150 ft. below the surface. Since 
many coral islands rise steeply from great depths, their origin 
poses a difficult problem (see also Corat REEF). 

Most of the high islands are bordered along the shore by fringing 
reefs which may be a few hundred yards wide. Many also have 
offshore barrier reefs, which may be continuous for miles and are 
separated from the shore or the inner fringing reefs by some miles 
of open water. The south coast of New Caledonia, for example, 
is bordered by such a reef about 400 mi. long. Gaps in fringing 
and barrier reefs are usually opposite river mouths, as the silt 
smothers the coral organisms. In the extreme case of the atoll, 
the reef encloses a lagoon with no central island at all. 

The most generally accepted theories of the origin of barrier 
reefs and atolls are based on Charles Darwin’s view, according to 
which they begin as fringing reefs on a high island; subsidence of 
the island, accompanied by the building-up of the reef, leads to 
the formation of the encircling lagoon, and finally the central 
island disappears completely, leaving only the more or less cir- 
cular reef. Much evidence favours this view, notably the presence 
on many high islands of embayments presumably caused by the 
drowning of the valleys by submergence, and the fact that borings 
on Funafuti (Ellice Islands) and Bikini (Marshalls) reached 
depths of over 1,000 ft. and 2,556 ft. respectively without finding 
any but coralline material. 

But there are some difficulties with this explanation, the most 
important being that the interior lagoons of atolls are normally 
flat-floored and fairly shallow, with remarkably accordant depths. 
There is little growth of coral on the inner edge of the reef, where 
the food supply is scanty, and Sir John Murray maintained that 
the lagoons were formed by the solution of the dead coral in the 
centre of coral platforms formed on submarine banks. There 
seems little to support this theory, however. R. A. Daly’s “glacial 
control” theory holds that with the lowering of sea level and tem- 
perature when much of the hydrosphere was locked up in the great 
Pleistocene ice caps, the reefs over large areas of the Pacific died 
and were destroyed by marine planation, which also cut into the 
high islands or even beveled off many of them into submarine plat- 
forms, According to this view, the present coral would be only a 
thin layer, which does not square with the evidence of borings; on 
the other hand, the theory does seem a plausible explanation of the 
flat accordant lagoon floors. Quaternary changes in relative sea 
levels have, however, been complex; while no one simple theory 
can cover all cases, some form of the subsidence theory seems 
likely to hold the field. There has certainly also been uplift, per- 
haps local, to form the flat islands of raised coral and such fea- 
tures as the coral limestone terraces of the Huon Peninsula in 
New Guinea. 

Raised Coral Islands.—These are few compared either with vol- 
canic islands or atolls, but they are quite important. Typically 
more or less circular or elliptical in form, they betray their origin 
by a raised edge. They do not reach any great height or size— 
most of them are under 10 sq.mi.—but Niue, between the Tonga 
and Cook islands, has 100 sq.mi., and Makatea in the Tuamotu 
archipelago reaches 230 ft. As they are virtually flat slabs of 
limestone, recently uplifted, their soils are thin, with the surface 
broken by little crags and solution hollows; surface water is usually 
absent; vegetation is usually a dry scrub and there is little agri- 
culture. On the other hand, they may be important suppliers of 
guano phosphate; e.g., Ocean Island and Nauru. 

Atolls.—There are literally thousands of Pacific atolls, and 
many groups, extending over sea areas of thousands of square 
miles, consist almost entirely of atolls; among such are the Mar- 
shalls and Gilberts in Micronesia, and the Line Islands and the 
Tuamotus in Polynesia, In Melanesia they are not as a rule so 
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conspicuous, though a number of the Lau Islands in Fiji are atolls. 

Atolls may be only a mile or two in diameter, but some may be 
50 mi. or more wide: Kwajalein in the Marshalls is about 90 by 
20 mi. They are rarely circular and often are highly irregular; 
rarely also is the lagoon completely enclosed, gaps in the reef 
being more often on the leeward side. The land area of an atoll is 
difficult to determine; the dry land consists of elongated patches 
of coral debris and sand thrown up by the waves (most often, of 
course, on the windward side) on top of the reef. The reef itself 
may be broken into several separate islands at high tide, although 
the tidal range in the Pacific is usually very small, sometimes only 
one or two feet. These little scraps of land are often measurable 
in acres rather than square miles, and rarely exceed 20-25 ft. above 
mean sea level. 

The smaller and the more recent atoll islets offer little induce- 
ment for human occupancy. They have little soil or fresh water, 
and their economic importance is mostly as sources of guano or 
sites for airfields (e.g. Canton and Howland islands). Many is- 
lands, however, have somewhat more soil and some fresh water 
and, with the foods from sea and shore, they can support limited 
populations, Relatively few, such as those in the Gilberts, have 
sufficient soil (in part formed artificially, by a sort of composting 
in trenches cut in the limestone rock) to grow crops such as taro 
and bananas. (See also ATOLL.) 

3. Climate.—The vast majority of the Pacific Islands lie within 
the tropics; in the northern hemisphere only the string of reefs 
extending northwest of Hawaii from French Frigate Shoals to 
Midway Islands, and in the southern only the Kermadecs, some of 
the Tubuai group, Pitcairn with its adjacent islands, and Norfolk 
Island and Easter Island, are outside these limits. North, east, 
and southeast is unbroken ocean—it is about 3,500 mi. from the 
Marquesas to South America—and there is no land mass within 
the Pacific large enough to create more than local land and sea 
breezes. Except in the west and southwest, where the proximity 
of Asia and Australia produces some monsoonal effect, no other 
part of the world approximates so nearly to the ideal planetary 
circulation of winds and currents on a rotating globe. 

The major pressure elements are the doldrums low-pressure belt 
along the thermal equator and the subtropical highs of the eastern 
Pacific. The highs are normally centred between Hawaii and Cali- 
fornia and between Easter Island and Chile; from them the trade 
winds flow toward the equatorial low pressure, being deflected 
by the earth's rotation so that they blow from the northeast 
in the northern and the southeast in the southern hemisphere. 
The doldrums rarely form a definite belt of calms, but are marked 
by light variable winds; in the eastern Pacific they are never 
south of the geographical equator, but they do shift to the south 
of it in Melanesia during the southern winter. From about longi- 
tude 140° W to 180° W, and sometimes a few degrees beyond, the 
doldrums belt of calms is narrow or virtually absent. Indeed, 
the two trade winds actually meet along the intertropical front, 
which varies from about latitude 2? N to 10? N, reaching higher 
latitudes in the northern summer. Then the trades may be almost 
easterly, and since their air masses naturally vary in temperature, 
density, and water content, fronts are formed in which warmer and 
moister air is undercut by the denser air mass; considerable turbu- 
lence and heavy rain may result. 

In the west and southwest this pattern is somewhat distorted by 
the seasonal reversals of temperature and pressure over the land 
masses which create the Asian and the weaker Australian mon- 
soons. In the northern summer there is a strong indraft into east- 
ern Asia, and over all- the island groups west of about longitude 
160° E (the Carolines, Marianas, etc.) southeasterly or southerly 
winds prevail. The Australian land mass has a similar effect in 
the southern summer, but it is much weaker and has little influ- 
ence east of the Solomons. 

Tropical Cyclones.—In general, the trades are not really strong 
winds, but rather moderate breezes (13-18 mph), and indeed in 
subequatorial latitudes not that strong. Most of the area, how- 
ever, except within 3-4? on either side of the equator, is subject 
to occasional violent cyclonic storms, generally termed hurricanes 
or (in the western area) typhoons. The major areas of origin ap- 
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pear to be in the general region of 
the Carolines in the northern 
summer, and along the parallel of 
latitude 10° S between longitudes 
160° E and W, in the southern, 
Their tracks are generally 
roughly westward at first, and 
then curve around to the north 
and northeast in the northern and 
to the south and southeast in the 
southern hemisphere. There is a 
subsidiary area of origin off the 
Mexican coast. 

The centres of hurricanes do 
not move rapidly (10-30 mph), 
but the spiral winds around them 
reach destructive force, often up 
to 60-75 mph; winds of 150 mph 
have been recorded. As practi- 
cally all buildings in the Pacific 
ands (except in Honolulu) are 
of light construction, and bush 
and tree crops are staples in most 
islands, the devastation can be 
extremely severe, especially on 
low atolls. Very heavy rain (up 
to 20-25 in. in 24 hr.) also oc- 
curs; and so-called tidal waves 
associated with hurricane dis- 
turbances can reach up to 40 ft 
ог more, Against the destruction caused must be placed the facts 
that the belt of really high intensity is narrow, and that a much 
wider belt receives good rain. The Pacific Island groups rarely 
receive more than two or three severe storms a year, as against 
nine or ten in the Philippines and Japan. (See TROPICAL STORM.) 

Temperature and Rainfall.—Sea and air temperatures are fairly 
uniform in the tropical Pacific. Along the equator (except in the 
extreme east under the influence of the cold Humboldt current) 
sea temperatures are 27.8-28.3? C (82-83* F) all the year, de- 
creasing to about 21.1* C (70° F) toward the tropics, As a rule, 
the islands have mean temperatures between 21.1* C (70* F) and 
26.7-29.4° C (80-85? F); annual range is negligible at the equator 
and not more than about 5.6° C (10° F) anywhere, Daily ranges, 
usually between 5.6* and 11.1* C (10* and 20* F), are more im- 
portant, and on the larger islands are influenced by local land and 
sea breezes, In these islands, moreover, altitude can make an ap- 
preciable difference to temperature 

Rainfall is much more variable, both seasonally and in geo- 
graphical distribution, In the high islands the direction of expo- 
sure is extremely important, and the slight shifts of the trade winds 
with the movement of the thermal equator are sufficient to produce 
distinct seasonal changes. Thus Suva, on the southeast (wind- 
ward) side of Viti Levu in Fiji, has about 120 in. annually, with a 
maximum of 15 in, in March and a minimum of 5 in. in June; 
while Lambasa, on the leeward side of the next largest Fijian island 
(Vanua Levu), has only 80 in., with four months (June through 
September) having 2-3 in. each. In the Hawaiian Islands the con- 
trasts are even more striking; there the windward slopes are on the 
northeast, where at high levels annual totals of 200 to 400 in, are 
common; but on low ground on the leeward side the annual rainfall 
is under 20 in. Generally speaking, north of the equator most rain 
falls in June through October, south of it from November to 
April; but there is much variation. Low islands may receive only 
a few inches a year except in hurricane years; as these islands are 
usually composed either of coral limestone or sand, there is not 
likely to be any surface water. 

The tropical Pacific usually has fairly clear skies, However, 
thunderstorm frequency is high, particularly in Melanesia and 
western Polynesia, and much of the rainfall is associated with 
convectional thunderstorms 

4. Soils.—The soils of the high islands are much more varied 
than those of the coral islands, not only because of the greater 
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range of minerals in the volcanic parent rock, but because such 
islands generally have a less uniform environment. Many steep 
slopes and recently formed lava fields have little or no soil. Usu- 
ally, the greatest fertility is found in some areas of recent volcanic 
ash deposition, and (in larger islands) in small alluvial flood plains 
and deltas, where a great variety of soil constituents may be 
mingled. In hot, humid environments leaching is active; and al- 
though fully developed laterite is not common, semilateritic soils 
are; e.g, in New Caledonia. 

Coral islands, raised or atoll, are deficient in mature soils. 
There may be a few inches of plant debris and humus, of low fer- 
tility, but the permeability of the underlying coral rock reduces 
soil moisture, while on low islands both ground water and sub- 
soil are likely to be saline. In a sense, the only important plant 
nutrient is phosphatic guano, and as that depends on the droppings 
of birds on practically uninhabited and arid islands, it is of value 
only when transported elsewhere. 

5. Vegetation.—There is no particular difficulty in accounting 
for biological distributions in the continental islands of the south- 
west Pacific, since they have at times been linked to the Asian 
land mass. As late as the Pleistocene, when the abstraction of 
sea water into the ice caps resulted in a general lowering of sea 
level of the order of 300 ft., water barriers in this area were nar- 
row. The spread of plants and animals to New Zealand and the 
remoter islands, however, presents more problems.  Biologists 
have been wont to postulate a series of land bridges to an extent 
which geologists find bewildering, if not indeed altogether incon- 
sistent with isostasy. Winds and currents have certainly played 
a large part in the dispersal of the vegetation and animal life, but 
their precise role is still disputed, 

In general, the vegetation is distinctly Indo-Malayan. New 
Guinea seems to have been a centre of distribution, and some of 
the oceanic islands have maintained or evolved endemic species 
and even genera; for example, about 80% of the 2,500 species of 
flowering plants in New Caledonia, not strictly an oceanic island, 
are endemic. The vegetation is richest in the west and on larger 
high islands; the American component is slight. All this has also 
some bearing on the vexed question of human origins and move- 
ments within the Pacific, and tends to confirm the generally ac- 
cepted view that the distant affinities of the Polynesians are to be 
found in the Malaysian region. 

Strand Vegetation.—This is probably the most widespread type, 
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being the only vegetation on nearly all the low islands and an im- 
portant element on the high ones. It is, naturally, halophytic 
(salt-tolerant) and consists of plants whose seeds can survive long 
periods of flotation in seawater, or can be transported by winds or 
birds. The coconut is an example of the former group, though its 
ubiquity is mainly attributable to artificial planting; other wide- 
spread plants are screw pines (Pandanus), casuarinas, cycads, 
hibiscus, and various creeping vines, The number of species is 
small, This strand vegetation is generally rather open bush or 
on low dry islands even a coarse heath; but in islands with high 
rainfall it may form jungly thickets with heavy undergrowth, 

Tidal Vegetation.—In the west, nipa palms form a dense border 
to tidal creeks in the brackish zone; mangroves are more important 
and have a wider range. They cover very large areas in New 
Guinea and are still conspicuous in Fiji, but are not found east of 
Samoa except where artificially introduced, as in Hawaii. 

Rain Forest.—The original vegetation of the wetter windward 
sides of most of the high islands is a dense tropical evergreen 
forest, with a large number of species, The larger trees have 
typically buttressed trunks, and the margins of the forest, acces- 
sible to sunlight, have a dense undergrowth of palms, bamboos, 
rattans, tree ferns, and shrubs. In the west, orchids and other 
epiphytes, including the well-known staghorn fern, are common. 
In New Guinea large, swampy lowland areas are occupied domi- 
nantly by sago palms, 

Secondary and Other Forests.—On drier slopes, rain forest is 
replaced by a more open tropical forest; where this (or even rain 
forest) has been destroyed, it is succeeded by a dense scrub with 
a few taller trees, In the curious dry zone around Port Moresby 
in Papua, there is a very open grove of the woodland eucalypt- 
like Melaleuca, a clear expression of Australian affinities; but in 
the higher ranges New Guinea also has commercially exploitable 
forests of araucaria pines. Another species of Araucaria, the 
Norfolk Island pine, is now dispersed in other subtropical coun- 
tries as an ornamental tree, At moderately high levels there may 
be cloud or elfin forest of dwarf trees with much epiphytic growth 
and long, dangling tree mosses. 

Grasslands.—There are relatively considerable areas of grass- 
land in some of the larger high islands. Their origin is doubtful, 
though repeated clearing and burning (for gardening, to drive 
game, and to facilitate the search for edible wild roots) has at least 
expanded these areas, as in the talasiga ("burnt land") of Fiji. 
The same is probably true of the really extensive tall-grass savanna 
of the central highlands of New Guinea. 

In a few cases, as in New Guinea and Hawaii, the mountains ex- 
tend above the zone of maximum relief rainfall and carry only a 
d scrub or heath. There are also, in damper areas, limited peaty 

gs. 

6. Animal Life.—'The nonintroduced vertebrate fauna of the 
Pacific Islands is very small: bats, rats (probably accompanying 
human migrations), a few small lizards, and amphibians fill up the 
list for the more oceanic islands; a few snakes are found in Fiji 
and Samoa and are more numerous in the Solomons and New 
Guinea, The latter island has crocodiles and many small marsu- 
pials, including wallabies. 

Introduced mammals are much more important, Since the 18th 
century the pig has achieved a central position in the cultural 
life of many tribes; ¢.g., in the New Hebrides and New Guinea. 
Cattle are important in some islands, and the mongoose is common 
in the cane fields of Fiji, 

The bird life of the islands is much more rich and varied, and 
endemic species are common in the central Pacific. Farther west 
in Melanesia the birds resemble those of southeast Asia, Among 
the notable varieties are birds of paradise, frigate birds, and 
parrots, 

Among land invertebrates most interest attaches to the mol- 
lusks; in the high islands there are many endemic forms of land 
Snails, Introductions include the extremely destructive giant snail, 
brought by the Japanese for food to New Britain during World 
War II and still, despite energetic repressive measures, a menace 
to bush crops. 

The insects are numerous, The most important are perhaps the 
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mosquitoes, Of these, Aedes aegypti is fairly common, although 
yellow fever, of which it is a carrier, has never reached the is- 
lands; but malaria and its carrier Anopheles are found in most of 
Melanesia, though not in Fiji or Polynesia, The imported rhi- 
noceros beetle is a serious pest of coconut palms. 

The fish population of tropical Pacific waters is large in num- 
bers of species, but (as in tropical forests) commercial exploita- 
tion is limited by the scattering of species. Even so, much more 
could be done to develop Pacific fishing, both for export and for 
local consumption, especially in some of the high islands, But 
the exploitation of marine invertebrate fauna is probably more 
important than in any other part of the world except Japan, 
Among its products may be mentioned pearls, pearl and trochus 
shell, various crustacea, and the sea slug, dried and exported as 
trepang, or béche-de-mer (q.v.), to Chinese communities, Pearling 
and the béche-de-mer trade were of considerable historical im- 
portance, as was whaling, in the 19th century; the tortoiseshell 
industry is still of some significance in the tourist trade, 

7. Mineral Resources.—The geological setting of the Pacific 
Islands is not favourable to mineralization, Only the larger con- 
tinental or semicontinental islands have metal ores of any sig- 
nificance, and not then on a world scale, except perhaps for the 
nickel of New Caledonia, 

New Guinea has rich alluvial goldfields in the Wau-Bulolo area, 
so rich that soon after their discovery in the late 1930s it was 
profitable to bring in heavy dredging equipment by air, Though 
still productive, the goldfields are a wasting asset, and the gold 
companies are insuring their future by investing in timber ex- 
ploitation of the adjacent araucaria forests, There are small de- 
posits of copper and other base metals, and at the western end of 
the island in the Vogelkop Peninsula, a small oil field; but pro- 
longed prospecting has not yet struck payable oil in Australian 
New Guinea, Fiji has one large gold mine and some intermittent 
small-scale manganese mining. Bauxite deposits are found in the 
high islands of the Carolines (Babelthuap, Yap, Ponape) ; those on 
Babelthuap are the most important, and were mined by the Japa- 
nese, 

New Caledonia is the only really important mineralized area, 
The production of nickel (locally refined into matte) and chro- 
mium from its metamorphic rocks is substantial, and there are 
deposits, hitherto little exploited, of cobalt, silver-lead-zinc, man- 
ganese, antimony, and copper. There is also some coal, but this 


IN URCHINS AND COLONIES OF CORAL ON RAROIA ATOLL IN THE 
TUAMOTU ARCHIPELAGO, FRENCH POLYNESIA 


Io 


is too poor for smelting; and low-grade iron ore, at present not 
commercially exploitable. 

Tn the low islands the one important mineral is phosphate rock, 
which is extracted from several islands, most notably Ocean Island, 
Nauru, Angaur in the Carolines, and Makatea. 


II. ANTHROPOLOGY 


Despite the theory of an American origin for much of the cul- 
ture of the Pacific Islands, popularized by Thor Heyerdahl after 
his remarkable voyage (1947) from Peru to the Tuamotus on the 
raft “Kon Tiki,” practically all authoritative students of Pacific 
anthropology hold that there can be little doubt of a southeast 
Asian origin for the peoples of the Pacific and their cultures. 
Nevertheless, much or most of the earlier history remains specula- 
tive, and reconstructions of oral tradition and interpretations of 
myth may often have been at once too liberal and too literal. 

Of the three great zones into which the Pacific is divided, Mel- 
anesia seems to present the most problems from an ethnic point of 
view. Its languages, although (with a few exceptions) ultimately 
belonging to the Austronesian family, as do those of Polynesia 
and Micronesia, are more archaic and much more differentiated 
among themselves, while racially there seem to be at least three 
distinct and ancient stocks (Negrito, Australoid, and Negroid). 
Melanesians are usually much darker in skin colour and with much 
curlier hair than Polynesians and Micronesians, and perhaps have 
a somewhat wider range of social structures but an even greater 
degree of political fragmentation and tribal particularism (see 
MELANESIA). Melanesia includes New Guinea and the larger semi- 
continental islands of the southwest Pacific as far as Fiji; in the 
eastern part of Fiji (the Lau group), Polynesian—specifically 
Tongan—influence is strong, though much of this dates only from 
the 19th century. 

Micronesia (g.v.), as the name suggests, consists almost en- 
tirely of very small islands, from the Marianas and the Palau 
group to the Gilberts, inclusive. Ethnically, the people are prac- 
tically pure Polynesians in the east but part Malaysian and part 
Melanesian in the west. Their material culture is usually severely 
restricted by the scanty resource base of their islands, but social 
structures are complex and hierarchical. 

The Polynesians were the latest pre-European entrants into the 
Pacific, which was indeed the last major area of the world to be 
occupied by man. It seems likely that their final dispersal, as far 
as New Zealand, took place in the 9th-13th centuries A.D. (see 
POLYNESIA). The eastern Polynesians show linguistic differences 
from those of the more western groups (Ellice Islands, Samoa, 
Tonga), and both New Zealand and Hawaii seem to have been set- 
tled from the Marquesas and Tahiti. The Polynesians are often 
light-skinned and strikingly handsome by Western standards, and 
show a remarkable degree of linguistic and cultural similarity, at- 
tributable in part to the shorter duration of their occupation. 

Although social custom, family and kin structure, governmental 
systems, and all the intangibles of life (except perhaps the Poly- 
nesian myths) were extremely diversified, the material basis and 
organization of life in the islands showed a striking uniformity. 
Basically, all the peoples were subsistence gardeners, with roots 
such as yams and taros, and tree products such as coconuts and 
breadfruits as the main vegetable staples. Fishing was of great 
importance to all within reach of the sea, which included nearly all 
tribes except those of the interior of New Guinea and a few of the 
larger Melanesian islands. The rapid spread of the pig, introduced 
by 18th-century explorers, to a central cult position may have 
derived from the fact that it appeared to be a heaven-sent source 
of much-needed protein. The arts of basketry and weaving, but 
not of pottery, reached a high level of development among many 
peoples. Tools were of wood and stone; where good stone was not 
available, sharks’ teeth and shell were used for cutting tools. 
Many of the Pacific peoples were admirable boatbuilders and 
skilled navigators. See OCEANIA. 


Ш. HISTORY 


The European phase of Pacific history (for the protohistory, 
see OCEANIA; POLYNESIA) begins with Ferdinand Magellan’s 
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crossing in 1520-21; but this, and the search for Terra Australis 
by Alvaro de Mendafia and Pedro de Quiros (between 1567 and 
1607), were less practically important than the development of the 
islandless “silver galleon” route between Mexico and the Philip- 
pines. The Dutch discovered little, except from the voyage of 
Abel Tasman (q.v.) to Fiji and New Zealand (1642-43), and at 
the end of the 17th century Oceania was almost as unknown as 
Australia. 

1. Exploration and Exploitation.—The 18th century was 
the great age of scientific exploration in the Pacific, and after the 
voyages of John Byron, Samuel Wallis, Philip Carteret, L. A. de 
Bougainville, and above all, James Cook, the major features of 
most of the island groups were known, though much detail re- 
mained to be filled in. The immediate effect of these explorations 
was intellectual rather than economic. Reports and reflections on 
the manners and customs of the islanders, seemingly so free, nat- 
ural, and noble, contributed powerfully to the half-romantic, half- 
rationalist ideology of the Encyclopaedists and the school of Jean 
Jacques Rousseau. 

By the last quarter of the 18th century, British whalers, and in 
its last decade Yankee traders sailing to Canton, were becoming 
increasingly familiar with the islands. Sandalwood and béche-de- 
mer were in much demand in China, and large quantities were ex- 
acted from islanders by force and fraud until the sandalwood was 
worked out, Continuing for a longer time and probably even more 
violent in its impact was U.S. and British whaling. The founda- 
tion of Sydney in 1788 and Hobart in 1804 gave the British good 
bases for both whaling and sealing in subantarctic waters; but New 
Englanders were always in the lead (even in Australia their camps 
preceded British settlement in places). Early bases were in the 
Marquesas and Society islands, later ones in Hawaii and New 
Zealand; the general lawlessness of the whaling and trading posts 
in New Zealand forced a reluctant British government to establish 
political control by 1840. Tribal warfare became far more savage 
as the more adroit chiefs cooperated with traders to obtain guns; 
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in New Zealand even a curio industry in smoke-dried tattooed 
heads grew up. But syphilis, other diseases, and rum probably 
killed more than did direct violence. 

2. The Christian Missions.—Early Spanish missionary work 
in the western Pacific was scarcely influential beyond the Marianas, 
and for Oceania in general Christian effort began with the London 
Missionary Society’s expedition to Tahiti in 1797. The next half 
century saw the heyday of the Evangelical movement in England, 
and by 1845 the gospel in Protestant versions had been brought, 
with more or less success, to most major island groups, Most of 
the missions were English, but in Hawaii U.S. missionaries were 
dominant from the start. The first French Roman Catholic mis- 
sion, to Hawaii in 1827, found the ground preempted by the Boston 
mission; but in the 1840s the Catholics, backed by French naval 
power, secured hitherto Protestant Tahiti; mission influence played 
a strong part in the French annexation of New Caledonia in 1853. 
Mission rivalries in the Pacific were a distinct, though minor, fac- 
tor in Anglo-French tensions in the 1840s; the frigate’s flag fol- 
lowed the creed to an extent embarrassing to later and more toler- 
ant mission chroniclers. 

Mission influence has been extravagantly praised and decried, 
Lack of support from home sometimes almost compelled mis- 
sionaries to give more energy to such mundane enterprises as plant- 
ing and trading than to the gospel. They sought to convert chiefs 
who would then coerce their followers to convert, and it cannot 
be questioned that some acted as agents for their home countries 
and that others were corrupted by power, Their ruthless attacks 
on all aspects of heathenism (which gave the islanders most of 
their cultural and psychological satisfactions) may have been es- 
sential to success but must have contributed to the apathetic 
fatalism and the loss of interest in life so widely noted later in the 
century. Yet, though self-seeking was not absent, the missions 
did in the last resort destroy evil as well as harmless customs; 
with some success they fought against the subversion of native 
life by alcohol and firearms, and they were tireless in publicizing 
and protesting against the evils of the labour trade. Except in 
New Guinea, almost all the Pacific peoples are now Christians, and 
despite definite cultural losses it is fair to say that their life has 
been reintegrated on different terms. That the new integration 
is not entirely complete or balanced, however, is shown by the 
frequency—especially after the traumatic experiences of World 
War II—of messianic and millenarian outbursts and Cargo cults 
(g.v.). 

3. Copra and Colonialism.—The period of the American 
Civil War saw the rise of the Pennsylvania oil industry and the 
concomitant decline of whaling, which was also hard-hit by the 
activities of Confederate cruisers. But it also saw a short-lived 
cotton boom in some islands such as Fiji and the development of 
dried coconut (copra) as one of the world's main sources of vege- 
table oil. Later, other plantation products (especially sugarcane 
in Fiji and Hawaii) became important, but for a century copra has 
dominated Pacific economics. Even when copra was grown by the 
islanders themselves the white trader had a key role as middleman; 
and after about 1860-65, large areas of the best land in the is- 
lands passed into European hands, often by very dubious means. 

The islands then began to have an intrinsic economic value. 
The European and American population was increasing, and prob- 
lems of law and order were too complex and pressing to be left 
to consular officials backed up by naval officers when the latter 
happened to be about. Moreover, blackbirding (the traffic in 
indentured labour for Queensland sugar plantations and Peruvian 
guano mines) was accompanied by scandalous abuses. Pacific 
guano islands themselves were so valuable that the United States 
and other countries legally recognized a sort of private-enterprise 
annexation (they were mostly uninhabited), and the general in- 
crease in commerce made cable and coaling stations desirable. 

Some attempts were made to’ establish indigenous kingdoms, 
which often represented the interests of a particular mission or 
trader group. Of these, Fiji lasted only a few years until 1874; 
Hawaii, the best-founded kingdom, survived till American planting 
and trading interests overthrew it in 1893; Tonga alone remains. 
By the 1880s, the rivalry between Britain, the United States, 
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France, and Germany was acute. To some extent, however, the 
Pacific Islands were the small change of colonialism, claims there 
being good barter for more serious demands in Aírica, the main 
focus of imperial interest; hence the political fragmentation of 
the Pacific. By 1900, after the Spanish-American War, all the 
Pacific had been parceled out between these four powers. 

4. The 20th Century.—In the last quarter of the 19th cen- 
tury, however, a new factor entered the situation, in the rise of 
minor powers—Australia and New Zealand—in the Pacific itself. 
Both entertained notions of a manifest destiny to the north which 
at times embarrassed the U.K. government with its wider interests; 
both were extremely suspicious first of French and later of Ger- 
man expansions in the Pacific. In 1914, Australia seized German 
New Guinea, and New Zealand occupied German Samoa. At the 
same time Japan took the groups north of the equator (Marianas, 
Carolines, Marshalls) which had been bought by Germany from 
Spain in 1899. These countries retained their seizures, as League 
of Nations mandates, after 1919. The final and most dramatic act 
in Pacific history opened with the Japanese attack on the U.S. at 
Pearl Harbor in 1941; at the end of this war of the Pacific—the 
first truly oceanic war in history—the entire ocean became vir- 
tually a U.S. sphere of influence. 

In the postwar world, the very limited resource basis of most 
of the island groups makes their economies precarious; even the 
possession or lack of an airport suitable for jet airplanes can shift 
the balance of the increasingly important tourist trade. Normal 
economic development must face the heavy costs involved in long 
transport hauls for relatively small consignments. 

Nevertheless, the islands are not altogether exempt from the 
growing pains of nationalism. Although Australian and Dutch 
policies in New Guinea tended toward selí-determination, and 
perhaps federation or union, for the whole island, Netherlands 
New Guinea (Irian Barat) was in 1962 transferred to United Na- 
tions jurisdiction in preparation for handing over to Indonesia in 
the following year. In French Oceania there is at least an incipient 
nationalism and anticolonialism, complicated in New Caledonia by 
the presence of a long-settled French minority numbering one- 
third of the total population. While Western Samoa made orderly 
progress from New Zealand trusteeship to independence in 1962, 
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political development in Fiji was inhibited by the conservatism of 
Fijian leadership, with its fears of domination by the economically 
more active Indian majority. 


IV. ADMINISTRATIVE GROUPINGS 


Considering that the total land area and population of the Pa- 
cific Islands (excluding New Guinea) are 36,500 sq.mi. and 1,500,- 
000 people, their political geography is somewhat complex. This 
arises from the piecemeal acquisitions and conflicting claims of the 
colonial powers. Few groups have ever had an adequate census; 
populations of these small units may suffer drastic and sudden 
changes as a result, for example, of military movements; and it is 
difficult to compute the land areas of thousands of scraps of land, 
many of them uninhabited and crudely (if at all) surveyed. These 
considerations must be borne in mind in referring to the table. 

1. New Guinea.—This great island, in many ways a physical 
and cultural unit, is under three administrations. The portion 
west of 141? E began to come under effective Dutch control by 
about 1900, but the Dutch title was challenged by Indonesia, which 
claimed it as an integral part of the former Netherlands Indies, 
despite its strong ethnic differences from the rest of Indonesia. 
It passed to Indonesian sovereignty in 1963. Papua was annexed 
by Queensland in 1883, to forestall suspected German designs, but 
the annexation was disavowed by the British government until its 
hand was forced by the German annexation of northeast New 
Guinea and the Bismarck Archipelago in the next year. Papua was 
transferred to Australian control in 1906, and German New Guinea 
was seized by Australian forces in 1914. After World War I it 
became an Australian mandate, and after World War II a United 
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Nations trust territory. Australia presents separate reports on its 
development to the UN, but for practical purposes it is united 
with Papua and controlled by the Department of Territories in 
Canberra. It includes Bougainville (g.v.), Buka, and Green Is- 
lands in the northern Solomons. (See NEw GUINEA.) 

Nauru has a similar history of German and Australian occupa- 
tion, An important source of phosphates, it is administered by 
Australia, although the UN trusteeship is vested jointly in Aus- 
tralia, the United Kingdom, and New Zealand. 

2. British Territories.—Control of the Solomons was divided 
between Germany and Great Britain in 1886, and British control 
was established by 1893; the protectorate includes the Santa Cruz 
group north of the New Hebrides and also the isolated island of 
Tikopia. (See BRITISH SOLOMON ISLANDS PROTECTORATE; Soro- 
MON IsLANDs.) Fiji (q.v.) was annexed in 1874; it includes the 
Polynesian island of Rotuma about 400 mi. N. 

Administratively, some of the Phoenix and Line islands are at- 
tached to the Gilbert and Ellice islands (g.v.) colony, including 
Fanning Island, Washington Island, and Christmas Island, the 
largest Pacific atoll, covering about 234 sq.mi. Of the Line Islands 
not contained in the colony, the guano islands of Caroline, Flint, 
Malden, Starbuck, and Vostok are administered by the Western 
Pacific High Commission. In the Phoenix Islands, Canton Island 
is a way station on transpacific air routes. 

3. United States Territories.—Areas controlled by the United 
States, except for Hawaii (g.v.), are of primarily strategic inter- 
est. Hawaii was an independent kingdom, but increasingly strong 
US. interests set up a caretaker republic in 1893-94 pending an- 
nexation in 1898, an indirect result of the Spanish American War. 
In 1959 Hawaii became the 50th 
U.S. state. U.S. control of the 
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Philippines after the Spanish- 
American War necessitated the 
acquisition of Wake Island and 
Guam (qq.v.), the latter ceded by 
Spain in 1898, as bases on the 
route to Manila. In 1899 the 
Caroline Islands (g.v.), the Mari- 
anas, and the Marshall Islands 
(q.v.) were purchased from 
Spain by Germany (which al- 
ready claimed Yap in the Palau 
group of the Carolines and the 
Marshalls). These three groups 
were seized by Japan in 1914 and 
in 1919 became a Japanese man- 
date under the League of Na- 
tions; after World War II the 
U.S. took over their trusteeship 
under the UN. American Samoa 
was acquired by treaty in 1899 
after the whole group had been 
under joint U.S., British, and 
German control since 1889. (See 
Samoa ISLANDS.) 

In the central Pacific, the 
United States occupies, solely or 
jointly, several minute islands 
which were of negligible interest, 
except for guano, until the 1930s, 
when they became of consider- 
able value as way stations for air- 
craft flying between Hawaii and 
the southwest Pacific. Of these, 
Baker, Jarvis (gg.v.), Howland, 
and Johnston (this last acquired. 
as a guano island in 1858), with 
Kingman Reef and Palmyra Is- 
land at the northern end of the 
Line group, are indisputably 
American; the rest of this group, 
from Malden to Flint islands, are 
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St. Paul's rocks on Pitcairn Island Detail of roof construction for a Polynesian house in Samoa 
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A beach in American Samoa 


Upolu Island in Western Samoa at sunset 


Men on the island of Kambara, or Kabara, Fiji Islands, making ceremonial 
drinking bowls 
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A boatload of wood in Taa Huku bay on Hiva Oa Island in the Marquesas 
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claimed both by Britain and the United States. More important 
are Canton Island (q.v.) and Enderbury in the Phoenix group; by 
agreement, these were to be under joint Anglo-American control 
for 50 years from 1939. There are also American installations on 
Funafuti in the Ellices. 

Farther north the United States also holds Midway at the ex- 
treme northwest of the Hawaiian chain (annexed 1867) and Marcus 
(1,000 mi. NW of Wake), originally annexed by the Japanese in 
1899 as a cable base. 

4. French Territories.—These comprise the large island of 
New Caledonia (g.v.), annexed in 1853 and from 1864 to 1894 
used largely as a penal colony; and farther east French Polynesia 
(q.v.) acquired piecemeal after 1842. The Marquesas and the 
Society islands, of which Tahiti (g.v.) is the largest, are the chief 
units. French influence also predominates in the Anglo-French 
condominium of the New Hebrides (g.v.), which after 20 years 
of ineffective control by a joint naval commission acquired its 
present status in 1906. 

5. New Zealand and Other Territories.—New Zealand took 
possession of the Cook Islands (q.v.) and Niue in 1901. Western 
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Samoa, German since 1899, became a mandate and later a UN 
trust territory under New Zealand administration, obtaining in- 
dependence in 1962. 

The modern kingdom of Tonga (q.v.), was formed under mis- 
sionary influence in 1845 and accepted British protection in 1900; 
it is the only survivor of the three attempts at consolidating an 
indigenous monarchy in the Pacific, the others being Fiji and 
Hawaii. 

6. Western Pacific High Commission.—In the early days, 
governmental responsibilities in the Pacific Islands were formally 
undertaken by European traders and planters, Between them and 
the indigenous people stood only consular agents, backed up by 
naval officers with roving commissions. Special commissions were 
granted to high colonial officials; for instance Sir Hercules Robin- 
son, 1st baron Rosmead, governor of New South Wales in 1872- 
79, negotiated the cession of Fiji to the British crown (1874). To 
Overcome the obvious shortcomings of the old system insofar as 
British subjects were concerned, a high commissionership for the 
western Pacific was set up in 1877. Its jurisdiction excluded the 
self-governing colonies of Australia and New Zealand (and, later, 
territories controlled by them such as Papua, New Guinea, and 
Western Samoa) and—significantly in view of its origins—any ter- 
ritories “being within the jurisdiction of any other civilized power.” 
Until 1952 this post was always held by the governors of Fiji, but 
it was then made a separate office and its headquarters transferred 
from Suva to Honiara in the Solomons. 

The commission exercises a general supervision over adminis- 
tration in the Gilbert and Ellice islands and the Solomons, and 
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the British side of the Anglo-French condominium in the New 
Hebrides. Relations with British-protected Tonga and the affairs, 
such as they are, of Pitcairn are, however, still supervised from 
Suva. The high commissioner’s court was in 1962 replaced by a 
high court of the western Pacific, which has the functions of a 
superior court of record. The funds of the commission are pro- 
vided jointly from the revenues of the Gilbert and Ellice islands 
colony and the British Solomon Islands Protectorate, with a U.K, 
contribution in respect to the New Hebrides. 

T. South Pacific Commission.— The patent impossibility for 
the small, poor, and fragmented island administrations to provide 
adequate research and welfare for problems which are often com- 
mon to most groups, led the Australian government to propose a 
South Pacific Commission, which was formed at Canberra in 1947. 
The governments of Australia, France, New Zealand, the U.K., 
and the U.S. are members on behalf of their various holdings. 
The seat of the commission is in Nouméa, New Caledonia, The 
commission undertakes research on economic, biological, medi- 
cal, educational, and social problems affecting the Pacific peoples, 
and to some extent acts on behalf of UN agencies (Food and 
Agriculture Organization; World Health Organization; United 
Nations Educational, Scientific, and Cultural Organization). It 
cannot undertake executive action, but disseminates the results of 
research both on a technical and a popular level. Each member 
country appoints two delegates to the commission, whose Research 
Council meets twice a year in Nouméa. The commission also holds 
a triennial conference of delegates (mostly indigenous) from all 
the Pacific territories and at various centres to discuss common 
problems of economic and social development. 


V. POPULATION 


The material scarcely exists for a general review of population 
trends in the Pacific Islands. Even where census figures exist, 
they are usually simply by-products of administration, taken by 
unskilled officials (Fiji and Hawaii are the chief exceptions). 
Many figures depend on enumeration by district officers when on 
tour, and even if the gross numbers are approximately correct, 
such vital information as age distribution is lacking or vague. 

Early observers in all probability grossly exaggerated the num- 
bers of the people. The points at which they made extended stays 
were often, naturally, important centres of population, and people 
must have gathered from some distance to see the wonderful 
strangers. But there can be little doubt that the indigenous 
populations were much more numerous than they are today; some 
writers think they may have numbered 3,500,000, or nearly twice 
the present population, which itself includes many immigrants 
from Asia. Definite examples of depopulation can be cited; pure 
Hawaiians probably numbered about 150,000 in 1820 and still ex- 
ceeded 100,000 in 1836, but by 1853 they had decreased to just 
over 49,000 and at the 1953 census there were only about 12,000. 
Within a year after the cession of Fiji (1874) there was a devas- 
tating measles epidemic, and the Fijian population fell from 114,- 
748 in 1881 to 84,475 in 1921, after which it rallied to reach 
148,134 in 1956, The Marquesas provide one of the most drastic 
examples: discounting early guesses of 100,000 or even 200,000, 
a figure for 1813 of 50,000 is thought probably correct; a low 
point of about 2,000 was reached as late as 1921. By the 1960s 
there were about 4,000 Marquesans, a decline of more than 90% 
in a century and a half. Earlier, the Chamorro people of the 
Marianas had almost vanished, being reduced from about 40,000 
to 1,654 in 1964. 

Introduced diseases such as smallpox, measles, influenza, and 
syphilis, to which the islanders had no immunity, were probably 
the major factor in depopulation; alcoholism was also prevalent 
in some societies. Losses in battle against the European intruders, 
while not negligible, were less important than those in intertribal 
warfare, made far more deadly by the use of guns. The labour 
trade drew off a large proportion of young adult males, particu- 
larly in the smaller Melanesian islands. This disruption of family 
life was doubtless one factor in the loss of a will to survive and 
in the abnormally low birthrate (accentuated by a high infant 
mortality) noted in the later 19th century; another factor was 
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the subversion of highly integrated social codes by the alien ideol- 
ogy and mores of the missions. In the 1880s and 1890s, indeed, 
many sympathetic observers held that the island peoples, by and 
large, were on the road to extinction. After being a source of 
labour for Queensland sugar plantations and Peruvian guano de- 
posits, the islands then became importers of plantation and other 
labour on & large scale; Japanese, Filipinos, and Portuguese to 
Hawaii, Tonkinese to New Caledonia and the New Hebrides, In- 
dians to Fiji, and Chinese traders to nearly everywhere. 

In the 20th century the decline has been decisively checked. 
The revival of the Fijians has been noted; on Guam the population 
increased by 149% between 1901 and 1947 (from 9,676 to 24,139). 
The most immediately obvious factor in this change is the intro- 
duction, under settled administrations, of at least a minimum of 
medical services. More important, perhaps, has been an increasing 
self-confidence in coming to terms with the modern world and an 
increasing participation in modern economic activity. These atti- 
tudes are far from complete, and perhaps owe much to adminis- 
trators more intelligently aware than their predecessors not only 
of their responsibilities for welfare as well as for economic develop- 
ment, but of the importance of societal factors. The upshot is 
that whereas at the beginning of the 20th century the demographic 
problems of the Pacific were seen as problems of depopulation 
and even race extinction, there is now an increasing concern with 
overpopulation. 

Overpopulation is as yet a pressing problem only in small atolls, 
such as those of the Gilberts, where the tiny scraps of coral sand 
cannot support increasing numbers; even before World War II 
some of the Gilbertese were being relocated in the Phoenix Islands. 
Other shifts have been necessitated by military needs, as in the 
evacuation of Bikini, or by economic development, as in the re- 
moval of the Banabans of Ocean Island to Rambi Island in Fiji, 
to make room for the quarrying away of the island for phosphate. 
The need to make a similar removal of the Nauruans was en- 
gaging the Australian government in the 1960s. 

Most of the high islands could probably support larger popu- 
lations than they do now: three of the smaller islands of Fiji, for 
example, have fewer than 12,000 people on 252 sq.mi., while three 
West Indian islands, of the same volcanic type in similar lati- 
tudes, carry 175,000 people on 251 sq.mi. However, distance from 
markets and a quite different socioeconomic history render it very 
difficult for the small and scattered Pacific communities to estab- 
lish any large-scale modern economies. Thus, without heavy sub- 
sidies from outside (which are not likely to be forthcoming), it is 


difficult to exploit the limited resources to the extent possible with . 


modern technology. It is therefore likely that, with the rapid in- 
crease of population that seems inevitable, there will be an in- 
creasing pressure on the land; and with the decay of the planta- 
tion system, the imported populations may give rise to serious 
racial complications. This is already the case in Fiji, where Indians 
outnumber Fijians and are increasing more rapidly. In some cases, 
also, increasing numbers may face a decreasing water supply; the 
maintenance of the growing population of Honolulu is already 
posing severe problems of this type. 
See also references under “Pacific Islands” in the Index. 
(О. H. K. 5.) 


Trumbull, Paradise in Trust (1959); С. Borden, South Sea Islands 
(1961); D. Attenborough, Quest in Paradise (1960), People of Para- 
dise (1961); R. G. Ward, Islands of the South Pacific (1961); D. L. 
Oliver, The Pacific Islands, rev. ed. (1961) ; C. H. Grattan, The South- 
west Pacific to 1900 (1963), The Southwest Pacific Since 1900 (1963) ; 
F. R. Fosberg (ed.), Man’s Place in the Island Ecosystem (1963). 


PACIFICO, DAVID (1784-1854), known as Dow Pactevco, 
gave his name to a celebrated diplomatic interlude in which Vis- 
count Palmerston, then British foreign secretary, acted with char- 
acteristic high-handedness. Pacifico was a Portuguese Jew who, 


having been born in Gibraltar, was a British subject. After serving 
as Portuguese consul in Morocco (1835-37) and then as consul- 
general in Greece, he settled in Athens as a merchant. In 1847 
his house was burned down in an anti-Semitic riot, the police 
standing quietly by. Pacifico claimed £4,000 from the Greek gov- 
ernment as compensation for the loss of goods and £26,000 for the 
loss of alleged records of debts owed to him. 

Palmerston vigorously supported Pacifico’s demands and in Jan- 
uary 1850 sent to the scene a British naval squadron which block- 
aded the Piraeus and seized Greek ships to the value of these and 
other claims, This action provoked indignation in Britain and else- 
where. Pacifico’s reputation was bad and many people suspected 
that his estimate of damage was grossly exaggerated. Moreover, 
Britain shared a protectorate of Greece with France and Russia, 
and should not have acted alone. Palmerston further antagonized 
the French by allowing the blockade to be resumed after they had 
negotiated a settlement. The Greeks had to pay the full £4,000, 
but for the loss of the papers a commission awarded Pacifico only 
£150. He moved to London, where he died on April 12, 1854. 

The incident had its greatest effect in British internal politics, 
Palmerston’s policy was censured by the House of Lords (June 18, 
1850) but in the great debate (June 24-28) in the House of 
Commons, he successfully vindicated his policy and won a ma- 
jority of 46. His speech concluded with the famous peroration; 
* ..as the Roman, in the days of old, held himself free from 
indignity, when he could say Civis Romanus sum” (I am a Roman 
citizen); “so also a British subject, in whatever land he may be, 
shall feel confident that the watchful eye and the strong arm of 
England will protect him against injustice and wrong.” 

(D. E. D. B.) 

PACIFIC OCEAN, the largest division of the hydrosphere, 
lying between Asia and Australia and North and South America. 
It is nearly landlocked to the north, communicating with the Polar 
sea only by Bering strait, the open passage of which is 53 mi, wide 
and less than 180 ft. deep; The southern boundary was sometimes 
regarded as the parallel of 664° S., but this limit is artificial, and 
it is now considered that the Pacific extends to the borders of the 
Antarctic continent, exactly as the Atlantic and Indian oceans 
do. As east and west boundaries in the higher southern latitudes 
one may take the meridians passing through South cape in Tas- 
mania and Cape Horn. The north to south distance from Bering 
strait to Antarctica, near Cape Colbeck, is 9,060 mi. and the 
Pacific attains its greatest breadth between Panama and Mindanao 
(Philippine Islands), where it measures 10,600 mi. The distance 
between Yokohama, Jap., and San Francisco, Calif., is about half 
as great again as that from New York city to Southampton, Eng.; 
similarly, the distance between Sydney, Austr., and Cape Horn is 
greater than that from Buenos Aires, Arg., to Cape Town, Republic 
of S. Af., by fully a half. The coasts of the Pacific are of varied 
contour. The American coasts are for the most part mountainous 
and unbroken, the chief indentation being the Gulf of California; 
but the general type is departed from in the extreme north and 
south, the southern coast of South America consisting of bays 
and fjords with scattered islands, while the coast of Alaska is 
similarly broken in the south and becomes low and swampy toward 
the north. The coast of Australia is high and unbroken; there are 
no inlets of considerable size, although the small openings in- 
clude some of the finest harbours in the world, as Moreton bay 
and Port Jackson. 

The Asiatic coasts are for the most part low and irregular and 
a number of seas are more or less completely enclosed and cut off 
from communication with the open ocean. Bering sea is bounded 
by the Alaskan peninsula and the chain of the Aleutian Islands; 
the Sea of Okhotsk is enclosed by the peninsula of Kamchatka and 
the Kuril islands; the Sea of Japan is shut off by Sakhalin Island, 
the Japanese islands and the peninsula of Korea; the Yellow sea 
is an opening between the coast of China and Korea; the China sea 
lies between the Asiatic continent and the island of Formosa, the 
Philippine group, Palawan and Borneo. Among the islands of the 
Malay archipelago are a number of enclosed areas—the Sulu, 
Celebes, Java, Banda and Arafura seas. 

The Pacific was first scientifically explored by the great English 
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deep-sea expedition of H.M.S. “Challenger” (1872-76), by the 
German expedition of S.M.S. “Gazelle” (1874-76) and then by 
the two United States ships “Tuscarora” (1874-79) and “Alba- 
tross” (1888-1905), by the Russian warship *Vityaz" (1887), by 
S.M.S. “Planet” (1906-14) and others. Many important sound- 
ings in the southwest Pacific were made by H.M.S. "Penguin" 
and a number of British cable ships; in high southern latitudes 
the "Discovery" (1901-04) carried out many observations. Ex- 
tensive investigations were made by the Danish vessel “Dana II" 
(1928-29) in the South Pacific and by the Netherlands H.M.S. 
"Willebrord Snellius" in the East Indies (1929-30). The non- 
magnetic vessel "Carnegie" had only partially completed a pro- 
gram of oceanographic exploration when it was destroyed by 
explosion and fire at Apia, Samoa, in 1929, U.S. naval vessels 
have accumulated data from Bering strait to Antarctica. Intensive 
studies have been conducted off the west coast of the United 
States and Canada by oceanographic, naval and fisheries groups 
and in the waters surrounding Japan by Japanese naval and fish- 
eries organizations. Under the direction of the British Discovery 
committee, “Discovery II" investigated the high southern lati- 
tudes and “William Scoresby” the waters off the west coast of 
South America. 

Extent.—The area of the Pacific ocean, excluding adjacent 
seas, is about 64,000,000 sq.mi. and its volume 170,000,000 cu.mi. 
The Pacific ocean has double the area of the Atlantic—the next 
largest division of the hydrosphere—and has more than double its 
volume of water. Its area is greater by as much as the area of 
Africa than the whole land surface of the globe, Antarctica in- 
cluded. The total land area draining to the Pacific was estimated 
by Sir John Murray at 7,500,000 sq.mi., or little more than one- 
fourth of the area draining to the Atlantic. The few large Amer- 
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ican rivers draining to the Pacific include the Yukon, Columbia, 
Fraser and Colorado. The chief Asiatic rivers are the Amur, 
Yellow river and Yangtze, none of which enters the open Pacific 
directly. Hence the proportion of purely oceanic area to the 
total area is greater in the Pacific than in the Atlantic. 

Relief of the Ocean Floor—The more or less symmetrical 
basin and ridge topography characteristic of the Atlantic is not 
found in the Pacific. The central Pacific trough, extending from 
the Aleutian Islands in the north to latitude 60° S. and from 
Japan to the North American coast, has free communication at 
depths exceeding 13,000 ft., although numerous elevations and 
ridges are present. Particularly west of 1 50° W. many of these 
elevations extend above the surface as single islands, groups or 
chains of islands. The West Pacific ridge, which actually consists 
of several shorter ridges, extends from Japan to Antarctica and 
is continuous at 13,000 ft. except for small breaks at 11? N. and 
10* S. That portion of the andesite line which separates the 
igneous rock province of the continental blocks of Asia and Aus- 
tralia from that of the central Pacific basin follows this ridge sys- 
tem rather closely. 

A broad elevation extends from Central America to the south 
and west, joining Antarctica in the longitude of New Zealand. 
This elevation is actually branched so that a series of deep basins 
are isolated along the Central and South American coasts, These 
branches also form the northern and western boundaries of the 
Pacific antarctic basin, The Tuamotu archipelago rises from a 
western extension of the ridge. 

Depths in the great basins are commonly greater than 16,000 ft, 
but, even in their deepest parts, rarely exceed 23,000 ft. On the 
other hand, depths in many of the smaller elongated trenches and 
troughs located near and parallel to continental coasts, island arcs 
and submarine ridges often ex- 
ceed 26,000 ft. Some examples 
of such structure are found along 
the Central and South American 
coasts, of which the deepest is 
Atacama trench (25,050 ft.). Is- 
land arcs with deep trenches on 
their convex sides in the central 
Pacific trough are the Aleutians, 
Kurils, Japan, Bonins, Marianas 
and Tonga-Kermadec. In the 
western trough are the deep 
trenches associated with the 
Ryükyus, Philippines and Bou- 
gainville-New Britain, 

Most of these trenches have 
depths exceeding 26,000 ft., and 
in at least four of them soundings 
greater than 33,000 ft. have been 
obtained. These have been 
found in the Japan trench by the 
U.S.S. “Ramapo,” in the Philip- 
pine trench by the German ves- 
sel “Emden,” in the Marianas 
trench by the H.M.S. “Challen- 
ger" (the greatest accepted depth 
of the Pacific is at a point mid- 
way between Guam and Yap 
called Challenger Depth, which 
has been descended to 35,800 ft.) 
and in the Tonga-Kermadec 
trench by the U.S. ship “Hori- 
zon." In 1957 the Russian ship 
"Vityaz" reported a sounding of 
35,958 ft. in the Marianas trench 
and 35,567 in the Tonga depres- 
sion. The trenches are associ- 
ated with vulcanism, large grav- 
ity anomalies and high seismic 
activity. 

Emphasis on depths exceeding 
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13,000 ft. excludes many features of interest and importance, Iso- 
lated basins cut off from the open ocean but with depths exceeding 
13,000 ft, are found in the Sea of Japan, South China sea, Sulu 
sea, Celebes sea, Banda sea, Coral sea and Fiji basin. Partially 
isolated basins occur in the Bering sea, Caroline basin, New Hebri- 
des basin and east Australia basin. 

Islands are numerous to the west of 150° W., and most of these 
have volcanic cores, although in low latitudes they are surrounded 
with coral reefs or surmounted with coral islands or atolls. De- 
tailed soundings made after 1940 revealed hundreds of guyots, 
flat-topped sea mounts rising from the ocean bed to minimum 
depths mostly between 3,000 and 7,000 ft. The flat top is at- 
tributed to wave erosion at a lower relative stand of sea level. 
Fossils collected from sea mounts and from bore holes in the Mar- 
shall Islands indicate extensive subsidence relative to the sea sur- 
face has occurred within the last 100,000,000 years. Despite the 
numerous oceanic islands the depths between them are great; 
the mean depth of the Pacific (including adjacent seas) is 13,215 
ft., exceeding that of the Atlantic by about 2,300 ft. The mean 
depth of the Pacific (excluding adjacent seas) is 14,050 ft. 

Bottom Deposits—The characteristics of sea-bottom sedi- 
ments are described in OCEAN AND OCEANOGRAPHY: Marine Sedi- 
ments because they are common to all oceans. 

Red clay rather than calcareous globigerina ooze is the most 
abundant deep-sea sediment, primarily because of the virtual 
absence of calcareous deposits in the North Pacific. In the south- 
ern hemisphere the sediments are similar to those in the Atlantic 
and Indian oceans, with globigerina ooze giving place to red clay 
in the deeper basins, with small patches of radiolarian ooze. The 
diatomaceous ooze characteristic of high southern latitudes extends 
across the Pacific except for a break south of Cape Horn, On the 
other hand, in the North Pacific there are virtually no calcareous 
open-ocean sediments; diatomaceous ooze is present in the north- 
ern portion (unlike the Atlantic), and radiolarian ooze is abundant 
in a band between about 5? N. and 15° N. in the eastern Pacific. 
The absence of calcareous sediments in the North Pacific is be- 
lieved to be related to the relatively slow circulation of the deep 
water. 

Pelagic sediments cover 86.7% (55,000,000 sq.mi.) of the open 
Pacific (excluding adjacent seas), red clay covering 42.6%, globig- 
erina ooze 31.4%, diatom ooze 8.7% and radiolarian ooze 4.0%. 
The remaining 13.3% and all adjacent seas (5,560,000 sq.mi.) 
are covered with terrigenous sediments containing coarse-grained 
debris of land origin or calcareous sediments produced by shallow- 
water bottom-living plants and animals. 

The red clay of the Pacific differs from that of the Atlantic in 
having a higher content of manganese dioxide which colours the 
sediments a dark chocolate brown. Manganese concretions, often 
containing sharks’ teeth and earbones of whales, are rather com- 
mon. 

Meteorology.—Partly because of its great extent, and partly 
because there is no wide opening to the arctic regions, the normal 
wind circulation is on the whole less modified in the North Pacific 
than in the Atlantic, except in the west where the southwest mon- 
soon of southern Asia controls the prevailing winds, its influence 
extending eastward to 145° E., near the Marianas, and southward 
to the equator. In the South Pacific, during the winter months of 
the northern hemisphere, the northwest monsoon of Australia 
affects a belt running east of New Guinea to the Solomon Islands. 
In the east the northeast trade belt extends between 5° and 25° N., 
the southeast trade crosses the equator, and its mean southern 
limit is 25° S. 

The trade winds are generally weaker and less persistent in the 
Pacific than in the Atlantic, and the intervening belt of equatorial 
calms is broader. Except in the east of the Pacific, the southeast 
trade is only fully developed during the southern winter; at other 
seasons the regular trade belt is cut across from northwest to 
southeast by a band 20°-30° wide, in which the trades alternate 
with winds from the northeast and north, and with calms, the 
calms prevailing chiefly at the boundary of the monsoon region 
(5° N.-15° S., 160° E.-185? E.). This area, in which the south- 
east trade is interrupted, includes the Fiji, Samoa and Society 
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groups and the Tuamotus. In the Marquesas group the trade 
wind is fairly constant. 

The great warming and abundant rainfall of the island regions 
of the western South Pacific and the low temperature of the sur- 
face water in the east cause a displacement of the southern tropi- 
cal maximum of pressure to the east; hence we have a pérmanent 
South Pacific anticyclone close to the coast of South America, 
The characteristic feature of the southwestern Pacific is therefore 
the relatively low pressure and the existence of a true monsoon 
region in the middle of the trade-wind belt. It is to be noted 
that the climate of the islands of the Pacific becomes more and 
more healthful the farther the islands are from the monsoon 
region. The island regions of the Pacific are everywhere char- 
acterized by uniform high air temperatures; the mean annual 
range varies from 1? to 9° F., and the diurnal range from 9° to 
16° F. In the monsoon region relative humidity is high, viz., 
80% to 90%. The rainfall is abundant; in the western island 
groups there is no well-marked rainy season, but over the whole 
region the greater part of the rainfall takes place during the south- 
ern summer, even as far north as Hawaii. 

The whole North Pacific from the tropic to the Bering sea has 
on its Asiatic side a monsoonal reversal of its prevailing winds, 
winter and summer. In winter exceedingly dry and cold north- 
westerly winds, dependent on an air-pressure maximum over 
Siberia and an air-pressure minimum near the Aleutians, blow 
over the whole area. Flowing over the ocean, this air is heated 
and its moisture content is greatly increased by evaporation from 
the sea surface. In summer, with low pressure over the Asiatic 
continent, warm and rainy south and southeasterly winds (in con- 
nection with the southwest monsoon of the China sea) prevail 
over the whole area of the Yellow sea, Japan sea, Sea of Okhotsk 
and Bering sea. On the American side of the Pacific from south- 
ern Alaska to northern California marine air moves toward land 
or follows the mountainous coast throughout the year except for 
temporary changes associated with passing atmospheric depres- 
sions or with an especially well-developed continental high-pressure 
cell. In winter, winds are predominantly southerly, varying locally 
from southwest to southeast, but in summer shift clockwise to 
give northerly winds increasing in persistence going southward 
from Vancouver Island. These circumstances explain the great 
differences shown in the following table between the average air 
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'alparaíso, Chile . 63.1 | 55.6 | 52.5 | 59.0 | 57.7 | 10.6 


temperatures on the Australo-Asiatic side 
the American. 

Surface Currents.—In the North Pacific, approximately be- 
tween latitudes 10° N. and 25? N., the trade winds maintain a 
permanent current from east to west. As this current reaches the 
Philippine Islands one part turns south along the coast of Min- 
danao and bends back toward the east as the beginning of the 
equatorial countercurrent. The greater part bends north, flows 
past the northern Philippines and along the eastern coast of For- 
mosa, continues on the western side of the Ryükyü Islands and 
then follows the eastern side of the main islands of Japan as far 
aslatitude 35? N. North of Formosa the current is known as the 
Kuroshio or the Japan current. During summer one branch of 
the Kuroshio enters the Sea of Japan through Tsushima strait 
and flows north along the western coasts of the Japanese Islands. 

The Kuroshio is a counterpart of the Gulf stream, and accord- 
ing to theory advanced since 1950, the intensity of each is asso- 
ciated with the oceanic wind systems, the presence of a western 
oceanic boundary, and the variation with latitude of the deflecting 
force of the earth’s rotation. When departing from the coast of 
Japan, the current continues toward the east as the Kuroshio ex- 
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tension, but branches are sent to the south and to the north. The 
greater bulk of the warm water turns south before reaching the 
Hawaiian Islands and forms part of a large clockwise eddy in the 
western Pacific. A minor part passes to the north of the Hawaiian 
Islands and approaches the American mainland to within 500-600 
mi., where it turns south and contributes to a smaller, clockwise 
eddy between the Hawaiian Islands and the mainland. 

The branches of the Kuroshio which turn northeast off Japan 
mix with the waters of the Oyashio, the cold current which flows 
toward the southeast along the Kuril Islands. The Oyashio repre- 
sents an outflow of surface water from the Bering sea and is a 
counterpart of the Labrador current. The mixing of the warm 
Kuroshio water with the Oyashio water, chilling in winter, and 
dilution by rain lead to the formation of the cold water of low 
salinity which flows east to the south of the Aleutian Islands. On 
nearing the American coast part of this water turns north and 
forms an eddy in the Gulf of Alaska, whereas part turns south as 
the cold California current, which can be traced to about lat. 25° 
N., where it is deflected to the west. In spring and summer, up- 
welling (see OCEAN AND OCEANOGRAPHY: Movement of Sea 
Water: Vertical Water Movements) takes place along the coast 
of California and lowers the temperature near shore. 

In the Bering sea the circulation is counterclockwise, with a 
sluggish inflow between the westernmost of the Aleutian Islands 
and a surface outflow along Kamchatka. In the Sea of Japan the 
circulation is also counterclockwise, with warm water flowing 
north along the west coasts of the islands of Japan and very cold 
water flowing south along the Siberian coast (the Liman current). 
In the Yellow sea and the East China and the South China seas, 
the currents change with the monsoon and are directed to the south 
in winter and to the north in summer. 

The equatorial countercurrent sets eastward primarily between 
the latitudes of 5° N. and ro? N. In the region between Min- 
danao and the Marshalls it is broken up into eddies, but farther 
east it is better developed and velocities frequently exceed two 
knots. Observations since 1950 show that the countercurrent 
may double in velocity within a five-week period, and that it 
fluctuates greatly within shorter periods. At times it apparently 
breaks down into two or more branches. The countercurrent 
shifts its location with season, and in August is found farther 
north than in February. An equatorial undercurrent beneath the 
westward flowing water of the south equatorial current has been 
observed to set eastward to the vicinity of the Galapagos. For an 
explanation of the countercurrent see OCEAN AND OCEANOGRAPHY: 
Movement of Sea Water: Permanent Currents. 

In the South Pacific trade winds maintain a steady flow to the 
west from the South American coast to about long. 180°. This 
current, the south equatorial current, flows approximately between 
lat. 5° N. and lat. 15° S.-20? S. To the south of 40° S. the 
antarctic circumpolar current, which is maintained by the perma- 
nent west winds, flows from west to east. The greater part of 
this current continues to the South Atlantic ocean through Drake 
passage, between South America and Antarctica, but part turns 
north along the west coast of South America as the Peru (Hum- 
boldt) current. Within the Peru current low temperatures are 
found along the coast to within 5? of the equator because of the 
intense upwelling. The Peru current is one of the most produc- 
tive areas of the oceans, as is evident from the enormous schools 
of fish upon which the guano birds feed. 

A warm current flows southwest from the Gulf of Panama and 
converges with the Peru current. Occasionally this warm current 
continues much farther to the south past the latitude of Callao 
(12° S.) and is then known as El Nifio (“The Child"). The 
development of El Nifio has disastrous consequences to the life 
in the sea and to the guano birds which live off the fish. It is also 
associated with excessive rainfall which leads to catastrophic floods 
and tremendous erosion. It is probable that the extreme develop- 
ments of El Nifio are caused by a slight change in the atmospheric 
circulation and that the disastrous rainfalls are related to such 
change and are not an effect of the southward extension of the 
Warm current. г 

Deep-Sea Circulation and Character of Deep Water.—No 
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deep and bottom water forms anywhere in the Pacific by sinking of 
surface water. The great basins of that ocean are filled by water 
which enters the Pacific from the west between Australia and the 
antarctic continent. This deep water has been formed mainly 
by sinking near the shelf of the antarctic continent in the Weddell 
sea region and contains admixture of deep water from the North 
Atlantic and the Mediterranean. 

The deep and bottom water of the Pacific is characterized by 
a very uniform salinity and temperature. To the north of 55? S. 
the salinity at a depth of 6,600 ft. is 34.6°/o9 (per mille) and in- 
creases toward the bottom, reaching values of about 34.68°/o9 in 
the North Pacific and about 34.720/ 00 in the South Pacific. In the 
North Pacific the temperature decreases from about 2? C. (36? F.) 
at 6,600 ft. to about 1.5? C. (35° F.) at 13,000 ft., and in the 
South Pacific from about 2? C. (36? F.) to about 1? C. (34? F.) at 
16,000 ft. At greater depths the temperature increases about as 
would be expected from heating associated with compression 
(adiabatic heating) and reaches 2.45? C. at 31,200 ft. depth in 
the Philippine trench and 1.74° C. at 30,500 ft. in the Tonga 
trench. 

In the South Pacific there is evidence of a northward flow of 
the coldest water along the bottom and of a northward flow of 
low-salinity antarctic intermediate water (see ATLANTIC OCEAN) 
at a depth of about 3,000 ft. Between depths of 6,000 ft. and 
13,000 ft. the deep water probably moves to the south and rises 
toward the surtace near the antarctic continent. In the North 
Pacific there is no evidence of such a circulation except that inter- 
mediate water of low salinity is encountered at depths of 1,300- 
2,600 ft. and participates in the large-scale clockwise circulation 
of the surface layers. A slight clockwise movement appears also 
to be present at very great depths with .an occasional renewal of 
the deep water in the western part of the ocean. In agreement 
with the sluggish deepwater circulation it is found that the oxygen 
content of the deep water is low, particularly in the North Pacific, 
where the values range from 2 to 3} cc. per litre. 

Temperature.—The distribution of the sea-surface temper- 
ature is closely related to the character of the currents. In the 
tropics only a narrow belt of high temperatures is found on the 
eastern side of the ocean, but on the western side where the equa- 
torial currents branch north and south, warm tropical waters are 
found over a wide range in latitude. 

The effect of the currents, including the effects of upwelling off 
the coasts of North and South America, is particularly evident in 
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FIG. 1.—VERTICAL SECTION SHOWING DISTRIBUTION OF TEMPERATURE IN 
THE PACIFIC OCEAN, APPROXIMATELY ALONG THE MERIDIAN OF 170° W 


the great contrast between temperatures in the western and the 
eastern parts of the ocean in latitudes 20°-35° N. and S. Thus, 
in lat. 35° N. the average temperature in August is about 25° C. 
(77° F.) on the coast of Japan and about 15? C. (50° F.) in the 
same latitude on the coast of California. In February the tem- 
perature in 20° S. is 27° C. (81° Е.) on the coast of Australia 
and 19° C. (66° F.) off the coast of Peru. In high southerly 
latitudes the sea-surface isotherms run nearly east-west, but in 
the northern part of the North Pacific the highest temperatures 
are found in the east, and the lowest in the west where the cold 
Oyashio flows south. 

In the tropics a belt of low temperatures stretches across the 
ocean at depths between 500 ft. and about 2,000 ft. The presence 
of this cold water at shallow depths does not show that deep water 
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rises to the surface, but the temperature distribution is directly 
related to the existence of the equatorial currents which flow to- 
ward the west and within which the warm water must be to the 
right in the northern hemisphere and to the left in the southern. 
For the distribution of temperature at great depths, see the section 
Deep-Sea Circulation and Character of Deep Water, above. For 
annual and diurnal variation in temperature, see OCEAN AND 
OCEANOGRAPHY: Physical Properties of Sea Water: Temperature, 
Freezing Point and Heat Capacity. 

Salinity.—The salinity of the surface water of the South 
Pacific is nearly the same as that of the South Atlantic and the 
Indian oceans, but the surface salinities of the North Pacific are 
lower than those of any other ocean. The maximum values are 
about 35.59/oo (per mille) as contrasted with values exceeding 
379/oo in the North Atlantic. 

The general distribution of salinity follows the same pattern as 
in the other oceans. It is related to the currents and is greatly 
influenced by precipitation and evaporation. In 5°-10° N. where 
precipitation dominates, the surface salinities are less than 
34.59/oo, Whereas in about 25° N. and 20° 5. where evaporation 


exceeds precipitation, maximum values of 35.59/oo and 36.5°/o0 
are encountered. To the north of 40° N. and along the ‘American 
west coast to the equator the salinity is less than 34°/9, except in 
the Gulf of California. To the south of 55? S. the salinity is also 
less than 349/o9. Large seasonal variations in salinity are found 
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along the coasts, particularly along the Asiatic coast where large 
rivers empty into the sea. For the salinity of the deep water, see 
the section Deep-Sea Circulation and Character of Deep Water. 

Ice.—The Polar sea is considered part of the Atlantic ocean, 
and ice conditions in that sea are described in ATLANTIC OCEAN. 
The Bering sea is free from ice during the greater part of July 
and August.; but, from September on, ice is carried south through 
Bering strait and also freezes in the bays. Some of this ice breaks 
and drifts away from the coasts. In February drift ice is gen- 
erally found as far south as the Pribilof Islands and may come 
within sight of the Aleutian Islands. In winter and early spring 
ice is carried south along the east coast of Asia and past the Kurils, 
where it may be encountered as far south as lat. 4o°-42° N. 
Part of this ice comes from the Sea of Okhotsk. Ice also freezes 
in the northern part of the Sea of Japan. In the North Pacific 
icebergs are found only in some of the sounds on the coast of 
Alaska between latitudes 55°-60° N. No icebergs are encoun- 
tered in the Bering sea. 

In the South Pacific the pack ice around the antarctic conti- 
nent reaches its greatest extension in October, when the northern 
limit is found in about lat. 62° S. In March the entrance to and 
the western coast of Ross sea are generally ice free, but all other 
parts of the antarctic continent are blocked by ice. The northern 
limit of icebergs from the antarctic follows approximately the 
parallel of 50° S., except near South America, where no icebergs 
have been reported to the north of 56° S. 

See also references under “Pacific Ocean" in the Index. 

BrsriocrapHy.—Re ports of expeditions of the 0.5.5. “Albatross” and 
“Thetis” (1888-92) ; H.M.S. “Challenger” (1872-76) ; “Egeria” (1888— 
89 and 1899); "Elisabeth" (1877); “Gazelle” (1875-76); "Planet" 
(1906); "Penguin" (1891—1903); “Tuscarora” (1873-74); “Vettor 
Pisani" (1884); “Vitiaz” (1887-88); A. Agassiz, Expedition to the 
Tropical Pacific (1899-1900, 1904-05) ; also observations of surveying 
and cable ships, and special papers in the Annalen der Hydrographie 
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(for distribution of temperature and for currents see H. Thorade, p. 17 
[1909]; G. Schott, p. 2 [1910]; B. Schulz, p. 177 [1911]; F. Zorck, 
p. 166 [1928]; for salinity see G. Schott, p. 148 [1928]), and in the 
Archiv der Seewarte (G. Schott, 1891; C. Puls, 1895) ; see also Dis- 
covery Reports (1929 et seq.) ; Dana Reports (1932 et seq.) ; Snellius 
Expedition in the Eastern Part of the Netherlands East-Indies, 1929- 
1930 (1937 et seq.) ; Scientific Results of Cruise VII of the "Carnegie" 
During 1928-1929 (1942 et seq.); Report of Oceanographic Cruises 
U.S. Coast Guard Cutter “Chelan” 1934, 1935 (1936, 1937) ; Imperial 
Marine Observatory, Memoirs (1922 et seq.), Journal of Oceanography 
(1929 et seq.) ; Imperial Fisheries Experimental Station, Journal (1930 
et seq.); California University, Scripps Institution of Oceanography, 
Bulletin (1927 et seq.), Records of Observations (1942 et seg.) ; Ger- 
hard Schott, Geographie des Indischen und Stillen Ozeans (1935) ; Re- 
ports of the Swedish Deep-Sea Expedition 1947-1948 (1953 et зей.) 
С. Dietrich and К. Kalle, Allgemeine Meereskunde (1957) ; 1. S. Isakov 
(ed.), Russia (after 1923, U.SS.R. Voenno-morskoe ministerstvo, 
Morskoi Atlas, vol. x (1950), vol. 2 (1953) ; H- U. Sverdrup, in Ency- 
clopedia of Physics, ed. by S. Flugge, vol. xlviii, “Geophysics IL," 
“Oceanography,” pp. 608-670 (1957) ; Otis W. Freeman (ed.), Geog- 
raphy of the Pacific (1951) ; K. О. Emery, J.-I. Tracey, Јг., and H. S. 
Ladd, Geology of Bikini and Nearby Atolls, Geological Survey Pro- 
fessional Paper 260-A (1954); “Galathea” Report (1956 et seq); 


A. F. Bruun and A. Kilerich, "Characteristics of the Water-Masses in 
the Philippine, Kermadec and Tonga Trenches,” Suppl. to vol. 3 of 
Deep Sea Research, pp. 418-425 (Dec. 1955) ; Series of U.S. Fish and 
Wildlife Service Spec. Sci. Reports treating Mid-Pacific oceanography 
(part v, 1954 et seq.). (H. U. S.; R. H. Fo.; C. A. Bs.) 

PACIFISM is a word that is first found at the beginning of 
the 2oth century in connection with the movements which at- 
tempted to establish peace between nations and advocated the 
settlement of disputes by means of arbitration, the setting up of 
international courts and the reduction of armaments. The pacifists 
of this period did not necessarily claim that no war under any 
conceivable circumstances could be justifiable, but they maintained 
that there were practicable methods of avoiding war and tried 
to arouse the opinion of the peoples of the world in favour of 
adopting these methods. Their critics, on the whole, attacked 
them for an undue optimism, which might lead a country to de- 
pend on unreliable methods to the extent of weakening the na- 
tion's defenses and sacrificing its essential interests. 

During World War I the word pacifism became especially as- 
sociated with the conscientious objectors who refused military 
service when conscription was introduced. And it gradually came 
to bear the more specific and now accepted meaning of a belief 
that the waging of war by a state and the participation in war by 
an individual are absolutely wrong, under any circumstances. 
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Ideas of the Ancient World.—In the ancient world, on the 
whole, war was taken for granted as a necessary evil by some 
people, while in some parts of the world it was not even regarded 
as an evil. Military service, therefore, was regarded as а natural 
obligation, either for a special military caste or for the whole body 
of citizens or tribesmen or subjects. Individual voices in various 
lands cried out against the evils of war, but the first genuinely 
pacifist movement known came from Buddhism, whose founder 
demanded from his followers absolute abstention from any act of 
violence against their fellow creatures. It may have seemed at 
one time as if this might become a practical policy when in India 
the great king Asoka, in the 3rd century в.с., definitely renounced 
war. It must, however, be remembered that he was thinking pri- 
marily of wars of conquest. He ruled over a secure and well- 
established empire, and what he would have done if he had been 
faced, as his successors were, with attacks from barbarians beyond 
his frontiers, we do not know. At any rate, in succeeding ages 
Buddhism does not seem to have been very successful in restrain- 
ing the rulers of the countries in which it was adopted from making 
war. This may to some degree have been due to the fact that the 
Buddhist rule of life, as generally understood, was by way of being 
a counsel of perfection which comparatively few could be expected 
to follow in its completeness. 

In the western world there is little trace of any pacifist teaching 
until the rise of Christianity. The only notable exception is to 
be found in the sect of the Essenes, a small religious fraternity 
which arose among the Jewish population of Palestine. Knowl- 
edge of them is extremely scanty, but it seems certain that they 
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were established some time before the beginning of the Christian 
era and that throughout the greater part of their history they re- 
nounced war and indeed any use of violence. 

Early and Medieval Church.—It was, however, with the rise 
of the Christian church that the question of participation in war 
really became a significant problem. It seems that from an early 
date there were differences of opinion on the point within the 
Christian body. The exact meaning of the teaching contained in 
the Gospels will be considered later. But it is clear that for the 
earliest Christian community the question hardly arose as a prac- 
tical problem at all. No doubt few of its members were either 
liable or eligible for service in the Roman armies. Quite apart 
from that, however, they thought of themselves as a small body 
of the elect, living in constant expectation of the Second Coming, 
walking the path of separation and taking no responsibility for 
the affairs of the world, either in civil administration or military 
service. It is evident from St. Paul’s writings that they expected 
the civil powers, who “bear not the sword in vain for the punish- 
ment of evil doers,” to use force when necessary, and it is natural 
to suppose, with St. Augustine, that this would have applied to 
defense against attack from outside as much as to the suppression 
of lawbreaking within. The Christian did not necessarily disap- 
prove of this, but it was clear to him that it was not his function. 
Christian writers were particularly concerned to stress, both at 
this time and later, that Christianity in itself was a religion of 
peace that used only spiritual weapons, that there could be no 
question of its adherents attempting to advance their views by 
force and, above all, that there was no thought of a rising against 
the Roman government. 

As Christianity spread and drew in people from every class and 
every part of the Roman world, the problem became more urgent. 
Christians might be faced with the possibility of joining the army 
and soldiers already in the army might be converted to Chris- 
tianity. What was their position? In the 2nd and 3rd centuries 
there were definite statements by some Christian writers, Justin, 
Tatian, Tertullian in his latest writings, and others, to the effect 
that Christianity was incompatible with the soldier’s profession. 
But that was certainly not a unanimous view, and it is doubtful 
whether it was even a majority one. 

Clement of Alexandria maintained that a convert to Christianity 
should remain in the profession in which he already was, and men- 
tions the soldier’s profession among others in that connection. 
There is good evidence that by the end of the 2nd century there 
were considerable numbers of Christians in the army. Tertullian 
in his Apology says that they fill the camps and puts forward as 
part of their claim to consideration that they go to war alongside 
the other Romans. The situation was complicated, particularly 
in the 3rd century, by the fact that the soldier might be called upon 
to take part in pagan religious ceremonies and that he might be 
called upon to help in the enforcement of the penal decrees against 
his fellow Christians. It is probable that these things provided a 
stumbling block to the Christian soldier much more serious than 
the duty of fighting. 

When the empire became officially Christian and Christian rulers 
had to take the responsibility for keeping law and order within 
and dealing with barbarian attacks from without, the pacifist view 
seems to have disappeared. St. Augustine held that a war to resist 
aggression or to enforce justice might be a Christian duty and that 
there was nothing incompatible with Christianity in the profession 
of a soldier. He must only fight in obedience to lawful authority 
and he must always remember that wars are fought for the sake 
of the peace that will follow them. Of course, a life devoted to 
the service of religion was the highest and those who had the voca- 
tion for this would eschew military service. But the majority of 
men did not have this vocation, and for them service in the army 
Was as proper as any other secular calling. This became the ac- 
cepted doctrine throughout the middle ages, and is restated and 
developed by St. Thomas Aquinas, who bases his view largely on 
the teaching of Augustine. This doctrine, which distinguishes 
“just” from “unjust” war, is still the doctrine of the Roman Cath- 
olic Church; it has some resemblance to the doctrine of the United 
Nations which forbids the use of force in international relations 
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except in individual or collective self-defense, and then only under 
authority of the United Nations or on invitation of the state in 
whose territory force is used. 

A thin stream of pacifist doctrine can be detected during the 
middle ages in connection with certain heresies that arose from 
time to time, The Waldenses, for instance, in the original form 
of their doctrine, maintained that not only war but any kind of 
taking of human life was contrary to true Christianity. Eventu- 
ally they did take up arms to resist violent persecution, and it is 
likely that if they had not put up such a vigorous resistance in 
their Alpine valleys their sect would not have survived at all. In 
any case, their pacifism was only a small element in their whole 
doctrine and it was probably other elements that particularly 
aroused the hostility of the church. 

The Reformation and After.—It is not surprising that paci- 
fist ideas made their reappearance during the religious ferment at 
the time of the Reformation. In the 16th century their most 
prorainent advocates were the Anabaptists, a sect which for a time, 
until it was checked by the most savage and bloodthirsty persecu- 
tion from both Catholics and Protestants, seemed to be making 
considerable headway in Europe. The pacifist beliefs of the Ana- 
baptists were again, of course, only one part of a much wider creed. 
There was, indeed, an extreme wing which advocated the use of 
force for the spread of the true religion and eventually went down 
fighting in its theocratic republic at Miinster. But the great ma- 
jority remained true to their pacifist beliefs throughout. This 
did not, however, save them from persecution as cruel as any 
that befell their more militant brethren. 

A somewhat kindred movement, that of the Mennonites, also 
abjured all participation in war. So did the early Socinians, though 
the view seems to have been soon abandoned by their successors, 
Though persecution of all of these movements was largely directed 
against their other theological and social doctrines, their refusal 
to bear arms is sometimes specifically mentioned in the indictments 
against them. The persecutions were so effective that only scat- 
tered remnants managed to survive. Some of the Anabaptists 
went to England, but by the 17th century they had dropped the 
pacifist element in their beliefs and there were numerous Ana- 
baptists in Oliver Cromwell’s army. 

In the 17th century, on the whole, especially in England, re- 
ligious enthusiasm tended to take more militant forms, But there 
was one striking exception to this. For that century saw the origin 
of the sect which has been most consistently associated with paci- 
fist doctrine, the Quakers or Society of Friends, At different pe- 
riods there have been Quakers who, in one cause or another, have 
taken up arms. As a general rule, however, the witness against 
war and the refusal to bear arms have been among the outstanding 
characteristics of the society. The society, which never spread to 
any extent outside the English-speaking countries, met with some 
persecution at first, though nothing remotely comparable to the 
systematic campaigns of extermination waged against the Ana- 
baptists. It does not appear that the repudiation of war was ever 
one of the major counts in the indictments against its members, 
and, after they had abandoned the extravagances of behaviour 
which marked some of the earlier enthusiasts, their manifest 
virtues secured them a considerable degree of tolerance. Their 
greatest triumph came when William Penn founded the colony of 
Pennsylvania as a predominantly Quaker settlement. There they 
showed that an unarmed society, practising strict justice and 
benevolence to the native population, could live in safety among 
the Indian tribes which were a constant threat to the other 
colonies. 

As hitherto surveyed, pacifism appears as a part of the creed of 
some dissident Christian bodies and is invariably combined with a 
complex of other beliefs, some of which have a fairly close logical 
connection with it. Thus, a frequent source of inspiration is found 
in the idea of a return to the way of life of the primitive church, 
and the refusal to bear arms is sometimes associated with a call to 
apostolic poverty or a communion of goods or a renunciation of all 
earthly power over others. There is a general denial of the right 
of the secular power to enforce religious conformity, and there is 
frequently a reliance on individual religious inspiration, such as 
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the “inner light” of the Quakers. Alongside of this we can observe 
a tendency for these bodies to abandon their hopes of a general 
acceptance as the one true form of Christianity and to think of 
themselves rather as a small body of the faithful in a world which, 
as a whole, can never be expected to receive their message. In 
modern times some of these bodies have expressly renounced all 
idea of proselytization. Their position, in fact, begins to approach 
that of the religious orders in Catholic Christianity, which are only 
open to those with a special vocation for that way of life. 

These characteristics also mark some of the other religious 
bodies adopting pacifist views which sprang up in the rgth cen- 
tury. The Plymouth Brethren and the Christadelphians, with 
occasional individual exceptions, not only refuse to bear arms but 
also refuse to take any part in public affairs, to enter the service 
of the government or even to join trade unions. Their pacifism 
is, therefore; incidental to a much wider renunciation of privileges 
and responsibilities for a world that, as a whole, has rejected 
Christ. Fundamentally the same attitude, though modified in dif- 
ferent degrees, is characteristic of many smaller religious bodies 
and communities. The Quakers, of course, have never cut them- 
selves off from public service. They remain, nevertheless, to some 
degree a dedicated community with a way of life which would 
be unlikely ever to appeal to more than a small minority. 

The 20th Century.—A phenomenon of more recent times, be- 
ginning roughly from the time of World War I, is the rise of a paci- 
fist movement within existing Christian bodies which, as a whole, 
are not pacifist. There have been for a number of years strong 
pacifist movements in the Anglican and Methodist churches, 
though in neither do they represent more than a small minority 
of the whole. , The movement has penetrated into almost all re- 
ligious bodies including, to a slight extent, the Roman Catholic 
Church. There is also a small number of persons who, without any 
particular religious background, base their pacifism on a moral re- 
vulsion from the horrors of war. Also, and not always to be dis- 
tinguished from these, there was, particularly at the time of World 
War I, a group whose members could most accurately be described 
as rationalist pacifists. Their attitude might be fairly described as 
the view that war is such an irrational folly that the intelligent man 
will have nothing to do with it. This group contained some dis- 
tinguished names, but was on the whole restricted to a small num- 
ber of intellectuals, Some of these, such as Bertrand Russell and 
C. E. M. Joad, abandoned their pacifism during World War II, 
but following the development of atomic weapons, many became 
convinced of the mutually suicidal character of war, and this type 
of pacifism increased. 

The upshot of these developments was that, for the first time 
to any serious extent, pacifism became in itself a proselytizing 
creed, aiming at winning adherents from all religious bodies and 
indeed from every section of the community. A typical expres- 
sion of this was the foundation of the Peace Pledge union in 1936 
by an Anglican clergyman, H. R. L. Sheppard. It aimed at getting 
as many persons as possible to sign a solemn pledge to refuse to 
take part in any war; it was argued that if a sufficient number of 
persons would subscribe to this pledge war would become impos- 
sible. It would be wrong to say that the beliefs of the leaders of 
this movement depended entirely on this hope being fulfilled, but 
it was undoubtedly the prospect of that result that appealed to a 
large number of its adherents. 

It is probably correct to say that the pacifist movement became 
strongest in Great Britain and the U.S., less strong in the British 
dominions and weaker still on the continent of Europe. In none 
of those parts of the world, however, did it attain a level at which 
it could seriously affect the policies of governments. In India, on 
the other hand, the figure of Mohandas Gandhi, with his creed of 
nonviolence, was in the centre of the scene for many years up to 
the time of his death. Though it is difficult to say how deep and 
permanent his influence has been in his own country, he neverthe- 
less remains an object of universal reverence and an inspiration 
to pacifist movements all over the world. 


PRINCIPLES 
It will be apparent from this survey that there is no one set of 
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principles at the back of all pacifist movements. It is possible 
to distinguish two general lines of approach, which are different 
and, in some of the forms they take, really incompatible, though 
in other forms they can be combined and are not infrequently con- 
fused. The one rests on the advocacy of pacifism and the com- 
plete renunciation of any form of war as a possible policy to be 
adopted by a nation. The other depends rather on the conviction 
of an individual that his personal conscience forbids him to par- 
ticipate in any act of war and perhaps in any act of violence of any 
kind. Such an individual may, no doubt, also advocate pacifism 
as a policy for the nation. But it is by no means necessary that 
he should and some of the religious sects mentioned would ex- 
pressly renounce any responsibility for suggesting a policy for 
the nation at all. 

Conversely, the advocate of pacifism as a policy may also feel it 
a personal duty to refuse any participation in warlike activities if 
war does break out. On the other hand, he might logically hold 
that, though a decision to go to war at all was a disastrous mistake, 
once the decision has been taken a war ending in the defeat of his 
country would be even more disastrous than a war ending in its 
victory. In.such a case he would regard it as а duty to work for 
his country’s victory in every way possible. 

Pacifism as National Policy.—The arguments for pacifism as 
a possible national policy run on familiar lines. The obvious and 
admitted evils of war are stressed, the human suffering and loss of 
life, the economic damage and, perhaps above all, the moral and 
spiritual degradation that it brings. In recent years particular 
emphasis has been laid on the increasing power of destruction. of 
the latest weapons. This argument sharply distinguishes the use 
of force in war, to promote conflicting policies of independent 
groups, from its use in police operations, to enforce the law of an 
organized community against dissident members. Its advocates 
often assume that the abandonment of war as an instrument of 
national policy will not be possible until the community of nations 
has become so organized that it can enforce justice among its 
members, 

The nonpacifist of the present day would, in general, accept 
what the pacifist says about the evils of war and the need for 
international organization. But he would claim that the pacifist 
had not fairly faced the possible evils that would result from 
the alternative policy of nonresistance, the possible mass depor- 
tations and even mass extermination, or the subjection of con- 
quered peoples to totalitarian regimes which claim to control 
their whole lives and, in particular, suppress just those values for 
which the pacifist stands. 

The reply of thoughtful pacifists to this is to admit the serious- 
ness of these evils but to claim that there are ways of meeting 
them which have already proved successful in some cases. They 
fix their faith on the process of collective security and pacific 
settlement or on the methods of nonviolence and nonviolent re- 
sistance. The two latter methods are often confused, but they 
put the emphasis in very different places and should be distin- 
guished. The idea of nonviolence lays stress on the general atti- 
tude of benevolence and friendliness which, it is claimed, may 
often disarm the most savage aggressors. Nonviolent resistance, 
on the other hand, relies on the difficulties and inconvenience that 
can be caused to the conqueror or oppressor by a general refusal 
to co-operate. One of the classic instances of nonviolence is the 
success of the Quakers in Pennsylvania. There are numerous in- 
stances in which nonviolent resistance has been attempted with 
varying degrees of success. In many of these, it was merely a 
matter of tactics and did not proceed from any pacifist principles. 

There are a striking number of occasions on which nonviolence 
and nonviolent resistance alike entirely failed to disarm the enemy 
or even to preserve the communities practising them. Pacifist 
sects were often the objects of the most ruthless persecution from 
the middle ages to the days of Adolf Hitler and were, in some 
cases, practically exterminated. The story of the persecution of 
the Jews over many centuries is only too familiar, though for gen- 
erations they practised nonviolence toward their persecutors. As 
for nonviolent resistance, in the U.S.S.R. tribes or communities 
suspected of imperfect co-operation disappeared in whole or in 
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part into the depths of Siberia. 

It seems that these methods can only be effective against a 
power which has no very strong motives for going to extremes of 
suppression. It therefore seems clear to most or all nonpacifists 
that complete nonresistance would inevitably open the door to 
the domination of the most fanatical and ruthless elements. And 
it may well be asked what chance there would be for the eventual 
survival of pacifist creeds under such a domination. 

A great part, if not the whole, of the argument in this connec- 
tion turns on the probability or improbability of certain future 
results following a certain course of action. Difference of opinion 
about that is always possible but is hardly, in itself, a moral dif- 
ference. If the authorities responsible for the policy of the state 
arrive at a different estimate of future probabilities from our own, 
we may disagree with them but we cannot say that they are 
morally in the wrong, and there is no warrant for our refusing to 
accept their decision, any more than there would be for our refus- 
ing to obey every law with which we disagreed. 

Personal Pacifism.—The situation, however, is quite different 
when we come to the more fundamental pacifism of those who hold 
that their conscience tells them that it would be absolutely wrong 
to participate in warlike activities, whatever the consequences. As 
has already been seen, some of those who hold such a view may 
expressly renounce all responsibility for the decisions of the na- 
tional community. But others may equally well regard it as a 
duty to try to persuade others of the truth of their views, with the 
eventual hope that pacifism may be adopted as the policy of the 
whole nation. Their conviction of their own personal duty, how- 
ever, would not be affected by their success or failure in this, 

It has been a frequent subject of dispute among moral philoso- 
phers whether any action can be regarded as absolutely good or 
evil in itself regardless of any consequences that may follow from 
it. The ordinary man, it must be confessed, generally seems to 
want to have it both ways and to believe at the same time that we 
ought to do right regardless of the consequences and that we are 
morally responsible for the natural consequences of our action. 
Yet these two propositions taken strictly might easily lead to con- 
tradictory conclusions. Obviously, further analysis is needed, but 
that can hardly be attempted here. What can be done is to con- 
sider briefly the kind of arguments that have led people to believe 
in the absolute and unconditional wrongness of war and warlike 
activities and then, if necessary, consider the question of the pos- 
sible relevance of the consequences as it arises. 

A few pacifists would base their views on the claim to an im- 
mediate moral intuition which admits of no argument. But, 
though no doubt some kind of direct experience is an ingredient 
in every moral conviction, most pacifists would find the chief vali- 
dation of their belief in the teaching of Christ in the Gospels, as 
they understand it and as they believe that His immediate fol- 
lowers understood it. There are, however, the widest differences 
of opinion among professed Christians about the true interpre- 
tation of this teaching and about its application. 

lt is common ground that Christ rejected war as a means of 
spreading His message. It is also clear that in individual relations 
He taught the greatest degree of forbearance and nonviolence in 
the face of personal injuries. But it is not at all clear what the 
bearing of this is on the problem of war and the position of the 
soldier. It is to be noted that on several occasions soldiers appear 
in the New Testament narrative—when the soldiers came to John 
the Baptist, when Christ healed the centurion’s servant and when 
Peter baptized Cornelius—and on none of these occasions is there 
even a hint that their profession was necessarily incompatible with 
the reception of the new message. As for the renunciation of war, 
it is part of the essential nature of Christ’s message that it was 
an appeal to the hearts of men which could not be imposed on them 
by force. It must be remembered that, if He renounced war, He 
renounced even more definitely any thought of political power 
and authority: “My Kingdom is not of this world. ..." It is dif- 
ficult to see how any clear conclusion can be drawn from this about 
the duty of Christians when, in very different circumstances, they 
find themselves in a position where they are forced to take some 
responsibility for the affairs of this world. 
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It has already been noted that the small pacifist sects who try 
to follow literally the precepts laid down in the Gospels attempt, 
as far as possible, to hold themselves aloof from the world and 
renounce all responsibility for the ordering of its affairs, Other 
Christian pacifists would not go as far as that. They agree that 
the precepts laid down by Christ for His immediate disciples are 
not likely to have been meant to apply literally in detail to every- 
one in the very different circumstances of today. But they hold 
that it should be possible to extract certain general principles 
which express the spirit in which the Christian can approach all 
the main problems of today or any other time. In particular, they 
stress the central position given in Christ's teaching to love as the 
supreme good. And they claim that this is quite incompatible with 
war against other human beings. 

Against this it is sometimes argued that the teaching of Christ 
as recorded contains reference to justice and punishment as well 
astolove. A more weighty contention is that, when one is dealing 
not with the relations between individuals but with public be- 
haviour, it is by no means obvious in all cases what course of ас- 
tion love of humanity would lead us to pursue. 

We might consider, for instance, a situation in which warlike 
action would be necessary to suppress slave raiding and the slave 
trade. In such a case, if an authority which had the power re- 
frained from taking such action, it might be displaying love toward 
the slave traders but, it might well be argued, it would not be at all 
an obvious expression of love toward their potential victims. This 
is a comparatively simple point but, more generally, when we are 
dealing with public affairs the meaning of love and the kind of 
actions in which it would express itself is a highly complicated 
problem. 

Conscientious Objection.— This, then, is a brief statement of 
some of the main issues that are involved in the debate about 
pacifism. There is also a practical problem of great importance 
for nonpacifists when they ask themselves what attitude they 
would wish their country to take toward conscientious objectors 
to military service. Of course not all conscientious objectors are 
pacifists. There may be conscientious objections to participation 
in a particular war, not to war in general. But the great majority 
of conscientious objectors base their refusal to serve on their 
pacifist convictions. The authorities in different states have taken 
very different attitudes toward this. Some states do not recognize 
conscientious objection at all and a refusal to undertake military 
service is treated like any other breach of law. In some, the ad- 
herents of certain religious sects which include pacifism as part of 
their creed have been exempted but no recognition has been ac- 
corded to the individual objector. In only one or two countries 
has an attempt been made to recognize all types of conscientious 
objector (g.v.). 

But the practical problem of the attitude of a nonpacifist com- 
munity to the pacifist, particularly in wartime, still presents many 
difficulties. There are, moreover, wide differences of opinion 
among pacifists themselves about their attitude toward a com- 
munity at war, ranging from the very small minority who would 
refuse to do anything that could help the national effort to those 
prepared to offer any kind of servic or 1 fighting. 

ВівілосвАРНҮ.—С. J. Cadoux, Т) «d y Christian Attitude to War 
(1919; reissued 1940), Christian Pddifism pio ee (1940) ; Rufus 
M. Jones, The Faith and Practi uaker§ (1927), (ed.), The 
Church, the Gospel and War (1 К rews, Mahima Gan- 
dhi's Ideas (1929); E. Glover, шй Pacifiste (two books 
af. Non-Violenge (1934) ; 
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(1946); Leyton Richards, Christian Pacifism After Two World Wars 
(1948) ; E. A. Ryan, S.J., “Rejection of Military Service by the Early 
Christians,” Theological Studies, vol. 13 (1952); A. C. F. Beales, The 
History of Peace (1931) ; Quincy Wright, A Study of War (1942); F. 
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PACK, OTTO VON (c. 1480-1537), the central personage 
of the “Pack affair," which in 1528 nearly caused a general war 
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between Protestants and Catholics in Germany. A member of the 
Saxon nobility, he graduated as doctor of law at Leipzig, and by 
1519 was in the service of George, duke of Saxony. He became 
the duke’s trusted councilor and vice-chancellor, but constant lack 
of money soon drove him to more or less fraudulent practices. 
In Jan. 1528 he informed Philip, landgrave of Hesse, that an ag- 
gressive alliance against the Protestants had been concluded be- 
tween the German king Ferdinand I, the electors Joachim I of 
Brandenburg and Albert of Mainz, Duke George and other Catho- 
lic princes at their meeting at Breslau in May 1527. Thereupon 
Philip and the elector of Saxony, John I the Steadfast, made a 
defensive alliance. While John wavered under the pacific influence 
of Luther and Melanchthon, Philip urged prompt military action to 
anticipate attack. When Pack, resorting to one subterfuge after 
another, failed to produce the original of the Breslau treaty, Philip 
published the alleged copy which Pack had furnished; but Duke 
George exposed this as a forgery. 

Pack, whom Philip had taken under his protection, would not 
retract his story and was finally expelled from Hesse in 1529. 
Thereafter he lived as a fugitive till in 1536 he was arrested in the 
Habsburg Netherlands on the demand of Duke George. Under 
torture he tried to accuse Philip of complicity in the forgery. Sen- 
tenced to death (Feb. 8, 1537), he was executed on the same day, 
in Brussels. 

See K. Dulfer, Die Packschen Handel (1958). (Wa. He.) 

PACKAGING. In a society that produces foodstuffs and 
manufactured articles in one locality and uses them in another, a 
wrapping or container is necessary during storage, transport, and 
sale, The functions of a package are: (1) to contain a convenient- 
sized unit or amount of a product; (2) to protect it in transit; 
(3) to aid its safe delivery to the consumer; and (4) in some 
cases to display the product and promote its sale or to act as a 
dispenser of it. Originally instituted to produce simple containers, 
the packaging industry has expanded to meet the demands for 
processed and preserved foods, rather than seasonal crops, and to 
distribute increased varieties of manufactured items. Packaging 
reflects developments in other industries, especially petrochemicals 
and plastics, whereby new materials and methods of construction 
have been provided for containers. 


DEVELOPMENT OF PACKAGING MATERIALS 


Transport Containers.—Early containers for water, wines, 
and oils consisted of natural products such as gourds, hollow tree 
stems, and animal skins. Later, glass and pottery jars provided 
stronger containers. 

Bottles —Glass had been made into bottles as early as 1500 
в.с. by winding and fusing glass rods around silica cores. About 
200 в.с. glass was made by blowpipe in China, Persia, and Egypt. 
The carboy, a large globular glass bottle in a wicker frame, was 
introduced soon after for transporting larger volumes of liquid. It 
is still used as a container for corrosive substances, (See also 
CooPERAGE; GLASS; POTTERY AND PORCELAIN.) 

Barrels and Drums.—The pottery jar was superseded by the 
wooden barrel, which was more sturdy and could be made in larger 
sizes. Although wood, in the form of plywood and veneer kegs, 
has retained a place in cylindrical drum manufacture, wooden 
barrels are now used mainly in the whisky trade. Their former 
function as containers for oils and chemicals has been largely 
taken over by the steel drum, first produced in the United States 
and Germany about 1903 with capacities ranging from 5 to 45 
gal. Treated drums can now be, used for most solid and liquid 
chemicals. 

For transporting some types of dry goods, the fibreboard drum, 
a lighter, cheaper alternative to the wooden or steel barrel, was 
developed as a result of John Dickinson's invention in 1809 of 
the cylinder-mold process for making paperboard (q.v.). Prior 
to that, boards for boxes had been made by pasting individual 
sheets of paper together. Spiral winding techniques for making 
paperboard tubes evolved in the United States in the late 1800s, 
and early in the 20th century fibreboard drums were produced in 
barrel sizes. Progress was hastened in the 1920s by development 
of a method of winding drums from reels of paperboard. Modern 
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fibreboard drums, with paperboard or steel ends, can carry weights 
up to 560 lb. 

Boxes and Crates——Wooden boxes were used from early times, 
and techniques of mass production developed as demand grew. 
The wooden box and slatted crate remain unsurpassed for packing 
heavy engineering items. 

In the 1870s in the United States R. H. Thompson and H. D. 
Norris produced corrugated paper with a liner and from this cor- 
rugated containers were made. Paperboard also was being lami- 
nated into solid fibreboard and formed into cases with wooden 
frame ends. By the early 1900s this material was competing 
strongly with wood, and wooden box suppliers sought to have 
carriers in the United States discriminate against the new cor- 
rugated and fibreboard boxes. In fact, the Pacific Coast railroads 
charged higher rates for goods packed in fibreboard than for those 
in wooden boxes, because, it was said, of the railroad's interest in 
the lumber industry. This discrimination in rates was appealed 
to the Interstate Commerce Commission, and in April 1914 the 
commission ruled that equal rates should apply to eastbound goods 
in both fibreboard and wood. Strangely, no such discrimination 
had applied in westbound traffic. 

Through care in design and choice of materials, fibreboard cases 
have become one of the most important types of transport con- 
tainers. Produced in a variety of styles, they are cheaper than 
wood, lighter in weight, and collapsible. They can be water- 
proofed and, with double-walled construction, can carry weights 
up to 200 Ib. 

Sacks.—For many agricultural products (e.g., wool, cereals, and 
refined sugar) the traditional transport container has been the 
jute sack, which in the 19th century began to displace earlier sacks 
of wool and cotton. The centres of the developing jute-sack in- 
dustry were the United States, India, and Scotland. By 1860 
sack-making machinery was in use, but in 1870 the multi-ply paper 
sack was developed by German paper manufacturers, World 
War I and a shortage of cloth in Europe hastened its development. 
The multi-ply paper sack received further impetus in the United 
States from 1915 to 1920 from improved methods of sack filling 
and closure. Up to 1939 these sacks were made mostly of kraft 
paper, which was waxed if a moisture barrier was needed. Since 
then bitumen-laminated kraft and plastic-coated papers have be- 
come available for special protective constructions. Typical sacks 
now contain two to six plies and hold weights of 14 to 112 lb. 

Advances in plastic technology made the all-plastic sack pos- 
sible. By the mid-1960s single-ply sacks made of polyethylene 
and polyvinyl chloride were in use for fertilizers. 

Unit Containers.—Bottles.—The glass bottle as a container 
for liquids was handmade until 1880, when in the United States a 
machine was invented for making wide-mouthed glass jars. In 
1895 Michael J. Owens invented a machine for making bottles 
(commercially introduced in 1903). 

The first stoppers, wooden plugs, were superseded by corks. 
Higher internal pressures from carbonated drinks led to the inven- 
tion in 1879 of the screw stopper, and in 1891 W. Painter patented 
the crown cork closure. Other closures followed—the external 
screw-thread tinplate cap and, after 1904, the Bakelite cap. 

By the 1960s the lightweight bottle, achieved by redesign of 
the shape and more economical distribution of glass in the walls, 
was helping to offset rising costs and to preserve the place of glass 
in competition with liquid containers made of newer products. 

In the soft drink and milk trade, the need for low-cost, non- 
returnable vending-machine containers was met by wax-impreg- 
nated and polyethylene-lined paperboard cartons. Thin-walled, 
deep-drawn polystyrene cartons are also used. 

Bottles made of polyethylene and polyvinyl chloride provide 
containers whose contents can be ejected by squeezing. Numerous 
detergent and toilet preparations now appear in such containers. 

Cans.—The need to furnish the French Army and Navy with 
portable food supplies led to the beginning of food canning in the 
early 19th century. Tin containers had been known in Bohemia 
since the 13th century. It was not until the late 18th century that 
sheet steel coated with tin was first used, in Wales, to make 
hand-soldered and riveted containers. Imported tin plate was 
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used for the first known canning of food in the United States 
(1819). By 1890 tin plate was being manufactured there, and by 
1912 United States output equaled that of the United Kingdom. 
Two important developments in canning were the introduction (in 
1868) of internal lacquers for cans to prevent corrosion, and (in 
1874) the application of autoclaves to boilers. Through the use 
of higher temperatures and pressures than those used in the old 
waterbath process, production times were shortened and the food 
was better sterilized. By the 1960s, continuous electrolytic tin 
coating of strip steel was replacing the former process of dipping 
the strip in molten tin, (See TINPLATE AND TERNEPLATE.) 

Cans, both tin plate and aluminum, are now used for ready- 
cooked products, brewery products, soft drinks, and many oils and 
semisolids. Where a reclosable pack is needed, lever-lid or slip-lid 
cans are used instead of sealed cans. 

A package that can be used as a dispenser for its contents is 
attractive to purchasers, as seen in the growth of pressure pack- 
ages and aerosol containers. The latter are made usually of tin 
plate, although some glass and plastic are used. Aerosol cans are 
fitted with a finger-operated valve at the top through which the 
contents are ejected as a spray, foam, or powder by pressure of 
either gas or liquefied vapour. The first aerosols, in the early 
1900s, used gas pressure, but by 1930 liquid propellants were in 
use. The contents of aerosol containers range from insecticides 
to toilet preparations and paints. 

Cartons—Among the commonest containers are folding cartons 
made from paperboard that ranges between 0.012 and 0.045 in. in 
thickness. The discovery of a method of creasing paperboard to 
fold into a container is attributed to Robert Gair in the United 
States in 1879. The folding carton is well adapted for mechanized 
mass production. It has transformed a number of retail indus- 
tries, aiding greatly in the introduction of new products, such as 
breakfast cereals. The carton has many desirable qualities, being 
lightweight, collapsible for storage, cheap, and disposable, and 
having suitable surfaces for printing. By itself it is not moisture 
resistant, nor does it protect its contents from loss or gain of 
moisture or flavour. Its simplest uses are for dry goods requiring 
only protection from crushing. When combined with waxed paper 
or plastic inner bags, liners, and overwraps, it can be used for 
moisture-sensitive foodstuffs, pastes, and even such liquids as 
motor oils. Waxed cartons, widely used for packaging frozen 
foods, provide an easily handled retail unit. 

Cellophane.—Packages had long been decorated with printed 
representations of their contents; the development of cellophane 
(regenerated cellulose) by J. E. Brandenberger in Switzerland 
(1911) offered another possibility, that of displaying the product 
itself. Transparent sheets of cellophane were made into bags and 
used as overwraps, sealed by adhesives or gummed labels. In the 
1920s in the United States nitrocellulose coatings on cellophane 
were found to provide better barrier properties to moisture and 
gases; they also made the cellophane sealable by heating. These 
coatings extended the use of cellophane as a protective package 
for foodstuffs. Subsequently, vinylidene chloride copolymer coat- 
ings further reduced permeability, thereby increasing storage life. 

Plastics —The first of the true plastic films used in quantity for 
packaging was polyethylene, introduced after World War II. This 
was joined by many others, among them polyvinyl chloride, poly- 
styrene, saran, and palypropylene. These polymers are used in 
sheet form or coatings on cellophane, paper, or aluminum foil. 
The laminates have good protective and display properties for 
packaging a wide range of fresh and preserved food products. 

Aluminum Foil—Aluminum foil, which gives some laminates 
their extremely low permeabilities to gases and vapours, was de- 
veloped in Germany and Italy in the early 19th century. First 
used in packaging for decorative effects, aluminum foil, now 
treated with thermoplastic coatings, provides corrosion resistance 
and heat-sealing qualities that have increased its usefulness. 

The use of aluminum in can manufacture has already been 
noted; it has also largely replaced tin and lead in the manufacture 
of collapsible tubes. Lead tubes were introduced in 1840 to re- 
place the small skin bags that were used to hold artists’ colours; 
tubes of tin and of tin and lead were developed later to provide 
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better corrosion resistance at reduced cost. When aluminum was 
introduced into the impact-extrusion process of tube manufac- 
ture, there were initial difficulties because of fracture and cor- 
rosion in the tubes when they were used. These were solved by 
annealing treatments and resin lacquers. The collapsible tube is 
extensively used for dispensing paints, adhesives, toilet prepara- 
tions, etc., in small quantities. After 1960 polyvinyl chloride tubes 
were developed in Germany for corrosive products. 


DESIGN 


Packaging materials may be used either singly or in combina- 
tions. Choice of design is based on functional efficiency and 
aesthetic appeal. The designer must also consider convenient size 
for marketing, product content and protection, and cost. The sen- 
sitivity of package contents to impact, vibration, compressive 
loading, humidity, temperature, and light must also be considered. 
Protection against mechanical shock and vibration is often afforded 
by incorporating cushioning materials in the package design. 
These may be natural materials, such as felts and wood-wool, or 
expanded plastics, rubber, or metal springs. The package itself 
must have sufficient strength to withstand weight and compression 
in stacking. 

The effects of climatic environment are felt by both package 
and contents. With metal containers there. is, for example, the 
hazard of rusting; fibreboard cases may lose their strength in 
dampness. Food spoilage caused by excessive temperatures and 
humidities can be prevented by using a package with suitable 
barrier properties. Measures to prevent corrosion of metallic 
goods include surface treatments, vapour-phase corrosion in- 
hibitors within the package, and hermetically sealed desiccated 
containers. 

In some parts of the world packages may be attacked by in- 
sects or contaminated by molds and bacteria. Insecticides and 
fungicides can be incorporated into the package components, but 
these must be certified nontoxic when used in food packages. 
Sterilization against bacteria can be performed chemically, but its 
lasting effect depends on efficient sealing of the container. 

In commercial packaging a balance is usually struck between 
package cost and permissible losses of the product in transit. Only 
very expensive items or vital military stores require 100% pro- 
tection. 

With the growth of self-service retail stores, product identifica- 
tion and sales appeal became of increasing importance. In both 
the United States and Europe studies are made to discover why 
customers choose one package rather than another (see PSYCHOL- 
ocv, APPLIED: Motivational Research). The package designer 
must also be aware of packaging standards and regulations issued 
by governments and trade organizations. Some of these are ap- 
plied throughout the world, by the International Standards Or- 
ganization and similar bodies. Regulations concerning food pack- 
aging, for example, limit the lead content of printing inks used on 
the package, or the types of plastic used in wrappers. All additives 
and packaging materials must be nontoxic to satisfy food laws 
in the United States and some other countries. Other regulations 
protect the consumer by requiring that a declaration of contents, 
weight, and composition be printed on the package. 

Numerous other regulations protect the carrier and assist the 
transport of goods: for example, those that govern the packaging 
of dangerous chemicals and radioactive substances; the transport 
of livestock by air; and the strength of containers for carriage by 
the railways at their risk. Standards that assist distribution spec- 
ify the sizes of containers for horticultural produce and of the 
pallets on which goods are stacked. Other standards that specify 
materials, styles, and sizes for cans, bottles, cartons, and paper 
sacks reduce the amount of detailed specification in ordering. 

Packaging for the armed forces is governed by special regula- 
tions which set more rigorous tests and higher standards than 
those of commercial practices. 


THE PACKAGE MANUFACTURING INDUSTRY 


Modern packaging demands mechanized production of basic 
materials and containers, and machines for filing, closing, and 
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handling them. New materials and methods are constantly being 
sought, to reduce costs. 

It has been calculated that 8% of the steel and 10% of the 
wood produced in the world is used in packaging. The proportion 
rises to more than 50% for tin plate, paper, and paperboard and 
to more than 70% for glass, excluding sheet glass. In plastics 
about one-quarter of polyethylene produced is used for packaging. 

Manufacturing Processes.—Package manufacture is almost 
wholly mechanized; even wooden cases are machine-made, when 
sizes are standardized and sufficient quantities are needed. Open- 
topped food cans are produced on automatic equipment at rates 
of 600 per minute, and folding cartons from multiple dies are 
made at rates of more than 1,500 per minute. High speeds are 
achieved by continuous motion, the replacement of sheet feeding 
by reel feeding, and the combination of printing and manufacture 
in one machine. Even sheet feeding is speeded up if done auto- 
matically; this can treble the output of a machine, making such 
items as fibreboard cases. Rapid adjustment of machines to 
produce different sizes and styles of package must be possible so 
that production-line flexibility is maintained and diverse require- 
ments can be met. 

Package Filling and Sealing.—Machines for filling or sealing 
can be as simple as heat sealers for polyethylene bags or as com- 
plex as fully integrated production lines, where the goods are in- 
serted into a carton, sealed, collated, ejected into an outer con- 
tainer, glued, and conveyed to a warehouse with the minimum of 
hand labour. Bottling machines, carton fillers, collapsible-tube 
fillers, vacuum-packaging machines, and film overwrappers can 
produce from 20 to 600 units per minute. Machines will also 
carry out the check weighing required by weights and measures 
regulations. 

For labeling and sealing packages, emulsion, solvent, thermo- 
plastic, pressure-sensitive, and moistening adhesives have been 
produced. Where thermoplastic films form part of the package 
body, no extra adhesive is used, and closure is accomplished by 
fusion with heat supplied by electricity or by infrared, ultrasonic, 
or radio-frequency sources. Adhesives may also be coated on 
paper, plastic, or fabric tape to secure the package contents or to 
seal such items as fibreboard cases. Heavier packages may be 
secured by tensioned strapping with steel or fibre-based tapes. 

Package Handling.—Quantity production requires the mech- 
anization and simplification of the movement of the product to be 
packaged, the packaging materials, and the final package. Me- 
chanical handling reduces packaging costs by increasing speed, cut- 


ting labour, and reducing the risks of dropping that exist when, 


goods are transferred by hand. The principal means of mechanical 
handling are belt, roller, and other types of conveyor-linking proc- 
esses, pallets on which containers are stacked, and trucks for 
moving them. Through the use of pallets, or skids, for stacking 
containers and lift trucks to handle them, warehouse space is con- 
served and loads are built up quickly for transport. Mechanical 
handling equipment makes possible the use of large container sizes. 
Free-standing bulk containers are now in use for the transport of 
cement, chemicals, sugar, liquid fats, and other free-flowing prod- 
ucts, International standardization of pallet sizes to fit into ve- 
hicles also facilitates the shipment of goods. 

Certain types of packaging need special equipment and technical 
knowledge. For example, there are contract packers who will 
handle the filling of aerosol containers or the packaging of me- 
chanical or electrical equipment for export. 

See also Воттікѕ; CANNING, COMMERCIAL; CELLOPHANE; 
Fort; Foon PROCESSING INDUSTRY; HEALTH AND SAFETY LAWS: 
Enforcement of Legislation: Food and Drug Laws; PAPER MANU- 
FACTURE; PAPER PRODUCTS; PLASTICS. 
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Catalog Corporation, Modern Packaging Encyclopedia (1964); V. L. 
Fladager, The Selling Power of Packaging (1956) ; K. Brown, Package 
Design Engineering (1959); W. F. Friedman and J. J. Kipnees, In- 
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Packaging (1962). (D. J. Hr.) 


PACKING HOUSE: see SLAUGHTERHOUSE. 
PACORUS (Parthian pkwr), the name of several Parthian 
princes. 


PACKING HOUSE— PACUVIUS 


Pacorus, sometimes accounted Pacorus I, though it does not 
appear that he ever ascended the throne, was the son of Orodes II 
(reigned c. 57—с. 37 в.с.). He appears in history in 53 B.c. when 
the celebration of his marriage to the sister of Artavasdes, king 
of Armenia, coincided with the news of the Parthian victory over 
the Romans at Carrhae. In the summer of 51 B.C. he was sent to 
invade Syria with an army commanded by Osaces, an older warrior. 
Osaces, however, was killed in a battle with C. Cassius. Early 
next year Orodes, learning that one of his satraps was conspiring 
to make Pacorus king, recalled his son. In 45 B.C., however, 
Pacorus led a Parthian force to help the Pompeian general Q. 
Caecilius Bassus who was besieged in Apamea by the Caesarian 
forces. Pacorus forced the latter to raise the siege but then re- 
tired. When Orodes decided to support the refugee republican 
general Q. Labienus against the triumvirs in the spring of 40, 
Pacorus led an army into Syria and Palestine while Labienus oc- 
cupied Cilicia and overran southern Anatolia. Jerusalem was 
pillaged and Herod (g.v.) the Great fled. In 39 B.c. M. Antonius 
(Mark Antony) sent Publius Ventidius against Labienus, and the 
latter was defeated and killed. Pacorus returned to Syria, was 
lured into battle by Ventidius, and was also defeated and killed 
(38 в.с.). The head of Pacorus was displayed in the cities of Syria 
to convince them of the futility of hoping for Parthian support 
against the Romans. 

Pacorus, brother of Vologaeses I (reigned c. A.D. 51-с. 80), 
was made king of Atropatene on his brother’s accession to the 
Parthian throne. His kingdom was overrun by the Alani (Alans) 
from north of the Caucasus in 72. 

Pacorus, sometimes accounted Pacorus II (see above), was 
king of Parthia from c. A.D. 78 to c. 115. Little is known of him, 
but he struck coins at Seleucia on the Tigris in April 78. His 
reign must have been filled with rebellions and the rule of counter- 
kings (Artabanus IV, Osroes, and Vologaeses II). In 110 Pacorus 
sold the kingdom of Osroene to Abgarus VII, son of Izates. It is 
uncertain whether Pacorus was alive when Trajan invaded Meso- 
potamia (114-115). The date of his death is unknown, See also 
PERSIAN History: Parthian Empire, 2nd Century B.C.-3rd Cen- 
tury A.D. (R. N. F.) 

PACUVIUS, MARCUS (220-с.130 в.с.), the greatest 
Roman tragic dramatist before Accius. Bearer of an Oscan name, 
born in the Roman colony of Brundisium, and educated probably 
at Tarentum, he must (like his mother's brother, the poet Ennius) 
have been equally at home in Oscan, Latin and Greek. As a young 
man he followed Ennius to Rome and after a time joined the circle 
of the younger Scipio, as his uncle had joined that of the elder. 
He died at Tarentum, but was still at Rome at the age of 80, when 
he competed against Accius, his junior by half a century. 

Unlike his uncle and teacher Ennius, Pacuvius, who was also 
known as a painter, confined himself as a writer almost entirely 
to tragedy, although he is said also to have composed some satires 
in the manner of Ennius. Apart from one Roman play entitled 
Paullus (celebrating the victory of Aemilius Paullus over Perseus 
of Macedon at Pydna in 168 B.c.), the titles of 12 plays translated 
from Greek originals are known, and it seems possible that Pacu- 
vius wrote no more than these. The titles show that he did not 
share his uncle’s preference for Euripides: one is from Aeschylus, 
four from Sophocles, only one from Euripides and six from post- 
Euripidean tragedy. Ingenious plots and those that gave ample 
scope for argument seem to have especially appealed to him. He 
did not follow his originals slavishly: Cicero praises him for having 
reduced the moanings of the wounded Odysseus, excessive in 
Sophocles, and in another Sophoclean play he has inserted, from 
a play of Euripides, a passage of invective against augury, which 
is altogether alien to the spirit of Sophocles. Particularly well 
known among the 400 or so surviving lines are a description of a 
storm at sea, and the pathetic appeal for burial of the murdered 
Polydorus. 

Varro considers Pacuvius the model of the elevated style, and 
he and Cicero see in him the greatest Roman writer of tragedy; 
later Accius is placed beside or above him. Cicero, however, 
criticizes his Latin and the fragments show a number of peculiari- 
ties in the use and formation of words. 
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BisLr0GRAPHY.—Fragments ed. by О. Ribbeck, Scaenicae Roman- 
orum poesis fragmenta, vol. i, “Teubner Series” (1897) ; and, with 
Eng. trans, by E. H. Warmington, Remains of Old Latin, vol. ii, 
“Loeb Series" (1936). See also Schanz-Hosius, Römische Literatur- 
Geschichte, vol. i, 4th ed., p. 100 ff. (1927); W. Beare, The Roman 
Stage, 2nd ed., ch. x (1955). (Or. S.) 

PADANG, the chief port on the west coast of Sumatra in the 
province of West Sumatra (Sumatera Barat), Indon., lies at the 
foot of the steep Padang Highlands. Pop. (1961) 143,699, 
Padang was one of the oldest Dutch settlements in Sumatra. As 
early as 1606 an official of the Dutch East India Company (q.v.) 
was sent from Batavia (now Djakarta [Jakarta]) with orders to 
appoint residents on the west coast of Sumatra and to found fac- 
tories there, and Padang seems to have been one of the earliest 
of these, for in 1664 it was styled the capital of Sumatra's west 
coast. Three years later a small fort and some warehouses were 
erected on the banks of the Padang River to support the resident 
and his small staff. The fortress was demolished by the British 
in 1793, and in 1795 Padang and the west coast of Sumatra were 
captured by a British force. A British garrison was maintained at 
Padang and the district remained under British control until 1819 
when it was returned to the Netherlands government. The town 
prospered after the opening up of the highlands with their great 
mineral wealth and tourist traffic, and the general extension of 
cultivation in the Sumatra west coast residency, aided by the con- 
struction of a railway along the coast to Sungailimau and inland 
to Fort de Kock (now Bukittinggi) and Pajakumbuh, and branch- 
ing off from Padangpandjang to Sawahlunto. 

The town is well laid out, with government offices and the head- 
quarters and workshops of the railway. Mountain roads in the 
vicinity offer superb views of the islet-strewn bays and the Indian 
Ocean. Padang has a cooler climate than most coastal towns near 
the Equator (monthly mean of 79°-80° Е) ; rainfall averages 177 in. 
à year. The port, formerly called Emmahaven, lies five miles to 
the south on the northwestern side of Teluk Bajur (Bajur Bay, 
formerly called Koninginne—that is, Queen’s—Bay). From it are 
exported rubber, copra, tea, coffee, cinnamon, hides, rattans, and 
also cement from a plant 11 mi. east of Padang. It was originally 
built as a bunker port for the coal from the great Umbilin coal- 
fields near Sawahlunto, but after World War II production (re- 
duced to about one-tenth of prewar production) was hardly enough 
for local needs, mainly those of the railway. The port was also 
affected by the diversion of part of the Padang Highlands’ trade 
along the highway leading to Pakanbaru on the eastern plain, The 
port, constructed between 1880 and 1890, has two breakwaters, en- 
closing a harbour surface of one square kilometre, There are four 
wharves for general cargo, and also coal, salt, petroleum, and dy- 
namite wharves. Shipping services run frequently to Javanese and 
Malayan ports. There is also an airport. (J. O. M. B.) 

PADANG HIGHLANDS, a region on the west side of cen- 
tral Sumatra, Indonesia, which forms part of the Barisan Mountains 
(Pegunungan Barisan). Highest among several volcanoes are Mt. 
Merapi (9,547 ft.) and Mt. Singalang (9,440 ft.). Large rivers 
(Kampar, Inderagiri, and Batanghari) rise in these highlands and 
flow to the east coast through intramontane depressions. One of 
these contains Danau (Lake) Singkarak, and along its outlet, the 
Umbilin River, lies an important coalfield. Waterfalls, canyons, 
and caves add to the superb scenery which, together with the salu- 
brious climate, make it a favourite resort area. There are good 
road connections to Padang and to Medan (qq.v.), as well as 
Pakanbaru near the east coast. The region is the homeland of 
the Menangkabau, a skilful and enterprising people. Rice, cof- 
fee, coconuts, tobacco and tea are the main products, Bukittinggi 
(q.v.) is the main town of the region at 2,700 ft.; it is connected 
by rail to Padang. Another important town is Sawahlunto. 

(J. O. M. B.) 

PADDLEFISH, the name for two species of large archaic 
freshwater fishes that have, among other remarkable features, bi- 
zarre flattened snouts that overreach wide gaping mouths. They 
comprise the family Polyodontidae, related to the sturgeons. The 
American Polyodon spathula, of the Mississippi Basin, is dark 
green, smooth-skinned and may attain a length of 6 ft. or more and 
a weight in excess of 150 Ib. The Chinese paddlefish (Psephurus 
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gladius), of the Yangtse River Valley, is much larger. Both spe- 
cies are edible but not particularly prized; the flesh is usually 
smoked and the roe сап be made into a caviar. See Frsm: Survey 
of the Bony Fishes: Sturgeons and Paddlefishes. 

PADERBORN, a town of West Germany in the Land (state) 
of North Rhine-Westphalia, Federal Republic of Germany, lies 
77 km. (48 mi.) NW of Kassel by road. It is the seat of an arch- 
bishop. Pop. (1961) 53,984. The town’s appearance was much 
altered by severe bombing in World War II, but some old buildings 
survived. The three-gabled town hall (1613-16) is Renaissance; 
nearby is the Baroque Franciscan church with a fine facade by 
Antonio Petrini. The cathedral (11th-13th centuries), in the heart 
of the city, has a tower typical of Westphalian art and a monu- 
mental carved portal. Other buildings include the classical gym- 
nasium (1612), the philosophy and theology academy, rebuilt after 
World War II, and the Jesuit church (1682-86), restored after 
war damage. The diocesan museum contains the Madonna of 
Bishop Imad, an important 11th-century sculpture. 

The Pader, a small affluent of the Lippe, rises below the cathe- 
dral in about 200 springs. Paderborn is an important rail and 
road junction. Cement, iron, and timber provide the town’s chief 
industries. Paderborn was the birthplace of the Holy Roman Em- 
pire in 799 when Charlemagne (Charles the Great) met Pope Leo 
III there. Excavation of Charlemagne's palace began in 1964. Its 
prince bishop ruled it from about 1100 until 1802, when it passed 
to Prussia under an agreement with France. (Rv. K.) 

PADEREWSKI, IGNACY JAN (1860-1941), Polish pi- 
anist, composer, and statesman, who persuaded Pres. Woodrow 
Wilson to include a paragraph on Polish independence in his 
famous Fourteen Points (g.v.) and who was prime minister of 
Poland in 1919. Born on Nov. 18, 1860, at Kurylowka, in the 
Russian Podolia, the son of a steward of the property of a Polish 
landowner, he studied music from 1872 at the Warsaw Conserva- 
tory and from 1876 taught the piano there. In 1880 he married 
one of his pupils, Antonina Korsak, who died in childbirth the fol- 
lowing year. Encouraged by the actress Helena Modrzejewska 


(Modjeska), he studied in Vienna from 1884 to 1887 under Theo- 
dor Leschetizky (Leszetycki), of whose method he became the 
principal exponent. 


During this period he also taught at the 
Strasbourg Conservatory. Be- 
tween 1887 and 1891 he made his 
first public appearances as a pian- 
ist in Vienna, Paris, London, and 
New York. Thereafter he im- 
pressed most critics, notably 
George Bernard Shaw, as the 
leading pianist of his time, re- 
markable for both his musical cul- 
ture and his mind. His personal- 
ity on the concert platform, like 
that of Liszt, his predecessor 
among piano virtuosos, generated 
a mystical devotion. Chopin, 
whose works he edited, Bach, 
Beethoven, and Schumann were 
the chief composers of his reper- 
tory. In 1898 he settled at Riond 
Bosson near Morges in Switzer- 
land and the following year mar- 
ried Helena Gorska, née Baroness von Rosen. In 1901 his opera 
Manru, dealing with life in the Tatra Mountains, was given at 
Dresden. In 1909 his Symphony in B Minor was given at Boston, 
and in the same year he became director of the Warsaw Conserva- 
tory. 

Throughout his life Paderewski was a staunch patriot. In 1910, 
on the 500th anniversary of the Battle of Grunwald, he had pre- 
sented the city of Cracow with a monument commemorating the 
victory of the Poles over the Teutonic Order. During World War I 
he became a member of the Polish National Committee, presided 
over by Roman Dmowski, and was appointed its representative to 
the United States. During 1916 and 1917 he frequently urged 
Pres. Woodrow Wilson to use his influence to restore an indepen- 
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dent and united Poland, with the result that Wilson included the 
independence of Poland in his tentative peace message of Jan. 22, 
1917, and his Thirteenth Point of Jan. 8, 1918. 

In December 1918 Paderewski visited Paris and London, where 
A. J. Balfour encouraged him “to go to Poland to unite the Polish 
hearts.” By agreement with Dmowski in Paris, he left for Danzig 
and later visited Poznan and Warsaw, where Jozef Pilsudski was 
provisional head of state with a left-wing government. In Paris, 
however, the Polish National Committee was recognized by the 
Allies as representing the Polish nation. Persuaded by Paderewski 
on the necessity of forming a broad national government, Pilsudski 
asked him to form in Warsaw a government of experts free from 
party tendencies. This was formed on Jan. 17, 1919. Paderewski 
reserved the portfolio of foreign affairs for himself and appointed 
Dmowski first Polish delegate at the Paris Peace Conference. 

His premiership was not a success, As a virtuoso Paderewski 
was accustomed to flattery and he resented criticism. His ambi- 
tion was to be elected president of the Polish Republic, but he was 
supported by no political party. On Nov. 27, 1919, he resigned 
the premiership and returned to Riond Bosson. He never revisited 
Poland. In 1921 he resumed his musical career, giving concerts in 
Europe and the United States mainly for war victims. At the be- 
ginning of World War II, in October 1939, a Polish government in 
exile, formed in Paris with Gen. Wladyslaw Sikorski as prime 
minister, offered Paderewski the chairmanship of the Polish Na- 
tional Council. After the French capitulation in 1940 he went to 
the United States. He died in New York City on June 29, 1941. 

BIBLIOGRAPHY.—Rom Landau, Paderewski (1934); Mary Lawton, 
The Paderewski Memoirs (1939) ; Henryk Opienski, I. J. Paderewski— 
esquisse de sa vie et de son oeuvre (1948). (К. 5м.; E. Lr.) 

PADILLA, JUAN (d. 1542), Spanish Franciscan, the first 
Christian missionary to be martyred within the present territory 
of the United States, was born in Andalusia and joined the Fran- 
ciscans there after service as a soldier. Confusion about the facts 
of his life has arisen from the presence in Mexico of another friar 
of the same name. The future martyr went to Mexico in 1528. 
In 1529 he accompanied an expedition to Nueva Galicia (north- 
western Mexico). There he spent most of his remaining years 
except for a trip to Tehuantepec with Hernán Cortés in 1533. He 
laboured at Tepic, Tuchpán, Ponzitlán, Tulantizingo, and Zapotlán, 
and established the first Franciscan residences at Tulantizingo and 
at Zapotlán. During those years Padilla revealed a strong and re- 
sourceful character, somewhat impetuous and endowed with a 
marked gift of leadership. Perhaps these qualities caused his se- 
lection as one of the five Franciscans to accompany the Coronado 
expedition in 1540. Certainly they won him an honoured place 
with the captains of the expedition and even with Francisco Coro- 
nado, whom he accompanied on the journey to Quivira, probably 
in modern Kansas. When Coronado returned to Mexico, Padilla 
decided to go back to Quivira with a Portuguese, André do 
Campo, and several companions. After working for several 
months among the Wichitas, he decided to visit the Guas. In 1542 
the Indians ambushed him on the road in sight of his companions, 
who escaped to Mexico. The probable site is near Lyons, Kan. 

See Antonio Tello, Historia general de Jalisco (1894) ; H. E. Bolton, 
Coronado on the Turquoise Trail (1949). (A. S. TR.) 

PADILLA, JUAN DE (1490?-1521), military leader of the 
Castilian comuneros in their revolt against the administration im- 
posed by Charles I of Spain (the Holy Roman emperor Charles V). 
He was a member of an ancient noble family of Toledo. The 
choice of foreigners for high posts in Spain was especially resented 
at Toledo; and Padilla, who also had personal grievances, was 
involved in dissidence there early in 1520. Summoned in April 
to appear before the king at Santiago, he took up arms instead. 
When the comunidades (municipalities) of Castile, supported by 
nobles and clergy, set up their “Holy junta” at Ávila in July- 
August 1520 to oppose the cardinal of Utrecht (regent for the 
absent king since May; later Pope Adrian VI), Padilla was made 
captain general of its forces; and on Aug. 29 he took Tordesillas, 
thus assuring the junta's control over the hereditary queen of 

Castile, Joan the Mad, who had been living there since her abdica- 
tion. There was rivalry, however, between the junta’s com- 
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manders; the captaincy general was transferred in the autumn to 
Pedro Girón, pretender to the duchy of Medina Sidonia; and 
Padilla withdrew to Toledo. When the regency's troops had re- 
covered Tordesillas (Dec. 5) and Girón had defected, the junta, 
now at Valladolid, recalled Padilla to be captain general again in 
January 1521. He occupied Torrelobatón for the comuneros on 
February 28. Seven weeks later, on the advance of the regency's 
forces, he tried to retreat to Toro but was attacked, defeated, and 
captured at Villalar on April 23, 1521, and executed next day. 

PADISHAH, the Turkish form of the Persian padshah, a 
title—equivalent to “lord king"—of the reigning sovereign. In 
Europe it was applied to the sultan of Turkey. The Persian 
padshah is from pati, “lord,” “master,” and shah, “king.” 

PADSTOW, a seaport, market town, and urban district of 

Cornwall, Eng., is 15 mi. NW of Bodmin by road. Pop. (1961) 
2,675. It lies on the north coast, two miles from the estuary of the 
Camel River, and owes its selection for early settlement to its 
tolerably safe anchorage. St. Petroc, called the patron saint of 
Cornwall, is said to have landed at Padstow and to have died there 
in the 6th century. The ancient name of the place was Petroc- 
stow (Petroc's Church). A document owned by the Royal Institu- 
tion of Cornwall provides proof that a corporation of Padstow 
was in existence in 1592. | In the reign of Elizabeth I, Padstow 
was of major importance as a seaport, and Sir Walter Ralegh 
(Raleigh), who was once the warden of Cornwall, lived at Raleigh's 
Court House on the South Quay. Abbey House, on the North 
Quay, is a 15th-century building, and Avon Cottage, Treator, is the 
birthplace of Sir Goldsworthy Gurney, the inventor of the steam 
jet welding plant and the lighthouse revolving beam.  Prideaux 
Place (1598), a fine Elizabethan manor house, is still occupied by 
descendants of the original family. The Church of St. Petroc 
is mainly Perpendicular with an Early English tower. At Harlyn 
Bay, 24 mi. W of Padstow, is an Iron Age cemetery and a Celtic 
museum. Fish curing and shipbuilding were formerly carried on 
at Padstow; now there is only one shipyard and two other boat- 
yards, all turning out small craft. Fishing, however, is still an 
industry. Padstow attracts many tourists, and sailing is much in 
vogue. Sand dredged commercially from the harbour is in demand 
asa land fertilizer. A lifeboat is maintained by the Royal National 
Lifeboat Institution. On May Day everyone joins in the unique 
“Padstow 'Obby 'Oss" (hobby horse) festivities which are believed 
to have originated in an ancient fertility rite. (C. P. Bu.) 

PADUA (Papova), a city of northeast Italy, capital of the 
province of Padua in the region of the Veneto (Venetia), and an 
episcopal see, lies 43 km. (27 mi.) W of Venice by road. Pop. 
(1961) 206,256, commune. The city is on the Bacchiglione River, 
navigable branches of which flow through it. In Roman times 
these channels, enclosing a kind of quadrilateral area, were a sub- 
stitute for walls and, after the first medieval walls were built, 
served as a moat. Some parts of Padua are still of medieval 
aspect, with narrow, irregular streets flanked by colonnades. The 
modern main thoroughfare (with different names for its various 
sections) runs from north to south, starting at the railway station. 
On the east of that portion of it called the Corso Garibaldi stands 
the church of Sta, Maria dell'Arena with the Cappella Scrovegni, 
the oratory which Enrico degli Scrovegni built between 1303 and 
1305 and which is frescoed throughout by Giotto. Close by is 
the Romanesque-Gothic church of the Eremitani (1276-1306), 
where the two Da Carrara lords of Padua, Jacopo or Iacopo 
(1350) and Ubertino (1345), are buried; its frescoes by Andrea 
Mantegna were almost destroyed in World War II. Farther south, 
on the Via 8 Febbraio, is the university, whose nucleus is the 
Palazzo “Il Bo” (16th-17th centuries) ; this includes the “Liviano” 
Building, where the faculty of letters is housed. Founded in 1222, 
the university is the oldest in Italy after Bologna; among its 
teachers have been famous philosophers, humanists, and Scientists 
including Galileo, relics of whom are in a museum connected with 
it. 

Opposite the university is the municipio (partly old) and beyond 
this is the Palazzo della Ragione (Il Salone), built 1218-19, re- 
constructed in the 14th century, with an 18th-century roof. North 
of these is the Caffé Pedrocchi, designed in neoclassic style by 
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Giuseppe Zappelli (1831). It has links with the Risorgimento in 
Padua through the meetings held in its ornate rooms by patriots, 
artists, and men of letters and is mentioned in the preface of 
Stendhal's La Chartreuse de Parme. Farther west lies the Piazza 
dei Signori, with the Palazzo del Capitanio (now the university 
library) by Falconetto da Verona (1532) and the Loggia del 
Consiglio (1498). South of these rises the 13th-century Duomo 
(cathedral), which has a Romanesque baptistery frescoed by 
Giusto Menabuoi and rebuilt in the 16th century. Farther south, 
and east of the main thoroughfare on the Piazza del Santo, is St. 
Anthony’s Basilica, where the saint is buried. It is Romanesque- 
Gothic (1223-1307) with Oriental touches such as the minaret-like 
appearance of the cupolas and bell tower. It has three naves; 
statues and reliefs by Donatello (1447) on the high altar; and 
works by P. and T. Lombardi, Jacopo Sansovino, and Mantegna. 
In the piazza also is Donatello’s magnificent bronze monument to 
the condottiere in the service of the Venetian Republic, Erasmo 
da Narni (“il Gattamelata,” 1453). Nearby is the Scuola del 
Santo, where there are frescoes by the young Titian; and adjoin- 
ing it the civic museum with art gallery attached. This contains 
works by Guariento, Bellini, Giorgione, Tintoretto, Veronese, 
Longhi, Tiepolo, and Piazzetta, To the south is the botanical 
garden, whose date of foundation (1545) makes it the oldest in 
Europe, and, on its west side, an open space, the Prato della Valle, 
containing memorials to noteworthy citizens and university mem- 
bers, 

Libraries, rich in incunabula, include the Biblioteca del Seminario 
with autographs of Petrarch and Galileo and the Biblioteca An- 
toniana with manuscripts of St. Anthony. 

Padua is an important junction for electrified railways running 
east, west, and south, as well as a centre of the dense road net- 
work of the Veneto, There is a radio and television station on 
the highest peak of the Euganean Hills a few miles southwest. The 
nearest airport is that of Venice. The city is a lively agricultural, 
commercial, and industrial centre. Manufactures include electrical 
and agricultural machinery, drawn wire, motorcycles, artificial and 
synthetic fibres, liqueurs, soap, and ink. 

According to legend, Padua, or Patavium, was founded in 1184 
B.C. by the Trojan hero Antenor, but the first historical mention 
of it, reported by the Roman historian Livy (Titus Livius), who 
was born there (59 B.c.), dates from 302 в.с. It prospered greatly 
as a Roman city and, from the 12th to 14th centuries, as a leading 
Italian commune. Dante lived there, and St. Anthony died there 
in 1231, From 1318 to 1405 it was governed by the Carraras and 
by Venice from then until 1797, when Napoleon overthrew the 
Venetian Republic. Padua's part in the Risorgimento is marked 
by the rising of Feb. 8, 1848. The city was heavily bombed in 
World War II. 

Padua Province.—The Paduan countryside is intensively culti- 
vated, the chief crops being sugar beet, wheat, maize (corn), vines, 
and fruit. Cattle, especially dairy cows, are also raised. There is 
hydroelectric power production and extraction of methane gas. 
Among the many interesting small towns are Este (g.v.), noted 
for its ceramics; Abano Terme, Montegrotto Terme, and Battaglia 
Terme, with their well-known spas. At the foot of the Euganean 
Hills is the little town of Arquà Petrarca, where the poet Petrarch 
died in 1374 and where his tomb and house are shown. 

(M. T. A. N.) 

PADUCAH, a city of southwestern Kentucky, U.S., and seat 
of McCracken county, is located at the confluence of the Ohio and 
Tennessee rivers. It has been an important market for tobacco, 
Strawberries, corn and livestock, with well diversified industry. 
The city is located in one of the world's greatest power-generating 
areas. The Tennessee Valley authority and the Atomic Energy 
commission added greatly to the city's industrial growth, while 
recreational facilities provided by Kentucky Lake and Kentucky 
Dam Village State park made the area a tourist attraction. The 
town is the seat of Paducah Junior college (1932). The council- 
manager form of government was adopted in 1934. The site, 
known as Pekin, was part of a grant to George Rogers Clark, 
American Revolutionary hero. At his death his brother William, 
coleader of the Lewis and Clark expedition, received the land, 
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laid out the town in 1827, and named it for Paduke, a Chickasaw 
Indian chief who lived in the vicinity. It was chartered as a city in 
1856. During the American Civil War, because of its strategic 
river facilities, the city was occupied by Union forces under Gen. 
Ulysses S. Grant, and was raided by Gen. Nathan B. Forrest, Con- 
federate cavalry leader. Paducah was the home of Irvin Shrews- 
bury Cobb (g.v.), who is buried there. 

For comparative population figures see table in KENTUCKY: 
Population. (TCR) 

PAEAN, in Homer's /liad, is the physician of the gods. It is 
not known whether he was originally a separate deity or merely 
an aspect of Apollo. Homer leaves the question unanswered; 
Hesiod definitely separates the two, and in later poetry Paean is 
invoked independently as a health god. It is equally difficult to 
discover the relation between Paean or Paeon in the sense of 
“healer” and paean in the sense of song. L. R. Farnell referred 
to the ancient association between the healing craft and the singing 
of spells, and said that it is impossible to decide which is the orig- 
inal sense. Such songs were originally addressed to Apollo, and 
afterward to other gods, Dionysus, Helios, Asclepius. It was the 
custom for a paean to be sung by an army on the march and be- 
fore entering into battle, when a fleet left the harbour and also 
after a victory. 

Paeans were sung at the festivals of Apollo (especially the 
Hyacinthia), at banquets and later at public funerals. Later, 
especially in Hellenistic times (first by the Samians to Lysander) 
they are addressed to more or less deified men. The word paean 
is used of any song of joy or triumph. 

PAELIGNI, an ancient people of central Italy, whose terri- 
tory lay inland on the eastward slopes of the Apennines, their 
chief towns being Corfinium and Sulmo (Sulmona). Though akin 
to the Samnites (q.v.) to the south, they were not members of the 
Samnite confederation but formed a separate league with their 
neighbours the Marsi, Marrucini, and Vestini (qg.v.). This league 
appears to have broken up after the end of the Second Samnite 
War (304 в.с.), when each tribe came into alliance with the 
Romans. The Paeligni remained loyal to Rome, distinguishing 
themselves at the Battle of Pydna (168), until the Social War (the 
war of the socii, or allies; 91 onward), when the mountain fortress 
of Corfinium was chosen as the capital of the rebellious allies and 
renamed Italia (Oscan Vitelliu). As a result of the war the 
Paeligni received Roman citizenship, together with the other allies; 
thereafter they became thoroughly romanized. 

The oldest Latin inscriptions of the district probably date from 
shortly after the Social War; but as several of the dialect inscrip- 
tions, which are all in the Latin alphabet, show the normal letters 
of the Ciceronian period, there is little doubt that the Paelignian 
dialect lasted down to the middle of the 1st century в.с. Similar 
dialects were spoken by the Marrucini and Vestini; together they 
form a group known as Northern Oscan (see OscAN). 

See R. S. Conway, The Italic Dialects, vol. i, pp. 233 ff. (1897); 
M. Hofmann and E. Vetter in Pauly-Wissowa, Real-Encyclopüdie der 
classischen Altertumswissenschaft, xviii, 2227-2275 (1942). 

PAEONIA, the land of the Paeonians, originally included the 
whole Axius (Vardar) Valley, and the areas eastward to the Stry- 
mon River and Mt. Pangaeum, westward to Pelagonia, and south- 
ward to Pieria, an area now covering parts of northern Greece, 
southern Yugoslavia, and western Bulgaria. The Paeonians were 
a people probably of mixed Thraco-Illyrian origin, whom Homer 
makes allies of the Trojans. The Persian king Darius I (reigned 
522-486 B.c.) deported two tribes to Phrygia and, weakened by 
the Persian invasion, those along the Strymon fell under Thracian 
control. The growth of Macedonia forced the independent Pae- 
onians northward and they were henceforth restricted to an area 
between Illyria and the upper Strymon, centring on the Vardar 
around Stobi (near modern Gradsko) and Bylazora (Titov Veles, 
Yugos.). Philip II checked their frequent invasions of Macedonia, 
and defeated them. Paeonian cavalry served with Alexander the 
Great, and one tribe, the Agrianians, furnished valuable infantry. 
The native dynasty was held in high honour. About 289 King 
Audoleon received Athenian citizenship, and his daughter married 
Pyrrhus, king of Epirus. Shortly after the invasion by the Gauls 
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under Brennus (280/279) a Paeonian confederacy (koinon) appears 
under King Dropion; but the Macedonian king Antigonus II 
Gonatas reunited Paeonia with Macedonia, of which it henceforth 
formed part. Under the Romans it fell under the second and third 
districts of Macedonia. Toward a.D. 400 Paeonia and Pelagonia 
became a separate province of Macedonia salutaris or secunda in 
the prefecture of Illyricum, but by then the people had lost their 
identity, and Paeonia was merely a geographical term. Modern 
Paeonia forms an eparchia in the nomos of Kilkis, Greece, with 
its capital at Goumenissa. 

BiBLi0GRAPHY.—W. Tomaschek, “Die alten Thraker" in Sitzungs- 
berichte der kaiserlichen Akademie der Wissenschaften zu Wien, nos. 
128, 130, 131 (1893-94) ; B. Lenk in Pauly-Wissowa, Real-Encyclopüdie 
der classischen Altertumswissenschaft, xviii, 2403-08 (1943). 

(F. W. Wa.) 

PAEONIUS, of Mende in Thrace, a Greek sculptor of the 
latter part of the 5th century B.C., is known for his statue of the 
goddess of victory at Olympia. The statement of Pausanias that 
he executed one of the pediments of the temple of Zeus at Olympia 
is doubtful. 

"There does exist an important original work of Paeonius in the 
Nike (“Floating Victory"), found at Olympia. Probably set up 
in memory of the battle of Sphacteria, 424 в.с,, it bears the in- 
scription “Dedicated to Olympian Zeus by the Messenians and 
Naupactians as a tithe of the spoil of their enemies. Paeonius of 
Mende made the statue, and was a successful competitor in the 
construction of the acroteria for the temple.” It was on a tri- 
angular base, 30 ft. high, which still stands in front of the temple 
of Zeus. The statue itself is in the museum. Copies of the head 
are in the Hertz collection in Rome and in the Vatican. 

See G. M. A. Richter, The Sculpture and Sculptors of the Greeks, 
new ed, (1950, 1951). (D. M. R.) 

PAER, FERDINANDO (1771-1839), Italian opera com- 
poser, was born at Parma on June 1, 1771. He was much influ- 
enced by the French opera of the period, his first opera, Orphée et 
Euridice, produced at Parma in 1791, being a setting of a French 
version of the Orpheus legend. In the same year he went to Venice 
as maestro di cappella and from there he moved to Vienna. where 
he produced his most successful opera, Camilla, in 1799. In 1803 
he was appointed Kapellmeister at Dresden and there produced 
his Leonora, a setting in Italian of J. N. Bouilly's libretto, which 
also formed the basis of Beethoven's Fidelio. In 1806 he accom- 
panied Napoleon to Poland and in 1807 was appointed his maitre 
de chapelle in Paris. In 1812 he succeeded Gasparo Spontini. as 
director of Italian Opera at the Odéon, where he remained until 
1827, He died in Paris on May 3, 1839. (Dv. H.) 

PAESTUM (Greek PosEmoN1A), an ancient Greek city in 
Lucania, Italy, near the west coast, 22 mi, SE of modern Salerno 
and 5 ті. S of the Silarus (modern Sele) River. It was founded 
by Troezenian and Achaean colonists from Sybaris, probably c. 
600 B.C., for it was flourishing c. 540 B.C. when the neighbouring 
city of Elea (Velia) was founded. After many years' resistance 
it fell to the Lucanians (before 400 в.с.), changing its name to 
Paestum (though its Greek patron god Poseidon still appeared 
on some of its coins). Alexander, king of Epirus, defeated the 
Lucanians at Paestum c. 332, but the city remained Lucanian until 
273, when it came under Roman rule and a colony was founded 
there. It remained loyal to Rome during the Second Punic War. 
Under Augustus and Tiberius the area was highly cultivated and 
celebrated for its flowers—the "twice-blooming roses of Paestum" 
are mentioned by several Latin poets; but the silting up of the 
mouth of the Silarus was already making the neighbourhood un- 
healthy. In 871 Paestum was sacked by Saracen invaders; its 
population then moved to Capaccio nearby. In the 11th century it 
was further dismantled by Robert Guiscard, and it was not until 
the 18th century that the ruins were rediscovered. 

These include a large sacred area, divided in two by the forum 
(probably earlier the Greek agora), and containing three Doric 
temples in a remarkable state of preservation. The northern 
sanctuary contains the so-called Temple of Ceres, in fact a late 
6th-century temple of Athena (the conventional names of the 
temples date from the 18th century). The exterior columns, 6 at 
the ends and 13 at the sides, and parts of the pediments survive, 
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though the Ionic inner porch has vanished. In front stood a 
sacrificial altar as long as the temple is broad. The earlier temple 
in the southern sanctuary is the so-called Basilica, probably built 
c. 540 в.с. and dedicated to Hera. Its plan is unique: it has 
9 columns at the ends and 18 at the sides, while a single inner 
line of columns runs down the middle. All the exterior columns 
and the architraves upon them are standing. The ornamented 
capitals of both Basilica and Temple of Ceres are without parallel 
in Doric architecture elsewhere. The temple known as the Temple 
of Neptune is another temple of Hera, probably built с. 460 B.C. 
and the best preserved of the three. There are 6 columns at the 
ends and 14 at the sides; the cella has two inner rows of 7 columns, 
each supporting a second smaller column. Excavations of this 
sanctuary revealed traces of 11 smaller shrines, all apparently 
dedicated to Hera, 

The Temple of Peace in the forum, a Corinthian-Doric building, 
begun perhaps in the 2nd century B.c., was excavated in 1830. 
Traces of a Roman amphitheatre and other buildings, as well as 
of the main street, have also been found. The circuit of the 
town walls, well built of squared blocks of travertine and 15-20 
ft. thick, is almost entire; they are about three miles in circum- 
ference enclosing a roughly rectangular area. There were four 
gates, the eastern gate (Porta Sirena), with a single arched open- 
ing, being well preserved. Outside the north gate is an extensive 
sepulchral area with burials of all periods. Near the mouth of 
the Sele is another sanctuary of Hera, which has produced sev- 
eral interesting archaic sculptured panels. A museum contains the 
rich and varied yield of several years of excavation at these sites. 

BIBLIOGRAPHY.—D. Randall-Maclver, Greek Cities in Italy and Sicily, 
ch. ii (1931); P. Zancani Montuoro and U. Zanotti-Bianco, Heraion 
alla, Foce del Sele, 4 vol. (1951-52); P. C. Sestieri, Paestum, 2nd ed. 
(1953) ; A. G. Woodhead, The Greeks in the West, pp. 61 ff., 123 ff. 
ТУЙ Lucanian tomb paintings: А. Maiuri, Roman Painting, ch. i 
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PAEZ, JOSE ANTONIO (1790-1873), Venezuelan patriot 
and politician, a leader in the independence movement, and first 
president of the country, was born in Aricagua near New Barce- 
lona on June 13, 1790, of part-Indian parents, As a youth he 
worked as a peon, In 1810 he joined the revolutionary movement 
against Spain as the leader of a band of mounted plainsmen. He 
became a valued lieutenant of Simon Bolívar (g.v.) and was 
instrumental in the victories of Carabobo (1821) and Puerto 
Cabello (1823). In 1826 he rebelled against the central authori- 
ties of Gran Colombia, of which Venezuela was a province; Bolivar 
personally negotiated the settlement which left Paez as military 
and civilian head of Venezuela. In 1829 Páez led the separatist 
movement which resulted in Venezuela’s becoming a sovereign 
nation. 

Elected president in 1831, he gathered about himself members of 
the old elite and those enriched by the war. As leader of the new 
nation Páez showed considerable political ability in balancing 
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the antagonisms existing between the articulate elements, As a 
moderate dictator fulfilling the dual role of chief of government 
and a moral power above and beyond the law, he ruled directly 
or through lieutenants until 1846, when one of his personal choices 
for the presidency turned against him and he was imprisoned. He 
was sent into exile in 1850. In 1858 and again in 1861 he heeded 
the call to return and give direction to the oligarchy; each time 
he was forced after a few months to seek asylum abroad, the last 
time in 1863. He spent the remainder of his life in exile, mostly 
in New York City, but he also visited Argentina, Uruguay, Bolivia, 
Peru, and Colombia, He died in New York on May 7, 1873. His 
autobiography was published while he was living in New York 
(1867-69). g. J-J) 

PAEZ, PEDRO (1564-1622), Spanish Jesuit missionary, 
called the second apostle of Ethiopia, was born at Olmedo in 1564. 
He entered the Society of Jesus in 1582, and sailed for Goa in 
1588. On his way to Ethiopia in 1589 he was captured by Turkish 
pirates and enslaved until 1596, when he returned to Goa, but set 
out again for Ethiopia in 1603. He learned the two chief dialects 
of the country, translated a catechism and wrote a treatise on the 
theological errors of the Ethiopian Church. He also wrote (in 
Portuguese) a history of Ethiopia (published in Biblioteca historica 
de Portugal e Brasil, serie ultramarina, vol. v, 1945-46). Páez 
succeeded in converting the emperor, and for a time the whole 
country was in large part Roman Catholic. Páez was the first 
European to visit the source of the Blue Nile. He died of fever 
at Gorgorà on May 20, 1622. 

BIBLIOGRAPHY.—E, S. Pankhurst, Ethiopia, pp. 339-358 (1955) ; C. F. 
Beckingham, “Some Early Travels in Arabia," Journal of the Royal 
Asiatic Society, pp. 155-176 (1949) ; H. Thurston, “Abyssinia and Its 
Jesuit Missionaries” in Studies, 24:353-365 (1935). (P. CN.; X.) 


PÁEZ, a South American Indian tribe belonging to the Chib- 
chan (q.v.) linguistic stock. The Páez (pop. 16,000 in the 1960s) 
are, with the Goajiro ( Guajiro), the most important Indian group 
of Colombia (g.v.). They live in the region of Tierradentro, on 
both sides of the upper Páez River, up to the Nevado del Huila 
volcanic peak. Discovered by Sebastián de Belalcázar (q.v.) in 
1534, the warlike Páez resisted Spanish colonial domination, and 
assisted by the rugged nature of their country they maintained 
their cultural identity and language. Their culture has undergone 
severe changes since pre-Columbian days. Spanish influence is 
felt in their dress, architecture, and layout of villages, which are 
built around a plaza and a church. They live in reserves in small, 
scattered family groups. Each village is administered by a cabildo, 
an elected municipal body. Officially Roman Catholic, they re- 
tain a belief in spirits from whom highly respected shamans (see 
SHAMANISM) are held to draw their supernatural power. The 
Páez are good weavers and make rope and various articles of sisal, 
as well as excellent waterproof hats and capes. They no longer 
cast gold ornaments and figures, as in prehistoric times, Although 
they rely mainly on maize and potatoes for subsistence, they 
raise sugar cane, from which they ferment their favourite drink. 

See H. Nachtigall, Tierradentro, Archäologie und Ethnographie . . . 
(1955); M. Layrisse et al, “Blood Group Antigen Studies of Four 


Chibchan Tribes,” American Anthropologist, vol. 65 (1963). 
(A, Mx.) 


PAGAN, a village in the Myingyan district, Burma, lies on 
the Irrawaddy River, 92 mi. SW of Mandalay. Pop. (1953) 2,825. 
It was the capital of the Pagan kingdom (see Burma: History) 
from c. 1050 to 1300, The Mon people called the area around it 
Tattadesa, “the Parched Land." The walled city was quite small 
though the city in a wider sense stretched from Nyaungu in the 
north to Thiripyissaya in the south and to the foot of Mt. Taywin 
in the east, This area, still covered with hundreds of pagodas in 
various stages of decay, is a place of pilgrimage for the Burmese. 
The main gate Tabala (Tharaba) still survives. Many famous 
pagodas, Shwezigon (1090), Ananda, Thatbyinnyu, Shwegugyi, 
Gawdawpalin, Mahabodhi, Bu, and the beautiful Nanpaya (deco- 
rated with relief carvings in stone and built by Makuta the captive 
Mon king) are still well preserved. The Pagan Burmese were 
Buddhists before they conquered Lower Burma, and their Bud- 
dhism was a modified Hinayanism to suit their national genius. 
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There were two religious sects, the Sinhalese order, which was 
orthodox, and the order of the “forest dwellers,” which was more 
popular in the latter part of the Pagan period, A small museum of 
the archaeology department near the Ananda pagoda houses some 
inscription stones found at Pagan including the famous Rajakumar 
inscription, mistakenly called the Myazedi inscription, with Pyu, 
Mon, Pali, and Burmese faces (called the Rosetta Stone of 
Burma); the Disapramuk inscription describing the 1285 peace 
mission to Peking; a Chinese inscription mentioning the Mongol 
invasion; a Siamese inscription alluding to a pilgrimage made to 
Pagan; and a Tamil inscription referring to the building of a 
Hindu temple at Pagan. See also Burma: Archaeology. 
x (T. Tv.) 

PAGANINI, NICCOLO (1782-1840), Italian violinist and 
composer, was the principal violin virtuoso of the 19th century and 
one of the creators of the aes- 
thetic of extravaganza in musical 
| romanticism, was born in Genoa 
on Oct. 27, 1782. After initial 
study with his father, whose 
meagre talents the boy soon sur- 
passed, he studied with a local 
violinist, G, Servetto, and then 
with the celebrated Giacomo 
Costa. He made his first appear- 
ance in 1793 and then studied 
with Alessandro Rolla and Gas- 
| paro Ghiretti at Parma. In 1797, 
accompanied by his father, he 
toured Lombardy, where with 
each concert his reputation grew. 
Gaining his independence soon 
after, he indulged excessively in 
gambling and romantic love af- 
/ fairs. 

Between 1801 and 1807 he 
wrote the 24 Capricci for unac- 
companied violin, displaying the 
novel features of his technique, 
and the two sets of six sonatas for 
violin and guitar. He reappeared in Italy as a violinist in 1805, 
and was appointed director of music at Piombino by Napoleon's 
sister, Élisa Bonaparte Baciocchi. He later gave concerts of his 
own compositions in many towns in Italy, and in 1815 formed an 
attachment with the dancer Antonia Bianchi. 

In 1828 Paganini's success in Vienna resulted in his becoming 
a popular idol, and his appearances in Paris and London in 1831 
were equally sensational. His tour of England and Scotland in 
1832 made him a wealthy man. In 1833 he settled in Paris, where 
he inspired Berlioz to write his symphony Harold en Italie. Paga- 
nini felt its challenge to be too slight, however, and there is no 
record that he ever played it. Following the failure of the Casino 
Paganini, with which he was connected, he went to Marseilles in 
1839. After traveling in an unsuccessful effort to improve his fail- 
ing health, he died at Nice on May 27, 1840. 

Paganini’s romantic personality and adventures created in his 
own day the legend of a Mephistophelean figure, though his inner 
nature was devoured by melancholy and depression. He was long 
regarded as a miser, but a more accurate portrait would consider 
his desire to be free from a train of dependent followers and their 
importunities for his largesse. His. gift of 20,000 francs to the 
struggling composer Berlioz was an act of generosity seemingly un- 
characteristic, but it is more likely that Paganini, recognizing in 
“Beethoven's successor" a worthy talent, felt it his duty to come to 
the composer's aid. 

His violin technique, based on that of his works, principally the 
Capricci, the violin concertos, and the sets of variations, demanded 
a wide use of harmonics and pizzicato effects, new methods of 
fingering and even of tuning. Paganini's innovations revolution- 
ized violin playing and became the basis for later virtuosi, notably 
Pablo de Sarasate y Navascues and Eugéne Ysaye. Though the 
musical value of his work was limited, the influence of his virtu- 
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osity extended to piano and orchestral music; the virtuosity he 
brought to the violin was unmatched in his day. Themes from the 
Capricci inspired works by Liszt, Rachmaninoff, and others. 

See A. Codignola, Paganini intimo (1935); G. I. C. de Courcy, 
Paganini, the Genoese, 2 vol. (1957). (E. Lr.; X.) 

PAGE, SIR EARLE CHRISTMAS GRAFTON (1880- 
1961), Australian politician, leader of the Country Party (1920- 
39), was born at Grafton, New South Wales, on Aug. 8, 1880. 
Educated at Sydney University, he studied medicine and practised 
in northern New South Wales, where at that time a strong move- 
ment was developing in favour of the establishment of a new state, 
free from the allegedly overbearing effect of Sydney urban inter- 
ests. This agitation, which attracted Page into politics, also gave 
great impetus to the growth of a primary producers' party, the 
Australian Country Party, which derived strong support from men 
who had settled on the land after returning from World War I. 
Hence it was pertinent that Page himself had served overseas 
(1916-17). As member for Cowper he was among the first Coun- 
try Party representatives elected to the federal parliament in 
1919, and he became the party's leader in 1920. 

The Country Party's influence forced the withdrawal of W. M. 
Hughes from the leadership of the Nationalist Party and the pre- 
miership in February 1923. In the Nationalist and Country coali- 
tion, which replaced Hughes' government, Page led 5 Country 
Party members in a cabinet of 11. He had the portfolio of trea- 
surer and was scarcely less influential than the prime minister, 
S. M. Bruce. Their governments, which continued until 1929, 
gave exclusive priority to the development of the national economy 
(see AUSTRALIA: History). Page was created a privy councilor in 
1929. Never again did he or the party exercise so much influence 
as in the 1920s. Nevertheless he was minister of commerce (1934— 
39 and 1940-41) and in 1934 established and was first president of 
the Australian Agricultural Council, which endeavoured to develop 
a national policy of primary production. Knighted in 1938, he was 
“caretaker” prime minister following the death of J. A. Lyons in 
April 1939, but his deposition from the party leadership shortly 
afterward marked the deepening of a very long political twilight. 
While minister of health (1949-January 1956) he put into practice 
the national health scheme for Australia and in 1955 became the 
first chancellor-of the University of New England, Australia's only 
rural university. Page remained an M. P. until immediately before 
his death at Sydney on Dec. 20, 1961. 

In the peculiar Australian situation where primary producers, 
although of crucial importance to the national economy, were 
heavily outnumbered by urban dwellers, Page played out an im- 
portant historic part. Lacking, perhaps, great distinction, he 
nevertheless represented the Country Party with fidelity and helped 
to elevate it above the level of a pressure group. His auto- 
biography, Truant Surgeon, was published in 1963. (O. M. R.) 

PAGE, SIR FREDERICK HANDLEY (1885-1962), 
British aircraft designer and pioneer in civil air transport, was born 
at Cheltenham, Gloucestershire, Nov. 15, 1885. After studying 
electrical engineering at City and Guilds of London Engineering 
college, he became interested in the problem of flight and founded 
Handley Page, Ltd., in 1909. This was the first British company 
devoted solely to aircraft construction, and the first successful 
aircraft designed by Page flew in 1910. During World War I 
he produced the world’s first twin-engined heavy bomber, which 
was shortly followed by the four-engined V-1500, designed for 
the bombing of Berlin, a project stopped by the Armistice. In 
1919 he formed Handley Page Transport, Ltd., which pioneered 
airline services to France, Belgium, the Netherlands and Switzer- 
land, and later merged to form Imperial Airways. 

After World War I Handley Page, Ltd., continued to design 
successful bombers and transport aircraft, including the Victor 
crescent-wing, a four-jet bomber. 

Handley Page died in London on April 21, 1962. (D. Cr.) 

PAGE, THOMAS NELSON (1853-1922), U.S. author who 
did much to build up the romantic legends of the Southern planta- 
tion, was born on Oakland plantation, Hanover County, Va., April 
23, 1853. He attended Washington College (now Washington and 
Lee University), taught for a year, and in 1874 graduated in 
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law at the University of Virginia. He practised until 1893, when 
he moved to Washington, D.C., and devoted himself to writing and 
lecturing. He began by writing dialect verse, but first won notice 
with the story “Marse Chan” in the Century Magazine. This and 
similar stories were collected in what is probably Page’s most 
characteristic book, Zn Ole Virginia (1887), reflecting his forma- 
tive years amid the glamourous life of the old regime and the 
tumults of the Civil War. His essays and social studies have the 
same tone as his fiction. From 1913 to 1918 Page was ambassador 
to Italy. He died on Nov. 1, 1922, at Oakland, Va. 

Page’s works include Two Little Confederates (1888); The — 
Burial of Guns (1894); The Old Gentleman of the Black Stock 
(1897); and Red Rock (1898). The Plantation edition of his 
works (12 vol.) was published in 1906. 

See Rosewell Page, Thomas N. Page (1923); J. Hubbell, The South 
in American Literature, 1607-1900 (1954). 

PAGE, WALTER HINES (1855-1918), U.S. writer and 
diplomatist, who played an important part in British-U.S. rela- 
tions during World War I, was born at Cary, N.C., Aug. 15, 1855, 
At 16, after a preparatory course 
at the Bingham Military School 
at Mebane, N.C., and a year at _ 
Trinity College (now Duke Uni- 
versity), at Durham, N.C., Page 
entered Randolph-Macon College 
at Ashland, Va. The greatest and 
most lasting influence in his life 
there, Thomas Randolph Price, 
became deeply attached to Page, 
and obtained his appointment as 
one of the first 20 fellows of the 
new Johns Hopkins University at 
Baltimore. There under Amer- 
ica’s great classical scholar, Basil 
L. Gildersleeve, Page acquired a 
knowledge of antiquity and a 
feeling for Greek literature that 
influenced all his subsequent habits of thought as well as his 
own literary style. Page’s health, always frail, caused him to 
leave Johns Hopkins without a degree. A winter (1878-79) spent _ 
in teaching English at the high school at Louisville, Ky., convinced 
him that he wanted an active life among men, and in 1880 he 
became editor of the St. Joseph (Mo.) Gazette. St. Joseph did 
not hold his interest long. He left in the summer of 1881 to make _ 
a tour of the Southern states, writing a series of brilliant articles 
that were simultaneously printed in several leading U.S. news _ 
papers. The next two years Page spent as literary editor of the - 
New York World, but in 1883 he resigned and returned to Raleigh, 
N.C. For two years he edited the State Chronicle, a weekly news- 
paper, as distinguished for the vivacity of its editorial style as for 
the unconventionality of its opinions. Page ridiculed the tendency 
to regard a Confederate war record as almost the exclusive quali- 
fication for public office; he advocated primary education for both 
whites and Negroes, the development of scientific agriculture, the 
building of modern highways, and the creation of local industries. 
All these changes North Carolina has since introduced; the youth- 
ful Page, however, was ahead of his time, and after two rather 
tempestuous years, in which he found himself denounced as а 
"Southern Yankee," he had to confess failure, dispose of his paper 
and resume his life in New Vork. 

His Literary Career.—Page's opportunity came in 1887, 
when he joined the staff of the Forum. In four years he trans- 
formed a bankrupt property into a profitable one and made it 
an influential organ of public discussion. He resigned his editor- 
ship in 1895 and entered the Boston publishing house of Hough- 
ton, Mifflin & Co. For two years he was literary adviser and 
associate editor of the Atlantic Monthly, and in 1898 became 
editor in chief. In 1900 he joined Frank N. Doubleday in estab- 
lishing the publishing house of Doubleday, Page & Co. and: found- 
ing the World's Work magazine, on which he served as editor from 
1900 to 1913. Both in his writing and in his lectures, he con- 
tinued to advocate his favourite causes. The Rebuilding of Old 
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Commonwealths (1902) gives in eloquent language Page’s aspira- 
tions for the revitalization of the Southern states. A Publisher’s 
Confession (1905) gives his creed for his trade. In 1909 Page also 
published under the name of “Nicholas Worth” The Southerner, a 
semi-autobiographical novel interpreting his ideas on the South. 
Of these the leading one was popular education, especially in the 
backward South, As a member first of the Southern Education 
Board and afterward of the General Education Board, he aided in 
distributing the Rockefeller millions for this purpose. By initiating 
the movement for the eradication of the hookworm, he started the 
work that later took shape under the International Health Board. 
He served on Pres, Theodore Roosevelt's Country Life Commis- 
sion, and was a leader in introducing the demonstration work of 
Seaman A. Knapp (q.v.) in agricultural areas. All these years he 
closely followed political affairs, and in 1911 he was one of the first 
to proclaim the presidential qualifications of Woodrow Wilson. 
One of Wilson’s first acts, after his inauguration, was to appoint 
Page ambassador to Great Britain, 

Ambassador in London.—For his five years in London Page's 
life had been a preparation. His passion for democracy, his belief 
that British institutions and literature formed the most solid basis 
of civilization, his long advocacy of British-U.S. cooperation as 
the most satisfactory method of solving world problems—all were 
put to the severest test in the arduous years of his ambassadorship. 
He had established familiar and congenial relations with the 
British public and British officialdom when World War I began. 
Up to that time Page had also worked in complete harmony with 
President Wilson. It was due mainly to Page's prompting that 
President Wilson persuaded congress to repeal the discriminating 
Panama tolls. 

In the war Page, unlike Wilson at first, saw above all an at- 
tempt of Germany to grasp the hegemony of Europe and to sub- 
stitute the Prussian conception of autocracy for the democratic 
ideal which he regarded as the true path of human progress. It 
was mainly this difference that caused the historic divergence 
between Page and Wilson. To the outside world Page maintained 
an attitude of strict neutrality; in his private communications to 
the president, however, he made no secret of his complete sym- 
pathy with the cause of the Allies and his general disagreement 
with the policy of the administration, When the “Lusitania” was 
sunk, Page in his letters and cablegrams to Wilson strongly ad- 
vocated a U.S. declaration of war against Germany. He insisted 
then, as he did afterward, that U.S. intervention at that time would 
have brought the war to an early end with an Allied triumph. 
Page’s great moment came on April 2, 1917, when President Wilson 
asked Congress to declare the existence of a state of war with 
Germany, and used arguments that Page had been forcing on his 
attention for two and a half years. 

Page had never been in robust health; and the anxieties and 
labours of a terrible period gradually exhausted him. He had 
meditated resignation many times, and consented to remain only 
at the earnest request of President Wilson. In August 1918, how- 
ever, he became so ill that the president acquiesced in his retire- 
ment. In early October he sailed on the “Olympic” and reached 
New York so weak that it was necessary to carry him from the 
ship. His one wish was to return to “the sand hills” of his early 
home in North Carolina. There he died on Dec. 21, 1918. 

BisnrocRAPHY.— The chief authority on Page's career is B. J. 
Hendrick, The Life and Letters of Walter H. Page, 3 vol. (1922-25), 
The Training of an American: the Earlier Life and Letters of Walter 
H. Page, 1855-1913 (1928); Charles Seymour (ed.), The Intimate 
Papers of Colonel House, 2 vol. (1926) ; Viscount Grey, of Fallodon, 
Twenty-Five Years, 1892-1916, 2 vol. (1925). (B. J. H.; X.) 

PAGE, WILLIAM (1811-1885), U.S. portrait painter, was 
born at Albany, N.Y., on Jan. 3, 1811. He studied for the min- 
istry and in later life became a Swedenborgian. He received his 
training in art from Samuel Morse and in the schools of the Na- 
tional Academy of Design, and in 1836 became a National Acade- 
mician. From 1849 to 1860 he lived in Rome, where he painted 
Portraits of his friends Robert and Elizabeth Barrett Browning. 
He died at Tottenville, Staten Island, N.Y., on Oct. 1, 1885. 

Page’s portraits of Charles W. Eliot and John Quincy Adams 
are at Harvard university. 
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PAGE, originally a youth of noble birth who left his home at 
an early age to serve an apprenticeship in the duties of chivalry 
in the family of some prince or man of rank. Pages first acted 
as assistants to squires, who were in attendance upon knights and 
their ladies. They were trained in arms and in the art of heraldry 
and received instruction in the chase, music, dancing, and such 
other accomplishments as befitted their social status, From being 
pages they were promoted to be squires and from that status were 
frequently advanced to knighthood. (See KNIGHTHOOD, Снгу- 
ALRY AND ORDERS.) 

In Great Britain the duties of the sovereign’s pages used to in- 
clude attendance at royal functions or receptions such as “draw- 
ing rooms” and court levees, till these fell into desuetude. Pages 
still appear, clad in scarlet coats edged with gold lace and with 
bars of lace across the front, long white waistcoats, white breeches, 
and white silk hose, and wearing three-cornered hats, on occasions 
such as the opening of Parliament, at which the sovereign’s train 
is carried by two pages; and at coronations, when the earl marshal 
and all the peers in the procession are attended by pages of honour 
bearing their coronets. Pages of honour to the sovereign are usu- 
ally appointed at the age of 12 or 13 and give up their positions at 
17. Many of them are later granted commissions in the Household 
Cavalry or in a regiment of the Guards. (C. F. J. H.) 

PAGEANT, an entertainment, frequently in the open air, il- 
lustrating a theme by means of spectacle rather than by consecu- 
tive narrative and dramatic characterization, Three early usages 
of the word in English are recorded: (1) to denote the individual 
episodes of a miracle play cycle (see Drama: Medieval Drama); 
(2) to describe the wagons upon which miracle plays were pre- 
sented in the streets of certain English towns; (3) to describe any 
piece of stage scenery or machinery, such as those used in the in- 
door court masques (see MASQUE). It is, therefore, difficult to 
distinguish the origins of the pageant from those of other dramatic 
forms, but by the 17th century the word had acquired the more 
definite, if pejorative, meaning of a raree-show. 

Although the name pageant is comparatively recent, men have 
used spectacle as a means of entertainment, teaching, and propa- 
ganda from early times; and the Roman triumph, in which a pro- 
cession of soldiers and prisoners was used to illustrate the theme 
of victory, may be regarded as an early form of pageant. The 
cribs set up in churches at Christmas (which made their appear- 
ance at least as early as the 8th century A.D. and were popularized 
by St. Francis of Assisi in the 13th century) are a particularly 
interesting later example of the form. They differ, of course, 
Írom other pageants in that they do not use human actors, but 
their defiance of chronological realism, which permits the shep- 
herds and the kings to appear together in the same scene, is note- 
worthy in that it requires the spectator to use his previous knowl- 
edge to establish the true historical and narrative connection 
between the figures represented—a requirement characteristic of 
pageants throughout the ages. The growth of drama with human 
actors in churches led to many developments of the pageant form. 
Early in the 11th century, for example, at Limoges, the three 
kings entered the church in procession as part of the Mass of the 
Epiphany and followed a moving star across the choir to the high 
altar, where they presented their offerings of gold, frankincense, 
and myrrh. At Beauvais, in the 13th century, a young girl carry- 
ing a baby rode into church on an ass during the Mass of the 
Feast of Fools on Jan. 14 (see Еоогѕ, Feast or)--a dramatic 
representation of the flight into Egypt, which had not yet 
developed into a play. When such religious pageants became 
plays, with complete plots and full characterization, they ceased, 
in the modern sense of the word, to be pageants at all. They then 
merely supplied the contributory element of “pageantry” or “spec- 
tacle" to drama, which Aristotle noted as one of its essential in- 
gredients. 

The development of some religious pageants into drama did not 
mean, however, the end of the pageant as a separate form, and it 
also flourished as a secular manifestation. In the Middle Ages, 
and long after, street pageants were set up to welcome distin- 
guished visitors and to celebrate such occasions as royal weddings 
and coronations. Such entertainments included both processions 
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and set pieces, the latter representing allegorical figures who de- 
livered their speeches against a background of elaborate mechan- 
ical effects. In 1481, for example, Isabella of Spain was greeted 
at Barcelona by a pageant of St. Eulalia, which was remarkable 
for its scenic device of three revolving spheres. In 1514, when 
Louis XII of France was married to Mary Tudor (the sister of 
Henry VIII of England), an elaborate pageant was erected outside 
the Church of the Holy Innocents in Paris, in which the rose of 
England opened to reveal an actress representing Mary, and, at the 
same time, the lily of France unfolded to reveal an actor playing 
the French king. Entertainments of a similar kind were offered to 
Elizabeth I on her visits to Kenilworth and elsewhere, and in 
1660, when Charles II returned to England, the lord mayor's show 
included a ‘pageant of th& royal oak” set up in Cheapside. It is 
interesting to note, however, that on this last occasion the diarist 
Samuel Pepys found the entertainments thus offered "good for 
such kind of things, but in themselves but poor and absurd,” In 
truth, the popular pageant of those days could not hope to com- 
pete with the spectacles provided by the court masques; or even, 
indeed, with those of the public theatres, which by this time were 
acquiring elaborate machinery from Italy and France. Hence the 
street pageant came to be despised by cultivated tastes. Nonethe- 
less, it was popular enough with the common people to survive in 
many different forms throughout the world into the 20th century. 
The lord mayor's show still takes place in London; in many cities 
in Germany, Switzerland, and Austria there are carnival proces- 
sions at particular seasons (the beginning of Lent and the wine 
harvest, for example); in France and in New Orleans there are 
the festivities of Mardi Gras; in Siena the Palio (a horse race in 
medieval costume); in Ziirich the guild procession of Sechse- 
lüuten; and in Pasadena, Calif., the Rose Bowl parade. 

In 1905 the pageant was given new impetus and form by Louis 
N. Parker, who, by his pageant of Sherborne, Hampshire. origi- 
nated the use of this form of entertainment to illustrate local his- 
tory by means of dramatic episodes. music, dancing. and proces- 
sions. Pageants of this type were subsequently arranged in many 
other English towns ( Cheltenham, York. Greenwich. etc.) and the 
fashion spread to the United States. The Pageant and Masque of 
St. Louis (1914) had a cast of 7,500 performers and cost $125.000. 
It was followed by such other spectacles as the Cavalcade of Texas 
at the Texas Centennial in Dallas (1936). and the American Jubi- 
lee, produced at the New York World's Fair in 1940. Many of 
these modern pageants (notably Paul Green's The Lost Colony, 
produced at Roanoke Island, N.C., in 1937) showed a marked 
tendency to develop into spectacular plays with well-constructed 
plots and rounded characters. Few of them, however, achieved 
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lasting performance or have been 
deemed worthy of revival. By 
its nature the pageant is often de- 
signed for a particular occasion 
and the vastness of staging which 
it requires defeats the intimacy 
necessary to true drama. Individ- 
ual contributions to the pageant 
have sometimes passed into the 
realm of literature—notably the 
choruses written by T. S. Eliot for 
a religious pageant, The Rock, 
staged in England in 1934. Per- 
haps the most enduring of all 
modern pageant-plays, however, 
is Jedermann by Hugo von Hof- 
mannsthal (q.v.), first produced 
in 1911 at Berlin by Max Rein- 
hardt'(q.v.) and revived in 1920 
and thereafter as part of the Salz- 
burg Festival. The characteriza- 
tion and plot in this case scarcely 
go beyond those of the medieval 
morality play on which it is based, 
but the performance is distin- 
guished by poetry, music, and 
elaborate crowd movement. Indeed. its original director, Max 
Reinhardt, is perhaps more deserving than Louis N. Parker of the 
title *father of the modern pageant." for, while Parker gave to the 
pageant its peculiarly historical significance, his concepts of staging 
are really part of the international movement for “Sprengung 
des Bühnenrahmens" (“exploding the confines of the stage") in- 
augurated by Reinhardt at the start of the 20th century. It was 
Reinhardt who sought to free the theatre from the dominance of 
literary drama, to stress vast scenic effects, and to experiment with 
such unusual stage forms as the circus ring and the exhibition 
hall. His spectacular production of The Miracle at Olympia, 
London, in 1911, with music by Humperdinck, was perhaps one of 
the most successful of modern pageants. 

After World War II a new form of pageant, Son et Lumiére 
(q.v.), was developed. 

ВївїлосвАРнү.—Е. K. Chambers, The Mediaeval Stage (1903) and 
The Elizabethan Stage (1923) ; G. W. G. Wickham, Early English Stages 
(1959) ; Producing America’s Outdoor Dramas, a University of North 
Carolina Extension Library bulletin (1954); E. Stern, My Life, My 
Stage (1951); J. Gassner, *Outdoor Pageant-Drama: Symphony of 
Sight and Sound," Theatre Arts (July 1954), (J. E. Pr.) 

PAGET, SIR JAMES, Bart. (1814-1899), British surgeon, 
who, together with his friend Rudolf Virchow, has been called the 
founder of the science of pathology, was born at Yarmouth on 
Jan. 11, 1814. In 1834 he entered St. Bartholomew’s Hospital, 
London, and during his first winter session he detected Trichinella 
spiralis, the parasite that infests human muscles and causes trich- 
inosis. Richard Owen. who gave these parasites their scientific 
name, is usually credited with the discovery, but he merely con- 
firmed what Paget had detected. By 1851, when he was elected 
a fellow of the Royal Society, Paget was known as a great physiolo- 
gist and pathologist. 

In 1858 Paget was appointed surgeon extraordinary to Queen 
Victoria. He specialized in pathology of tumours and diseases of 
the bones and joints. and was the first to urge enucleation (surgical 
extraction) of the tumour instead of amputation in cases of mye- 
loid sarcoma (tumour in bone marrow). He gave original accounts 
of a precancerous affection of the areola and nipple (Paget's dis- 
ease). mammary cancer, and osteitis deformans, which is known 
as Paget's disease of the bone. In 1871 he resigned his surgeoncy 
to the hospital and received a baronetcy. He was president of the 
Royal College of Surgeons (1875), Hunterian orator (1877), 
president of the International Medical Congress (1881), and vice- 
chancellor of the University of London (1884-95). He died in 
London on Dec. 30, 1899. 


See S. Paget, Memoirs and Letters of Sir James Paget, 3rd ed. (1903) ; 
F. Garrison, Introduction to the History of Medicine, 4th ed. (1929). 
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PAGET, VIOLET: see LEE, VERNON. 

PAGNINUS, SANTES (1470-1536), Italian Dominican He- 
brew scholar, whose Latin version of the Bible made from the 
original languages greatly aided other 16th-century translators of 
Scripture, was born at Lucca on Oct. 18, 1470. He joined the 
Dominican order at Fiesole in 1487 and became a disciple of 
Savonarola, After holding office in various Dominican houses he 
went in 1516 to Rome, where Leo X (like Adrian VI and Clement 
VII subsequently) encouraged his work, He spent three years in 
Avignon (1523-26), then settled in Lyons, where in 1528 he pub- 
lished his translation of the Bible, Learned in rabbinical studies, 
he transliterated the Hebrew proper names instead of perpetuating 
the adaptations used in the Vulgate, and provided a glossary of 
them at the end. -His seems to be the earliest Bible in which the 
chapters are divided into numbered verses, though in the Apoc- 
rypha and New Testament it has fewer and longer verses than 
those now in use. In 1529 Pagninus brought out a Hebrew lexicon, 
Thesaurus linguae sanctae, an epitome of which was frequently 
republished. After his death at Lyons on Aug. 24, 1536, his Bible 
translation was republished in 1541 at Cologne and 1564 at Basel. 
Meanwhile, in 1542, Michael Servetus had re-edited it with notes 
in favour of his own dogmatic system; in 1537 Robert Estienne 
(Stephanus) was the first to publish Pagninus' Old Testament to- 
gether with Theodore Beza's version of the New Testament. Al- 
though more accurate than the Vulgate, and hence more useful to 
other translators needing help with Hebrew or Greek, Pagninus’ 
version was not intended to supersede the Vulgate save for purely 
scholarly purposes, and it is now chiefly of historical interest. See 
also BIBLE, TRANSLATIONS OF. 

See T, M. Centi in Archivum fratrum praedicatorum, 15:5-51 (1945) ; 
H. Pope, English Versions of the Bible (1952). (J. M. T. B.) 

PAGODA, a towerlike, storied structure of stone, brick, or 
wood, usually associated with the Buddhist temple complex in 
Indian Asia, China, and Japan. It derives ultimately from the 
stupa (q.v.) of ancient India, which was a domical funeral mound 
erected over the remains of a holy man or king. Perhaps the most 
celebrated pagoda in India was the multistoried tower erected 
by Kanishka I near Peshawar to‘enshrine a notable collection of 
the Buddha's relics. This famous tower, built up in the 2nd cen- 
tury of the Christian era, was the inspiration for the later pagodas 
of China and Japan, where the design always consisted of the 
repetition of a basic story unit (circular, square, polygonal) in 
regularly diminishing proportions. Each unit had its own project- 
ing roof and the whole pile was capped by a prominent mast and 
disks. 

The pagoda, like the stupa, was at first thought of as an ar- 
chitectural diagram of the cosmos. The great pillar which runs 
up the core of the building is symbolic of that invisible world 
axis which joins the centres of earth and heaven. The Japanese 
still refer to the four columns at the corners of wooden pagodas 
as the pillars of the sky. The separate stories, diminishing in 
size as they mount upward, may be thought of as the many ter- 
races of the mythical world mountain. The disks which crown 
the structure correspond to the various heavens of the gods. The 
cosmic diagram, thus fixed in architectural forms, was thought to 
be animated by the precious relics which were enshrined within. 
The concept of the building as a magic diagram and its animation 
by the enshrining of relics probably had its origin in the altar of 
Vedic India. See also CHINESE ARCHITECTURE; INDIAN ARCHI- 
TECTURE; JAPANESE ARCHITECTURE. (D. K. D.) 

PAHANG, a state of eastern Malaya in the federation of 
Malaysia and a constitutional sultanate. It is the largest Ma- 
layan state in area (13,873 sq.mi.) and has the least population 
density. Pop. (1963 est.) 374,756. Pahang stretches from the 
central mountain range to the east coast; its axis and traditional 
tie (by means of local canoes) being the Sungei (River) Pahang 
(271 mi.) which, after an entrenched north-south course parallel- 
ing the range, makes a turnabout loop near Mengkarak before 
crossing a large, forested swamp to the delta, where stands Pekan, 
historic royal capital and present seat of the sultan. The Gemas- 
Kelantan railway runs west of the Sungei Pahang and a road 
farther west links Raub, Malaya's gold-mining centre, and Bentong 
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(mining alluvial tin) with Singapore. Another road branches to 
Mentakab and the port of Kuantan, 25 mi. N of Pekan. The 
Raub-Bentong road links by way of “the gap” across the central 
range with Kuala Kubu Bahru and Kuala Lumpur. Adjoining the 
gap is a declining hill station, Frasers Hill. Kuala Lipis to the 
north, on the Sungei Jelai (a headstream of the Pahang) and the 
railway, is the terminus of the Malayan road system, and north of 
it the railway provides the sole route through the thick forest 
to Kelantan. 

With 90% of the total area still forested, Pahang is poorly de- 
veloped, with only 30,000 ac. under paddy (along levees of the 
delta) and 202,000 ac. under rubber (mostly close to the central 
range and west of the middle Sungei Pahang). At Sungei Lembing, 
northwest of Kuantan, is Malaya’s major mine for vein tin using 
deep shafts; the cassiterite (black sandy material) is exported by 
a mineral line to Kuantan for coastal movement to Singapore. 
Kuala Lipis ([1957 pop.] 8,753) was the state capital until 1957, 
but administration now centres at the largest town, Kuantan (23,- 
000), which has an air service to Kuala Lumpur and is accessible 
for half the year to small coastal steamers plying from Singapore, 
Malays (57% of the total population) are dispersed along the 
Sungei Pahang as self-contained farmers and along the coast, where 
they process dried and salted fish for export. Chinese (35%) are 
located in Bentong, Raub, in the market towns, and on the rubber 
estates. 

Cameron Highlands (about 4,000 ft. above sea level) is a hill 
station northwest of Kuala Lipis, the permanent settlement there 
being fewer than 5,000 people in the villages of Tanah Rata and 
Ringlet. Inaccessible by road or railway from Pahang, Cameron 
Highlands is reached only by way of Tapah in Perak State, which 
handles its vegetable output (from Chinese smallholders) traded 
by road into Kuala Lumpur and Singapore. Only tourists from 
west Malaya normally visit Cameron Highlands, where there is 
also a hydroelectric station financed by the U.S. The Sungei 
Pahang has no significance for modern transport. All produce 
west of the middle Pahang is traded with western Malaya, less- 
ening the economic cohesion of the state. King George V Na- 
tional Park (436,000 ha.), including Gunong (Mount) Tahan 
(7,186 ft.), is on the border with Kelantan and Trengganu; Krau 
Wild Life Reserve (65,000 ha.) is in the centre of Pahang State 
near Gunong Benom and Gunong Tungku. 

For history see MALAYSIA. (E. H. G. D.) 

PAHARI LANGUAGE (properly Pahari, the language of 
the mountains), a general name applied to the Indo-Aryan lan- 
guages (q.v.) or dialects spoken in the lower ranges of the Hima- 
layas from Nepal in the east to Chamba of Himachal Pradesh in 
the west. These forms of speech fall into three groups: (1) 
Eastern, consisting of the various dialects of Khas-kura, the lan- 
guage of Nepal; (2) Central, spoken in the north of Uttar Pradesh, 
in Kumaon and Garhwal; and (3) Western, spoken in the country 
around Simla and in Chamba. 

In Nepal, Khas-kura is the language only of the Aryan popula- 
tion, the mother tongue of most of the inhabitants being some form 
or other of Tibeto-Burman speech. Khas-kura is mainly differen- 
tiated from Central Pahari through its being affected by Tibeto- 
Burman idioms, Central and Western Pahari have not been 
brought into close association with Tibeto-Burman; their language 
is therefore purely Aryan. 

Khas-kura, as its speakers themselves call it, passes under vari- 
ous names; it is called Nepali or Naipali (Ze., the language of 
Nepal), Gorkhali, or the language of the Gurkhas, and Pahari 
or Parbatiya, the language of the mountains. 

Central Pahari includes two dialects, Garhwali, spoken mainly 
in Garhwal and the country around Mussoorie, and Kumaoni, 
spoken in Kumaon, including the country around Nainital. 

Western Pahari includes a great number of dialects. In the area 
formerly included in the Simla Hill states alone no fewer than 22, 
of which the most important are Sirmauri and Keonthali (the dia- 
lect of Simla itself), were recorded. To these may be added 
Jaunsari, spoken in the Jaunsar tract of Dehra Dun; Chambiali 
and Churahi, of the district of Chamba; Mandeali of the district of 
Mandi; Gadi of Chamba and Kangra; Kuluhi of Kulu; and others. 
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the impulses were originally conducted. In turn, fresh impulses 
travel to higher levels in the nervous system, where the neural 
activity is ultimately felt as pain. 

Hyperalgesia.—A second aspect of the deep pain experience 
is the local tenderness, superficial or deep, felt in the neighbour- 
hood of the original noxious stimulus or in an area of referred 
pain, as in the abdominal wall over an inflamed appendix. The 
threshold for pain perception from the skin is not altered, but 
ordinarily nonnoxious stimuli become capable of inducing pain 
owing to the effects of the central excitatory state referred to 
above, and noxious stimuli produce hyperalgesia; ie., pain of 
greater intensity than they ordinarily would. 

The term “hyperalgesia” is also used to describe the exaggerated 
sensory experience of pain that results from local tissue injury. 
This type of hyperalgesia is typically encountered in peripheral 
nerve lesions, where not only is the intensity of a noxious stimulus 
enhanced but in addition the threshold of one type of cutaneous 
pain is lowered. In the case of hyperalgesia characteristic of 
peripheral neuritis, for example, the threshold for the slowly con- 
ducted cutaneous. burning pain may be greatly lowered when that 
for the more rapidly conducted pricking pain is elevated. It may 
be that this form of hyperalgesia is dependent upon the presence 
of the polypeptide neurokinin referred to above. 

Characteristics of Central Excitation.—The damaging of 
tissue may initiate central hyperexcitation requiring little addi- 
tional peripheral stimulation for its maintenance. Such hyper- 
excitation may become self-perpetuating but once interrupted may 
not recur spontaneously, Central excitatory phenomena are fur- 
thered and hindered by a variety of factors in the internal and 
external environment, and only in part are they dependent upon 
impulses from the area initially damaged. However, heightened 
excitation in cerebral cortical and subcortical structures may be 
built up by prolonged, mild noxious stimulation, either from the 
periphery or from lesions within the brain itself. 

Short, intercalated neurons within the segments of the cord and 
brain stem and probably in the cerebral cortex are essential to 
the phenomenology of pain, since they are responsible for the 
maintenance of augmented central excitatory states such as those 
that produce itching, hyperalgesia, altered discrimination of in- 
tensity, emotional excitement, and complicated behaviour patterns. 

Influences on Pain Threshold.—Minor, ordinarily nonnox- 
ious stimuli applied to inflamed areas on the body commonly are 
painful. In the reddened skin following exposure to ultraviolet 
light, a lowering of pain threshold as much as 50% was found. 
In the mucous membranes of the nose a similar lowering of pain 
threshold was found with hyperemia, as well as in the mucosa of 
the viscera, including the esophagus, stomach, colon, and bladder. 
In fact, erroneous beliefs that these visceral mucous membranes 
were insensitive to pain arose because noxious stimuli that were 
painful in the skin failed to elicit pain when they were applied 
to the viscera. It is now clear that pinching, pricking, or stimula- 
tion with faradic current induces pain in the mucous membrane 
of the turgid hyperemic stomach, colon, or bladder. Hyperemia 
may have special importance with regard to the pain of peptic 
ulcer, since the stomach in this condition is known to be over- 
active and engorged with blood. When the stomach is in such a 
state, normal forceful contractions are found to be painful. 

The ability to perceive pain is profoundly influenced by atti- 
tude and suggestion. By hypnosis, the threshold for perception 
of pain was raised 40%. Distraction induced by the clanging of 
a loud bell induced approximately the same effect. Autosugges- 
tion and placebos thought by the subject being tested to be anal- 
gesic drugs had similar but less powerful effects. 

Influences on Reaction to Pain.—As noted above, it has been 
observed that under ordinary circumstances the threshold for pain 
perception remains relatively constant from one person to another 
and in the same person from day to day. In contrast, thresholds 
for reaction to pain were found to be highly variable. It has 
been found that reaction thresholds of neurotic patients in general 
are significantly lower than those of healthy persons. Drugs, such 
as alcohol and morphine, that induce in the subject a feeling of 
freedom from anxiety may raise enormously the threshold for 
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reaction to pain, thus exerting an effect several times greater than, 
and in addition to, their influence on pain perception. It has also 
been found that prizefighters and American Indians, as groups, fail 
to react to noxious stimuli of intensity great enough to induce a 
reaction of discomfort in the average white city dweller. 

Surgically induced brain damage, notably of the frontal lobes, 
may profoundly alter reactions to pain without modifying its 
perception, Thus, a lobotomized patient with a lesion causing 
low-intensity noxious stimulation, when asked about his experi- 
ence; may say, “I feel the pain, but it doesn’t bother me.” 

Control of Pain Perception and Reaction.—Therapeuti- 
cally it is as important to deal with a patient’s reaction to pain 
as it is with his perception, since it is the complaint of pain that 
the patient brings to the physician. In headaches and other pain- 
ful states, it has been shown that certain persons overreact. to 
minor disturbances at the end organ and thus may become in- 
capacitated by a sensation that would be ignored by another per- 
son. ( Drugs that interrupt the mechanisms responsible for pain 
must be distinguished from analgesic agents, which modify sensory 
perception or reaction by acting on the central nervous system. 
Examples of the former group, called autonomic drugs since they 
act on the autonomic nervous system, are atropine (a cholinergic 
blocking, or parasympatholytic, agent), which may relieve the pain 
of smooth muscle spasm by relieving the spasm, and ergotamine, 
which interrupts the mechanism for migraine headache by con- 
stricting overdistended arteries. Neither of these drugs is, strictly 
speaking, analgesic. 

Among analgesics, several drugs have been tested for their ef- 
fect on pain threshold in man. Some, such as acetylsalicylic acid 
(aspirin), acetanilid, acetophenetidin (phenacetin), and amino- 
pyrine, act primarily on the threshold for pain perception, having 
relatively less effect upon the reaction to pain. In the case of 
each agent, an optimal dosage affords close to maximum pain- 
reducing action. 

Members of another group of analgesics, including opiates and 
alcohol, are effective because of their ability to control reaction 
to pain as well as to raise the threshold for perception of pain. 
Furthermore, the relaxation, apathy, and freedom from anxiety 
that follow the administration of morphine, for example, long out- 
last its effects on the threshold for pain perception.) 

Surgery for painful conditions may consist of ifterrupting sen- 
sory pathways by cutting peripheral nerves, sensory roots adjacent 
to the spinal cord, nerve bundles within the cord (lateral spino- 
thalamic tract), or even within the brain stem (thalamus) itself. 
When, because of a self-perpetuating central excitatory state or 
for other reasons, such procedures directed at obliterating pain 
perception are not feasible, the surgical attack may take the form 
of a frontal lobotomy. 

Until the end of the 19th century pain was considered to be 
exclusively a feeling state. Later, with the discovery of special 
anatomic equipment and mechanisms, interest was focused on the 
perceptual aspects of pain, Pain, to be sure, is a sensation, and 
yet because of its intimate linkage with strong feelings and other 
reaction patterns, the latter may be dominant in the experience. 
It is known that reactions to pain may be modified by strong 
beliefs. Although the common analgesics actually raise the pain 
threshold, they have a major function also in changing the atti- 
tude and feelings. Thus, support can be found for the old convic- 
tion that the feeling state is, to the one who suffers, perhaps the 
most relevant aspect of pain. Yet there is also support for the 
inference that pain is a specific sensation with its own structural 
and functional properties. It becomes apparent that these two 
concepts do not oppose each other; both formulate fundamental 
aspects of the pain experience. 

BrsiocraPHy.—Harold С. Wolff and Stewart Wolf, Pain, 3rd ed., 
(1951); James D. Hardy, Harold G. Wolff, and Helen Goodell, Pain 
Sensations and Reactions (1953); Sir Thomas Lewis, Pain (1942); 
Proceedings of the Association for Research in Nervous and Mental 
Disease, Pain, vol. xxiii (1943) ; Harold G. Wolff, Headache and Other 
Head Pain, 2nd ed. (1963). (S. Wr.; Н. G. Wr.) 

PAINE, ROBERT TREAT (1731-1814), U.S. politician, 
jurist, and signer of the Declaration of Independence, was born 
in Boston, Mass., March 11, 1731. He graduated from Harvard 
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College in 1749 and, after trying teaching and the ministry, turned 
to the study of law and was admitted to the bar in 1757. He was 
a delegate to the provincial convention called to meet in Boston 
in 1768. Paine was associate prosecuting attorney in the case of 
Capt. Thomas Preston and his men for perpetrating the so-called 
Boston Massacre of March 5, 1770. 

Paine served in the Massachusetts legislature, 1773-74, and as 
a member of the Continental Congress, 1774—78, signed the Decla- 
ration of Independence. Paine was also speaker of the Massachu- 
setts House of Representatives in 1777, helped draft the state 
constitution of 1780, served as state attorney general 1777-90, as 
judge of the state supreme court 1790-1804, and was one of the 
founders of the American Academy of Arts and Sciences. He died 
in Boston, May 11, 1814, (H. H. P.) 

PAINE, THOMAS (1737-1809), English-American author 
and humanitarian, who was one of the most influential formers of 
colonial public. opinion just prior to and during the American 
Revolution, was born on Jan. 29, 1737, at Thetford, Norfolk, the 
son of a Quaker corset maker. His early hardships as sailor, 
teacher, and exciseman, and the death of his first wife along with 
his unhappy second marriage, help to explain his lifelong sympathy 
for the poor and unfortunate and his emigration to America (Nov. 
1774) on Benjamin Franklin's recommendation. There he suc- 
cessfully edited the Pennsylvania Magazine for 18 months, coming 
to know such influential people as Pres. John Witherspoon of the 
College of New Jersey (later Princeton), the scientist David 
Rittenhouse, and the physician-patriot Benjamin Rush, who en- 
couraged him to publish Common Sense, Jan. 10, 1776. This 
pamphlet, voicing with emotional fervour most of the persuasive 
arguments for independence from England, is credited by Wash- 
ington with having "worked a powerful change in the minds of 
many men," and it had enormous vogue, combining appeals to 
both the idealists and those interested in the colonies’ economic 
advancement. While serving in the army as Gen. Nathanael 
Greene's volunteer aide-de-camp, Paine began his series of influen- 
tial tracts called The Crisis, opening with the inspirational lines, 
“These are the times that try men's souls.” As secretary of the 
congressional committee of foreign affairs, in 1779 Paine became 
involved in the controversy regarding Silas Deane's agency in ob- 
taining French aid; Paine's indiscretion in publishing secret docu- 
ments in the hands of the committee made it necessary for him to 
resign his secretaryship. His later position as clerk of the Penn- 
Sylvania assembly acquainted him with many revolutionary leaders, 
and he accompanied John Laurens to France in 1781 to secure aid. 
Paine's Public Good (1780) included one of the first calls for a 
national convention (looking toward something like the federal 
constitution) to remedy the ineffectual Articles of Confederation; 
this work also illustrates his advocacy of a strong union to which 
states’ rights were to be subordi- 
nated, 

The same direction of thought 
is apparent in his six letters 
(essays) to Rhode Island (1782- 
83), designed to get that state 
to pay its 5% impost. Having 
at first attacked rich men such 
as Robert Morris, he now ac- 
cepted pay from Morris and his 
committee to help persuade the 
people to accept restraints, no- 
tably in the Dissertations on the 
Bank (1786) and other writ- 
ings, attacking paper money as 
a balm to debtors, defending 
the Bank of Pennsylvania to pre- 
vent monopoly and enlarge the 
market for all. His public serv- 
ices were rewarded by the state 
of New York through the gift 
of a 300-ac. farm at New Ro- 
chelle, and by other gifts from 
Congress, 
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From 1787 to 1802 he was in England and France, initially to 
perfect and market a pierless iron bridge (one of his many in- 
ventions), but mainly to act as a propagandist to get France and 
England to become republics. His Prospects on the Rubicon 
(1787) attacked Pitt’s war policy. The hostile Reflections on the 
Revolution in France by Edmund Burke, whom Paine knew 
slightly, was answered by Paine in Rights of Man, part i appearing 
March 13, 1791, and part ii the next year, Feb. 17, 1792. Since 
these not only defended the early events of the French Revolution 
but provided a persuasive exposition of the principles of repub- 
licanism, large numbers of the Rights of Man were circulated 
among the common people by the Society for Constitutional In- 
formation and the London Constitutional Society. Pitt, privately 
admitting the rightness of some of Paine's arguments, feared the 
masses would be incited by Paine to “а bloody revolution" and had 
him indicted for treason, but Paine escaped to France before the 
trial and was triumphantly elected to the revolutionary French 
Convention. On July 1, 1791, he led in the placarding of Paris with 
demands for a republic. Having courageously advocated the exile 
rather than execution of King Louis XVI, Paine incurred the sus- 
picion of Robespierre and was imprisoned from Dec. 28, 1793, to 
Nov. 4, 1794, when with the fall of Robespierre he was readmitted 
to the Convention. Paine's Age of Reason (part i, 1794; part ii, 
1796) was actually written, he said, “lest in the general wreck of 
superstition” in France “we lose sight of morality, of humanity, 
and of the theology that is true’—i.e., that which seeks to prove 
the existence of a divine designer by the mechanistic design of the 
cosmos. However, the orthodox opponents of political reform 
both in America and England falsely accused Paine of being an 
atheist, and such charges, along with his hostile Letter to Wash- 
ington (1796), enabled the U.S. Federalists to make a scapegoat of 
Paine in a vain attempt to undermine his friend Thomas Jefferson. 

While Paine had begun by minimizing the need for government, 
he came in Rights of Man, part ii, Address to the Addressers 
(1792), and Agrarian Justice (1797) to advocate that government 
should become a beneficent agent with a positive humanitarian 
program including such measures as a progressive income tax to 
provide for the helpless and the aged. Paine expressed most com- 
pletely the ideals of the Enlightenment, involving faith in the im- 
mutable law and order of nature as a divine revelation; the 
omnipotence of reason when there is freedom to debate all ques- 
tions; tolerance; the equal rights and dignity of the individual; 
a religion of good deeds and humanitarianism; and peaceful cosmo- 
politanism. Jefferson, who had Rights of Man published in the 
U.S. to counteract Federalistic “heresy,” said that he “professed 
the same principles,” and hence Jefferson’s election in 1800 would 
appear to suggest that the majority of Americans at that time ap- 
proved of those principles, which had been widely disseminated by 
about 40 Democratic-Republican societies in the U.S. 

Paine failed, of course, to persuade the British to turn their 
monarchy into a republic, but it is possible that the discussion his 
principles aroused helped to sow the seeds which later flowered in 
the Reform bill of 1832. Despite the eventual triumph in the U.S, 
of his political principles, and the partial triumph of his religious 
principles in Unitarianism, however, Paine's tactlessness and occa- 
sional drunkenness (which he confessed to his friend and biogra- 
pher T. C. Rickman) rendered him unpopular during his last seven 
years in America, He died in New York City on June 8, 1809, and 
his bones were removed in 1819 to England by William Cobbett, 
the noted political journalist. 

His great success as a propagandist is partly accounted for by 
his literary technique. He said he sought to write simply, candidly 
and clearly; to be bold and forthright in order to shock readers 
into attention, partly by sharp contrasts; to use wit and satire 
to bring opposing ideas into ridicule; to appeal not only to reason 
but to the heart; to balance imagination with judgment; *to fit 
the powers of thinking and the turn of language to the subject, 
so as to bring out a clear conclusion that shall hit the point in 
question and nothing else”; and to reduce “complicated things to 
method and orderly connection.” 

BisLr0cRAPHY.—Biography by Moncure D. Conway (1892), whose 
edition of Paine's Writings (1894-96) should be supplemented by the 
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later discoveries ed. by Philip S. Foner (Complete Writings, 1945). 
See also other later discoveries by A. O. Aldridge, “Some Writings of 
Thomas Paine in Pennsylvania Newspapers,” American Historical Re- 
view, vol. lv, pp. 832-838 (July 1951). H. H. Clark's Introduction to 
Thomas Paine, Representative Selections (1944), is followed by a 
critically annotated bibliography. (H. H. Cr.) 

PAINLEVE, PAUL (1863-1933), French mathematician 
who was prime minister first at a crucial period of World War I 
and then during the financial crisis of 1925, was born in Paris on 
Dec, 5, 1863. Educated at the Ecole Normale Supérieure, he took 
his doctorate in mathematics in 1887 and became a professor at 
the Sorbonne, where he won eminence as a brilliant mathematician. 
The Dreyfus case aroused his interest in politics and as an inde- 
pendent Socialist deputy for Paris from 1906 he took a special 
interest in military matters. In Aristide Briand’s government of 
October 1915 he became minister of education and of inventions, 
and in Alexandre Ribot’s ministry of March 1917 he served as min- 
ister of war. On Sept. 12, 1917, he formed his own ministry, con- 
tinuing as minister of war. In October, after reconstructing his 
ministry, he agreed to the setting up of the Supreme Allied Coun- 
cil at Versailles and chose Gen, Ferdinand Foch to represent 
France. On Nov. 17 his government was replaced by Georges 
Clemenceau’s great war government. 

With Edouard Herriot, Painlevé helped to form the Cartel des 
Gauches which won the general elections of May 1924, and he was 
president of the Chamber until on April 17, 1925, he succeeded 
Herriot as prime minister. Meanwhile, when Alexandre Millerand 
had to resign from the presidency of the republic in June 1924, 
an attempt was made to get Painlevé elected in his place, but he 
was defeated by Gaston Doumergue. As prime minister he was 
confronted with acute financial difficulties arising from deprecia- 
tion of the franc and the bad fiscal system. He summoned Joseph 
Caillaux to help as minister of finance, but his proposals were 
rejected by the Socialists, and in October 1925 Painlevé had to dis- 
miss Caillaux and take personal charge of finance. When his pro- 
posals for another capital levy and a moratorium on certain debts 
were also rejected he resigned on Nov. 22, 1925. In the succeed- 
ing ministries of Briand and Raymond Poincaré he served as war 
minister; and in 1930-31 and again in 1932-33 he served as air 
minister. 

Though he proved never to be more than a mediocre political 
leader he was internationally recognized as a mathematician 
of outstanding ability. His many works on the subject include 
Leçons sur le frottement (1895) and Leçons sur la théorie ana- 
lytique des équations différentielles (1897). He was elected a 
member of the Académie des Sciences in 1900. He also published 
Comment j'ai nommé Foch et Pétain (1923). He died on Oct. 29, 
1933. His Paroles et écrits appeared in 1936. 

See Mermeix, Nivelle et Painlevé (1919) ; G. André-Hesse, Painlevé, 
grand savant, grand. citoyen (1933). 

PAINT, a fluid suspension of finely divided colouring matter 
in a liquid film-forming binder capable of converting to a solid 
film when a thin layer of it is applied to a metal, wood, stone, 
paper, leather, cellophane, cloth, or other surface. 

Until about 1920 the designation “paint” meant white lead and 
linseed oil compositions. Varnish vehicles to which pigments had 
been added and which dried to a smooth, hard film with either a 
gloss, semigloss, or flat lustre were classified as enamels. Rapid- 
air-drying compositions, which usually contained cellulose esters 
or ethers and dried by solvent evaporation, were called lacquers. 
Today these names apply to a wide variety of products fulfilling 
similar end uses, without regard to specific composition. Even 
clear coatings may justifiably be considered paints. The generic 
term “paint” rightfully encompasses all film-forming pigment dis- 
persions. 


HISTORICAL DEVELOPMENT 


Although little was known of the protective functions of paint 
until the modern era, its use for decorative purposes goes back 
to the cave drawings of Paleolithic man. 

Paint played an important part in the colour-conscious aes- 
thetics of classical Greece and was widely used in architecture, 
sculpture, and the decoration of ships, as well as in interior decora- 
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tion and easel painting. The Athenian temples that are seen today 
in austere whiteness were originally partly painted. The colour- 
ing, like the architecture, was planned in terms of overall effect, 
and the buildings of the Acropolis were as carefully harmonized 
in colour as in line. 

The parts of each building that were painted were recessed or 
projecting surfaces and those surfaces that provided a background 
for friezes and sculptures. The friezes themselves, such as those 
of the Parthenon, had touches of colour to indicate details of 
dress, weapons, etc. Statues also were coloured, at least partially, 
Lips, eyes, hair, and drapery were painted, and an application of 
wax, subtly graduated to harmonize with the sculptural effect, 
was used to indicate flesh tones, The colouring of sculpture, like 
that of architecture, was employed to fit in with the background, 
which accounts for the sculptured figures on the Acropolis having 
green eyes and blue beards. A sculptor usually passed his work 
along to a painter to be waxed and coloured. According to Pliny, 
when Praxiteles was asked which of his creations he was most 
pleased with, he answered that his best works were those that had 
been finished by Nicias the painter. 

The Romans exercised less restraint in their use of colour than 
the Greeks did, making more use of the encaustic (hot wax) proc- 
ess for the colouring of marble. Pliny, discussing the pigments 
used by painters, divides them into classes, colores floridi and 
colores austeri. The latter were supplied by the artist; the former, 
which were more expensive, were furnished by the patron in order 
to ensure work of top quality. 

For many centuries paint remained a costly luxury, laboriously 
produced by individual craftsmen and reserved for those who 
could afford to indulge their aesthetic sense. It was not until the 
Industrial Revolution, when newly introduced machinery required 
protection against corrosion, that production began on a large scale, 
Tt was a long time, however, before research caught up with in- 
dustrial needs; the practice was to repaint equipment frequently 
rather than to attempt the development of long-lasting protection, 
As late as 1910, so few chemists were occupied with paint tech- 
nology that it was said that one of them could probably name all 
the others. This situation changed abruptly after World War I, 
and by mid-20th century paint manufacture had become an im- 
portant phase of chemical engineering. 

Well-equipped laboratories were established and well-trained 
scientists were devoted to the conception of new ideas and the 
creation of new paint intermediates. Paints were designed to meet 
specific end uses: fast application and drying, odourlessness, water 
dilutability, and availability in a wide range of colours. Manufac- 
turing methods changed. Small varnish kettles of 50- to 300-gal. 
capacity were replaced by resin reactors of 3,000- to 6,000-gal. 
capacity. Stone mills gave way to high-speed equipment capable 
of turning out thousands of gallons of finished paint per day. 
Packaging advanced from simple hand filling to high-speed, auto- 
matic filling, labeling, and capping. The basic raw materials, such 
as pigments, resins, and solvents, are now manufactured to rigid 
specifications by manufacturers in the chemical and petroleum 
industries. 


PAINT VEHICLES 


The vehicle of a paint is a liquid composed of a film-forming 
binder and a solvent in which the finely divided, insoluble pig- 
ment is suspended. 

Early Vehicles.—Studies of the paintings of ancient Egypt 
have revealed vehicles made from gum arabic, egg white, gelatin, 
casein, and beeswax. Paint vehicles throughout the ancient world 
differed only slightly, depending mainly on the materials locally 
available. The Persians used binders of gum arabic, whereas in 
India crayons were made from boiled rice. Another early paint 
vehicle in both China and Japan was the sap from varnish trees 
(Rhus vernicifera). Until the 14th century artists traditionally 
used egg albumin as a binder; later, interest in oils developed. 
By the 16th century, oleoresinous vehicles had become common. 

Modern Vehicles.—A wide variety of paint vehicles are in 
common use, including drying oils, varnishes, synthetic resin solu- 
tions, resin emulsions, synthetic latexes, and many others. 
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TABLE I.—Vehicles for Architectural and Industrial Finishes 


Olcoresinous air-dry 


types Lacquer types Catalyzed types Baking types 
Oils. Nitrocellulose Urea alkyds Urea alkyds 
Varnishes Ethyl cellulose Melamine alkyds Melamine ' alkyds 
Alkyds. Cellulose aceto- DOM amines Epoxy resins. 
Epoxy esters butyrate xy polyamides | Epoxy phenolics 
Silicone alkyds Cellulose acetate EH enolic syrups Acrylics 
Acrylic alkyds _ Polyvinyl chloride Polyesters Silicone alkyds 
Polyurethane oils acetate Polyureth; Polyurethanes 
Styrenated alkyds | Polyvinyl butyral Nitrocelli wag Polyesters 
and oils Chlorinated urea 
rubber 
Acrylics 
Butadiene styrenes 
Shellac 
Zein 
Natural resins 
Water-soluble 
resins 


Solutions—Many film-forming materials are used both as clear 
coatings and as pigment binders, In solution vehicles the binder 
is dissolved in a solvent to form a clear, viscous solution, and the 
pigment is dispersed directly into the vehicle solution. On film 
formation the solidified vehicle serves to bind the pigment, form- 
ing a continuous film phase, Vehicles belonging to this category 
include drying oils, varnishes, synthetic resins, shellacs, casein solu- 
tions, and high polymeric materials such as the cellulosic and vinyl 
polymers. 

Among the solution vehicles are vegetable and marine oils ob- 
tained from the seeds and nuts of certain plants and trees and 
from a few species of fish. These oils are further classified as 
drying, semidrying, and nondrying. 

Linseed is the most widely used drying oil; soybean is a typical 
semidrying oil; castor, cottonseed, and coconut oils are examples 
of common nondrying oils, Exterior house paint is the only com- 
mon finish in which oil is still the sole film-forming constituent, 
and even its popularity is diminishing with the rise of latex house 
paint. Although the natural oils have many desirable properties, 
their weaknesses—a relatively slow drying rate, production of soft 
films, and lack of uniformity—are no longer tolerable. 

To overcome the deficiencies of natural oil vehicles, modifica- 
tions with hard resins have been made. Oleoresinous varnishes 
are combinations of drying oils and hard resins that are “cooked” 
under specified conditions. Other processes have been developed 
to modify oils and thus increase the rate of drying. Such proc- 
esses may change the structure of the oil molecule, or another 
constituent, such as maleic anhydride or styrene, may be added. 
Such modified oils are referred to as synthetic, treated, or styre- 
nated oils. Treated oils usually have better water and chemical 
resistance as well as faster drying properties than the original un- 
treated oil. 

One of the more important categories of synthetic resins is the 
alkyd group, basically formed by chemically combining a poly- 
hydric alcohol (e.g, glycerine, pentaerythritol, ethylene glycol) 
with a polybasic acid (e.g., phthalic, maleic, or sebacic) and a 
fatty acid or oil (drying, semidrying, or nondrying). The alkyd 
resins can replace varnishes in part or in whole. They can be 
modified by changing any of the three types of ingredients and 
their relative proportions over a wide range of properties. Alkyd 
resins made with nondrying fatty acids are used in lacquers and 
baking finishes, particularly those alkyds based on butylated urea 
and melamine-formaldehyde resins. These resins lead to in- 
creased hardness and toughness, improved colour retention at high 
temperatures, and reduction in baking time to a few minutes. 

Since the late 1940s, epoxy resins, made by polymerizing the 
reaction product of bisphenol with epichlorohydrin, provided ad- 
ditional hardness, adherence, flexibility, and alkali resistance for 
use as coating materials and textile finishes. When combined 
with fatty acids, amines, or polyamides the properties of epoxy 
resins are enhanced. 

Vehicles based on silicone resins, in which silicon partially re- 
places carbon in a complex molecular structure, produce paints 
with good resistance to high temperatures and weathering. 

Lacquer resins are usually film-forming, thermoplastic, solvent- 
soluble materials capable of drying rapidly to hard films. Nitro- 
cellulose is most commonly used, but the less flammable cellulose 
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acetate, propionate, and acetate butyrate esters; cellulose ethers 
such as ethyl cellulose; and others such as shellac, polyamide 
resins, styrene polymers, vinyl and acrylic copolymers are widely 
used. (For resins, see further RESINS: Synthetic Resins.) 

Various reagents are often used in small quantities to attain 
special effects. Catalysts are frequently added to paints contain- 
ing oils or oleoresinous binders to accelerate the rate at which 
the film converts from a liquid to a solid state. Driers (or sicca- 
tives) are catalysts that promote the oxidation of oils and oil- 
modified resins. Cobalt, manganese, lead, and zinc combine with 
fatty or naphthenic acids to form oil-soluble compounds (soaps) 
used as driers. Aluminum soaps are used as thickening agents. 
Surface-active compounds are employed to assist pigment disper- 
sion, control flow, and maintain colour uniformity by minimizing 
reflocculation of pigments. Fungicides, defoamers, waxes, buffers, 
or antiskinning agents are some of the other reagents used. 

Dispersions.—In another type of vehicle the resins are dis- 
persed in a liquid. Dispersion resins are in the form of tiny, 
spherical, insoluble particles suspended in a volatile liquid such 
as water or any volatile solvent. When the liquid evaporates, dis- 
crete particles of pigment and resin are left behind. Film forma- 
tion is completed by baking this residue, causing the resin particles 
to fuse into a continuous film. If the resin particles are suffi- 
ciently coherent, they may fuse at room temperature. Examples 
of dispersion coatings include the polyvinyl chloride organosols 
and synthetic rubber latexes. 

Since 1948, aqueous dispersion polymers known as latexes (or 
polymer emulsions) have come into widespread use. In a latex 
system, in which the binder is dispersed in water, film formation 
occurs by fusion of the plastic particles after the water evaporates, 
In common with dispersion systems, the pigment is segregated 
from the binder until the film coalesces. Since both the pigment 
and vehicle of a latex paint are immiscible with water, each com- 
ponent must be separately dispersed before combination. Thus 
aqueous paint formulation represents a union of separate disperse 
systems rather than the addition of pigments to a simple solution 
system. 

In latex paints the pigments are identical to those used in con- 
ventional solution paints, The desirable features of latex paints, 
such as rapid drying, ease of application, resistance to alkalinity, 
good durability, nontoxicity, absence of fume hazard, applicability 
to damp surfaces, and low odour, are characteristic properties of 
the latex vehicle. 

Many film properties of latexes such as hardness, flexibility, 
toughness, adhesion, colour retention, and chemical resistance are 
dependent upon monomer composition. Three families of mono- 
mers that have a desired balance of properties and have met with 
commercial acceptance are the butadiene-styrene, the polyvinyl 
acetate, and the acrylic systems. The butadiene-styrene latexes 
are considered self-plasticized unsaturated styrene copolymers. 
This means that the films are subject to oxidation and discolora- 
tion on drying. Butadiene-styrene latexes are usually made with- 
out a protective colloid, and their colloidal behaviour is dependent 
on the soaps and electrolytes used in their manufacturing proc- 
esses. On the other hand, vinyl acetate latexes are usually stabi- 
lized by small amounts of water-soluble polymers such as polyvinyl 
alcohol, hydroxyethyl cellulose, gum tragacanth, or similar hydro- 
colloid. Unless plasticized with 10 to 20% of a suitable plasticizer 
(nonvolatile solvent) or soft comonomer, vinyl acetate polymers 
are poor film formers. Acrylic latexes are usually copolymers of 
ethyl acrylate and methyl methacrylate with small amounts of 
methacrylic acid. Compared to the butadiene styrenes and the 
vinyl acetates, the acrylic monomers polymerize quite readily to 
form very high-molecular-weight, highly cross-linked, stable poly- 
mers. 

Since all latexes are colloidal suspensions, they are sensitive to 
extremes in temperatures, to violent mechanical action, to the in- 
fluence of electrolytes, to changes in acidity or alkalinity, and to 
solvent additions. This requires special care in manufacturing. 

Solvents.—Solvents are volatile liquids or mixtures of volatile 
liquids capable of dissolving or dispersing the film-forming com- 
ponents of paint to a satisfactory consistency for application. 
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This must be accomplished at the lowest cost possible because _ 


solvents are not usually recovered, yet they must have the cor- 
rect solvent power and rate of evaporation or they will adversely 
affect the stability of the coating and the properties of the dry 
film. The solvent power of a solvent for a solute is its ability 
to disperse the solute. A solvent has a maximum solvent power 
when it disperses a solute as completely as possible over a wide 
range of concentration. The rate of evaporation is an indication 
of the ease with which the solvent leaves a surface, 

The solvents in general use for the coatings industry may be 
classified as follows: terpene solvents, hydrocarbon solvents, 
oxygenated solvents, chlorinated compounds, nitroparaffins, furans, 
and water. Terpene solvents (e.g., turpentine), the oldest in use, 
are obtained from pine trees. They have been largely replaced 
by lower-cost aliphatic hydrocarbon solvents. Petroleum and 
coal-tar hydrocarbon solvents are used extensively because of 
their unlimited availability, low cost, good solvent power for oils 
and resins, and effectiveness as diluents for nitrocellulose; petro- 
leum solvents are the lighter fractions obtained by the distillation 
and fractionation of crude oil. Oxygenated solvents (alcohols, 
esters, ketones, ether alcohols) are better solvents for film formers 
such as shellac, cellulose esters, urea-melamine formaldehydes, 
and vinyl resins. Many oxygenated solvents are soluble in water 
and are used in latex paints to create special effects. Chlorinated 
hydrocarbon, nitroparaffin, and furan solvents find limited use in 
certain industrial finishing operations where good ventilation. is 
available. 

Film Forming.—The useful life of a coating is determined 
partly by choice of vehicle and partly by the chemical changes 
induced by the service conditions of the coating. By judicious 
choice of vehicle, a wide variety of film properties can be pro- 
duced. Some films may be flexible, others strong and tough, still 
others hard and rigid. Ап endless number of vehicle combinations 
are needed to meet the diverse requirements of architectural and 
industrial coatings. 

Methods.—Solution film formers change from a viscous liquid 
state to a solid by one or a combination of three general methods: 
(1) evaporation of the solvent; (2) oxidation; and (3) polymeriza- 
tion. 

Evaporation of the solvent may be illustrated by the drying of 
shellac, When applied in a thin layer, a solution of shellac in 
alcohol hardens to an adherent film by the simple evaporation of 
the alcohol. Spirit varnishes, lacquers, and latex paints also dry 
by this mechanism. A solvent can simply volatilize under nor- 
mal room conditions; if desired, evaporation can be accelerated 
by heating in an oven. 

Oxidation may be illustrated by the drying of linseed oil. A 
thin film of linseed oil changes from a liquid to a solid film by 
absorbing oxygen from the air. Drying oils, oleoresinous var- 
nishes, oxidizing alkyd resins, styrene-butadiene latexes, and many 
other film-forming materials also dry by oxidation. 

Polymerization (9.0.) may occur during oxidation when two or 
more molecules of oil combine in a more complex structure. This 
is known as autoxidative polymerization. In addition, conden- 
sation polymerization and addition polymerization may occur. 
Condensation polymerization occurs when heat-convertible (ther- 
mosetting) coatings are baked at temperatures ranging from 200° 
to 400° F (about 93° to 204° C). Usually a small molecule, 
such as water, is split off between two film-forming molecules, 
forming a more complex single molecule. This reaction sequence 
may be repeated until very large molecules are formed. Urea-, 
melamine-, and phenol-formaldehyde resins convert by this 

method. Addition polymerization occurs when unsaturated mole- 
cules, such as styrene or methyl methacrylate, are activated by a 
suitable catalyst to combine and form larger molecules. No by- 
products are formed in this process. 

Vehicle Requirements.—Solvents must provide a degree of tem- 
porary mobility, to assist application, and a proper balance of 
volatility, to permit rapid and complete evaporation, while leaving 
the film smooth and uniform. These multiple requirements pre- 
clude selection solely for resin solvency. Although the solvent is 
completely volatilized during the drying process, the physical 
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properties of the dry film may still be markedly influenced by the 
solvent. This is true for coatings that dry by simple evaporation 
as well as by the other film-forming processes. Oxidation, for 
example, does not begin until most of the solvent has evaporated, 
Hence the choice of a proper solvent combination is important. 

The rate of change in consistency of a paint film depends on 
the rate of evaporation of the solvent and its solubilizing power, 
If the solvent evaporates too rapidly, a large difference in solvent 
concentration will develop between the surface and the interior 
of the film. This may be sufficient to cause blistering as the last 
trace of solvent evaporates. It may also produce stresses in the 
film that could become a source of weakness in the completely 
dried film. Inadequate solvent power at any stage of drying can 
result in lack of adhesion, loss of lustre, and poor film perform- 
ance. 

The ability of a coating to flow or level out to a smooth surface 
depends on the inherent flow property of the solid binder, the 
characteristics of the solvent, and the pigment concentration. For 
example, paints made with unbodied oils level poorly and leave 
brush marks that are evident in the dried coating. Enamels and 
lacquers made with resinous vehicles at low pigment concentra- 
tion usually form smooth surfaces, unless these coatings are 
sprayed with too volatile a solvent; then an irregular or “orange- 
peel” effect may be observed. Binder composition complicates 
choice of solvent since few, if any, solvents are universal thinners 
for all resins, Types and proportions of solvent must be se- 
lected to produce fluid paints and film homogeneity at all stages 
of drying. Modern formulation relies on several hundred va- 
rieties. 

PIGMENTS 


Pigments are finely divided, insoluble, white, coloured, or теч 
tallic powders obtained from naturally occurring minerals or pre- 
pared by one of many chemical manufacturing operations. Pig- 
mentary compositions may vary from a simple inorganic oxide to 
a complex heterocyclic organic molecule. 

Historical Aspects.— Paleolithic artists used natural pigments, 
such as chalk, clay, and charcoal, and naturally occurring red, 
yellow, and green minerals. Red and yellow colours of an ancient 
Greek painting analyzed by Sir Humphry Davy in 1815 were 
found to be ochres; the blues and greens were oxides of copper; 
the blacks were carbonaceous; the whites were carbonates of 
limes; and the browns were mixtures of ochres and black, plus 
oxide of manganese in some cases. Some blue and green pigments 
used by Greek fresco painters were composed of glasses coloured 
with salts of copper and then ground to a fine powder, One of the 
finest red pigments known to the Greeks and Romans was made 
from secretions of the Coccus ilicis, a small beetle similar to the 
cochineal insect. 

Artists of the Middle Ages improved on the classical methods | 
of producing pigments inherited from such early handbooks as 
Compositiones ad tingenda (Recipes for Colouring), collected at 
Alexandria about a.D. 600, and Mappae clavicula (Key to Paint- 
ing), compiled about д.р. 800 in Italy. In the 18th and 19th cen- 
turies, the manufacture and use of pigments became an important 
phase of the growing chemical industry. 

Manufacturing Methods.—A procedure for the manufacture 
of pigments cannot be generalized, although the unit operations 
are common to chemical engineering practice. For many wet- 
process pigments, the reagents are added to a vat and are agitated. 
The precipitate is washed by drawing off the supernatant water, 
adding fresh water, and repeating this process several times. The 
washed slurry is then concentrated in a filtre press, and the press 
cakes are dried in an oven. The dried pigment is in the form of 
coarse lumps, which are pulverized in a hammer mill or ground 
and sieved in various ways to form a fine dry powder, generally 
less than 2 д in size, but preferably in the fractional micron size. 
In the manufacture of some pigments, calcination is necessary. 

Pigment Materials.—The pigments commonly used in the 
manufacture of paints include the following: 


White. Pigments.—Rutile and anatase titanium dioxides, zinc sul- 
fide, rutile calcium bases, lithopone, zinc oxide, basic carbonate and 
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basic sulfate of white lead, leaded zinc oxide, and, to a lesser extent, 
antimony and zirconium oxides, 

Extender (Inert) Pigments.—Barite (barytes), blanc fixé (“perma- 
nent white”), gypsum, magnesium silicates (talcs), calcium carbonate 
(whiting), China clay, clays, silica, diatomaceous earth, mica, and cal- 
cium silicate. 

Yellow Pigments—Chrome yellow, zinc yellow, ochre, sienna, ferrite 
yellow, cadmium sulfide, and organic lakes and toners. 

Blue Pigments.—Ultramarine, iron blue (Prussian, Chinese, milori), 
cobalt oxide, copper phthalocyanine, and organic lakes and toners. 

Green Pigments—Chrome green (iron blue-chrome yellow), chro- 
Biia oxide and hydroxide, phthalocyanine, and organic lakes and 
oners. 

Red Pigments—tron oxide, Venetian red, Tuscan red, red lead, or- 
ganic lakes and toners (para red, toluidine, lithol, alizarin, quinacridone), 
and cadmium selenide. 

i оши Pigments.—Umber, sienna, iron oxide, and Van Dyck (Van- 

Ke). 

Black Pigments.—Carbon black, lamp black, bone black, iron oxide, 
organic blacks, and graphite. 

Metallic Pigments.—Aluminum, copper, zinc, lead, and various alloys. 

Properties of Pigments.— Colour (q.v.) depends on the ability 
of the dispersed pigment particles to refract and reflect the light 
striking the paint film. Black paint absorbs substantially all of 
the incident light whereas white paint reflects and refracts a high 
percentage of the light. In coloured paints, the incident light is 
selectively absorbed, the reflected light giving the hue character- 
istic of the pigment. Thus a certain pigment is red because it 
reflects only red wave lengths to the eye of the viewer. However, 
it will appear to be red only if it is illuminated by light containing 
the necessary red wave lengths to be reflected. Under other il- 
lumination it appears black or colourless. 

A white pigment produces the effect of whiteness because it 
reflects all wave lengths of visible light to the same degree. Under 
red light it will appear red; under blue light, blue; and under green 
light, green, It will appear white only under illumination con- 
taining all the wave lengths of visible light. A white pigment 
cannot absorb or reflect any of these wave lengths to a greater 
degree than some other without losing some of its total bright- 
ness and becoming "off-white" in colour. Since even minute 
traces of impurities can alter the light-absorption characteristics 
of a substance, pigmentary material must be highly purified and 
constant in composition, shape, and particle-size distribution to 
retain spectral constancy. 

The ability of a white paint to obscure a dark background— 
termed its covering or hiding power—is determined by the dif- 
ference in the refractive indexes of the vehicle and pigment, the 
state of subdivision of the pigment particle, and the relative pro- 
portions of pigment and vehicle. When the refractive-index dif- 
ference between the pigment and vehicle is large, the paint exhibits 
high covering power; as the difference becomes smaller the paint 
approaches transparency. For example, when calcium sulfate, with 
a refractive index (7) of 1.57, is ground in linseed oil (7 = 1.48), 
the resulting dispersion is translucent. When titanium dioxide 
(n = 2.72) is ground into the same oil, a paint of exceptional 
hiding power is obtained. As a rule, the finer the state of sub- 
division of the particle of pigment, the greater the hiding power. 

Extender or low-opacity pigments contribute no colour or other 
identifying feature, yet they assume a vital position in paints from 
the point of view of film integrity, sheen uniformity, film hard- 
ness, pigment volume, and much of the economy necessary to 
reduce the cost of paint. Although these pigments were at one 
time considered “inert,” they are recognized as having a substan- 
tial effect on the optical, physical, and chemical properties of 
paint. Chemically, they are naturally occurring inorganic min- 
erals, with a fairly low specific-refractive index. In oils, var- 
nishes, or alkyds, this characteristic makes extenders optically 
transparent. 

Although pigments are used primarily to provide colour and 
opacity, they influence many other paint properties. The particle 
Size and shape, wetting by oil and resins, chemical reactivity, ef- 
fect on drying rate, ultraviolet absorption, etc., vary from pigment 
to pigment. Similarly, the physical properties of a paint made 
from a given vehicle vary from pigment to pigment. 

The ratio of pigment to binder depends on the type of pigment 
and vehicle used, as well as on the desired end use for the paint. 
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Gloss paints and enamels contain relatively low concentrations 
of pigments; flat or matte-finish paints and primers are highly 
loaded with pigments. A typical white enamel, for example, may 
contain two to four pounds of titanium dioxide per gallon, whereas 
a white priming paint may require eight to ten pounds of mixed 
pigments per gallon. On a volume basis, a high-gloss enamel may 
contain 20-30% white pigment; gloss and semigloss paints, 30- 
50%; flat paints and primers, 50-75%. An indication of the 
differences due to colour is shown in Table II. 


TABLE IIL—Concentrations of Pigments 


Pounds of pigment [Pounds of pigment 
fcu per1001b.ofbinder| Союш. ner too 1b. of binder 
6-8 White. . . . 90-125 
20-30 White exterior 
house paint. | 175-225 
20-30 
35-45 White flat wall 
paint... | 200-400 


In general, pigments enhance the hardness and firmness of coat- 
ings. In addition, laminar or platelike pigments such as mica or 
aluminum powder decrease moisture permeability, but bulky pig- 
ments such as diatomaceous silica tend to make the coating spongy 
or porous. Acicular (needlelike) pigments tend to reinforce film 
structure. 

Some pigments are easily wetted by oil or resins, while others 
are not, A poorly wetted pigment will produce coatings that are 
less compact and therefore weaker and more permeable to water. 
Many binders contain free fatty acids or develop acidic by- 
products as a result of oxidation. Though many pigments are 
inert to the action of these acids, basic pigments such as zinc oxide 
or white lead react to form metallic soaps. When this occurs, 
zinc soaps tend to harden coatings, whereas lead soaps tend to 
soften them. 

The ultraviolet component of sunlight is one of the most de- 
structive agents for exterior coatings. These radiations acceler- 
ate the oxidation of drying oils, alkyds, and synthetic rubber and 
degrade resins such as nitrocellulose. Some pigments, such as 
carbon black, aluminum powder, or zinc oxide, absorb or block 
the ultraviolet rays, thereby protecting the film former, The pro- 
tective and anticorrosive properties of paint are a function of 
both the pigment and the binder. For example, inhibitive pig- 
ments such as red lead or zinc chromate can be used with suitable 
vehicles to protect iron against rust. 


MANUFACTURE AND USES 


Rise of the Industry.—The first technical description of the 
paint and varnish industry may be found in Jean Felix Watin’s 
varnish formulary (about 1772). Using copals and amber as the 
principal varnish resins, with turpentine as a thinner, a typical var- 
nish recipe required 1 Ib. of resin to 4-4 lb. of oil. Pigments 
were ground with the aid of a large stone trough and ball muller. 

Varnish factories were established in England in 1790, in France 
in 1820, in Germany in 1830, and in Austria in 1843. Simple 
types of buhrstone mills were the principal machines for dis- 
persing pigment during this period. Even in Great Britain and 
the Netherlands, where the technology of varnish manufacture 
was more advanced, little was achieved in the paint industry un- 
til the 1900s. Until that time, increases in batch size and total 
volume constituted the only noteworthy changes. 

Today paint manufacture involves a series of separate opera- 
tions, including vehicle preparation, pigment production, mixing, 
dispersion, colour matching, testing, and packaging. 

Manufacture of Paint—Paint making is essentially the art 
of reproducibly dispersing pigments in vehicles and duplicating 
the colour and properties of a finished paint to a given standard. 
Traditionally, certain vehicles, such as bodied oils, driers, alkyd 
resins, and varnishes, are manufactured by the paint makers. 
Even more frequently, however, large chemical producers manu- 
facture pigments, solvents, resins, and synthetic vehicles; these, 
in turn, are sold to the paint manufacturers. 

Pigments are usually added to the vehicle by blending the in- 
gredients in large paste mixers. The pigment-vehicle paste, so 
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C. Fauvism 
1. Matisse 
2, Rouault 
3, Dufy and Vlaminck 
D. Cubism 
1. Picasso 
2. Braque 
3. Gris 
4. Léger 
. Futurism 
. Orphism, Synchromism and Vorticism 
. Expressionism and the German School 
1. Die Brücke 
2. Der Blaue Reiter 
3. Die Neue Sachlichkeit 
4. Kokoschka 
5. Bauhaus Group 
6. Klee 
7. German Art After 1933 
H, Nonobjective Painting 
1, Rayonism, Suprematism, Constructivism 
2. De Stijl and Neoplasticism 
3. Purism 
. Dadaism 
. Surrealism 
» School of Paris 
' Further Contributions of Picasso 
National Development. 
1. Italy 
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2. Spain 

3. Switzerland 

4. Belgium 

5. The Netherlands 

6. Scandinavian Countries 
7. USSR, 

8. Great Britain 

9. United States 

10. Mexico and Latin America 
11. Canada 

12. Australia 

13. South Africa 


I, RENAISSANCE AND MANNERIST PAINTING 
(14th-16th CENTURIES) 


1. Background.—Romanesque painting, like architecture and 
sculpture, was in the service of the church, It was derived from 
Hellenistic, Byzantine and Celtic forms but developed new char- 
acteristics of its own, The Italian, French and Rhenish artists of 
the Romanesque period painted powerful religious images—some- 
times wild and agitated, at times compellingly hieratic—as fres- 
coes on walls of churches or as illuminations in manuscripts. The 
mosaic pictures on church walls are closely related to them. (See 
ROMANESQUE ART.) 

The evolution of art in the 12th century would lead one to sup- 
pose that France would take the lead in painting as it had taken 
it in sculpture and architecture, But the development of Gothic 
architecture, which is one of the greatest glories of France, had 
as a result the great reduction of the employment of painting. 
Sculpture flourished on Gothic portals and magnificently adorned 
the facades of churches; but where, in the interiors of these cathe- 
drals whose aerial construction almost did away with walls and 
replaced them by tall windows, could painting have been placed? 
There resulted another French invention, the art of figures in 
stained glass, which for nearly three centuries produced a series of 
masterpieces and replaced monumental painting in those countries 
to which Gothic architecture spread. (See Сотніс Art.) 

On the other hand, a school of miniaturists was founded in Paris, 
Through the medium of leaves of parchment it created an art which 
rivaled glass painting for beauty and richness of colour, and ex- 
hibited a freedom and flexibility, a curiosity about nature and a 
subtlety of expression which was beyond the technique of glass 
work. Great Britain also experienced this development. (See 
ILLUMINATED Manuscripts; STAINED GLASS.) 

2. Giotto.—In Italy Gothic architecture did not take root, 
or at least Italy adopted from it only the original vault while 
retaining many forms of Roman architecture and, in particular, 
the plain walls, Thus in Italy, because of this favourable circum- 
stance and because of Giotto, a man of genius, and others of great 
talent who preceded, accompanied and followed him, the art of the 
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fresco appeared and developed, and а great tradition of painti 
rose, 

1 In Italy there was a whole movement of art prior to Gioti 
Giovanni Cimabue at Florence showed the way to Giotto j 
passing from the mosaic, still impregnated with Byzantine legacies 
to the more free and flexible fresco work, Giotto, as well 
Cimabue, was connected with the Roman school of mosaic 
turned painters, Pietro Cavallini and the Cosmati, as well as 

the work of Giunta Pisano, Nicolas d'Apulia and Coppo di Маге 
valdo. But it was his own personal work that brought him gl 
While accepting some of the conventions of his time, Giotto ii 
troduced into painting a simpler grandeur of conception, a hithe 
unknown force of heroic human expression and, that equilib 
of the spiritual and of the perceptible, of nature and of thou, 
which remain an ideal for the art of all time. Therein he is trul 
a precursor of modern art. His disciples and successors, wi 
recapturing his grandeur, developed and enriched the heritage ( 
their master. In place of the abstract decorations of Giotto, 
crete details accumulated, compositions grew more complicate 
and great ingenuity was exercised in the choice of dramatic | 
picturesque accessories for the scenes depicted. The most justl 
famous work of the period is “The Triumph of Death,” which 
with a mixture of brutality and refinement, unfolds its eloquei 
teachings on the walls of the Campo Santo at Pisa. 


almost equal brilliancy, less powerful perhaps but more delicate, 
was developing at Siena from the Byzantine models, Tl 
“Maestà” of Duccio di Buoninsegna, painted in 1308-11, see 
to the Sienese, when they first saw it, so much of a miracle that | 
whole town, led by the bishop, bearing lighted candles in the 
hands, carried it in state to the Duomo. It is composed almost 
entirely of Byzantine elements, but its precious novelty lies in the 
gentle smile animating the face of the Virgin Mary. А 
Simone Martini (c. 1284-1344) gave an even greater sweet! 
to his religious compositions while, at the same time, he was 
first who dared to employ his art for purposes not wholly religiou 
On the walls of the Palazzo Pubblico, facing his lovely “Virgin 
Glory,” he painted the condottiere Guidoriccio da Fogliano rid 
armed and caparisoned before the palisades fronted by a hed 
of lances, y 
Martini's contemporary Ambrogio Lorenzetti (c. 1290-13 
established himself as a painter of civic life. Combining Simoni 
purely Sienese tradition with the influence of Giotto's more robust 
style, he celebrated in another room of the same palace 
benefits of “Good Government” to town and country. F 
4. Early Renaissance in Italy.—At the beginning of the 15th 
century Italy showed signs heralding the Renaissance. d 
The painters not only mingled scenes of common life with their 
religious compositions, but they applied themselves with a 
of scientific realism to the study of the human form. Antonio 
Pisanello (c. 1395-с. 1455) was a marvellous draftsman. Masac- 
cio (1401-c. 1428), a man of genius who died at the age of 27 
was already a sort of classic. He was keenly devoted to the 
study of anatomy, and the nude made its appearance in painting 
with his “Adam and Eve" in Sta. Maria del Carmine. Masaccio 
achieved a plasticity of form by means of modulation of light and 
shade. He also gives a feeling for space by his use of aerial per- 
spective. The Dominican monk Fra Angelico (с. 1400-1455), who: 
well merited his title of Angelico, seemed destined by his piety to” 
carry on the profoundly religious but abstract and severe traditio 
of Giotto, or perhaps the gentler one of Guido da Siena. But im 
everything which concerned him as a painter he showed a preoc- 
cupation with the world of nature similar to that of Masolino d 
Panicale and Masaccio. By a special grace ће was able to apply h 
love of nature to the expression of the purest and most devout soul | 
to be met with in the history of art. { 
In addition to this group of initiators whose work had already 
a classic air, more classic even in certain ways than that of their 
immediate successors who, like Sandro Botticelli, did not escape à 
certain mannerism, were certain seekers after the scientific spiril 
These contributed to the formation of the doctrine of the Floren- 
tine school, intellectual and free, which was to become the educator 
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lation with 88.. Ansano ‘end dudlth;"” Ару by imens Martini end "Virgin of Autun" by Jan van Eyck, Flemish. In the Louvre, 
mi, Italian, Uffizi gallery, Florence Paris 


on" by Plero della Francesca, !“ Ilan "The Lu wt Supper," fre нао pu inel by Fra Angelloo, Italian, In 
In the foie Comunale, Borgo San Sepole the Mu of San Marco, Florence 
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“The Tribute Money" by Masaccio, Italian, Brancaool chapel 
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GIOTTO 
AND AN EARLY 
FRENCH MASTER 


Left: “The Kiss of Judas," one panel in 
on the life of Christ by Giotto di 
(12672-1337). Arena chapel, Padua. 


Below: “Pietà” by an unknown artis 
Avignon school, southern France, 1 
tury. In the Louvre, Paris 
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TWO MASTERPIECES 
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"Bridgewater Madonna" by Raphael (1483— 
1520), Urbino. In the collection of Lord Elles- 
mere, Edinburgh, Scot. 


“Birth of Venus” by Sandro Botticelli (1444—1510), Florence. 
In the Uffizi gallery, Florence 


In 
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“Sir Thomas More" by Hans Holbein (1497?— 
1543), German. The Frick collection, New 
York. city 


“The Deposition From the Cross" by Rogier van der Weyden (c. 1400-64), 
Flemish. In the Prado, Madrid 


FLEMISH, GERMAN AND ITALIAN PAINTING OF 
THE RENAISSANCE 


"John and Peter" by Albrecht Diirer 
(1471-1528), German. Munich Pina- 
kothek 


Moe: 


"Adam" detail from “Creation of Man" by Michelangelo (Michelagniolo Buonar- 
roti; 1475-1564), Italian. Sistine chapel, the Vatican, Rome 


“Madonna della Granduca” by Raphael Sanzio “Mona Lisa” (“La Gioconda") by Leonardo da 


(1483-1520), Italian. In the Pitti palace, Vinci (1452-1519), Italian, The Louvre, 
Florence Paris 
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“The Last Judgment,” a vast fresco covering one wall of the Sistine Chapel, by Michelangelo. In the Vatican 
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THREE ITALIAN MASTERS OF THE RENAISSANCE 
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"The Martyrdom of St. George" by Paolo Veronese. In the Church of S- 


Giorgio in Braida, Verona 


> 


= s m „4 
“The Birth St. John the Baptist" by Domenico Ghirlandajo. In the 
Church of Sta. Maria Novella, Florence 


PHOTOGRAPHS, (ALL) ALINARI 


PAINTING Prate VII 


om "The Disciples at Emmaus" by Paolo Veronese. In the Louvre, "Concert Champétre" (“Тһе Pastoral Symphony") by Giorgione and 
Titian. In the Louvre, Paris 


"The Feast of the Gods" by 
[f Giovanni Bellini (with possi- 


UNUM ole alterations by Titian). 
Wa In the National Gallery of 
Art, Washington, D.C. 


CORREGGIO, CARAVAGGIO AND THE VENETIANS 


"Education of Cupid" by Correggio (An- 
tonio Allegri). In the National gallery, 
London 


"Death of the Virgin" (detail) by Michelangelo da Caravaggio. In 
the Louvre, Paris 


Venus of Urbino" by Titian (Tiziano Vecellio). In the Uffizi gallery, Florence 
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BY COURTESY OF (TOP RIGHT, BOTTOM RIGHT) THE MANSELL COLLECTION, LONDON, (CENTRE LEFT) 
D.C. THE WIDENER COLLECTION, 1942; PHOTOGRAPHS, (TOP LEFT, TOP RIGHT, BOTTOM RIGHT) GIRA 


ATIONAL GALLERY, LONDON, (CENTRE RIGHT) THE NATIONAL GALLERY OF ART, WASHINGTON 
(BOTTOM LEFT) ANDERSON 
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PHOTOGRAPH, ERIC SCHALL, "LIFE 


“Crucifixion” (centre panel of the Isenheim altarpiece) by Mathias Grünewald (active between 
1500 and 1530), German. In the Unterlinden museum, Colmar, Fr. 


GRÜNEWALD AND BRUEGEL 


“Adoration of the Kings in the Snow" by Pieter Bruegel (1525?-1569), Flemish. Іп the Reinhart collection, 
Winterthur, Switz. 
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TWO 
VENETIAN 
MASTERS 


“Rape of Europa" by Titian (Tiziano 
Vecelli; c. 1490-1576), Venetian, In 
the Isabella Stewart Gardner museum, 
Boston 


BY COURTESY OF THE ISABELLA STEWART GARDNER MUSEUM 


BY COURTESY OF THE NATIONAL GALLERY OF ART 


“Christ at the Sea of Galilee” by Tintoretto (Jacopo Robusti, 1518-94), Venetian. 
In the Samuel H. Kress collection, National Gallery of Art, Washington, D.C. 
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Above: “Frans Snyders” by Anthony van Dyck (1599-1641), Flemish. In the Frick Collection, 
New York city. Above right: “Young Woman With a Water Jug” by Jan Vermeer van Delft 
(1632-75), Dutch. In the Metropolitan Museum of Art, New York city 


lery, Vienna 


FLEMISH AND DUTCH PAINTINGS 
OF THE 16TH AND 17TH CENTURIES 


"Bohémienne" by Frans Hals (?1580- 
1666), Dutch. In the Louvre, Paris 


“A Jewish Rabbi" by Rembrandt (Rembrandt Harmens van Rijn; 
1606-69), Dutch, In the National gallery, London 


"Courtyard in Delft" by Pieter de Hooch (1629-after 1683), 
Dutch. |n the Mauritshuis, The Hague 


BY COURTESY OF (TOP LEFT) THE FRICK COLLECTI 


(TOP CENTRE) THE METROPOLITAN MUSEUM OF x or 
LEFT) MAURITSHUIS, THE HAGUE; ا‎ Ae : 
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"Portrait of Helena Fourment" by Peter Paul 
Rubens (1577-1640), Flemish. In the State gal- 


RIGHT) NATIONAL GALLERY, LONDON 


‹воттом 


Plate XI 


“Shooting of the Rebels" (detail) by Francisco Goya y Lucientes (1746-1828), Span- 
ish. In the Museo del Prado, Madrid 


inas" (“The Maids of Honour") by Diego 
y Velázquez (1599-1660), Spanish. In 
o del Prado, Madrid 


п on the Isle of Patmos’ by Nicolas Poussin (1594—1665), French. In the 
tute of Chicago 


“Blowing Bubbles" ("Les Bouteilles de Savon") by Jean Bap- 
tiste Siméon Chardin (1699-1779), French. In the Metropoli- 
tan Museum of Art, New York city 


SPANISH AND FRENCH 
PAINTING, 17TH-18TH CENTURIES 


"Les Baigneuses" (“The Bathers") by Jean Honoré Fragonard (1732-1806), 


for Gersaint's shop by Antoine Watteau (1684— French. In the Louvre, Paris 


1721), French, In the Kaiser Friedrich Museum, Berlin 


BY COURTESY OF (TOP RIGHT) THE MUSEO DEL PRADO, MADRID, (CENTRE LEFT) THE ART INSTITUTE OF CHICAGO, (CENTRE RIGHT) THE METROPOLITAN MUSEUM OF ART, NEW YORK CITY: 
PHOTOGRAPHS, (TOP LEFT) ANDERSON, (BOTTOM LEFT) PHOTOGRAPHISCHE GESSELLSCHAFT, (BOTTOM RIGHT) COLLECTION ARCHIVES PHOTOGRAPHIQUES 


PrarE XII 


RUBENS 
AND 
REMBRANDT 


"Rape of the Daughters of Leucippus" by 
Peter Paul Rubens (1577—1640), Flemish. 
In the Bayerische Staatsgemaldesammlungen 
(Bavarian state art gallery), Munich, Ger. 


BY COURTESY OF DAYE 


BY COURTESY OF THE NATIONAL GALLERY OF ART 


"A Girl with a Broom" by Rembrandt van Rijn 
(1606-69), Dutch. In the Mellon collection, Na- 
tional Gallery of Art, Washington, D.C 


PAINTING Prate XIII 


“Don Manuel Osorio de Zuñiga” by Goya. 
In the Metropolitan Museum of Art, New 
York City 


"Prince Philip Prosper of Spain" by Veláz- 
ington, D.C. quez. In the Kunsthistorisches Museum, 
Vienna 


and the Beggar" by El Greco. In the National Gallery of 


THREE SPANISH MASTERS 


“The Topers" by Velázquez. In the Prado, Madrid 


BY COURTESY OF (TOP LEFT) THE NATIONAL GALLERY OF ART, WASHINGTON, D.C., (TOP RIGHT) THE METROPOLITAN MUSEUM OF ART, NEW YORK CITY, THE JULES S. BACHE COLLECTION, 1945, 
(CENTRE RIGHT) THE KUNSTHISTORISCHES MUSEUM, VIENNA; PHOTOGRAPHS, (CENTRE RIGHT) ERICH LESSING—MAGNUM, (BOTTOM) ART REFERENCE BUREAU 


Prate XIV PAINTING 


"Shortly After the Marriage" (from “Marriage à Ja mode") by William Hogarth 

(1697-1764), English. In the National gallery, London 
“Mrs. Siddons as the Tragic Muse" by Sir 
Joshua Reynolds (1723-92), English. In 
the Henry E. Huntington library and art 
gallery, San Marino, Calif. 


18TH-CENTURY 

PAINTINGS BY 
ENGLISH 
AND U.S. 
ARTISTS 


"Watson and the Shark" by John Singleton Copley (1738— 
1815), U.S.-English. In the Museum of Fine Arts, Boston 


"Sarah Siddons” by Thomas Gainsborough 
(1727-88), English. In the National gal- 
lery, London 


"Isaac Newton" by William Blake (1757-1827), English. 
In the Tate gallery, London 


"Salisbury Cathedral" by John Constable (1776-1837), 
English. In the National gallery, London 


BY COURTESY OF (TOP LEFT, CENTRE RIGHT, BOTTOM RIGHT) NATIONAL GALLERY, LONDON, (TOP RIGHT 


ARTS, BOSTON, (BOTTOM LEFT) TATE GALLERY, LONDON ) HENRY E. HUNTINGTON LIBRARY AND ART GALLERY, (CENTRE LEFT) THE MUSEUM OF FINE 


PAINTING Prate XV 


"Radeau de la Méduse" (“The Raft of the Medusa") by Jean Louis Géricault (1791-1824). In the 
Louvre, Paris 


FRENCH PAINTING OF 
THE 19TH CENTURY 


“Island of San Bartolomeo, Rome” by J. B. C. Corot (1796-1875) 


Portrait of Madame Sériziat” by Jacques 
Javid (1748-1825). In the Louvre, 


"Madame Rivière” by Jean Auguste In- 
gre 1780-1867). In the Louvre, Paris 


"The Third-Class Carriage" by Honoré Daumier (1808-79). In the Metropolitan "Ladies on the Banks of the Seine" by Gustave Courbet (1819-77). In 
Museum of Art, New York olty the Petit Palais, Paris 


BY COURTESY OF (TOP RIGHT, CENTRE LEFT, BOTTOM RIGHT) THE MANSELL COLLECTION, LONDON, (CENTRE RIGHT) MUSEUM OF FINE ARTS, BOSTON, (BOTTOM LEFT) THE NETROFOL- 
ITAN MUSEUM OF ART, NEW YORK CITY; PHOTOGRAPHS, (TOP LEFT) COLLECTION ARCHIVES PHOTOGRAPHIQUES, (TOP RIGHT, CENTRE LEFT, BOTTOM RIGHT) GIRAUDON 
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TURNER 


Left: “Arab Rider Attacked by a Llon 
Eugene Delacroix (1798-1863), Fre 
In the Art Institute of Chicago 
Below: ‘Rockets and Blue Lights 
Joseph Mallord William Turner (17 
1851), English, In the Sterling and Fr 
cine Clark Art institute, Williamstown, M 
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of the great spirits of the full Renaissance. Paolo Uccello made 
of perspective a kind of mathematical poetry. Others, perhaps 
under the influence of the great sculptor Lorenzo Ghiberti, la- 
boured incessantly to perfect drawing by the conquest of the 
third dimension. Andrea del Verrocchio, Antonio Pollaiuolo 
and Botticelli, who began their careers as sculptors, carvers or 
goldsmiths, added to draftsmanship, already so penetrating, a kind 
of trenchant or metallic precision, a sort of precious hardness. The 
most poetical of them, Botticelli (1444—1510), had also other pre- 
occupations besides that of technical perfection. He was the 
inventor of a delightful type of Virgin. Better than anyone else 
of his time perhaps, he translated into painting with a mysterious, 
and at times rather morbid, grace the reveries of the humanists. 
The “Birth of Venus” and the “Primavera” opened a new world to 
painting. 

Outside Florence, among the schools which had not had such long 
and such consistent histories, the fertile finish of the 15th cen- 
tury saw the rise of certain men whose peculiar energy or original 
grace helped to prepare the complete expansion of Italian art in 
the first years of the 16th century. In Arezzo, Piero della Fran- 
cesca (c. 1418-92), an independent painter in advance of his time, 
took up after an interval of 30 or 40 years the researches of 
Masaccio and invented engaging harmonies in blue and white of 
which Italian art offers no other example. His frescoes in Arezzo, 
depicting the “History of the Cross" (1452-66), are perhaps his 
most famous works. He does not give a picturesque description, 
but uses his figures and objects for a careful construction of a 
tectonic composition. His figures, carefully spaced and reduced to 
almost geometric forms, are composed in much the manner a 
Renaissance architect would place structural forms. Without ever 
introducing classical detail Piero comes closer to the true meaning 
of Greek art than any of his contemporaries who made abundant 
use of mythological subject matter and classical ornamental de- 
tail. Piero felt that harmony and proportion were characteristics 
of the divine order toward which the artist must strive. 

The powerful anatomist Luca Signorelli (c. 1445-1523) was a 
precursor of Michelangelo. Antonella da Messina (c. 1430-1479) 
brought to Italy the brutal but expressive realism he had gained 
Írom contact with the Flemings. 

Andrea Mantegna (1431-1506), humanist, geometrist, archae- 
ologist, of great intellectual and imaginative intelligence, domi- 
nated the whole of northern Italy by virtue of his impervious 
personality. He had known the Florentine painters and the great 
sculptor Donatello in Padua. He was the link between Florence 
and Venice, whose school sprang from him through his more or 
less direct disciples, the Bellinis and Vittore Carpaccio. 

5. France and Flanders.—During the 14th and 15th centuries 
painting developed through its own strength in the northern coun- 
tries (France, Flanders and Germany), which came in contact with 
Italian art in a series of actions and reactions leading to reciprocal 
exchanges. Largely because of geographical position, France was 
specially predisposed to serve as a ground of understanding and 
conciliation between northern and southern influences. With the 
reservation already made that Gothic architecture did not there 
encourage the development of mural painting or of fresco, which 
remained the special province of Italy, France in the 14th century 
and at the beginning of the 15th century was a centre of artistic 
inspiration radiating in many directions and receptive of outside 
influences. Unfortunately, few works, with the exception of the 
miniatures, have been preserved. The portrait of the king Jean 
le Bon, in the condition in which it has been preserved, is merely 
an archaeological curiosity, but its date (¢. 1350) is significant. 
It is a little later than the time when Simone Martini, almost in the 
same spirit and the same style, painted the condottiere Guidoriccio. 

Later (toward 1415) the Trés Riches Heures of the duc de 
Berry, decorated by the three Limburg brothers, contained little 
masterpieces, in which the themes of everyday life and of land- 
scapes were treated with as much truth as poetry and, combining 
the most careful observation of the details of nature with refined 
fantasy, were executed with meticulous care. Commissioned at the 
e idum court, it is related to the art of Paris, Flanders and 

iena. 
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During this period the disasters and miseries of the Hundred 
Years’ War hampered the development in France of an art which 
had begun so well. Paris, occupied by the English troops, lost its 
predominance. The painters worked at Bourges, Dijon and 
Avignon. At Avignon they came in contact with the Italians, par- 
ticularly with the Sienese summoned there by the popes. 

Only a few important French works have been preserved, the 
“Annunciation” of Aix-en-Provence (c. 1440) and the “Pietà” of 
Villeneuve-lés-Avignon (after 1450) among those by anonymous 
artists. They are paintings of extraordinary gentleness of emo- 
tion achieved primarily by a highly sensitive line and a subdued 
glow of colour. Among those by known painters, the “Coronation 
of the Virgin” by Enguerrand Quarton, painted in 1453-54, and 
the paintings and miniatures by Jean Fouquet (c. 1415-85) stand 
out. These justify saying that in the midst of its many trials 
France in the 15th century from time to time still produced original 
spirits unlike those of other schools and at considerable variance 
with each other. 

Jan van Eyck (?1385-1441) was connected with the duke of 
Burgundy but he worked mostly in Flanders. He brought Flemish 
painting from the outset to an extraordinary degree of perfection, 
as much by his early use of oil paintings as by his aptitude for the 
representation of people and all manner of things—distant hori- 
zons, the bricks and stones of buildings, rich brocades—with an 
accuracy and precision hitherto unknown. The altarpiece of the 
“Worship of the Lamb” (the Ghent altarpiece), with its 12 
exterior compartments and its 12 interior panels, was carried out 
between 1427 and 1432. From that moment Flanders dominated 
all art north of the Alps for almost a century, and was not without 
an influence on Italy. 

There was nothing in the world then to compare with that in- 
terior with two standing figures known as the “Portrait of Arnolfini 
and His Wife” (1434; National gallery, London). This painting 
is remarkable not only for its careful observation of the visible 
world, including the painter’s skill in representing textures, but also 
for its design of relating the deeply human figures to the surround- 
ing interior space. Where will anything be found in the history of 
art superior to the precision and life to which Van Eyck attained 
from the first? But Van Eyck is more than the genial precursor of 
the Dutch masters of realism: he is the calm theologian who com- 
poses with the logic and authority of a doctor the multiple symbols 
of the altarpiece of the “Lamb” and who diffuses an equal and 
white limpidity over the images which unite the mysteries of 
heaven to the realities of earth. 

Rogier van der Weyden (c. 1400-64), whose masterpiece, “The 
Deposition From the Cross,” preserved in the Prado, dates from 
a few years after the completion of the Ghent altarpiece, is the 
only Fleming who truly carried on Van Eyck’s great conception of 
art, and he added to it a pathos of which there is no other example 
in his country save, though with less nobility perhaps, that of 
Hugo van der Goes toward the end of the century, The other 
Flemish artists of the 15th century shone neither through their 
invention nor their emotion. They quickly reached either hardness 
or mannerism. Hans Memling at any rate charms by his graceful 
sentimentality. But they are all marvelous craftsmen, and even 
those least spiritually gifted force admiration of their virtuosity, 
the brilliance and refinement of their colour, all the characteristics 
which are not found among the French of the same period or, to the 
same degree, in Italy. 

6. High Renaissance in Italy.—The Italian painters of the 
15th century not only created significant works of art but, by their 
careful investigation of nature and by their conviction of the im- 
portance of man, solved many problems such as linear perspective 
and human anatomy. These artists were followed by other men of 
genius who achieved an ideal of human grandeur which is now con- 
ceived as the embodiment of the Renaissance. (See RENAISSANCE 
ART.) 

T. Leonardo da Vinci.—Leonardo (1452-1519) was the first 
in date of the great men who had the desire to create in a picture 
a kind of mystic unity brought about by the fusion of matter and 
spirit. Building on the achievement of his predecessors and be- 
longing to another generation and a changing social order, he was 
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able to pronounce the words which served as a password to all later 
artists worthy of the name: painting is a “spiritual thing,” cosa 
mentale. Leonardo, a man of great curiosity about the nature of 
the physical world, was a scientist who made important contribu- 
tions in physics, geology, anatomy and other fields. He was an 
engineer, a musician and an architect as well as a painter. He de- 
veloped Florentine draftsmanship and chiaroscuro and was able to 
give a more three-dimensional aspect to his figures and to integrate 
them into space and atmosphere. He was concerned not only with 
physical properties but also with psychological insight for his fig- 
ures and was able to give them an appearance in which actuality is 
fused with ideal grace. Among his most important paintings is 
“The Last Supper” (1494-98) in Sta. Maria delle Grazie in Milan, 
which in spite of having been in bad repair almost from the time 
of its completion achieved renown as the typical representation of 
the scene because of its apparent simplicity of composition and 
deep human understanding. Leonardo’s contributions to painting 
consist not only of his work as an artist but also of his significant 
writings, especially his Treatise on Painting and his Notebooks. 
In the “Mona Lisa,” the "St. Anne,” the “Virgin of the Rocks” 
and his other masterpieces he even used landscape not merely as 
a more or less picturesque decoration but as a sort of echo of that 
interior life and an element of a perfect harmony. 

Relying on the still novel laws of both linear and aerial perspec- 
tive, this scientist and artist substituted for the discursive manner 
of most of his precursors the principle of concentration which is 
the basis of classical art. The picture is no longer presented as an 
almost fortuitous aggregate of details and episodes. It is an or- 
ganism in which all the elements, lines and colours, shadows and 
lights, compose a subtle tracery converging on a spiritual, a sen- 
suous centre. On a small panel, that of the “Mona Lisa,” Leonardo 
seems to depict an epitome of the universe, creation and created: 
woman, the eternal enigma, the eternal ideal of man and the sign 
of the perfect beauty to which he aspires, nature here evoked by 
a magician in all its mystery and power. Behind the lovely, calm 
face, behind the forehead, young and yet thoughtful, appear moun- 
tains, glaciers, waters and rocks; and, in this very small portion 
of the painted surface, a vast revelation, beside the eternal femi- 
nine, of the earth. 

8. Michelangelo.—Of this same Florentine draftsmanship en- 
riched by Leonardo, Michelangelo (1475-1564), like Leonardo a 
man of great versatility, sculptor, architect, painter and poet, made 
the apotheosis of muscular movement and effort, which were to 
him the plastic equivalent of passion. He molded his draftsman- 
ship, bent it, twisted it, constrained it to the extreme limits of pos- 
sibility and to the pulsation of his great tormented soul. There 
are not, so to speak, any landscapes in Michelangelo's painting. 
All the emotions, all the passions, all the thoughts of humanity 
were personified in his eyes in the nude bodies of men and women. 
He never conceived these bodies—or rarely—in attitudes of im- 
mobility or repose. His great sculptured figures, his “Night,” his 
“Slaves,” his “Moses,” whether they dream, meditate or command, 
give an impression of barely restrained tumult. In his great fres- 
coes in the Sistine chapel of the Vatican he transformed sculptured 
form into awe-inspiring painting. A superhuman humanity seems 
to thunder down from the Sistine ceiling. There he re-created the 
mystery of Genesis with extraordinary power and vision. Later he 
painted a vast “Last Judgment" of extreme intensity on the wall of 
the Sistine chapel. Michelangelo's influence on later painters— 
from his own time until today—was perhaps greater than that of 
any other painter. 

9. Raphael.—Raphael (1483-1520) is the modern artist who 
most closely resembles Phidias. The Greeks themselves said that 
Phidias invented nothing but that he carried every kind of art in- 
vented by his forerunners to such a pitch of perfection that he 
achieved pure and perfect harmony. Those words “pure and per- 
fect harmony" express, in fact, better than any others that which 
Raphael brought to Italian art. From Perugino he gathered the 
rather weak graces and the gentle limpidities of the Umbrian school 
that died out with him, he acquired strength and certainty in Flor- 
ence, and created a style based on the fusion of Leonardo's and 
Michelangelo's lessons under the light of his own noble spirit. 
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Raphael's compositions on the traditional theme of the Virg 
and Child seemed intensely novel to contemporaries, and only thei 
time-honoured glory prevents one now from perceiving their origi- - 
nality. No one before him had treated this holy subject with the _ 
poetry of a familiar idyll, with such an air of eternal youth, 
limpid gentleness which excludes neither amplitude nor majesty of. 
conception. He has in modern eyes a more magnificent claim to. | 
honour in the composition and realization of those frescoes with 
which, from 1509, he adorned the stanze and the loggias of ; 
Vatican. The sublime, to which Michelangelo attained by his” 
ardour and passion, Raphael attained by the sovereign balance of 
intelligence and sensibility. His two masterpieces, the “Disputa 
or “The Holy Sacrament” and the “School of Athens,” are self 
sufficing worlds created by genius; they are admired for his perfec 
visualization of great ideas, his suppleness of gesture, ease of com” 
position, the life which circulates everywhere with the light; but, 
above all, he has placed his figures into exalting spaces, giving an” 
unequaled experience of spatial magnitude. і 

Rome became for almost two centuries the artistic capital, not 
only of Italy, but of the entire world. Y 

10. Renaissance in the Northern Countries.—In France, 
the Italian influence, which had not withered the freshness of Jean 
Fouquet's inspiration, became toward the middle of the 16th cent 
tury so all-pervading that true French painting was in danger off 
losing its originality and even its vitality. The Fontaineblea 
school was a school of decorators comprising Italians summoned: 
north by the kings of France, Italianized Flemings and some 
Frenchmen who were no less enslaved by Italian fashions. The na 
tional taste, however, showed itself in the fine psychology of the 
little portraits depicting in all their delicate elegance the men and 
women of the Valois court. ч 

In Germany the fact that the greatest artist born beyond the 
Rhine absorbed Italianism did no more than stimulate his own” 
imagination and perhaps widen its scope. Albrecht Dürer (1471— 
1528) had a genius too powerful to be conquered. His paintings. 
as well as his woodcuts and engravings remained profoundly origi- 
nal in their intense vitality. In spite of all his tense energy, how- 
ever, Dürer dominated the conflict of the passions by a sovereign 
and speculative intelligence almost comparable with that of Leo- 
nardo. He too was on the borders of two worlds, that of the Gothic 
age and that of the modern age, and was perhaps even greater 
as an engraver and draftsman than as a painter. 3 

His contemporary, Mathias Grünewald (1475/ 80?-1528), 1 
painted religious themes of visionary expressiveness and mysti 
significance, using intense colours and agitated line. 4 

Hans Holbein (14972-1543) was a cosmopolitan; born in Augs- 
burg, he lived successively in Basle and England. The acute real- 
ism of a trenchant and precise draftsmanship combined with a cer- 
tain Italian elegance to make him an admirable portraitist. A 

In the Low Countries Italian influence spread almost as widely” 
as in France. But not being, as in France, evoked, sustained and 
controlled by a monarchical power, it left great individual free- 
dom to the artists. Quentin Massys (1466-1530) was one of the 
first to look to Italy. The founder of the Antwerp school carried 
through his conversion to humanism with grace and naturalness. — 

Still farther north Hieronymus Bosch (c. 1450-1516) reveale 
hardly any Italian influence. His religious scenes and his alle 
gories are treated with a fantastic vision based on his own pessi- 
mistic conviction. In his paintings, executed with most detailed 
realism, the borderline between the phantom and the real is almost 
eliminated, making his work appear related to 20th-century Sur- 
realism. He does not seem to fit into the general tradition of 
Flemish painting, but appears to have exerted a profound influence 
especially on Pieter Brueghel the Elder (c. 1525-69), who, how- 
ever, has a much more optimistic attitude toward life and the 
world. Brueghel painted vigorous scenes of peasant life and some 
of the finest landscapes in the history of western art. 

У Surely there was at this period a current of bizarre imagination 
circulating from south to north whose principal exponents werê 
Grünewald, Bosch and Brueghel. The differences between them 
are great, but one characteristic was common to them all—th d 
exaggeration and the oddness of the deliberate discord between th e 
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apparent subject and the pictorial methods. 

In its most rigorous form the Italianist movement produced its 
own form of Mannerism, a hybrid art which amalgamated, more or 
less, a remnant of Flemish realism with the scenes, costumes, 
themes and even the rhetoric borrowed from Italy. Much talent 
was expended in the assimilation of a magnificent ideal, but one 
quite contrary to the traditions in which these northern artists 
were still brought up. The results were not often happy. Some- 
times, however, they did not lack a certain composite charm when 
the true nature of the artist pierced his disguise. It must be re- 
membered that this rather ungrateful school of Mannerists pre- 
pared the way for the greatest genius of Flanders after the Van 
Eycks, Peter Paul Rubens. He, however, was a pupil not of 
Florence but of Venice. 

11. Venice.—Great changes had taken place in Italian art by 
the early part of the 16th century. After the death of Leonardo 
and of Raphael, Michelangelo pursued his career, while Andrea 
del Sarto (1486-1531), with his scholarly modeling and his almost 
feminine gentleness, was the last exponent of the purely Florentine 
spirit. It was no longer in Florence or in Rome that the true heirs 
of the creators of classical art were to be found, but in Venice, 
where a school, the last born of the great Italian schools, prolonged 
with magnificent brilliance the glory of Italy after the disappear- 
ance or decadence of the older schools. 

The first Venetian masters, the Bellinis and Carpaccio, were 
closely related to the robust and hard Andrea Mantegna. But they 
soon turned toward what may be esteemed the original conquests 
of their school, colour, light and a new conception of the place of 
the figure in landscape. Of monumental decoration, which has 
always been one of the principal vocations of Italian art, they 
evolved a truly new art by the addition of an indefinable quality, 
sumptuous and triumphant, which had not hitherto been seen in 
painting. They decorated churches and palaces, the same splen- 
dours and a kind of pagan pomp serving for both. 

For some time past a profane or human air had been wafted 
into art; even at a time when painters treated only religious sub- 
jects, it was gradually felt, not perhaps in the frescoes decorating 
the sanctuary, but in the pictures ordered by kings and princes 
and chosen from such Bible stories as would with the greatest 
plausibility allow nude figures, or a certain amorous or voluptuous 
character, or a great display of processions and costumes: Salome, 
Susanna, Judith, Bathsheba. Indeed when the Olympian divinities 
appeared in art they found the way prepared for them. 

Since its modest and devout beginnings in the shadow of the 
church, painting had gradually tried to rid itself of the didactic 
part allotted to it. On the day when the divorce was complete 
and irrevocable a new era began in art, an era which still exists, 
developing all that was germinating in the masterpieces of Gior- 
gione, Titian, Tintoretto and Paolo Veronese—for the Venetians 
played a preponderating part in this revolution. But this is not 
to say that either the painters or their paintings were detached 
from religious feeling. The artists always accepted with pride and 
joy their task as servants and auxiliaries of the church. But they 
no longer felt themselves charged with the duties of preaching 
and instructing. There remained to them the whole vast and multi- 
form domain of sentiment. The delicious and tender Madonnas 
of Giovanni Bellini and Titian—sometimes familiar, as the “Vir- 
gin With the Rabbit," sometimes majestic, as the "Assumption of 
the Virgin," but always with their eyes glancing affectionately on 
the faithful spectators—have inspired and accompanied many 
prayers. As for Tintoretto, in the midst of the brilliant colour 
harmonies of Venetian painting his feverish and agitated spirit 
led him to rediscover the pathos of religious drama. Veronese’s 
main preoccupation seems to be the grouping of beautiful young 
women and noble senators dressed in silk, brocades and gold chains 
under white arcades. Indeed he once had difficulties with the In- 
quisition, which. inquired whether so many personages of so worldly 
àh aspect were in place at the side of Christ; he replied that he 
had put them there simply because it looked well. А 

Because of the original feeling which each of the masters of this 
Privileged school had for colour, and because of their marvelous 
facility in finding new arrangements, the Venetians were incom- 
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parable decorators. Their pictures in the churches, like the detail 
which for a moment had disturbed the ecclesiastical magistrates, 
“looked well." It was already a pious action to contribute to the 
beauty of the house of God. In fine, the least that can be said 
of these pictures is that they touched the hearts of the faithful. 

One is reminded here of the part belonging to music in the 
celebration of the services of the church. Venetian painting pos- 
sessed, more than any other painting which had preceded it, a 
musical quality. In this again it can claim the initiative of a 
transformation in art which has grown greater and greater up to 
modern times. 

Giorgione’s and Titian’s beautiful reclining women, whether 
called Venus or any other name, are among the most original of 
the creations of the Venetian school. They differ greatly from the 
Florentine nude, which is generally standing. Venice developed 
the most complete and perfect subject of profane inspiration, a 
subject which has thrived in painting through centuries without 
becoming exhausted. One may describe it as the glorification of 
female beauty in the beauty of nature. From the first a painter 
of genius who died at about the age of 32, Giorgione (c. 1478- 
1510) gave the theme its most poetical and, at the same time, its 
most human realization in certain canvases attributed to him whose 
subjects are only the more moving because of their enigmatical 
quality: for instance, the paintings known as the “Tempest” in the 
Venice academy and “Concert Champétre" at the Louvre. This 
development seems to have been in harmony with the aspirations 
of his compatriots and contemporaries, for four years after Gior- 
gione's death and before Titian developed the theme and added to 
it the particular bias of his imagination the old Giovanni Bellini, 
then nearly 85, painted the noble and delicious “Feast of the Gods" 
(1514), which contained in embryo not only the “Bacchanal’’ of 
Titian but that of Nicolas Poussin. Titian, in the “Three Ages" 
(National gallery, Edinburgh) and the “Sacred and Profane Love,” 
soon affirmed the various possibilities opened by the new theme to 
the creative faculties. The painter showed that he could dispense 
with the semblance of mythological fable which remained in Bel- 
lini’s picture and which Giorgione had already eliminated: beauti- 
ful nude figures and others in rich modern costumes are juxtaposed, 
without any apparent reason, before a vast landscape in which 
there is a mysterious prolongation of the thought or the dream of 
the painter, as also of the thought or the dream of these modern 
deities. From Venice then came the poetry of the nude, of land- 
scape and of the composition of figures in a landscape, as well as a 
warm tonality in the handling of colour. 

This art, emancipated from strict obedience to the church, no 
longer expressed anything but the nostalgic dream of happiness 
which exists in the hearts of all men, and which even the worst 
mortifications and the darkest and bitterest days do not stifle. 

The Venetians, particularly Titian, who stands above all the 
others, and Tintoretto, who sometimes rises almost to the heights 
of his master, were great portraitists. That melancholy which one 
perceives floating, as it were, on faces young and lovely imparts 
to those masterpieces of good painting a spiritual radiation. Be- 
tween the magnificent nobles and the splendid creatures whom they 
delighted to deck in silk, velvet, gold and pearls this light shadow 
from the depth of the heart appears rather on the masculine faces 
than on those from which the locks of fair hair fall onto bare 
shoulders. It is this which forms, for example, the haunting at- 
traction of the “Man With a Glove ” 

12. Italian Mannerism.—Between the Venetians and Rubens, 
who was their most legitimate and direct heir, were interposed 
certain eclectic schools in Italy, which could not perhaps boast of 
geniuses of the highest order but in which the talents were numer- 
ous and the activities considerable. 

While the Venetian Sebastiano del Piombo became almost Flor- 
entine under the influence of Michelangelo, a true master arose 
near Venice. Is it possible to speak of a school of Parma? It in- 
cludes only two great names, those of Correggio and Parmigianino. 
Correggio’s art is like a lovely flowering branch detached from the 
Venetian tree. But Correggio (c. 1494-1534) was an original man 
who imitated no one. He was a brilliant decorator who was un- 
daunted by the greatest tasks, He was a colourist and a harmo- 
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nist. He achieved grace even in vast compositions as the cupola 
in Parma, and he painted some of the loveliest of Italian easel 
pictures—"Antiope," the “Marriage of St. Catherine” and the 
“Education of Cupid.” By his natural affinities he recalls at once 
Titian, Leonardo and Raphael. 

Parmigianino (1503-40), one of the leading Mannerist painters, 
achieved an extraordinary grace and elegance in his work. His 
distorted figures occupy a compressed space and are a part of an 
aristocratic ideal of slender and refined proportions—a new and 
ennobled and spiritualized beauty in place of the more indifferent 
norm of the High Renaissance. 

Correggio’s purely instinctive example suggested to the Carracci 
the reasoned doctrine which the founders of the Bolognese school 
applied. There had been painters in Bologna before them, even in 
the middle ages, and in the time of Raphael, Francia had a great 
reputation. But the true Bolognese school, which set out to create 
а style common to all Italy, formed of the finest elements derived 
from the greatest masters, was the outcome of the initiative of 
Lodovico (1555-1619), Agostino (1557-1602) and Annibale Car- 
racci (1560-1609). They founded their celebrated academy in 
1582 in Bologna. If they were in part responsible for what was 
later known as academism, that is, an art made of formulas learned 
by rote, their personal work was by no means negligible. They 
had ambition and the strength to respond to it. They were great 
decorators as the Farnese gallery bears witness; and their pupils, 
Guido Reni, Guercino and Domenichino, deserve almost equal 
esteem. The “Aurora” of Guido Reni in the Palazzo Rospigliosi 
is a large decorative work which in his own time was regarded 
as a worthy return to the ideals of Raphael. ,Guercino composed 
large altarpieces with a feeling at once dramatic and picturesque. 
And Domenichino, less of an improvisor and more unequal than 
his colleagues, sometimes, as in his charming picture in the Casino 
Borghese, the “Diana and Her Nymphs,” recaptured beyond acad- 
emism the accent and the freshness of the great painters of the 
Renaissance. (See also MANNERISM.) 

13. Spanish Mannerism: El Greco.—The same years of the 
17th century which saw so great an expansion of Flemish and 
Dutch painting brought into the scheme of universal art a school 
which until then had remained aloof. Scholars began to study 
the origins of painting in Spain only comparatively recently and 
much is still obscure. 

It seems that Catalonia was the principal seat of art in the 


13th, 14th and 15th centuries. Artists first worked there under 


the almost solitary influence of the French miniaturists; later this 
influence was shared by the Sienese painters arriving in Spain by 
way of Avignon, while Flemish art also became popular. The Late 
Gothic style of painting in Spain, with its lavish use of gold, its 
emotional quality and its carefully painted detail, is a local mani- 
festation of an international style which spread over Europe from 
the Atlantic coast to the Moldau in the 15th century. 

The 16th century, in Spain as in Flanders, was an epoch of Man- 
nerism. A cold and scholarly combination was created by the art- 
ists, who were theorists more than painters, between the Flemish 
realism and the classical models of the Italian Renaissance. It 
is curious that the man who in the 16th century seemed to be the 
most authentic representative of Spain was Anthony More (An- 
tonio Moro) (c. 1512-75). Born in the Netherlands, and highly 
favoured by the courts of Brussels, London and Madrid, he painted 
portraits of admirable truth and dignity. It was yet another for- 
eigner who soon afterward offered to Spain an art in which it could 
recognize its mystic and chivalrous spirit. 

Domenikos Theotokopoulos, called El Greco (1541-1614), 
was born in Crete, then under Venetian domination, and studied 
in Venice, probably in Titian's studio; his first works bore the 
marks of their Venetian origin, mingled with the influences of 
Michelangelo and the Florentines and Mannerists. He went to 
Spain about 1575 and soon settled at Toledo. There was no doubt 
a mysterious affinity between this Italian-trained Greek, whose 
imagination seemed to have preserved the hieratic figures of the 
Byzantine mosaics and icons, and the strange town, the heart of 
religious and military Spain, where everything spoke of ardour, 
secrecy, spirituality and a sort of passionate austerity. El Greco, 
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“the pupil of Titian,” preferred the dramatic and tormented in- 
spiration of Tintoretto to the nobly balanced conceptions of his 
master, Though unequaled he was always sincere to himself, 
This man, who seems more mystic than most medieval painters, 
links up with the most modern ideas of the pure essentials of art 
and the specific attitude of the artist, relying on the unverifiable 
truth of his emotion. He becomes a prototype of Expressionism, 
What sensation was to painters from the last third of the 19th 
century, an impulse of the soul was to El Greco, and in spite of 
the spiritual abyss between the two principles the plastic effects 
are sometimes similar, No one perhaps has seemed more indif- 
ferent, more disdainful even, to material truth. His dispropor- 
tionately long and twisted figures flout the most elementary rules 
of anatomy, and in spite of his ability as a portraitist his construc- 
tion of faces is incorrect by physical standards. He twists lines 
and colours at his despotic fancy, and, with a cool colour scheme 
of predominating blacks and whites, all tend to an extraordinary 
intensity of expression. These lines in truth have the trembling 
elevation of prayer and ecstasy, sustained by a harmony resem- 
bling a night sky broken by violet-tinted clouds, silvery pallors, 
pale yellows and green lights. This man, who seems to care for 
nothing but what comes from his arbitrary fancy, was, by a mirac- 
ulous paradox, a portrait painter when he wished to be. 

El Greco's “Coronations of the Virgin,” his “Assumptions,” his 
“Resurrections” show that he is the only painter who has really 
spread celestial visions before mortal eyes; he painted them as he 
saw them. And in the great canvas which is perhaps his most 
famous work, the “Burial of Count Orgaz,” he achieved, as no one 
before him had done, an understanding and interrelation, which 
seem quite natural, between the supernatural and the material. 
One feels that this marvelous picture must have appeared complete 
to the imagination of the artist with its composition so bold and, 
one may even say, so true. Working during the climax of the 
Counter-Reformation, El Greco’s personal mysticism leaves no 
place for doubt to heretics and skeptics. His figures are caught 
in a great emotional frenzy. Their elongation removes them from 
the material world. Religious drama is pictorialized by means of 
human figures, who themselves have become transfigured into vi- 
brations of light and often appear as the tongues of a cool flame. 
An almost uncompromising realism and a spontaneous mysticism 
are thenceforth the two poles of Spanish art. Even in periods in 
which the desire for realism seems predominant, a sort of mystic 
vibration is never wholly absent. 


IL BAROQUE THROUGH IMPRESSIONIST PAINTING 
(17th-19th CENTURIES) 


The true original and revolutionary talent of the time grew 
up outside the schools. Michelangelo da Caravaggio (1573-1610) 
painted still-life subjects for the pleasure of painting independently 
of subject, and he carried his robust naturalism, his violent con- 
trasts of bright light and opaque shadow, his taste for unusual and 
striking scenery and a kind of picaresque style, not without tender- 
ness, into his great religious subjects. Caravaggio was one of the 
innovators of Baroque painting as well as a mainspring of Realism 
in painting. His influence was immense, first through those who 
were more or less directly his disciples, such as Bartolommeo 
Manfredi and Domenico Fetti, both excellent painters, the latter 
showing in several pictures a sincere observation of rustic life; 
but it extended farther. The Genoese and Neapolitan schools 
derived from him, and the great movement of Spanish painting in 
the 17th century was connected with these schools. In the follow- 
ing generations the best-endowed painters oscillated between the 
lessons of Caravaggio and the Carracci. The romantic Salvator 
Rosa and the fertile improvisor Luca Giordano covered the vaults 
of churches and the ceilings of palaces with brilliant compositions 
which heralded the work of Tiepolo. (See also BAROQUE ART.) 

During the last period of its splendour Venice showed the same 
independence as in its golden age. Academism did not chill its 
liveliness nor the influence of Caravaggio dull its palette. In the 
mid-18th century, in the midst of a decadence from which Venice 
alone in Italy escaped, it gave rise to important genre painters like 
Pietro Longhi (1702-85), while Canaletto (1697-1768) im- 


PAINTING 


mortalized the Venetian cityscape. Francesco Guardi (1712-93), 
a virtuoso of the brush, displayed in his views of Venice a freedom 
and an accent which were quite modern and seemed to be already 
of the 19th century. Indeed, his treatment of shimmering colour 
anticipated Impressionism. Giovanni Battista Tiepolo (1696- 
1770) was a decorator of the great lineage of Veronese, with a 
coloration which was less powerful but more delicate, luminous 
and truly aerial; and he had a flamboyant feeling and a festive 
liveliness when he portrayed in the Palazzo Labia the “Story of 
Antony and Cleopatra,” his masterpiece. 


А. FLANDERS 


1. Rubens.—Peter Paul Rubens (1577-1640), a prolific genius, 
was a great humanist scholar and an important diplomat as well 
as a painter. Although he lived the life of an aristocrat, his art 
shows strong roots in the robust life of the Flemish people. At 
the same time, however, he was able to absorb the lesson of the 
Italian Renaissance; he studied Michelangelo and Raphael, the 
Venetians and Correggio, as well as his contemporaries Carracci 
and Caravaggio, All this fused in his own personal and dramatic 
style. 

If the Baroque is thought of as powerful, exuberant, sensuous 
and even explosive, Rubens is its perfect example. He was able 
to infuse his own astounding vitality into his religious or mytho- 
logical paintings, portraits and vivid landscapes. He was a painter 
of never-ending powers of invention, and he organized his complex 
compositions in wildly moving, dynamic designs, Limitations of 
form and outlines of shapes are disregarded in favour of a constant 
flow of movement. His full-blooded, voluptuous women may not 
be to the taste of a less vigorous age but are related to the full and 
opulent forms which were Rubens’ own ideal of womanhood and 
life in general. 

By no means all of the canvases attributed to Rubens were 
painted by him, He had established a huge workshop and may 
have employed as many as 200 assistants and apprentices. But the 
original inventive designs underlying his paintings are generally his 
own. Rubens’ laborious life was well ordered; the creator of so 
many delightful pagan feasts went to Mass each morning before 
proceeding to his studio. He is the most illustrious type of 
well-balanced genius, who combined passion and science, ardour 
and reflection. Through his pupil Anthony van Dyck, Rubens ex- 
erted an important influence on English painting for several centu- 
ries. His successors in France were Antoine Watteau and François 
Boucher, Eugéne Delacroix and Pierre Renoir. 

2. Van Dyck.—Rarely seen in one school are a great master 
and a disciple resembling each other so closely as did Rubens and 
Van Dyck; or such a resemblance, leaving as it did all freedom of 
invention to the disciple or, indeed, a fine painter educated by a 
great genius, Anthony van Dyck (1599-1641) inherited Rubens’ 
marvelous facility in both draftsmanship and colour, and his touch 
has sometimes a charm and elegance beyond his master’s. But 
this facility was not, as in Rubens, the instrument of a great mind 
which embraced without effort the whole world of art. Like 
Rubens, Van Dyck tried to amalgamate the influences of Italy 
and Flanders and he succeeded in some paintings which have a 
touching grace, notably in his “Madonnas” and “Holy Families,” 
his “Crucifixions” and ‘“Depositions From the Cross,” and also in 
some of his mythological compositions. But his main glory was 
as a painter of most elegant and aristocratic portraits. In this 
sphere he outdistanced his master and had no rivals save the great 
English portrait painters of the 18th century whose model he was. 
The great “Portrait of Charles I” in the Louvre and the “Prince 
of Orange” in the National Gallery of Art in Washington, D,C., 
are works unique of their kind. 

3. Other Flemish Painters.—Around Rubens and Van Dyck 
a pleiad of excellent painters worked in Antwerp, which, since the 
first years of the 16th century, had taken the place of Bruges as 
the capital of Flemish art. Many assisted Rubens in the execu- 
tion of his great decorative schemes such as the “Life of Marie 
de? Medici"—Frans Snyders and Paul de Vos, excellent animal 
Painters; Jan Fyt, a still-life painter. Cornelis de Vos (1585- 
1651) is a remarkable portraitist, even more realistic than his 
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master, Jan Brueghel (1568-1625), an outstanding painter of 
flowers and animals. Jacob Jordaens (1593-1678) had a powerful 
temperament. At his best he rose, in his genre compositions, al- 
most to the level of Rubens, in his nudes. 

David Teniers (1610-90) developed entirely from Rubens’ 
“Kermesse” (village carnival) pictures, from which he took his 
dancing and drinking peasants and his fine landscapes. Their 
joviality is rather conventional and the somewhat superficial 
observation turns quickly to caricature. But all the material part 
of Teniers’ painting—the surety of his touch, the transparency of 
his medium, his brilliant and subtle colour—calls for considerable 
praise. He shows the greatest faithfulness to nature in his land- 
scapes; his delicate greens and his silvery light sometimes give a 
real distinction to his pictures when he restrains his too facile 
humour. 

Adriaen Brouwer (c. 1606-38) is closer akin to the Dutch. He 
was perhaps the most important 17th-century Flemish genre 
painter. After an early influence of Pieter Brueghel the Elder, he 
felt the impact of Frans Hals and the Dutch painters, and his re- 
sultant work became more luminous, highly animated and fluid in 
its movement. In his many tavern interiors he shows the poverty 
and often the dissolute aspects of life. These small canvases are 
incisive records in which the artist never passed judgment. 


B, Tue NETHERLANDS: 17TH CENTURY 


In the Netherlands at this time there was unfolding a mag- 
nificent and almost unexpected art. At a period when there was 
not yet any definite political division between the northern and ' 
southern parts of the Low Countries, there were few painters who 
could be regarded as specifically Dutch, for from the last third 
of the 15th century to the end of the 16th the Dutch could not 
be clearly distinguished from the Flemings. Geertgen tot Sint 
Jans (c. 1465-93), whose generally accepted works are rare, is 
the most remarkable talent in the 15th century. In the following 
generation Lucas van Leyden (c. 1494-1533) was a real innovator. 
His portraits are almost as incisive as those of the great Albrecht 
Dürer, his elder by 23 years. Indeed, without the Reformation, 
with its political and social as well as its religious consequences, 
the Dutch school would perhaps have continued to represent only 
a local variation of Flemish painting. But the Reformation won 
all the northern provinces of the Low Countries, which soon after 
called themselves the United Provinces; and Spain, after 40 years 
of fierce warfare, was obliged to recognize the independence of its 
former subjects. 

The Reformation wanted churches devoid of images. The re- 
sult was a great decline in religious painting. The current 
of naturalism which, since the Renaissance, had spread over the 
world, but which in Catholic countries conciliated itself with re- 
ligious idealism and even placed itself voluntarily at the service 
of faith and dogma, reigned thenceforth in the Netherlands with- 
out obstacle or compromise. Painters no longer had to submit 
to the commands of a king, a court or a church. They had only 
to please the republican bourgeoisie who now enriched themselves 
and their country as merchants, bankers and ship brokers. Artists 
therefore painted pictures of dimensions and subjects suitable for 
the decoration of elegant but rather small houses. Portraits, land- 
scapes, scenes of everyday life formed the themes of Dutch paint- 
ing, thus foreshadowing the subjects of the 19th century. 

An official and civic art existed only in the form of the collec- 
tive portrait which displayed, around a banquet or council table, 
a group of town magistrates, professors, syndics of a corporation 
or officers of a company of volunteers. The Dutch painters im- 
mediately excelled in this untried genre. Hals was the first to 
interpret it; he was succeeded by Rembrandt, and Bartholomeus 
van der Helst (c. 1613-70) followed worthily in the footsteps of 
these two leaders. Individual portraiture claimed also skilled 
craftsmen, Michiel Janszoon van Mierevelt, Paulus Moreelse, Jan 
van Ravesteyn, Thomas de Keyser and Ferdinand Bol. 

Within the limits of a purely prosaic conception the Dutch were 
inventors, and at once they showed a perfection of a naturalistic 
technique which has hardly been surpassed or even equaled. It is 
possible that the first idea of the “Card Players,” “The Drinkers,” 
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the “Concerts,” the *Merrymakers" which were multiplied to in- 
finity during more than two centuries derived from Caravaggio. 
Indeed the connecting link between the Netherlands and Italy is 
visible in the person of Gerard van Honthorst (1590-1656), who 
lived a long time in Rome, where he was called Gherardo della 
Notte, and who took back to his country two or three themes 
borrowed from his master Caravaggio, and a taste for interior 
lighting effects, achieved either by the skillful use of chiaroscuro 
or by a point of artificial light. But the Dutch painters soon 
abandoned what remained of the decorative and fanciful inten- 
tions of the Mannerist Honthorst. They desired no other muse 
than truth, To give a faithful and recognizable image of all which 
could be seen in their own and their neighbours’ houses, in the 
cultivation of the fields, by the side of and on the sea which was 
everywhere so close to them and which was perhaps the principal 
field of activity of this maritime people—such was the ideal of 
these painters; it was more exactly in harmony with their national 
spirit and temperament than any other example which might be 
cited. From thence came a tranquil certitude which is one of the 
distinguishing characteristics of Dutch art. 

1. Dutch Masters.—Landscape had been brought to a high de- 
gree of poetry and truth from the time when the Limburg brothers 
illustrated the Trés Riches Heures of the duc de Berry—and later 
when the Venetians, in works of infinitely prolonged and mag- 
nificent resonances, made of it an ample melody uniting man to 
nature, At the same time when Poussin, assuming the Venetian 
ideal, added to it his note of noble and high intellectuality, it re- 
mained for the Dutch to create for the first time masterpieces 
which have no apparent ambition beyond the exact rendering of 
things hitherto deemed devoid of interest—but this superbly. In 
this connection may be mentioned the work of the two Ruysdaels, 
Jan van Goyen, the Van de Veldes, Meindert Hobbema, Jan 
Wynants, Paul Potter, Albert Cuyp, Jan van der Heyden and 
others. 

Their innovations were hardly less great in genre pictures as 
they conceived them, though the origins of this style can be traced 
to the greatest of early Flemish painters, Van Eyck, when he 
painted “Arnolfini and His Wife" in the midst of the familiar 
setting of their daily life. The Dutch painters of rich or poor 
interiors, of taverns, artists' studios, fashionable parties in marble- 
paved halls hung with gilded velvet, gallant conversations over a 
table bearing wine and a long-stemmed glass, seem once again 
wholly preoccupied with a care for exactitude. But they compel 
admiration and even sympathy by the refinement of their colour, 
the exactness of the lighting, a touch of incredible sureness, at 
once precise and soft, and also because one may feel in the best of 
them a secret and intimate pleasure in the subjects they have 
chosen, of which their extraordinary virtuosity is only an instru- 
ment. Adriaen van Ostade, Gerard Terborch, Jan Steen and 
Gabriel Metsu, Pieter de Hooch and Jan Vermeer of Delft are 
painters who combine a positive insight into the life of the people 
with a perfection of rendering and often excellent pictorial qual- 
ities. Frequently the scenes are calm and quiet as in the work 
of De Hooch, Terborch and Vermeer, or they may be filled with 
unrestrained movement as in the tavern scenes of Adriaen van 
Ostade (1610-85) and Jan Steen (1626-79). Steen is uneven, 
but when he is well inspired he lavishes on the scenes of debauchery 
which he loved to depict the charms of a lively coloration and a 
sensitive touch. In contrast, Pieter de Hooch (1629-after 1683) 
has a more structural quality. His simple genre scenes relate in- 
teriors to outdoor space by means of glowing sunlight, 

2. Vermeer.—While recognized today as one of the giants in 
the history of art, Jan Vermeer (1632-75) died a pauper and was 


completely forgotten until the late 19th century when the time was. 


ripe for an appreciation of his work. He painted middle-class 
Dutch women reading letters, pouring milk, playing the virginal or 
selecting jewelry in simple rooms, lucid and quiet in their space. 
Here everything is clearly structured by means of geometric planes, 
generally rectangles, and unified by a clear and cool light which 
floods to every corner of his rooms. His subtle colour has also be- 
come a structural element. His translucent surfaces are achieved 
with faultless certainty and assurance, yet without any apparent 
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virtuosity. Here within the period of the Dutch Baroque was 
painter who achieved an almost classic serenity and order. 
3. Hals.— Frans Hals (21580-1666), on the other hand, painted 
genre scenes of great exuberance and free imagination. He is eg 
cially famous for his group compositions, as the "Arquebusiers 
St. George” or “St. Andrew” which amply made his reputati 
These officers in their fine uniforms, escorting the flag of th 
company, wished to bequeath to posterity a flattering likeness 
themselves. Hals, with his vast facility, his unctuous and flexib 
medium, his gift of broadly touching in a human being in his o 
likeness, at least outwardly, found the means of introducing moves 
ment everywhere into his faces, into the hands about to grasp a 
object and also into the sumptuous ampleness of the clothes 
painted. In his civic pictures the flags furnished him with pictur 
esque backgrounds. But he was still more at his ease perhaps with 
the popular models who inspired his imaginary figures: th 
“Bohémienne” (Louvre), the “Guitarist” and the “Malle Babbe 
(Berlin). In these he achieved a great vigour of expression by th 
vitality of the brush stroke and the bold and cursory treatment of 
the canvas. Ё 
4. Rembrandt.—When Rembrandt Harmensz van Rijn (1606: 
69) painted “The Anatomy Lesson of Professor Nicolaes Tulp™ 
in 1632, he showed himself as a worthy successor of Hals as mastet 
of the group portrait. His great interest in the revealing and con 
cealing characteristics of light were already evident. It seem s 
probable that he studied Caravaggio and his style of luminist 
realism. з 
Rembrandt was born at Leyden, the son of а miller. At the time 
he was commissioned to paint the “Anatomy Lesson” he was a 
highly successful portrait painter, sought after by the well-estal 
lished citizenry of Amsterdam. He was married to the patri 
girl Saskia van Uylenburch and was perhaps the most respec 
painter of the city. He did not at once find the method of whi 
he had need to express the still uncomprehended things he had {0 
say; the audacious, broad and personal method admired in th 
masterpieces of his maturity and old age, in spite of its subtle 
was adjudged brutal and certainly helped alienate his public. 
first had adopted a polished style similar to the manner of 
“Little Masters” of his country which ended by degenerating into 
those tours de force of vain minutiae which made the reputation 
of Gerard Dou. If Rembrandt had only left the large full-length) 
formal portraits which brought him success among the rich burgh 
ers of Amsterdam, he would count without any doubt among the 
excellent painters, but he would not be known as the sibylli¢ 
prophet charged with misery as well as blessings, creator of a ne 
tongue for the translation of human sorrow, mercy, goodness and 
all the contradictions and anxieties of the human spirit. 
From the time of his beginnings and of his success, lighting 
played a major part in Rembrandt's conception of painting, and he 
made it the principal instrument of his penetration to the essence 
of humanity. It already revealed to him the poetry of human 
physiognomy when he painted “The Sacrifice of Abraham" (1635), 
or that “Holy Family” so deliciously absorbed in its modest in- 
timacy that it was formerly called the “Carpenter’s Family,” OF 
the “Angel Raphael Leaving Tobias" (both of the year 1637): 
But soon he asked for something more, The so-called “Nigh 
Watch” (1642)—actually a day watch as revealed by the thoro 
cleaning of the canvas in 1946-47—marks at once the apotheo 
of his reputation and the beginning of his fall from favour. Tho 
important personages, the officers of the civic guard, in orderi 
this large canvas from him, gave him to understand that th 
regarded him as capable of rivaling the famous civic groups 
Frans Hals. Rembrandt believed that he had henceforth enoui 
authority to disregard the rules of this type of work. He pain! 
the portraits and made them richer in profound humanity than 
vivacious but superficial effigies of Hals. For the rest, he used i 
agination and fantasy to relieve a theme he considered too pros 
Independent of the apparently enigmatic figures like that of the 
little girl with the cock, he had a genial inspiration which was 718% 
understood. He applied here fully for the first time his instinct 
for transfiguring in his own peculiar way even the most banal 
subject. He illuminates his characters from within as well as from! 
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the outside. As Eugéne Fromentin said, the invention here con- 
sists in “illuminating an actual scene by a light which was not so, 
i.e., in giving to a fact the ideal character of a vision,” 

Henceforth Rembrandt knew what he could do. He did not ever 
attempt to paint light for its own sake as did later the Impres- 
sionists. He used it as an instrument of projection and of expres- 
sion of the invisible and the imponderable. Increasingly, he did 
not paint what he saw but what he imagined, giving form to his 
exploration of the human soul. He created a humanity feeble, tor- 
tured, miserable but upon which a ray sometimes fell from above, 
an ineffable pity, a mysterious consolation. A figure at once 
divine and human appeared to those who had the eyes to see and 
concerned itself with the vicissitudes of the life of the humble, 
the figure of Christ bending over the wounds of soul and body, 
curing and pardoning, who says, Remember that I am gentle and 
humble of heart... .” His religious paintings, however, manifest 
a highly individual moral response and differ significantly from 
traditional renderings. Like his powerful landscapes, his late 
biblical paintings reveal a pantheist attitude of mystical oneness. 
It is no exaggeration to say that, since the middle ages, Rembrandt 
is, with El Greco, and perhaps more than the exclusively mystic 
El Greco, the most religious painter. He was religious and human 
at once. His soul was ennobled by misfortune and his spirit con- 
tinued to grow more powerful, more inventive, more touching. 

According to Fromentin, “All is immersed in a bath of shadow, 
into which the light itself is plunged, save what is left outside to 
make it appear more distant, more radiant, turning the dark waves 
round lighted centres, shading them, crossing them, thickening 
them, rendering nevertheless the darkness transparent, the half- 
darks easy to pierce, giving finally even to the strongest colours a 
sort of permeability which prevents them from being black.” 
Everything is personal invention, but only for his own usage. He 
had, however, carefully studied the Italians—Correggio and the 
Venetians as well as Caravaggio. But what he drew from them did 
not resemble them at all; it resembled nothing but himself. 

Rembrandt had pupils, disciples, imitators. Some of them had 
talent, for example Nicolaes Maes, Govaert Flinck, Ferdinand Bol, 
Gerbrand van den Eeckhout, Aert de Gelder, Jan Lievens. Carel 
Fabritius alone was an exquisite painter, but, though a pupil of 
Rembrandt, he is nearer to Vermeer than to. the painter of the 
“Pilgrims at Emmaus.” But what were they beside him? When 
they rose nearest to him it was only to arrive at the height of his 
least good and least personal work. For, in the pursuit of an ideal 
50 new and so difficult, how could he avoid partial failures? 

Rembrandt suffered lawsuits and bankruptcy and went into debt. 
But as his official reputation and social standing broke down, he 
grew in stature as an artist. The ordinary enough portrait painter 
of the great bourgeois of Amsterdam of about 1640 became the 
admirable and incomparable painter, unceasingly renewed in the 
numerous tragic self-portraits of his old age and in those which 
he made resplendent with the goodness shining in the features of 
his servant and faithful friend, Hendrickje Stoffels. Then for the 
first time there is seen, as has been seen frequently enough in 
modern times, a great artist who renounced the comprehension of 
the public or even of self-styled connoisseurs, and whose one 
thought was to satisfy himself, to put the whole of himself and 
his dreams into his painting. 

He never treated the subjects of real life which then formed the 
repertory of his Dutch contemporaries. But he painted the 
“Slaughtered Ox,” an almost repulsive spectacle before which 
nearly all specialists in still life would have recoiled. Indeed it is 
Not a still life such as was painted by other painters, even the best, 
as Jean Chardin. The uncompromising realism of the “Slaughtered 
Ох” is of the same order, and requires the same effort of imagina- 
tion, as the pathetic realism of the portraits of old age, his reli- 
81015 scenes or his majestic and awe-inspiring landscapes. 

Rembrandt had a universal curiosity. He thought of the great 
Venetians who breathed a noble and voluptuous liveliness, he 
Jorrowed their subjects and made of them an art out of the inner 
life and full of profound emotion. Mythological and religious 
Subjects were treated as he treated his portraits. For, all that he 
took from reality and even from the works of others he trans- 
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muted instantly into his own substance. 

After this magnificent expansion, toward the end of the 17th 
century the first signs of decadence began in the Netherlands. It 
was consummated in the 18th century. Nothing remained but a 
poor ideal of detailed execution which ended in dryness or insipid- 
ity. 

С. SPAIN 


1. Ribera, Herrera and Zurbarán.—Spanish mysticism was 
seen in the work of several great painters who represented various 
regional tendencies, at Valencia in Jusepe de Ribera (1588-1652), 
at Seville in Francisco de Herrera the Elder (c. 1576-1656/57) 
and in Francisco de Zurbarán (1598-1664). All three had been 
subjected to Italian influences, Ribera in his early days was a 
real Neapolitan, and at Naples was nicknamed Lo Spagnoletto. 
Zurbarán had been in Rome. But the national temperament was 
so strong in them all that there was no risk of their repeating the 
experiment of the 16th century and the Mannerists. They had no 
wish to extract an academic formula from their Italian models. 
Besides they went by instinct to the masters of naturalism and 
particularly to Caravaggio. Each in his own way applied to his 
subjects, whether sacred, profane or even popular, a disdain for 
convention which gives a new accent to traditional themes and a 
touch of the crude, the direct and the brutal to their vision of 
reality, but always with a feeling for the picturesque and the 
dramatic latent in all the scenes of life, The celebrated “Monk 
at Prayer” in the National gallery of London (officially called “A 
Franciscan") shows clearly how Zurbarán, the most idealistic and 
at the same time the most balanced of the three artists, arrived 
at an extraordinary intensity of spiritual expression by realistic 
means, as much in the individual character of the half-hidden face 
as in the striking rendering of the heavy robe and in the violent 
opposition of light and shade. This contrast of light and shade 
was carried by Ribera to its maximum of intensity, and he drew 
from it by turns effects of realism, tragic horror and even suavity. 
From Ribera’s “Clubfoot” and others like it derive the popular 
types of Velázquez, the beggars of Bartolomé Murillo, the grim- 
acing or burlesque figures of Goya, and even certain early works 
by Edouard Manet. 

2. Velazquez.—Diego Rodriguez de Silva Velázquez (1599— 
1660) owed much to these excellent painters. He studied briefly 
with Herrera before working with Francisco Pacheco; but his 
youthful works show most strongly the influence of Zurbarán and 
Caravaggio. The life and career of Velazquez recall Rubens, 
Both represent a magnificent expansion after a period of fruitful 
preparation. Both led brilliant lives and enjoyed the favour of 
princes. The duties of the court occupied an even greater place in 
the life of Velazquez than in that of Rubens. 

Velazquez admired El Greco and even possessed some of his 
canvases. He made Rubens’ acquaintance during the latter’s visit 
to Madrid. Above all, he had carefully studied the great Venetian 
and Flemish painters whose masterpieces adorned the royal palace. 
All this explains the development of the finest artist produced by 
Spain, one of the best interpreters of the visual experience seen 
anywhere. But it would have been insufficient without the gift of 
genius. This intelligent but passionless artist, this accomplished 
example of civilized man, had an almost limitless power over his 
own faculties. He wished at first to learn his work by principles; he 
exercised his eye and hand in the manner of Zurbaran in bodegones, 
still lifes and pictures depicting popular types. He succeeded 
from the first with a prodigious facility. He was not more than 
19 years of age when he produced that “El Aguador” in which 
the distribution of light and shade, the truth of types and poses 
and their naturalness reveal his keen eye and his mastery of the 
brush. From that moment it was clear that he was destined to 
be an admirable portrait painter, elegant even in his popular types 
and his realism. 

He might have been content with similar results and pursued the 
development of his personality with the aid of this quickly acquired 
and scholarly technique. But, soon after his arrival in Madrid 
and from the time that he was appointed painter to the king (1624), 
his style changed. He created for himself, by an act of his intel- 
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ligence and his will, that facile, rapid and almost faultless tech- 
nique, in which he combines power, breadth and mellowness, and 
seems with one brush stroke to render form, expression and light, 
a truly incomparable manner. It is unique in satisfying at once 
both the uninitiated spectator and the connoisseur: Velazquez’ 
heads particularly, since he was primarily a portraitist, may be 
immediately appreciated by the most unlearned spectator, who can 
admire without effort their truth, their life and what seems to him 
their simple and striking effect. However, the initiate delights 
in the marvelous science, the subtleties and refinements which 
permit a gifted artist to realize a creation so similar, indeed so 
equivalent, to a work of nature. Rubens and the Venetians taught 
Velázquez much; he would not have denied it; but of the genera- 
tions of painters who also have studied them, none has drawn a 
style of painting comparable to that of Velazquez. It may be said 
that the man who found all things easy, save the expression of 
passion, doubt and anguish, deliberated clearly on the different 
obligations of his life. With court duties and ceremonies en- 
croaching more and more on his time he had need to evolve a sort 
of script appropriate to the circumstances. Thus necessity gave 
the enchantment which one feels in the works of this painter who 
is, as Manet said, "the painter's painter"—not painting for the 
sake of mystic expression as with El Greco, but painting for the 
sake of painting. 

Some may say: “But this tremendous imitator of life has no 
imagination." These captious critics are perhaps right if they mean 
by imagination the faculty of translating plastically legendary 
themes, fables and mythology, of composing allegories and cover- 
ing a ceiling with winged or floating creatures making gestures un- 
related to terrestrial usage. But is it not imagination, and that 
of an order most appropriate to a painter, to compose an original 
range of colours, full of distinction and subtlety as well as force, 
and to play on it with the faultless touch of an accomplished mu- 
sician? These harmonies, at once sober, refined and peculiar to 
him, contribute to the highly individual’ impression one may ex- 
perience before Velazquez’ masterpieces, whether they be portraits 
or compositions in which the portraiture is the essential element. 

However, if the picture takes hold of the viewer, it is not only 
because it makes him see what his eyes ought to have seen and 
have missed, but because it opens an unknown world created by art, 
before which he stands thunderstruck. Velazquez was continually 
painting portraits of the king, the infantes and infantas, and the 
same princes and nobles. In spite of his loyalty as a courtier, which 
amounted to devotion, he used no artifice to embellish his models, 
he hid none of their awkwardnesses or oddities. He painted the 
dwarfs and buffoons of the Spanish court with the same objective 
realism. Both his princes and his dwarfs hold one's attention as 
the artist's vigorous use of pigment is admired. 

It may be that Velázquez was not entirely successful in his vari- 
ous essays in religious painting. There again may be noted a trait 
peculiar to him at a time when the old Ribera and the young 
Murillo, the one with dramatic intensity, the other with suavity, 
enjoyed so much success in devotional Spain with their interpreta- 
tions of Christian themes, Still it may be said that if Velazquez’ 
“Coronation of the Virgin” lends itself to some extent to the 
reproach of coldness, its composition is of perfect and original 
elegance, and his type of Madonna resembles no other. If he had 
executed no more than his large “Christ on the Cross" (in the 
Museo del Prado), that would have been enough. It is a beautiful 
image of the Divine crucified, simply conceived from the indica- 
tions of the liturgy, painted for all the faithful, great and small, 
and with all the resources of a skilled technique. 

Finally three great compositions set the seal to Velazquez’ glory; 
his originality as well as the sovereign elegance of his genius in in- 
vention is completely affirmed in them. These compositions are 
the “Lances” or the “Surrender of Breda," the “Maids of Honour" 
and "Tapestry Weavers.” The "Lances" was an official picture 
ordered by the king in honour of a military event regarded as 
glorious for the monarchy. This noble and easy composition over- 
spread with a fine light, this chivalrous air, these fine portraits, this 
blue and silver sky striped by the line of lances, all is the invention 
of a supremely intelligent artist. 
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The “Maids of Honour” and the “Tapestry Weavers,” howev 
are his most significant contributions. Nothing appears calculat 
or arranged in these two canvases. One represents a corner ap 
ently chosen at random in the tapestry-weaving factory of Sant 
Barbara, the other a room in the royal palace in which Velázq 
himself is painting. They had no precedent and have been folt 
lowed by no equivalent, though they contain inexhaustible lesso 
for modern painting. The word realism with its signification of 
preconceived ideas and deliberate demonstration fails to express 
them. It is true that the “Tapestry Weavers” is one of the firs 
paintings with a proletarian subject, but the painter here had nof 
fixed intention; he was neither for nor against what he saw, the 
action he depicted; the human beings, royal personages, childrem 
dwarfs or workers who participated in the action. It seems that 
he experienced no feeling at all. Is there even а subject—properly 
speaking—in these two pictures? In the foreground of the о 
the weavers are occupied by their work and take the various pose 
necessitated by it, But in the background, under a quite differen 
light, on a different level, some ladies, whose presence seems 
fortuitous, have just entered the factory and are looking at the 
tapestries being shown; and they resemble, one does not quite kno 
why, a fairy apparition. There is no discord, however, and above 
all no striving for effect. In the other picture the whole fore: 
ground is occupied by three elegant and charming figures, the 
little infanta stiff in her rich robes and two maids of honour, from 
which the picture takes its name. In the shadows are two 
dwarfs and а large dog. Velázquez is in the middle distanc 
and in shadow, and before him is an immense stretcher om 
which he is painting. In the background, shown in a dim li 
still further obscured by the curtains of the windows, there à 
side by side two rectangles of light, one brighter than the oth 
the brighter is a door opening on a staircase on which a cour 
turns toward the viewer, and the other is a mirror reflecting 
image of the king and queen, either posing for the painter Of 
entering the room, Thus there is a problem of subject and intend 
tion, or rather the apparent absence of the painter's intention 
itself a problem. But his art has the effect of a magical invocatio 
of truth and life. . 

Good craftsmen worked in Madrid for some time under 
influence exerted by Velázquez: his son-in-law Juan Ваши! 
Martinez del Mazo (?1612—67), to whom is now attributed 
charming little picture the “Meeting of Thirteen Gentlemen? 
(Louvre), and Juan Carreño de Miranda (1614-85), а good 
portraitist. 

3. Murillo.—To the eyes of his contemporaries Bartolon 
Esteban Murillo (1617-82) perhaps appeared more admirable thai 
Velázquez himself. Murillo's sentimental and popular art was €! 4 
tainly better calculated to touch the heart than were the lucid 
intelligence, the aristocracy, the apparent insensibility and thé i 
fallible mastery of Velázquez. But above all Murillo was legil 
mately admired with enthusiasm and gratitude by the devout 0 
Spain, to whom, after the reign of the great court painter, he of- 
fered an art capable of expressing in easily comprehensible language 
the tendernesses, the ecstasies and the adoration of a naive al 
profound faith, He began, however, much as did Velazquez, ina 
realist manner more or less directly derived from Zurbarán. Even 
a little later he did not give up the picaresque and picturesque UO 
jects offered to him by the life of Seville. The “Young Begga Б 
in the Louvre and other pictures of the same genre show clea y 
the foundation of solid observation of nature on which he b 
his ideals, His first pious compositions, for example the “Miracle 
of San Diego” (Louvre), show that he had found how to associi 
in an apparently spontaneous harmony a realistic execution W 
mystic feeling, the faithful depicting of the most humble th 
with the shimmering vision of miracles and the supernatural. 

After Murillo little important painting occurred in Spain. 
the 18th century there were hardly any painters in Spain sa 
Frenchmen of secondary talent summoned by the Bourbon kingsi 
the German neoclassicist Anton Raphael Mengs, a good portraitii 
and the dazzling decorator Tiepolo, the last of the great Vene 
who went from Italy to decorate the royal palace and died 
Madrid. These splendid rococo decorations, dazzling in their at 
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matic space and colour, certainly had a great influence on the young 
Goya. 

4. Goya.—Francisco José de Goya y Lucientes (1746-1828) 
was in his way Velazquez’ heir, and it was in him that the fine tra- 
dition of Spanish painting was renewed after nearly a century 
and a half. He was equally original as a draftsman, an etcher, a 
lithographer and a painter. Unlike Velázquez, he did not arrive 
easily and from the beginning at mastery. If he had died before 
he was 40 years of age he would not perhaps have left a single one 
of the works on which today his reputation rests. He is one of 
those who, having invented a new form of art, created a new world, 
cannot have other masters than themselves and their own experi- 
ences of life. 

This extraordinarily versatile man is the painter of the finest 
nude in Spanish painting (the “Nude Maja"). To complete the 
universality of his genius, this roué and libertine had his hours of 
Christian inspiration. The “Last Communion of St. Joseph 
Calasanz" is perhaps the finest 18th-century religious painting. 
It recalls Rembrandt. The mystery does not come, however, as 
in Rembrandt, from a source of light springing from shadow, but 
from the infinite gradations of a twilight gray. The frescoes of 
San Antonio de la Florida which Goya painted in 1798 are less reli- 
gious in the accepted sense but a masterpiece of pictorial decora- 
tion, Those grays and blacks which play the part of a sotto voce 
bass in light and aerial harmonies are unequaled. 

Goya is the outstanding genius of Spanish painting. And, even 
more than the great Velázquez, he reminds one of the most illustri- 
ous name in the literature of his country, Miguel de Cervantes 
Saavedra, because of the combination in both of lyricism and comic 
verve, of pathos and satire. Like El Greco and Velázquez he is 
an admirable portraitist. One may go so far as to say that the 
portrait is the basis of his art and that, even in his works of pure 
imagination, the peculiar vision of the portraitist is everywhere 
manifest. This is also true of the typical masterpieces by El Greco 
and Velázquez, the “Burial of Count Orgaz" and the “Maids of 
Honour." The "Family of Charles IV" belongs to the same order 
of plastic creation. The lively handling, the iridescent and mysteri- 
ous coloration are already enough to distinguish this unique ex- 
ample among court portraits and formal pictures. But all the 
admirable inventions of the colourist and the virtuoso would lose 
half their beauties if one did not see in them brilliant and subtle 
variations on a heroic-comic theme of psychology. 

In all directions Goya renewed and innovated. "Whether he 
worked for the churches or painted patriotic pictures he always did 
something unexpected. His cartoons for tapestries show that he 
had studied Francois Boucher and Jean Honoré Fragonard as well 
as Tiepolo. But there was nothing conventional about him. In 
scenes of gallantry or merriment, some even dramatic, all—cos- 
tumes, types, attitudes—have the accent of popular truth. His in- 
exhaustible verve and the profoundly original turn of his sensibility 
found an even more favourable field in his little genre pictures. 
But how insufficient is the term genre pictures for these little mas- 
terpieces of invention, observation, emotion and irony. There are 
carnival scenes such as “El entierro de la Sardina,” street proces- 
sions like the “Flagellants,” interiors of prisons and madhouses, 
léte days in the country; like the celebrated “Pradera de San 
Isidro,” and many other strange subjects, melodramatic, romantic, 
anecdotal and satiric, every time they are a surprise and revela- 
tion, for inevitably one thinks what such subjects would have be- 
come in the hands of another painter, and appreciates the more 
fully what marvels of poetic fantasy and mysterious, almost enig- 
matic emotion the magician Goya made of them. Соуа'ѕ own 
sickness, the death of his close friend the duchess of Alba and then 
the death of his wife, all may have contributed to his turning in- 
ward. After his colourful rococo pictures he paints pungent com- 
mentaries on the life of his country, overrun by Napoleon’s troops 
and torn by civil war. And unlike Velázquez he takes sides in the 
struggle. The “Execution on the Third of May, 1808” shows the 
heroes of the revolution in irregular arrangement, in terrified and 
deeply human disorder as they are mercilessly shot by the faceless 
and regular firing squad. The final gesture of the dying hero is that 
of the crucified Christ, and there Goya expresses his deepest re- 
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ligious feelings which were those of freedom and humanity. 

Goya is the father of 19th-century art and of all modern art. 
In his own country he left only one expert, a servile imitator, who 
had, however, animation, Eugenio Lucas (1824-70). His best 
and truest heirs are to be found in France. In the course of the 
19th century, however, outside the brilliant but harsh and petty art 
of Mariano Fortuny y Carbo, one feels that Spain still keeps its 
capabilities of favouring again the development of a great painter 
(see Picasso, below). 


D. FRANCE: 17TH AND 18TH CENTURIES 


The first half of the 17th century was, in France as in almost 
all the countries where art has flourished, a period of rich develop- 
ment which saw the birth of geniuses of the most diverse types and 
the most marked originality. 

Simon Vouet (1590-1649) was exceedingly precocious. At 14 
years of age he already enjoyed such a reputation as a portrait 
painter that he was invited to pay a visit to England in order to 
paint the portrait of a lady of quality. He was successful also at 
Constantinople, at Venice, at Rome, where he received the title of 
“Princeps” of the Academy of St. Luke, and finally at Genoa, where 
he decorated the Doria palace. Recalled to Paris by Louis XIII in 
1627, he was loaded with honours and for 15 years held sovereign 
sway over the arts. It is obvious that he was too much carried 
away by his facility and eclectic style which set the style for French 
academic painting for centuries. He had more influence than 
Poussin himself on Eustache le Sueur, Charles le Brun and Pierre 
Mignard and through them on the great work of Louis XIV's reign, 
the decoration of Versailles. 

1. Poussin.—Although Nicolas Poussin (1594—1665) was only 
four years younger than Vouet, his influence made itself felt in 
France only later. He was not precocious like Vouet but may be 
numbered among those great men who have need of reflection and 
meditation, whose inspiration comes only with maturity of mind 
and body. Although earlier work by Poussin has been discovered, 
his career begins, historically speaking, in 1624 with his arrival in 
Rome at the age of 30. He had gone to Italy in quest of Raphael, 
whose genius he had discerned from the engravings of Marcantonio 
while still in Paris. Raphael did not disappoint him. But Titian 
was a profound surprise to him, and from that time onward his 
constant preoccupation was to reconcile the spirit of these two great 
men. At times in pursuance of his cherished theory he seemed to 
prefer a method hovering between these two and was able to fuse 
the linear element derived from Raphael, with the warm and col- 
oured atmosphere which he admired in Titian to produce a new 
synthesis which is peculiarly his. This clear-sighted and impas- 
sioned study which Poussin devoted to Raphael and Titian appears 
perfectly natural today, but this was not so in 1624, when the for- 
eign artists at Rome had no eyes except for the academic art 
derived from the Bolognese or from the brutal naturalism of Cara- 
vaggio's followers. Poussin felt an equal detestation for both, and 
with his robust philosophical frankness condemned both unspar- 
ingly. 

Whether he studied Raphael, Titian or the Romans, Poussin de- 
rived from them only salutary inspiration, The first aspect of 
Poussin's genius is that he put into his masterpieces more thought 
than it was ever given to any other painter to express, and that 
he found for that thought, poetic and philosophical by turns, an 
original and plastic interpretation. He was basically an intellectual 
painter who strove toward well-ordered design and whose paintings 
are lucid and clear in their tectonic structure. Like the classical 
French theatre of the same period he achieves ordered repose even 
in scenes of great passion, such as "The Rape of the Sabine 
Women." It is above all when he invents compositions where 
nature and humanity appear in closest unison that he moves, and, 
despite his gravity, charms one. It is there that the memory of 
Titian and Giorgione inspires him to find new treasures. 

Poussin was certainly one of the greatest landscape painters, 
creating landscapes such as the marvelous Homeric and Virgilian 
poem which forms the background of his “Polyphemus,” the 
Elysian glades welcoming his “Bacchanal” and shading the repose 
of his sleeping nymphs or biblical themes as “St. John on the Isle of 
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Patmos.” These landscapes are invented to give an ideal vision of 
an ordered Arcadian world, a world which has a lofty spirituality 
and an indefinable touch of the heroic. 

In 1640 Poussin returned to Paris on the invitation of Cardinal 
Richelieu. The intrigues of the court, however, caused his re- 
moval two years later to Rome, where he continued his study of 
classical antiquities and his painting of religious and mythological 
subjects in the grand manner, by which he established his hegemony 
in French painting. 

Poussin had an incomparable prestige, but for the most part his 
influence was remote and except for his immediate disciples, 
Gaspard Dughet (“е Guaspre Poussin") and Jacques Stella, was 
felt only as an aspiration, more or less precise, toward an intel- 
lectual and classical ideal. Some, because they died too young or 
for other reasons, escaped this influence entirely, for example, 
Jean de Boulogne, called Le Valentin (1591-1634). 

2. Claude Lorrain.—Claude Gellée, called Claude Lorrain 
(1600-82), was neither a great man nor a lofty spirit like Poussin, 
His genius, however, cannot be denied, and like Poussin he was a 
profoundly original inventor within the limitations of a classical 
ideal. While he too almost spent his life in Rome, the art he cre- 
ated was not specifically Italian, but French. For more than two 
centuries afterward everyone in France who felt called upon to 
depict the beauties of nature was to think of Claude and study his 
works, whether it was Claude Joseph Vernet in the 18th century or 
Jean Baptiste Corot in the 19th. Outside France it was the same. 

There is an element of mystery in the vocation of this humble 
and almost illiterate peasant whose knowledge of French and 
Italian was equally poor and who used to inscribe at the bottom of 
his drawings notes in a strange broken French-Italian. What at- 
tracted him to Rome and what held him there? Might he not have 
produced his masterpieces at Nancy, Paris or elsewhere? For this 
admirable landscapist drew from within himself the greatest num- 
ber of his pictures. He made sometimes from nature drawings so 
beautiful that several have been attributed to Poussin, but in his 
paintings a romantic imagination predominates; it may even be said 
that it predominated more and more in proportion as Claude re- 
alized his genius. Without needing to reason, without any loss of 
his instinctive poetry, he understood by listening to Poussin and 
watching him paint that a sort of intellectual background would be 
an addition to his own visions and reveries. 

3. Portraitists.—The French school has always numbered good 
portrait painters. In the 16th’century when the fate of painting in 
France seemed so gravely compromised, only this feeling for por- 
traiture remained active. Later, at the end of the 17th century, 
when an academic convention was threatening to stifle originality 
among painters, Nicolas de Largillière and Hyacinthe Rigaud 
painted portraits full of force and veracity. Even in the ceremonial 
portrait, where the subject is mythologically disguised, one feels 
that the painter will not renounce his rights as an interpreter of 
human physiognomy. Two men a generation apart, Philippe de 
Champaigne (1602—74) and Robert Nanteuil (1623-78), were 
neither of them brilliant painters, virtuosi of the brush as Largil- 
liére and Rigaud, yet they rose above them in the quality of their 
portraits, 

Together with Nanteuil must be cited another engraver, a free- 
lance draftsman of genius, Jacques Callot (1592-1635). One can- 
not'be certain of any painting in oils. This is surprising in view of 
the strictly pictorial qualities with which he was the first to endow 
etching, and the fact that it was painters most supremely and es- 
sentially worthy of the name, Watteau and Goya, who seem, long 
afterward, to have been most mindful of his lyric masquerades and 
his “Мізегіеѕ of War." 

4. De La Tour.—Georges de La Tour (1593-1652), like Callot, 
was active in Lorraine. Although he had been painter to the dukes 
of Lorraine, his name had been lost and was not rediscovered until 
the end of the 19th century. Only in the 20th century, in fact, 
was there real interest in his remarkable painting because of the 
parallels between his work and modern art. 

De La Tour worked with bold, sharply defined contrasts of light 
and shade, a technique probably derived from Caravaggio by way 
of the Dutch painters Honthorst and Hendrick Terbrugghen. But 
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instead of the dynamic movement achieved by light and dark 
terns in Caravaggio, De La Tour's world is still. Like Poussin: 
was more concerned with pictorial structure than with the subject 
matter of his religious paintings. His figures are static, their faces 
expressionless. An important painter in the French classic tradi. 
tion, De La Tour built his pictures with large, abrupt planes, 
stylized in a proto-Cubist manner. à 

5. The Brothers Le Nain.—For long it appeared impossible to 
allocate individually among the three brothers Le Nain the worl " 
which survived under their common signature. V.P. Jamot amon ; 
others contributed to the elucidation of this problem. Antoine le 
Nain (1588-1648), who studied at Laon under a foreign painter 
(probably from Flanders), painted, in a manner and with a coloi 
ing more or less derived from Flemish models, little panels in whi 1 
persons are assembled in interiors, modest, but rather of the to 
than of the country: His style was still slightly archaic, but 
him already may be discerned that love of humble truth from whi 
springs the inspiration of the most original works bearing the 
signature, those of Louis (1593-1648), the man of genius, the 
breaker of new ground. He produced (1640-48) those gatherin 
of peasants which are painted with such freedom, filled with such 
dignity, sobriety and humanity and which, in a word, are so differs 
ent from treatments of similar subjects by contemporary Spal ish 
and Italian followers of Caravaggio on the one hand and by 
Flemish and Dutch on the other. Mathieu (1607-77), the young 


less depth but painted family gatherings in which he shows himself 
almost as good a judge of human physiognomy and expression as 
his brother Louis. 

6. Royal Patronage.—After this generation of creative artis! 
the condition of French art was completely changed by the actioni 
of the absolute monarchy in setting out to patronize and develop. 
but also to organize, discipline and centralize this force, among 
others, for the furtherance of its great designs. King and nation 
became one. The French saw no better way of advancing their own 
reputation than by making themselves the architects of the royal 
glory. Charles le Brun (1619-90), though he had none of the 
qualities by which true lovers of painting set most store, possessed 
the energy, ambition and clear-sightedness of a leader. He gave 


assuming work. Nevertheless his role was important because he 
codified the academic tradition. At Versailles he commanded 
army of architects, painters, sculptors, goldsmiths and cabinet 
makérs. He had the true genius for decoration; the Galerie d 
Glaces at Versailles and the Galerie d'Apollon in the Louvre beat 
witness to it, and, secure in the king's esteem, he reigned for 20 
years over the kingdom of the arts. Pierre Mignard (1610-95) ОП 
his return from Italy, where for 22 years he had enjoyed brilliant 
successes, alone sought to dispute his supremacy. It was а purel 
personal rivalry, for both were steeped in Italianism and, while 
claiming descent from Poussin, were followers of the Bolognese: 
Le Brun had no sooner disappeared than signs were manifested 
of a reaction against academic and Italianate art. This is what 1$ 
called the "struggle between the Rubenists and the Poussinists, 
Poussin's name having been wrongfully invoked by the followers OF 
Le Brun. A part of the French school then discovered that thé 
Italian ideal was not the only one possible, that colour is as im 
portant as design, and that grace, intimacy and freedom have theif 
place in art as well as sublimity and grandeur. 
Jean Jouvenet (1644-1717), Antoine Coypel (1661-1722) and 
Charles de Lafosse (1636-1716) were all pupils and collaborator 
of Le Brun, but as regards colour and feeling were already precu! 
sors of the 18th century. This reaction was equally marked among 
the portrait painters, from Jean Francois de Troy (1679-1752) t0 
Jean Marc Nattier (1685-1766). The animal painters Alexandre 
Francois Desportes (1661-1743) and Jean Baptiste Oudry (16865 
1755) render Frans Snyders’ hunting scenes in French idiom; theif 
greatest merit is perhaps an already very modern sense of landi 
scape. Р 
7. Watteau.—Antoine Watteau (1684-1721) incarnates all the 
grace, all the intelligence, all the poetry of the 18th century, when 
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French taste was triumphant throughout the whole of Europe. He, 
like Poussin, stood alone; he typified a new attitude in French art, 
the charming and graceful style of the rococo, its delight in dream- 
like and decorative elements. These characteristics also can be 
observed in the transformations of architecture. The immense gal- 
leries and stately apartments beloved by the Grand Roi were then 
succeeded by salons and boudoirs designed with a view rather to 
elegance and convenience than to display. 

Watteau was born in Valenciennes in the Flemish provinces 
of France; he certainly had a Flemish atavism which fitted him 
peculiarly to understand the lesson of Rubens, and he found the 
first idea of his fétes galantes in Rubens’ charming variants of the 
“Garden of Love.” When he was employed in Claude Audran's 
studio at the Luxembourg he studied Rubens’ “Life of Marie 
de' Medici"; later at Pierre Crozat's he copied his drawings and 
placed them side by side with those of the most illustrious Vene- 
tians, of which that amateur of unerring taste possessed an incom- 
parable collection. "Jupiter and Antiope" (Louvre) shows how 
Watteau succeeded in blending and adapting the influences of 
Antwerp and Venice. But all that may hereafter be said about 
Watteau's youth, all that may be added about his teacher Claude 
Gillot, who himself drew and painted masquerades, will be com- 
pletely inadequate to account for his work. His landscapes—tall 
trees in parks and glades with marble fountains and statues—and 
the drooping glance of lovers' eyes, that high-born grace of his 
young men and women clad in satins and laces, that fairyland, play 
acting, with its actors and actresses, fantastic disguises and clandes- 
tine serenades, fair unknown ladies wooed by tremulous swains 
uncertain of their bliss, walks without aim and departures for un- 
explored isles, all this is lovelier than everyday life and just as true 
and sufficed to establish his fame. But only two or three years 
before his death this young genius who had no time to lose showed 
himself more and more audacious. “The Embarkation for 
Cythera” is an end, not a beginning; it is the masterpiece of roman- 
tic fairyland. Watteau was not content to remain the painter of 
the fêtes galantes ; he felt that he could create poetry with subjects 
drawn from everyday life. He painted “Gilles”: still a character 
from the stage, but the spirit has changed. Then came the “Sign 
for Gersaint's Shop.” Persons in the dress of the period are in- 
specting pictures in a shop, a scene which might have made a genre 
picture. Watteau aimed much higher, and at the first attempt 
achieved, in a masterpiece that was without precedent and that 
bore no fruit until long afterward, the new manner of which the 
19th century dreamed and to which it came back incessantly with 
Gustave Courbet, Edgar Degas, Manet. French taste succeeded 
in reconciling style with the realism inherited from the old 
Flemings. 

8. Boucher.—Frangois Boucher (1703-70) cannot be placed on 
the same plane as Watteau, If Watteau is essentially a man whose 
works have a mysterious meaning and who himself, urged by the 
power within him, has visions ‘stretching beyond that mystery, 
Boucher is, on the contrary, typical of the artist whose ambitions 
are clearly defined and exactly proportioned to his capacity: he 
desired to please his contemporaries, to decorate walls and ceil- 
ings for them, and, in his better moments, realized perfectly what 
he had set out to do, Thus it is he who best sums up the taste 
of his century. He had decorative talent and the gift of composi- 
tion, facile, elegant and always perfectly balanced. As a decorator 
he had gifts in no way inferior to those of his fascinating con- 
temporary. Tiepolo; he could also paint excellent portraits such 
as the “Mme. de Pompadour" (Louvre), or render with brilliance 
and deftness intimate scenes such as the "Déjeuner" (Louvre) or 
the “Modiste” (Stockholm). 

Even among the court a strain of realism, visible in Oudry’s, 
Michel Lépicié’s and Etienne Jeaurat’s works, made its appearance 
in saa side by side with gallant mythology and decorative pas- 
torals, 

9. Chardin and Greuze—Jean Baptiste Siméon Chardin 
(1699-1779) in 1728 gained admittance to the French academy 
with two large canvases which were merely still lifes: “The Ray” 
and "The Buffet." Their technical merit is immediately apparent: 
in these pieces, handled with extraordinary tact and felicity, are 
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found all the riches and subtlety of oil painting. But there also 
appears, even thus early, the sense of intimacy and the poetry of 
humble things which give to Chardin a place apart from even the 
best still-life and genre painters. His still lifes do not bulge with 
appetizing foods but are concerned with the objects themselves and 
with the treatment of light. He carefully constructs his still life. 
He was far nearer to the feeling of meditative quiet which animates 
the rustic scenes of Louis le Nain a century earlier than to the 
spirit of light and superficial brilliance surrounding him, even in 
the so-called realism of his time. In his genre scenes he does not, as 
his predecessors, seek his models among the peasantry; he paints 
the petty bourgeoisie of Paris. But manners have been softened, 
and his models seem to be far removed from Le Nain's austere 
peasants. The housewives of Chardin are simply but neatly dressed 
and the same cleanliness is visible in the houses where they dwell. 
Everywhere a sort of refinement and good-fellowship constitute 
the charm of these little pictures of domestic life, unique in their 
way and superior, both in feeling and subject, to the masterpieces 
of the lesser Dutch masters. Equidistant in point of time from 
Louis le Nain and Corot, Chardin also attained through truth a 
wholesome and honest poetry, truth as seen through selective eyes, 
without rhetoric or pretensions. 

Already, however, there was creeping into the work of more than 
one of his contemporaries the ideology which at that time invaded 
literature and was one of the worst enemies of good painting. The 
same causes then proceeded to bring forth the same effects both in 
England and in France. Jean Baptiste Greuze (1725-1803) cor- 
responds to William Hogarth. Not that he felt the immediate 
influence of the painter of "Marriage à la mode"; it is perhaps 
Chardin, imperfectly understood, who awakened him to his voca- 
tion, and whom he desired to surpass by a choice of subjects to him 
more interesting and a setting to him more moving. “The Father's 
Curse,” “The Son's Punishment," these overly ingenious composi- 
tions, where every detail is characteristic of an actor playing a part, 
seem borrowed from some contemporary melodrama. Nor does 
any technical novelty afford relief from the mawkishness and 
falsity of sentiment, The mordant quality of his satire saved 
Hogarth; nothing of the kind could be expected from the mediocre 
temperament of Greuze, who showed, in the opinion of some critics, 
the first example in painting of a brilliant success which was not 
ratified by posterity. 

10. Pastelists.—Portrait painters, during the 18th century, 
formed a remarkable galaxy headed by Louis Tocqué; his lieuten- 
ants were not to be disdained, particularly Jacques Aved and 
Joseph Duplessis. But pastel then assumed an unexpected impor- 
tance under the stimulus of an observer of genius, Maurice Quentin 
de la Tour (1704-88), and a charming colourist, Jean Baptiste 
Perroneau (1715-83). La Tour was rather a draftsman than a 
painter, and for a man thus inclined—as already seen in the case of 
Robert Nanteuil and as was to be seen again in that of Degas, pastel 
was the chosen medium which freed the artist from the limitations 
of oil painting. But for La Tour, drawing, pencil, pastel, all these 
were means, in themselves indifferent, to seize upon the personality 
of his model. Human faces, human expressions, he cared for noth- 
ing else, but loved them passionately with a sort of disinterested 
frenzy. No one equaled La Tour in rendering the vivacity, mobil- 
ity and sparkle of wit in a French face of the 18th century. 

Perroneau was neither impeccable in the structure of his faces 
nor impassioned in his analysis of expression; but at its best his 
work possesses great charm. He was a born colourist, and had not 
the same reasons as his illustrious predecessor and rival for pre- 
ferring pastel. He painted a number of excellent portraits in oils. 
But La Tour had made pastel fashionable, and Perroneau and 
many others followed suit. Pastel, which charmed all by its light- 
ness and unalterable freshness, seemed an invention peculiarly 
suited to the spirit of the times, the light woodwork of interiors 
and pale dresses. But Perroneau alone had the gift of making it 
subserve his charming discoveries in colour. 

In this women’s century, it was natural that women painters, 
would win a place which had not yet been accorded to them. Thei 
talents were principally devoted to portraiture. In Watteau’ 
time the Venetian Rosalba Carriera (1675-1757) won a great suc- 
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cess in Paris and helped to create a fashion for pastel. She sub- 
sequently carried her chalks and amiable mannerisms into every 
European capital. In Fragonard’s time it was a Frenchwoman, 
Marie Anne Vigée-Lebrun (1755-1842), who immortalized in her 
pictures of queens and great ladies, and especially in those canvases 
where she depicted herself with her own daughter, the graces of 
the dying century. 

11. Fragonard.—In the gay society of 18th-century Paris there 
suddenly arose one who was, at least in some respects, a great 
painter, Jean Honoré Fragonard (1732-1806) closed with delicate 
hedonism the curve of the 18th century opened by Watteau. Wat- 
teau's work is aerial and profound; Fragonard's is merely light. He 
amused others while amusing himself; he was never moved. But 
he understood the art of pleasing, and he imparted charm to every- 
thing he touched. He had so much grace as to be forgiven the 
daring gallantry of certain subjects which would be intolerable 
from another artist. Sometimes he dashed off a canvas in an hour, 
with the flair of improvisation, sometimes he pursued to the point 
of the most delicate affectation a little picture full of charm and 
mystery. Then at Grasse he decorated a house with five great 
panels in which he showed himself the worthy rival of Tiepolo 
and Goya, the Goya of the cartoons for tapestries. 

In landscape Fragonard almost had a rival in the person of his 
fellow sojourner in Rome, Hubert Robert (1733-1808). Robert 
conceived landscape principally as a decorative theme more or less 
derived from the views of antique ruins of the Italian Baroque 
painter Giovanni Panini, but he imbued it with a romantic charm 
unknown to the latter and with luminous harmony, a distant re- 
flection of Claude. In spite of the residue of convention in his 
pleasing works, they contain the first signs of a change. A return 
to simplicity and truth heralded a new conception of landscape 
which was to be that of the 19th century. Claude Joseph Vernet 
(1714-89) in his “Ports of France” and numerous other pictures 
was a brilliant and facile narrator; his seascapes and marine scenes 
were popular. Vernet was an eclectic painter relying greatly on the 
work of Claude Lorrain and Salvator Rosa, but he also became an 
important link with 19th-century romanticism. 

42. Neoclassicism: David.—In France first signs of the re- 
turn to the antique were already visible in the discourse on the 
life of Watteau pronounced in the French academy by the comte 
de Caylus, an old friend but at the same time a good archaeologist. 
This was in 1748, about the time of the discoveries of Herculaneum 
(1738) and Pompeii (1748), which roused the artistic and literary 
world to enthusiasm; earlier even than the first publications of 
Johann Joachim Winckelmann (1717-68), the German archaeolo- 
gist who restored to the world the sense of Greek art. There he 
found "noble simplicity and silent grandeur"—a true standard of 
beauty for the neoclassical movement. Winckelmann, working 
in Rome and approaching antiquity with more information and 
a more knowledgeable attitude than that of the Renaissance, be- 
came the arbiter of taste for Europe during the late 18th century. 
He was the father of the neoclassicism which ruled Europe and the 
American colonies for some 50 or 60 years. An extraordinary in- 
terest in antiquity and classicism spread through England and is 
perhaps evident in English architecture. In France Mme. de 
Pompadour copied books of reproductions from the antique under 
the tutelage of the engraver Gay, and encouraged the great change 
which was taking place in furniture and architectural form. The 
style which has been christened Louis XVI sprang up in the middle 
of Louis XV's reign, while that destined to be called Empire was 
already almost fully formed under Louis XVI. In painting, Joseph 
Marie Vien (1716-1809) caught the fashion with his "La Mar- 
chande d'Amour" and “Belisarius.” Jacques Louis David (1748— 
1825) passed through Vien's studio and had been Boucher's pupil 
before coming to Vien, Until his departure for Italy, when after 
long and determined effort he had won the Prix de Rome (1775), 
he painted like a docile enough imitator of Boucher. At Rome 
he suddenly adopted, with the uncompromising and inflexible en- 
thusiasm natural to him, the doctrine of Winckelmann. 

Winckelmann's doctrine was amplified and codified for the 
French by a writer whose pen was no less authoritative than 
David's brush, Quatremére de Quincy (Antoine Quatremére). Be- 
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tween them they laid down the principles of the new aesthetic, It 
was admitted that true beauty, as realized by the Greeks in their 
masterpieces, is à creation of reason capable of satisfying the needs 
of all men in all ages. Greek painting having disappeared (at least 
that of the great painters of the classical period), they were driven 
to ordain that painters should draw their inspiration from antique 
statuary; by way of consequence the superiority of design over 
colour was proclaimed and it was decided that the only noble ar- 
rangement was grouping in bas-relief. The “Oath of the Horatii" 
(1784-85), illustrating these principles with a vigour and austerity 
hitherto unknown, forthwith exalted David's reputation. His con- 
temporaries saw in it the promise of a rebirth of art through a 
heroic ideal suited to a humanity uplifted by what were called the 
republican virtues: severity, simplicity and heroism. David was 
therefore the author of the most fundamental breach which has 
ever occurred in French tradition. His paintings, such as the “Oath 
of the Horatii" and “Brutus,” not only reflect the political situation 
of his times but were able actually to exert an influence on political 
events. David himself, as a delegate to the national assembly, be- 
came one of the leaders of the French Revolution. He abolished 
the old academy in the name of freedom, but he soon thereafter 
established its successor which permitted even less free expression 
in the name of the revolutionary state. 

David himself possessed the means of combating to some extent 
the dangers of the uncompromising doctrine despotically preached 
to his pupils, so that he did more harm to others than to himself, 
When one looks at the sketches by Pierre Guérin or Girodet 
Trioson, who, whether or not they had passed through his studio 
had subjected themselves to his rules, one recognizes the light and 
pleasant touches that denote the real artist of which, however, 
they were obliged to divest themselves when painting their huge 
canvases, in order to conform to the rigid aesthetic of their master. 
David was saved by that love of a somewhat rugged truth, which 
was natural to him and from pre-Revolution days onward made 
him an excellent portraitist. The false antique ideal was, merci- 
fully, entirely absent from the numerous and admirable portraits 
which he painted at all periods of his life, from the old people 
dressed up in their Sunday best of the Louis XV style “М. et Mme. 
Pecoul" down to that canvas dating from his last years, his exile 
at Brussels, "Mme. Morel de Tangry and Her Daughters." Per- 
haps his greatest portrait is “The Death of Marat” (1793), where 
the tragedy is presented by means of the simplest severity in terms 
of a basic structure of horizontal and vertical shapes and large, 
even colour planes. 

His gift of portraiture enabled David to paint “The Coronation 
of Napoleon,” a pretentious official picture, and to breathe life into 
a huge ceremonial composition. It is no small achievement to have 
arranged and animated this immense composition, the only canvas 
which can, in a certain measure, be compared to Veronese’s “The 
Marriage at Cana.” David had not, moreover, awaited the com- 
missions which made him the historiographer of the empire, before 
deserting, at least intermittently, the Greeks and Romans in order 
to paint the doings of his contemporaries. At the beginning of 
the Revolution he outlined in large canvas the “Oath of the Tennis 
Court,” then painted Marat dead in his bath, and another murdered 
man, “Last Moments of Lepelletier de Saint-Fargeau.” Without 
necessarily sharing the revolutionary passion which was his inspira- 
tion, one cannot help admiring unreservedly in his works, then 50 
novel, the striking atmosphere of truth and the style, truly heroic 
in its grandeur and simplicity. Thus this doctrinaire had a deep” 
seated love for classical form; and, although his successors WeI* 
obliged, in order to restore to French painting its essential liberties, 
to react against the doctrines of David's school, one may yet find it 


him the source of the chief currents which stirred 19th-century art 
(See also NEOCLASSICAL ART.) 


E. BELGIUM 


After the return of the Bourbons, David, as a regicide, spent 
the last eight years of his life in Brussels. He then created 4 
new school in a country in which art appeared to be on the verg? 
of extinction. If the ascription Flemish is reserved for the art 0 
Van Eyck, Van der Weyden, Brueghel, Rubens and Van Dyck, 006 
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may say that Flemish art was dead. But just when Belgium was 
winning independence, a Belgian school was about to be born. 
David was its father, or at least its godfather. 

When David arrived in Brussels in 1815, the young painters 
gathered around the famous exile. The most gifted among them, 
an excellent portraitist, Francois Navez (1787-1869), had for a 
long time admired David, whom he had known in Paris. The 
highest possible praise of his talent is to say that, as a disciple of 
David, he did not give up his own freedom. Outside France, it was 
in Belgium that the soundest element of David’s art was best un- 
derstood, while elsewhere—notably in Switzerland with Leopold 
Robert (1794-1835)—the Davidian influence with the assistance 
of a mild romanticism led to an anecdotic genre which stiffened in a 
pretension little approximating to the style. 

Once embarked on this course, development of the Belgian school 
synchronized almost exactly with the stages of French painting. 
Unfortunately Belgium produced no Delacroix. . There the de- 
velopment of romanticism was confined to the externals, to ar- 
chaeological or historical imagery. Instead of the poet who, 
heedless of material exactitude, interprets the emotion he experi- 
ences in meditating on the great events of life, the heroes of his- 
tory, legends or fiction, these were annalists, who, by all sorts 
of detail in costume and decoration, claimed to reconstitute the 
past by presenting the illusion of authentic evidence. Their er- 
rors spread almost throughout Europe, beguiling the masses and 
producing immense success for painters who today are relegated 
to obscurity. The movement started in France with Horace Vernet 
(1789-1863) and Paul Delaroche (1797-1856). In Germany it 
gave rise to the schools of Diisseldorf and Munich, and was con- 
tinued to the end of the century by the Viennese Hans Makart 
(1840-84), the Pole Jan Matejko (1838-93) and the Hungarian 
Mihály von Munkacsy (1844-1900). 

Of all the champions of romanticism Louis Gallait (1810-87), 
who studied at the Tournai academy under Philippe Hennequin 
(himself a pupil of David) #most closely resembled Delaroche. In 
a similar style, also literary and pseudohistorical in origin, Hendrik 
Leys (1815-69) demonstrated, by the genuine qualities of his 
work, that the old Flemish heritage was not entirely lost. At times 
he painted historical pictures of a decorative pageantry, while in 
Some of his less pretentious works he used an almost Impres- 
sionist freshness of approach. Henri de Braekeleer (1840-88) 
brought ancestral Flemish desire for finished workmanship. Others 
include Charles de Groux (1825-70), Constantin Meunier (1831— 
1905) and Alfred Stevens (1828-1906). Stevens was the most 
Parisian of the Belgians, an intimate of Manet and of French men 
of letters. He did much to direct his countrymen to the study of 
modern life and to what was called, after the name of a review 
upholding it, the Free Art movement. Among landscape painting 
must be noted the works of Hippolyte Boulenger (1837-74) fol- 
lowed by L. Artan de St. Martin (1837-90) and Albert Baertsoen 
(1866-1922). Artists concerned with the realistic representation 
of social and human problems were Léon Frédéric (1856-1940), 
Emile Claus (1849-1924) and Eugène Laermans (1864-1940). 
In the following generation painters such as Théo van Rysselberghe 
(1862-1926), Henri Evenepoel (1872-1899) and Rik Wouters 
(1882-1916) came under the influence of Impressionism and Post- 
impressionist trends. James Ensor (1860-1949) similarly had ex- 
Perienced the impact of the most recent experiments in Paris but 
Created a ‘fantastic imagery of extraordinary violence which 
brought him into the heritage of Bosch and Brueghel and at the 
Same time characterized him as precursor of Expressionism and 
Surrealism. Ensor is also the father of the Flemish Expressionist 
movement of the 20th century. 


F. Tue NETHERLANDS: 18TH AND 19TH CENTURIES 


From the middle of the 18th century, the Dutch school seemed 
to linger in the final stages of anemia. No other name worth 
mentioning is to be found after the death of Cornelis Troost (1697— 
1750), who was rather amusing in his comedy scenes but a poor 
Painter. Nevertheless the genius of painting was still alive in the 
Country of Rembrandt, of Ruysdael and of Vermeer. In the 19th 
century the Netherlands was to give the world of art two powerful 


57 


personalities whose work had great influence on the fate of modern 
painting: Johann Barthold Jongkind (1819-91) and Vincent van 
Gogh (1853-90; see Postimpressionism, below), but it was within 
the orbit of French painting that their work found its true place. 
Jongkind prepared the Impressionist landscape and—in the best 
possible way—without having wished to do so; and, though so 
original in the modest limits he set himself, he was no theorist. 

Already in the period of romanticism, Ary Scheffer (1795-1858) 
also adopted France as his country. However, his romanticism 
bears a particular stamp of mystic sentimentality; Jozef Israéls 
(1824-1911), Jacob Maris (1837-99) and his brothers William 
(Willem) and Matthew (Matthijs), with Anton Mauve, Johannes 
Bosboom, Bernardus Blommers and Hendrik Mesdag did not es- 
cape the irradiating influence of French art but retained that dis- 
creet and somewhat enigmatic melancholy that was characteristic 
of their national spirit. 


G. ITALY 


In Italy classicism had no need of David to become known; it 
was in Rome that the movement had immediately encountered an 
illustrious native adept in the person of the great sculptor Antonio 
Canova. No painter of that time, be it Andrea Appiani (1754— 
1817), Pietro Benvenuti (1769-1844) or even the romantic Fran- 
cesco Hayez (1791—1882), produced any painting comparable with 
Canova's masterpieces, in spite of Canova's own tendency toward 
an academic grace. 

Generally, neither neoclassicism nor romanticism had much ef- 
fect on Italian art. After the great outburst of Italian rococo 
painting on the part of the last Venetians—Tiepolo, Canaletto and 
Guardi—in the late 18th century, Italian art did not really come 
into its own again until the latter half of the 19th century with a 
group of painters in Florence and Naples who were called I Mac- 
chiaioli, after macchia or "patch." These artists reacted against 
the academies and their rules and looked to nature for instruction. 

The Macchiaioli felt that the patch of colour was the most 
significant aspect of painting. The effect of a painting on the 
spectator was thus to derive from the painted surface itself rather 
than from any ideological message or narrative. The Macchiaioli 
used a sketch technique to record their initial impressions of 
nature—often as seen from a distance—by means of colour and 
light. Their theory was certainly similar to that of the French 
Impressionists, but they were still more concerned with the colour 
structure of their painting than were the Impressionists. 

During a short period of 20 years (about 1865-85) the Mac- 
chiaioli produced some startlingly fresh and vivid paintings. The 
most outstanding painter among them was the Florentine Giovanni 
Fattori (1825-1908), who sometimes attained amazing effects of 
light and colour by means of the strong colour patch. Other im- 
portant painters were Telemaco Signorini (1853-1901), the critic 
and theoretical leader of the group, who employed the patch with 
great sensitivity in his usually socially significant scenes; Silvestro 
Lega (1826-95), who combined a clearly articulated handling 
of the patch with a personal poetic feeling; and Raffaello Sernesi 
and Giuseppe Abbati, also artists of original creativity. 

But the continuous tradition of Italian art had been broken, 
Just as there was no significant painting in Italy during the first 
half of the 19th century, there was again little of more than local 
importance until the Futurist movement just prior to World War I. 


H. GERMANY 


Anton Raphael Mengs (1728-79) worked in Rome during the 
greater part of his life and was one of the leaders of the neoclassical 
movement in its early stages. In Germany itself a special and 
often mystical romanticism sprang ир. Philipp Otto Runge (1777— 
1810) was concerned not only with allegorical subjects but also 
with the symbolic aspects of colour and form. His contemporary, 
Caspar David Friedrich (1774—1840), stands out as the most im- 
portant painter in Germany during the first half of the 19th cen- 
tury. A landscape painter imbued with mysticism, he interpreted 
his melancholy landscapes as symbols of the universe, reflections 
of the soul. In most of his paintings solitary human beings are 
confronted with vast expanses—the experience of the infinite. 
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Under the leadership of Johann Friedrich Overbeck (1789- 
1869) and Peter von Cornelius (1783-1867), a group of painters, 
the Nazarenes, moved to Rome where they came under the influ- 
ence of both Winckelmann's classicism and the neo-Catholic move- 
ment. In strong revolt against the rococo they emphasized linear 
draftsmanship and devoted themselves to Christian and Germanic 
scenes, Their style generally tended to be dry and pedantic. 
Later, as directors of the academies of Düsseldorf, Munich and 
Berlin, the Nazarenes exerted an enormous influence on German 
19th-century painting, especially on the more popular style of 
such painters as Wilhelm von Kaulbach (1805-74), Moritz von 
Schwind (1804—71), Alfred Rethel (1816-59), Karl von Piloty 
(1826-86) and Emanuel Leutze (1816-68), who attained fame in 
the United States. 

Around the middle of the 19th century Realism became as im- 
portant in Germany as in France. Adolf von Menzel (1815-1905), 
a superb draftsman and brilliant colourist, painted historical and 
genre scenes with an astonishing economy of means. Perhaps inci- 
dentally, perhaps under the influence of John Constable's land- 
scapes, Menzel was utilizing an Impressionist technique before 
paintings by the French group could have traveled across the 
Rhine, While Menzel worked in Berlin, Wilhelm Leibl (1844— 
1900) painted his peasant subjects and portraits with a slow and 
deliberate Realism which is at times reminiscent of Gustave Cour- 
bet. Realism in Germany came to a climax in the work of Max 
Liebermann (1847—1935), who developed toward Impressionism in 
the 1880s. The Realist-Impressionist trend was carried on during 
the final years of the century in the sensuous canvases of Lovis 
Corinth (1858-1925) and the light improvisations of Max Slevogt 
(1868-1932), 

At the same time the neoclassical tradition was fused with ro- 
mantic overtones in the large history paintings of Anselm Feuer- 
bach (1829-80), the grotesque, modernized mythology of the 
Swiss-born Arnold Bócklin (1827-1901) and the pseudo- Wagnerian 
idea painting of Max Klinger (1857-1920). Bécklin and Klinger 
dressed fantastic subject matter in naturalistic and conventional 
garb and produced some startling, although not always successful, 
works. 

Hans von Marées (1837-87), on the other hand, created myth- 
ological compositions of severe architectural structure and meas- 
ured serenity. He achieved a monumentality of formi comparable 
with the work of Pierre Puvis de Chavannes and even occasionally 
with that of Paul Cézanne. 


I. Great BRITAIN 


Of all the countries of Europe, England was perhaps the least 
subject to French influence at a time when that influence was 
so important throughout the continent. The reason was not that 
the English were indifferent to painting in general or to the merits 
of French painting in particular. From early times they were as 
great collectors as travelers. English amateurs welcomed French 
artists, whether summoned or arriving of their own accord, with 
every sign of favour, and London saw in succession Nicolas de 
Largilliére, Charles de Lafosse, Watteau and Maurice de La Tour, 
ва there was almost no patronage for domestic painting in Eng- 
and. 

Some of the greatest foreign masters were attracted there, loaded 
with honours and even in some sort received into the nation by 
the titles of nobility conferred upon them. Holbein, Anthony 
More, Rubens and Van Dyck were almost English painters during 
a longer or shorter period of their lives. The last-named in par- 
ticular, who was called in England Sir Anthony Vandyke and who 
married the daughter of a lord and died in London, was really in 
virtue of the supreme elegance and aristocratic poetry of his por- 
traits the father of the English school. He trained a few English 
pupils, William Dobson, George Jamesone and the miniaturist 
Samuel Cooper. Nevertheless his principal imitators and suc- 
cessors were also foreigners settled in London: the German-born 
Sir Godfrey Kneller (1648-1723) and especially the Dutchman 
Pieter van der Faes, who became in England Sir Peter Lely (1618- 
80). Of the English-born artists, Sir James Thornhill (1675- 
1735) gained distinction as a historical painter in the Italian 
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baroque tradition, but the first important painter who was truly 
English in style was Thornhill’s son-in-law, William Hogarth 
(1697-1764). Van Dyck set before the English school an aristo-. 
cratic ideal; Hogarth was a curious observer of men and manners, 
noted for his frank, robust personality and vigorous technique. 
His first works date from 1730. For rather more than a century 
England was to see a brilliant succession of painters, Sir Joshua 
Reynolds, Thomas Gainsborough, William Blake, Thomas Law- 
rence, John Constable and Joseph Turner. No country has had so 
exclusive and strongly marked love of the portrait. England and 
Holland were deprived of religious painting by the Reformation, 
and mythology met with no better fate. Scarcely any decorative 
painting is found, and what little survives is mediocre. Holland 
compensated by inventing the small genre picture, street scene or 
interior which was brought there to refinement. But England prac- 
tised genre painting only from the beginning of the 19th century, 
in imitation, moreover, of the Dutch, though diluted with senti- 
mentality and humour in the little school of anecdotal painters, 
Gilbert S. Newton, Charles Leslie, George Morland, Sir David 
Wilkie and William Mulready. The three last named were the 
best, by reason of their preference for rustic scenes combined with 
landscape. If portrait painting is one of the glories of English art, 
landscape is another; in both directions it rose to supreme heights. 

Characteristic of the English school is the moral strain ema- 
nating from the old Puritan tradition. It sometimes favours a 
conception of art closely akin to that of the novel, which from the 
18th century onward is so living and original a part of English 
literature. An example of this is the narrative and descriptive 
method of Hogarth. Sometimes, as in the work of Blake, it 
presents apocalyptic visions—in aim always profoundly moral— 
and sometimes it results in movement which is to all appearances 
entirely poetic, such as that of the Pre-Raphaelites, but with a 
poetry that is more literary than visual and in which the idea of 
purification is applied almost as much to the intentions of art 
as to its specific processes and sensible effects. 

1. Hogarth and Reynolds.—Hogarth’s case is a strange one. 
The famous series of paintings, “A Harlot’s Progress" (1731), “A 
Rake's Progress” (1735) and “Marriage à la mode" (1745), are 
pictorial moralities of a kind which seems completely outside the 
domain of art; for Hogarth considerations of morality counted 
infinitely more than those of art and beauty. He himself said he 
created “painted comedy” and considered it as a work “of public 
utility." His morality was founded on good sturdy practical truths 
not stirred by any breath of heroism, but he imbued it all with 
verve and powerful vitality; he paraded and set in motion such 
a gallery of types, of characters whose blatant truthfulness is $0 
prominent, that criticism is silenced and reservations of the fas- 
tidious melt away. 

This autodidactic personage, disdainful of all culture, this Eng- 
lishman who desired to be nothing more, was not without influ- 
ence on the most refined, intelligent, learned and cosmopolitan of 
the great English painters, the instigator and first president of the 
Royal Academy of Arts, a great amateur and collector and perfect 
gentleman, and author of remarkable writings on art and the train- 
ing of artists—Sir Joshua Reynolds (1723-92). It is impossible 
to imagine a greater contrast between two men and their works; 
but it may be said that Reynolds was, in his fashion, the legitimate 
heir of Hogarth, not of Hogarth the moralist and satirist, but 
of Hogarth the aesthetician and author of the treatise Analysis of 
Beauty, and Hogarth the portrait painter. The painter of “Маг- 
riage à la mode" and the “Shrimp Girl” gave a decisive impetus 
to the national temperament. But the original school thus created 
still needed to be brought into line with the great continental tradi- 
tion. This youngest school had a long leeway to make up and 
Reynolds was the man to assist it. He attempted to lead English 
painting away from anecdotal pictures toward a plastic art “їп the 
grand manner,” a feat to be achieved by enabling English art to 
profit by the treasures of experience accumulated during centuries 
by the other schools. Reynolds was never a pupil of Hogarth, but 
certainly owed more to him than to Thomas Hudson (1701-79); 
his official master, who has no other title to fame. But his debt 
to the great masters of the past, Titian, Rembrandt, Raphael, 
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Michelangelo and the Bolognese, not to mention Rubens and Van 
Dyck, was still greater. . He studied them not as an amateur but as 
a craftsman and student of aesthetics, in order to assimilate every- 
thing in their genius and technique, In his writings, he outlined 
the essence of the grand style and suggested pedagogical means of 
achieving it. His Discourses remain among the most important 
critical writings of his century. His own painting, while often 
impressive, was perhaps a little too calculated and eclectic, but it 
attained a supremely aristocratic quality which appealed to his 
contemporaries and which accounts for his success, He seems at 
his best in his less pretentious paintings when he forgets all his 
calculations and abandons himself to inspiration. 

2. Gainsborough and  Wilson.—Thomas Gainsborough 
(1727-88), four years younger than Reynolds, rivaled him in 
fame. He was no theorist, teacher or leader of a school; he never 
thought of combining in his art skillful borrowings from the great- 
est artists of various foreign schools, Unlike Reynolds he never 
left England and after several years of apprenticeship in London 
passed most of his life successively at Sudbury, Ipswich and Bath, 
before returning to London, where he died. 

Gainsborough was not so studied a draftsman, his compositions 
were not so carefully balanced as those of Reynolds, and his figures 
often seem disposed haphazardly on the canvas. But his work is 
not contrived. He never lost his attitude of detachment. Although 
he painted some good portraits of men he was pre-eminently the 
painter of women and children, A profound admirer of Van Dyck, 
he took him for model; but this admiration did not detract from 
his originality, which has a unique quality of seductiveness, and 
retains the directness of his own visualization. On Van Dyck’s 
themes—such as that of the boy clad in costly satin, with the 
woman’s face, long and delicate in its aristocratic grace—he com- 
posed entirely new variations. His “Sarah Siddons,” lacking the 
thetorical grandeur of Reynolds’ portrait, has the vitality of orig- 
inal artistic vision. Because of his passionate enjoyment of the 
landscape, he was the veritable creator of the great English school 
of landscape painters, 

England had long shown a great appreciation of natural beauty. 
Connoisseurs had collected in their London salons and the galleries 
of their country houses the works of Jacob ‘van Ruysdael, Cuyp, 
Canaletto, Guardi, Claude; but it was not without good reason 
that no.work bearing an English signature was ever seen there. 
It was still in imitation of Canaletto that Samuel Scott, the com- 
panion of Hogarth, painted his views of London, valuable as 
historical records, He was one of the founders of that Society of 
Water-Colour Painters which was to have such important develop- 
ments, The real creators of English landscape, however, were 
Wilson and Gainsborough. Richard Wilson (1714-82) took to 
landscape somewhat late, having first devoted himself with success 
to the portrait, whereas Gainsborough started as a landscape 
painter, It was at Rome, where he lived for six years, that, en- 
couraged by Francesco Zuccarelli and Claude Joseph Vernet, 
Wilson painted his first landscapes. Having returned to England, 

е pursued his career as a landscape painter in the Roman style, 
Sometimes interrupting his reminiscences of Italy to paint the 
beauties of Wales, where he was born. Wilson's landscapes com- 
bine a classicist serenity with picturesque effects: wide skies shed 
a limpid light upon the waters of a lake surrounded by the har- 
Monious lines of mountains, While Wilson went to Claude for 
Inspiration, Gainsborough was influenced by the Dutch when he 
Painted Harwich harbour or the country around Sudbury. But 
from the start Gainsborough announced much more clearly than 
Wilson the road to be followed by English landscape. His canvases 
Painted between the ages of 20 and 25 already heralded Constable’s 
earliest works. His “The Watering Place” and “Return From the 
Market” show a rustic poetry and a receptivity to atmospheric 
Conditions altogether new at that time. 

3. Norwich School.—After Gainsborough and Wilson, there 
Was no lack of landscape painters in Great Britain. The Scotch- 
Man Alexander Nasmyth (1758-1840) and Thomas Barker of 
Bath (1769-1847) deserve mention; John Crome, called Old 

Tome (1768-1821), was an artist of different calibre. Except for 

€ Journey to Paris in 1814, from which he brought back a work 
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of great beauty, the “Boulevard des Italiens," he never left his 
native county of Norfolk, although he was certainly strongly influ- 
enced by the 17th-century Dutch landscape painters, especially 
Van Ruysdael and Hobbema. He was the glory of Norwich, which 
on his account gave its name to the Norwich Society of Artists, 
responsible for a new conception of landscape which was to be, 
with a few modifications, that of the 19th century, both in Great 
Britain and abroad. 

Of Crome’s pupils, John Sell Cotman, James Stark and George 
Vincent, who continued to shed lustre on the Norwich school, the 
most gifted was Cotman (1782-1842). Simultaneously with 
Thomas Girtin and John Robert Cozens he brought about the 
revival of that water-colour painting which assumed in England the 
character of a national institution. 

During this time, three men, working on diverse lines, made 
themselves felt as far more original personalities. Two of these 
were geniuses, Constable and Turner, and the third a charming 
painter and colourist, Richard Parkes Bonington, who should have 
gone far had he lived longer. 

4. Constable.—John Constable (1776-1837) was the first Eng- 
lish landscape painter to ask no lessons from the Dutch. He was 
instead indebted to the landscapes of Rubens, but his real model 
was Gainsborough, whose landscapes, with great trees in well- 
balanced masses planted on land sloping upward toward the frame, 
have a rhythm often found in Rubens. His originality did not lie 
in choice of subjects, which frequently repeat themes beloved by 
Gainsborough. Nevertheless, Constable seems really to belong to 
another century; he ushered in a new era and this difference re- 
sulted at once from technique and feeling. He no longer calculated 
picturesque effects but painted nature with great humility and 
sincerity. Constable was the first landscape painter to consider as 
a primary and essential task the sketch made direct from nature 
at a single sitting, an idea which contains in germ a great part of 
the destinies of the modern landscape, and even perhaps of modern 
painting. It is this momentary and spontaneous impression—of 
all things the most irreducible and individual, the least susceptible 
of voluntary reproduction—which is preserved in his paintings. He 
discovered the exuberant abundance of life in the simplest country 
places where there is a sky across which the white or gray clouds 
hasten, where trees rustle their innumerable leaves and waters 
glide between tall weeds starred with dewdrops and flecks of light; 
and he expressed all these primitive things which enchanted him 
with the palette of a creative colourist and a technique of vivid 
hatchings heralding that of the French Impressionists, He auda- 
ciously and frankly introduced green into painting, the green of 
lush meadows, the green of summer foliage, all the greens which, 
until then, painters had refused to see. 5 

Constable recognized light as the all-pervading element in the 
landscape and saw the visual interrelationship of all objects which 
was due to their mutual reflection. In order to capture the move- 
ment of light he broke up his colour areas and introduced white 
high lights. His rough textures also add to the spontaneous vi- 
tality of his paintings. Then so as to impress the academy, he 
would later elaborate on his first visual impressions and create a 
replica which was actually a careful and conventional machine. 
By doing this he was able to succeed in being elected a member of 
the Royal academy toward the end of his life. 

Constable's technique and particularly his method of securing 
the freshness and intensity of his greens by the juxtaposition of 
multifarious tones were a revelation to Delacroix, as is evidenced 
by his Journal and Correspondence. After seeing the works of the 
illustrious English landscapist he repainted, it is said, the whole 
background of his great canvas “Massacre of Chios." Of great 
landscapists who occupy so important a place in 19th-century art 
Jean Baptiste Corot probably was the only one to escape the in- 
fluence of Constable. All the others are more or less direct de- 
scendants of the master of East Bergholt. 

5. Bonington.—Richard Parkes Bonington (1801-28), who 
spent most of his too short life in France, was to a still more 
marked degree another connecting link between England and 
France. He painted water colours which are little masterpieces of 
brilliance and limpidity, and oil paintings no less attractive, He 
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brought the force of English landscape painting to France and at 
the same time he became a disciple of the budding French romanti- 
cism with a grace, fantasy and freshness of colouring all his own. 
In some few landscapes such as his water colours and oils of 
Versailles, Venice or Normandy he shows a breadth of vision and 
a sureness of touch foreshadowing the greatness he might have 
achieved had he not died at the age of 27. 

6. Turner.—At 15 years of age, Joseph Mallord William Turner 
(1775-1851) was already exhibiting a “View of the Archbishop’s 
Palace, Lambeth.” He soon acquired the reputation of an im- 
mensely clever water colourist. A disciple of Girtin and Cozens, 
he showed in his choice and presentation of theme a picturesque 
imagination which seemed to mark him out for a brilliant career 
as an illustrator. He traveled, first in his native land and then 
оп several occasions in France, the Rhine valley, Switzerland and 
Italy. Soon, even in works in which one is tempted to see no more 
than picturesque imagination, there appears his dominant and guid- 
ing ideal of lyric landscape. He chose a single master from the 
past and studied profoundly such canvases of Claude as he could 
find in England, copying and imitating them with a marvelous 
degree of perfection. His choice of Claude as a master never 
failed, He desired his “Sun Rising Through Vapour” and “Dido 
Building Carthage” to be placed in the National gallery side by 
side with two of Claude’s masterpieces; and there one may still 
see them and judge how legitimate was this homage. 

It was only, and this is worthy of note, in 1819 that Turner 
went to Italy, to go again in 1828 and 1843. These journeys did 
not serve the purpose of direct representation, but certainly Turner 
experienced emotions and found subjects for reflection which he 
later translated in terms of his own into dynamisms of light and 
colour. Where Constable expressed his experience of nature, 
Turner, after absorbing nature’s lessons, recreated it from his 
imagination. 

The logic of reason does not count for this northern imagina- 
tion, But no southern painter had the logic, which to him would 
appear almost monstrous, of the Englishman who was consumed by 
a solitary and royal dream, indefinable and full of marvels, and 
who, thus possessed, did not distinguish reality or life, even his 
own, from the pictures he created to reflect at least some traces 
of the dream. The dream of most southern painters is one of 
happiness, at once heroic and human. Ardour is tempered with 
melancholy, as shadow strives with light. Melancholy finds no 
home in Turner’s protean fairyland; what place could it have in 
a cosmic dream? Humanity does not appear there, except per- 
haps as stage characters at whom one hardly glances. Compare 
his “Ulysses Deriding Polyphemus,” one of his masterpieces, with 
Poussin’s. Turner’s picture fascinates the viewer and yet he thinks 
of nothing precise, nothing human; only unforgettable colours and 
phantoms lay hold on the imaginations, Humanity really only in- 
spired him when linked with the idea of death, but strange death, a 
lyrical dissolution—as the finale of an opera. In his “Rain, Steam 
and Speed" the balance is disturbed, design is dissolved, and there 
seems to be no harmony. There is an almost completely abstract 
composition of pictorial elements conceived as forces of energy 
and light. 

1. Blake.—The England of that day also had other visionaries; 
none was comparable with Turner as a craftsman, Johann Heinrich 
Fiissli, of Zürich, Switz., known in London as Henry Fuseli (1741— 
1825), was a writer and painter who belonged by his life, work and 
successes to the English school. He pursued the painting of fanta- 
sies with an uninspired brush and a coldly complicated imagination. 
John Martin (1789-1854) illustrated John Milton's Paradise Lost 
and showed, perhaps, more talent in mezzotints than in painting. 

William Blake (1757-1827), poet, draftsman, engraver and 
painter, created work made up of a strange array of elements— 
medieval art, the Bible, Milton and Shakespeare, to which were 
added Dante and a certain taste for linear design, which, resem- 
bling a geometrical diagram, relates him, through Fuseli and John 
Flaxman, to the great classical movement inspired by Winckelmann 
and propagated by David. This is the sole point of contact dis- 
cernible between the classicism of David and English art, and it is 
fugitive, indirect and different in spirit. Blake was the most 
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mystic of the English painters, perhaps the only true mystic who 
existed at that time among painters the world over. He was in- 
genious and his inner imaginations and interpretations of the an- 
cient and modern poets reveal as true and candid a spirit as the 
title of his first work—poems composed, illustrated and set to 
music by himself, the Songs of Innocence and Songs of Experience, 
His drawings were not based on an experience of the visible world, 
however. He found his reality with the mind’s eye rather than the 
retina. His illustrations to Dante’s Divine Comedy and the Book 
of Job seem to be indeed hallucinatory inventions of the uncon- 
scious mind, expressed with a baffling vehemence. While he is often 
compared with Michelangelo, he altered High Renaissance form to 
an abstract linear style reminiscent of early Celtic manuscripts, 

8. Portraitists.—Side by side with isolated figures such as 
Turner and Blake flourished the second generation of portrait 
painters, George Romney (1734-1802), John Hoppner (1758- 
1810), Sir Henry Raeburn (1756-1823), all excellent painters who 
are relegated to the second rank only by the achievements of 
Reynolds and Gainsborough. The first left numerous and im- 
passioned pictures of the celebrated Lady Hamilton and displayed 
talent and distinction in his family groups. The pictures of young 
men and maidens painted by Hoppner are full of charm and refine- 
ment. Raeburn's colour is rich and warm, and his touch broad 
and vigorous; he had the gift of posing his sitters with decision, 
and possessed some of the attributes of a great painter. Sir William 
Beechey (1753-1839), a skillful technician, but more common- 
place, should also be mentioned. At this moment virtually all 
English painters produced fair and sometimes even good portraits, 
even the historical painters whose heavy compositions, once 50 
fashionable, now appear so poor and uninteresting. Among these 
were Benjamin West (1738-1820), born in the American colonies 
and Reynolds’ successor in the presidency of the Royal academy, 
and John Opie (1761-1807). John Russell (1745-1806) was the 
pastellist of this school. 

Sir Thomas Lawrence (1769-1830) was the painter of kings, of 
princes, of great diplomats and generals; the pope himself sat for 
him. All these are presented in large full-dress portraits painted 
with sovereign verve and elegance. Lawrence was an important 
figure at Aix-la-Chapelle and at Vienna during the famous con- 
gresses which settled the fate of Europe after the downfall of 
Napoleon. The Holy Alliance is mirrored in the 24 canvases which 
adorn the walls of Windsor castle—a collection of official por- 
traits forming a unique historical document. There is, more- 
over, in Lawrence’s work something more than a mere caprice of 
fashion. His success was greater than that of Reynolds; though 
he had not the thoughtful learning and the rich and refined taste 
of his more illustrious predecessor, he excelled him in facility. 
At the age of ten he was already a portraitist. Before he was 22 
he had painted the ravishing full-length portrait of Miss Farren, 
later the countess of Derby. Lawrence at once leapt into fame, 
becoming an associate of the Royal academy and a favourite of 
the king. Henceforth he lavished on his portraits, and especially 
on his portraits of women, his facility of execution, his fluid touch, 
his rich and always highly distinguished colour, his talent for de- 
picting the pearly bloom of flesh, the sparkle of bright and limpid 
eyes, the moist quiver of parted lips, the light softness of muslins, 
the gleam of silks and of velvets. There is superficiality and 
artifice, but artifice handled with such vitality and verve becomes 
second nature. It is nonetheless true that the painter of George IV 
and his court could lay claim at a critical moment to an important 
influence on the destinies of painting, not so much, moreover, it 
his own country as in France and through France to the whole 
world. When Delacroix arrived in London he was seeking, 25 
Géricault had already sought some years before, to fight against 
the Systematic desiccation of the school of David. Lawrence 
showed him that by a return to harmony, richness of colouring and 
beauty of touch founded on the example of the great masters of 
the past it was possible to create a modern art full of vigour and 
capable of every expression. Thus Lawrence stimulated the en- 
ergies of French painting almost as efficaciously and opportunely 
as Constable. Later, in France, England or elsewhere, every time 
that the need was felt of a supple and brilliant execution to eX- 


PAINTING 


press the quality of life, it was more or less consciously to Law- 
rence that men turned, 

9. Pre-Raphaelites.—A fter English painting had shed its lustre 
over a great part of the world, England withdrew within itself in 
an effort, praiseworthy in its intentions but, in spite of a few in- 
contestable talents, slight in its results and adding little to the 
treasures of universal art. This movement must nevertheless have 
responded to some general spiritual need, for it is impossible to 
deny the sentimental and intellectual analogies which produced 
Bócklin in Germany, Gustave Moreau in France and the Pre- 
Raphaelites in England. To a certain extent it may be said that 
Pre-Raphaelitism was a continuation and transformation of the 
idealist movement, fantastic and mystic by turns, which produced 
at the beginning of the century Fuseli and Blake, Thomas Stothard 
(1755-1834), with his pictures from Shakespeare and Chaucer, 
which were painted in a style imitated to some extent from medi- 
eval: illuminations, continued this movement in his own way. A 
little later Ford Madox Brown (1821-93) painted his first Gothic 
pictures filled with an arid precision, a scrupulous attention to 
minute detail, a harsh colouring, їп а word almost everything which 
was to become the rule in Pre-Raphaelitism. In 1848 the new 
school found its name; it might rather be said the new brotherhood, 
for under the influence of John Ruskin—an imperious aesthetician 
with a passion for French cathedrals and the quattrocento Italians, 
a poet in his way but impregnated with the spirit of puritan ascet- 
icism—the group assumed an almost religious character and each 
of its members had to append to his signature the initials P.R.B. 
(“Pre-Raphaelite Brotherhood"), Their intention was to react 
against the facile frivolity of the Lawrence tradition in art, but 
they traced its decadence farther back to the remote effect of 
the:academic style for which Raphael himself has to be the first to 
answer. There must be a return to the simplicity of the primitives 
anda pious copying of nature which carried craftsmanship to the 
point of compulsiveness. Yet in spite of all this naiveté to which 
they ardently aspired, the works of the Pre-Raphaelites were 
everywhere filled with artificiality—and an artificiality more lit- 
erary than plastic. This is not surprising, since from the start the 
New school was influenced by two men of letters, the critic Ruskin 
and Dante Gabriel Rossetti (1828-82), who was poet and journalist 
before becoming a painter, and always pursued his two callings 
simultaneously. The Pre-Raphaelites believed that painting must 
convey a moral message, and that true morality could be found 
only in Christian teaching. They were truly shocked by the ex- 
cesses and human suffering caused by the Industrial Revolution, 
but their answer was an escape from it. Their art was related to 
the contemporary revivals in architecture and in theology. The 
group included William Holman Hunt (1827-1910), Sir John 
Millais (1829-96) and Sir Edward Burne-Jones (1833-98). 

George Frederic Watts (1817-1904), who was older than the 
first Pre-Raphaelites and even than Ford Madox Brown, and who 
outlived for a considerable time the youngest disciples of the 
brotherhood, had a career parallel to theirs. But while he too be- 
lieved that art should serve a moral function, he made no pretense 
of restoring the naive and scrupulous technique of the primitives. 
His portraits are the best part of his work. Frederic Leighton 
(1830-96) and Sir Lawrence Alma-Tadema (1836-1912) retain, 
on the other hand, some of the careful precision of the Pre- 
Raphaelites, While Burne-Jones was still painting his reveries, 
other artists were attracted by new currents of thought. 


J; AMERICA 


Painting in the American colonies reflected generally the por- 
trait Styles in the mother countries, though with a tang of pro- 
Vinciality. In the late 17th and early 18th centuries the Dutch 
Colony of New Amsterdam (New York) had painters whose names 
today are forgotten. Their work lives on and is signified by names 
Such as the “Master of the De Peyster Boy” and others. Gustavus 
Hesselius (16821755), Swedish born, was painting in Maryland 
and Jeremiah Theus (c. 1719-74), a Swiss, was at work in South 
Carolina, Peter Pelham (с. 1695-1751) and John Smibert (1688- 
1751) arrived from England, and in the second quarter of the 

th century were painting portraits in Boston, Mass. These two 
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limners were succeeded by John Wollaston (active in America 
1749-67) and Joseph Blackburn (c. 1700-60); Robert Feke 
(21705-21750), a native American, realized his forms more solidly 
and with greater originality. 

Another native American, John Singleton Copley (1737-1815), 
working in Boston until 1774, when he went to live permanently in 
England, was responsible for the finest painting produced in the 
American colonies. His portraits are racy, original, decidedly un- 
European in conception. 

Benjamin West, another important figure in the history of 
American painting, settled in London in 1763 and there helped to 
mold the styles of two generations of American painters. Charles 
Willson Peale (1741-1827), John Trumbull (1756-1843), John 
Vanderlyn (1775=1852), Washington Allston (1779-1843), Samuel 
F. B. Morse (1791-1872) and Rembrandt Peale (1778—1860) all 
benefited from West’s hospitality and teaching in London. Some 
of their portraits have decided merit (e.g., Morse's "Lafayette," 
in the city hall, New York), but their pretentious historical pic- 
tures were generally unsuccessful. An exception is Vanderlyn's 
"Ariadne," one of the finest achievements in American figure paint- 
ing. 

Almost a generation older than these painters but younger than 
West was the portrait painter Gilbert Stuart (1755-1828), who 
went to England in 1775 and returned to America after. 12 years. 
In London he appears to have spent some years in West's studio 
and to have been influenced by Gainsborough's work. On his re- 
turn to America his style became highly individual, and his por- 
traits, polite in spirit, were deftly handled and fresh in colour, the 
flesh having an extraordinary silvery beauty. 

Other popular portrait painters were Thomas Sully (1783-1872) 
and John Neagle (1796-1865) in Philadelphia, Pa., and Henry 
Inman (1801-46) in New York city. Sully's fluent style was based 
on Lawrence, but he developed his own colour and handling. 

Landscape painting, which became an important expression of 
the mild, poetic idealism of America, began about 1825 with the 
work of the indigenous Hudson River school, Thomas Cole (1801— 
48), Asher B. Durand (1796-1886) and Frederick E. Church 
(1826-1900) being some of the most notable masters. Out of this 
movement came George Inness (1825-94). His early landscapes 
have a classic spaciousness which gradually gives way to a formless, 
but effective resonance. Others were William Morris Hunt, George 
Fuller, Elihu Vedder, John La Farge and somewhat later Frank 
Duveneck and William Merritt Chase. 

Picturesque James A. McNeill Whistler (1834-1903) went to 
Paris as a young man and soon settled in London, He was influ- 
enced by Courbet and Ignace Henri Fantin-Latour but especially 
by Japanese colour prints. His paintings transform people and 
familiar scenes into colour harmonies of exquisite subtlety. Such 
portraits as those of his mother and Thomas Carlyle are master- 
pieces. 

Another distinguished painter was the thoroughly American 
Winslow Homer (1836-1910). He was concerned with life in the 
open, especially with the sea, and his water colours of such subjects 
constitute the most powerful expression in American painting. 

Thomas Eakins (1844-1916) was another strong personality. 
His portrait subjects and figures are observed with superb scientific 
self-discipline, but there is a forbidding renunciation of sensuous 
appeal. His temperamental opposite was Albert Ryder (1847- 
1917), who escaped from dingy actuality into dreams. The 19th 
century closed on the work of the thoroughly expatriate member of 
the French Impressionist group, Mary Cassatt (1844-1926); of 
Childe Hassam (1859-1935), exponent of crisp Impressionism; 
and of the famous John Singer Sargent (1856-1925), whose pre- 
cocious bravura astonished the English-speaking world. 


К. FRANCE: 10TH CENTURY 


At the risk of oversimplifying, French 19th-century painting 
may be considered as a series of movements or schools represent- 
ing differing points of view that are common to the other arts of 
architecture, sculpture, literature and music. Neoclassicism in 
the late 18th century persisted as the first of the major 19th- 
century styles. It was followed by a strong trend toward romanti- 
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cism and that in turn was superseded by Realism. Impressionism, 
an intense form of Realism limited mainly to the representation of 
colour and light, gave rise to the Postimpressionist styles which 
were, in effect, a revolt against the limitations of Realism and Im- 
pressionism. Modern art stems from the variety of Postimpres- 
sionist painting. 

The new art movements, as they first appeared on the scene, 
seemed to flaunt their differences from the current, prevailing 
movement, In addition to schools of painting there were painters 
such as Honoré Daumier who fit into none, and yet seemed to have 
overtones of several. 

The Salon, or public exhibition of painting under government 
auspices, was another important factor in art in France. In the 
Salon the conflicts of the schools can be seen in sharp focus. 
With few exceptions, it was held every year and was under the con- 
trol of the reigning artists and prevailing styles of the day. The 
younger artists, the new schools, had to struggle for admission. 
Classicism was the first of the 19th-century schools, and its first 
master was Jacques Louis David (see above). 

The pupils of David were in general marked with an indelible 
stamp. Some knew how to retain, in one way or another, part of 
their freedom. Francois Gérard (1770-1837) in his allegorical ог 
mythological compositions did not escape academic fi rigidity. But 
when he painted his celebrated picture “Cupid and Psyche,” he 
accomplished elegance and grace. Antoine Gros (1771-1835) had 
a stronger personality, a sense of drama and an aptitude for ex- 
pressing it by composition and colour. In the “Pest House of 
Jaffa” and the “Battle of Eylau” he showed himself as the authentic 
forerunner of romanticism and of Delacroix. But a strange re- 
turn of fidelity to the teaching of David paralyzed his natural im- 
pulses in the second part of his career. 

Jean Louis Géricault (1791-1824), who had the makings of a 
great artist, was alone capable of finding in David the solid basis 
of a classic art, and infusing this with passion and life, Unfortu- 
nately he died prematurely. "The Raft of the Medusa” (1819) 
proves that he would have been capable of the highest achieve- 
ments and the boldest efforts. It deals with a contemporary event 
but is extremely strained and intense in its emotional power. At 
once romanticist and Realist it is a forerunner of both movements 
as well as one of the finest paintings of the first half of the 19th 
century. 

1. Ingres.—]Jean Auguste Dominique Ingres (1780-1867) con- 
tinued the classic Davidian tradition in an age of romanticism, 
But he looked at Raphael and Poussin rather than at copies of 
Greek sculpture. He continued history painting in the grand man- 
ner but the results lack pictorial unity and are often thin and 
mannered. In his more modest works, in his nudes and portraits, 
he attained an astonishing beauty of undulating line. He was only 
26 years of age in 1806 when he painted “Madame Riviére” and 
he already had emancipated himself from David’s more static com- 
position, The dynamic movement of the intersecting circles of 
this portrait, the relationship of interior lines to the oval frame, 
the swirling flow of drapery make an exciting and vivacious char- 
acterization, More than that, the sweeping lines take on an al- 
most independent life of their own. His contemporary opponents 
were attacking archaic and singular taste when they dubbed him 
Gothic and Chinese. The sculptor Antoine Auguste Préault, cele- 
brated for his witty sayings, called him a “Chinaman lost in 
Athens.” 

One may perceive eccentricity in some of the most beautiful of 
Ingres’ works. A pedant, seeing the back of the “Odalisque,” the 
neck and arm of Thetis in the picture of “Jupiter and Thetis” (Aix 
museum), the shoulders of “The Bather” in the Louvre, and 
various exaggerations of form in the “Turkish Bath,” would point 
to this incomparable draftsman’s faults. But are not these merely 
the means by which a great and extremely sensitive artist inter- 
prets his passion for the beautiful female form? Ingres has an 
impeccable sureness, original taste, a fertile and appropriate in- 
vention, especially in the pictures where he deals with only a 
single volume and not with the intricacies of pictorial space. He 
remains the supreme master of the rhythmic contour line. 

2. Delacroix.—Eugéne Delacroix (1798-1863), who had 
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learned much from Géricault, became the master of the romantic 
movement and the unswerving adversary of Ingres. The cham- 
pions of Davidian classicism claimed to defend order, and accused 
the romanticists of introducing anarchy and revolution into art, 
In reality, romanticism, taking the word in its widest sense, pre- 
vailed everywhere in the atmosphere of the time, as an aspiration 
to liberty, poetry and'lyricism. There is romanticism in Ingres 
himself, especially regarding subject matter. As for Delacroix he 
always repudiated any claim to being the head of a school and 
liked to pose as a pure classic. Vet if one thinks of romanticism 
as the transference of the artist's personality in its most intimate, 
emotional and secret aspect into his work, Delacroix embodies in 
himself its vital principle. But he had no liking either for painters 
or men of letters who paraded romanticism. Seen as a whole his 
work is strong and sound, notwithstanding his tragic sadness, be- 
cause it aims at great objectives and uses the most rational and 
efficacious means to attain them. In short, it happened by good 
fortune that the two men whose influence was to succeed that of 
David, the one more instinctive and more enamoured of form, the 
other more intellectual and more preoccupied with dramatic ex- 
pression, were champions of order, deserving each in his own way 
the name of classic. 

If Ingres had difficulty in the handling of large and complex com- 
positions, it is generally in the relationship of several figures that 
Delacroix found the natural and striking expression of his ideas. 
His work is an immense and multiform poem, at once lyrical and 
dramatic, on the violent and murderous passions which fascinate 
and dominate humanity. In elaboration and execution, Delacroix 
does not forego any of his faculties as a man and an artist of 
vast intelligence standing on a level with the thoughts of the great- 
est in history, legend and poetry, but he makes use of a feverish 
imagination always controlled by lucid reasoning and cool will 
power, of expressive and lifelike drawing, strong and subtle colour, 
sometimes composing a bitter harmony, sometimes overcast by 
that sulfurous note, already observed by contemporaries, pro- 
ducing an atmosphere of storm, supplication and anguish. With 
Delacroix as with Rubens, there hovers over the saddest representa’ 
tions, over tumults, horrors and massacre, a kind of serenity which 
is the sign of art itself and the mark of a mind master of its subject. 
Delacroix was willing to take a stand regarding the political events 
of his time, as in the dynamic “Liberty on the Barricades” (1831); 
where allegory is fused with social realism, and he also exploited 
the possibility of exotic! subject matter and lush Mediterranean 
colour in his lion hunts and scenes of oriental life. 

Delacroix, who hardly ever painted isolated figures, did paint 
some portraits of friends. The best is the fine portrait that he made 
of himself. His Journal shows his acute ability at critical analysis 
and psychological introspection. It is only a series of fragments 
of which many are made up of careless and unfinished phrases. 
Nevertheless, this book, unique in being the work of a painter, 
shows his extraordinary capacity for sensitive understanding of 
the world of music and poetry as well as of painting. 

3. Landscape Painters.—The development of landscape is onê 
of the most salient facts in the history of French painting in the 
19th century. David had secured for landscape painters the recog- 
nition of their right of citizenship in official art, and at his initia- 
tive what was called historic landscape became one of the sections 
for the Prix de Rome. But this academic and conventional land’ 
scape painting was soon renounced by the young men of the generar 
tion born around 1810—Louis Cabat, Théodore Rousseau, Jules 
Dupré, Paul Huet, Jean Francois Millet, Alexandre Decamps, 
Camille Flers, Narcisse Diaz de la Pefia, Constant Troyon, An- 
toine Chintreuil, Charles François Daubigny. With unequal merits 
and varying aspirations they conquered, after many trials, the ri 
to represent nature in either its grandiose or familiar aspects. 

The leader of the French landscapists of this period was Théo- 
dore Rousseau (1812-67). He profited by the lesson of the Eng- 
lish, especially Constable and Bonington, and also by the examples 
of Delacroix. But he had a philosophic individual mind which gives 
his meticulous works an aspect of austere grandeur. Starting from 
an almost scientific analysis, Rousseau terminates in generaliza- 
tions which out of the fringe of a forest, a chaos of rocks, form 4 
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microcosm, mirroring innumerable terrestrial activities. 

4. Corot.—J. B. C. Corot (1796-1875), 16 years older than 
Rousseau, remained aloof from the disputes between Ingres and 
Delacroix, between the classic and romantic camps. He spent 
many years in Rome and painted landscapes not unrelated to 
Poussin's, but actually closer to a still life by Chardin. In his early 
paintings, as “Island of San Bartolomeo, Rome,” plastic volumes 
are composed carefully, the planes defining the picture space, while 
the whole landscape is flooded with carefully controlled light. His 
figure compositions attain a similar monumentality. His later land- 
scapes, painted in the forest of Fontainebleau, became more hazy 
and gray in tone, and—they often included dancing nymphs— 
sentimentally romantic in feeling. Yet it was these late landscapes 
with their soft, cottonlike trees that became most popular. Corot, 
owing tribute to the 17th-century painters Poussin and Claude, 
became a major influence on succeeding generations of Impres- 
sionists, who admired his sensitivity to nature and his mastery of 
light effects. 

5. Millet.—At the time when landscape attracted to itself free 
inquirers in large numbers Jean Francois Millet (1814-75) and 
Daumier had the merit of introducing the representation of con- 
temporary life not in the anecdotic form of the tableau de genre, 
which had reached its apex with Ernest Meissonier (1815-91), 
one of the most prodigious, precious and impeccable virtuosi of 
soulless painting. Millet sought an epic style in order to paint 
peasants, their fields, their work, their domestic life and referred 
to himself as the “peasant of peasants.” Having begun with paint- 
ings in the romantic fashion high in tone, he turned gradually to 
simplified design and muddy earth colour, still keeping contact 
through his studies with this nature which he so religiously loved. 
His paintings, always and entirely composed in the studio, are the 
acts of a considered wish, assisted by a methodically exercised 
memory. “The Gleaners” and "The Angelus,” his most famous 
paintings, while new in subject matter, are actually academic in 
form, as well as sentimental in content. His drawings, water 
colours and etchings show a greater sensitivity. 

After 1865 the mannerism but not the spirit of his work altered 
a little, evolving toward more liberty, more suppleness, more 
cleanness. His pastels multiplied and landscape occupied a larger 
and larger place. In “Spring” the artist, for the first time, meant 
not so much to picture a certain site arranged in a certain way as 
to seize, as the Impressionists were to do, an effect of light not yet 
observed or rendered with so much truth. 

6. Daumier.—Honoré Daumier (1808-79) was best known as a 
graphic artist during his lifetime. He produced nearly 4,000 litho- 
graphs and his prints probably had a wider public than have the 
works of any other modern artists. But his paintings remained 
unknown during his time, aside from the recognition of a few 
exceptional critics such as Charles Baudelaire. Daumier was an 
illustrator and a deeply human caricaturist who understood the 
Psychological implications of his political and social subjects. 
Where Millet might strike one as being theatrical, Daumier’s more 
sincere drama profoundly moves one, perhaps because of his mag- 
nificent sense for the evocative possibilities of a quickly drawn 
line and the powerful plastic volume of his figures. His paintings 
were inspired with such animation and built on a framework of such 
expressive drawing, the brush handled the colour with such vigour 
that their vital force is astounding. Daumier explored the action 
in the law courts, the theatre, and even in the railway carriage— 
a subject no other painter considered proper for the art of painting. 
Tn his "Third-Class Carriage” he developed formal means to bring 
à haphazard combination of people into a pictorial unity. Yet 
each individual remains carefully characterized by the artist's per- 
Sonal insight and mastery of form. 

7. Courbet. —Gustave Courbet (1819-77) called himself a 
Realist and was equally opposed to romanticists and classicists for 
the faraway and long-ago subjects adopted by the painters of both 
groups. Like Daumier he was highly conscious of social conditions. 
He believed that instead of dealing with ideas and concepts, or 
Instead of glorifying the past, the painter must represent only both 
Visible and tangible objects. While his pictorial form was rather 
traditional, his subjects were often strong social commentaries such 
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as “The Stone Breakers" of 1849. He felt that it was incumbent 
upon the artist to be a spokesman for the people in their social and 
political struggles and he allied himself with the progressive forces 
of his day. Yet most of his paintings—nudes, portraits, landscapes, 
flower pieces—have no political overtones. His work is important 
for its clarity of statement and his break with the tradition of his- 
tory painting. It is admirable for its audacity and robust strength, 
his understanding of formal relationships, and its sheer delight in 
the material reality not only of its subject but also of the paint 
itself. 

8. Academicians.—The painters discussed were only on the 
periphery of the Paris art world, while the widely recognized and 
popular painters continued to adhere to eclectic academic doctrines, 
Alexandre Decamps (1803-60) and Meissonier were greatly ad- 
mired for their extremely skillful and deceiving genre paintings. 
Thomas Couture's (1815-79) vast and tedious canvas, “Romans 
in the Decadence of the Empire,” was considered officially to be 
the masterpiece of the time. Jean Léon Géróme (1824-1904), 
Alexandre Cabanel (1823-89) and Adolphe Bouguereau (1825- 
1905) combined the now stale classical style with just enough erotic 
overtones to titillate the Parisian public. Heaped with official 
awards and commissions, they were able to retain control of French 
art and the Salon until the end of the century. Pierre Cécile Puvis 
de Chavannes (1824-98), while basically a conservative painter 
steeped in the Renaissance tradition, developed a unique style of 
mural painting in which diffuse light, a unified tonality, an almost 
geometric order create a slow, measured rhythm of human form 
and gesture. His murals in Amiens, the Panthéon and city hall in 
Paris, and the Boston (Mass.) public library constitute a successful 
approach to an association of painting and architecture. Gustave 
Moreau (1826-98) created a cycle of fantastic visions and was 
concerned with the world of thought rather than with appearances. 
The teacher of many of the Fauve painters (see below) including 
Georges Rouault and Henri Matisse, Moreau, while still using 
academic form, can also be considered a precursor of the Sur- 
realist movement. 

9. Manet.—After Courbet there arose an even more outstand- 
ing personality, that of Edouard Manet (1832-83). Then com- 
menced violent press campaigns which little by little inspired the 
public with horror, disgust and even a kind of incredible hatred for 
the young artists whom they considered as revolutionaries. Those 
young artists were first Manet, then the whole group of comrades 
of whom he was the eldest, and who used to meet in the Café 
Guerbois; Degas, Cézanne, Renoir, Monet and the others. Even 
Manet’s person was scandalously misinterpreted; most Frenchmen 
thought that the author of the "Luncheon on the Grass" and 
“Olympia” not only ignored the first rudiments of the art of paint- 
ing and that his pictures were ridiculous, but that he himself was a 
kind of coarse, extravagant, unconventional Bohemian. Until his 
premature death, the charming, witty and elegant, but also nervous 
and irritable Manet could not become reconciled to this injustice. 
He knew the fascination that he exercised on his friends, and he 
would have liked to please everyone: conscious of his exceptional 
gifts, he felt he was destined for the acclamations bestowed on 
Rubens or Velázquez. As they had done he developed a new visual 
form. He abandoned all shadows and gray tones and simply laid 
on light and dark immediately next to each other without soft tra- 
ditional modeling. Forms were kept flat and colour areas were 
applied solidly much as in Japanese woodcuts which were just com- 
ing to the attention of European painters and which exerted an 
enormous influence on Manet and his Impressionist and Postim- 
pressionist followers. While critics and public both exhibited only 
animosity to Manet's painting, the younger (Impressionist) artists 
rallied around him, and he himself was to be influenced by their 
light palette and interest in the quick and momentary impression. 
Toward the end of his life, in a masterpiece such as the “Bar at 
the Folies-Bergére” of 1882, he documented a contemporary scene, 
and here showed his great interest in a complex space structure and 
in harmonies of colour and sparkling light. 

10. Monet and the Impressionists.—Impressionism was а 
movement which carried the realist and pragmatist ideas of the pe- 
riod to their logical conclusion. The Impressionist painter like the 
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Realist was concerned with the visible aspects of reality, but was 
also interested in the immediate appearance at a momentary glance. 
He was fully conscious of the continuous change in nature and felt 
that the changing appearance was due to changes in light. Colours 
became brighter than ever before in the history of painting be- 
cause they were conceived of as a function of light. The Im- 
pressionists wanted to achieve the brightness of sunlight on their 
canvases. They soon realized that even a bright yellow could be 
reinforced by placing it next to its complementary, violet. Colour 
and light were to create shape and space. Space as it had been 
known since the Renaissance was abandoned as an important struc- 
tural factor. Reality, to be sure, has many faces, and the Im- 
pressionists were concerned almost exclusively with the way reality 
appeared to their eyes. Inner reality, thought and vision had no 
place in their theories except insofar as the painters were con- 
cerned with their personal reaction to visual facts. Claude Monet 
(1840-1926), the originator and most complete protagonist of the 
Impressionist movement, made dozens of different paintings of the 
same subject, always completed outdoors. In his series of hay- 
stacks, cathedrals or water lilies he was not interested primarily in 
his subject—one painting would have sufficed if he had been—but 
in the light reflections on the subject. He therefore had to paint 
many pictures of the same subject, but the content had become the 
reflected light and this, in a way, is an abstract concept. Monet's 
energy and passion made him to a certain extent a visionary, and 
it is surely not the characteristic of a narrow conception of art 
to close a career of landscapist with that unprecedented and un- 
classifiable work, “Le Bassin aux Nymphéas,” a vast cyclic poem 
of the water, flowers, leaves and light, to which he devoted in 
solitude at Giverny the last 20 years of his long life. 

Alfred Sisley (1839-99) was no theorist; once provided with 
the technique acquired from Monet, his only ambition was to be 
à charming minor painter of the countryside. Camille Pissarro 
(1830-1903) was the oldest member of the group. He had the 
greatest admiration for Corot and in certain pictures where at 
first glance only the technical preoccupations are seen, there may 
also be discovered a desire for order and organization, which the 
doctrine of Impressionism did not encourage. Pissarro wandered 
more than once beyond the horizons of pure Impressionism, and 
was able to play the curious and glorious role of teacher to Cézanne, 
Paul Gauguin and Georges Seurat, the three men who, with differ- 
ent means, were to lead French art into new paths. 

11. Renoir.—Pierre Auguste Renoir (1841-1919) studied under 
Charles Gleyre at the French academy, where he met Monet and 
Sisley. Leaving the atelier he came under the influence of Courbet, 
but he soon dissolved his colour areas and began to work outdoors. 
As a leader of the Impressionist group, he helped develop the Im- 
pressionist technique for the representation of the human figure 
which was to remain his prime interest. The contours of his figures 
were dissolved. His people became an integral part of their natural 
environment, and a dancing light pattern is created on them from 
the effect of sunlight coming through foliage. Renoir used a warm, 
sensuous palette for the movement of leaves, water and the human 
figure. After 1880 Renoir felt that momentary effects were not 
enough and that the painter had to draw and compose. He dis- 
ciplined and tightened his painting under the inspiration of Raphael 
and Ingres. Finally, about the turn of the century, Renoir 
evolved a unity of colour, line, volume and light for his glorious 
paintings of large nudes set into rich landscapes. Almost intuitive 
in his technical accomplishments, Renoir was the least conscious 
theorizer among his contemporaries. His love for colour and his 
insistence upon the sensuous elements of nature counteracted much 
of the subjective and overanalytical tendencies of the art of his 
own time, and contributed immeasurably to a painter such as 
Matisse who was later to appear as the leader of Les Fauves. 

12. Degas.—Hilaire Germain Edgar Degas (1834-1917) was 
still less an Impressionist, if it is possible, than Renoir. An inci- 
sive designer and prodigiously accurate, he was indebted to Holbein 
and Ingres. The public called him the painter of ballet dancers. 
Degas was no more a specialist of dancers than he was of modistes 
orjockeys. What attracted him successively or simultaneously to 
these subjects of study was the desire to grasp in an extraordi- 
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narily precise and expressive stroke gestures and movements which 
the eyes of painters until then had ignored. He loved the dis. 
ciplined movement of the ballet dancer and the race horse. It was 
with the same preoccupations that, during 10 or 15 years, he made 
himself a portrait painter. The impression of truth conveyed was 
secured by the drawing with its closed form and unusual com- 
position. Finding entirely new types of composition was a great 
part of his research; his inventions in this field were most original 
and bold, and have had capital consequences for modern painting 
and photography. He did not share the Impressionists’ love for 
light and colour, and the disdain he had for the open air was а 
final trait contrary to the process and convictions of the orthodox 
Impressionist. He did share with the Impressionist his intention 
to convey a momentary scene, but while Monet would be satisfied 
with the impression of the object, Degas caught the essence of 
action itself. 


HI. MODERN PAINTING (LATE 19th AND 
20th CENTURIES) 


A. POSTIMPRESSIONISM 


1. Toulouse-Lautrec.—Henri de Toulouse-Lautrec (1864- 
1901), descendant of one of the oldest families of the French 
nobility, became a great admirer of Degas and chose similar subject. 
matter and related means of expression. In his paintings, draw- 
ings, lithographs and posters he developed an evocative line which 
expressed his understanding of human action, He frequently used 
large bold planes of colour and was likely to tilt his space upward. 
Toulouse-Lautrec lived in Montmartre and painted the cabaret, 
theatre, dance hall and circus—the entertainers and the customers. 
A dance hall by Toulouse-Lautrec, such as the famous “At the 
Moulin Rouge,” was no longer the pleasant, graceful and gay gar- 
den party seen by Renoir; it became a joyless place where people 
seek escape and where Toulouse-Lautrec could observe them with 
deep psychological insight. He was less concerned with the play of 
light and shadow and much more with the human comedy or 
tragedy. 

2. Seurat.—Among the Postimpressionists, the contributions 
of Georges Seurat (1859-91) were many. Не never concealed how 
much his inventive technique owed to Monet. He personified ап 
intellectual reaction against the dispersive and undisciplined tend- 
encies of Impressionism. He possessed a sense of order and gran- 
deur and he found a technique and style to convey this sense of 
disciplined form. Along with his exacting colour science, his classic 
sense of composition and space division was almost unrivaled since 
that of Piero della Francesca and Paolo Uccello. His formality 
of design, discipline of pattern and understanding of space interval 
were executed in a refined colour scale broken into tiny, perfectly 
matched strokes, which earned this movement the names of Divi- 
sionism, Pointillism and Neoimpressionism, Seurat's contribution 
is largely summed up in his masterpiece, “Sunday Afternoon оп 
the Isle of Grande Jatte.” He was also one of the immediate 
ancestors of both the Cubists and Les Fauves (see below). Fol- 
lowers of Seurat who stylized his idiom of brush stroke and broken 
colour to various points of exaggeration, though their work is not 
without charm and sometimes importance, were Paul Signac (1863- 
1935), Henri Edmond Cross (Delacroix) (1856-1910) and Vah 
Rysselberghe. Of all Seurat's followers Signac was the best known 
and is credited with actually having originated the colour system 
practised by Seurat, mainly that of painting in tiny mosaics 0 
warm. and cool colour and of uniform stroke, which were perfectly 
adjusted according to preconceived theories based upon the writ- 
ings of Michel Chevreul, Hermann von Helmholtz and Ogden N. 
Rood, In Seurat’s case there was perfect balance of hue, value 
and intensity. Signac's contribution lies not in his overstylization 
of this colour theory in his oil paintings but rather is to be seen 
in his water colours, which have a lyrical and compelling charm. 

3. Van Gogh.—Vincent van Gogh (1853-90), appearing as 4 
meteor at the time when Impressionism began to triumph, did not 
dwell upon repetition. He made use of the conquests, but only 
as instruments for the lyricism and mysticism through which his 
sparkling genius looked on nature. In Feb. 1886 he arrived in 
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“DANSEUSE SUR LA SCENE,” BY DEGAS 


An example of the work of Edgar Degas (1834-1917), a French painter of the Impressionist 
school, best known for his many paintings and drawings of ballet dancers. In the Louvre 


Prate ХУШ | PAINTING 


a шыш! 


Above: "Bar at the Folies-Bergére" by Edouard Manet (1832-83), French. In the 
Courtauld Institute of Art, London 


Below: “Une Baignade" by Georges Seurat (1859-91), French. 


In the Tate gallery, 
London 


"The White Girl" by Jame Jeill Whistler 
(1834-1903), Атегісап-Еп ol. In the 
National Gallery of Art, D.C. 


19TH-CENTUR 
AND ENGLISH 


“At the Moulin Rouge" by Henri de Toulouse Lautrec (1864-1901), French. In the “On the Terrace” by Pierre Auguste Renoir (1841-1919), 
Art Institute of Chicago French. |n the Art Institute of Chicago 


TESY OF (TOP LEFT) COURTAULD INSTITUTE OF ART OUNTRY LIFE 
MOUSE, (BOTTOM LEFT, BOTTOM RIGHT) THE ART INST 


UTE OF CHICAGO 


(TOP RIGHT) NATIONAL GALLERY OF ART, WASHINGTON, 


@ 


(CENTRE LEFT) COURTAULD INSTITUTE OF ART 


PAINTING Prate XIX 


BY COURTESY OF THE ART INSTITUTE OF CHICAGO; PHOTO BY RICHARD 2. BRITTAIN 
"Artist's Garden at Argenteuil" by Claude Monet (1840—1926), French. In 
the collection of Mr. and Mrs. Martin A. Ryerson, Art Institute of Chicago 

MONET AND CÉZANNE 


“Gulf of Marseilles, Seen from L'Estaque" by Paul Cézanne (1839-1906), 
French. In the collection of Mr. and Mrs. Martin A. Ryerson, Art Institute 
of Chicago 
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BY COURTESY OF THE MINNEAPOLIS INSTITUTE OF ARTS 
“Tahitian Landscape" by Paul Gauguin (1848-1903), French. In the Minneapolis 
Institute of Arts 
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"Boats at Saintes-Maries" by Vincent van Gogh (1853-90), Dutch. In the V. W. van 
Gogh collection, Stedelijk Museum, Amsterdam, Neth. 


BY COURTESY OF STEDELIJK MUSEUM 


PAINTING 


BY COURTESY OF THE MINNEAPOLIS INSTITUTE OF ART 


“Dining Room in the Country" by Pierre Bonnard (1867—1947), French. In 
the Minneapolis Institute of Art 
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“Red Studio" by Henri Matisse (1869-1954), French. In the Museum of 
Modern Art, New York city 
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“Figure in an Interior" by Henri Matisse (1869-1954), French. In Crowningshield 
collection 


"La Noce” (“The Wedding") by Henri Rousseau (1844—1910), 
French. In the collection of Mme Jean Walter, Paris 
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"Portrait of a Girl" by Amedeo Modigliani 
(1884-1920), Italian 
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“GIRL BEFORE THE MIRROR," BY PABLO PICASSO (1881- ) 


A painting of 1932 by the Spanish-born artist. Іп the Museum of Modern Art, New York city 
(gift of Mrs. Simon Guggenheim) 
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Left: “Large Composition with Red, Yellow, and 
Blue" (1928) by Piet Mondrian (Pieter Cor- 
nelis Mondriaan, 1872-1944), Dutch. In the 
collection of John L. Senior, Jr. 


Below: “Black Lines" by Wassily Kandinsky 
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“Land age” by Marc Chagall (1887— ), Russian. Museum 
of Moc New York city 
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"AMERICAN GOTHIC," BY GRANT WOOD (1892-1942) 


Oil on panel, painted in 1930. In the collection of The Friends of American Art, The Art Institute of Chicago 
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"The Herring Net" by Winslow Homer (1836-1910), U.S. In the collection 
of Mr. and Mrs. Martin A. Ryerson, Art Institute of Chicago 


HOMER AND HOPPER 


“Nighthawks” by Edward Hopper (1882— ), U.S. In the Friends of 
American Art collection, Art Institute of Chicago 
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“Seaton Delaval" by John Piper (1903— ). In the Tate gallery, London 


"Study of a Dog" by Francis Bacon (1910— ). 
Tate gallery 
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“Woman Il, 1952" by Willem de Kooning (1904— ), U.S. In the 
Sidney Janis gallery, New York city 
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"Transit" by Mark Tobey (1890— ), U.S. In the Metropolitan 
Museum of Art, New York city 
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"No Turns Permitted” by Reginald Marsh (1898- 
1954), U.S. In the collection of Mrs. Reginald 
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“Ocean Grayness" by Jackson Pollock. In the Solomon 
R. Guggenheim Museum of Non-Objective Art, New 
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"Handball" by Ben Shahn, U.S. In the Museum of Modern Art, New York city 
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"Little Known Bird of the Inner Eye" by Morris Graves, U.S. In the Museum of Modern Art, New York city 
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“Dame Mary Gilmore" by William Dobell (Australian). In 
the Art Gallery of New South Wales, Sydney 
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Paris, and at once his originality burst forth like an explosive 
placed too near a fire. Brief was the period of his short life in 
which was created all that made him a great painter. He had 
become acquainted with Degas, Seurat, Toulouse-Lautrec and 
Gauguin, and owed much to each of them. He shared their passion 
for the Japanese print. 

Van Gogh had an intense empathy with natural forces and with 
human emotions. Where the Impressionists were interested in sun- 
light, Van Gogh became a worshiper of the sun. He went to Arles 
in the south of France where there was little haze and the bright 
sunlight isolated all details in the landscape and gave it pro- 
nounced outlines. In his mature paintings, done during four or 
five years, he used line, colour and brush stroke with extreme in- 
tensity, employing them arbitrarily and rather abstractly to make 
them yield the greatest force. Не зе out to recreate the feeling 
evoked by a field, a poolroom, a starlit sky; his work succeeds in 
stimulating the spectator into a complete emotional response. The 
ecstasy of his colour and the vigour of his surfaces communicate 
to the observer a heightened awareness, which, after all, may be 
considered the essence of the aesthetic experience. When Van 
Gogh committed suicide in 1890 he left a remarkable body of work 
to stimulate future generations of artists as well as that public 
which had shown no appreciation of him during his lifetime. 

4, Gauguin.—Both Van Gogh and Paul Gauguin (1848-1903) 
were able to raise subject matter of their own choosing, through 
intensity of colour and breadth of design, to the power of a symbol. 
These two painters had the greatest influence on the parallel move- 
ments of Expressionism which developed in France and Germany 
during the first decade of the 20th century. Van Gogh created a 
type of frenetic, spiritual Expressionism through temperamental 
violence expressed in intensity of colour and impassioned calligra- 
phy. The elements of Van Gogh's art are perhaps more personal 
and direct than are those of his associate. Gauguin found his point 
of departure in the combined influences of Puvis de Chavannes 
and Impressionism. His character, his life and his work are noth- 
ing but contrasts. Gauguin threw himself into his work with a wild 
vehemence and with a mixture of brutality, refinement, impulsive- 
hess and reflection, He searched for the primitive and savage in 
Tahiti, where, after years of rage and disillusionment, he died 
miserably. But it was not only idyllic savagery that he went so far 
to find, but also order. Introduced by Pissarro to Impressionist 
vision and technique, he felt the need to control form. Together 
with a group of disciples in Pont Aven in Brittany he developed a 
style called Synthetism or Cloissonism. ' Here the artist flattened 
out space, simplified design, and heightened colour by using large, 
flat colour areas bounded by dark lines. The final composition was 
rather arbitrary or synthetic and no longer determined by the visual 
forms of nature. The evocative force of line, shape and colour 
to suggest broad ideas and thoughts was considered more impor- 
tant than the imitation of nature. Gauguin finally left the sophis- 
ticated art world of France altogether for the South Sea islands. 
He reflected a growing trend in modern painting with his return to 
the primitive in both art and nature, and his measurement of great 
areas of colour with their subsequent symbolic effects. He dis- 
agreed with the minute brush strokes and the disintegration of 
recognizable physical forms through colour, practised by the Im- 
Pressionists. He cried for “а metre of green,” rather than the 
Stroke by stroke vibration of mingled hues pursued by the origi- 
nal Impressionists. But even in the works composed during his 
Tahiti period the colour scale which he used for synthetic effects 
15 traceable more or less directly to that handed down by Pissarro 
4s an instrument of analysis. But, in proportion to the develop- 
Ment of his singular personality, he withdrew farther and farther 
from Impressionism, while, underneath the brown skin of the 
South Sea “Vahines,” the relationship of his Maori dream with 
К ЕРА world of the Greco-Latin Puvis de Chavannes shines 

rough, 

5. Redon.—While Gauguin’s influence on the succeeding gen- 
eration of Painters in France and in Germany was enormous, his 
Contemporary Odilon Redon (1840-1916) had less effect. Redon 
as well as Gauguin was close to the Symbolists in French poetry 
and was preoccupied with the power of suggestion and inference. 
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The artist, they felt, must “clothe the idea in visible form” and ex- 
plore the world of the imagination. Redon was an artist who was 
essentially a visionary and a colour poet, in some ways related to 
mystical painters of inner vision such as William Blake and Gustave 
Moreau. The Surrealists, who were also concerned with the mean- 
ing of the symbol, were to pay homage to Redon. 

(P. JA.; P. H. S.) 

6. Cézanne.—The greatest revolutionary figure of Postimpres- 
sionism and acknowledged father of modern art was Paul Cézanne 
(1839-1906). Cézanne was typically a French painter in the 
historical, traditional sense, inasmuch as his art and spirit both 
consummately derived from studying the masterpieces in the mu- 
seums, Many historians have noted that the most revolutionary 
figures in modern French painting have been largely trained 
through intense study in the museums and picture galleries, prin- 
cipally the Louvre. Cézanne’s ideal was to make the art of the 
Impressionists “something solid and enduring, as the art of the 
museums.” He also stated in spite of his ardent admiration of 
Delacroix that he wished “to re-do Poussin after nature.” While 
always deeply concerned with the analysis of the object, he still 
liberated painting from imitation or narration. In discussing 
Cézanne's water colours, Lionello Venturi noted that his conception 
of the true nature of painting as distinct from that of reality made 
him unique. This, in a sense, described the complete difference 
between the concepts of painting in the 20th century and those of 
any other time; that is, the artist re-created the world, and it lay 
definitely and abstractly within the limitations of the picture frame 
or the boundaries of the canvas or paper. 

Added to this theory of painting for its own sake is Cézanne’s 
often-quoted advice to his friend and pupil, Emile Bernard, that 
he “Interpret nature in terms of the cylinder, the sphere, the cone; 
put everything in perspective, so that each side of an object, of a 
plane, recedes toward a central point.” Though the Cubists were 
to use this as their justification for laying bare the geometric es- 
sentials of nature, it should be noted that nowhere did Cézanne 
speak of the cube as such, nor in his desire for “realization of the 
subject in nature” was there any indication that he would have 
adopted, let alone approved, Cubism itself, Cézanne’s formal 
contributions became of increasing value and interest to other 
artists after his death in 1906. His conception of reality was based 
on the fundamental structure of the subject in nature which he 
often called the motif. For this aspect of structure, which was of 
an architectonic nature, he sacrificed all literary and most personal 
overtones, along with incidental, naturalistic detail. Consequently 
his still-life compositions, landscapes, portrait studies and figure 
compositions achieve a singularly monumental and often austere 
quality. In recreating an image or object, Cézanne’s physical or 
plastic forms are analyzed in planes of colour, in which he, to 
quote his own term, “modulates” the colour, rather than modeling 
or blending it in the conventional sense, or using chiaroscuro. 

Cézanne used the prismatic colour scale of Claude Monet and 
that of his close friend and teacher, Pissarro, painting in planes of 
warm and cool colour. However, he often sacrificed the purity 
and intensity of the local colour (i.e., the essential redness of 
the apple) for reflected colour and refracted colour. He would 
change also the local or natural colour to establish a unity or 
synthesis, thus establishing a definite colour balance. He con- 
stantly reinforced the contours of various parts of the composi- 
tion to create emphases and tensions within the picture plane. 
In relation to his pattern forms, there is a tremendous tension 
between the surface of the picture and the implied depth or what 
might be described as acoustical space. 

Cézanne conceived a composition in which all solids contain a 
certain inherent energy made up of many faceted forms or planes, 
Each form in the composition exerts an influence as it impinges on 
another form, often resulting in distortion and tension, The spa- 
tial relationship between forms was more important to Cézanne 
than the individual forms themselves. The physical forms them- 
selves seem to exert certain tensions against the surrounding space, 
whereas the intervals of surrounding space are modulated, meas- 
ured and timed with counter force in relation to the forms. This 
approach alone is enough to suggest the beginnings of both ana- 
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lytical and synthetic Cubism. This contributed to Futurism, 
which was in turn related to Cubism. 

From the various aesthetic points of view of his contemporaries, 
such as the Impressionists, along with their reinterpretation of 
the old masters, Cézanne created a new kind of pictorial composi- 
tion or organization in which the vertical was used to give a greater 
depth. He also created a new architecture of landscape as well 
as of still-life painting. He evolved a symbolic attitude which 
was the integrity of painting for painting's sake, vastly different 
from the ivory tower art for art’s sake. 

7. Early 20th-Century Trends.—During the first half of the 
20th century Paris was no longer the only significant art centre 
of the world. The all-important Expressionist movement had its 
nucleus in Germany, and nonobjective painting began in Germany 
and Russia. Yet Paris maintained its position as the most impor- 
tant focal point at least until the outbreak of World War II. 

Modern painting, in one sense, began with the closing years of 
the career of Cézanne. Actually, Cézanne’s personal preoccupa- 
tion’ was to achieve a new kind of realism, but many of his 
remarks, especially when lifted from context, pointed toward 
abstraction, for he was almost obsessed with the geometric un- 
derstructure of natural forms. There can be little doubt that 
this led quite directly to many of the formulations contained in 
Cubist painting. The use of Cézanne as the authority, along 
with the discovery on the part of Maurice de Vlaminck, Ernst 
Ludwig Kirchner, André Derain and Pablo Picasso of African 
sculpture with its ultrasimplified forms, led the Cubists, Fauvists 
and Expressionists into an entirely new manner of representation. 
Beginning with Cézanne each movement was in a sense first a 
revolt against Impressionism and second a revolt against the 
preceding rival group. 

However, there were several other acknowledged masters of the 
late 19th century who extended their influence and laid the foun- 
dations of the various trends which made up the movement 
known generally as Postimpressionism, a journalistic term used 
both by Roger Fry and by Clive Bell, English critics. Included 
among the Post-impressionists were Van Gogh, Gauguin, Seurat, 
Renoir and Redon. Added to these was Henri Rousseau (1844— 
1910), the so-called primitive or naif, whose example led to a 
whole school of untutored modern primitives flourishing both in 
Europe and America. Few of these, however, attained the force 
of design and intensity of fantasy found in the work of Rousseau. 

In addition, the more isolated figures of the Belgian James 
Ensor and the Norwegian Edvard Munch had an influence on 
20th-century painting. 


B. INTIMISM 


The tradition of Impressionism (q.v.), which began officially 
with the first exhibition in Paris held in 1874, continued in the 
careers of two outstanding artists, Pierre Bonnard (1867—1947) 
and Jean Edouard Vuillard (1868-1940), generally referred to as 
the Intimists. Bonnard was famous for his burning landscapes 
and arrangements of luscious fruits that seemed to burst with the 
intense sunlight of southern France. He also brought the luminous 
touch and iridescent colour scale of the Impressionist landscape 
painters to the tender and familiar studies of women placed in the 
quiet surroundings of garden or boudoir. Vuillard, with a lighter 
staccato touch and conversational intimacy, through many adroit 
considerations of space and the placing of his figures in richly 
patterned surroundings, created a new decorative art with the 
genre of interior painting. Vuillard, in particular, carried over the 
orientalism of the 19th century along with an original and sensi- 
tive feeling for the same unusual spatial elements that imparted 
such vitality and commanding vision to the posters of Toulouse- 
Lautrec. The importance of Bonnard and Vuillard lies in their 
ability to partake of the tradition of the Symbolists (g.v.) and of 
the Nabis, a group led by Maurice Denis. Bonnard and Vuillard 
maintained much of the intensity of Gauguin’s colour, at the same 
time keeping the perennial "innocence of the eye” often used to 
characterize the original Impressionists. It may be considered 
that Bonnard in particular added essentially to the history of 
modern colour usage, whereas Vuillard called attention to new 
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combinations of space interval and subtle relationships of values 
even in the most humble and unpretentious vignette. 


C. Fauvism 


The first significant revolt against Impressionism occurred in 
1906 in the autumn Salon. By that time Impressionism had be. 
come a nearly international formula and was soon to be a vehicle 
for merely sketching from nature. With the discovery of African 
sculpture and the growing activity in fields of archaeological 
research, artists found a wealth of new inspirational material, 
Among these sources of inspiration were Persian and Indian min- 
iature painting, all the arts and crafts which appeared to be exotic 
and a revaluation of the Gothic. The artist turned to the anthro- 
pological and archaeological collections and drew directly. Be. 
ginning with Whistler and other painters working in France, 
generous use had been made of oriental material, particularly the 
Japanese print, along with Chinese porcelains and textiles. The 
Impressionists continued the exploitation of these sources, whereas 
Gauguin went a step further and established the cult of the primi- 
tive. ` 
Both Fauvism and Cubism were respectively named as deri- 
sive comments and supposedly each by leaders of the opposing 
movements, Les Fauves, variously called the “Wild Beasts’ or 
the "Wild Men," were distinguished by a general freedom of 
colour usage and design elements. Actually the entire movement 
was a form of subjective Impressionism, in which the formal ele- 
ments of painting appeared to be used quite arbitrarily, The 
leaders of the movement were Henri Matisse (1869-1954), 
Georges Braque (1882-1963), Raoul Dufy (1877-1953), Maurice 
de Vlaminck (1876-1958), André Derain (1880-1954), Émile 
Othon Friesz (1879-1949), Kees van Dongen (1877- . ), 
Georges Rouault (1871—1958), Charles Duíresne (1876-1938) 
and André Dunoyer de Segonzac (1884— ). Some of these 
painters, such as Braque and Derain, also worked along with the 
Cubists. Braque especially was the most consistent master of 
Cubism among French painters, Derain occupied the position of 
a museum painter since he was the most apparent in self-conscious 
scholarship and the revival of historical styles and mannerisms. 

1. Matisse.—The greatest contribution of the group centred 
in Matisse, whose use of colour alone completely revolutionized 
its decorative and emotional values in modern painting. In point 
of view of colour Matisse many times revised the practices of 
the interior decorator, elevating him to the position of a "colour 
engineer.” Matisse, first academically trained under Adolphe 
Bouguereau, became an official copyist in the Louvre, supplying 
for the government replicas to be placed in provincial museums 
and for sale to private buyers. He was invited by Moreau to 
work in his studio along with Rouault. Later he worked in the 
Impressionist manner, and it was then that he turned to Japanest 
prints and Persian sources. Along with Derain he discovere 
Cézanne, and also began to make personal variations on ol 
master themes which he had successfully copied, About the 
time of the first showing at the autumn Salon Matisse began t0 
establish a definite style of intense, unmixed colour, broadly ap- 
plied on a flat, two-dimensional surface. He later stated: “What 
І am after above all is expression . . . the whole arrangement of 
my picture is expressive . . . composition is the art of arrange 
ment in a decorative manner . „ . for the expression of what the 
painter wants . . .”; but also, “What I dream of is ап art of bal- 
ance, of purity and serenity, devoid of any troubling subject 
matter . . . like a good armchair in which to rest from fatigue: 
Matisse may be regarded as the most important successor ® 
Renoir, inasmuch as his long procession of still-life arrangements 
interiors with figures, odalisques and compositions taken {100 
the Riviera form an unbroken sequence of colourful essays 2 
sensuous objectivity. The work of Dufy ran closely parallel 9 
that of Matisse, conditioned, of course, by his personal temper 
ment and marked by a witty and highly personal calligraphy wh! 
described vignettes of the race track, the cháteau country, 
yacht harbour. To all of these and to even conventional subject 
Dufy lent his gay and descriptive handwriting and feeling for 
playful decoration. 
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2. Rouault.—The other painters of this group are discussed 
as members of the School of Paris, but Rouault must be singled 
out. Long considered the most significant painter of religious 
subject matter in the 20th century, Rouault was a solitary master 
following a mystic line of inner vision. At one time keeper of the 
collection of Moreau, he absorbed from his teacher much of the 
intensity and hallucinatory atmosphere that so inspired Moreau's 
literary friends, the novelists Gustave Flaubert and Joris Karl 
Huysmans. Once a designer of stained glass windows, he inter- 
preted the troubled passion of the Gothic with deeply felt religios- 
ity. The vivid and heavily encrusted colour and leaded black 
line used to interpret rather than depict the martyrdom of man- 
kind—whether the subject be that of Christ, clowns or prostitutes 
—came close to the actualities of medieval life and sentiment. 
His is a strange, sorrowful, sometimes bitter and strident note 
in the modern world. 

3. Dufy and Vlaminck.—Both Dufy and Vlaminck were 
still young painters at the time of their association with the Fau- 
vists, neither of them having arrived at the individual style that 
marks their mature work. Dufy painted with simple, solid and 
brilliant colour. Vlaminck, who is credited with creating a sud- 
den enthusiasm for African primitive sculpture, freely improvised 
with both structure and colour, and for a time was perhaps the 
wildest of the Fauvists. However, his mature style which identi- 
fied him with the School of Paris is represented by a series of 
vigorous and impetuous landscapes and still-life studies largely 
painted in dramatic colour contrasts and an irregular, heavy 
impasto applied with the palette knife. But he finally settled 
down to a constantly repeated formula of stormy landscapes. 
Another painter sometimes associated with Les Fauves was Albert 
Marquet (1875-1947), who usually worked in a quiet colour key, 
but whose simplifications of natural forms relate him to phases 
of the earlier Matisse. 


D. Совіѕм 


l Pablo Picasso is generally considered the first painter to pro- 
duce an important Cubist composition— The Ladies of Avignon,” 
painted in 1906-07, partially based upon Negro sculpture as well 
as Iberian masks, and related also to the structural simplifications 
of Cézanne. It is perhaps more of a document than a completed 
masterpiece. 

There are many classifications of Cubism. However, three 
aspects of the movement largely dominate its history: (1) Ne- 
Broid, which is combined with (2) analytical Cubism (seeking 
the geometric understructure of natural forms) and (3) synthetic 
Cubism, in which a freedom of improvisation is introduced with 
a suggestion of timing and space relations and a greater variety 
of colour and texture. In this latter phase mixed mediums played 
а part and foreign substances were introduced. Sometimes sand 
was mixed with pigment to ensure a variety of surface textures. 
This slowed down the colour vibration and helped create dis- 
Sonances of various kinds from passage to passage. Bits of paper, 
cloth, playing cards, wire, wood, string and other materials were 
introduced. "The final result was a papier collé or collage. 

Both the Cubists and the Italian Futurists (see below) used a 
device known as simultaneity—the practice of combining various 
Parts of an object, or profiles of face and figure, within a design 
Concept. This succession of various points of view, of attempting 
to Present all aspects of the object or figure—back, front and 
Sides—simultaneously, had its origin in many primitive arts in- 
cluding Egyptian painting, the designs of the northwest Indians, 
and some of the santos of the United States southwest, in Negroid 
and Oceanic sculpture, as well as in Chinese bronzes. The most 
famous example to show motion and simultaneity of timing is 
Marcel Duchamp’s “Nude Descending a Staircase,” painted in 
1912. This technique of indicating motion in space, used by both 
the Cubists and Futurists as well as subsequent schools, devel- 
Oped before the elaborate technique of the animated cartoon or 

e motion picture. 

Aside from Georges Braque, the real leader of this move- 
Ment, other members of the group were Albert Léon Gleizes 
(1881-1953), Jean Metzinger (1883-1956), Marcel Duchamp 
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(18875 ), Francis Picabia (1879-1953), Fernand Léger (1881- 
1955), Juan Gris (1887-1927), Louis Marcoussis (1883-1941) 
and Roger de La Fresnaye (1885-1925). 

The analytical Cubists kept to a rigid geometric discipline, 
presenting their subjects in structural plane patterns without 
losing the basic likeness of the subject. They also reduced their 
colour scale to a series of neutral tones of browns and grays in 
what may be considered almost a puritanical protest against the 
colour of the Impressionists. Gradually the Cubists created a 
pictorial vocabulary composed of bottles, newspapers, playing 
cards, wine goblets and guitars, that became personal to them. 
Contrasting with this to a certain degree, the synthetic Cubists, 
led by Braque in 1910, complicated the original forms of Cubism 
not only by adding imitation textures and foreign substances to 
their paints, but by borrowing freely from other techniques such 
as Pointillism; they also introduced softer and more decorative 
elements than formerly, and used organic forms along with geo- 
metric shapes and patterns in a kind of counterpoint of passage 
which moved from the static to the dynamic. 

1. Picasso.—Along with Braque, Pablo Picasso (1881— ) 
evolved the painting of natural and inanimate forms reduced to 
more or less geometric shapes, which Matisse in a moment of 
derision labeled Cubism. In the beginning Cubism appears to have 
derived from two sources: from nature itself and from geometric 
patterns and solids. Later the feeling of tempo, simultaneity of 
phrase, the disintegration of the physical object and its recon- 
struction came into practice. Also, great means of time and di- 
mension expression were realized by the illusion created through 
the use of superimposed and crisscrossed planes. Through his rich 
inventiveness and his constant experimentation with new mediums, 
as well as expression, Picasso provided the nervous force and 
stimulation which largely provoked the development and persist- 
ence of Cubism. Since he was the greatest single influence in 
painting since Cézanne, he is considered more fully later in this 
article. (See also Further Contributions of Picasso, below.) 

2. Braque.—lIt was in 1908, after several years of identification 
with Les Fauves, that Georges Braque with Picasso founded 
Cubism. More than any other artist he gave it a permanent place 
in contemporary painting. His experimentation was bold yet sure, 
and in all matters of taste he was unexcelled. His joyous colour 
combinations were equaled only by those of Matisse. At his best 
in his still-life paintings, pure colour pattern welded into design 
is substituted for chiaroscuro. There are striking dislocations of 
realistic intervals within his rigidly disciplined patterns. Colour 
is placed. flatly, almost vertically; on the surface; yet through 
changes of touch and pressure it is given body and weight and 
actually modeled without resorting to the devices of tonal grada- 
tion. Braque creates a lyrical and controlled feeling of dissonance 
that always bears a delicate sense of shock and a delightful feeling 
of surprise. His bold patterns are in contrast to his almost loving 
handling of paint and materials. He is essentially in the French 
tradition in his understanding of still life's being composed of ob- 
jects that have energy and magic of themselves and also in his 
mastery of the beautiful surface. He never loses the wonder of 
the eye nor destroys the magic of the object. 

3. Gris.—Perhaps the most quoted statement by the Spanish 
Cubist Juan Gris is: "Cézanne makes a cylinder of a bottle; I 
begin with the cylinder in order to create an individual unit of 
а special type. Оға cylinder I make a bottle—a particular bottle.” 
Gris, along with Picasso and Braque, was able to raise the highly 
disciplined and severely mathematical art of Cubism into an in- 
dividual pictorial-plastic expression. In spite of his order and 
formality there is no astringency in his art; rather it is lyrical, 
poetic and at times even sonorous. He synthesizes many com- 
plexities of pattern, texture and object shapes without losing their 
individual painterly and pictorial identity and significance. Every 
foreshortening, every cross section of an object, every contour 
seems freely related and yet held together in a type of irregular 
repeat that takes cognizance of the importance of space in- 
terval. 

4, Léger.—The machine as an aesthetic tool was one of the pre- 
occupations of Léger, one of the founders of Cubism. Severity 
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to 1920 Moscow was one of the great artistic centres of Europe 
and carried on a series of exhibitions brought from Paris. Com- 
prehensive private and public collections were formed. No less 
than a half dozen short-lived experimental movements put in 
their appearance within a few years. Abstract art in Russia had. 
begun under the tsarist regime and was carried over until its influ- 
ence was generally diffused. The first completely nonobjective 
painting was created by a Russian painter working in Munich, 
Wassily Kandinsky (see above). Kandinsky also evolved an aes- 
thetic theory of abstract painting. t 1 

Rayonism, created by Mikhail Larionov (1881-1964), an im- 
portant nonrepresentational experiment, had something in common 
with Futurism and started with the reduction of forms in figure 
and landscape composition into rays of light. It had some influ- 
ence upon the settings for the Diaghilev ballets through Larionov 
and his wife, Nathalie Gontcharova (1881-1962). 

Suprematism was originated by the Russian-Polish painter 
Kazimir Malevich (1878-1935). He was the first artist to estab- 
lish a system of nonrepresentational composition in terms of pure 
geometric shapes and patterns. His most important. picture, 
painted in 1918, was “White on White” (a white square set on an 
angle within a white square). His influence on graphic design and 
typography was especially important. 

Aleksandr Rodchenko (1891— ), an associate painter who be- 
came a rival to Malevich, formed a group under the general title 
of the Nonobjectivists. His best-known picture, also painted in 
1918, was “Black on Black” (a circular pattern crisscrossed by 
two pointed ellipses, all in black). This picture was sent to the 
1919 Suprematist-Nonobjectivist exhibition as an answer to Male- 
vich’s famous “White on White.” Later Rodchenko worked in the 
Constructivist manner. 

El Lissitzky (1890-1941), one of the best-known of the Russian 
abstract painters, spent much time in Germany between 1921 and 
1928 and exerted a considerable influence on the development of 
design, especially at the Bauhaus. 

For a time the influence of Russian Constructivism was far- 
reaching, particularly in the theatre, where attempts to build vari- 
ous settings of an abstract nature were carried on by all the small 
advanced groups. This activity carried into the rest of Europe 
and America. Constructivism was largely instigated by the 
brothers Naum Gabo (1890- ) and Antoine Pevsner (1886- 
1962). It must be remembered also that the Hungarian Moholy- 
Nagy made intelligent use of every possible innovation suggested 
by these experiments. Constructivism was largely inspired by 
the collage of the French Cubists and literally carried it into three 
dimensions in which wood, wire, sheet metal, glass and even con- 
crete were used. The brilliant constructions by Pevsner and Gabo, 
however, belong legitimately in the realm of sculpture: 

2. De Stijl and Neoplasticism.—The year 1917 marked the 
formation of the de Stijl group in the Netherlands. It included 
the painters Piet Mondrian (1872-1944), Theo van Doesburg 
(1883-1931) and others, along with the sculptor Georges Van- 
tongerloo (1886-1965) and the architect J. J. P. Oud (1890+ + ). 
Alfred H. Barr, Jr., in Cubism and Abstract Art, wrote of this 
group: “Two elements formed the fundamental basis of the work 
of de Stijl, whether in painting, architecture or sculpture, furni- 
ture or typography: in form the rectangle; in color the ‘primary’ 
hues, red, blue and yellow.” By 1920 Mondrian had published 
his manifesto on Neoplasticism in Paris. His painting had evolved 
from the conventional 19th-century Dutch pictorial style to a 
form of absolute nonrepresentationalism. His compositions are 
characterized by precise measurement of rectangular spaces on 
a white canvas ground, with the introduction of an occasional 
rectangular lozenge of absolutely pure colour. His most complex 
picture was his unfinished “Broadway Boogie-Woogie,” on which 
he was working at the time of his death in New York. Various 
members of this particular group had a great influence upon 
architecture, and at one time affected the Bauhaus trend in Ger- 
many. 

3. Purism.—From 1916 to 1925 the teacher-painter Amédée 
Ozenfant (1886-1966) and the architect Charles Edouard Jean- 
neret (1887-1965), known as Le Corbusier, created a functional 
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classicism known as Purism. This group was not unlike de Stijl 
in that it insisted upon precision, a clean line and the impersonal 
quality of machine design and engineering. As for the painting, it 
was more or less an admonition to the more rococo effects of 
Cubism and any of the playful variations that may have entered 
painting by way of Dada, The pictorial vocabulary was more or 
less limited to bottles and other still-life forms which exhibited an 
endless series of rhyming profiles of shapes and patterns somehow 
forced into deep space. Similar to de Stijl, its influence upon 
functional architecture and modern applied design was widespread, 
The German painter Willi Baumeister (1889-1955) is closely re- 
lated in style to the Purists. 


I. DApAISM 


According to Tristan Tzara and reported by Jean (Hans) Arp 
(1887-1966), the word Dada was discovered by Tzara on Feb, $, 
1916, at six o'clock in the evening at the Terrace café in Zürich, 
Switz. Dada was more of an influence than an actuality, although 
it was supposedly a serious criticism of 20th-century civilization, 
It took its name from the French word for hobbyhorse or play- 
thing, and sought through terms of derision to destroy all sense 
of tradition in the arts and ethical codes, as well as traditions and 
values of conduct. Dada groups sprang up in New Vork, Bar- 
celona, Cologne, Hanover, Berlin and Paris. Most of the serious 
artists connected with the movement used it as a means to playful- 
ness and further experiment in combinations of mediums. One of 
its chief exponents was the painter Kurt Schwitters (1887-1948), 
who created the Mersbild or collages made out of the leftovers 
from the trash barrel, thus proving—to himself, at least—his far 
mous statement, "Anything the artist spits is Art.” Marcel Du- 
champ, Francis Picabia, Max Ernst (1891- )-and others were 
associated with it for a time. Man Ray (1890- ) also made 
significant contributions, The positive side of the movement was 
in the field of experiment: the negative, the despair, feigned or real, 
which for a time invaded the theatre, ballet, the novel and poetry, 
as well as painting and sculpture. Completely anarchic, it used the 
materials of fantasy and destruction; its ultimate aim was chaos. 


J. SURREALISM 


The spokesmen for the Surrealist group, like those for Dada, 
claimed that it was not limited toa purely aesthetic point of view 
but was a philosophy of life. Dealing in terms of the irrational, it 
sought to exalt the unconscious into an active, creative role. 
Greatly indebted to the teachings of Sigmund Freud, Surrealism 
began in 1922 in Paris, but it was not until 1924 that André Breton 
issued its manifesto and published the first number of La Révoli- 
tion Surréaliste. A great deal of the material written by the Sut 
realists in defense and definition is not clear. However, here В 


Breton’s own definition (from What Is Surrealism?, translated by 


David Gascoyne [Faber]) : 


SURREALISM, n. Pure psychic automatism, by which it is intended — 


to express, verbally, in writing, or by other means, the real process 0 
thought: Thought’s dictation, in the absence of all control exercise 
by the reason and outside all aesthetic and moral preoccupations. 
ENCYCL, Philos. Surrealism rests in the belief in the superior real- 
ity of certain forms of association neglected heretofore; in the omnipo- 
tence of the dream and in the disinterested play of thought. It tends 
definitely to do away with all other psychic mechanisms and to substi 
tute itself for them in the solution of the principal problems of life. 
The movement in painting had for its best-known exponents the 
Spaniard Salvador Dalí (1904— 
Yves Tanguy (1900-55), Pierre Roy (1880-1950), Jean (Hans) 
Arp, André Masson (1896- __) and the Chilean Matta (Robert? 
Matta Echaurren) (1911-  ). Some of these men carried ove 
from Dadaism certain ideas and forms, Each artist varied greatly 
from the others in his handling and choice of subject matter, many 
subscribed to the idea of associating ordinarily unassociated 0 
jects and environments in such manner as to create surprise 2? 
Shock the spectator. The most obvious example is Dalí's picture 
“The Persistence of Memory" (1931), a picture of wet, lim? 
watches, which is conventionally painted, the realism being pushe 
to the point of a coloured photograph. Only the elements 0 
space and the fluidic form of the melting timepieces provide 


), Joan Miró (1893- (| 
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paranoiac shock of the dream. The Surrealists claim the Italian 
Giorgio de Chirico (1888- ), to whom they are heavily in- 
debted, for his use of space shock and strange juxtapositions which 
resulted in images of anxiety; also, the Russian Marc Chagall for 
his fantasy, and Paul Klee for his provocative use of automatic 
writing and freedom of meandering line. None of these three 
artists ever actually joined the group. 

Associated with Surrealism was the moverent of neoromanti- 
cism, which included at one time Pavel Tchelitchew (1898-1957), 
Eugène Berman (1899- ) and Christian Bérard (1902-49). 
Again, both the neoromanticists and the Surrealists called upon 
Picasso and De Chirico. The chief effect of the neoromanticists 
is a concern of a stage-set world in which Renaissance perspective 
often exploits vistas of space which contain nostalgic ruins and 
lone figures that cast ominous shadows. It is almost a manneristic 
revival. 


К. SCHOOL or Paris 


Many of the painters of the School of Paris were identified with 
the changing movements after the inception of Cubism and the 
broadly interpreted movement of Les Fauves. A consistent and 
recognizable style was achieved by De Segonzac in his richly 
painted landscapes and brilliant figure drawings. Maurice Utrillo 
(1883-1955) followed somewhat in the tradition of his gifted 
mother, Suzanne Valadon (1867-1938). He developed a series of 
pictures of Paris and its environs in all seasons and weather which 
are famous for their poetic content and richly textured quality. 
André Derain and Maurice de Vlaminck have been treated under 
Fauvism; above. It must be remarked that scores of gifted painters 
of every nationality were a part of the development of this school. 

Outstanding as a personality of great talent was Amedeo Modi- 
gliani (1884-1920), an Italian by birth, who was among the first 
to interpret the forms of Negro sculpture in modern painting. He 
combined this with a superb draftsmanship—a sensitivity to line 
which recalls Botticelli. His elongated nudes are at once sensuous 
and melancholy. 

Jules Pascin (1885-1930), along with Modigliani, personified 
the lingering tradition of Bohemia. A world traveler, born in 
Bulgaria, he finally became а U.S. citizen; but largely worked in 
Paris, He generally depicted adolescent beauty in pearllike tones 
of colour with a revealing and meandering line. His influence in 
both Paris and New York was considerable. 

Chaim Soutine (1894-1944), born in Lithuania, was essentially 
àn Expressionist whose intensity of style and colour went beyond 
Van Gogh, and each of his dynamic and passionate paintings was a 
personal characterization worked in heavily loaded pigment with a 
wild stroke. 

Marc Chagall (1887— ), Russian by birth, created an art of 
delightful fantasy. Often his pictures seem based upon Jewish 
folk legends and fairy tales. His subjects include the circus, 
Cows, roosters, bouquets with floating figures of lovers, often placed 
in the streets of provincial Russian towns. 

Contributions of particular interest were also made to the School 
of Paris by Jacques Villon (1875-1963), André Lhote (1885- 
1962), Marcel Gromaire (1892- °), Marie Laurencin (1885- 
1956), Moise Kisling (1891-1953), Louis Marcoussis, Jean Lurcat 
dL. a Leopold Survage (1879- 7) and Jean Hélion 

There was a consistent interest in the growth of a school of more 
Or less untrained painters broadly labeled Modern Primitives, who 
Varied greatly in individual style. Camille Bombois (1883— ) 
and Louis Vivin (1861-1936) were among the best known. 

Among later painters of a controversial nature was Jean Dubuffet 
( 1901- ) of France. He combined the naive with the brutal. 
at painted oversized heads, distorted, flat bodies, and low-keyed 
andscapes from which scratched-in figures emerge. Dubuffet used 
tortured surfaces, often mixing sand and other elements into the 
vane medium, and the general effect is uneven and splotchy. 
Pug of the great solitude yet brutally affirmative quality of 

me of his figures, some writers related him to the literary move- 
Ment of Existentialists, 

Urther Contributions of Picasso.—Pablo Picasso was the 
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greatest single influence after the time of Cézanne; his versatility, 
curiosity and inventiveness epitomized the transient quality of 
the modern movement. 

Picasso was born in Malaga, Sp., in 1881. His father was a 
drawing master, and early in life Picasso became his most apt pupil. 
He went to Paris about 1903, and his early work, sensitive and 
enormously talented, reflected influences of the Impressionists and 
the draftsmanship of Toulouse-Lautrec and Théophile Alexandre 
Steinlen (1859-1923). Until he developed Cubism, he painted a 
series of haunting pictures of the family of Harlequin, clowns, 
circus troupes and generally interpreted the wandering European 
poor. This group of pictures became generally known as his “blue 
period." Then followed the “rose period,” which, at times, took 
a more objective and classical turn. Throughout, Picasso’s ex- 
traordinary draftsmanship and command of forms carried on. Pro- 
lific and constantly changing in his interests, he was likely in a single 
year (in the 1920s especially) to exhibit a sudden new development 
of an earlier interest or manner. He turned also to the art of 
ancient Greece and Rome during the 1920s and developed a classic 
and monumental figure style of his own in his “Lovers” of 1923. 
In the late 1920s he made his own Surrealist experiments which, 
together with his work in all the other movements of the 20th 
century, turned out to be more successful than that of the origina- 
tors of the various schools. In 1937 he produced his famous mural 
panel “Guernica” for the Spanish pavillion at the Paris exposition. 
This huge mural, done in black, gray and white, was painted as a 
protest against the destruction of the Basque town of Guernica by 
German bombers flying for Gen. Francisco Franco Bahamonde. 
This composition created more discussion than any single painting 
since the exhibition of Marcel Duchamp's “Nude Descending a 
Staircase.” The symbolic details of Picasso’s historic work are 
handled ruthlessly with no attempt for the academic considerations 
of fine painting. It was perhaps the greatest document of intel- 
lectualized pain that the modern movement had produced. Using 
all the knowledge and the devices at his disposal, he made a tran- 
scription of the elements of horror and catastrophe, creating a 
series of moving concepts which are poignant symbols, in his own 
unmistakable style. 

After painting “Guernica,” Picasso did an especially provoca- 
tive series of figure compositions in which the swiftly changing 
expressions of the face are melted into one moving plastic image. 
His portraits of his secretary, Jaime Sabartés, and those of Dora 
Maar are typical examples. In various periods of his life Picasso 
also experimented in sculpture and ceramics and created a large 
and brilliant series of drawings, etchings and lithographs. 


L. NATIONAL DEVELOPMENT 


1. Italy —Italy's first contribution to’ 20th-century painting 
was Futurism. "Working independently of that movement were the 
artists Giorgio de Chirico and Giorgio Morandi (1890-1964), 
joined by Carlo Carrà, who grouped themselves as the scuola meta- 
fisica. De Chirico was mesmerized by what the U.S. critic James 
Thrall Soby termed “the magic of the object." He painted a series 
of landscapes that seemed to be set in the fixation of a dream, fea- 
turing architectural subjects with an emphasis upon perspective; 
accompanying these motifs of antiquity often appears a lonely 
symbol of modern civilization, such as a toylike locomotive. The 
symbology of most of his subjects was of a metaphysical nature, 
often making use of mannequins, elaborate still-life arrangements 
of separate elements and dream-shock vistas. Many of these, flaw- 
lessly painted in dramatic contrasts of colour and light, almost 
parody certain old masters. 

Carrà was oíten close to De Chirico in feeling, as was Morandi 
in his work of about 1917 and the early 1920s. Morandi later took 
to painting simple poetic landscapes or still lifes made up of multi- 
tudes of bottles. De Chirico returned to his early love for the 
manner of Courbet and the persistent influence of Arnold Bócklin. 

Arturo Tosi (1871-1956) must be considered a late Impression- 
ist, related to the intimism of Bonnard, while Mario Sironi (1885- 
1961) painted expressively romantic pictures and Felice Casorati 
(1886-1963) developed a classic studio painting of his own. 
Massimo Campigli (1895— ) created a unique style related to 
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Etruscan and Pompeian mural painting. Among the artists who 
reacted strongly against the forced isolation during the Fascist 
regime was Renato Guttuso (1912— ), who became a central 
figure in Italian painting. Others, such as Giuseppe Santomaso 
(1907-.. ), Armando Pizzinato (1910- ) and Afro (Basal- 
della) (1912- ), worked in various idioms of abstraction, also 
helping to bring Italy back to an important place in world painting. 

2. Spain.—Except for artists such as Picasso, Miró, Gris and 
Dalí, all internationalists, Spain remained conservative and little 
influenced from the outside. Of the older painters, Ignacio Zu- 
loaga (1870-1945) produced a series of popular decorative por- 
traits. Other well-known Spanish painters include Joaquín 
Sorolla y Bastida (1863-1923) and Valentin de Zubiaurre (1874- 


3. Switzerland.—Swiss painting was affected by Impressionism 
and touched by the subsequent movements. Ferdinand Hodler 
(1853-1918), a symbolist, was the most important Swiss painter 
early in the 20th century, Paul Klee, though of Swiss nationality, 
spent most of his life in Germany. Cuno Amiet (1868— ) was 
an important painter working in a more traditional idiom. After 
World War II Swiss painters turned to a rather international style 
of abstraction. 

4, Belgium.—In 1887 Cézanne exhibited with the “XX Group" 
in Brussels. The Belgians in their recognition of many of the ad- 
vanced painters in other countries at that time were to set a 
precedent for many galleries devoted to the exhibition of modern 
art. Théo van Rysselberghe brought French Neoimpressionism 
into Belgium. The most important figure for many years was 
James Ensor (see above). In the following generation the artists 
of the group of Laethem-Saint-Martin were significant, and among 
them Constant Permeke (1886-1952) made with his rough-hewn 
peasant figures the most valid contribution, Others in that group 
were Gustave de Smet (1877-1943) and Frits van den Berghe 
(1883-1939), Paul Delvaux (1897— ) and René Magritte 
(1898— ) belonged to the Surrealist group and both of them 
made use of shock value, especially in regard to the nude figure. 

5. The Netherlands.—At the turn of the century the symbol- 
ists Jan Toorop (1858-1928) and J. Thorn Prikker (1868-1932) 
were producing the most original work in the Netherlands. In the 
1920s leadership was taken over by the de Stijl group of Piet Mon- 
drian (see above) and Theo van Doesburg. The Expressionism of 
Leo Gestel (1881-1941) and Jan Sluyters (1881-1957) was of 
primary national importance. By mid-20th century the stark real- 
ism— with a symbolic social flavour—of Charley Toorop (1890- 

) and Pyke Koch (1901- ) and the heavily textured 
abstractions of Karel Appel (1921- ) seemed outstanding. 

6. Scandinavian Countries.—The School of Paris and the 
advanced movements of Germany made themselves felt in Scan- 
dinavia, partly through exhibitions and through the influence of a 
few important individual painters such as the Norwegian Edvard 
Munch, the greatest of their artists; Per Krohg (1889-1965), 
also a Norwegian; and the Swedish portraitist Ernst Josephson 
(1852-1906). Per Krohg was naturally influenced by Munch, but 
should be considered more a member of the School of Paris whose 
work was modified by certain national characteristics. 

Although the contribution of the Scandinavian countries was 
relatively small in the field of painting, their influence was widely 
felt in crafts, the decorative arts and architecture, as well as in 
sculpture. Undoubtedly most important among the younger 
Scandinavian artists was Rolf Nesch (1893— ). Born in Ger- 
many and a student of Kirchner, Nesch made his home in Norway 
in 1933. By means of his experimental technique and his lyrical 
fantasy Nesch enriched the pictorial surface. 

7. U.S.S.R.— The chief innovations in Russian painting were in 
the various movements that developed around Constructivism (see 
above). Many leading Russian artists worked successfully in the 
theatre and ballet. The Diaghilev Ballet Russe, famous for its 
sets and costumes, attracted the leading artists of Europe as well 
as such well-known Russian painters as Léon Bakst and Alexander 
Benois. Other painters who contributed to the stage were Nicholas 
Roerich (1874-1947), Ivan Bilibine, Matislav and Rostislav. 
Running a gamut from romantic realism to decorative individual- 
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ism were the following, some of whom were influenced by the 
School of Paris: Gregor Chiltian, Alexandre Jacovlev (1887-1938), 
Nathalie Gontcharova, Alexis Gritchenko, Schoukaeff, Zenaide 
Serebriakova, Vladimir Polunin (1880-1957) and Nadia Benois, 
Much of the art of the U.S.S.R. after the experimental period of 
the 1920s was largely illustrative, devoted to extolling the virtues 
of various aspects of the proletarian state. 

8. Great Britain.—Walter Sickert (1860-1942), student of 
Whistler and admirer of Degas, combined realistic subject matter 
with Impressionist form. Another exponent of Impressionism was 
Phillip Wilson Steer (1860-1942). Augustus John (1878-1961) 
painted portraits which vigorously characterize such famous per- 
sons as George Bernard Shaw and James Joyce. 

Postimpressionist painting was introduced to Great Britain by an 
important exhibition held at the Grafton galleries in 1910. It be- 
came the standard of criticism for Roger Fry (1866-1934) and 
Clive Bell (1881-1964), who established a new and significant basis 
for art criticism, concerned with the pictorial form itself. 

The Contemporary Art society was formed in 1910 to bridge the 
gap between artist and public. Duncan Grant (1887- ) be- 
came important among the Postimpressionists and Matthew Smith 
(1879- ), in contact with Matisse at one time, developed his 
own vigorous Fauvism. Early abstract art made its inroads in Eng- 
land with Wyndham. Lewis’ (1884-1957) short-lived Vorticism. 

During the 1930s there was the beginning of an important revival 
in the visual arts in Great Britain, which was greatly encouraged 
by critics such as Herbert Read and by the programs in art educa- 
tion sponsored by the government’s British council. 

Paul Nash (1889-1946), official artist of both wars, turned to 
a magic realism with Surrealist overtones. Sir Stanley Spencer 
(1891-1959) approached religious subjects with an often eerie 
magic realism. Victor. Pasmore (1900- ) developed from his 
earlier realism to the totally abstract style of highly sensitive col- 
lages. Henry Moore (1898- ), though essentially a sculptor, 
had an important influence on painting. His use of organic forms 
seems to encompass an evolutionary sequence that moves from 
fossils, prehistoric monuments and indeed a personal archaeology 
to forms of the present times. His shelter drawings, made during 
World War II, remain among the most poignant visual, records of 
the war. John Piper (1903- ), an abstractionist before the war 
who was commissioned to record the bomb damage in London, in 
his post-World War II work dramatized old buildings in a neo: 
romantic fashion. Graham Sutherland (1903- ), recognized 
by many as England’s leading painter at mid-20th century, 
achieved a fusion of romanticism and Surrealism. He transformed 
thornbushes, insects and other hostile-seeming organic forms into 
powerful and frightening totemic images. His “Crucifixion” in 
Northampton is considered one of the most important religious 
paintings of the 20th century. Attention should be called to 
Francis Bacon (1910-. _ ), Keith Vaughan (1912- ), John 
Minton (1918-1957), John Craxton (1920- ) and Michael 
Ayrton (1921- ) among the younger generation. Bacon went 
beyond Sutherland. Recognizing the importance of the shock 
value of Surrealism, he became obsessed with horror and tragedy 
and sometimes seemed to comment ironically on a world of utter 
cruelty and ugliness. 

Completely different from the painters mentioned and outside 
the main current of English painting was Ben Nicholson (1894- 


), who renounced romantic statements and like Mondrian ё ` 


plored the realm of pure form in a search for an absolute simplicity 
of statement. His geometric abstractions indicated an extraordi- 
nary sensitivity to formal relationships. 

9. United States—The first wave of modern art struck the 
United States in 1913 when the famous Armory show brought (0 
the U.S. artist and public for the first time in any volume the work 
of all the leading experimental painters of Europe and those of the 
immediate past. Duchamp's “Nude Descending a Staircase” 06 
came a source of nation-wide controversy. Actually the found? 
tions for modern painting in the U.S. were laid in 1908 by a new 
group of painters with great gifts known as “The Eight." One? 
this group, Arthur B. Davies (1862-1928), largely responsible for 
the Armory show, painted canvases of idyllic and romantic mood. 
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Maurice Prendergast (1859-1924) did scenes with a Postimpres- 
sionist patchwork of colour and was far ahead of his U.S. con- 
temporaries in his visual statements. Ernest Lawson (1873-1939) 
also painted Postimpressionist landscapes. The other members of 
this important group, Robert Henri (1865-1929) and his followers 
John Sloan (1871-1951), George B. Luks (1867-1933), Everett 
Shinn (1876-1953) and William Glackens (1870-1938), were con- 
cerned with, developing a vigorous style for the depiction of the 
urban environment not unrelated to reportage writing. They were 
popularly dubbed the “Ash Can school.” 

During the 1920s and 1930s painters such as George Bellows 
(1882-1925), William Gropper (1897- ) and Reginald Marsh 
(1898-1954) continued in this tradition, while others, such as 
Edward Hopper (1882— ) and Charles Burchfield (1893-1967), 
interpreted the U.S, scene more romantically, 

In the same period there were a number of U.S. painters of ex- 
traordinary talent, who, largely under the leadership of the photog- 
rapher and art dealer Alfred Stieglitz (1864-1946), presented 
unique formulations based on highly personal fusions of Expres- 
sionism and Cubism. Foremost among them were John Marin 
(1870-1953) with his yital water colours of city and ocean and Max 
Weber (1881-1961) with his deeply felt distortions, often religious 
in subject matter, Of great importance were the lyrical abstrac- 
tions of Arthur С. Dove (1880-1946), the bold expressions of the 
New England coast by Marsden Hartley (1877-1943), the semi- 
Cubist precisions of Charles Demuth (1883-1935), and Georgia 
O’Keeffe’s immaculate flower pieces and landscapes. Feininger, 
who returned to the U.S. in 1937, continued painting his poetic 
landscapes and seascapes with prismatic light. Abraham Rattner's 
(1895- ) brilliantly coloured canvases were more closely akin 
to French painting, especially to Rouault. Stuart Davis (1894— 
1964) evolved a bold abstraction of colour and shape based on syn- 
thetic Cubism but adhering to the U.S. scene, Ben Shahn 
(1898- ) developed a unique personal form of flat colour 
planes and piercing lines for his canvases advocating social justice. 
Charles Sheeler (1883-1965) painted the U.S. industrial landscape 
with a precision of vision which shows the often close relationship 
of realism and abstraction, and Ivan Le Lorraine Albright (1897- 

), using a similar sharp focus vision, placed familiar objects 
in unfamiliar relationships with an extraordinary clarity of detail 
giving a strong emotional effect. 

During the same period, there was also—after the depression of 
the 1930s—a group of homespun regionalists led by Thomas Hart 
Benton (1889— ), John Steuart Curry (1897-1946) and Grant 
Wood (1892-1942). "Their style, however, and especially that of 
their many followers, led to a narrow provincialism. 

In 1935, under the administration of Pres, Franklin D. Roosevelt, 
two government art projects were established—the Treasury Relief 
Art project and the Federal Art project of the Works Progress ad- 
ministration. The latter gave great impetus to the development of 

S. art generally through art centres which conducted exhibitions 
and teaching programs. A major contribution was the “Index to 
American Design," which recorded in painting and photography the 
Significant variations of indigenous arts and crafts in the United 
States, This also provided a measure of security for artists and 
made important post-World War II developments possible. 

Mark Tobey (1890= ' ), working in the Pacific northwest, be- 
came widely recognized after World War II for his calligraphic.ab- 
Stractions, his automatic white writing, much indebted to Japanese 
calligraphy, Morris Graves (1910-. ) was in turn influenced by 

obey and painted symbolic birds in soft colours. 

ew York city became an important artistic centre of western 

art after World War II when abstraction of various kinds grew to 
€ the most vital strain in American painting. Arshile Gorky 
(1904-48), himself related at times to Picasso and Miró, evolved a 
Symbolism of soft organic forms in which the fantastic is fused 
With the biombrphic. Willem de Kooning (1904- _), recognized 
а5 one of the leading U.S. painters in the 1950s, was greatly con- 
cerned with the painting process itself, evolving at times a fright- 
ening human imagery. Jackson Pollock (1912-56) created most 
Controversial paintings by trickling his paint on the canyas to pro- 
uce à rhythmic labyrinth of linear colour streams. Mark Rothko 
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(1903— ) offered large canvases covered with vast expanses of 
hazy contrasting colour. William Baziotes (1912-63) looked to 
amoebic forms for his inspiration and Adolph Gottlieb (1903- 

) found his stimulus in ancient pictographs. All of these art- 
ists, while deriving in certain aspects from European trends, 
evolved an abstract. and evocative art based primarily on the ех- 
treme subjectivity of their own feelings and emotions. Others 
Such as Rico Lebrun (1900-64) in Los Angeles, Hyman Bloom 
(1913+ ) in Boston and Leon Golub (1922 ) in Chicago 
found by means of personal introspection, poignant, often enig- 
matic images of death, decay and suffering, which nevertheless are 
direct in their communicative and purifying power, 

10. Mexico and Latin America.—Around 1910, during the 
social revolution in Mexico, Diego Rivera (1886-1957) and other 
Mexican artists returned from Paris. Although saturated with the 
current French tradition, they turned to the historic arts of ancient 
Mexico and.created a new background which developed into а na- 
tional idiom. Rivera headed the newly formed syndicate of 
painters which undertook a large official project to decorate the 
walls of public buildings. He created a monumental series of wall 
decorations, easel paintings, drawings and prints. 

Perhaps the greatest individual genius of the Mexican movement 
was José Clemente Orozco (1883-1949), muralist, easel painter 
and lithographer. His drawings and paintings of war, revolution 
and scenes from the life of the people became widely known, and 
many of these themes were transcribed into fresco. His frescoes 
in Mexico and the United States combine a monumentality of con- 
cept and execution with Expressionist force. In the service of 
his social and political ideas, his frescoes have an incomparable 
persuasive power of form and content.. When compared with the 
harmonious and human proportions of the figures in Renaissance 
frescoes, the figures in his murals look gigantically distorted and 
dissonant. A similar expressive grandeur in concept is found in 
the frescoes of David Alfaro Siqueiros (1896— ). Both ab- 
sorbed the message of Aztec art. The Mexican mural painters 
proved most successful in finding a functional relationship of art 
to society. Other well-known Mexican painters were Dr. Atl 
(Gerardo Murillo), painter, draftsman and writer (1877-1964), 
Federico Cantu (1908- ), Jean Charlot (1898— ), Miguel 
Covarrubias (1904-57), Carlos Mérida (1893— ) and Roberto 
Montenegro (1885— ). Among the following generation; 
Rufino Tamayo (1899- ) is most. important. 

From 1930 on there was increased interest in the development. 
of contemporary painting, sculpture and architecture in the Latin- 
American countries, Several important exhibitions. were held in 
the United States, some of them as part of the state department 
cultural interchange. The work of various artists such asi the Ar- 
gentinian Emilio Pettoruti (1895— ) and the Brazilian. Cán- 
dido Portinari (1903-1962) were circulated in special exhibitions 
throughout the United States. The experimental work of the 
Chilean painter Matta (Echaurren), as well as that of the Cuban 
Wilfredo Lam (1902— ), gained widespread attention. 

(D. Bea; P. Н. S.) 

11. Canada.—In Canada, the modern movement in art dates 
from James Wilson Morrice (1865-1924)... Although Morrice 
lived for years abroad, his later figure and landscape paintings, 
which have much in common with the subtle colour equations of 
Matisse, inspired many young Canadian artists to greater experi- 
ment. A more regionalist approach was that of Tom Thomson 
(1877-1917), who made direct renderings of the wilder aspects 
of Canadian nature. His artist friends, among whom were J. E. Н. 
MacDonald (1873-1932), A. Y. Jackson (1882— ) and Lawren 
Harris (1885- ), formed with others the Group of Seven in 
1920. The boldly patterned landscapes of these men attracted 
many followers; later, however, Canadian art became more varied 
and subjective in reference. 

To landscapes of the forest, Emily Carr (1871-1945) brought a 
new freedom of expression; David Milne (1882-1953) combined 
logic and lyricism, in his treatment of nature; equally individual 
are Goodridge Roberts (1904— ), Jean Paul Lemieux (1904- 

) and Jacques de Tonnancour (1917- )- ı The influence 
of the School of Paris can be traced in the works of Alfred Pellan 
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(1906- ) and many other French-Canadian artists, although 
in reaction to this a completely unshackled type of painting called 
automatisme developed in French Canada aíter 1945. It began 
with Paul Émile Borduas (1905-60) and influenced Jean Paul 
Riopelle (1923— ys 

Each section of Canada has developed active and original paint- 
ers; for example, in Vancouver J. L. Shadbolt (1909- ), in 
Toronto Harold Town (1924— ) and in New Brunswick the 
romantic realist Alex Colville (1920— ). (D. W. BN.) 

12. Australia.—Australian art is European in tradition. The 
influence of the aboriginal is negligible, but the physical environ- 
ment has had gredt impact. When the first fleet dropped anchor 
in Sydney cove in 1788, it brought topographical artists and 
surveyors, some of whom were sailors, soldiers or free settlers, 
some of whom were convicts. One of the first paintings of Aus- 
tralia to be exhibited in the Royal Academy, in 1805, was by 
William Westall (1781-1850) who accompanied Matthew Flinders 
inthe “Investigator” on its voyage of circumnavigation (1801-03). 
The convict artists Thomas Watling (b. 1762) and Joseph Lycett 
(fl. 1810-25) had “limmed” the new landscape, and the notorious 
Thomas Griffiths Wainewright made exquisite drawings of the co- 
lonial gentry of Hobart. 

By the 1880s there were Australian art colonies in London and 
Paris, outstanding members being John Russell (1858-1931), the 
Íriend of Van Gogh and Rodin, the sculptor Sir Bertram Macken- 
nal (1863-1931), E. Phillips Fox (1865-1915), Rupert Bunny 
(1864-1947), Tom Roberts (1856-1931) and Charles Conder 
(1868-1909). 

The founding of the Heidelberg school by Tom Roberts, Fred 
McCubbin (1855-1917) and Sir Arthur Streeton (1867-1943) 
originated from a series of painting camps along the river Yarra, 
near Melbourne, and the subsequent Exhibition of 9 X 5 Im- 
pressions did much to develop the Australian school of land- 
scape painting. Outstanding figures of this period (c. 1886-1910), 
apart from the Impressionists, were George Lambert (1873-1930), 
Max Meldrum (1875-1955), Sir Hans Heysen (1877- ) and 
the Lindsay brothers, Norman (g.v.), Percy (1870-1952), Sir 
Lionel (1874-1961), and Sir Daryl (1890— ), each making a 
unique contribution to the development of Australian art. 

The coming of Postimpressionism, Cubism and Abstraction has 
its pioneers in Roland Wakelin (1887— ), Roy de Maistre 
(1894— ) and Rah Fizelle (1891— ). Roy de Maistre com- 
pleted his first abstract composition in Sydney in 1919 and his 
work can be seen in most Australian galleries and in the Tate 
Gallery, London. 

The opening of a new dimension in Australian painting can be 
said to have started between World Wars I and II and continues 
with the use of myths and images in the paintings of Russell 
Drysdale (1912— ) and Sidney Nolan-(1917— ). Albert 
Tucker (1914— ), who spent several years abroad, also brought 
fresh vigour to his interpretation of the Australian scene. Never- 
theless, William Dobell (1899— ), among artists of this period, 
stands alone. He studied in England for some years and is per- 
haps best known for his characteristic and salty portraiture. 

Melbourne was the scene of the lively *Antipodean" movement 
headed by Charles Blackman (1928— ), the Sydney-born 
Robert Dickerson (1924— ), Arthur Boyd (1920- ), David 
Boyd (1924- ), John Brack (1920- ), John Perceval 
(1923- ) and Clifton Pugh (1924— ). "They aimed at re- 
introducing figurative painting into a world of disintegrating forms. 

Ralph Balson (1890- ), Godfrey Miller (1893-1964) and 
Тап Fairweather (1890- ) belong to an older generation of 
abstract painters, and John Passmore (1904— ) provides a link 
between James Gleeson's (1915— ) surrealism and Lawrence 
Daws's (1927- ) stylized compositions and the Postimpres- 
sionists and the school of pure abstraction. Brett Whiteley (1939- 

) and Leonard French (1928- ) represent the newer 
generation of abstract painters. French with formal patterning 
and Whiteley with free and formless shapes have a considerable 
reputation outside Australia. (D. J. Fr) 

13. South Africa.—South African art stems directly from Eu- 
rope, for the tradition of rock painting and engraving of the Bush- 
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men made no impact on the Europeans who arrived in 1652 or on 
the Bantu who migrated from central Africa at the same time and 
have remained without an art form of their own. 

The early artists were, with few exceptions, chroniclers of the 
new scenes and experiences. The first artist of any distinction 
was Anton Anreith (1754-1822), a German sculptor. During the 
British occupation of the Cape in the 19th century, three names 
stand out as recorders of the passing scene: W. H. F. Langschmidt 
(1805-60), T. W. Bowler (1813-69) and Thomas Baines (1822- 
75). 

The first painter in a "modern" idiom was Pieter Wenning 
(1874-1921) but even he was painting in the style of the Impres- 
sionists when Picasso and Braque were already experimenting with 
Cubism. Most of the artists were strongly influenced by the for- 
eign schools—British, French, Dutch, German—where they had 
served their apprenticeship. Among the leading practitioners were 
Gregoire Boonzaier (1909— ), H. S. Caldecott (1886-1929), 
Maggie Laubser (1898- ), Hugo Naude (1869-1941), Jacob 
Pierneef (1886-1957), Edward Roworth (1880-1964) and Irma 
Stern (1894-1966). 

However, as the rest of the modern world "discovered" Africa, 
South African artists, surrounded -by the light and forms of 
Africa, instinctively responded to the same stimuli, Almost for 
the first time South African art—whether figurative, graphic or 
abstract—became unashamedly of Africa. In addition, in the 
republic of the 1960s general awareness of the artist's function re- 
ceived further impetus from commissions given for the decoration 
of public and private buildings. 

See also LANDSCAPE PAINTING; PORTRAIT PAINTING; STILL-LIFE 
PAINTING; biographies of major painters; and references under 
“Painting” in the Index. (M. C. Lo.) 
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PAINTINGS, CONSERVATION OF. Paintings that 
have been saved from damage and decay are probably few in 
proportion to those that have been painted. The range of kinds 
within that number is very wide. There are pictures on the walls 
of tombs painted with gum and pigment over plastered stone; pic- 
tures ‘on the whitewashed clay of cave temples in the desert; 
others on silk or linen that have been buried for centuries ; altar- 
pieces on wood laid with grounds of gold leaf; drawings, repre- 
Sentations on parchment and paper; paint on stone, metal, glass 
and ivory. The paint in all of them is composed of coloured dust 
held'togéther by wax, glue, egg, gum, oil or resin. The survival of 
50 many of these works done over thousands of years is evidently 
the consequence of careful conservation. 

, During ancient times little was known of the causes of decay 
in picture materials, and it was impossible to foresee the threat 
of conditions which later would injure them: heating systems, 
Smoke-filled air, prolonged dampness, mold, insects, rough han- 
dling and transportation by rail, by automobile, by aircraft and 
by ship. Besides these regular hazards there have been the re- 
Current risks of calamity—fire, storm, flood and bombardment 
during wars, In earlier days, pictures were likely to be made for 
4 Particular place and to stay in that place. After a long time 
decay took hold of them. They became steadily weaker and their 
Appearance changed slowly, imperceptibly. If they were left 
alone; the harm went unnoticed. It seems evident from the sur- 
viving records that until the 17th or 18th centuries paintings were 
Rot expected to be kept indefinitely. Pliny, writing in the first 
century of the Christian era, mourns the passing of the great art 
21 Painting which had existed in Greece four centuries before 
m day, but the loss of the works themselves he seems to have 
E Pus a matter of course. With changing times and changing 
ie it can be supposed that paintings were expected to decay 

to become forgotten with a forgotten past. The art of ancient 
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Greece and Rome probably had a low evaluation during the cen- 
turies that intervened until the Renaissance brought back an in- 
terest in it, and it took another span of centuries before the 
paintings in a Gothic style had recovered any general esteem. 

Development of Conservation.—The 19th century was ec- 
lectic in its evaluation of pictures. All styles of painting came in 
for their share of approval, and steady and progressive concern 
over matters of conservation probably came about as the result 
of this eclectic taste.’ It became apparent that things once dis- 
carded and neglected were later retrieved and held to be objects 
of value and importance. In consequence, most objects of art 
acquired a position of respect, and the means of preserving them 
were given serious consideration. Until about 1850 the care of 
paintings was assumed to be the proper responsibility of artists 
and painters, and they had carried out this work evidently as a 
secondary part of their occupation. By the middle of the 19th 
century, however, the artist's knowledge of the technology of 
paint and paintings had somewhat declined. Painters were being 
trained primarily in the problems of representation. They had 
less panel building to do than had the painters of a few centuries 
before. They no longer were required to mix their own paints 
and had lost touch with the manufacture of colour, medium and 
varnish coatings. These preparations were available to them in 
shops. They were less well-equipped to deal with the mechanics 
of conservation. Their work in this field was also clouded by a 
lack of comprehension of its essential purpose. Evidence shows 
that many artist-restorers considered it their duty to rework a pic- 
ture so that it looked new instead of old. 

By the end of the 19th century when old pictures had come to 
be highly valued and when critical historical studies of them had 
advanced, efforts were made to improve methods of preserving 
them. Sporadic but definite improvement was made, and' prob- 
ably the first clear sign of the general development of practice in 
this field was furnished in 1930 when the International Museums 
office, a dependency of the League of Nations, sponsored in Rome 
a conference on the examination and conservation of works of 
art. In the proceedings of that conference it was evident that 
many agencies had made contributions to the field. The sciences, 
with such facilities as radiography, filtered ultraviolet light, 
infrared photography, spectroscopy and spectrophotometry, to- 
gether with chemical and microchemical analysis, had provided 
means for identification of materials and for a marked expansion 
of techniques for determining the condition of paintings. The 
1930 conference showed that application of scientific investigation 
to preservation of materials in paintings had been made, and cer- 
tain principles to safeguard the conservation and particular char- 
acter of a work were endorsed. 

The causes of damage and decay in paintings can be arranged, 
for the sake of convenience, into’ two groups: those which are 
from natural causes and those which are from handling, moving, 
treatment or accident. The natural agents of deterioration are 
familiar. They are light and dark, extreme dampness and extreme 
dryness, heat and cold, mold and insects and dust and grime. 
Тһе :ітроѕей agents are also easy to review—jolts and vibration, 
direct violence, fluids that are spilled and splattered on surfaces, 
careless scrubbing or other causes of abrasion, and fire. 

Construction of Paintings.—Agents of damage may strike 
at different parts in the construction of a painting. These parts 
may be different in number and widely different in kind. Some 
paintings have only two: a support such as paper, fabric, stone, 
plaster, wood, ivory or metal, and a paint layer, pigment in a 
medium. In some instances the latter component of a picture 
has no medium at all. Charcoal marked over paper or stone can 
produce a picture, but this generally has been called a drawing 
and is distinct from paint. The substance which carries the pic- 
ture, usually called the support, may be one of a large number 
of materials. Western paintings, those of Europe and the Amer- 
icas, have been done on a wide variety of supports. In ancient 
times both wood and fabric are known to have been used. Glass, 
metal, parchment and paper were added later. A few pictures 
have been made on stone and on leather. Ivory came in as the 
common support for miniatures, and from 1800 synthetic boards, 
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usually of wood fibre, became common. These: are the supports 
for movable paintings. In the far east a smaller number has pre- 
vailed; most of the movable works there are on paper or fabric. 
Paintings on a wall have naturally been adapted to the wall ma- 
terial, and this, broadly, has been some kind of plaster, dried 
clay, gypsum or the lime plaster which gave rise to fresco painting. 

A review of these parts of the construction of paintings is 
necessary for a survey of the problems of conservation. The 
paint proper, that part of the whole work which carries the pic- 
torial design, is usually made up of two components mixed to- 
gether at some time before the paint is put on. These are 
colourant and medium, or, by other terms, pigment and binder. 
The pigment of paint is powder. For the most part it is inorganic, 
but a few organic dyes have been used, precipitated on an in- 
organic base such as aluminum silicate. The finely ground powder 
is mixed with an adhesive which will yield a workable paint and 
will dry in such a way as to hold the colour particles in a firm 
layer, The paint may contain little binding medium and leave 
the grains of pigment chalky in the film, or it may contain little 
pigment and make a film rich in medium and translucent... The 
latter is a glaze. The defects of paint that have to be dealt with 
in procedures for conseryation are greatly influenced by this 
matter of structure, Lean or chalky paint is apt to lose pigment 
by general wear and has frequently been changed in tone and in 
general character by the application of varnishes which have 
soaked into it. Rich paint tends to react more to moisture or 
solvents and is more apt to crack and flake: 

Between paint and support in the usual pictures of the west is 
another coating called ground, a uniform layer which serves to 
smooth the support, provide a convenient and highly reflecting 
tone on which the painter can work, and a substance that will 
take the paint evenly and firmly. In a mechanical sense, the 
ground is a paint but, since its purpose is not pictorial and since 
pictures can be made without it, the distinction according to use 
is a reasonable one. Movable paintings of the far east rarely 
have a ground. The illuminations in European manuscripts and 
the water-colour paintings done with a gum medium directly on 
paper also go without it. The powder or granular material of a 
ground may be pigment. Usually it is a so-called inert substance, 
not classed among pigments; chalk and gypsum are common. 
White lead is the pigment usually found in the ground. 

Since the 16th century, it has been the practice to put a layer 
of varnish over oil paint, Varnish also has been used on tempera 
paintings, those executed with an aqueous medium and often with 
a background of gold leaf. This varnish or surface coating is an 
important component in many pictures and one that is often 
critical in their deterioration and conservation. Although it was 
not consistently used on tempera paintings, and is not certain to 
have been a regular coating before the 17th or 18th century, it 
has an ancient history. Its story.is connected with medicine and 
probably the resins used along with oils in early European paint- 
ing were more commonly employed by physicians in the prepara- 
tion of ointment. They are mentioned, however, in treatises on 
the art of painting that originate as early as the 8th century A.D. 
Broadly, there are two types of resin. One is, in fact, a fossil, 
the buried excretion of trees long extinct. The most familiar of 
these is amber; the other common one is copal. These were 
not soluble in spirits and had to be fused in an oil at high tem- 
perature, The spirit-soluble resins which made possible the manu- 
facture of spirit varnishes are softer than the fossils and are 
taken from living trees. . The common names among them are 
mastic, dammar and sandarac. All natural resins have somewhat 
the same defects. They follow a slow but persistent course of 
chemical and physical change, becoming more brittle, more dark 
and more cloudy as time goes on. 

Air Conditioning.—Ií paintings could be kept away from 
dirt, from changes in the moisture of the air, from moid and 
worms and from handling and accidents, they would deteriorate 
very little even over long periods of time. Beyond a doubt, 
prevention of deterioration is the most valuable means of con- 
servation and to a large extent it is possible to establish sound, 
preventive conditions in the housing of pictures. Air conditioning 
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can be maintained day and night at a fixed level of relative hu- 
midity. Air can be washed and filtered and, in consequence, carry 
little or no dust or damaging gas. A few collections of important 
works have such housing but they are very few. In some col. 
lections special storage with stable conditions of atmosphere is 
used for certain objects that are in a fragile state. The require- 
ments in conditioning of the air are not quite the same for all 
kinds of objects, but for paintings a mean can be fixed which is 
acceptable. A low relative humidity is desirable to prevent the 
risk of mold and to delay chemical and photochemical reactions, 
It is good for paper and for fabric. Pictures on wood and vellum, 
however, are subjected to a great deal of strain if the supports 
under them shrink or twist in a dry air. A relative humidity of 
approximately 55% will avoid risks of both kinds; and stability, 
a fixed, continuous, night-and-day level, is far more important 
than the exact position in per cent. Temperature is important 
only as it affects relative humidity. 

Where pictures cannot be given air-conditioned housing or spe- 
cial storage, a great deal of advantage has been found in tight 
framing with glass. Such a frame has its disadvantages and is 
inconvenient to the observer because of reflections. It is, how- 
ever, a great advantage in preventing extreme and rapid changes 
of relative humidity in the air immediately surrounding the pic 
ture. A deep frame is required and опе that is mechanically firm 
and well-fitted. "The glass needs to be sealed into the rabbet, 
The picture stands back of the glass at least one-quarter inch 
and at the back of the picture is another seal of a firm and damp- 
proof material. Such a frame has a further advantage of keeping 
out dust and any concentration of those gases—hydrogen sul- 
fide or sulfur dioxide—which might do harm to painting materials. 
Mold, which is also a threat to the conservation and the appear- 
ance of pictures, can be prevented in.a sealed space. The com- 
mon molds, spores of which are carried in the air, will grow at à 
relative humidity above 65% and in enough oxygen for their 
survival. In a sealed frame, when the relative humidity could be- 
come excessive, a toxic material, as paradichlorobenzene, inside 
the sealed area will prevent mold plants from developing. 
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Conservators of works of art have been much more busy with 
repair than with prevention of damage, and before the second 
quarter of the 2oth century, the practice of repairing pictures 
usually went by the name restoration. The restorer was à painter 
or a gilder who had learned something about routine procedures 
and was usually capable in the necessary manipulations. He rarely 
had a thorough technological knowledge of materials or a wide 
range of special techniques. Under his care the old and damaged 
work was made firm according to the best advice at hand, usually 
that of a competent cabinetmaker, and when this was done the 
painter went over it with the definite and unquestioned aim 0 
making it look as well as he could. That was restoration, à term 
signifying an effort to do the impossible. The practice it repre 
sented, however sincere the motives behind it, brought about some 
distortion in the appearance of pictures and may have caused à 
small amount of actual damage. tj 

Any procedure in the repair of a painting begins with recogni- 
tion of two main kinds of defect: flaws in the structure and dis- 
figurements in the design. 1 

Structural Flaws.—A structural flaw or defect may be partial 
loss of material in any of the component parts of a picture— 
corners or edges broken away from panels, pieces torn OF cut 
from paper or fabric, parts of ground and paint that have come 
loose from the support and fallen out. Breaks, tears, cracks; 
splits and checks are other kinds of structural defect. Anothet 
is known as cleavage—the separation of layers in a painting along 
a plane parallel to the picture. Usually this is more marked in 
paintings on wood than on any other kind of support. The 
shrinking and swelling of wood as the air becomes drier or dampet 
tend toward a shearing action of the support and a separation 
from the ground. Distortion of the support is another kind 0 
structural defect; this includes warping of panels, bulging oF 
wrinkling of canvases and wrinkling or cockling of paper OF vel 
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“Portrait of a Lady" by Franz Pourbus the Younger (1570-1620), "restored" 
by extensive reworking. This approach to conservation of paintings was common in 
the 19th century 


A shadowgraph X-ray view showing a different face under the newer 
paint 


USE OF THE X-RAY IN CONSERVATION 
OF PAINTINGS 


The subject as originally portrayed, after the overpainting was re- 
moved with solvents. This cleaning was done in 1925 and is an early 
instance of the use of modern techniques in conservation of paintings 


BY courtesy oF (тор LEFT, BOTTOM LEFT) THE METROPOLITAN MUSEUM OF ART, NEW YORK CITY, (RIGHT) THE FOGG MUSEUM OF ART, HARVARD UNIVERSITY 
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Accretions: the head of the Virgin, a detail from a The discolorations shown in the photo at left have 
15th-century altarpiece attributed to Antoniazzo been removed and the losses in the paint have been 
Romano, is shown here covered with grime and a compensated for by inpainting 


Ground and paint losses: the painting has been discoloured film material 


relined and the losses filled with a luting material 
having a composition like the ground 


REPAIR PROBLEMS 
IN THE CONSERVATION 
OF PAINTINGS 


Wear or abrasion of paint. The dark spots are the u i 
r : pper Extensive cleavage between ground and support may be 
level of threads in a canvas support treated by a transfer to another support. The “Holy Fam 
ily,” illustrated here, is said to be the first picture so trans 
ferred. The work was done by Picault in Paris in 1750 


BY COURTESY OF (TO 
(TOP CENTRE, TOP RIGHT) FOGG MUSEUM OF ART, HARVARD UNIVERSITY; PHOTOGRAPH, BOTTOM RIGHT) COLLECTION ARCHIVES PHOTOGRAPHIOUES 
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Jum. Paintings on other kinds of support—plaster, stone, metal 
or leather—are subject to similar defects. ; 

Disfigurement—All defects are accompanied by disfigure- 
ment, but the second main type of defect involves disfigurement 
alóne without any basic structural flaw. ‘The more serious of 
these disfigurements is change of tone in the pigment or other 
colourant of the pictorial design—fading or darkening. Those 
pigments known as lake colours, made from dyes that are pre- 
cipitated on a base, are apt to fade in strong light. The colour 
most used among the dyes is crimson and it may have come from 
the madder root, from cochineal, from the resin called dragon’s 
blood, or other sources. ` Darkening often occurs in drawings or 
gouache paintings (thin water colour with admixed white) in which 
white lead was used. Even small quantities of hydrogen sulfide 
inthe air will turn this black where it is not sealed by a rich binding 
medium or by a surface coating. 

Less damaging than chemical changes of tone are those dis- 
figurements caused by accretions. The main kinds are obvious 
and there is no limit to the number of accidents or of applica- 
tions that can cause them. Most common is grime—dust from 
the air, splatters of mud or of food, smoke deposits and fly specks. 
The other main kind of accretion has been deliberately put on and 
is usually a varnish of soft resin, more rarely an oil, or an over- 
painting. It is not uncommon to find pictures with repeated sur- 
face coatings that have been laid over each other until they form 
avheavy layer. They are not permanent. In time the resins 
change, evidently in consequence of oxidation, turn from a trans- 
lucent straw colour to a dull brown, become extremely brittle and 
are shot through with fine cracks. Painting done over a picture 
at a time later than its origin is not unusual in works a century or 
more old and on panel or canvas. 

Examination of Condition.— The means of treatment for 
repair of defects in paintings do not fall into regular categories 
and cannot be rightly represented by a series of recipes. Work 
of this kind is highly technical and all determinations of method 
or decisions about the use of materials need to be made on the 
grounds of knowledge that is the product of special training and 
experience. It was only during the 2oth century that such train- 
ing became regularly and systematically developed’ and that a 
body of knowledge in any measure adequate for the practice of 
thé conservator was formed. 

_ With the development of knowledge related to the conserva- 
tion of paintings, the tools that need to be commanded by the 
Conservator became ‘numerous and complex. The extent of 
deterioration in original paint айа subordinate parts of pictures 
cani be appraised with the aid‘of laboratory science.. Probably 
the instruments which are most discussed in this connection are 
not those which have the greatest and most regular ‘utility. 
X-rays, ultra-violet rays and photography by infra-red radiation 
are all useful and may at times provide surprising’ revelations. 

hey are not to be ignored, but they cannot take the place of the 
More direct evidence available through microscopy and micro- 
chemistry, 

With training and experience a conservator can learn most 
about the condition of a picture by observation—general observa- 
Hien With the naked eye, followed by increased magnification up 
0 30 times. A binocular microscope rigged for examination of 
Paint in a well-illuminated field is the standard instrument for 
fae such magnification. This cannot distinguish the essen- 
pus entity of materials, particularly pigments, and in doubtful 
En 5 discrimination between original and later work in a picture 
pe^ require such identification. This can be done, and: is regu- 
pond Sees in the laboratory, by microchemical analysis. - The 
hne needed are microscopic and their loss from a painting 1s 

Е visible to the eye. With samples of this size, spot tests сап 
af fate These can fix, beyond a reasonable doubt, the identity 
of a ost of the pigments which would be critical in fixing the € 

ў Шы е paint layer. Ап early date cannot be confirm 
Yid o Аалы, Practically, there were no pigments used prior to 
Мале at were not available in some way after that date. Many 
RUE nts, however; are known to have been invented, even pat- 

, at definite times, ^ Most of these originated after 1700 and 
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it is likely that one of them will turn up in the overpainting of a 
picture that has an earlier date of origin. 

Relining of Canvas.—For the repair of damaged paintings, a 
few standard manipulations were developed prior to the 2oth cen- 
tury and, with a few modifications; remained in practice. Prob- 
ably the most common is known as relining, the procedure of 
attaching a new or secondary canvas at the back of a canvas sup- 
port when that fabric has become too weak to serve its purpose or 
when the ground or paint has become loosened from it. Usually 
relining involves removal of a former relining. Until the roth 
century the common choice as an adhesive for the attachment of 
the new canvas was a glue or glue mixture, The shortcomings in 
this had become evident and, in the Netherlands, a method of re- 
lining with wax as the main ingredient of the adhesive mixture 
was demonstrated as satisfactory. Wax got away from the swell- 
ing and shrinking of the adhesive film in changes of humidity and 
greatly reduced the tendency toward development of mold in 
the picture support. In addition, it served effectively, if well- 
applied, to reattach loosened ground or paint and permit it to be 
set down if it had buckled from cleavage. 

Procedure in relining begins actually at the surface of the pic- 
ture. The paint needs to be protected and held firmly before 
work on the support can be safely undertaken. If the surface 
coating is very brittle and is putting a strain on the paint, it may 
have to be removed at the start. If there are tears, the edges will 
have to be aligned. Occasional fabrics need a preliminary 
stretching to smooth them. At some stage in the process, the face 
of the painting is covered with paper (long-fibre and without any 
sizing), usually put over the varnish with a starch paste; attach- 
ment must be uniform. The painting is taken from its stretcher. 
If it has been relined before, the old relining canvas is removed 
and then all of the old relining adhesive that remains stuck on the 
back of the original canvas. There is likely to be a thick and 
obdurate crust of this adhesive. The new relining canvas, washed 
linen of even, heavy thread, is stretched on a provisional stretcher 
of wood to leave à clear working space at least six inches beyond 
each edge of the original support.’ When both canvases are made 
ready, the picture is placed face down on the smooth and covered 
worktable and the relining canvas on its stretcher is placed over 
it. The wax adhesive is put on usually at the back of the new 
linen and in a melted state. It is then worked over with special 
irons, at a temperature just above the melting point of the wax, 
until the fabrics are thoroughly impregnated and held together, 
and until all cleavage апа! crevices, through to the surface of the 
paint, have been filled and reattached. After this is satisfactorily 
done, the facing may be removed and the support placed properly 
on its permanent stretcher. 

Although the adhesive used for relining is commonly referred to 
as wax, it contains, as a rule, other ingredients. A few experi- 
mental relinings with pure wax have been reported but for most 
purposes this is too hard and it lacks stickiness and flexibility. 
Addition of a natural resin or balsam improves its working prop- 
erties and süch additions may run to 40% of the total volume. 
Lower proportions seem to be satisfactory. Tests were made by 
H. J. Plenderleith and Stanley Cursiter on many of these mix- 
tures. Pure beeswax, for example, would hold a breaking load be- 
tween two canvases of 5.4 lb. per square inch. Beeswax taken as 
a proportion of 75% and with addition of 19% resin and 6% 
gum elemi would hold 20.6 Ib. per square inch in a relining system. 
Beeswax, 80%, with 20% gum elemi, is found to be still unbroken 
as an adhesive film at a load above 25 lb. per square inch. The 
melting point of the mixtures is somewhat lower than that of 
pure beeswax and lies between 59° and 61° C. 

Transfer.—Another established repair operation was origi- 
nated, so far as the records can be followed, in the mid-r8th 
century. This is called transfer or transference, In every in- 
stance it is a difficult and possibly hazardous kind of treatment, 
although if it is well-carried out. it does not contain any baffling 
sleight-of-hand performance. The result of a transfer is the re- 
moval of the paint, with or without the ground layer beneath, 
from one support to another. It is necessary only in those cases 
їп which there exists a large amount of cleavage that threatens to 
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bring about flaking and loss, and in cases where the cleavage can- 
not be reached or reattached either from the face of the painting 
or from the back through the support. Consequently, transfer is 
commonly done with paintings on a heavy, thick support—wood, 
plaster or the clay wall of the orient, There is no fixed procedure 
for this operation, but certain regular principles apply. The paint 
is first given a temporary support at its face in addition to that 
at the back. Paper and fabric are the common materials of the 
temporary support. The adhesive for them has to be one that can 
be removed without injury to the paint and without disturbing 
the attachment of the paint to the new permanent support. After 
the temporary facing is applied and is satisfactorily in place, the 
work is turned face down and the old support is removed, On 
the painting, still in this inverted position, a new support is built 
or attached. Finally, the facing, or provisional support at the 
front of the paint, is taken off. 

A condition that usually requires transfer as a means of con- 
servation of a painting is found in a work on panel with a heavy 
gesso ground which has lost its integrity as a firm layer and has 
become powdery. Movement of the wooden support loosens the 
powdery mass and the paint with part of the ground is ready to 
fall out if jarred or subjected to repeated vibration. The gesso 
is made of gypsum or chalk mixed with glue. Dampness and 
mold weaken or destroy the glue. If there is no access to this 
layer from the front, it must be reached from the back. Paint 
on pictures of this kind may be impervious to moisture. It can 
be made resistant by a thin coating of spirit-soluble resin or plas- 
tic and a first paper of the facing is often applied with such an 
adhesive. Outer layers of the facing can then be attached with 
starch paste or weak glue. The work is then put face down. The 
panel is cut off from the back and the deteriorated part of the 
ground is removed, At this point, transfers in the 18th century 
were completed by attachment of a canvas with glue. In time 
this took on a distortion that was a disfigurement to a work done 
originally on a panel, and by the late 19th century the drawbacks 
of the panel-to-canvas transfer had become apparent. There- 
after, the favoured procedure was to apply a new panel. This 
also had its drawbacks, particularly if the new wood was attached 
with glue. By 1930 methods were introduced for building a com- 
posite panel at the reverse of the ground and for this strips of 
light wood were set together with a mixture of wax, resin and 
inert filling material which could be handled like putty when 
warm, 

Treatment of Cleavage and Distortion.—Cleavage, if it is 
not extensive and if the pockets can be reached, is usually treated 
by reattachment. An adhesive is infused into the pocket or, in 
some instances, the paint is lifted and the adhesive is applied 
directly by brushing. Sealing of a panel at the reverse reduces 
the activity of wood in changes of humidity and tends to cut 
down a chief cause of cleavage. The experienced conservator 
who has followed the results of treatment for repair over a num- 
ber of years can notice that reattachment of cleavage in paint is 
likely to be deceptive. The loose and buckled crusts of ground 
and paint layers may be somewhat softened and flattened by 
the work. They may be stuck down in places, but while panels, 
in particular, are subject to changing conditions in the air, there 
is always a chance that they will become loosened again. Relin- 
ing, if carefully done, is the most satisfactory solution to this 
problem. On panel supports reattachment is less satisfactory. 

Distortion in supports is a problem largely of paper and of 
panels. Fabrics or canvases supporting most paintings are car- 
ried on a stretcher and relining is an adequate correction of any 
distortion in them. Paper can usually be flattened if the paint 
will stand a moderate amount of dampness. Exposure in a humid 
chamber containing fungicide to prevent the start of mold, fol- 
lowed by drying under pressure, will often smooth out ordinary 
wrinkles if there is no continuing cause. A heavy film of glue 
around the edges, used for mounting, is a frequent cause. In 
some instances, paintings or drawings on paper will stand im- 
mersion in water, provided there is adequate control and proper 
equipment for handling. 

Attempts to flatten panel supports have led to definite struc- 
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tural damage of a worse kind than the warp. This is particular y 
noticed in cases where fixed crosspieces have been attached. 
hold the wood in line. The cradle was a device introduced as 
means to correct distortion without cramping the wood in il 
normal reaction to the moisture of the air. In construction | 
cradle has wood strips firmly fixed to the reverse of a pane 
the direction of the grain. On the underside of these strips: 
to the old wood are notches into which are slid movable с 
members. " 
Probably most panel paintings carry or have carried a с 
In many instances it has done no damage but in others it h 
caused multiple warping, cracking of the panel and cleayagi 
the ground. The causes are complex but, in general, lie 
the tendency of wood to recover a warp which is the result of 
natural forces of contraction. Over a long period of time 
forces overcome the slip of the cradle and pull the cross membe 
tight. The wood breaks against the constriction that results. 
Treatment of Discoloration.—There is no remedy for fad 
pigment in paint but the commonest discoloration, the dark 
of white lead, can be corrected. Chemically, this change is from 
the white hydrated carbonate of the metal to the dark sulfid 
Treatment of the sulfide with a solution of hydrogen peroxi 
will convert it to a white sulfate of lead without change in 
general appearance of the paint. This is usually done on draw 
ings in which the white is used for the light modeling t 
against a tinted paper. To prevent the medium from being 
softened, the hydrogen peroxide is diluted with alcohol or ether 
to speed drying of water and reduce its effect on an aqueous” 
adhesive used as binder for the pigment. r 
A few water-colour sketches and most: drawings have the pape 
support as part of the design. In these, stains, general darkens 
ing or development of the small brown spots known as foxing, all 
occurring in the support itself, are a disfigurement to the picture 


If the paper is normally strong and if the material of the drawing. 


or painting will stand treatment, a procedure for bleaching is safe 
and practicable. Many methods and combinations of methods 
have been used. A representative one is the following: The paper 
is detached, if mounted. Three baths are used for bleaching 
The first is water, 2,700 ml., with a 5% solution of sodium hypo 
chlorite, 150 ml., and concentrated hydrochloric acid, 15 ml. i 
bath, when ready, should not change the colour of litmus pap 
it is practically neutral and so compounded as to release f 
chlorine. The second bath is a very dilute hydrochloric acid, | 
ml. of the concentrated acid in 2,700 ml. of water. The th 


of water. This should give an alkaline response with litmus pal 
to make certain that it can neutralize any remaining acid. 
paper is left in the first or bleaching solution a matter of second 
or minutes until stains are almost removed. It is then put in the 


transferred to the weak ammonia solution and left about ten 
utes. After that it is thoroughly rinsed in clear water. The 
niques of handling paper in a bath have to be varied for di 
conditions, Usually the sheet is carried on plate glass. 
is thoroughly washed, drying is done under observation an 
slight pressure to prevent distortion. 3 
Removal of Accretions.—By far the greater part of 
figurement to pictures comes from accretion of materials 
were not originally used by the artist, Removal of these 
common necessity in the conservation of paintings but, ov 
the wide variety of the accretions themselves and to the 
variations in the material, structure and condition of pain! 
single procedure or even set of procedures can be called stand’ 
Dust, smoke and grime, if adhered to paint, may be taken UP 
an absorbent material such as loose cotton fibre dampened wit 
fluid. Selection of the fluid for this purpose depends upon ©” 
determined solubility of the paint. In some instances а Wi 
mixture with a surface-active agent such as sulfonated alc 
is safe. Combinations of water and wax in an emulsion are 
quently usable, and a wide range of organic solvents is availa 
Solvents generally are used to take off accretions of varnish. 
the material of these is a soft resin, it is soluble slowly in 
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tar hydrocarbons such as xylene or toluene, is more quickly dis- 
solved by chloro- compounds such as chloroform and ethylene 
dichloride and, more quickly still, in the cellosolve group, the al- 
cohols and the ketones. 

The number of organic solvents available can be numbered in 
scores and the possible combinations are infinite. There is no 
rule for a safe solvent that will also be effective. Petroleum 
naphtha is harmless to either tempera or oil paint unless it has 
been infused with wax. It can, of course, dissolve waxes. In 
themselves, fully dried and seasoned oil and tempera paints are 
not disturbed by thé ordinary solvents. (These do not include 
substances of a basic or alkaline nature which would act as 
reagents—ammonium hydroxide or morpholine, for example.) 
The difficulty with solvents in the removal of accretions is the 
risk that a resin has been mixed with an oil paint or that any 
paint may hàve become chalky at some previous time and have 
been saturated with the resin of a surface coating until the paint 
proper has the solubility of the resin. 

Compensation and Recoating.—It is not important and it 
may not be desirable to make a damaged picture look as if it had 
no defects. It is generally regarded as necessary, however, to 
treat the badly damaged areas of a painting in such a way that 
they will not unduly disfigure the work. Holes, flaked losses and 
other blemishes are usually filled with paint, toned suitably to the 
surrounding area but with no intrusion upon the original paint. 
Since each case, in which such inpainting or compensation of loss 
is needed, has its own problem, this part of the work of conserva- 
tion is, in effect, a part of the practice of design. The aim is not 
deception but appropriate reduction of accidental and damaging 
contrasts. 

Most paintings which have had old and discoloured surface 
coatings removed and losses compensated with appropriate in- 
painting must have a coating put over them as a protection from 
dust and grime and as a partial seal from dampness and injurious 
gases in the air. Complete air-tight protection in a frame might 
make this final coating unnecessary. Without that protection 
even further application of a resinous film is better than exposure 
of the paint. If the varnish is kept thin it can be given a super- 
ficial layer of hard wax after thorough drying. This makes a 
combined layer that is more impervious to damp and more inert 
than is the varnish alone. In addition, the wax can be removed, 
if it collects dust, by solution in a petroleum naphtha, a solvent 
which will not disturb the thin varnish layer beneath. Because of 
that, removal of the wax carries no risk of abrading the paint. 
Beeswax alone is too soft to serve as a satisfactory outer coating. 
It is usually combined with ceresin and with carnauba, the hard 
wax that comes from the leaf of a Brazilian palm. 

This mixture can be smoothly applied and polished. After 
1925 many conservators used synthetic plastic materials instead 
of the natural resins in surface coatings. The longest experience 
up to mid-century was with polymerized vinyl acetate. This and 
the polymers of acrylic acid furnish coating materials that are 
clear and colourless, soluble in suitable organic solvents, and are 
Not subject to oxidation or auto-oxidation as are the natural 
resins. "They are highly permeable to moisture, but a superficial 
Coating; of wax overcomes this defect. 
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PAISIELLO (Parsretto), GIOVANNI (1740-1816), Ital- 
jan composer of opera, was born at Taranto on May 9, 1740. 
His formal education began at the age of five when he was enrolled 
at the Jesuit school in Taranto by his father, a veterinary surgeon 
who intended him for the legal profession; however, when his 
talent for singing became obvious, he was placed in the Con- 
servatorio di S. Onofrio at Naples, where he studied with the com- 
poser Francesco Durante and, later, with Gerolamo Abos. During 
his student years at the conservatory (1754-59) and during a sub- 
sequent period (1759-63) as a teacher there, Paisiello's efforts in 
composition were for the church. For the theatre of the conserva- 
tory he wrote some intermezzi, one of which attracted so much 
notice that he was invited to write two operas, La Pupilla, for 
Bologna, and Z! Marchese di Tulipano, for Rome. His reputation 
established, he settled for some years at Naples, where he produced 
a series of successful operas, among them Le finte contesse (1766), 
L'Idolo cinese (1767), and La Frascatana (1774). In 1776 Pai- 
siello was invited by the empress Catherine II to St. Petersburg, 
where he remained for eight years at a handsome salary. 

Among the works he produced for Catherine was // barbiere 
di Siviglia (The Barber of Seville, 1782), which some consider his 
masterpiece, on a libretto by Giuseppe Petrosellini, after Beau- 
marchais’ comedy Le Barbier de Séville. (In 1816, Rossini's 
Almaviva—also on a libretto after Beaumarchais—was hissed from 
the stage. Nevertheless, under its changed title, // Barbiere, it be- 
came known as Rossini's greatest work while Paisiello's opera was 
forgotten until the 20th century.) 

In 1784 Paisiello left Russia and after a brief sojourn in Vienna, 
where he composed for Joseph II, he entered the service of Fer- 
dinand IV of Naples. During his 15 years as music director there 
he composed several of his best operas, including La Molinara 
(1788) and Nina (1789). After many vicissitudes resulting from 
political and dynastic changes, he was invited to Paris in 1802 by 
Napoleon, whose favour he had won five years previously by com- 
posing a march for the funeral of Gen. Lazare Hoche. Napoleon 
treated him munificently, while neglecting the resident musicians 
Cherubini and Méhul. Paisiello conducted the music of the court 
in the Tuileries; the Parisian public, however, received his opera 
Proserpine (1803) without enthusiasm. Disappointed at the fail- 
ure of his only opera with a French libretto, he asked to return to 
Italy, pleading his wife’s delicate health. On his arrival at Naples, 
Paisiello was reinstated in his former appointment by Joseph Bona- 
parte and Joachim Murat, but he was unable to meet the demands 
for new works. The power of the Bonaparte family was tottering 
and Paisiello’s fortunes fell with it. He died on June 5, 1816, at 
Naples. 

Paisiello is known to have composed about 100 operas. His 
church music comprises about 40 Masses and many smaller works. 
His instrumental music includes symphonies, a harp concerto, 
string quartets and sonatas for harp and for violin and cello. In 
the 20th century II Barbiere and La Molinara were revived and 
several of his operas and piano concertos, string quartets and key- 
board pieces were republished. 
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Bravrocrapny.—F. Schizze, Vita di Paisiello (1833) ; A. della Corte, 
Paisiello, settecento italiano (1922) ; E. Faustini-Fasini, Opere teatrali, 
oratori e cantate di G. Paisiello (1940). 


PAISLEY, a large, royal, and parliamentary burgh of Ren- 
frew, Scot., on the White Cart Water, 3 mi. from its junction 
with the Clyde, 7 mi. WSW of Glasgow by road. Paisley is the 
county town of Renfrew. Pop. (1961) 95,750. In 1791 the river, 
which bisects the town and is crossed by several bridges, was made 
navigable for vessels of 50 tons. Later it was further deepened 
and made navigable for vessels drawing 15 ft. The old town 
contains most of the principal warehouses and mills; the new town, 
begun toward the end of the 18th century, occupies much of the 
ground that once belonged to the abbey. To the munificence of 
its citizens the town owes many of its finest public buildings, among 
them the town hall, the public library and museum (with a collec- 
tion of Paisley shawls), the Coats Observatory, the John Neilson 
Institution, and the fine Thomas Coats Memorial Church. Of the 
14 public parks, covering 1,572 ac., the biggest is Barshaw Park 
(144 ac.). Paisley was created a parliamentary burgh in 1833. 
In the abbey precincts are statues to the poet Robert Tannahill 
(1774-1810) and Alexander Wilson (1766-1813), the USS. orni- 
thologist, both of whom were born in Paisley. John Wilson 
(“Christopher North"), the writer, was also born there. 

The abbey was founded in 1163 as a Cluniac monastery by 
Walter Fitzalan, first high steward of Scotland, the ancestor of 
the Scottish royal family of Stuart, and dedicated to the Virgin, 
St. James, St. Milburga of Much Wenlock in Shropshire (whence 
came the first monks), and St, Mirinus (St. Mirren), the patron 
saint of Paisley, who is supposed to have been a contemporary of 
St. Columba, The monastery became an abbey in the 13th cen- 
tury, was destroyed by the English under Aymer de Valence, earl 
of Pembroke, in 1307, and rebuilt in the latter half of the 14th 
century, the Stuart kings endowing it lavishly. In 1553 Lord Claud 
Hamilton, then a boy of about ten, was made abbot, and the abbacy 
and monastery were erected into a temporal lordship in his favour 
in 1587. The abbey lands, after passing from his son the earl of 
Abercorn to the earl of Angus and then to Lord Dundonald, were 
purchased in 1764 by the 8th Earl of Abercorn, who let the ground 
for building purposes. 

The abbey church originally consisted of a nave, choir without 
aisles, and transepts. The nave and tower were restored, and 
careful work was done on the choir, The nave is used as the 
parish church. Robert III was interred before the high altar of 
the choir in 1406. Over his grave a monument to the memory of 
the royal house of Stuart was placed by Queen Victoria (1888). 
In the south transept is St. Mirren’s Chapel (founded in 1499), 
with the tombs of Abbot John Hamilton and of the children of 
the 1st Lord Paisley, and an effigy, possibly of Marjory, daughter 
of Robert Bruce, who married Walter the Steward and was killed 
while hunting at Knock Hill between Renfrew and Paisley (1316), 
Her son became Robert II. 

The village originally grew up around the abbey, and the town of 
Paisley has been an important manufacturing centre since the 
beginning of the 18th century, but the earlier linen, lawn, and 
silk-gauze industries have become extinct, and the famous Paisley 
shawls (imitation cashmere) are now objects of art. (See SHAWL.) 
The manufacture of linen thread gave way in 1812 to that of cot- 
ton thread, and Paisley became one of the greatest thread-manu- 
facturing centres in the world, Paisley is also famous for its 
tobacco, starch and corn flour, marmalade and jam. Other in- 
dustries include bleaching, dyeing, calico printing, weaving, engi- 
neering, tanning, iron and brass founding, timber yards, and the 
making of machinery and chemicals, besides some shipbuilding. A 
Roman Catholic bishopric was established at Paisley in 1947. 

About 2 mi. SE of Paisley stand the ruins of Crookston Castle, 
dating probably from the 13th century and associated with Mary, 
queen of Scots, and Lord Darnley. Elderslie, 1 mi. SW, is the 
eee birthplace of William Wallace, the Scottish national 
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PAIUTE designates two distinct American Indian groups who 
speak languages of the Plateau branch of Shoshonean. The South- 
ern Paiute, who speak Ute-Chemehuevi, occupied southern Utah, 
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northwestern Arizona, southern Nevada, and southeastern Cali. 
fornia, the last. being known as Chemehuevi. The Northern 
Paiute, who have also been designated Mono (q.v.) in California 
and Paviotso (see GHOST DANCE) in Nevada, and more loosely as 
Diggers, occupied. east-central California, western Nevada, and 
eastern Oregon., An offshoot, the Bannock, lived with the Sho. 
shone (g.v.) in southern Idaho, where they. were bison hunters, 

The Northern and Southern Paiute were simple food collectors 
who subsisted primarily upon seeds, pine nuts, and small game, 
although many Southern Paiute planted small gardens. They 
occupied temporary brush shelters, wore little or no clothing 
except rabbitskin blankets, and made a variety of baskets for 
gathering and cooking food. Families were loosely affiliated 
through intermarriage, but there were no formal bands or terri- 
torial organizations, except in the more fertile areas, such as Owens 
Valley east of the Sierra Nevada (q:v.) Mountains in California, 

When the Ute (q.v.) acquired horses and became. predatory 
nomads early in the 19th century, they became distinct from the 
Southern Paiute. Many Northern Paiute, especially along the 
Humboldt and Oregon immigrant trails, also acquired horses and 
developed predatory bands during the middle of the 19th century, 
In the 1960s the Northern and Southern Paiute’ lived largely on 
or near reservations, numbering about 4,000. 

BusrrocnaPHY.—B. B. Whiting, Paiute Sorcery (1950) ; R. С. Euler, 
“Southern Paiute Archaeology," American Antiquity, vol. 29 (1964); 
J. H. Steward, Basin-Plateau Aboriginal Sociopolitical Groups (1938); 
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PAJOU, AUGUSTIN (1730-1809), French sculptor, who 
became official sculptor to Louis XVI, was born in Paris, Sept. 19, 
1730, and died there, May 8, 1809. A pupil of J. B. Lemoyne, he 
won the Prix de Rome in 1748. He was elected to the Academy 
in 1760. Like his master's, Pajou’s main work consists of portrait. 
busts, probably the most famous of which is the bust of his former 
patron, Mme Du Barry (Louvre). 

Also a decorator on a larger scale, he directed the decoration 
of the Versailles opera, and when Bernard Poyet reconstructed the 
Fontaine des Innocents (by Pierre Lescot, 1547-49) Pajou pro: 
vided several figures for it. (Aa. B.) 

PAKHOI: see Pri-Har. 

PAKHTO: see Раѕнто. 

PAKISTAN, properly the REPUBLIC OF PAKISTAN (PAKI 
STANI JAMHOORIAT), a country in southern Asia and member of the 
Commonwealth of Nations. It came into existence on Aug. 1% 
1947, and covers those parts of the former Indian empire with а 
predominantly Muslim population, those parts with a predomi- 
nantly Hindu population forming India (g.v.), or Bharat. In the 
years preceding the grant of independence to India the movement 
fora separate Muslim state to be known as Pakistan took firm 
hold and eventually resulted in the partition of 1947. The name 
Pakistan was first used in 1933 and can be interpreted as meat: 
ing the land (-stan) of the (religiously) pure (pak), but is said 
to have suggested itself to a group of expatriate students at Cam- 
bridge, Eng., from the initial letters of Punjab, Afghania (North- 
west Frontier province), Kashmir and Sind with the termination 
from Baluchistan. This is approximately the area covered by 
West Pakistan. The movement claimed a larger area and also 
advocated other Muslim states but did not visualize the Muslim 
areas of Bengal as part of Pakistan itself: With partition, how- 
ever, the Muslim eastern two-thirds of Bengal became part of 
Pakistan. The republic is thus unique among major countries 0 
the world in consisting of two parts separated by 1,000 mi, of alien 
territory. The total area of Pakistan (before the 1963 boundary 
adjustment with Communist China) was 365,529 sq.mi. and 
population (1961) 93,831,982, (1963 est.) 98,612,000. e 

The actual boundaries were decided on the principle of Muslim 
Hindu majorities by Sir Cyril (later Lord) Radcliffe, since the 
Muslim and Hindu members of the commission of which he Wê 
chairman failed to agree. The Radcliffe award followed existing 
minor administrative boundaries rather than physical features: 
The cutting of roads and railways and especially of irrigation 
canals in the Punjab by the new boundary created many difficu 
ties. Hindus found it difficult to forget 500 years of Muslim 5 
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and it would have been too much to expect friendly relations be- sular India. There are also certain pa; i i 
tween the two new states, at least at the start of the new regimes. wall, which form part ‘of the му т лж be, пор 
Partition gave rise to the greatest mass migration in history, in- 1. West Pakistan.—This occupies the northwestern sector of 
volving at least 8,000,000 to 10,000,000 people. The Pakistanis , the subcontinental complex and hence comprises number of con- 
had expected to include East Punjab and the Sikh city of Amritsar trasted regions, The old regional names, which applied alsdito ad- 
and when the Sikhs decided to throw in their lot with India re- ministrative divisions, are likely to persist. The plateau of Balu- 
action was violent and there was much bloodshed. Kashmir, with” chistan occupies the west of the country. It consists of arid plains 
a predominantly Muslim population but with a Hindu ruling class, with many ridges rising from the surface merging westward into 
was also the scene of fighting; in 1962 when the Chinese invaded similar country in Iran and northward into Afghanistan. There 
this area Indian and Pakistani troops were still facing one another ` are no perennial rivers; streams which flow after the rains for the 
across an armistice line. | 2 most part drain inward to shallow transient lakes. In the south 
West Pakistan is extensive, and on the whole sparsely populated is the arid and rugged Makran coast, while to the east a succes- 
by stalwart peoples used to life in an arid environment and for, sion of dry rocky ranges separate the Baluchistan plateau from the 
the most part relying on irrigation, The dominant languages are Indus plains. These ranges comprise the Kirthar in the south, 
Punjabi (Panjabi) and Sindhi, though the old court language Urdu. then a re-entrant with the Bolan pass leading to Quetta, then the 
is widely understood and used. East Pakistan complete "con- Bugti hills and Sulaiman range. These merge northeastward into 
trast. It is a small area, but one of the most densely populated the tangle of dry hills which constituted the old North West 
in the world, its population exceeding in total that ûf most western Frontier province. In contrast to the 1,400,000 tribesmen scat- 
lands. The population is composed of homogeneous, slightly built tered over the 133,000 sq.mi. of Baluchistan, here a considerable 
people, speaking Bengali and living in the wet environment of population lives in the main valleys especially where irrigation 
alluvial rice-growing lands. Only religion ties together these con- water is available—in the valley plains of Dera Ismail Khan and 
trasted halves of the country. East and West Pakistan are each Bannu, and in the rich vale of Peshawar, In the north Pakistan 
organized as a single administrative whole with capitals respec- includes considerable sections of the Himalayas (g.v.) proper; 
tively at Dacca and Lahore. The temporary capital of the whole there the state of Jammu and Kashmir (q.v.) is claimed by both 
country was at one time Karachi and later Rawalpindi, until the Pakistan and India. The western Himalayas are broad and com- 
new capital, Islamabad, was built on the cool plateau farther north. plex when compared with parts farther east; there is an arid foot- 
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hill belt, then the Outer Himalayas or Pir Panjal range; then the 
Lesser (middle) Himalayas or Pangi range; next the Inner or 
main.Himalayas or Zaskar range; then the great Muztagh and 
Karakoram mountains with finally that small sector of the Tibetan 
plateau in'Ladakh claimed not only by India and Pakistan but 
also by Tibet. All these trend northwest-southeast, and between 
them the five rivers of the Punjab—Sutlej, Beas, Ravi, Chenab 
and Indus—take their rise and have long courses before they turn 
and cut through the ranges to unite on the plains. 

South of the Himalayas but east of the Indus, Pakistan includes 
a plateau around Rawalpindi bounded on the south by the Salt 
range. This plateau has enough rainfall, mainly in winter, to per- 
mit dry zone crops; elevation tempers summer heat and there 
Pakistan's new capital Islamabad is sited. It has also some small 
oilfields. South of the Salt range, the valley plains of the Punjab 
(the word Punjab meaning “five waters”) constitute the most pop- 
ulous and developed region of West Pakistan, with the administra- 
tive centre Lahore. Most of the cultivation depends upon canal 
irrigation from the rivers; large areas were settled only when the 
large-scale works of British engineers made this possible, With 
the coming of partition and independence in 1947 the boundary 
was drawn, according to Muslim or Hindu majorities, across plain 
and mountain alike, cutting rivers and canals in such a way that a 
waters dispute became a serious political issue for the next 15 years. 
The five rivers join to form the lower Indus shortly above where 
it enters the old province of Sind. Sind was long known as the 
“unhappy valley” because with an annual rainfall as low as or 
even below five inches it depends on irrigation from the river. 
From early times inundation canals were filled with floodwater, 
though in bad seasons they might never be filled and famine re- 
sulted; hence the construction of the Lloyd or Sukkur barrage 
(completed 1932) with a perennial canal system was of immense 
importance. Other works have followed and the valley plain of 
the lower Indus is fast becoming one vast irrigated and highly pro- 
ductive region. It focuses on the town of Hyderabad; its natural 
outlet (on the west of the Indus delta) is Karachi. The discovery 
in the 1950s of a vastly rich field of natural gas near the little 
village of Sui in the hills north of Sukkur changed the whole eco- 
nomic position of Pakistan. Gas is now piped to Karachi and to 
Lahore. Eastward of the Sind valley and southeast of the Punjab 
plains, the land rises, ceases to be irrigable and merges into the 
Thar or Indian desert, The India-Pakistan boundary leaves the 
old princely state of Bahawalpur in Pakistan. 

2. East Pakistan.—This is utterly different from West Paki- 
stan. It comprises the eastern two-thirds of the Ganges-Brahma- 
putra delta, stretches northward to include the triangular wedge 
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of land between the Ganges and the Brahmaputra before they 
unite, and eastward to embrace the valley plain of the Surma. 
Abruptly in the east the alluvial plains give place to wet for- 
ested ridges, running mainly north-south, which form part of 
the mountain divide with Burma. There have been boundary 
changes but broadly East Pakistan is the eastern two-thirds of the 
prepartition province of Bengal. In the course of centuries the 
main outlet of the Ganges has shifted steadily eastward so that 
West Bengal, India, isa land of dead and dying rivers with many 
bhils, or cut-off lakes and marshes, whereas in East Pakistan much 
water moves down the distributary rivers and through connecting 
creeks and the delta is still in active development. Apart from the 
mangrove forest swamps toward the coast, this is all rich rice and 
jute land, liable to annual floods, with innumerable villages and 
isolated farmsteads perched on mounds or strung out along levees. 
The rainfall is everywhere in excess of 60 in. The administrative 
centre, Dacca, is centrally placed. Between the Ganges and Brah- 
maputra is a low ridge known as the Barind and relatively in- 
fertile. Since partition Pakistan has paid much attention to the 
development of water power and forestry in the eastern hills and 
this has permitted the great growth of Chittagong. Natural gas 
has been discovered in the Sylhet area. (L. D. S.) 


IL THE PEOPLE 


Separated by nearly 1,100 mi. of Indian territory, West Paki- 
stan and East Pakistan are marked not only by geographical but 
also by racial, linguistic, religious and cultural differences. 

1. Races.—Human skeletons and skulls found among the ruins 
at Mohenjo-Daro reveal that at least four racial types, viz., Medi- 
terranean and Alpinoid (both Europoid), Proto-Australoid (Ved- 
doid), and Mongoloid, were present in this area in c. 2500 B.C., 
and that there was much racial intermixture. (See INDIA- 
PAKISTAN, SUBCONTINENT OF: Anthropology.) 

‘The present-day peoples of West Pakistan may be grouped into: 
(1) the “true” Mediterranean type found in the Punjab; (2) 
the “oriental” Mediterranean type in the Punjab and Sind, 
characterized by an unusually long and often convex nose and 
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lighter skin colour, but otherwise 
similar to the first type; (3) the 
Pashto-speaking Pathans (seg 
PATHAN) of the Northwest Fron- 
tier: Semitic traces among these 
people have been alluded to by 
several writers; (4) the brachy. 
cephalic (round-headed) Balochi 
(q.v.) derived from Iranian stock 


and found in Baluchistan, The 
Balochi are often called the 
Aryan type. 


The peoples of East Pakistan 
belong to two major racial 
groups: (1) the Mediterranean, 
an important element in the non. 
tribal population; (2) the Paleo- 
Mongoloid, found in the Chitta- 
gong hills and along the Pakistan- 
Burma border. Some immigrant 
tribal people of western origin; 
such as the Santal, are Proto- 
Australoid. 

2. Languages.—Urdu (фл) 
is the official language in West 
Pakistan. Although most Paki- 
stanis understand it, they speak 
some other regional language as 
their mother tongue. Urdu (a 
mixture of Arabic, Persian and 
Hindi words), written in the Per- 
sian script, is traced by historians 
to early Mogul times in India. 
The regional languages of West 
Pakistan are: (1) Sindhi, spoken 
in Sind and derived from the virachada dialect of Prakrit and 
written in the Arabic script (see PRAKRIT LANGUAGES), It was 
written however in the Malwari or the Ardhanagari script at least 
up to the 11th century a.D.; (2) Balochi in Baluchistan (see BA- 
тоснт); (3) Makrani in Мактап (q.v.) bordering Iran; (4) Pashto 
(g.v., Pushti) or Pakhto in the frontier areas bordering Afghani- 
stan; (5) Punjabi in west Punjab. The last four languages are 
written in the Persian script. All the foregoing languages are 
of Aryan origin; the only Pakistani language which is non 
Aryan is Brahui (q.v.) of Dravidian origin spoken by some 
Balochi. 

Bengali is the official as well as the spoken language of East 
Pakistan. It is written in one of the Nagari family of scripts and 
has a closer relationship with Sanskrit and Hindi than with any 
Pakistani language. It has a rich literature to which modern poets 
like Buddhadeva Bose and Nazrul Islam have made important con 
tributions, (See BENGALI LANGUAGE.) English, which is spoken 
widely in government and education circles, was still an offical 
language for both wings in the 1960s. 

3. Religions.—The great majority of the people of the Re 
public of Pakistan are Muslim. All the religious minorities (по. 
tably Hindus, Christians, Buddhists and Parsees) together COU' 
stituted in 1961 less than 12% of the total population. 

Most of the Muslims are Sunni Hanafis, but there are а few 
Sunni Shafi'ites and Shi'ites (Shiabs), Other distinctions made by 
the Muslims among themselves include Sayyids (believed to be the 
descendants of Mohammed through his daughter Fatima), Moguls, 
Pathans, Khojas (a business community found in Sind), 4" 
Isma‘ilis (followers of the Aga Khan). ‘The Muslim status of Ш 
Qadianis of West Pakistan (the followers of Mirza Ghulam Ahmê 
Qadiani) is uncertain as they do not subscribe to the finality 0 
be prophet Mohammed which is one of the basic tenets of Isla 

q.v.). 

Hindus, the major religious minority (10,001,474 in 1961); are 
concentrated in East. Pakistan where they numbered 9379660 
Christians (732,787) are found mostly in West Pakistan. Nearly 
all the 376,312 Buddhists live in East Pakistan, and the 5,412 Pat 
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sees in West Pakistan. Other non-Muslim groups including Jews 
and the tribal peoples total 47,872... (See also Population, below.) 

4, Cultures.—The cultural pattern of Pakistan presents inter- 
esting diversities within different religions, within geographical 
regions, and between tribal, peasant and urban societies, and also 
within these societies. There are also similarities which spring 
mainly because the majority of the people are Muslims. 

Though religious minorities are numerically very small in West 
Pakistan, the Islamic way of life there has been influenced by 
centuries of contact with Indian civilization, Thus the Muslims 
have developed a caste system which is basically incompatible 
with the egalitarianism of Islam. This has happened not only in 
the Punjab, but also in the frontier areas; e.g., Swat valley, Be- 
sides caste, a characteristic feature of Punjabi rural life is the in- 
stitution of vartan bhanji. This involves the exchange of food, 
money, clothes, services and favours between the various groups 
that make up the society. Through this mechanism of exchange 
people are able to achieve not only social integration through 
interdependence but also social status and prestige. 

Tn the ordering of social life the Pathan society lays consider- 
able stress upon ownership of land, patrilineal descent, ranked 
social groups and Islamic injunctions such as reverence for saints. 
A highly developed sense of honour is linked with revenge, and 
that of prestige with hospitality. Public and private aspects of 
Pathan life are controlled by assemblies (jirga), the functioning 
of which has been compared with Athenian democracy. 

The tribes of East Pakistan (including Chakmas, Moghs, Tri- 

puras, Murungs, Banjugis, Pankhoos, Lusheis and Khyangs) prac- 
tise jhum (“slash-and-burn” or “shifting”) cultivation. Social 
life is organized on the basis of patrilineal descent and settled vil- 
lage life. Although many of. them still profess the so-called 
animist religions some (like most of the Khyangs) are Buddhists, 
and the influence of Christian missions has been considerable. 
: Tn the cultural pattern of East Pakistan, the Hindu way of life 
is important. Ancient traditions are preserved through such in- 
stitutions as the tol where students learn Sanskrit, scriptures, 
Philosophy and the Ayurvedic system of medicine. Ayurveda 
(based on homeopathy. and naturopathy), though traditionally 
Hindu, is popular with many other sections. There are a number 
of annual religious ceremonies (puja), well known for their colour- 
ful festivities; these include Durga puja, Kali puja and Saras- 
vati puja. The rural people of East Pakistan have developed 
à variegated culture rich in folk music, dance, drama and litera- 
ture, (T. N. M.) 


II. HISTORY 


1. Background to Partition.—The movement among the 
Muslim population of the India-Pakistan subcontinent which cul- 
Minated in the creation of Pakistan stemmed from the historical 
fact that for more than six centuries before the effective domina- 
tion of the British in India, Muslim soldiers and administrators 
had ruled over much of a population in which Hindus were a nu- 
merical majority, although mass conversions to Islam in econom- 
ically backward areas like East Bengal (East Pakistan) produced 
local Muslim majorities. When the British replaced Muslim 
domination by. their own, this imperial tradition hindered the 
community from adapting itself to the new situation as readily 
as the Hindus, but the failure of the risings of 1857 (see IN- 
PAN Mutiny) dashed Muslim hopes of a restoration of their 
Authority, - Later, while Hindus were pressing for constitutional 
reform through the Indian National Congress, the Muslims sought 
Various guarantees for their position and finally founded their own 
oe organization, the All-India Muslim League, at Dacca in 


Disappointment at British policy after World War I drew Con- 
pe and the League closer together for a time; but the gradual 
ы cation of the British intention to grant self-government 
2 ndia along the lines of British parliamentary democracy 
je Muslim apprehensions regarding ultimate political sub- 
[e to the Hindu majority of the population. Mohammed Ali 
nos (q.v.), who was as eager as any Hindu nationalist to bring 

itish rule to an end, was at length driven to the conclusion, 
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at which the renowned poet-philosopher Mohammed Iqbal (q.v.) 
had already arrived, that the only way to preserve Indian Muslims 
from complete political, economic and cultural subordination to 
the Hindus was to establish a separate Muslim. state. Jinnah 
feared that Hindu “clannishness,” combined with Hindu business 
ability and Hindu superiority in education, would leave no “place 
in the sun" for Muslims in any set-up based on an independent, 
undivided India. Undaunted by criticism, abuse and ridicule, 
he converted the League into an organization which inspired and 
guided a genuine national movement among three-quarters of the 
Muslim community throughout India. By 1940, the demand for 
ханиа had been formally endorsed by the League under his lead- 
ership. 

British policy, supported by the whole weight of the Hindu 
nationalist movement, laboured hard to avoid disrupting the eco- 
nomic and political unity built up under British rule; but none of 
the many suggested alternatives to Pakistan commended them- 
selves to Jinnah, whose acute perception of Muslim needs and 
intimate acquaintance with Muslim apprehensions had satisfied 
him that only in the establishment of a Muslim homeland could 
security be found. His leadership of the bulk of the community 
was unchallenged, and without his co-operation—of which the 
price was Pakistan—Indian independence was impracticable. His 
courage and implacable determination triumphed in the end. 

2. Birth of the New State.—The new state came into existence 
аз а dominion within the Commonwealth in Aug. 1947, with 
Jinnah as its first governor general and his ablest colleague, 
Liaquat Ali Khan (q.v.), as its first prime minister, With West 
and East Pakistan separated by over 1,000 mi. of Indian territory, 
and with the major portion of the wealth and resources of the 
British heritage passing to India, Pakistan's survival seemed to 
hang in the balance. | Of all the well-organized provinces of British 
India, only the comparatively backward areas of Sind, Baluchistan 
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and the Northwest Frontier came to Pakistan intact; the Punjab 
and Bengal were divided; Kashmir became disputed territory. 
Economically, the situation seemed almost hopeless; the new fron- 
tier cut off Pakistani raw materials from the Indian factories, dis- 
rupting industry, commerce and agriculture. The partition and 
the movement of refugees were accompanied by terrible massacres 
for which both communities were responsible. India remained 
overtly unfriendly; its economic superiority expressed itself in a 
virtual blockade. The dispute over Kashmir (for an account of 
which see Jammu AND KASHMIR) brought the two countries to the 
verge of war; and India’s command of the headworks controlling 
the water supplies to Pakistan’s eastern canal colonies gave it an 
additional economic weapon. The resulting friction, by obstruct- 
ing the process of dividing, according to plans previously agreed, 
assets inherited from the British raj, still further handicapped 
Pakistan in solving its problems. 

3. Under Two Great Leaders.—The new government, sup- 
ported by a remarkable upsurge of patriotic feeling, faced every 
difficulty with courage and resourcefulness, The initial great 
influx of refugees from India was temporarily regulated, thanks in 
no small measure to the heroic efforts of Pakistani women of the 
upper and middle classes, who emerged from purdah to organize 
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social services and to relieve distress. But the refugee problem 
was not a mere passing phase. In East Pakistan and Bengal, in 
particular, the movement of populations was resumed on a great 
scale in and after 1950. 

After the division of the former Indian army between India 
and Pakistan the Pakistani defense forces were reorganized and 
withdrawn from tribal territory—a gesture of trust which initi- 
ated the policy of winning the confidence of the tribes, affording 
them economic and educational facilities without encroaching on 
their jealously guarded freedom. Within a decade this policy 
brought peace and relative prosperity to an enormous stretch of 
once turbulent frontier. The same process was applied to the 
former Chitral Agency states, as well as to Gilgit and Baltistan, 
when these two latter areas, as a result of the fighting in Kashmir, 
threw off the rule of Srinagar and joined Pakistan, The govern- 
ment also took under its protection, but without incorporating it, 
the territory known as Azad (“free”) Kashmir. There those who 
resisted the Indian occupation of Jammu, the valley of Kashmir, 
and Ladakh, had set up a provisional administration pending the 
holding of a plebiscite (for which Pakistan never ceased to press) 
under supervision of the United Nations to enable Kashmiris to 
determine their own political future. In 1947-48, other predomi- 
nantly’ Muslim princely states, including Bahawalpur and Khair- 
pur, had acceded to Pakistan without incident. 

At the same time, the economic and administrative problems 
of the new state were tackled with vigour and imagination. New 
channels of foreign trade were opened up, foreign investment was 
encouraged and an entire reorientation of the former economic 
pattern was effected to make good the loss of the Indian market. 
New industries were established, foreign experts were employed to 
rationalize taxation, the budget was balanced. The permanent out- 
lines of foreign and domestic policy were laid down. Pakistan at 
that point identified itself with the western democracies against 
Communism, 

The enormous personal prestige of Jinnah, backed up by the 
tireless work of Liaquat Ali Khan, held together the two areas so 
different in physical characteristics, cultural traditions, and ethnic 
composition as East and West Pakistan. The difficulty of linking 
the two wings, 1,000 mi. apart, was overcome by the organization 
of efficient air services. Through vigorous leadership and strong 
administration, a new nation was built out of mere bits and pieces. 
But the cement which bound that nation together, as the next few 
years were to show, depended for its tenacity upon effective lead- 
ership at the top and patriotic support from below. 

Pakistan suffered a grievous misfortune in Sept. 1948 when its 
founding father, Jinnah, died. Although he was in theory a con- 
stitutional governor general, his hand had been everywhere, guid- 
ing, directing, restraining, encouraging. Even the politically con- 
scious Bengalis of East Pakistan, who in their heart of hearts 
inclined to regard the West Pakistanis as rough men of the sword, 
were proud to accept his leadership. With his disappearance from 
the political scene, the risk of differences between the two wings 
loomed larger. But fortunately for his country, Liaquat Ali 
Khan’s powers of leadership developed as the need for them grew 
greater. He controlled effectively every detail of government pol- 
icy at home and abroad, appointing his ministers, redistributing 
their portfolios and managing the provisional parliament, which 
was also the constituent assembly charged to draw up the new con- 
stitution, with consummate skill. Under his able rule, Pakistan 
became respected abroad while remaining united at home. But the 
moderation of his attitude toward India excited the ire of fanatics 
who clamoured for a holy war and led to his assassination in Oct. 
1951, His death ushered in a steady process of national decline 
which was not arrested until the revolutionary government 
emerged seven years later. 

4. Political Decline.—On the death of Jinnah, Khwaja Nazim- 
uddin, a gentle man of unaffected piety, became governor gen- 
eral, When Liaquat Ali Khan was murdered, Nazimuddin became 
prime minister and was replaced, as governor general, by Ghulam 
Mohammed, an able but impulsive financial expert. Ghulam Mo- 
hammed, regarding his position as equivalent to that occupied by 
Jinnah, quarreled with Nazimuddin in Oct. 1953 and replaced 
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him by the genial Mohammed Ali of Bogra, a diplomat rather than 
a political leader. When the constituent assembly essayed to limit 
Ghulam Mohammed's powers, he summarily dismissed it. A pro- 
tracted dispute broke out, in which both sides invoked the courts 
of law; but eventually in July 1955 the governor general was 
obliged to summon a new assembly. Shortly afterward his health 
broke down, and he was replaced in September of that year by 
Maj. Gen. Iskander Mirza. 

The new constituent assembly accepted as prime minister 
Chaudhuri Mohammed Ali, who was replaced in Sept. 1956 by 
H. S. Suhrawardy, a trained politician with a great mastery of par. 
liamentary tactics. A political miscalculation obliged Suhrawardy 
to give place in Oct. 1957 to I. I. Chundrigar, who in turn fell 
victim to party intrigue and was followed by Malik Firoz Khan 
Noon. He in turn was powerless to arrest the serious decline in 
domestic conditions. 

During 1951-58, Pakistan performed all the external functions 
of a respected sovereign state. It took an influential share in the 
work of the UN. It became a member of the Colombo plan (q.0.) 
and cultivated good relations with Commonwealth countries, with 
the United States (joining with it in a defensive alliance) and with 
other Islamic states (except Afghanistan; see below). It joined 
the Southeast Asia and Central Treaty organizations. It sought 
better relations with India, negotiating over Kashmir, refugee 
property, boundary rectifications, commercial agreements, the divi- 
sion of the Indus basin waters (see below) and other contentious 
matters. In March 1956 it became a republic without leaving 
the Commonwealth. 

Internally, however, its condition was lamentable. The politi- 
cal leaders, though frequently personally estimable, like many of 
the officials, failed to resist the venal pressures exerted by “big 
business” and- by quasifeudal landowning interests which domi- 
nated West Pakistan, since 1955 unified into a single province to 
match East Pakistan. There also corruption and intrigue domi- 
nated public life. 

5. Military Government.—The reputation of the administra- 
tion fell as a formidable list of popular grievances accumulated: 
the shelving of agrarian reform; the failure to settle the constitu- 
tion; the burking of refugee rehabilitation; serious inflation and 
soaring prices of foodstuffs; financial chaos and the rapid depre 
ciation of sterling balances; the inability of successive govern 
ments, preoccupied by the problem of remaining in power and deaf 
to the needs and interests of the country, to give an effective lead. 
All these combined to produce dangerous unrest. In Oct. 1958, 
Gen. Mohammed Ayub Khan (q.v.), the commander in chief of 
the army, induced Pres, Iskander Mirza to proclaim martial law 
in order to avoid the bloody revolution that seemed imminent. 
The army took over, and Iskander Mirza retired; Ayub Khan 
succeeded him and soon proved 
himself a statesman of liber? 
views whose aim was to serve his 
country. 

One of Ayub Khan's early 4% 
tions was to transfer the capit 
from Karachi to Rawalpin 
while a new capital, Islamabad, 
was being built nearby. Griev- 
ances were redressed; agrarias 
reforms were effected; vestiges? 
feudalism were abolished; the 
refugees were resettled; financia! 
stability was restored; industry 
was stimulated and foreign ™ 
vestment grew. The result wa 
an impressive advance in 600" 
nomic development.  Betwet? 
1960 and 1966, agricultural out 
put increased by 3.59 annually, the highest rate in any AS" 
country. Within the same period, the index of industrial produc 
tion (taking 100 as the norm in 1960) rose to just under 18 
Imports of consumer goods declined, while those of capital g00' 
and raw materials increased. By 1966 Pakistan had a favourable 
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balance of Rs. 110,000,000 with the sterling area, and the overall 
balance of payments position showed a surplus of Rs, 13,100,000. 
In 1959-60 Ayub Khan launched his system of “basic democra- 
cies," in an effort to enlist the interest of every Pakistani citizen 
jn the well-being of the country. 

This system involved a tier of assemblies resting on a primary 
unit (called the union council in the countryside and the union 
committee in the towns) whose members were elected by adult 
suffrage, in small constituencies of between 800 and 1,000 persons, 
to conduct local affairs. The councils thus formed exercised con- 
siderable powers and were represented on the successive stages of 
assemblies, on which officials sat side by side with the men and 
women whom the public had chosen. | In Feb. 1960 a referendum 
to the. 80,000 elected representatives of West and East Pakistan 
confirmed Ayub Khan as first president under any constitution 
that would be adopted following the report of a constitution com- 
mittee set up in the same year. "The basic democracies not only 
gave scope for public service and brought the government and 
public closer together than they had been at any time since Jin- 
nah's death but also provided a powerful instrument for mass 
education in civic rights and responsibilities. The basic democrats, 
when elected, underwent a course of training in their duties; they 
were encouraged to make full use of the powers entrusted to them. 
Ав time went on, more and more responsibility, including quasi- 
judicial functions and the application of reforms in the laws of 
marriage and divorce, fell to them, One consequence was the 
gradual transfer of political influence from the urban intelligen- 
tsia to the rural masses, who account for 90% of the population. 
This aroused some resentment among the educated classes. Ву 
1962 Ayub Khan ended martial law and inaugurated a presidential 
type of constitution with central and provincial legislatures, using 
the basic democracies as the electorate (see Constitution, below). 

The withdrawal of martial law left Ayub Khan without the 
support of any organized political party, and until a revitalized 
section of the Muslim League rallied to him he had difficulty with 
factional opposition in the legislatures. The division of functions 
characteristic of the new constitution, however, enabled the execu- 
tive to continue its program of economic and social reform; and 
when, early in 1965, new elections were held for the presidency 
and for the legislatures, Ayub Khan was confirmed in power for a 
further five years, and his party gained an effective majority in the 
national and provincial legislatures. 

The military aid granted by the western powers to India after 
the Chinese incursions into Ladakh and the North East Frontier 
“Agency (1962) evoked strong protests from Pakistan, the strength- 
ening of India’s armed forces being regarded by Pakistan as a 
threat to its own security. In March 1963 Pakistan and China 
reached agreement on the demarcation of their common boundary 
in Kashmir, and relations between the two countries assumed an 
Increasingly friendly appearance, As a consequence, Pakistani- 
Indian relations worsened. In April 1965 local fighting broke out 
Over a boundary dispute in the Rann of Cutch, and only with 
difficulty could the British government persuade both sides to agree 
to accept in advance the verdict of an impartial tribunal. 

During 1964-65 India decided to assimilate the position of 

hmir, hitherto enjoying special status, to that of its other 
states. Tension and the number of incidents increased on the 
Cease-fire line, Indian troops crossed the line at Kargil and oc- 
Cupied two Pakistani posts. Pakistan protested, Under UN pres- 
ine India withdrew, but it later reoccupied the posts. In 1965 
itregular forces from Azad Kashmir crossed the cease-fire line 
into Indian-held districts in Kashmir. Before long, regular troops 
On both sides joined in, and in September full-scale warfare by 

d, sea and air broke out. Indian forces invaded West Pakistan 
and threatened Lahore: Pakistani forces advanced into India. 

fter the efforts of Britain and the Commonwealth had failed to 
ЧОР the fighting, the UN Security Council with the support of 
(i U.S.S.R. as well as of the United States imposed a cease-fire 

n Sept. 23). The Soviet premier, Aleksei Kosygin, induced Ayub 
ЕУ n and Lal Bahadur Shastri, Jawaharlal Nehru’s successor, to 
P In Tashkent in Jan. 1966 and to agree to renounce the use 

Orce in their disputes. After Shastri’s death the agreement 
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was confirmed by the new Indian prime minister, Mrs. Indira 
Gandhi. Troops were withdrawn from occupied territory and 
fighting ceased. But the Kashmir quarrel was unsettled and each 
side accused the other of violating the Tashkent Declaration. 
6. Special Problems.—During the early years of independence 
Pakistan faced two especially difficult problems, apart from Kash- 
mir. One problem was the dispute with India over the division 
of the Indus basin waters. The other was the agitation sponsored 
by Afghanistan and temporarily supported by the U.S.S.R. for a 
separate Pathan state (to be named Pakhtunistan or Pathanistan). 
In the Indus basin waters dispute the point at issue was the use 
for irrigation purposes of the waters of the three eastern rivers of 
the Indus system, the Sutlej, the Ravi and the Beas, which served 
both countries. In 1952 an offer from the International Bank for 
Reconstruction and Development to arbitrate in the dispute was 
accepted. The Indus Waters Treaty, signed in 1960, granted 
the waters of the three western rivers, the Indus, the Jhelum and 
the Chenab, to Pakistan and the waters of the three eastern rivers 
to India. Financial help toward the engineering costs of irrigation 
works was made available to Pakistan from the International bank 


` (see INDUS). 


The demand by Afghanistan for an independent Pathan. state 
was first launched in 1949, Pakhtunistan was to comprise the 
former North-West Frontier Province and a number of territories 
which had only minorities of Pathans (see NORTHWEST FRONTIER). 
The Pathans themselves, who received considerable benefits from 
their association with Pakistan, showed little enthusiasm. for the 
plan, but the Afghan propaganda campaign against Pakistan was 
intensified. In Sept. 1961 diplomatic relations between the two 
countries were broken off. Successful mediation by the shah of 
Iran, and a change of premier in Afghanistan, however, led to a 
resumption of diplomatic relations in 1963. Although the Pakh- 
tunistan idea was not formally abandoned, Pakistan and Afghani- 
stan drew together, both commercially and politically. 

Pakistan’s foreign policy (apart from that toward India) after 
1962 showed a tendency to depart from intimate engagement 
with Western outlooks in favour of greater detachment. Ties 
with Commonwealth countries were supplemented by friendly un- 
derstandings with the U.S.S.R. and China as well as by very close 
political and economic co-operation with Iran and Turkey under 
regional development programs, See also INDIA-PAKISTAN, SUB- 
CONTINENT OF: History. (L. F, R. W.) 


IV. POPULATION 


According to the 1961 census Pakistan had a population of 
93,831,982 (including 111,369 non-Pakistanis) within an area of 
365,529 sq.mi., giving an average density of 256.7 persons per 
square mile. Thus it ranks sixth among the countries of the world 
in population. The two separated wings of the country, East and 
West Pakistan, have both unequal territory and unequal popula- 
tion. West Pakistan (area 310,403 sq.mi.) had a population of 
42,978,261 persons and a density of only 138.5. persons per square 
mile; while East Pakistan with a much smaller area (55,126 sq.mi.) 
had a population of 50,853,721 averaging a density of 922.5. 

The growth of population of both provinces of Pakistan has 
been rapid. From 1901 to 1931, the population of the areas that 
now comprise Pakistan increased by 13,700,000 or 30%. In the 
next 30 years the increase was nearly double that of the first 
30—34,600,000 or 58%. West Pakistan's population has grown 
faster than that of East Pakistan, although the latter is among 
the most densely populated parts of the world. During the 
decade 1951-61 West Pakistan's population increased by 12.1% 
(in relation to the total population of Pakistan), while East 
Pakistan showed a rise of only 11.8%. But in terms of increases 
within the two provinces (West Pakistan 27.1%, East Paki- 
stan 21.2%), there is much variation both on a district and 
on a regional basis, West Pakistan with 84.9% of the total 
area of Pakistan has 45.8% of the population of the country, 
while East Pakistan with an area of only 15.1% has 54.2% of the 
population. The three southwestern divisions of West Pakistan, 
namely Dera Ismail Khan, Quetta and Kalat, together have 44.2% 
of the total area of the province, whereas their population is only 
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visory. It is the highest court of Pakistan and took over the 
jurisdiction of the judicial committee of the privy council (see 
Privy COUNCIL, JUDICIAL COMMITTEE оғ). The high court of 
Lahore, West Pakistan, has two permanent branches in Karachi 
and in Peshawar; the high court of East Pakistan is at Dacca. 

At the time of independence Pakistan inherited a most extensive 
set of codes and acts which were continued after suitable modifi- 
cation, Frequent demands were made that the laws of Pakistan 
should be made to conform to the Koran and Sunna but the size 
and the complexity of the task is likely to deter hasty action, 

9. Education.—In 1961 there were 14,335,809 literate persons 
in Pakistan. Literacy rates as computed from the population aged 
5 years and over were 19.2% for the whole of Pakistan, 21.5% 
for East Pakistan and 16.395 for West Pakistan. 

In the early 1960s primary education in Pakistan was neither 
free nor compulsory. By the early 1960s more than 5,000,000 
boys and girls were attending primary schools. The number at- 
tending secondary schools was about 1,500,000. There were 6 uni- 
versities with 204 arts and science colleges, 13 medical colleges, 7 
engineering colleges and 42 other colleges covering a wide range 
of subjects such as law, commerce, agriculture, etc. The univer- 
sities are Dacca (founded 1921), Karachi (1950), The University 
of the Punjab (Lahore, 1882), Peshawar (1950), Rajshahi (1953) 
and Sind (Hyderabad, 1947). 

By the mid-1960s the education commission’s recommendations 
were being implemented. These include introduction of compul- 
sory primary education in two stages spread over a period of 18 
years. During the second five-year plan it was proposed to spend 
Rs. 1,323,000,000 on education, Apart from a general improve- 
ment of standards, the commission proposed the creation of two 
agricultural universities, national archives and a national library. 

The advance in women’s education is striking. Women are at- 
tending practically all educational institutions. Their demand for 
medical education was so great that special medical colleges had to 
be set up, and a large proportion of medical students are women, 
Practically all the services and all the professions have been thrown 
open to women and these developments have in turn given impetus 
to their education. 

10. Defense.—Pakistan signed a mutual defense assistance 
agreement with the U.S. in 1954. It is a member of the Central 
Treaty organization (CENTO), which succeeded the Baghdad 
pact, and of the Southeast Asia Treaty organization (SEATO). 

Army.—The army is the senior service. It consisted in the 
early 1960s of 8 infantry regiments, 6 armoured corps units, 8 
artillery regiments and 34 engineering units, It is manned en- 
tirely by volunteers, All officers have to pass through the military 
academy at Kakul. For higher training there is a staff college at 
Quetta. 

Navy.—The naval forces consisted of 1 cruiser, 5 destroyers, 2 
frigates, 6 minesweepers and several other auxiliary units. The 
total strength was 700 officers and 7,000 ratings—all volunteers. 
It has its own training establishments and two bases, at Karachi 
and Chittagong. 

Air Force.—The air force was composed of Canberra jet bomb- 
ers, wings of Sabre fighters and squadrons of Bristol freighter 
transports. The total strength was 15,000 all ranks, all of whom 
were volunteers. It has its own flying college at Risalpur and an 
apprentice college at Karangi. The air headquarters are located 
at Peshawar. 

Civil Defense —Measures have been taken to organize a civil 
defense force. They included the education of the public to look 
after themselves and their families, the training of a large body 
of voluntary workers for organized civil defense work, and the 
maintenance of a fully trained and properly equipped force for 
any eventuality whether in peace or war. Training schools were 
set up in several towns and the many publications distributed in- 
clude a civil defense magazine in English, Urdu and Bengali. 

(M. L) 


VI. THE ECONOMY 


Pakistan's economy is essentially based on agriculture to which 
60% of the national income is attributable and, in which at least 
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two-thirds of the working population are engaged. Even so, the 
country is not self-sufficient in food grains and heavy imports are 
necessary. The second five-year plan (1960-65), following the 
first five-year plan (1955-60), accordingly gave the highest prior- 
ity to agriculture; the target was an increase of 20% in food grain 
production, to provide the country with a solid foundation for the 
industrial superstructure. 

Pakistan at mid-20th century had great development potential, 
and there were indications that its economy was gradually rising 
above the subsistence level. Most prominent of these was the 
progress of industrialization. The manufacturing industries con- 
tribute 13.3% to the national income, and their growth. can be 
measured by the fact that the index of industrialization (base; 
1954 = 100) in 1961 stood at 213, while in 1950 it was 37.7. 

The main obstacle to. expansion—one which is common to al- 
most all underdeveloped countries—is a chronic shortage of for- 
eign exchange for financing imports.and external payments gen- 
erally. This was being met by a massive program of foreign aid 
and by the early 1960s Pakistan had received more than $2,000,- 
000,000, about 80% of which came from the U.S., in the form of 
capital goods, industrial raw materials, consumer goods, food 
grains and technical assistance. The development program was 
governed by the second five-year plan, which was estimated to cost 
Rs, 23,000,000,000. Its main objectives were to increase the na- 
tional income by 22% (with an increase of 10% in the per capita 
income), to bring about self-sufficiency in foodstuffs, to increase 
industrial and mineral production by about 50%, and to improve 
the balance of payments position so аз to enable the level of im- 
ports to be raised in line with the country's reasonable needs, As- 
suming no diminution in the flow of foreign aid, and the continu- 
ance of an austere regime at home, it can be said that the objectives 
were not beyond the bounds of attainment. 


А. PRODUCTION 


1. Agriculture.—The main food crops are rice and wheat, the 
staple diets of East and West Pakistan respectively. The average 
annual production of cleaned rice (about 90% in the eastern wing) 
is about 10,000,000 tons and-of wheat, which is almost exclusive 
to West Pakistan, 3,500,000 tons. Minor food crops are the millets 
(bajra and jowar), maize (corn), barley and gram. Production of 
food grains has failed to keep pace with the population increase 
for a variety of reasons: it is constantly affected by waterlogging, 
salination and erosion in some parts of the country; it is period- 
ically affected by droughts or floods; and until 1961 shortage of 
canal supplies because of the dispute about the waters of the Indus 
basin was an adverse factor in the western wing. In consequence 
of the shortfall, heavy imports of food grains have been necessary 
to the detriment of Pakistan's foreign exchange resources. It has 
however been found profitable to export some of the high-quality 
rice grown in West Pakistan and to meet East Pakistan’s deficit 
by importing cheaper qualities from Burma. 

Other crops include jute, cotton, tea, sugar cane and tobacco. 
These play a very significant part in Pakistan’s export earnings 4 
well as forming the basis for the country’s most promising lines 
of industry. Production of jute amounts to more than 1,000,000 
tons yearly and this, together with the manufactured product, 
forms by far the most important export commodity. Production 
of cotton remains steady at about 300,000 tons, though exports 
dwindled with the growth of the local textile industry; it is mostly 
of the long-staple type known as Punjab American. Nearly 80,000 
ac. in East Pakistan are under tea, and the annual production /5 
about 25,000 tons. Sugar cane production was increasing in the 
mid-1960s but was still inadequate for the needs of the country $ 
sugar industry. Tobacco growing has expanded, and the quality has 
been improved, influenced by the rapidly developing cigarette in 
dustry; nearly 100,000 tons a year were produced in the mid-19605. 

An over-all increase of 14% in agricultural production was en 
visaged in the second five-year plan. This entailed a massive PI? 
gram of subsidized provision of fertilizers and insecticides, exte?" 
sion of irrigation, reclamation of land affected by waterloggi? 
or salinity, and flood control or drainage over about 9,500,000 ac. 
Major projects in the irrigation field in East Pakistan include the 
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Ganges-Kobadak scheme, which 
js designed to irrigate 2,000,000 
ac, and the Teesta barrage, the 
stope of which is almost as large. 
In West Pakistan the Taunsa; 
Guddu and Kotri (Ghulam Mo- 
hammed) barrage projects, the 
three major irrigation works 
started since the country became 
independent, were designed to 
bring about 6,500,000 ac. under 
irrigation. Irrigation is also a 
feature, though a secondary one, 
of the multipurpose Warsak proj- 
ect which was completed in 1961. 
Three link canals were also to be 
constructed, in implementation of 
the Indus Basin Settlement plan, 
to add to the water supplies in 
the Sutlej valley canals which 
suffer from a persistent shortage. 
In the sphere of reclamation 
there are salinity. control and 
drainage projects in West: Paki- 
Stan aimed at improving 843,000 
and 3,600,000 ac., respectively, 
while in the eastern wing there 
are various drainage and embank- 
ment projects covering more than 
1,000,000 ac. These projects, 
however, would need time to have 
а beneficial effect on ther econ- 
omy, (See also GANGES; INDUS; 
INDIA-PAKISTAN, SUBCONTINENT 
or: Natural Resources ; SIND.) 
Livestock —Cattle (oxen and 
buffaloes) are raised for. milk, 
draftwork, meat and hides; goats and sheep for hair, wool, milk, 
meats and skins. The best breeds of cattle are in West Pakistan, 
Some being exported for breeding purposes. Numbers of livestock, 
however, are inadequate to meet demand and official efforts are 
дее to improve animal husbandry and to prevent indiscriminate 
me Encouragement is also given to poultry keeping. In 
E 1960s Pakistan possessed about 24,000,000 oxen, 6,000,- 
milk E е, 9,500,000 goats and 6,500,000 sheep. Of the total 
En) about one-third was consumed as fluid and the re- 
E converted into ghee, butter, curd, etc, Among inedible 
ИН nd wool exports were worth about Rs, 77,000,000 annually 
2 E and skins about Rs, 60,000,000. 
Wes Bee tee crests cover. 2.7% of the total land area. А In 
un d ve only the forests of the mountainous areas (mainly 
‘bt ne P are of real commercial importance, but their yield is 
In ^od y sufficient to meet the demand for construction timber, 
ofthe MAN of the province conservation and reafforestation are 
has bad} nost importance for the prevention of soil erosion, which 
E y affected much cultivable land, especially in the Salt 
Бе and other hilly areas, 
ni Pakistan the forests of the Chittagong Hill Tracts 
mid-1060; undarbans were being fully exploited and after the 
Yar Were expected to yield 100,000: tons’ of timber a 
the Karn, TD intant paper industry, including a paper mill. on 
at us pun river near Chittagong and a newsprint factory 
Pakistan ha às grown up from the produce of these forests, and 
are Шу att Surplus of paper for export. Other end products 
timber, Y sleepers, telegraph, poles and other kinds of treated 
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able depositar r Pakistan is not rich in minerals. There are valu- 
Quality is its of chromite in Baluchistan, and coal of rather poor 
Tock salt mined in the Salt range, where limestone, gypsum and 
ound in x also abundant. Iron ore deposits have also been 

aluchistan, Chitral and the northwest Punjab and al- 


igh-grade ore is unfortunately in the areas most diffi- 


(LEFT) CHARLES HARBUTT FROM MAGNUM, (TOP AND BOTTOM RIGHT) RENÉ BURRI 
FROM MAGNUM 

(Left) Rice fields near the village of Toomilah, East Pakistan. 
(Above) School in the former Hindu Kush Kingdom of Swat, north- 
western Pakistan. (Below) Vegetable market in Daoca, East Pakistan 


cult of access there remains the possibility of establishing a steel 
industry based on indigenous ore and coal. 

The main interest, however, centres in the search for oil. The 
oil fields in northern Punjab in the early 1960s yielded over 2,000,- 
000 barrels of crude oil a year, and exploration was being pushed 
on vigorously in both the eastern and western wings. , In both it 
has yielded remarkable results in the form of vast deposits of 
natural gas, which is piped from Sui to Karachi and to Multan, 
and furnishes power ior industrial and domestic use; it is used 
in developing a petrochemical industry and also helps to reduce 
the import bill for fuel. 

4. Fisheries.—The fishing industry, both marine and inland, 
has been carried on in traditional ways and was formerly relatively 
unimportant to the economy. It has, however, attracted attention 
by making an increasingly large contribution to export earnings, 
and. а good deal was being done in the mid-1960s to develop 
its considerable potential including marine surveys, credit pro- 
vision for purchase of mechanized craft and gear, and the construc- 
tion of a modern fish harbour, with cold storage plant, at Karachi. 
Canning and freezing plants were also established at other 
places. 

5, Power.—Great headway has been made in meeting the grow- 
ing power requirements of industry and in carrying the benefits of 
electricity to ruralareas. Installed generating capacity was nearly 
trebled between 1955 and 1960, and at the end of 1962 stood 
at 839,000 kw. (not including installations in industrial estab- 
lishments). In East Pakistan the Karnaphuli hydroelectric 
scheme, with an initial capacity of 80,000 kw. and a projected ca- 
pacity of 120,000 kw., has come into operation. A complementary 
project for modernizing existing power distribution systems in the 
province so as to make full use of the power available was under- 
taken at a cost of Rs. 188,300,000. In West Pakistan the new 
hydroelectric power station at Warsak has a peak load capacity 
of 160,000. kw. and a thermal station at Multan of 135,000 kw. 
There too rural electrification was being tackled on a large scale. 
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Generation of electricity remained far from adequate to meet all 


power demands, and the second five-year plan provided for public 
expenditure of no less than Rs. 950,500,000 under this head. 


6. Industries.—Until the 1962 constitution, control of indus- . 


try rested mainly in the hands of the central government. After 
that it became a subject of provincial legislation, except in re- 
spect of nuclear energy, mineral oil and natural gas, and under- 
takings owned wholly or partly by the central government. 

The acceleration of the program of industrial development owes 
much to the Pakistan Industrial Development corporation 
(P.I.D.C.) set up by the government in 1952 to undertake proj- 
ects considered essential in the national interest (under the new 
constitution the P.L.D.C. was split into two independent corpora- 
tions, one for each wing). Even so, it is the industries which have 
proved most attractive to private capital which have expanded 
most rapidly. Especial success has been achieved by the cotton 
textile industry, which produces annually more than 600,000,000 
yd. of cloth and 400,000,000 Ib. of yarn; the jute manufacturing 
industry (nonexistent before partition) producing in the early 
1960s about 250,000 tons of goods; the cement industry (over 
1,000,000 tons); the sugar industry..(150,000 tons); and the 
cigarette industry—in all these the increases in production have 
been remarkable. The pulp and paper factories (with a produc- 
tion of about 25,000 tons of newsprint and about 40,000 tons of 
paper and other products), fertilizer and other ‘chemical plants, 
and steel re-rolling mills, all owe their inception to the P.I.D.C. 

It is to industry that the government chiefly looks to raise the 
national income, to improve the balance of payments position and 
to provide employment. No rigid plan for industrial development 
has been laid down, but priority is allotted to producer goods in- 
dustries and manufacture of essential consumer goods; new ven- 
tures in production of nonessential consumer goods are given less 
encouragement, An Investment Promotion bureau exists to help 
private enterprise with its problems. The government hoped to 
see large sums of money invested in industrial development during 
the second plan period. Textile manufactures continued to claim 
the largest share, followed by chemical industries, food manufac- 
ture and basic metal industries. 


B. TRADE AND FINANCE 


1. Foreign Trade.—The pattern of imports is largely gov- 
erned by the adverse balance of payments (there was a deficit of 
Rs. 219,600,000 on current account in 1961) and consequent need 
to reduce outgoings of foreign exchange to the minimum. A tight 
control over imports of consumer goods is in force and is likely to 
remain so, but care is taken to see that industrial requirements 
are satisfied. Imports of machinery have absorbed most of Paki- 
stan's foreign exchange resources, an inevitable consequence of 
the industrial expansion, but food grains have also made heavy 
inroads. The strict quantitative control over imports of consumer 
goods has served as a protection for nascent indigenous industries, 
but has created austere conditions and has had the effect of in- 
creasing sharply the middle-class cost of living. As regards the 
direction of trade, the U.S. leads the United Kingdom as the chief 
source of Pakistan's imports. West Germany and Japan come 
next in importance to these two, 

Primary products constitute the main exports of Pakistan, 
though the pattern is gradually changing and in the mid-1960s 
manufactured goods were contributing substantially to the coun- 
try's foreign exchange earnings. This was particularly true of 
jute and cotton textiles. Raw jute was the most important single 
item, exports amounting to more than Rs. 800,000,000 (more than 
4596 of total export earnings) and jute manufactures were valued 
at well over Rs. 300,000,000. Raw cotton exports, at one time 
equally important with jute, have fallen steadily with the growth 
of the local textile industry, and accounted for only about Rs. 
120,000,000, while cotton manufactures earned about Rs. 65,000,- 
000. Other valuable exports are wool, hides and skins, fish, rice 
and tea, though exports of the last named have dwindled with in- 
creasing local consumption. The U.K. remains easily the best 
customer for Pakistan's exports, followed by the U.S., Japan, 
India and Hong Kong. 
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To provide incentives for exporters, and to diversify and ex. 
pand exports, an export credits guarantee scheme was in force, 
and also an export bonus scheme under which exporters of certain 
classes of goods were granted special import licences up to a fixed 
percentage of their export earnings. Even so, without a marked 
improvement in the terms of trade, which in the mid-1960s were 
as unfavourable to Pakistan as to most other countries exporting 
primary commodities, there was little hope of a balance being 
achieved in the foreign exchange budget during the second plan 
period without continued foreign aid on a generous scale from the 
consortium consisting of Canada, France, West Germany, Japan, 
the U.K. and the U.S., together with the International Bank for Re. 


“construction and Development and the International Develop. 


ment association, 

2. Banking and Currency.—The State Bank of Pakistan, 
51% of the shares in which are held by the government, is the cen- 
tral bank and chief monetary authority of the country. It has 
wide powers of monetary and credit control, and the sole right of 
note issue. The state bank also performs various agency func- 
tions for the government, and has a considerable responsibility for 
the economic stability of the country. There has been much ex- 
pansion in the business and the number of the Pakistani scheduled 
banks. These play an important part not only in the financing of 
foreign trade but in meeting the working requirements of. industry, 

In order to meet certain special credit needs the government has 
established a number of finance corporations and commercial un- 
dertakings. These include the Agricultural Development Bank of 
Pakistan, the Pakistan Industrial Development bank, the Pakistan 
Industrial Credit and Investment corporation (the primary object 
of which is to channel ta private industry foreign exchange re- 
ceived from the International Bank for Reconstruction and De- 
velopment and other outside sources) and the House Building 
Finance corporation. ; 

Decimal coinage was introduced in Jan. 1961. The currency is 
the Pakistani rupee, equivalent to 15.64. or U.S. $0.21. 

3. National Finance.—Customs duties account for more than 
25% of the revenue of the central government, though central 
excise duties and income tax (including corporation tax) are cor 
tributing an increasing share. Sales tax is another important head. 
The provincial governments derive their revenues mainly from 
land revenue, irrigation receipts, provincial excise and stamp di 
ties; but they are heavily supplemented by the allocation from 
the centre of 50% of the net proceeds of income tax and corpore 
tion tax, 60% of the proceeds of the central excises on tea, bel? 
nuts and tobacco, and the whole of the export duties on jute and 
cotton. 

The defense services form the major item of the revenue tf 
penditure (more than 50%) of the central government and con- 
stitute a very heavy burden on Pakistan's resources. The гета" 
ing expenditure goes to civil Administration, debt service and? 
little more than 5% is available for development expenditure 
Industrial development fares better, however, in the capital 4€ 
count, which forms a separate part of the budget; excluding the 
amount disbursed on loans and grants to provincial governments, 
it absorbs 15% of capital disbursements, The railways formerly 
featured as the largest single item in the capital budget (exclut 
ing grants to the provinces) but the constitution of 1962 п“ 
them the responsibility of the provinces. 


C. TRANSPORT AND COMMUNICATIONS 


1. Roads, Railways and Inland Waterways—There ™ 
about 64,000 mi. of roads in Pakistan, but only about 10,000 7 
are “high type motorable.” East Pakistan accounts for no к 
than 900 mi. of the latter, the nature of the country making it Г 
more suitable for water transport. In West Pakistan the ™ A 
arterial roads are the grand trunk road from Lahore (or more pg 
cisely from Wagah on the Indo-Pakistan frontier) to Каар, 
Peshawar and Landi Kotal; the road from Lahore to ка 
and the road connecting Lahore with Quetta and Chaman on & 
Afghan border. There is a considerable mileage of feeder 10 
but a big program of improvement is needed to provide agi | 
turists with adequate access to markets, Road building is fin" 
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by a central road fund, which is made up by allocation of a por- 
tion of the yield of the customs and excise duty on motor spirit 
(gasoline). There is also a special fund for roads of national im- 
portance, financed by central revenues. These resources аге sup- 
plemented by loans granted to provincial governments. 

The control of railways in Pakistan was transferred in 1962 
from the centre to the provinces, and they are run as two separate 
organizations under the provincial governments; they make a 
profit. and a substantial contribution to the revenues of the coun- 
try. The Pakistan Western railway has a route mileage of 5,334 
mi, and the Pakistan Eastern railway, which faces strong compe- 
tition from inland water transport, of 1,712 mi. Since independ- 
ence railway traffic nearly doubled in respect of goods, but did 
not increase greatly in volume of passenger traffic, which tended 
to favour road transport. 

Inland water transport plays no part in the economy of West 
Pakistan, but is vital to that of East Pakistan, which has 2,700 mi. 
of perennial navigable waterways and 4,000 mi. of seasonal water- 
ways; as much as 75% of its traffic is carried on the inland water- 
ways in preference to road or rail. Formerly the organized traffic 
had been mainly in the hands of private companies, but in 1958 
the Inland Water Transport authority was set up, and in 1961 the 
central government joined with the Joint Steamer companies (two 
long-established sterling companies) in forming a new rupee operat- 
ing company, Pakistan River Steamers, Ltd. 

Priority was to be given to development of all three forms of 
transport during the period of the second five-year plan. Even 
though it was not proposed to make any significant extension of 
the mileage of the railways, development of the order of Rs. 960,- 
000,000 was required as a minimum, mainly for replacement of 
rolling stock and rehabilitation and improvement of equipment. 
With all this, the railways still had to retain in service a great deal 
of overage rolling stock, and it was not possible to complete the 
change over from steam to diesel-electric locomotives. Тһе in- 
land water transport development program provided for expendi- 
ture of Rs. 95,000,000 in the private sector and Rs, 80,000,000 in 
the semipublic sector. The most important items їп {һе program 
Were modernization of craft and fleet replacements, developments 
of inland ports and dredging of navigational channels. Road de- 
velopment called for expenditure of Rs. 569,000,000. Road trans- 
port is however regarded as a field particularly suited to private 
enterprise, and government-sponsored services operate only where 
Private enterprise is not forthcoming or, in a few-instances, to 
Serve as a model for private services. 

2 Air Transport. The geographical position: of Karachi 
as it an important air junction, and the runway is suitable for 
Rann Jet aircraft. Medium }е!з сап be accommodated at Lahore, 
qe orit Dacca and Chittagong. Pakistan International Air- 
i 5 corporation, formed as a government concern in 1954, op- 
tates regular services to the middle east, Europe and the U.S. and 
E an indispensable function in linking the two: wings of 
iege An air link with Communist China was established in 

RAE re are also regular Air Bus services within each wing. 
mi jog A Pakistani merchant. shipping fleet in the 
sufficient E was small and in need of modernization. This fleet was 
fotei or the handling of the zonal traffic, but a large part of the 

ЕП trade was still carried by foreign companies; the freight 


nar remitted by these constituted a drain of foreign exchange, 
айды, Ge the government's policy to enlarge the Pakistani fleet. 
Bde is fairly well served by ports. Both the major ports, 
Oped; үн Chittagong, have been greatly improved and devel- 
while Chee handles more than’ 5,000,000 tons of cargo a year, 
on Chit: ttagong deals with more than 3,000,000 tons. The strain 
ast Pub formerly the only port for ocean-going vessels in 

Chorage e ап, has been relieved by the construction of an an- 
Rot far У ith some port facilities, at Chalna on the Риѕиг river, 
1,000,00 tom the railhead at Khulna. Chalna handles about 
4, Pox tons of cargo a year, mostly in the form of jute exports. 

and te], tal Services and Telecommunications—The posts 
tial с rans department runs at a profit and makes a substan- 
Ohtribution to general revenues, Public demand for tele- 
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Services was unsatisfied in spite of considerable expansion 
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but the need for telephone equipment is to some extent met int 
ternally by a factory at Haripur. The maintenance of satisfactory 
communications between East and West Pakistan presents a diffi- 
cult problem; the two wings are linked by high-frequency radio 
telephone channels, but it has been found impossible to provide a 
sufficient number of circuits to bear the growing load. There is 
also a voice frequency telegraph system for working teleprinters 
between the two wings, and teleprinter exchanges at Karachi, 
Lahore and Dacca. Within East Pakistan, where the terrain is 
difficult for land line communications, the main centres are linked 
by a very high-frequency radio network radiating from Dacca. 

International communications have been established by direct 
telephone with many important centres in Europe, the middle east 
and the far east. The international telegraph terminal at Karachi 
was taken over by the government. International radio telegraph 
circuits link Karachi with capital cities and commercial centres 
in most parts of the world, and a telex service is available for 
many of them, With the aid of CENTO a 600-channel microwave 
telephone system between Karachi, Teheran, Iran, and Ankara, 
Turk., was being established. Broadcasting facilities in the mid- 
1960s were somewhat inadequate. The development program for 
broadcasting that was included in the second five-year plan was 
estimated to cost Rs. 40,000,000, and by the end of the period 
there were to be 13 transmitting stations in the country with 29 
transmitters. 

See the regional articles BALUCHISTAN; GILGIT; LADAKH; 
NORTHWEST FRONTIER; SIND; WAZIRISTAN; see also references 
under “Pakistan” in the Index. (F. M. L) 

ВівілоскАРНҮ.—Теп Years of Pakistan, 1947-57 (1957); Pakistan 
(annual) ; Commonwealth Economic Committee, Commonwealth De- 
velopment and Its Financing—Pakistan (1961); Constitution of the 
Republic of Pakistan (1962). 

S. M. Ikram and T. G. P. Spear (eds.), Cultural Heritage of Pakistan 
(1956) ; I. H. Qureshi, Pakistani Way of Life (1956) ; S. Maron (ed.), 
Pakistan: Society and Culture (1957); Ramkrishna Mukherji, Six Vil- 
lages of Bengal (1958); F. Barth, Political Leadership Among Swat 
Pathans (1959) ; Z. S. Eglar, Punjabi Village in Pakistan (1960) ; Gov- 
ernment of Pakistan, Planning Commission, The Second Five Year Plan 
(1960-65) (1961) ; W. А. Wilcox, Pakistan: the Consolidation of a Na- 
tion (1963) ; R. D. Campbell, Pakistan: Emerging Democracy (1963) ; 
Mushtaq Ahmad, Government and Politics in Pakistan (1963) ; I. M. 
Stephens, Pakistan (1963); L. F. Rushbrook Williams, The State of 
Pakistan, 2nd ed. (1966) ; K. von Vorys, Political Development in Paki- 


stan (1966). s Р 
Current history and statistics are summarized annually in Britannica 


Book of the Year. 

PAKOKKU, a district in the Magwe division in the heart 
of Burma, lies west of the Irrawaddy river and southwest of 
Mandalay, with the line of the Chin hills as a general bound- 
агу on the west. Area 5,345 sq.mi.; pop. (1962 est.) 711,616. 
The part of the district along the Irrawaddy and Chindwin 
rivers is partly alluvial and partly the undulating gravelly and 
sandy land typical of the Dry Belt of Burma. Beyond this, 
however, the country rises gradually to the low infertile Shin- 
mataung and Tangyi ridges. Westward there is.a rapid drop 
to the well-watered valley of the Yaw river, then a rise over 
broken, dry country before the valley of the Myittha river is 
reached. The principal products are peanuts, millet, sesamum 
and sugar produced from toddy palms in the riverain districts, 
which also grow rice, gram, peas and beans. Tobacco and vege- 
tables are also cultivated in some quantity, and maize (corn) 
is grown largely for the sake of the husk, which is used for local 
cheroot wrappers, under the name of yawpet. The Yenangyat oil 
field is in the south of the district, and in the 1930s a remarkable 
new field, Lanywa, was developed by embanking a sandbank bor- 
dering the Irrawaddy. There are large areas of reserved forests in 
the west of the district where a good deal of teak is extracted. 
The cutch—a yellow dye obtained from a small tree (Acacia cate- 
chu) in the drier parts of the Yaw country—is particularly 
esteemed. The heat in May and June rises considerably above 
38° C. (100° Е.) in the shade. 

The population is mostly Burmese, but in the Yaw valley there 
is a peculiar race called Taungthas, who claim to be distinct from 
both Burmese and Chins. The headquarters town, Pakokku, 
stands on the right bank of the Irrawaddy, and grew into impor- 
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tance after the British occupation. The population (1962 est.) 
was 156,960. It is the market for the trade of the Chindwin and 
Yaw river valleys. 

Paxokxu Hit Tracts, formerly a district in the Маре divi- 
sion to the west of the Pakokku district, now forms part of the 
Chin Hills Special Division (g.v.). It included Mt. Victoria 
(10,018 ft.), one of the highest peaks of the Arakan Yoma. The 
headquarters village was Kanpetlet. (L. D. 5.) 

PAKTIA (formerly SAwT-1-JUNUBI or SOUTHERN PROVINCE), 
a major province of Afghanistan, is bounded on the east by the 
Pakistan frontier and on the west by the province of Ghazni. Area 
с. 5,000 sq.mi. It extends from the Safed Koh range in the north 
to the Gumal River in the south. It contains the upper drainage 
basins of the Kurram, Kaitu, and Tochi rivers which flow east 
into Pakistan, Most of the province is mountainous and forested, 
The climate is pleasant in summer but cold in winter. 

Few of the rulers of Afghanistan or northern India have exer- 
cised effective control over the Pathan tribes in this region. Khost, 
the central part of the province, has always been a trouble spot 
and lashgars (armed bands) of tribes gathered in this area have 
threatened both Kabul and the Indus Valley several times even 
during the 20th century. Armies have, however, used the Kurram- 
Khost route to cross the frontier. Lieut. Gen. Frederick (later 
Field Marshal Earl) Roberts marched to Kabul by this route in 
1878 during the Second Afghan War, and during the Third Afghan 
War the Afghan Sardar Mohammad Nadir Khan (later King Nadir 
Khan) used the same route to attack the British fort at Thal. 

Paktia is sparsely populated. Pop. (1962 est.) 729,763. The 
capital town of Gardez (q.v.) lies about 7,500 ft. above sea level 
in the west of the province. It is a garrison town in a strategic 
position guarding routes to Pakistan, to the east via Matun (or 
Khost) to the Batai Pass and to the south via Urgun to the Khand 
Pass. Both roads are little more than tracks. The people are 
almost all Pashto-speaking. The province is the home of a number 
of small but warlike and independent tribes: the Jajis in the north, 
the Mangals, Muqbils, Chakmanis, Jadrans, Tanis, and Khostwals 
in the Khost area, and, in the Birmal area round Urgun in the 
south, the only Wazirs in Afghanistan. Ghilzais live in the west 
of the province. 

Agriculture, chiefly stock raising, is the main industry, but the 
land is poor and the tribes depend largely on subsidies. Lumbering 
is mainly of local importance, but some timber and charcoal are 
exported. Although Gardez is connected by road to Ghazni and 
to Kabul (via the Logar Valley) Paktia lies off the main routes in 
Afghanistan and is rarely visited. There are airfields at Gardez, 
Matun, and Urgun, mainly for military purposes. (X.) 

PALA, the name of an important dynasty ruling in Bihar and 
Bengal, India, from the 8th to the 12th century. Its founder, 
Gopala, was a local chieftain who rose to power in the mid-8th 
century, during a period of anarchy, His successor Dharmapala 
(c. 770-810) greatly expanded the kingdom and was for a while in 
control of Kannauj. Pala power was maintained under Devapala 
(c. 810-850), who carried out raids in the north, the Deccan, and 
the peninsula, but after Devapala the dynasty declined in power 
and Mahendrapala, the Gurjara-Pratihara emperor of Kannauj, 
penetrated as far as northern Bengal. Pala strength was restored 
by Mahipala I (c. 988-1038), whose influence reached as far as 
Varanasi (Benares), but on his death the kingdom again weakened. 
Ramapala (c. 1077-1120), the last important Pala king, did much 
to strengthen the dynasty in Bengal and expanded its power in 
Assam and Orissa. He is the hero of a Sanskrit historical poem, 
the Ramacharita of Sandhyakara. On his death, however, the 
dynasty was virtually eclipsed by the rising power of the Senas, 
though Pala kings continued to rule in south Bihar for 40 years. 
The main capital of the Palas appears to have been Mudgagiri 
(Monghyr) in east Bihar. 

f The Palas were supporters of Buddhism and it was through mis- 
sionaries from their kingdom that Buddhism was finally estab- 
lished in Tibet. Under Pala patronage a distinctive school of art 
arose, of which many noteworthy sculptures in stone and metal 
survive. See also BENGAL, 


See R. C. Majumdar, History of Bengal, vol. i (1943). (A. L. Ba.) 


PAKTIA—PALACK Y 
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PALACIO VALDES, ARMANDO (1853-1933), one of 
the most popular 19th-century Spanish novelists, is distinguished 
by his optimism, his charming heroines, his realism and als 
his rather un-Spanish qualities of moderation and simplicity, 
He was born at Entralgo, Asturias, in 1853, and was educated at 
Oviedo and Madrid, where he died in Feb. 1938, His novels pro. 
vide his best autobiography, particularly Riverita (1886), Maxi. 
mina (1887; Eng. trans., 1888) and La Novela de un novelista 
(1921). He experienced an early predilection for science and his 
work reveals a temporary phase of Naturalism, notably La Espuma 
(1890; Eng. trans., The Froth, 1891) and La fe (1892; Eng. trans,, 
Faith, 1892). Marta y María (1883), with its Biblical Martha and 
Mary theme, has perhaps a greater claim to profundity than most 
of»his work. Local colour abounds, as it does also in his other 
Asturian novels, José (1885; Eng. trans., 1901), a realistic picture 
of the sea, whose epic note seems an echo of Pereda's Sotileza, and 
La Aldea perdida (1903). Not-a marked regionalist like Pereda, 
his novels are set in different parts of Spain: Riverita in Madrid, 
La Alegria del capitán Ribot (1899; Eng. trans., The Joy of Cap- 
tain Ribot, 1900) in Valencia, and his most popular work, La 
Hermana San Sulpicio (1889; Eng. trans., Sister Saint Sulpice, 
1890) in Andalusia, The courtship of the Galician and the young 
Sevillian nun is set against a striking background of local colour 
and gaiety. Excessive sentimentality in his novels is mitigated 
by sincerity and humour. An impression is left of a sensitive and 
warm-hearted writer who is ever seeking beauty and truth. 

See A. Cruz Rueda, Armando Palacio Valdés (1925); К. Narbona, 
Palacio Valdés о la Armonia (1941). (Ju. M) 

PALACKY, FRANTISEK (1798-1876), the founder: of 
modern Czech historiography and a leading figure in the political 
life of rgth-century Bohemia, was born at Hodslavice, Moravia, 
on June 14, 1798. Of Protestant upbringing, he was educated 
mainly in Slovakia where he came into contact with the resurgence 
of national feeling that had begun to influence Czech and Slovak 
intellectuals. His early writings were concerned with aesthetics. 
In 1823 he settled in Prague where he was enabled by noble patron 
age and by his marriage to the daughter of a well-to-do lawyer to 
devote himself to his scholarly and patriotic interests. In 1825 
he became editor of the journal of the Bohemian museum in which 
he published articles on aesthetics (on Kantian idealistic lines) and 
on the Czech language (advocating a moderate traditionalism 
against attempts to make far-reaching changes). 

In 1832 he began his magnum opus, a history of the Czech na 
tion in Bohemia and Moravia, to.1526. The first volume, written 
in German, appeared in 1836; the later volumes were written M 
Czech. It was published as Geschichte von Bökmen, 5 vol. (1836- 
67), and Dějiny národu: českého: (1848-76). The work shows? 
clear conception of the nature of Czech history, which Palacky 
held to consist in “the constant contact and conflict between the 
Slavs on the one hand and Rome and the Germans on the other. 
Thus the Hussite period became the central episode of Czech 
history, epitomizing the national and the religious struggle. 

As a politician, Palacky supported the Austro-Slavonic concep: 
tion of a federal Austria, composed of nationalities with equi 
rights. He defended this conception in his letter to the Frankfurt 
Vorparlament oí 1848 (“If the Austrian state did not exist we 
should have to create it in the interests of Europe and of huma 
ity”), as chairman of the Prague Slavonic congress in the same 
year and at the diet of Kromeriz (Kremsier). After the failure 
of the 1848 revolutionary movements Palacky retired from active 
politics until 1861 when he became a deputy in the Reichsrat. ^ 
his Idea státu rakouského (“Idea of the Austrian State,” 186% 
German trans., 1869) he propounded a federalism based not on 
nationalities but. on the historic provinces of the Habsburg e 
pire (“We were before Austria, we shall still exist when she bó 
disappeared”). His influence on Czech political thought and his 
toriography was immense. The liberal nationalism of Т. 
Masaryk and his generation owed much to Palacky. 

Palacky died їп Prague; May 26, 1876. 

BisrrocmAPHY — T. G. Masaryk, Palacky's Idee des bühmisch 
Volkes (1898);-]. Pekař, Frantisek Palacký (1912); R. W- Setor 
Watson, A History of the Czechs and Slovaks (1943). (Е. Ay) 


PALAEOLOGUS—PALAMAU 


PALAEOLOGUS, the name of a Byzantine family that be- 
came prominent in the 11th century and whose members married 
into the imperial houses of Comnenus, Ducas, and Angelus. 
Michael VIII Palaeologus became emperor at Nicaea in 1259 and 
founded the dynasty of the Palaeologi in Constantinople (1261— 
1453). He was succeeded by his son Andronicus II (1282-1328), 
with his grandson, Michael IX (d. 1320), as co-emperor. Michael's 
son Andronicus III (1328—41) left the throne to his infant son 
John V (1341-91), whose rule was disputed by John VI Canta- 
cuzenus (1347-54), and later by his own son Andronicus IV 
(1376-79) and his grandson John УП (1390); but he was suc- 
ceeded by his second son Manuel II (1391-1425). John VIII 
(1425-48) was a son of Manuel II, and his brother Constantine 
XI (1449-53) became the last Byzantine emperor. Other brothers 
were Demetrius and Thomas, despots of the Morea until 1460. 
Thomas died at Rome in 1465; his daughter Zoe married Ivan IIT 
of Russia, Another branch of the family, descended from Theo- 
dore, son of Andronicus II, held the marquisate of Montferrat 
from 1305 to 1533. See also BvzANTINE EMPIRE. 

See V. Laurent, “La généalogie des premiers Paléologues,” Byzantion, 
8:125-149 (1933); A. T. Papadopulos, Versuch einer Genealogie der 
Palaiologen, 1259-1453 (1938). (D. M. N.) 

PALAFOX Y MENDOZA, JUAN DE (1600-1659), 
Spanish bishop whose name is connected prominently in Mexican 
history with conflict, was born June 26, 1600, at Fitero in Navarre, 
the natural son of the Marqués Jaime Palafox y Mendoza. Recog- 
nized by his father at the age of ten, the young man had the 
advantage of education at the Universities of Alcalá and Sala- 
manca. Instead of life at the court, he chose the priesthood. After 
acting as chaplain to Princess Maria, he was in 1639 consecrated 
bishop for the see of Puebla in Mexico. During his first years he 
served in several official capacities for the crown and in 1642 was 
appointed interim viceroy and also named for the archbishopric 
of Mexico, which post he refused in order to return to Puebla. 
Early he had challenged some of the privileges and exemptions 
enjoyed by the older religious orders; then in 1647, over similar 
questions, he tangled with the Jesuits. At one point in the dispute 
he put the Jesuits of Puebla under interdict. Though Innocent X 
upheld him on most disputed points, Palafox returned to Spain in 
1649. He was transferred to the Spanish see of Osma in 1653 and 
there died on Oct. 1, 1659. (J. F. Вх.) 

PALAMAS, SAINT GREGORY (1296-1359), archbishop 
of Thessalonica and chief defender of hesychasm (g.v.), was born 
of a noble family in Constantinople in 1296. He became a monk 
on Mt. Athos at the age of 20 and was soon the spiritual and in- 
tellectual leader of the hesychast monks. A few years later he 
left Athos, together with several companions, because of Turkish 
raids (c. 1525), and after some months in Thessalonica settled 
In a monastery at Beroea (mod. Veroia), in Macedonia, where he 
Was ordained priest (1326). After Serbian invasions he left 
Beroea to return to Athos (1331). In 1336 he began a long con- 
troversy with a Calabrian “philosopher” and monk named Barlaam, 
Who had violently criticized the hesychast method of prayer and 

hied the possibility of a real vision of God. 
Dn p hesychasts, who practised the uninterrupted “Jesus prayer” 
E linking it to breathing, affirmed that true spiritual life would 
lead to the vision of the divine uncreated light, which had appeared 
on Mt. Tabor at the transfiguration of Christ. Palamas’ main 
ae against Barlaam was based upon the patristic doctrine 
$ the deification of man: God became man and man therefore 
haut access to divine life. Both the human soul and the body 
Те sanctified by the grace of the incarnation through the sacra- 
Tents of the church, and the body, together with the soul, can 
preety in the act of prayer and receive life divine. God, how- 
is Т, remains inaccessible in his essence: he reveals himself through 
5 acts (or “energies”) by his own free will. These energies, 

gh distinct from divine essence, are still God himself and not 
po Shed deity. In Palamas’ thought, the being of God cannot, 
Ps ore, be identified with the philosophical concept of “es- 
Я ir What he defended against Barlaam is the biblical concep- 
Was à living God, both transcendent and revealed. Barlaam 

Condemned at the council held in Constantinople in 1341. 
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During the civil war from 1341 to 1347, Palamas faced renewed 
opposition to his theology, for his doctrinal opponents, notably 
Gregory Akindynos, were supported by the political faction then in 
power in Constantinople. Palamas himself was imprisoned and 
excommunicated, but when the war ended his orthodoxy was up- 
held in a council in 1347. In the same year he was appointed 
archbishop of Thessalonica, though he was not able to take up 
residence there before 1350, A further council in 1351 again sup- 
ported Palamas. He was captured by the Turks while on a jour- 
ney to Constantinople in 1354 and kept prisoner in Asia Minor, 
where he traveled about, being finally ransomed by Serbian gold in 
1355. During the last years of his life he continued to write 
polemical treatises, notably against the humanist Nicephorus 
Gregoras. Palamas died in Thessalonica on Nov. 14, 1359. He 
was canonized in the Orthodox Church in 1368 and his feast day 
is Nov. 14. 

Palamas’ writings, some of which are unedited, include letters, 
63 homilies, ascetical treatises on prayer, and polemical works: 
the nine books Hyper ton hieros hesychazonton (“In Defense of the 
Holy Hesychasts") against Barlaam, seven books against Akin- 
dynos, four against Gregoras, and two against the Latins defending 
the Orthodox doctrine of the procession of the Holy Spirit from 
the Father. He is also the compiler of the Tomos hagioritikos, a 
theological manifesto of the Athonite monks against Barlaam 
(1340). 

BrisLi0GRAPHY.—Some works in J. P. Migne, Patrologia Graeca, vol. 
cl-cli (1865) ; critical edition of the Hyper ton hieros hesychazonton by 
J. Meyendoríf with French trans, 2 vol. (1959) ; for complete list of 
Palamas’ works with editions and bibliography see J. Meyendorff, 
Introduction à l'étude de Grégoire Palamas (1959), and abridged 
English edition (1963). (J. Mx.) 

PALAMAS, KOSTIS (1859-1943), Greek poet, played an 
important part in the evolution of modern Greek literature. Born 
at Patras in the Peloponnese on Jan. 13 (old style; Jan. 25, new 
style), 1859, he was educated at Mesolongion and at Athens. He 
was the central figure in the demotic movement of the 1880s 
which sought to shake off traditionalism and draw inspiration for 
a new literary and artistic style from the life and language of 
the people, and became the founder of the “new school of Athens” 
which condemned romantic exuberance and reverted to a purer and 
more restrained type of poetry. In 1886 Palamas published his 
first collection of poems, the Tragoudia tes Patridos mou (“Songs 
of My Country"), followed by the Jamboi kai Anapaestoi (“Iambs 
and Anapaests”; 1897), the Asalefte Zoe (1904; Eng. trans. by A. 
E. Phoutrides, Life Immovable, 1904), the Dodecalogos tou 
Gyftou (“The Twelve Lays of the Gipsy”; 1907) and the 7 flogera 
tou Vasilia (“The King's Flute"; 1910). Palamas was the first 
poet to express the national sufferings and aspirations of the 
Greeks, and with his lyricism, metrical variety and robust lan- 
guage he remolded a great deal of Greek history, mythology and 
philosophy, fusing it with many Western European and even East- 
ern ideas. His play, the Trisevgene (“The Thrice Noble"; 1903) 
has lyric rather than dramatic merits. He also wrote short stories 
and his criticism raised the standard of modern Greek literary 
criticism. He died at Athens on Feb. 27, 1943. 

BrsriocraPHy.—Many works by Palamas have been translated into 
English including: A Hundred Voices and Other Poems, trans. by A. E. 
Phoutrides (1919) ; Poems by Kostes Palamas, trans. by T. Stephanides 


and С. Katsimbalis (1925). See also К. J. Н. Jenkins, Palamas (1947), 
(CE. A. T.) 


PALAMAJU, a district in the Chota Nagpur division of Bihar, 
India. Area 4,925 sq.mi. Pop. (1961) 1,187,789. It consists 
of the lower spurs of the Chota Nagpur Plateau and is largely 
drained northward by the North Koel River, a tributary of the 
Son. In the extreme south is the elevated pat (flat) region, about 
3,600 ft. high, on which stands the picturesque hill station, Netar- 
hat. About 2,000 sq.mi. of the district are cultivated, mainly with 
rice; the remainder is sal (Shorea robusta) jungle. The district 
produces coal, bauxite, and limestone, and supplies bamboo for 
paper manufacture. There is a cement factory at Japla. The 
administrative headquarters are at Daltonganj (pop. [1961] 25,- 
270). Near Palamau Village are two ruined forts of the Chero 
chiefs, who ruled Palamau before the Mogul conquest in 1660. 

(E. An.) 
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PALAMCOTTAH (PALAYAMCOTTAI), a town in the Tirunel- 
veli district of Madras, India, lies 85 mi, SSW of Madura. Pop. 
(1961) 51,002. It stands on the Tambraparni River opposite 
the town of Tirunelveli (q.v.), the headquarters of the district, 
with which it forms a twin town. Palamcottah was formerly the 
district headquarters, It is an important centre for higher educa- 
tion, with five colleges of arts, science, and teachers’ training, 
of which two are managed by the Protestant mission and three by 
the Roman Catholics. The town is on the Southern Railway and 
is well linked by road. (G. Kw.) 

PALAMEDES, in Greek legend, the son of Nauplius, king 
of Euboea, one of the heroes of the Trojan War, belonging to 
the post-Homeric cycle of legends. Before the war he exposed 
the trickery of Odysseus, who had feigned madness to avoid 
military service; by placing the baby Telemachus in the path 
of Odysseus' plow in the field, he forced the king to admit his 
sanity. During the siege of Troy he alternated with Odysseus 
and Diomedes in leading the army in the field, but his capacity 
aroused their envy. In the epic version they drowned him while 
fishing, or persuaded him to seek treasure in a well, which they 
thereupon filled with stones. In the tragic version ( thus Euripides" 
lost Palamedes) Agamemnon, Diomedes, and Odysseus caused a 
letter containing money and purporting to come from Priam to be 
concealed in his tent. They then accused Palamedes of treason- 
able correspondence with the enemy, and he was stoned to death. 
His father exacted vengeance from the Greeks on their way home, 
by placing false lights on the promontory of Caphareus. 

Palamedes had a reputation for sagacity which attributed to 
him the invention of (among other things) the alphabet, numbers, 
weights and measures, coinage, and eating at regular intervals. 
These abilities may reflect his name (Greek palame, “hand”), but 
he is now generally understood to be a personification of Phoe- 
nician culture. (T. V. B.) 

PALATE, the roof of the mouth in man and vertebrate ani- 
mals. It consists of the anterior bony “hard palate" (see Моотн) 
and the posterior fleshy "soft palate" (see THROAT). It is the 
partition between the mouth and nasal passages and the nasal 
pharynx. The name is popularly applied to the uvula or teatlike 
process of the soft palate. For information about cleft palate, 
see SPEECH DISORDERS. 

PALATINATE (Ger. Pratz), as a territorial name in Ger- 
man history, means primarily the lands of the Countslrip Palatine 
of the Rhine, that is of the Electoral Palatinate, which extended 
left and right of the middle Rhine over country now divided be- 
tween Baden-Wiirttemberg, Hesse, and Rhineland-Palatinate. 
Palatinate-Simmern and Palatinate-Zweibriicken were offshoots of 
this area; and the Palatinate of the 19th-20th century comprised 
parts of it. On the other hand the Upper Palatinate (Oberpfalz), 
Palatinate-Neuburg and Palatinate-Sulzbach, so named because of 
dynastic relationship, were in what is now Bavaria. 

The Rhenish Palatinate grew out of the jurisdiction of the 
count palatine of Lotharingia (Lorraine) (see PALATINE). The 
German kings of the Salian dynasty (1024-1125) had family pos- 
sessions on the Rhine, with centres near Worms and Speyer and 
lands to the east on the Neckar and to the west on the Nahe. After 
these possessions had passed to the Hohenstaufens, the emperor 
Frederick I Barbarossa in 1155 granted the office of count palatine 
to his half brother Conrad, who proceeded to link that office with 
the inherited lands. Heidelberg on the Neckar became the capital 
of the territorial Palatinate, to which moreover the dignity of 
archsteward of the Reich was attached. Conrad's heiress Agnes 
brought the countship to the Welfs through her marriage to Henry, 
son of Henry the Lion, duke of Saxony; but their son Henry IT 
died childless in 1214, whereupon the emperor Frederick II en- 
fiefed Louis I, duke of Bavaria, of the house of Wittelsbach (q.v.), 
with the palatine office and territory; and the marriage (1225) of 
Otto II of Bavaria to Henry II's sister Agnes brought the heredi- 
tary lands also to the Wittelsbachs. 

The count palatine of the Rhine was the foremost secular prince 
of the Reich and the supreme judge in lawsuits affecting the royal 
domain; and he exercised electoral rights (see ELECTORS) as early 
as 1198. Partitions of the Wittelsbach lands led to disputes be- 
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tween Palatinate and Bavaria over the electoral dignity till it was 
settled on the former by the Golden Bull of 1356. Meanwhile 
the Wittelsbachs’ Treaty of Pavia (1329) had assigned the 
Palatinate, together with the Bavarian North Mark (on the Nab 
River), thereafter known as the Upper Palatinate, to the senior 
branch of the family, the duchy of Bavaria to the junior. 

Rupert I, elector from 1353 to 1390, acquired Oppenheim on 
the Rhine north of Worms, Kaiserslautern and Zweibriicken west 
of Speyer, Simmern to the northwest beyond the Nahe, and 
Mosbach on the Neckar east of Heidelberg; and Rupert III, elec. 
tor from 1318 to 1410, was German king as Rupert I from 1400, 
further enhancing the dynasty’s prestige. On his death, however, 
his four sons divided their inheritance as follows: (1) the Electoral 
Palatinate (first male line extinct 1559); (2) the Upper Palatinate 
(line extinct 1448); (3) Simmern-Zweibriicken, the latter being 
subdivided from 1569 between Neuburg, Zweibrücken, and Birken- 
feld branches; and (4) Mosbach (line extinct 1499), As one line 
or branch died out, its possessions reverted to one or more of the 
survivors. 

The Electoral Palatinate became a focus of German national 
feeling against papal and imperial universalism. Frederick I the 
Victorious, elector from 1449 to 1476, asserted himself against 
hostile coalitions (the archbishops of Mainz were his most per 
sistent enemies) and won lands to the north right of the Rhine and 
to the south in Alsace. The War of the Landshut Succession 
(1503-05; see BAVARIA) cost the Palatinate some of its acquisi- 
tions but secured Neuburg for a junior branch of the electoral 
line, The peasants’ revolt of 1525 affected the Rhenish area. 

Frederick III (g.v.), the first of the Simmern line to succeed 
to the electorate, established Calvinism in 1563. Thereafter 
French Huguenots and Calvinist refugees from the Netherlands 
were made welcome, Adherence to the Protestant Union of 1608 
and the Bohemian enterprise of Frederick V (q.v.) led to the 
Thirty Years’ War, which was disastrous for the Palatinate. 
Though by the Peace of Westphalia (1648) the dynasty was те 
stored in the person of Frederick V's son Charles Louis (d. 1680), 
the ancient electorship, the archstewardship of the Reich and what 
the senior line had held of the Upper Palatinate were transferred 
to Bavaria, A new electorship, however, with the dignity of arch: 
treasurer, was created for Charles Louis. In 1685, the Elector 
Palatinate passed to the Neuburg branch, which had reverted 0 
Catholicism in 1612 to promote its succession to Jülich and Bert 
(аал). Louis XIV of France, however, advanced claims in the 
name of his sister-in-law, Elizabeth Charlotte, duchesse d'Orléans. 
Invading the Palatinate in 1688, the French committed appalling 
devastations during the War of the Grand Alliance (q.v.); a0 
under the Treaty of Rijswijk (1697) the elector John William had 
to impose Catholicism on his subjects. In 1705 a declaration 
granted equal rights to Calvinists and Catholics. 


Charles Philip, elector from 1716 to 1742, transferred his seat 


in 1720 from Heidelberg to Mannheim (q.v.), which was col 
siderably developed by his successor Charles Theodore. The latter 


belonged to the Sulzbach branch of the Neuburgs, for which ® 


separate principality had been created in 1614. In the Palatinate 
he set up a third electoral residence at Frankenthal and generally 
promoted industry, road building, the arts, and the sciences. 
betook himself to Munich on inheriting Bavaria in 1777. 
When Maximilian Joseph became elector in 1799 (see 
MILIAN I Joseph, king of Bavaria), the lands west of the 
were occupied by the French; and they were formally ceded 0 
France in 1801 (see FRENCH REVOLUTIONARY WARS; NAPOLE® 
Wars), to be merged with the département of Mont-Tonnett 
Tn 1803 the lands on the right bank of the Rhine were assigned у 
Baden (which got the greater part, including Heidelberg a 
Mannheim), to Hesse-Darmstadt, and to the house of Leininge™ 
After Napoleon’s downfall Bavaria in 1816 obtained a large рй 
of the old territory on the left bank of the Rhine, with some x: 
lands adjacent. This “Bavarian circle of the Rhine" was те 
as the Palatinate in 1838. Radicalism found expression in demey 
strations at the Hambach festival in May 1832 and in revo 
ary insurrection in summer 1849. 


After World War I the Palatinate was occupied by the гед 
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till 1930. Under the Nazis it was merged with the Saar district to 
form a region or a Gau, Westmark. Included in the French zone 
of occupied Germany after World War II, the Palatinate in 1946 
was taken into the new Land Rhineland-Palatinate (q.v.), part of 
the Federal Republic of Germany from 1949. (H. V. J.) 

PALATINE (Lat. palatinus, belonging to the palatium or 
palace). Under the Roman Empire the chamberlains of the em- 
peror and the troops guarding his palace were alike described as 
palatini ; and in Constantine I's time the same designation was 
used for the senior field force of the army, which might accompany 
the emperor on his campaigns. Among the Germanic peoples, 
however, from Frankish times onward, the word was revived to 
have a longer currency and to assume various meanings. The 
German word Pfalz (likewise from Lat. palatium) originally 
meant a castle of the Reich at which the king might reside in the 
course of his travels: consequently a major administrative centre. 
Thence Le the m Pfalzgraf or count palatine (Lat. 
comes palatinus ; see COUNT). 

In Merovingian and in Carolingian times the count palatine was 
an official of the sovereign's entourage or household (Hof), in 
particular of his court of law. Under the German kings of the 
Saxon and of the Salian dynasties (918-1125), on the other hand, 
there were counts palatine with functions corresponding to those 
of the earlier missi dominici (g.v.), responsible for the adminis- 
tration of the royal domain and for the dispensation of justice in 
certain duchies of the Reich; e.g., Saxony, Bavaria, Carinthia, 
Swabia, and, in particular, Lotharingia (Lorraine). Whereas the 
other countships palatine were subsequently either absorbed by the 
ducal dynasties or acquired as hereditary dignities by local fami- 
lies with little or no actual authority, the count palatine of 
Lotharingia, whose office had been attached to the royal palace 
at Aachen from the 10th century onward, was the real successor of 
the Carolingian count palatine; and from his office there grew up 
the Countship Palatine of the Rhine, otherwise known simply as 
the Palatinate (g.v.), which from the emperor Frederick I Bar- 
barossa’s time became a great territorial power. In the 14th cen- 
tury the emperor Charles IV instituted a further body of court or 
household counts palatine (Hofpfalzgrafen), but they had only 
voluntary jurisdiction and some honorific functions. 

_ In post-Carolingian France the term paladin was early applied in 
literature to designate a companion of Charlemagne (see CHARLE- 
MAGNE LEGENDS). For the connection between the 12 paladins or 
Peers of the romances and the 12 peers of France see PEERAGE. 
, In England the term palatinate or county palatine was applied 
in the Middle Ages to counties whose lord—an earl or a bishop— 
exercised powers which were normally reserved to the crown. 
Cheshire, Lancashire, Pembrokeshire, and, in Ireland, Tipperary 
(44.0.) constitute examples under secular lordship, Durham and 
ly (qq.v.) under ecclesiastical; and in Tudor times Hexham is 
also Cited as a county palatine. Likewise there were palatine 
Provinces among the English colonies in North America: Cecil 
eri ?nd Lord Baltimore, was granted palatine rights in Mary- 
Air in 1632; Sir Ferdinando Gorges; lord of Maine, was granted 
1 BR D as were enjoyed by the bishop. of Durham in 
163° and the proprietors of Carolina received similar rights in 


Palatinus or its derivatives are also to translate the titles of 
ae Breat functionaries in eastern Europe: for example the 
Ungarian nádor, a dignitary whose office was instituted by St. 
tephen and who was the second person in the kingdom; and the 
olish wojewoda (voivode), the military governor of a province 

of a kingdom. i 
of ALAUNG (also PALE), Burmese terms for such hill people 
he Burmese Shan States as the Katurr, Kunloi, Kwanhai, 
moe Rumai, Tawngma, and Ta-ang. They were estimated to 
ae er about 150,000 in the 1960s and speak various dialects of 
quip Mon-Khmer language (see AUSTROASIATIC LANGUAGES) 
i € distinct from the Thai speech of the Shan (q.v.), with whom 
T ims Closely intermingled. Their main centre is Tawngpeng, 
Popula iT form a Shan State (g.v.) although the bulk of the 
alon ‘ation, including the ruling family, is Palaung. This area has 
Е history as a centre of tea production. Some Palaung groups 
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are organized in patrilineal lineages similar to those of their Kachin 
(g.v.) neighbours to the north; elsewhere their organization is 
more like that of the Shan. Shan-type. Buddhism coexists with 
various local cults based on ancestor worship. The Palaung lan- 
guage resembles that of the head-hunting Wa (q.v.) farther east 
but there is otherwise no close cultural connection between the 
two groups. 

ВівілоскАРНҮ;—А. A. Cameron, A Note on the Palaungs of the 
Kodaung Hill Tracts of the Momeik State (1912) ; L. Milne, The Home 
of an Eastern Clan (1924); H. E. Redmond, "Spirit in Simplicity,” 
London Quarterly and Holborn Review, vol. 162 (April UEN L) 


PALAWAN, most southwestern and most remote province 
and island, Republic of the Philippines, is one of the frontier 
areas of the country. Pop. (1960) province and island 162,669. 
The province (5,693 sq.mi.) comprises the main island, fifth largest 
in the country (4,550 sq.mi.), and about 1,700 smaller islands and 
islets, of which the principal groups are the Calamian Islands (q.v.) 
to the north between Palawan and Mindoro, the Dumaran-Cuyo 
group off the northeastern coast and the Balabac-Bugsuk group off 
the southern coast. Culion Island (g.v.) is a leper colony. A 
mountain chain runs the entire length of the 270-mi. main island 
and divides the area into western and eastern Palawan. Mt. 
Mantalingajan (6,841 ft.) is the highest peak. 

The narrow, discontinuous coastal plain extends from 1 to 6 mi. 
inland. It is best developed in the vicinity of Puerto Princesa, 
the capital and principal port. Pop. (1960) 23,125. This plain, 
which has the only all-weather road, is the principal agricultural 
area and the site of the Iwahig penal colony. The animal life and 
vegetation on Palawan bears a striking resemblance to that of 
Borneo, more so than to that of other islands of the Philippines—a 
result of the land bridge that connected these two islands in recent 
geological times. Most of Palawan is forest, the home area of 
primitive tribes of Batahs, Palawanes and Tagbanuas. The 
kaingin (shifting) system of agriculture is widely practised where 
rice, corn, beans and sweet potatoes are grown. Christian mi- 
grants (Visayans, Tagalogs, Ilocanos and Bikols) are settling on 
the north and east coast and pushing into the interior. There 
are some Moro settlements in the south. Scattered settlement 
predominates. Everywhere rice is the principal crop. Much of 
the mineral development is recent. A mercury mine was opened 
near Puerto Princesa in 1955; manganese has been mined on 
Busuanga and there is also guano in the Calamian group. Chro- 
mite has been discovered northwest of Puerto Princesa. Min- 
erals, lumber and fish are the principal exports. (Aw. C.) 

PALAZZOLO ACREIDE, a town and holiday resort in 
Siracusa Province, Sicily, 2,250 ft. above sea level and 21 mi. W 
of Syracuse. Pop. (1961) 10,589 (commune). It was largely de- 
stroyed by earthquake in 1693. The church of S. Sebastiano 
(1609) survives. The Palazzo Iudica houses objects from the 
ruins of the nearby Syracusan colony of Acrae (founded 664 в.с.). 
On this site are a Greek concert hall and theatre; rock "temples 
of the dead"; and roughly carved life-size figures of deities, in- 
cluding Demeter, known as the Santoni ("big holy ones"). The 
modern town is on a railway and has a hydroelectric plant. Oil, 
grain, oranges, lemons, and almonds are grown. Ravaged by the 
Saracens in the mid-9th century, the town was ruled during the 
Middle Ages by a succession of families, was absorbed in the 
Kingdom of the Two Sicilies, and eventually passed to the king- 
dom of united Italy. z (M: T. A. N.) 

PALE (Lat. palus, “a stake”), a historical term denoting a dis- 
trict marked off from the surrounding country by definite bound- 
aries or distinguished by a different legal and administrative sys- 
tem. An example was the English pale in Ireland, an enclave 
which existed from the time of Henry II's expedition of 1171-72, 
although it was not called "the Pale" until the late 14th century. 
The term was much used in the 16th century and is the origin of 
the expression “beyond the pale." The extent of the pale in Ire- 
land varied considerably according to the strength or weakness 
of the English authorities. In the time of Henry VIII it was 
bounded by a line running from Dundalk to Kells, thence to Naas 
eastward to Dalkey, and comprised parts of the modern counties 
of Dublin, Louth, Meath, and Kildare. The pale existed until the 
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entire country was subjugated under Elizabeth I. 

There was an English pale, or Calais pale, in France from 1347 
to 1558. It extended from Gravelines to Wissant on the coast and 
stretched inland from six to nine miles. 

In imperial Russia the Pale of Settlement was the internal line 
of demarcation drawn behind the western frontier to bound the 
zone east or north of which Jews were forbidden to settle. The 
pale was first established, by the empress Catherine II's ukaz of 
Jan. 3, 1792 (new style; Dec. 23, 1791, old style), along the north- 
ern and eastern border of the territory annexed from Poland in 
1772; it was extended southeastward in 1794 to run along the 
eastern border of the provinces of Chernigov, Poltava, and 
Yekaterinoslav to the Sea of Azov; and after the annexation of 
Courland (1795) it was extended westward along Courland’s south- 
ern frontier to the Baltic Sea. Thus in the 19th century all Rus- 
sian Poland, Lithuania, Belorussia, most of the Ukraine, the 
Crimea, and Bessarabia were permitted areas of settlement for 
Jews. The right to cross the pale and to settle in any part of 
the empire except Finland was accorded to the following classes of 
Jews: (1) members of the first or highest of the three guilds of 
merchants (with a capital of 10,000 rubles), from 1859; (2) per- 
sons possessing a higher education, from 1861; (3) persons who 
had completed their term of military service, from 1867; and (4) 
some categories of artisans, from 1817 to 1826 and again from 
1865 (but, from 1891, not in the city or province of Moscow). 
According to the census of 1897, there were 4,874,636 Jews 
(11.76% of the population) in the zone of permitted settlement, 
but only 207,706 (0.34%) in European Russia outside it. 

PALEARIO, AONIO (also ANTONIO DELLA PAGLIA or DEGLI 
PAGLIARICCI; AONIUS PALEARIUS) (c. 1500-1570), Italian humanist 
and reformer, was born at Veroli in the Roman Campagna. In 
1520 he went to Rome and he entered the brilliant literary circle 
of Leo X. When Charles of Bourbon stormed Rome in 1527 
Paleario went first to Perugia and then to Siena, where he settled as 
a teacher. In 1536 his didactic poem in Latin hexameters, De 
immortalitate animarum, was published at. Lyons. 

In 1542 a tract by Paleario, commonly known as Libellus de 
morte Christi, was made by the Inquisition the basis of a charge 
of heresy, from which, however, he successfully defended him- 
self. In Siena he wrote his Actio in pontifices romanos et eorum 
asseclas (posthumously published in 1606), attacking the substi- 
tution of traditional for scriptural authority, and certain doctrines, 
especially that of purgatory. Professor first at Lucca and then 
at Milan, he was denounced by the inquisitor of Milan in 1567, sent 
to Rome for trial, condemned in October 1569, and executed in 
July 1570. 

An edition of his works, including four books of Epistolae and 
12 Orationes besides the De immortalitate, was published at Lyons 
in 1552; others followed, the fullest being that of Amsterdam in 
1696. 

BrisLrocRAPHY.—See lives by J. С. Gurlitt, in German (1805); A. 
Young, 2 vol. (1860) ; J. Bonnett (1862, Eng. trans., 1864). See also 
G. Morpurgo, Un Umanista martire: Aonio Paleario (1912). 

PALEMBANG, a river port and the capital of South Sumatra 
Province, Indonesia, is situated amid marshy ground on both banks 
of the Musi River about 50 mi. from the sea. Pop. (1961) 474,- 
971, including a substantial Chinese minority. The capital of the 
Hindu-Sumatran kingdom of Sri Vijaya from the 7th century, 
Palembang was for long the chief town of Palembang Sultanate. 
In 1617 the Dutch East India Company set up a trading post, and 
in 1659 a fort was built. In 1811, when the sultanate was tem- 
porarily under British suzerainty during the British occupation of 
the Dutch East Indies, the sultan massacred many Dutch settlers, 
whereupon a British force landed, drove the sultan from his capi- 
tal, and installed his brother in his place. In 1825 the Dutch abol- 
ished the sultanate, and it became a residency, which was incor- 
porated in the Republic of Indonesia after World War II. 

Many buildings of modern design have been erected along broad 
new roads, often built on filled-in canals, but there are still tradi- 
tional floating houses and houses on piles. Important ancient 
buildings and monuments include the Great Mosque ( 1740; min- 
aret 1753), the tombs of several sultans, one of which is still a 
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place of pilgrimage, and a museum. More modern are the t 
hall, with a reservoir on top, the Sukarno General Hospital (19; 
a sports hall, a training centre of public administration, Se; 
University (1955), with faculties of economics, law, techn 
medicine, teacher training, and agriculture, and a school û 
ness administration, a Methodist school (1959), and the proving 
parliament building. Races between bidars (boats with 20 9 
men) take place on Independence Day (Aug. 17). There 
thousands of sampans on the river, and in the streets tricycle Ё 
(betjaks) area familiar sight, together with small buses that ca 
seven people, Ferries connect both banks of the river. 
The width and depth of the Musi River (more than 300 yd, 
60 ft. respectively at; Palembang) make the town accessible 
large ocean steamers, but the bar at the mouth can be cro 
only at flood tide, The port is the terminus of the main ling 
the railway system of South Sumatra. Palembang has а сопзі 
able trade with eastern ports in the Malay Peninsula, Thail 
and China, and there is also much traffic by road and river 
the hinterland and regular communication with other ports 
Sumatra and Java. Industries include many rubber plants, ah 
fertilizer factory, and smaller factories producing such prodi 
as textiles, bricks, and processed foods. There are large oil 
fineries in the suburbs of Sungaigerong and Pladju, to the e 
Rubber and petroleum constitute a large part of the value of 
ports, others being coffee and coal; the chief imports are text 
and building materials. The airport at Talangbetutu, 9 mi, } 
provides services to a number of Indonesian towns. 
PALENCIA, a city and episcopal see of north central 
and chief town of the province of Palencia, lies on the Cam 
river in the plain of the Tierra de Campos, 47 km. (29 mi.) 
of Valladolid by road. The city was the ancient Roman Pallan 
Pop. (1960) 48,216 (mun.). The cathedral, in a florid Gol 
style, was begun by Alfonso XI in 1321 and is dedicated to $ 
Antolin, whose festival is celebrated in the city in Septem 
Other churches are San Pablo (13th century, restored in the 18 
and San Miguel (13th century). : The city has been moderni 
with new houses and hotels and a park by the river. The Ci 
Mayor is the principal street and the commercial centre; 
Estudio General, founded at Palencia in 1208 by Alfonso VIII, 
the first university in Spain; it was later moved and its heril 
is contested by the universities of Valladolid and Salaman 
Palencia is the centre of a network of roads and railways. 
tries include the making of Palencia woolen blankets and Ц 
PALENCIA Province has an area of 3,096 sq.mi. and a popula 
(1960) of 231,977 (about half the average national dens 
Three regions may be distinguished: the mountainous Valdivia 
the north; the wheat-growing plain of Tierra de Campos; ani 
inhospitable desert of the Valles de Cerrato. The main river § 
tem is provided by the Pisuerga and Carrión. The province i$ 8 
crossed by the 129-mi.-long Canal de Castilla, constructed in 1 
1849 and leading to Valladolid province. The canal is used 
transporting wheat and flour, for irrigation, and for the gene 
tion of electricity. The province contains attractive тейё 
towns, but its population is predominantly rural, and the 
de Campos is one of the granaries of Spain. After World Wat 
a start was made in modernizing the agriculture and overcon? 
the problem of drought by irrigation. Much sugar beet is Ф 
and the province supports a substantial number of sheep 
basis of the traditional textile industry. There are coal Ш 
(bituminous and anthracite) in the north: The main tow! 
side Palencia include Baños de Cerrato (7,539), Baltanás (3,00 
Dueñas (4,176), and Carrión de los Condes (3,058). (М.В. Р) 
_ PALENQUE, а Classic Period city of ће Maya Indians (4 
in Chiapas, Mex., about 80 mi. S of the port of Carmen. 
original name having been lost, it was named after the neighbo 
ing village of Santo Domingo del Palenque. The ruins were! 
covered overgrown by jungle, but by the 1960s could be YF 
by tourists, 
Although most Maya architecture was of tooled limestone, | 
Palenque builders were unusual in using plaster to obtain 510 
surfaces. There is, however, considerable carving on the in! er 
walls, the best specimens being on tablets, affixed to the walls! 
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plaster. Modeling in stucco was extensively used, and terra-cotta 
images have been found. 

The plan of the so-called Great Palace shows three parallel 
walls enclosing two corridors covered with peculiar pointed arches 
or vaults characteristic of Palenque. A square tower rises to a 
height of about 40 ft. The Temple of Inscriptions, one of the 
largest and best preserved, is distinguished for its hieroglyphic 
tablets. In 1952 this temple was found to have been built over 
an elaborately jewelled crypt containing the remains of what may 
have been an ancient (c. A.D. 700) ruler-priest. The small Temple 
of Beau Relief features a large stucco bas-relief of a beautifully 
modeled figure seated on a throne. 

See also ARCHAEOLOGY; Mesoamerica: Central Maya Area. 

See M. H. Saville, Bibliographic Notes on Palenque, Chiapas (1928) ; 
M. B. Davidson (ed.), text by L. Cottrell, The Horizon Book of Lost 
Worlds (1962). 

PALEO-ASIATIC LANGUAGES (better PALEO-SIBE- 
RIAN) are spoken in the extreme northeast of Siberia: Yukaghir, 
Chukchi, Koryak, Kamchatkan, and Gilyak. They contain fea- 
tures reminiscent of many American Indian languages. The pho- 
netic system is rich and is marked by a scheme of vocalic alterna- 
tion; weak, strong, and neutral. The grammatical processes are 
very complex (Koryak has a dual), and the relation between sub- 
ject and predicate is conceived differently in transitive and in- 
transitive verbs. Prefixes and suffixes are numerous, number, 
location, size being thus indicated. The numbers are derived from 
manual concepts, 5 being a hand and 20 being a man. Higher 
numbers are composed with the word for man, and numbers higher 
than 400 are called “limit of knowledge.” Sentence structure is 
of the so-called polysynthetic type. Chukchi and Koryak have 
borrowed some words from Russian, but they also possess the 
power to form new words for new ideas. Kamchatkan has been 
much modified by Russian. 

See R. Jakobson in American Anthropologist, vol. 45 (1942), and in 
A. Meillet and M. Cohen, Les Langues du Monde, 2nd ed., pp. 403-431 
(1952). (J. Wx.) 

PALEOBOTANY (PLANT PALEONTOLOGY), a subdivision of 
botany that deals with the study of fossil plants. Although the 
organisms studied in paleontology include the remains of both 
plants and animals, it is customary to restrict the study of fossil 
Plants to paleobotany. The importance of fossils is considered in 
the articles FossiL; PALEONTOLOGY; and EVOLUTION, ORGANIC. 
Since paleobotany is both a biological and a geological science, the 
relationship is surveyed primarily in GEoLocv. Factors pertaining 
to living plants can also be applied to plants of past eras; these 
factors are reviewed in PLANTS AND PLANT SCIENCE. 

An outline of the subjects discussed in this article is as follows: 


I. General 
Е s ous 
. Histo: 
П, Fossil Evidence 
1. Means of Preservation 
2. Time-Space Relations 
3. Methods of Classification 
Appearance of Major Plant Groups 
A. Nonvascular Plants 
1. Algae 
T 
. Bryophytes 
B. Vascular Plants 
1. Psilopsids 
2. Lycopsids 
3. Sphenopsids 
4. Pteropsids 
- Geologic Distribution and Ecology 
A. Precambrian Time 
B. Paleozoic Era 
1. Devonian 
2. Carboniferous 
3. Permian 
C. Mesozoic Era 
1. Triassic 
Jurassic 
3. Cretaceous 
D. Cenozoic Era 
1. Tertiary 
2. Quaternary 
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І. GENERAL 

1. Introduction.—The documents on which the history of the 
plant kingdom is founded are plant fossils, the debris of vegeta- 
tion preserved in the rocks: leaves, twigs, seeds, fruits, flowers, 
spores, and pieces of wood representing trunks, branches, and roots. 
These fossils record the presence of aquatic plants upon the earth 
as far back as Precambrian time; the earliest land plants are known 
from Cambrian rocks laid down during the Paleozoic Era. While 
these earliest records are incomplete, there is sufficient evidence 
to show that the oldest known plants were small and simple as 
compared with modern trees. The evolutionary development of 
plants to their present high level of organization is a phase of 
paleobotany most closely related to the science of botany, as is the 
consideration of their structures. The stratigraphic occurrence of 
fossil plants falls in the field of geology; if the time of appear- 
ance, dominance, and extinction of a plant or of a group of plants 
(a flora) can be associated with rocks of known age, the geologist 
is thereafter able to correlate other rocks containing the same 
plants and to establish their age as approximately the same. Fos- 
sil plants may also supply the geologist with reliable evidence re- 
garding ancient climate and topography; by comparison with re- 
lated living forms, whose temperature and moisture requirements 
may readily be determined and whose topographic occurrence is 
also a matter of observation, the plants of the past may be judged 
to have lived in similar environments, With the combined view- 
point of the botanist and geologist, plant fossils may indicate the 
lines of evolution and relationship of the principal groups, the 
approximate dates when they lived, and the nature of the lands 
they occupied. 

2. History.—As in the case of animal remains, fossil plants 
have long attracted attention. Early scientists generally sub- 
scribed to the idea of spontaneous production of fossils from in- 
organic matter, involving the operation of stone-making spirits or 
cosmic forces. This was an accepted doctrine as late as the 17th 
century; even in the 20th century the people of a small village in 
Shantung, China, believed that imprints of leaves on thin layers 
of shale in nearby hills represented the early efforts of gods of art 
and writing. Some appreciation of the organic nature of fossils 
was shown by the Pythagorean School and by Aristotle, but there 
was no general understanding of their significance in the record of 
earth history until many centuries later. In the 13th century, 
Albertus Magnus made the first written mention of a fossil plant. 
Ina commentary on Genesis in about the year 1534, Martin Luther 
suggested that fossil wood might be expected to occur near mines, 
from which timbers had been washed by the deluge. Actually it 
was the extensive mining of coal following the destruction of 
forests in western Europe that first uncovered the abundant record 
of Carboniferous plants and provided a basis several centuries 
later for a scientific interpretation of fossil plants. But the diluvial 
theory flourished long after the day of Luther, with its Christian 
compromise that although plant fossils were of organic origin they 
represented the remains of vegetation washed away during the 
Noachian flood. The idea that fossils represent the accumulation 
of plants and animals over long periods of geologic time gained 
impetus after the discovery by William Smith (England) in 1798 
that certain fossil shells always occurred in a given rock layer, 
while other beds above and below contained other shells. The 
founder of the science of paleobotany was Adolphe T, Brongniart 
(France), who during the 19th century established a sound clas- 
sification for fossil plants and formulated several of the principles 
that govern their study. Other pioneers were H. Witham (En- 
gland), who made the first anatomical study of petrified plants; 
H. R. Goeppert (Germany), whose voluminous works cover a wide 
range of interests; Oswald Heer (Switzerland), whose studies in- 
clude a seven-volume discussion of Arctic floras; J. W. Dawson 
(Canada) and Leo Lesquereux (United States), who founded 
paleobotany in North America. In later years W. C. Williamson, 
D. H. Scott, and A. C. Seward (England), A. G. Nathorst 
(Sweden), and F. H. Knowlton and E. W. Berry (United States) 
made extensive contributions. Since about 1800 it has gradually 
been realized that plants in older rocks are relatively simple. in 
organization and that they show a progressive trend toward com- 
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plex structure in successively younger layers. With this under- 
standing of the significance of time in the history of life, paleo- 
botany became a science in which the disorganized and mystical 
interpretations of earlier centuries gave way to a developmental 
point of view based upon comparisons with the morphology, dis- 
tribution, and behaviour of living plants. 


I. FOSSIL EVIDENCE 


1. Means of Preservation.—Most of the plants that lived in 
past ages were subjected to decay and disintegration, and no trace 
of them remains; but under certain favourable conditions their 
more resistant structures were preserved, commonly as dissociated 
organs. Rapid burial in fine-grained sediments or volcanic ash 
greatly facilitated the formation of impressions of leaves and seeds 
or an occasional flower. If they imprint their margins and nerva- 
tion on the sediments which bury them, these impressions will 
remain after the sediments have been compacted into solid rock, 
even though all the original plant tissues have then disappeared, 

Circulation of ground water may add minerals carried in solu- 
tion (commonly silica and calcium carbonate) to buried plant tis- 
sues (permineralization) so that all the details of cell structure 
remain, Stems, roots, and less commonly cones and seeds are 
preserved in this manner. Petrified wood that has been per- 
mineralized or preserved by silica is said to be silicified. Concre- 

- tionary masses known as coal 
balls (fig. 1) contain well-pre- 
served plant fragments that have 
been petrified by solutions of cal- 
cium and magnesium carbonates. 
Coal balls have been found only 
in Carboniferous coals, They 
range from one inch to several 
feet in diameter and are slightly 
flattened from the pressure of the 
surrounding sediments. Impor- 
tant coal ball discoveries have 
been made in the states of Illinois, 
Iowa, Indiana, and Kansas, as 
well as in England, Belgium, the 
Netherlands, and central Europe. 
Deeply buried plants may be sub- 
jected to pressure and heat until their volatile constituents are 
distilled away, leaving a residual film of carbon in the case of 
leaves or carbonized logs in the case of stems. 

A third method of preservation is involved in certain rare situa- 
tions where bacterial action is inhibited and plants are preserved 
in essentially their original state. At Rancho LaBrea and other 
California localities, great numbers of cones, seeds, leaves, and 
wood fragments, together with the bones of mammals and birds, 
have been enclosed in asphalt which has seeped out and impreg- 
nated the sands and clays in which they were buried. In the 
frozen muck of boreal regions, plant remains have been placed in 
natural cold storage for thousands of years without decay. The 
wood of some trees, of which Sequoia is a common example, con- 
tains substances such as tannin which protect it from bacterial 
action, and the only apparent change after burial for millions of 
years may be a slight crushing of the woody tissues. The dried 
and hardened resin of gum-bearing trees, especially conifers, may 
be preserved as amber in coal beds or other carbonaceous de- 
posits. Amber from Oligocene sediments along the Baltic coast 
of Germany contains many flowers and other plant fragments, as 
well as insects, which became entrapped when the gum was soft. 
The original substance of these organisms has ordinarily dis- 
appeared, but the details of their form have been retained as molds. 
Pollen grains are of common occurrence in peat and carbonaceous 
shale, where resistant outer shells or exines are preserved in an 
essentially unaltered state. 

Conditions that favour the preservation of plants may be found 
in valleys, lake basins, and estuaries where sediments are ac- 
cumulating. Volcanic ash is an especially favourable medium for 
impression of plant remains and for rapidly enclosing logs and 
fruits that may later be petrified by the action of associated ground 
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FIG. 1.—SECTION OF COAL BALL 
From Conemaugh series, Ind., showing: 
(A) Stigmaria root; (B) Lepidocar- 
pon seed; (C) petiole of Medullosa; 
(D) cross section of undetermined leaf, 
natural size 
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and magmatic waters. Since accumulation of sediments 
is most permanent at low elevations where erosion is ] 
it follows that the fossil record is limited largely to fo 
lowlands; trees of the highlands are ordinarily rep 
by fragments that have been transported long distances’ or 
pollen and winged seeds that are readily transported by 
The tissues of herbs are less substantial than those of trees 
shrubs, and even though they may have been numerous | 
vegetation of the past, these smaller plants are seldom repre: 
in fossil floras, Rare plants have less opportunity to ente 
fossil record than abundant forms whose leaves, fruits, 
may be deposited in large numbers. It may be concluded th 
plants making up the fossil record are largely of common 
land types that have woody structures and substantial | 
Knowledge of forests of the highlands is relatively incomplet 
is the record of herbs and structures such as flowers, which 
often too delicate to be preserved. Ш 

2. Time-Space Relations.—Use of fossils as indicat 
age of rocks in which they occur is based upon observatio 
in many parts of the world that a given sedimentary- 
formation contains certain characteristic types of life 
sils) and that the fossils in lower and higher formations 
different kinds. The basic concept that there has been а 
from simple structures in ancient organisms to progressi 
complex structures in those of later age has alread: 
tioned; coming up through the rock layers from the b 
of life, plants and animals of increasing complexity enter th 
record. Thus in its simplest form, a general determination ol 
may be based upon the presence or absence of. certai 
groups. For example, angiosperms, an advanced type, Werê 
scarce at a period earlier than the Cretaceous, while 
primitive pteridosperms (seed ferns) became extinct di 
Jurassic. No rocks have been found to contain members 0 
these plant groups; thus the age of a formation containin 
sperms is likely to be Cretaceous or younger, while rock! 
pteridosperms are Jurassic or older. Certain groups such as 4 
have only slight value in age determination since they hay 
vived long ages with relatively little change. 

Closer age determinations must depend upon occu 
genera or species, for their span of life in earth history is : 
than that of the larger plant groups. Plants that evolved 
and lived for only a short segment of geologic time befo 
became extinct constitute the best index fossils. ! 
sperms of the Carboniferous Period are among the most valus 
horizon markers, since in addition to living through a brief 
range many of their species were abundant and broadly distril 
geographically. у 

Presence of index fossils in 


T а Originally correlated wit 
Miocene of Switzerland because of similarity in compositio 
northern flora is now known to be of Eocene Age from its g 
The discrepancy in age 


within the limits of the Tertiary Period, which includes both 
Eocene and Miocene epochs and covers a span of about 60,000; 
years; but such wide differences in latitude must be consid! 
indicate a considerable difference in age, for at any one ti 
the past, as today, the plants of Greenland and Alaska d 
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ә time spans shown may differ with those given in related articles elsewhere in the encyclopaedia; these differences reflect the opinions of the various authors concerned. 
‘indications of bacteria, fungi, and cyanophyta have been found in Precambrian rocks. 
THE OCCURRENCE OF THE MAJOR PLANT GROUPS IN GEOLOGIC TIME (AGES INCREASE FROM TOP DOWNWARD, AS IN A SEQUENCE OF SEDIMENTARY ROCKS) 


greatly from those of Switzerland and Oregon. While it is doubt- 
less true that at some past times climatic zones may have been 
less distinct than at present, there is no basis for supposing that 
at any time in the earth’s history has the influence of latitude on 
land climate and vegetation been negligible. Marine faunas and to 
Some extent the animals of the land may be somewhat less af- 
fected by climatic zones, since many of them are not fixed in 
Position like land plants and can migrate as individuals. But any 
Correlation of terrestrial floras must take into consideration the 
factor of latitude. The cosmopolitan flora of the Jurassic was 
contemporaneous from Greenland to Antarctica only within the 
time limits of this period, some 40,000,000 years in duration. 

ere is no basis for supposing that the vegetation of England 
Was identical at any one portion of the Jurassic with that of the 
Poles, for conditions responsible for the growth of plants could 
paves have been uniform over so wide a range in latitude. Hav- 
ПЕ in mind the interrelations of time and space in the history of 
Vegetation, correlations of similar plants may be made in approxi- 
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mate latitudes, or differences in age may be established if homo- 
taxial floras occur at different latitudes. 

3, Methods of Classification.—Fossil plants are classified by 
the system used for living plants (see PLANTS AND PLANT SCI- 
ENCE: Classification of Plants), but special problems arise because 
of the dissociated occurrence of most plant organs; for example, 
it is unusual to find leayes or fruiting structures attached to stems. 
It is therefore convenient to constitute form genera, each includ- 
ing a different part of what may be the same plant or a group of 
related plants. In a common Paleozoic lycopsid genus, the stems 
are placed in the form genus Lepidodendron (scale tree), the de- 
tached leaves in Lepidophyllum (scale leaf), and the cones in 
Lepidostrobus (scale cone) ; the root-bearing parts, which are indis- 
tinguishable from those of an allied genus Sigillaria, are grouped 
with those of the latter genus in the form genus Stigmaria. In 
some cases genera have been independently described for separate 
organs which are later found in association, A Carboniferous 
stem described as Medullosa is now known to have borne fronds 
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called Alethopteris; some of the three-ribbed fruits known as 
Trigonocarpus have been found attached to Alethopteris ; so it is 
apparent that all three of these names refer to different parts of 
the same plant. Form names may also be appropriately applied 
to plants whose characters show only a family resemblance. 
Laurophyllum is the generic name assigned to leaves that appear 
to belong to the laurel family (Lauraceae) but do not show dis- 
tinctive characters of any particular genus. 


HI. APPEARANCE OF MAJOR PLANT GROUPS 
A. NONVASCULAR PLANTS 


1. Algae.—Precambrian.—Objects suggestive of the gelatinous 
colonies of the living genus Nostoc have been found in the Pre- 
cambrian rocks of Finland. These bodies, named Corycium 
enigmaticum, are probably the oldest known fossils. About equally 
ancient are structures resembling filaments of blue-green algae and 
fungi that have been found in the Precambrian flints north of Lake 
Superior, 

Algal reefs in the Belt series of Montana, first studied by C. D. 
Walcott, have received detailed consideration by later authors. 
Colonies made up of great numbers of microscopic plants have 
built up masses and columns of calcium carbonate with concentric 
laminations, but the actual structures of the plants themselves have 
not been preserved. Similar reefs have been reported in rocks of 
Precambrian age as far north as Yukon Territory and southward 
to Grand Canyon National Park in Arizona; they also occur in 
the iron-bearing deposits of the Lake Superior and Hudson Bay 
regions. 

Paleozoic.—As a group algae are difficult fossils to study. The 
plant body is soft in most cases, and the reproductive structures, 
which are most useful in determining their systematic position, 
are rarely preserved. In many instances fossil algae have been 
named and described from material which may represent the tracks 
of worms or other animals in the mud; also the rill marks produced 
on the ocean bottom by water currents have been misinterpreted as 
fossil algae. Cryptozoon from the Cambrian of New York and in 
rocks of younger age has been described as an alga on the basis 
of its concentrically laminated structure. Its organic nature has 
been questioned because of the absence of any evidence of a cellu- 
lar framework, but its mode of occurrence and general resem- 
blance to bodies formed in fresh and salt water by living algae 
indicate that most of the specimens referred to Cryptozoon are of 
organic origin. There are a number of well-defined types of algae 
not known to occur in rocks older than the Paleozoic. Marpolia 
from the Cambrian of British Columbia shows several cellular fila- 
ments united in a sheath, like the living Schizothrix. Archaeothrix 
oscillatoriformis from the Middle Devonian chert of Aberdeen- 
shire, Scot., is another blue-green alga consisting of cellular fila- 
ments so like those of some living Cyanophyceae that there is no 
doubt of its position in that family. A deposit of bituminous shale 
known as kuckersite from the Ordovician of Estonia is made up 
of countless millions of minute bodies resembling the living 
Gloeocapsa; the name Gloeocapsomorpha has been applied to these 
cell aggregates. 

Several fossil algae of the Paleozoic appear to be referable to 
a more advanced type, the green algae (Chlorophyceae). An 
Ordovician genus, Dimorphosiphon, is remarkably like the living 
genus Codium but differs in having a secretion of lime on its sur- 
face; in this respect it seems related to Halimeda, a reef-forming, 
calcareous seaweed in the tropical seas of today. In the Ordo- 
vician limestone of the Girvan district in Scotland is another 
related alga named Girvanella; this tangled mass of minute tubes 
may be a blue-green rather than a green alga. The family name 
Protophyceae has been suggested for those ancient fossils that 
seem to be algae but are not readily assignable to a definite sys- 
tematic position. Certain bituminous shales and cannel coals of 
the Carboniferous and Permian are made up largely of Pila and 
Reinschia. A similar living genus, Botryococcus, stores up oil in 
its cells, and a like origin may be suggested for the combustible 
deposits containing Pila and Reinschia. 

The red algae of Rhodophyceae include many of the more im- 
portant reef-building algae of today. The most characteristic 
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genus, Lithothamnion, has a worldwide distribution and is known 
to have lived as far back as the Cretaceous. It had an allied repre. 
sentative in the Paleozoic seas known as Solenopora, which with 
related forms built layers of limestone in seas widely distributed 
over the earth from the Ordovician to the Jurassic Period, Req 
algae are generally difficult to determine from these calcareous 
reefs, and it is possible that many other Rhodophyceae are present 
in Paleozoic limestones. 

The Charophyceae (stoneworts) represent a highly specialized 
group which are sometimes considered as separate from the Algae, 
A well-known living example is Chara, which lives in fresh or 
brackish water where its lime-encrusted stem and branches may 
accumulate to form marl. The parts of the Charophyceae that 
are preserved are usually the female reproductive organs known 
as the form genus Gyrogonites, consisting of a large egg cell sur- 
rounded by five or more spiral cells. A similar plant named 
Algites has been recorded from a Devonian swamp. 

In Silurian and Devonian rocks from Europe and North America 
there is a large-stemmed plant, Prototaxites, which appears to 
represent one of the Algae. The stem reaches a diameter of two 
feet, which is larger than that of any living alga. It has a struc- 
ture which is typically algal: loosely packed tubes without cross 
partitions make up the bulk of the stem, following a sinuous 
course along its axis; their smooth walls lack the pits and bands 
which characterize the conducting cells of vascular plants, Asso- 
ciated with these relatively thick tubes are narrower tubes resem- 
bling the filaments of fungi. In one specimen in which the outer 
surface is preserved, there is a narrow zone where the tubes tum 
outward and meet the surface at right angles. No roots, branches, 
or reproductive organs are known. Occurrence of Prototasites 
in a peat deposit confirms the suggestion that it was a land plant 
In the absence of any structures that could support so large i 
stem upright, it is probable that it sprawled upon the ground it 
swampy situations. Other simply organized plants that may have 
shared this terrestrial habitat are Parka and Foerstia, Parka is 
represented by circular impressions on whose surface occur groups 
of spores with resistant walls like those of plants now growing it 
contact with the air. Foerstia is represented only by the tips af 
branches containing cutinized spores in groups of four (tetrads) 
that likewise resemble those of land plants. All of these littl 
understood plants occur in rocks laid down during the Silurian of 
Devonian periods, at a time when the land habit was being devel 
oped by plants and animals. When known from more complete 
material they may be found to represent the first plants that left 
the relatively sheltered environment of seas and lakes and estab- 
lished themselves on the more diversified shores of the continents 

Mesozoic.—Reefs made up of calcareous seaweeds are of com 
mon occurrence in the dolomites of the Tyrolese Alps and in other 
regions where the marine record of the Triassic Period has bet? 
preserved. These seaweeds are green algae (Chlorophyceae) f 
a type now abundant in tropical seas. Diplopora, one of tht 
common genera, had a stalk several centimetres long with clus 
ters of small branches. Its distribution northward to Siberia 80 
gests either that this Triassic seaweed was less tropical than its 
modern descendants or that warm currents in the seas exten 
its environment far to the north. A reef-building family of Ut 
red algae (Rhodophyceae), the coralline algae, is represented Il 
marine deposits of Cretaceous Age by Lithothamnion, a genus $ 
living. Well-defined stoneworts (Chara) are also known from the 
Cretaceous. The diatoms (Bacillariophyceae) first appeared ш 
ing the Jurassic Period, 

Cenozoic—Blue-green algae (Cyanophyceae) appear to hav’ 
played a major role in the accumulation of oil shales such 45 the 
2,000-ft. deposits in the Green River Basin of the central northern 
Rocky Mountains in the United States. Lime-secreting types 0 
green (Chlorophyceae) and red (Rhodophyceae) algae dosi 
similar to living species contributed to the building of marine lime 
stones in many parts of the world. Brown algae (Phaeophyce# 
are seldom recorded in the fossil record because of their lad 
hard parts. Charophyceae (stoneworts) continue to the рге 
as one of the most persistent types of plants, forming beds 
freshwater limestone. Diatoms (Bacillariophyceae) were ?' ur 
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dant especially during the Miocene, forming thick layers of shale 
(diatomaceous earth) from their siliceous shells; they are con- 
sidered to have been an important source material for petroleum 
in California and elsewhere in later geologic time. 

2. Fungi.—Precambrian.—The only indications of Precambrian 
fungi are minute bodies interpreted as bacteria from the iron ore 
of Michigan; their resemblance to the living Chlamydothrix has 
been suggested. 

Paleozoic.—Fungi of the Early Paleozoic are largely limited to 
infrequent records of bacteria that are so poorly preserved as to 
have little scientific value. But in the later rocks of the Paleozoic 
there are many examples of other fungi that lived as parasites in 
the tissues of trees and shrubs. These fall largely in the group 
known as Phycomycetes because of their nonseptate hyphae. 
While some of the parasitic types of fungi doubtless had harmful 
effects on their hosts, as do their modern descendants, there ap- 
pear to have been others that had established a symbiotic relation- 
ship. There are several later Paleozoic records of the roots of 
trees in which the distribution of fungal hyphae suggests such a 
beneficial parasitism. 

Mesozoic.—The evidence of Mesozoic fungi is scarce. How- 
ever, Cretaceous leaves showed characteristic disease areas. 

Cenozoic.—Various types of fungi have been encountered on 
leaves and in wood of the Cenozoic, with a few records of the 
woody bracket fungus (Fomes). 

3. Bryophytes.—Mosses and liverworts are found widely over 
the world at the present day; they are terrestrial in habit, com- 
monly living in moist situations. If, as seems probable, their an- 
cestors in past ages were likewise small and lacking in woody 
tissues, it is not surprising that they have so infrequently entered 
the fossil record. On structural grounds they must be considered 
a simple and probably primitive type of plant. It has been sug- 
gested that the problematical Prototaxites, Parka, and Foerstia 
may represent a stage of development intermediate between the 
thallophytes (algae and fungi) and the bryophytes. 

Paleozoic.—Fossil liverworts from the Upper Carboniferous of 
England have been referred by J. Walton to the genus Hepaticites. 
These were small plants, in some species branching dichotomously 
and with parallel rows of leaves, Ancient equivalents of the mosses 
from the Upper Carboniferous of France are assigned to Muscites. 
The principal value of these rare and incomplete fossil members of 
the bryophytes is that they demonstrate the existence during the 
Paleozoic Era of an ancestral group of plants which affords, as 
Seward has stated, “an impressive instance of the persistence 
through a long succession of ages, of a delicate organism undis- 
turbed by the influences which transformed again and again the 
character of the world’s vegetation.” (A. C. Seward, Plant Life 
Through the Ages [1931], by permission of the Cambridge Uni- 
versity Press.) 

Mesozoic.—Liverworts resembling modern Marchantia and Jun- 
Sermannia occur in the Early Jurassic rocks of Sweden. Опе of 
the most interesting fossil bryophytes is Naiadita from the Late 
Jurassic of England. The small branched leafy stems bore lateral 
archegonia from which in some instances short-stalked spore cases 

d developed, True mosses have been found in Mesozoic rocks, 
but they were seldom abundant, 

Cenozoic.— Bryophytes, never common in the fossil record, are 
Tepresented in Cenozoic deposits by an occasional liverwort of 
Modern appearance and by various types of mosses, especially 
in deposits of the Pleistocene. 


B. VASCULAR PLANTS 


The Plants with vascular tissues are divided into four major 
divisions (psilopsids, lycopsids, sphenopsids, and pteropsids), all 
Of which made their first appearance during the Paleozoic and be- 
came numerous and highly diversified before its close. The vas- 
cular tissues of the stem comprise: (1) phloem, made up of sieve 
tubes and other cells through which food is transferred from one 
Part of the Plant to the other; and (2) xylem, made up of elon- 
gated cells (tracheids) or groups of cells fused end to end 
(tracheae) to form vessels that conduct water and mineral nu- 
trients, The cells of the xylem, including fibre cells, become thick- 
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ened (lignified) by addition of lignin, giving them added strength 
and hardness. Without the mechanical support of such tissues it 
would not be possible for land plants to rise as trees for tens or 
even hundreds of feet above the ground. 

1, Psilopsids.—Paleozoic.—Among the psilopsids are the Psilo- 
phytales, the most primitive vascular plants and among the first to 
establish themselves on the land. This group appears to be ances- 
tral to the living Psilotales, represented by two simple genera of 
the tropics and Southern Hemisphere. It is noteworthy that there 
is no intermediate record from the Middle Devonian, at which 
time the Psilophytales became extinct, to the present; so it may 
be supposed that since Devonian times the ancestors of the modern 
Psilotales must have been small and few in number, 

The Psilophytales are defined as simple plants with dichoto- 
mously branching stems bearing terminal sporangia and lacking 
true roots and leaves. Their resemblance to the living Psilotum 
was first noted by J. W. Dawson when he described Psilophyton 
from the Devonian of Canada in 1859, The most significant oc- 
currence of this group was made known by R. Kidston and W. H. 
Lang in 1917 when they described the Middle Devonian flora from 
the Rhynie chert (a rock of fine-grained quartz found in Rhynie, 
Scot). The genus Rhynia (fig. 
2B) had a horizontal rhizome 
Írom which rose cylindrical, 
sparsely branching shoots, 8-20 
in. in height, with sporangia at 
theirtips. The internal structure 
of the shoots shows the simplest 
type of vascular tissue, a proto- 
stele made up of a single strand of 
xylem (wood) enclosed in a 
sheath of phloem (bast), with a 
broad zone of surrounding cortex, 
and an epidermis made up of a 
single layer of cutinized cells; 
there are a few simple stomata on 
the epidermis. Horneophyton 
was a similar plant, differing in , 
its swollen base which lacked vas- SEX a в 
cular tissues and in having colu- 
mellate sporangia resembling 
those of certain bryophytes. 
Asteroxylon (fig. 2A) had longer 
shoots clothed with leaflike scales, 
becoming naked at their tips where some of them bore sporangia. 
The cross section of the stem shows a stellate protostele with small 
vascular strands extending up to but not into the bases of the 
scales; in true leaves there is a vascular connection from the 
wood into the leaves. 

Greater complexity of reproductive structures is apparent in 
Zosterophyllum, a widely distributed Early Devonian genus, and in 
Bucheria, which occurs in beds of the same age in Wyoming, in 
which genera the sporangia were borne in terminal spikes. ‘These 
plants and the genera above mentioned show many resemblances to 
algae and bryophytes. But in spite of their simplicity, there are 
advances over these lower plants which place the Psilophytales at 
a higher level of development. The psilopsids may be considered 
ancestral to the other groups of vascular plants, which like them 
were becoming established on the land during the Paleozoic Era. 

2. Lycopsids.—Paleozoic.—The lycopsid group includes among 
its fossil members some of the largest and most abundant trees of 
the Late Paleozoic forests. Surviving examples such as Lycopo- 
dium and Selaginella are small and inconspicuous and largely con- 
fined to low latitudes. In their vegetative characters certain 
members of this group, both fossil and modern, show sufficient 
resemblance to the spiny types of psilopsids to suggest that the 
latter bear an ancestral relationship. An important difference is 
the position of the sporangia at the end of the axis in the psilopsids, 
while in the lycopsids they are situated on the upper side of the 
leaves or at the leaf bases. Two primitive lycopsid genera ap- 
pear to stand in an intermediate position with the psilopsids. 
Drepanophycus, known from the Early Devonian of Canada, 


AFTER KIDSTON AND LANG ШҮ COURTESY OF 
THE ROYAL SOCIETY OF EDINBURGH 

FIG, 2.—TWO TYPES OF LAND PLANTS 
FROM THE DEVONIAN OF SCOTLAND: 
(A) ASTEROXYLON; (B) RHYNIA 
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northwestern Europe, China, and Australia, had the vegetative 
appearance of Psilophyton, but it was a typical lycopsid in having 
sporangia attached on the upper side of the spines near their 
bases, as shown by R. Kraiisel and H. Weyland. In 1935 W. H. 
Lang and I. C. Cookson described a second genus, Baragwanathia, 
from the Late Silurian of Australia, which also shows a combina- 
tion of lycopsid and psilopsid characters. The stems of this plant 
were similar to those of Asteroxylon in their structure but with 
a direct connection by leaf traces between the woody axis and the 
foliar organs, making them true leaves. Sporangia occurred along 
the upper end of the stem among and possibly attached to the 
leaves, instead of on naked tips as in Asteroxylon and related psi- 
lopsids. In 1954 A. N. Kryshtofovich gave the name Aldanophy- 
ton to a fossil from the Middle Cambrian of the U.S.S.R. that 
bears a striking resemblance to the living Lycopodium. If cor- 
rectly interpreted this plant is not only the oldest known vascular 
plant but shows the existence of lycopsids several million years be- 
fore any other known vascular plants. The trunk of Archaeosigil- 
laria, a second widely distributed Devonian genus, shows vertically 
placed leaf scars near the base like Sigillaria and spiral scars above 
like Lepidodendron. 

Lepidodendron, the scale tree, ranged from Late Devonian to 
Middle Permian, and its stems are among the most abundant fossils 
of the Carboniferous. Its slender trunk reached a height of more 
than 100 ft., while above the crown of forking branches it rose 
a further 20 ft. At the base were rootlike divisions of the trunk, 
dichotomously branched and spreading; these basal appendages, 
known as Stigmaria, sometimes extended from the trunks down 
into sandstone or shale underlying the coal seam, giving evidence 
that the coal was formed in the actual place of growth of the trees 
from whose remains it was accumulated. Covering the smaller 
branches of the crown were spirally placed, lanceolate leaves a 
few inches to nearly three feet in length; they were shed when 
the part of the plant bearing them reached a certain age, leaving 
a diamond-shaped scar on the leaf base. The stem was made up of 
a slender cylinder of primary wood, with or without pith inside, 
surrounded in most species by a broader cylinder of secondary 
wood with no indication of growth rings. Unlike the stems of 
conifers and angiosperms, in which the woody portion makes up 
80-90% of the cross section, the stele of Lepidodendron made up 
only 9-14%. It would have been impossible for such tall trees to 
have been supported by so slender a core of wood alone; the de- 
velopment of a thick periderm made up of fibrous tissue in the 
outer part of the stem gave it the necessary mechanical strength. 
The cones (Lepidostrobus and other cone genera) were like those 
of Selaginella, only much larger; most of them produced two 
types of spores (heterospory), with the sporophylls bearing 
megasporangia at the base of the cones; sporangia of both types 
were borne on the upper surface of the sporophylls. Vast numbers 
of spores were produced, as indicated by the fact that some coals 
of Carboniferous Age consist largely of the compressed spores of 
Lepidodendron and its closely related but less branched associate, 
Sigillaria, Other distinguishing characters of Sigillaria are its 
longer leaves with once-forked veins and the vertical arrangement 
of the leaf scars, which are rounded or hexagonal in shape. 

Certain isolated cones and sporophylls have been found with at- 
tached megasporangia containing only one large megaspore. At 
maturity an integument formed by an outgrowth from the sides of 
the sporophyll stalk enclosed the megasporangium except for a nar- 
row opening along the top that may have served as a micropyle. 
The structure thus simulates a seed. The sporophyll with its at- 
tached sporangium and megaspore broke away írom the parent 
plant and functioned as a seed. Unlike a true seed, however, no 
embryo has ever been seen in one of these fossils. These "seed" 
fossils are known as Lefidocarpon. 

Miadesmia represents the fructification of a herbaceous lycopsid 
in which the seed habit was even more fully developed. Here the 
integument was prolonged in the form of a sheath beyond the top 
of the sporangium, with the micropyle a rounded pore at the top. 
Like Lepidocarpon, this seed differs from those of all other groups 
in having the entire sporophyll shed with it. 

In addition to Miadesmia there were several other lycopsids 
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(Lycopodites and Selaginellites) which appear to have had a her. 
baceous habit like that of living club mosses. Such plants ate 
much less common than the tree types and less completely pre. 
served. 

Mesozoic_—The lycopsid group Lepidodendrales, which included 
the largest and most abundant trees of the Paleozoic forests, lost 
its dominant position at the close of the Paleozoic when Lepido. 
dendron and Sigillaria became extinct. A genus surviving into the 
Late Triassic of Sweden, Greenland, and Arizona was Lycostrobus, 
represented by cones and spores which resemble those of Lepido- 
dendron. The Arizona cone had oval seedlike bodies near its 
base. Pleuromeia was a widespread Triassic form that shows re. 
semblance to Sigillaria in the leaf scars on its stem, but it is placed 
in a distinct group, the Pleuromeiales, because of its seedlike re- 
productive organs; it was a short unbranched shrub with needle- 
like leaves and with numerous rootlets growing from its swollen 
base, as in modern Jsoetes. Nathorstiana from the Cretaceous of 
Germany, a small plant with tuberous stems, has also been con- 
sidered to represent a possible ancestor of Isoetes. Lycopodites 
and Selaginellites both occur in Mesozoic rocks and may be сох 
sidered ancestors of the common modern herbaceous lycopsids, 
Lycopodium and Selaginella. 

Cenozoic.—The once abundant lycopsids make up an even les 
important part of the Cenozoic vegetation than during the Meso- 
zoic Era. They are most numerous and diversified in the tropical 
regions at the present time, ranging also into high latitudes. Oc 
casional remains of the club moss (Lycopodium) have been found. 

3. Sphenopsids.—These plants are characterized by jointed 
stems with whorls of leaves and in some cases cones attached at 
the nodes. 

Paleozoic.—Most abundant during the Paleozoic was the genus 
Calamites, which resembled the modern horsetail (Equisetum) in 
general appearance but formed tall trees instead of herbs. Other 
extinct types of sphenopsids show relationship to the ancestral 
psilopsids and will be considered first. 

The oldest known articulate plant is Calamophyton from the 
Middle Devonian of Germany. Shrublike in habit, it bore slender 
dichotomous leaves on the nodes of its stem and branches thit 
were less regularly jointed than in later forms. Sporangia Wet 
borne in pairs on fertile branchlets that were grouped into 4 
loose terminal cone; these branchlets appear to correspond to the 
sporangiophores of more advanced types of sphenopsids. The 
terminal position of the sporangia on branchlets suggests 4 rela 
tionship to the psilopsids. Hyenia was generally similar in 4% 
pearance to Calamophyton but showed no evidence of a joint 
stem and had leaves more deeply cleft. In both these genera the 
leaves and fertile branchlets were homologous, and it has been stg 
gested by A. J. Eames that the same relationship holds for the 
Equisetales group (Equisetum, Calamites, etc.), in which thet 
structures have developed greater outward dissimilarity. 

Sphenophyllum, a genus common in the Carboniferous, ranged 
from the Late Devonian through the Permian. The plant grew n 
the form of a slender shrub that may have supported its branché 
by scrambling over other plants. The jointed stems bore whorls 0 
small wedge-shaped leaves that were often deeply dissected. T7 
leaves of one whorl lay immediately above those of the whorl be 
low and were usually in multiples of three. This arrangement 5 
related to the structure of the stele, which was triangular in set 
tion and had a central column of xylem with no pith; at the nodes 
two vascular strands extended from each corner to supply 
leaves, The stems and roots had a considerable amount of js. 
ondary vascular tissue, The slender terminal cones were 
up of whorls of leaflike bracts and were relatively complex 45 com 
pared with other sphenopsids, Sporophylls were divided into ® 
adaxial and abaxial lobe, the latter usually sterile but in sont 
species fertile. All known sphenophylls were Һотоѕрото 
Heterospory has been reported in some forms, but subsequent Ш 
vestigations have shown that the plants were erroneously ident“ 

Equisetales was the most abundant group of sphenopsids duri 
the Paleozoic Era and the only group that has survived to 
present. The oldest known genera, Asterocalamites and e 
bornia, are recorded from the Late Devonian; these were 
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trees with jointed stems and whorls of large forked leaves. They 
showed a lack of alternation of the ribs along the stem from node 
to node that characterized later members of Equisetales. The 
cones resembled those of Eguisetum in being without bracts. 
During the Carboniferous the trees referred to the genus 
Calamites reached a height of more than 30 ft. and a diameter of 
2-3 ft. They rose from huge rhizomes, The straight shaftlike 
trunks were jointed or segmented like bamboo stems. Some spe- 
cies bore branches at each of the nodes; others bore them only at 
certain nodes, and in still others the branching was irregular. The 
mature stem possessed a large central hollow caused by the break- 
down of the pith tissue when the stem reached its ultimate size. 
When the trees fell into the swampy soil, the hollow became filled 
with mud or wet sand that ultimately hardened, and when the sur- 
rounding tissue decayed, the cast of the pith cavity was freed, 
bearing on its surface the imprints of the nodes and the vertical 
strands of primary wood that originally surrounded the pith. The 
pith casts of Calamites are common fossils in quarries and coal 
mines. The jointed branches bore whorls of linear leaves distinct 
at their bases (Asterophyllites) or leaves more broadly rounded 
and fused into a sheath around-the stem (Annularia). The cones 
showed a considerable range in form and structure, indicating that 
several distinct types of plants may be included in Calamites. 
Calamostachys was a terminal cone with whorls of sporangiophores 
similar to those of Equisetum but with alternating whorls of sterile 
bracts, Two types of spores (heterospory) have been found in 
some species, but the difference in size was less marked than in 
most of the lycopsids. Calamites differed from Equisetum in be- 
coming a tree with a cambium that produced secondary wood, in 
having leaves containing larger quantities of chlorophyll, and in 
having more complex cones. 

Mesozoic.—Unlike the scale trees, horsetails continued as abun- 
dant members of Mesozoic floras, though they were reduced in 
number. . Schizoneura, which first appeared in the Antarctic flora 
of Permian time, was widespread throughout the world in the Early 
Triassic;, both Schizoneura and the somewhat younger Neo- 
calamites appear to be descendants of the Paleozoic Calamites. 
Another common Mesozoic genus was Equisetites, which resembled 
the living Equisetum in many ways but was larger. 

Cenozoic.—Like the lycopsids, the sphenopsids declined in im- 
portance in the Cenozoic. Stems of horsetails (Equisetum) are 
common Cenozoic fossils. 

4. Pteropsids.—In placing the ferns and the seed plants in the 
samé division, recognition is given to fundamental resemblances 
of leaf and stem, which seem more significant than the: presence 
ог absence of seeds. Development. of.seeds by certain Paleozoic 
scale trees and possibly by one of the horsetails and the abundant 
Occurrence of seeds in association and contact with leaves of the 
pteridosperms all point to the unimportance of the seed habit as 
a basis for major grouping. As further pointed out by Eames, 
ferns are more closely related to gymnosperms and angiosperms 
than to the “fern allies” of the old classifications, the scale trees 
and the horsetails, Spore-bearing ferns are designated here as 
Filicineae, a division of the pteropsids, along with Gymnospermae 
and Angiospermae. Seed-bearing ferns are designated as Pterido- 
Spermae, the most ancient and primitive of gymnosperms. 

Paleozoic.—Filicineae are plants with relatively large complex 

tonds connected by large leaf traces with a simple stem that 
Tarely produces secondary wood; sporangia are commonly borne on 

e margins or undersurface of the leaf and have a dehiscent 
Mechanism known as an annulus. Heterospory is limited to two 
living families and to two or three Paleozoic ferns. Many of these 
older Members of the Filicineae are preserved as stems; they were 

otomously branched with their upper ends serving as leaves. 

Ost of these foliar organs did not have wide blades; sporangia 
t aracteristic of the ferns were borne on the fronds singly or in 
erminal clusters, The general appearance of these ancient ferns 
must have been wholly different from most modern members of 

€ Filicineae, ‘The Filicineae include the modern fern groups and 

E Coenopteridales, which became extinct at about the close of the 

Zoic Era. 
‘he Coenopteridales form a group of ancient plants that ranged 


103 


from the Middle Devonian to the Permian. Though fernlike in 
some respects, they also showed features indicative of affinity with 
the Psilophytales. Knowledge of them is based mostly on small 


FROM KRAUSEL UND WEYLAND, "DEVONFLORA" 
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FIG. 3.—ANEUROPHYTON, ONE OF THE MOST ANCIENT FRONDS KNOWN, 
FROM THE MIDDLE DEVONIAN OF GERMANY 
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portions of petrified stems and leaf stalks found in coal balls and 
other petrifactions. 

Most of the Coenopteridales had upright stems, though a: few 
had horizontally growing rhizomes resembling that of a modern 
bracken. The vascular system of the stem: was a rather simple 
round or angled xylem strand surrounded by phloem. In the up- 
right members the fronds were arranged in spiral sequence around 
the axis; in the prostrate forms they arose from the upper side. 
The vascular strands of the leaf stalks were variously shaped and 
were characteristic of different genera. 

The fronds were large, and some were divided into pinnae and 
pinnules, as in modern ferns, but in some the frond ramifications 
terminated as naked unexpanded axes reminiscent of the branch 
systems of the Psilophytales. 

The sporangia were not borne in sori on the pinnule surfaces as 
in Recent ferns, but in clusters resembling bunches of grapes at 
the ends of frond branches; Each sporangium had an annulus 
that operied the sporangium when the spores were released, 

A related group, the Cladoxylales, had stems with several sepa- 
rate vascular strands, each of which was encircled by a layer of 
secondary wood, a phenomenon extremely rare in ferns. 

Several ferns in addition to the early members of the Coenop- 
teridales have been found in the Devonian. One of these is Archae- 
opteris, which is sometimes used as an index fossil of the Late 
Devonian. Another ancient plant that was fernlike in some re- 
spects but of unknown position in the plant kingdom was Aneuro- 
phyton from the Middle Devonian of Germany and New York. 
Its stem shows a cylinder of secondary wood surrounding a three- 
angled core of primary xylem. Its leaves represent the most primi- 
tive type of frond, triply branched with the smallest branches 
bearing short forked appendages and with no development of leaf 
blades. 

Aneurophyton shows a general resemblance to Eospermatop- 
teris, described by W. Goldring from the Middle Devonian of 
New York, The stems of Eospermatopteris occur largely as casts 
with little structure preserved; the bases of the stumps were 
bulbous, narrowing upward to trunks with an estimated height of 
30-40 ft. and a maximum diameter of 2-3 ft. Like Aneurophyton 
the fronds were compoundly tripinnate with slender bilobed pin- 
nules, and larger specimens indicate a total length of 6-9 ft. 

Specimens of the genus Pecopteris, a fernlike frond that is very 
common in shales associated with Carboniferous coal seams, are 
sometimes found bearing sporangial clusters very similar to those 
of the modern Marattiaceae, a widely distributed family of tropical 
ferns. There is some evidence that Pecopteris fronds were borne 
on tall trunks, which when found in the petrified condition are 
known as Psaronius. 
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Three other living fern families that appear to have been in 
existence during the latter part of the Paleozoic Era were the 
Schizaeaceae, the Gleicheniaceae, and the Osmundaceae. The 
latter is represented in the Permian by several petrified stems built 
along the same general plan as the very characteristic stems of 
the modern royal fern (Osmunda regalis). 

The seven groups of pteropsids (Pteridospermae, Cycadales, 
Bennettitales, Cordaitales, Ginkgoales, Coniferales, Gnetales) com- 
monly regarded as constituting the gymnosperms, or “naked 
seeded” plants, are now believed to have had diverse origins. The 
whole complex is no longer regarded as constituting a closely re- 
lated group. However, they may still be handled together as a 
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FIG. 4.—DIAGRAMMATIC RECONSTRUCTION OF THE STEM OF LYGINOPTERIS 
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matter of convenience. Some of the groups probably represent 
taxa higher than orders. 

The seed ferns (pteridosperms) were among the most abundant 
plants of Late Paleozoic time and continued in reduced numbers 
into the middle of the Jurassic Period of the Mesozoic Era. Their 
stems show resemblance to both ferns and cycads. Fronds of seed 
ferns are abundant in rocks of Carboniferous Age and were in- 
terpreted as true ferns until 1903, when seeds were found attached 
to Sphenopteris. Since then most of the form genera of fernlike 
leaves in Paleozoic rocks have been found to bear seeds, Several 
common types, notably Pecopteris, appear to represent the foliage 
of both seed ferns and true ferns, and their systematic position can 
be established only when reproductive bodies are attached to them. 
When detached it may be impossible to distinguish the flattened 
type of pteridosperm seeds from those of the Cordaitales, but 
radiospermic seeds all seem referable to the Pteridospermae. The 
wood of Pteridospermae differs from that of the Filicineae in its 
secondary thickening. Lyginopteris oldhamia, the most com- 


pletely known pteridosperm, was of Late Carboniferous Age and is 
of common occurrence in the coal measures around Oldham and 
other parts of Lancashire, Eng. It is found petrified in the coal 
balls and also as impressions in the shales forming the roofs of the 
The frond, by an equal forking of the leaf stalk, was 


seams. 
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BY COURTESY OF THE COUNCIL OF THE ROYAL SOCIETY AND OF PROF. OLIVER 
FIG. 5.—SEED AND HUSK OF LYGINOPTERIS 
(A) Reconstruction of the seed In its husk; (B) seed and husk cut longitudinally 
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divided into two equal divisions. The stem (fig. 4) varied from 
two mm. to four cm. in diameter. There was a pith forming the 
core of the stem surrounded by a ring of scattered xylem strands 
that were connected with the leaf supply system. In older stems 
the ring of strands was surrounded by a considerable quantity of 
secondary wood and bast. The outer cortex contained long anas. 
tomosing bands of fibres that formed a reticulum just inside the 
epidermis. In Heterangium, a closely allied genus, the centre of 
the stem was occupied by a solid core of primary xylem and the 
strands of the leaf-trace system were incorporated in the outer 
part of the primary xylem. F. W. Oliver and D. H. Scott in 1903 
were able to identify a petrified seed found in a coal ball as the 
seed of Lyginopteris by the presence on its husk of glandular spines 
exactly like those on the frond and stems of Lyginopteris. The 
seed, Lagenostoma lomaxi (fig. 5), was enclosed in a lobed husk or 
cupule; it was barrel shaped and its integument was furnished 
with a vascular system, One part of the nucellus (sporangium 
wall) was modified to form a complicated pollen chamber or cavity 
in which the pollen became lodged. In structure the seed was 
similar to those of the living cycads or ginkgo, but the pollen 
chamber was rather more complicated than that of any of these 
living plants. Kidston described some tassels of microsporangia 
(fig. 6) attached to small pieces of fronds that bore leaflets of the 
same shape as those of Lyginopteris, and there is no doubt that 
they represent the pollen-producing organs of this plant. In most 
seed-bearing plants the microsporangia are borne on highly mod. 
ified structures (stamens) that are quile 
ў. unlike leaves in appearance; but in many 
pteridosperms the fronds which bear the 
> AS microsporangia are like the sterile foliage 
fronds, and in this respect the pterido- 

sperms are primitive. 

Another important group of pterido- 
sperms, the Medullosaceae of Carbonifer- 
ous and Permian Age, had fernlike foliage 
belonging to the form genera Neuropters 
and Alethopteris. The stems (form genus 
Medullosa) were peculiarly complicated it 
structure; in place of the usual single vas 
cular column they had several. Each vas 
cular column was in structure like that of 
Heterangium, and the stem could be briefly described as a polystelit 
Heterangium. The spirally arranged leaf stalks were of large 80 
and contained a large number of small collateral vascular strands. 
Seeds have been found attached to fronds of Neuropteris (fig. Т) 
апа Alethopteris. Trigonocarpus is а genus of seeds that were 
borne on some species of Alethopteris; it resembled the seeds of 
living cycads in having a testa consisting of both soft and stony 
layers. The micropyle was of very considerable length, The 
pollen-producing organs of these plants (fig. 7A and 7C) a 
still imperfectly known. Potoniea (fig. 7C) very probably repre 
sents the pollen-bearing flower of a Neuropteris. The structures 
with toothed margins were originally cup-shaped, with micro 
sporangia placed on the inner surface of the cup. Linopterts, an 
allied frond genus, had similar microsporangiate fructificationf. 
Another form genus, Whittleseya, had large cups more than an 1" 
deep from which large pollen grains have been isolated. 

Several genera of seed ferns based on fronds, such as Giganto 
teris, Taeniopteris (in part), Glossopteris, Gangamopteris, V 
Gondwanidium, add significant data regarding Late Paleozoic di 
mate and distribution and will be considered in the section ® 
geologic distribution and ecology. 

Unlike the pteridosperms, the Cordaitales had little in commo 
with the ferns and may be regarded as typical gymnospern^ 
Cordaites, which lived during the Carboniferous and Permian 
was a lofty tree, unbranched except near the summit (fig. 8). t 
stem resembled that of conifers, especially Araucaria, except th 
the pith was much larger; but like most other Paleozoic wood) 
plants from the Northern Hemisphere, no evidence of 5250 
periodicity is indicated by growth rings. И 

The wood of some cordaitalean genera has features іп comm 
with pteridosperms. The vascular supply to the leaf is represe™ 
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by two of the primary strands surrounding the pith, which at 
higher levels pass outward and, on reaching the base of the leaf, 
fork repeatedly and link up with the numerous veins of the leaf 
blade. This double vascular connection with the axis is also found 
in Ginkgo (maidenhair tree) and in the pteridosperms. The leaves 
of Cordaites were large, linear, or spatulate in shape and traversed 
by numerous parallel veins. Seeds occurred in cones but were 
borne on short branches rather than on cone scales as in the 
conifers. Pollen grains were contained in microsporangia attached 
to long slender stems rising from between small crowded scale 
leaves. 

Several types of gymnospermous wood from Devonian and Car- 
boniferous beds may be referable to the Cordaitales, although in 
absence of associated leaves and fruiting organs their relationship 
is at present uncertain. Callixylon and Pitys, of doubtful taxo- 
nomic status, are stem genera that show a striking resemblance to 
the living conifer, Araucaria, as do such definitely cordaitalean 
genera as Cordaites and Mesoxylon. There is no certain evidence 
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FIG. 7.—PTERIDOSPERM FRUCTIFICATIONS 


of the persistence of Cordaites and its allies after the end of the 
Permian Period, although the occurrence of large leaves of similar 
appearance as late as Jurassic time suggests such survival. The 

Ving coniferous family, Araucariaceae, whose first certain ap- 
Pearance is recorded in the Triassic and which may be represented 
by the genus Araucarites from the Permian of France, may trace 
its ancestry to the Cordaitales. 

Several leaf genera from the Devonian, such as Psygmophyllum 
and Ginkgophyllum, have been doubtfully referred to the division 
Ginkgoales, but nothing is known of their stems or fructifications. 

* wedge-shaped leaves of Psygmophyllum also are found in 
Carboniferous and Permian, rocks, where their variation in form 

uggests, that they may belong to several groups of plants, 
тойу, from the Permian of France, is regarded as the oldest 
Tea eStioned member of the Ginkgoales, -It had spirally arranged 
P Ves that divided dichotomously into four to eight linear taper- 
am eden The seeds were borne on branched axillary fertile 
ea The genus Saportaea from the Early Permian of West 
E "là and north China is represented by leaves that closely 
emble those of the living Ginkgo. In the flora from China, 
ien Halle also recognizes leaves of Baiera and Rhipidopteris, 
the ieee Mesozoic genera. These leaves may well’ represent 

я н е Paleozoic ancestors of the Ginkgoales that became abun- 
кэн uring the Mesozoic Era, but in absence of other than foliar 

Lures the presence of this order in Paleozoic time is not fully 


established, 


Cycadlike plants © (Bennetti- 
tales) are represented in Late 
Paleozoic rocks by fronds belong- 
ing to several genera that contin- 
ued into the Mesozoic, when they 
had their widest development. 
Pterophyllum appeared in the 
Upper Carboniferous of Europe, 
becoming more widespread in 
rocks of later age. Dioonites is 
first recorded from the Permian 
of north China. Sphenozamites 
occurs in beds of that age in 
France. While little is known of 
these plants, their presence over 
a wide area at the end of the 
Paleozoic Era indicates that the 
cycadophytes had a long ante- 
cedent history before their period 
of first abundance, the Triassic. 

There are relatively few repre- 
sentatives of the now abundant 
conifers until near the end of 
the Paleozoic Era. Stems with 
typical araucarian structure in 
their secondary wood (Pitys and 
Callixylon) suggest that the re- 
mote ancestors of the Araucaria- 
ceae may have been in existence 
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as early as Middle Devonian time: 

However, these seem more on the line of cordaitalean or seed fern 
stocks, and no true conifers are known from rocks older than Up- 
per Carboniferous. 

Walchia appeared during the Upper Carboniferous and was com- 
monest during the Early Permian, after which it became extinct. 
It was a tree with foliage shoots resembling Araucaria excelsa. 
It had male and female cones, the latter differing in mode of seed 
attachment and in other details from living conifers and bearing a 
resemblance to Cordaites. Lecrosia had needle-shaped leaves and 
oval cones with winged seeds. Ullmannia and Voltzia were two of 
the common Permian genera, and the latter continued to live 
through the Triassic Period of the following era. A possibly re- 
lated form, Paleotaxites, is represented by leafy twigs with at- 
tached fruits that resemble those of the modern Juniperus, Genera 
confined to the Southern Hemisphere were Paranocladus and 
Walkomia. 

Voltzia is an example of an ancient and generalized type that 
shows resemblances to at least two major lines of living conifers. 
In its habit, in the form and spiral arrangement of its leaves, 
and in the structure of its wood, Voltzia shows a resemblance to 
the Araucariaceae, a family widely distributed in both hemispheres 
during the Mesozoic Era and now limited to southern latitudes; its 
cone scales suggest relationship to certain of the Pinaceae, plants 
well represented during the Late Mesozoic and now most abundant 
in North Temperate regions. In the occurrence of three seeds 
on its cone scales, Voltzia differs from all living conifers. 

Mesozoic,—Pteropsids predominated in the Mesozoic Era, which 
is often termed the age of cycads because of the abundance of the 
cycadean orders Bennettitales and Cycadales. Ferns, ginkgoids, 
and conifers were also numerous, and by the end of the era the 
Angiospermae became well established. 

Mesozoic rocks are rich in remains of ferns, one of the lower 
groups of vascular plants that survived the Paleozoic Era in rela- 
tively large numbers. Most of the Mesozoic ferns, however, can 
be attributed to modern families. The Osmundaceae, which ap- 
peared in the Permian, is represented throughout the Mesozoic 
by petrified stems (Osmundites) and foliage (Cladophlebis, 
Todites). The Pteridaceae is represented by Onychiopsis and 
Coniopteris. The wide occurrence of Phlebopteris shows that the 
family Matoniaceae once ranged far beyond its present-day trop- 
ical habits. The Middle Cretaceous tree fern T'empskya, of which 
there are about a dozen species, was very common in the western 
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United States and at places in western Europe. 

Of the pteridosperms, plants with leaves resembling the south- 
ern genus Glossopteris became widely distributed over the world 
during the Triassic, with their last known occurrence in the Late 
Triassic of Greenland. Callipteridium was another Paleozoic 
genus that persisted into the Triassic but is known only from Africa 
and Madagascar. Thinnfeldia, considered to be a derivative of 
the Permian genus Supaia, was worldwide in distribution and con- 
tinued into the Cretaceous, but it is probable that some of the 
younger fronds so identified were ferns rather than seed ferns. 
Neuropteridium, which is related to Gondwanidium of the Antarc- 
tic Carboniferous flora, is recorded as late as the Late Triassic but 
at this level may represent a true fern. 

There is some question of the occurrence of members of Cordai- 
tales beyond the Permian, though typical cordaitalean wood as- 
signed to the stem genus Dadoxylon has been found as late as the 
Late Triassic, and leaves known as Pelourdea (Yuccites) may be 
related to Cordaites. 

Rare in Late Paleozoic and Early Triassic time, fronds represent- 
ing cycadean plants became common at the end of the Triassic. 
Although the cone structure and mode of attachment in the Ben- 
nettitales (the extinct group) show marked differences from the 
Cycadales (the group still living), it is difficult to distinguish the 
fronds of the two groups. Therefore the general term cycado- 
phytes will be used here for all detached fronds, and the names 
of particular groups will be used only when other structures are 
represented. 

The most primitive genus of the Bennettitales is Wielandiella 
from the Late Triassic. Its shrubby stem was dichotomously 
forked and bore small leaves. Between the forking branches were 
budlike shoots bearing sterile and fertile scales; the latter formed 
a circle of small male organs (stamens) around the base of the 
shoot, with several stalked female organs (ovules) surrounded by 
sterile scales above. This type of reproductive structure, which 
may be termed either a bisporangiate strobilus or a bisexual flower, 
shows a marked difference from those of modern Cycadales, in 
which the female and male elements are borne terminally in sepa- 
rate cones (monosporangiate strobili or unisexual flowers). It 
differs from a true flower in having the ovule naked, while in such 
a similar structure as the flower of a buttercup (Ranunculus) the 
ovules are enclosed. Williamsoniella, a Jurassic genus with similar 
stem and reproductive structures, is known to have borne scattered 
leaves of the form genus Taeniopteris. 

A more advanced genus of the Bennettitales appearing in the 
Triassic and becoming widespread in the Jurassic was Williamsonia. 
It resembled living cycads in general habit, a simple stem covered 
with leaf bases and with a crown of leaves at the summit. But 
the reproductive structures were of the bennettialean type, borne 
on the ends of short branches along the stem. Associated leaves 
indicate that the fronds of Williamsonia were those assigned to 
the form genera Zamites, Otozamites, and Ptilophyllum. Cycad- 
eoidea, a genus that reached its greatest abundance in the Early 
Cretaceous, also had the general habit of modern cycads, a short 
thick stem enclosed in leaf bases and a fluffy mass of scales re- 
sembling the ramentum of ferns. Along the axis of the stem were 
short lateral branches bearing flowers largely enclosed in the 
armour of leaf bases and scales; most of the flowers were bisexual, 
aligning this genus with the Bennettitales. Another difference be- 
mes Cycadeoidea and the living Cycadales is its relatively small 
seeds, 

Among the common form generic names assigned to cycadophyte 
fronds are Pterophyllum, Nilssonia, Sphenozamites, Otozamites, 
and Pseudoctenis, most of which had wide distribution during the 
Triassic Period; Ptilophyllum is added to several of the above 
genera in widespread Jurassic floras and also is recorded in rocks 
of Cretaceous age along with certain genera suggesting relation- 
ships to modern cycads (Zamites, Zamiophyllum, and Pseudo- 
cycas). Leaves of a number of these form genera have been 
found in attachment with the stems of Bennettitales, but none of 
them is certainly known to be referable to the Cycadales. 

True Cycadales were abundant throughout the Mesozoic Era 
except at the beginning and the close, but due to the fragile con- 
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struction of the plants they were less well preserved than the 
Bennettitales (the cycadeoids). It is difficult to distinguish be. 
tween the fossilized foliage of Cycadales and that of the other 
group. However, Bjuvia from the Late Triassic of Sweden te. 
sembles the Recent genus Cycas to some extent, and cones known 
as Beania from the Middle Triassic of Yorkshire, Eng., resemble 
the modern Zamia. Dioonitocarpidium from the Late Triassic of 
Germany is interpreted as a fertile leaf or megasporophyll; its axis 
bore two rows of small leaflets and at the base were two oval 
bodies interpreted as seeds. Cycadospadix represents a somewhat 
similar structure of Triassic and Jurassic age. Both these fertile 
leaves show a resemblance to the megasporophylls of the living 
Cycas, whose strobili are less compactly organized and presumably 
more primitive than those of other living Cycadales. As above 
indicated there were Cretaceous fronds, Pseudocycas, that closely 
resembled the sterile leaves of Cycas. These and certain stems 
which appear to lack the armour of leaf bases and the axial cones 
characteristic of the Bennettitales may possibly represent the 
vegetative structures of Cycadales. 

From this discussion it is clear that there is little basis for 
establishing connecting links between the Bennettitales and the 
Cycadales, It may be surmised that they both arose from а re- 
mote, perhaps Paleozoic, ancestor and that they lived side by side 
until the end of the Mesozoic Era. At that time the more арш» 
dant and in many ways more specialized Bennettitales became 
extinct, leaving the Cycadales as the surviving group of cycado- 
phytes. 

Many relationships exist between the Ginkgoales and the Cor- 
daitales, and the two appear to occupy an intermediate position 
between the Coniferales and the more primitive groups of seed- 
bearing plants. Scantily represented during the Paleozoic, Gink- 
goales had its first abundance in Late Triassic floras. The genus 
Baiera is represented by large wedge-shaped leaves cut into deep 
lobes, without a petiole in the more typical species. Czekanowskia, 
with more deeply dissected or branched leaves, was another Paleo- 
zoic genus that lived during the Triassic. A new genus, Ginkgoites, 
appeared in the later half of the period, and its name implies 
resemblance to the sole surviving member of the genus Ginkgo, 
the maidenhair tree, apparently a native of China and now widely 
cultivated in temperate regions. Ginkgo first appeared during the 
Jurassic and has survived to the present. Fossil leaves of the 
Ginkgoales, including the typical Paleozoic genus Saportaea, 16 
semble the leaves of living Ginkgo in their cuticle. Little is know _ 
of the stems and reproductive structure of the extinct members af 
the group, though the discovery of male organs in the Jurassic of 
Siberia confirms the close relationship between Ginkgoites am 
Ginkgo, as suggested by their leaves. The wood may not in 
cases be readily distinguishable from that of the conifers. Extinct 
members of Ginkgoales characterized by deeply incised leaves 0% 
particularly abundant in Mesozoic floras of Arctic regions. Maly 
forms have been described from Alaska, Greenland, Spitsberge 
and northern Siberia. 

During the Mesozoic Era representatives of the conifers wert 
abundant and widely distributed, and they have continued to hold 
an important place in world vegetation to the present time. 
Paleozoic genus Voltzia persisted into Late Triassic time. Ar 
ites, a form genus indicating relationship to the family Arauca 
iaceae, ranged through the whole of the Mesozoic, grading into 1 
genus Araucaria at the end of the era. In his study of remarkabl) 
preserved cones from the Middle Mesozoic beds of Argentina, n 
R. Wieland in 1929 assigned a new generic name, Proaraucarlt 
material previously called Araucarites. Leafy twigs, bran’ 
and large trunks with araucarian type of wood occur with thes 
cones, Other smaller cones associated with Proaraucaria i 
named Pararaucaria, now believed to be a member of the 
diaceae and not related to Araucaria, regardless of its name. i 
from the Late Triassic of Arizona is referred to the form Ln 
Araucarioxylon; among all the giant logs in the Petrified Fol E 
National Park in Arizona, not a single araucarian cone has b ji 
discovered. In this area and in many other localities scatle 
throughout the world occur leafy shoots or cone scales 0 а 
possibly araucarian type called Podozamites; certain CY 
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characters suggest that it may represent a generalized type related 
to conifers and cycads. Rhexoxylon from the Triassic of South 
Africa is represented by a stem that appears to be coniferous but 
ета of te woody roi n that of cer- 
tain climbing angiosperms living in the tropics. Representatives 
of the Podocarpaceae have been reported from many parts of the 
world, but the only well-defined Mesozoic records are from the 
BUE The oldest Sequoia is fren the Mill amet ne Aine 
stricted. The o ‘om the le Jurassic of Man- 
churia. М Mim d аре in the Late Cretaceous, along with 
Pinus and several other modern types of conifers, 

e oup of pcs d es was established by 

‚ H. Thomas in o include fernlike foliage known as 
нй Vier pollen beeps shoots known as Antholithus, 
and a previously unknown seed-bearing inflorescence. The female 
shoots described by Thomas as Gristhorpia and Caytonia consisted 
of an axis bearing two rows of short branches, each of which car- 
ried a small fruit. These shoots differ from those of modern 
angiosperms in being modified leaflets, not formed from complete 
leaves. The male shoots are of similar form, and their branches 
bear clusters of four-lobed stamens containing winged pollen- 
ne. [е fruits, m poen gui lar. rocks al 

orkshire, Eng., contain closely packed seeds. er similar 
Ши! pss have P found in the Late Triassic of Greenland 
and in the Jurassic of Sardinia. Leaves of the genus Sagenopteris 
are regularly found in association with these reproductive organs, 
and since they have an epidermal structure identical with that of 
Caytonia and Gristhorpia they are considered to represent the 
foliage of the Caytoniales. Nothing is known of their stems. 
[шн һаз lekete that their general aspect and the structure 
of their seeds may indicate that the Caytoniales derived from 
Paleozoic pteridosperms. They appear to have become extinct in 
Early Cretaceous time, 

Several problematical specimens have been found in Mesozoic 
tocks which suggest the leaves, seeds, and wood of angiosperms. 
To the genus Sanmiquelia R. W. Brown has assigned fossil leaves 
Írom the Triassic of Colorado that bear every resemblance to 
palms, Pollen resembling that of water lilies has been found in 
Jurassic coal from Scotland. 

The abundance of angiosperms in some of the older Cretaceous 
floras and the rapidity with which they wandered over the world 
during the Early Cretaceous Period suggest that they must have 
been evolved long before they came to occupy the premier position 

the vegetable kingdom. The primitive types of angiosperms 
Probably differed widely in habit from those with which we are 
Now familiar, 

From the rocks of western Greenland come some early records 
Of angiosperm leaves, Magnolia, Diospyros (persimmon), Sassa- 
fras, Quercus (oak), Platanus (plane tree), and other broad-leafed 
trees were living in the far north with older types of ferns, cycads, 
and Eymnosperms during the Early Cretaceous. Farther south 
к M latitudes the forests of this time were made up wholly 
licis older types, but in beds of Portugal and Virginia are 
fine е remains of leaves and stems of the oldest true flowering 
lished. By Late Cretaceous time angiosperms had become estab- 
Фе Widely over the earth, including a sufficiently large number 
the mmon living families to give a decidedly modern aspect to 

Vegetation. In addition to M. agnolia and Liriodendron, mem- 

5 of the primitive tree family Magnoliaceae, there were 
(dupeentatives of other primitive families such as Annonaceae 
lentes) E ae К Cait уку асра. 

o auraceae innamomum, Laurus, p 

[| do ius Er ras bs а m A c tg 
prifoliaceae (Viburnum), naceae 5; , 

Ta C! (Л uglans), Rhamnaceae (Rhamnus), ы a 
Betula) [шеш position including i eee aed 
tocarpus) ep e Mund 2P cot Dist family 
differenti; ; and Ulmaceae (Ulmus). It is аррагеп amuy 
time ang oW had been largely accomplished during Mesozoic 
otanists b at many modern genera were already distinct. Most 
b ‘S believe that herbs are less primitive than trees and shrubs, 
Beneral absence from the Cretaceous and later rocks 
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cannot be considered confirmatory evidence since their habit and 
structure make entrance into the fossil record of any age unlikely. 
All paleobotanical evidence supports the idea that monocotyledons 
(one-seeded leaves) have long been a separate line from the 
dicotyledons (two-seeded leaves), since such diverse families as 
Alismaceae ( Alismacites), Gramineae (Grammaephloios), Liliaceae 
(Smilax), and Palmaceae (Sabal) are recorded in rocks of Creta- 
ceous Age. 

Cenozoic.—Pteropsids continued as the dominant plants, with 
ferns (Filicineae) making up a subordinate group. Most of the 
larger types of ferns disappeared by the close of the Mesozoic, 
and while stems and fronds of tree ferns (Cyatheaceae) are occa- 
sionally encountered in Cenozoic floras, smaller and more fragile 
types of leaves make up most of the fern record. The Polypodia- 
ceae, now the most abundant and widely distributed family, is 
represented by Acrostichum, Adiantum, Asplenium, Dryopteris, 
Onoclea, Polypodium, Pteris, and Woodwardia; their relative 
scarcity in the fossil record may have resulted from their herba- 
ceous habit and thin fronds rather than actual rarity in the forests 
of the Cenozoic; the fact that the fronds are not regularly shed by 
abscission as in most conifers and dicotyledonous angiosperms 
makes their burial in sedimentary deposits more infrequent. One 
of the common Mesozoic families, the Schizaeaceae, is represented 
by Lygodium, a now largely tropical genus whose Cenozoic. oc- 
currence is also with plants of tropical types. Osmunda of the 
family Osmundaceae was widely distributed as it is today, but 
other genera of this abundant Mesozoic family had largely disap- 
peared. Several prominent families of the preceding era, such as 
the Marattiaceae, Gleicheniaceae, Matoniaceae, and Dipteridaceae, 
are rarely represented in Cenozoic floras and are today limited to 
the tropics. 

With Pteridospermae, Cordaitales, Bennettitales, and Cayto- 
niales extinct, and with Cycadales and Ginkgoales greatly reduced 
in numbers, the Coniferales comprise the only abundant order of 
gymnosperms during the Cenozoic Era. Fronds of several modern 
genera of the Cycadales, Cycas (Japan), Dioon (Alaska), En- 
cephalartos (Greece), and Zamia (Europe, North America, Puerto 
Rico) are of occasional occurrence in Cenozoic rocks, but this 
group may be said to have constituted an unimportant element of 
vegetation then as it does today. The only genus of the Gink- 
goales surviving into the Cenozoic was Ginkgo ; its leaves are widely 
distributed from Spitsbergen and Alaska into middle northern 
latitudes, where it lingered on into the Pliocene and has continued 
to the present in China, though perhaps no longer in the wild state. 
All of the modern families of the Coniferales. and most of the 
modern genera were differentiated at the opening of the era. The 
Taxodiaceae (Cryptomeria, Glyptostrobus, Sequoia, Metasequoia, 
Taxodium), Taxaceae (Taxus, Torreya), Pinaceae (Abies, Picea, 
Pinus, Pseudotsuga, Tsuga), and Cupressaceae (Chamaecyparis, 
Cupressus, Juniperus, Libocedrus, Thuja) are the common families 
of the Northern Hemisphere, with the Araucariaceae (Agathis, 
Araucaria) and the Podocarpaceae (Dacrydium, Podocarpus) 
characteristic of the Southern Hemisphere. 

The living members of the Gnetales, a group of gymnosperms, 
show vascular anatomy resembling that of the angiosperms in 
having true vessels; in certain characters of the reproductive 
structures a further relationship to the angiosperms is suggested. 
Twigs and pollen grains of Ephedra have been collected from sev- 
eral Cenozoic horizons. The history of the Gnetales is so meagrely 
recorded that there is little paleontologic evidence for supporting 
the opinion of certain botanists that this group holds a position 
intermediate between the gymnosperms and the angiosperms. 

The angiosperms are represented by over 325 existing families, 
of which Magnoliaceae (magnolias) and Ranunculaceae (butter- 
cups) appear to be the most primitive now living; the latter are 
herbaceous and like other plants of similar habit are rarely if ever 
represented in the fossil record. All of the common temperate 
families of trees and shrubs are represented in the Cenozoic record, 
as well as many of the tropical families of woody plants. As in- 
dicated in the Mesozoic floras, Magnolia was one of the first 
angiosperms to appear and was widely distributed by the end of 
the era. It was a common Eocene genus, along with other genera 
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listed from the Cretaceous and with new genera of primitive types 
(Dillenia and Tetracera of the Dilleniaceae, Annonaspermum of 
the Annonaceae, and many new members of the laurel family, 
Lauraceae). There are also many more specialized genera such as 
Eopuntia (Cactaceae), Inga, Lonchocarpus, Sophora (Legumi- 
nosae), Ficus (Moraceae), Meliosma (Sabiaceae), Cordia (Bo- 
raginaceae), and various members of the Euphorbiaceae. Repre- 
sentatives of such typically North Temperate families as Aceraceae, 
Betulaceae, Fagaceae, Juglandaceae, and Salicaceae became more 
widespread during Miocene time. Several families that may have 
had their origin in the Northern Hemisphere but show most of 
their Tertiary and modern distribution in low and southern lati- 
tudes are the Monimiaceae (Laurelia), Myrtaceae (Eucalyptus, 
Myrcia), Proteaceae (Knightia, Lomatia), Rubiaceae (Coprosma), 
and Winteraceae (Drimys). Monocotyledons, never as abundant 
in the fossil record as dicotyledons, were also present during the 
Tertiary period, with members of the grass family, Gramineae, 
first becoming numerous in the fossil record of the Miocene. 


IV. GEOLOGIC DISTRIBUTION AND ECOLOGY 
A. PRECAMBRIAN TIME 


The existence of plants of any kind during this early era of the 
earth's history has been questioned by many competent authorities. 
However in recent years evidence has accumulated to show that 
lime-depositing algae and bacteria were abundant in some parts 
of the Precambrian seas and that certain beds of limestone and 
dolomite are largely composed of the calcareous structures that 
they secreted. It is significant that no plants with a higher degree 
of organization have been found in the Precambrian rocks. 


B. PALEOZOIC ERA 


Any accurate understanding of the distribution, relative abun- 
dance, and environments of the ancient Paleozoic floras is made dif- 
ficult by the incompleteness of the fossil record and by the fact that 
few Paleozoic types have survived to the present for comparison. 
However the vegetation of the past gives more reliable informa- 
tion than any other body of evidence for reconstructing past 
topography and climate; it is also useful in determining the 
general distribution of the continents and oceans. It is therefore 
desirable to go as far as the evidence permits in interpreting the 
physical indications of Paleozoic plants. 

The development of the land habit is a subject that has long 
engaged the interest of botanists, and several possible types of 
plants have been suggested as those most likely to have made the 
transfer from water to a land environment. The simplest known 
land plants are Кула and Horneophyton, psilopsids of the Mid- 
dle Devonian Rhynie chert. Their naked branching stems tipped 
by simple sporangia differ from those of certain filamentous algae 
only in having a vascular strand in the stem, stomata on the 
epidermis, and cutinized spores; there is little of the differentiation 
of body parts that characterizes all higher plants. Resemblance is 
apparent to Foerstia, whose branching tips bore sporangia con- 
taining resistant spores; no other parts of this algalike plant are 
known. Foerstia or some other unknown filamentous alga.may 
have established itself along the shore, where recurrent changes in 
water level caused by tides and other factors brought it into fre- 
quent contact with the atmosphere. Although it is not an ancestral 
type, a living kelp known as the sea palm (Postelsia) suggests the 
sort of habit that might favour establishment upon the land; 
growing along the shore, this erect stout-stemmed seaweed is reg- 
ularly exposed to the air at low tide. In such an environment, 
intermediate between sea and land, and from some unrecorded 
algal stock, it is likely that the first land plants developed their 
conducting and supporting stem tissues, their stomata, and other 
structures required by a terrestrial habitat. 

The date of this major event in plant history could not have 
been as late as Middle Devonian, when Rhynia and Hornea lived. 
For in Late Silurian time there are records of the primitive lycopsid 
Baragwanathia in Australia; another lycopsid, Drepanophycus, is 
known from the Early Devonian of Canada, Europe, China, and 

Australia. If the psilopsids of the Rhynie chert represent the 
ancestral stock from which all higher vascular plants arose, there 
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is implied a long antecedent history during which these relatively 
advanced, though still primitive, lycopsids branched off and de. 
veloped such structures as leaves and stalked sporangia and which 
accounted for their wide distribution over four continents. The 
date of origin of their ancestors, the psilopsids, must have extended 
into Early Silurian or even Presilurian time. It is apparent that 
the earliest chapter in the history of land vegetation has not yet 
been uncovered. 

1. Devonian.—The psilopsids were the most numerous and 
widely distributed plants in Early Devonian time. Their rela. 
tively undifferentiated plant body is consistent both with their 
ancestral status and with their semiaquatic environments; many 
of them are judged to have been swamp plants because of their 
occurrence in carbonaceous (peat) deposits; the association of 
Psilophyton and Bucheria with the remains of primitive fishes in 
Wyoming suggests a brackish-water habitat. The Psilophytales 
had disappeared by the close of the Middle Devonian, and in their 
place are found larger plants with root systems, stronger stems, and 
improved means of dispersing their spores or seeds. The Late 
Devonian record, like that of most of geologic time, is made up 
largely of lowland types, for plants growing along shores and 
valley bottoms are in the best situation to contribute their parts 
to sedimentary deposits. Club mosses (Lycopodiales), horsetails 
(Equisetales), Sphenophyllum, ferns (Filicineae), and seed ferns 
(Pteridospermae) all were represented; although they were for 
the most part smaller than their Carboniferous descendants and 
less adequately preserved, they provide a preview of the vegetation 
so widely developed along shores and valleys later in the era. Col- 
lections from Bear Island, at the south end of the Spitsbergen 
Archipelago, come nearer to constituting a flora than those from 
any comparable area. Lycopsids represented were Lepidodendron, 
Protolepidodendron and Cyclostigma; | sphenopsids included 
Pseudobornia and Sphenophyllum; pteropsids included Archat- 
opteris, Cephalopteris and Sphenopteridium, the last two of which 
may have been seed ferns, and Psygmophyllum, which has a doubl- 
ful taxonomic status. Archaeopteris and Sphenopteridium havê 
been recorded from Ellesmere Island in northern Canada. De 
vonian reef corals within the Arctic Circle confirm the suggestion 
of these northern plants that mild climate extended into polar 
regions during at least part of Late Devonian time. It seems 
probable that currents of warm water may have been largely 1€ 
sponsible for the northward extension of mild climate in the 
Devonian and later periods of the earth's history. 

2. Carboniferous.—In most parts of the world, conditions fot 
preservation of plants were less auspicious in Lower than in Upp 
Carboniferous time, for there were still widespread epicontinent 
seas in whose basins limestone was being deposited. Fossil plant 
have been found in Lower Carboniferous rocks of North Americ 


Europe, and Australia; true ferns (Filicineae) were numerous, 
and new genera of club mosses and horsetails made their appear 
ance; many of the seed ferns were represented by stems rather 
than fronds. 

One of the largest floras of this age is recorded from Spitsberge? 


BY COURTESY OF CHICAGO NATURAL HISTORY MUSEUM 
FIG. 9.—RESTORATION OF PLANT LIFE OF THE CARBONIFEROUS р 


(Left) trunks and cone-bearing branches of lepidodendrids; (right) 
ias with whorled branches; sphenophylls and seed ferns growing ОП the 
loor 
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BY COURTESY OF ILLINOIS STATE GEOLOGICAL SURVEY 


FIG, 10.—SPECIMENS OF PLANT FOSSILS OF THE PALEOZOIC ERA FROM ALLEGHANY SERIES, UPPER CARBONIFEROUS, 


ILLINOIS 


(Left) Neuropteris vermicularis, portion of leaf; (centre) Sphenophyllum emarginatum, leafy stem; (right) An- 


nularia stellata, leafy stem 


and shows a close relationship to the Late Devonian vegetation of 
Bear Island. Adiantites, Cardiopteris and Sphenopteris were new 
genera of seed ferns to appear; the size of their fronds and of as- 
sociated stems indicates an environment favourable for plant 
growth. 

During the Upper Carboniferous an abundance of land plants 
together with ideal conditions for their preservation resulted in 
one of the most complete records of past vegetation in all earth 
history, Extensive mining of coal, with which most of the plant- 
bearing deposits are interbedded, has greatly facilitated the collec- 
tion of these Upper Carboniferous fossils, 

Lycopsids (Lepidodendron, Sigillaria) were the largest and most 
abundant trees, with sphenopsids (Calamites, Sphenophyllum) 
also numerous. The understory of this forest included the latter 
genus, which appears to have had a climbing habit in part, and an 
abundance of pteridosperms (Alethopteris, Neuropteris) ; some of 
the latter reached the size of small trees. True ferns (Filicineae) 
Were represented in subordinate numbers by the fronds of Pe- 
Cobleris. One of the most abundant groups of gymnosperms, the 
Cordaitales, was not so regularly represented in this swamp forest; 
it is considered to have lived on, higher ground, from which its 
coarse leaves (Cordaites) were commonly washed or blown into 
the basins and mingled with the remains of plants growing there. 
Many of the seed ferns are also thought to have lived as trees 
above swamp level, Similar forests are known to have ranged 
ae Wide areas from the eastern United States to Europe and 

Sia Minor. The flora described by Halle from Shansi Province, 

ina, is somewhat younger but includes many of the same genera 
as mentioned below. 
ant idence of a frequently shifting position of the shore over 
s RIRs 9f Eurasia and North America is afforded by the vary- 
sul Урез of Carboniferous sediments, Fluctuations of level re- 
tion ng from crustal instability had their effects upon the vegeta- 
chan ing along swampy shores and estuaries, bringing marked 

anges in floral composition, especially among the pteridosperms. 
iet V OEIPRratvely rapid modification from time to time under 
A ds uence of crustal movements is shown by the different 
i im шай in the sequence of plant-bearing beds, affording 
А bl local and intercontinental correlations. The general 

FT of the vegetation of this age leads to the conclusion that 
FUR was mild and humid, for most modern. plants with 
Pus stem and leaf development are found in regions with no 

and with ample rainfall. 
tom several localities in the western United States, plant fos- 
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sils have been collected which in- 
dicate other types of forests and 
different environments, Тһе 
dominant members of the Garnett 
flora of Kansas are a conifer, 
Walchia, and a seed fern, Taeni- 
opteris, both of which reached 
their greatest abundance during 
the succeeding Permian period, 
though they have also been re- 
corded from the Upper Carbon- 
iferous of Europe. Associated 
with them were Annularia, several 
typically Carboniferous seed 
ferns, and Cordaites. This flora 
is considered to have lived in the 
relatively dry uplands, and its 
marked dissimilarity to the low- 
land swamp vegetation of the 
Carboniferous is a measure of this 
wide difference in environment. 
From sandy and shaley beds in 
Oregon other upland floras have 
been shown to include Calamites, 
conifers, and cordaitaleans, to- 
gether with fronds of seed ferns. 
The smaller size of most of these 
Oregon plants and the absence of 
typical swamp types of seed ferns and lycopsids are in marked 
contrast to the Upper Carboniferous floras from the lowlands of 
the eastern United States and Europe. Remains of Lepidodendron 
and Calamites from Colorado are suggestive of a lowland forest that 
may have lived, as do certain modern club mosses and horsetails, 
under semiarid conditions less favourable to the growth of the 
seed ferns, few of which have been found with them. It seems 
clear that while most of the known forests of the Carboniferous 
lived on moist warm lowlands bordering inland seas, there were 
other less favourable environments in the western United States, 
and doubtless elsewhere, where a less luxuriant type of vegetation 
lived. 

3. Permian.—Many of the plants of latest Carboniferous 
time resembled those of the Permian period and are commonly 
grouped with them under the transitional name Permo-Carbon- 
iferous. Because of their wide distribution and probable origin in 
the Northern Hemisphere, these Late Paleozoic plants are termed 
the Arcto-Carboniferous flora. The common types of horsetails 
and club mosses continued to be represented. Odontopteris, 
Callipteris, Callipteridium, Supaia, and Taeniopteris began to dis- 
place the typical Carboniferous types of seed ferns, The ap- 
pearance of fronds of cycadophytes and the conifers Walchia, 
Lebachia and Voltzia gave a Mesozoic aspect to the Arcto-Carbon- 
iferous flora, It is significant that these northern conifers are not 
recorded south of the equator, where typically southern genera 
such as Paranocladus and Walkomia were dominant. Similar re- 
gional diversity may be noted among other groups of plants, and 
it is apparent that two major floras may be distinguished. This 
division of vegetation from north to south is in striking contrast 
to the worldwide occurrence of similar plants in earlier Carbon- 
iferous and Devonian time. It came about at a time when major 
physical events of earth history were taking place, the uplifting 
of some continents, the warping down of others, and the building 
of mountain ranges. These events of the Late Paleozoic appear 
to have brought about important climatic changes; gradual reduc- 
tion of temperature and rainfall greatly modified the genial climate 
of Carboniferous time, especially in the Southern Hemisphere 
where the luxuriant forests of the Carboniferous swamps began 
to give way to types of plants better suited to the new environ- 
ments, 

The Permian flora of the Southern Hemisphere including penin- 
sular India is termed the Antarcto-Carboniferous or Glossopteris 
flora. The latter name comes from one of its most characteristic 
genera of seed ferns, Glossopteris, which had a simple tongue- 
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shaped frond much thicker than those of typical northern genera. 
The name Gondwanaland has been applied to the southern land 
masses but need not be considered to indicate a continuous con- 
tinental mass during Late Paleozoic and Early Mesozoic time. A 
common horsetail was Schizoneura, readily distinguishable from 
the northern Calamites by its more stocky habit and its larger 
leaves forming a sheath around the stem. With a single excep- 
tion to be described below, none of these genera are recorded in 
the Paleozoic rocks of the northern continents. Certain of the 
northern plants were represented to the south, such as Sigillaria, 
Lepidodendron, Sphenophyllum, and Psaronius, along with heavy 
leaves resembling Cordaites. Stems of gymnosperms probably 
assignable to Cordaites showed well-defined growth rings. In 
this respect and in their shorter stems and thicker leaves, plants of 
the Antarcto-Carboniferous flora differed from those of earlier 
floras and are commonly interpreted as representing a response 
to an environment relatively unfavourable to plant life. Discoy- 
ery of Glossopteris 300 mi. from the South Pole by the second 
Scott expedition suggests the possibility that this plant and its 
associates may have had their origin on Antarctica and ranged 
north into Australia, Africa, India, and South America. 

The most northern Permian extension of the Antarcto-Carbon- 
iferous flora is recorded in Siberia, where several typical southern 
genera occurred with Arcto-Carboniferous forms; in addition there 
were a number of Mesozoic types of Bennettitales, Ginkgoales, and 
Coniferales. Represented in the Siberian (Kusnezk) flora was 
a thick-leafed seed fern, Supaia, which has been found in various 
other parts of the world and is common in an Early Permian flora 
from Arizona, This American flora contains a combination of 
Siberian and Arcto-Carboniferous elements, differing from floras 
of Permian age in the eastern United States and Europe in the 
reduced size of its stems and fronds and in other characters which 
suggest a relatively arid climate. In other parts of North America 
and in Europe the Arcto-Carboniferous flora was made up largely 
of Carboniferous types, some of which (Calamites, Sphenophyl- 
lum, Lepidodendron, Sigillaria, Psaronius, Alethopteris, Neurop- 
teris, and most of the seed ferns) disappeared by the end of the 
era, with others (Pecopteris, Cladophlebis, Neuropteridium, 
Taeniopteris among the seed ferns, and certain members of the 
Bennettitales, Ginkgoales, and Coniferales) continuing on into the 
Mesozoic, The Permo-Carboniferous flora from Shansi, China, 
was Arcto-Carboniferous in composition; it included such distinc- 
tive genera as Lobatannularia and Gigantopteris (now also known 
from North America) and a considerable number of Mesozoic 
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FIG. 11.—PERMO-CARBONIFEROUS PLANT FOSSILS 
(Left) Taeniopteris norinii, leaf specimen from Shansi, China; (right) Supaia 
compacta leaf from Hermit shale of Arizona; (bottom) Cordaites, leaf specimen 
from Shansl, China 
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types, the ferns Cladophlebis and Neuropteridium, Baiera, and 
other ginkgoids and cycadophytes. This Chinese flora differed 
materially from the Kusnezk flora of Siberia, partly as a result 
of age differences but probably also due to migration barriers and 
unlike environments. 

The closing days of the Paleozoic witnessed the disappearance 
of most of the older plants and the introduction of many new 
types. Continental uplift was draining the swampy lowlands; 
climatic changes involving greater extremes of temperature and 
precipitation were becoming more pronounced; other factors not 
fully understood may also have contributed to this major modifi- 
cation of vegetation. An outstanding feature was the develop- 
ment of floral provinces, with the Antarcto-Carboniferous flora in 
the Southern Hemisphere and India, the Arcto-Carboniferous 
flora in much of the Northern Hemisphere, and with a mixture of 
the two in Siberia. 


C. Mesozoic ERA 


At the beginning of the Mesozoic Era the prevalence of desert 
conditions over a wide area in North America and in the Old 
World was highly unfavourable to the further development or the 
continued existence of many members of the rich Permo-Carbon- 
iferous flora. By far the greater number of Paleozoic species 
failed to survive; a few new forms were evolved, and some plants 
such as Schizoneura and Glossopteris were immigrants from Gond- 
wanaland. A comparison of Late Paleozoic and Early Mesozoic 
floras reveals a sharp contrast that furnishes an interesting illus- 
tration of the interdependence of organic and inorganic evolution 
and of the effect of changing geographical conditions on the evolu- 
tion of the plant world. One of the more important aims of the 
student of evolution is to discover connecting links in the plant 
world, particularly at epochs of widespread crustal disturbances. 
Attention has already been called to the presence in Late Permian 
floras of genera that are characteristic of Mesozoic floras: types 
that became prominent in the latter part of the Triassic Period 
and persisted through the several stages of the Jurassic Period were 
already in existence, though in a subordinate position, before the 
close of the Permian Period. The greatest contrast between the 
two eras is the marked difference in the general facies of the vege- 
tation consequent to the disappearance of most of the commoner 
members of the older forests; but there is also a considerable 
difference which is due to the relative abundance in the Mesozoic 
floras of plants of more modern aspect, plants that were closely 
akin to living species as contrasted with the more archaic and 
much less familiar types in the Paleozoic floras. 

1. Triassic.—At the beginning of the Triassic Period environ- 
ments favouring the growth of forests appear to have been limited 
in extent. Land-laid sediments in Eurasia and North America in- 
clude saline deposits and show other evidences of an arid climate 
during most of the period. Certain plants that survived the closing 
events of the Paleozoic, such as Pleuromeia and Schizoneura, were 
of smaller stature than their lycopsid and sphenopsid allies of the 
Arcto-Carboniferous flora. These and а few surviving seed ferns 
and conifers, together with new types of ferns, horsetails, an 
cycadophytes, made up the rather xerophytic population as the 
Mesozoic Era began. 

By contrast, the vegetation in Late Triassic time was character” 
ized by a greater variety of plants distributed over many parts 
of the world. These appear to have lived in valleys and swamps 
under relatively favourable climatic conditions. The immense 
trunks of araucarians in the Petrified Forest of Arizona indicate 
a forest comparable in density of growth with those of today n 
Queensland, Austr. and elsewhere in the Southern Hemisphere; 
thick growth rings of the fossil logs indicate an adequate supply 
of moisture and a relatively short season of drought or cold. [ 
sociated ferns were of types now living in moist tropical regions 
and numerous large horsetails also suggest locally humid habitats. 
L. H. Daugherty has reconstructed an environment like that foun 
in the savannas at low latitudes today, where dense forests fringe 
the streams and valley swamps; such a setting is in marked com 
trast to the variable climate of Arizona today, where sparse vegeta 


tion is a reflection of aridity and seasonal cold. Many of the same 
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FIG, 12.—PLANT FOSSILS OF THE MESOZOIC ERA 


(Left) Proaraucaria mirabilis, cone specimen from Triassic of Argentina; (centre) Araucarites longifolia, branchlet 
specimen from Late Cretaceous of Wyoming; (right) Ginkgo, leaf specimen from Jurassic of Oregon 


types of Late Triassic plants are found in the eastern United States 
and Europe. In the Late Triassic floras of Europe, ferns of now- 
tropical types, cycadophytes, conifers, and members of the Gink- 
goales became numerous and diversified. Related types are also 
found in as widely distant localities as Greenland and Indochina, 
though at the latter locality there is indication of an intermediate 
relationship with floras of the Southern Hemisphere. During the 
Mesozoic, as in Permo-Carboniferous time, there were marked dif- 
ferences in character between the floras on opposite sides of the 
Equator. 

2. Jurassic. —The Jurassic Period is generally considered to 
have witnessed the most widespread uniformity in living condi- 
lions of any time in earth history. The degree of this uniformity 

as probably been overemphasized; in the course of a period 

ting about 40,000,000 years, migrations between lands as distant 
а and England may have brought certain plants from 
ү е area to the other, and similar extensions in range doubtless 
m in other areas in the Northern Hemisphere. But the pic- 
mi ofa worldwide cosmopolitan flora during the Jurassic does 
Site the evidence presented by the fossil conifers of the 
Ria “4 Hemisphere, which have been found by R. Florin to differ 
е from those: to the north as they did in Permo-Carbonif- 
Sin Ime and as they do today. Fuller acquaintance with plants 
is past may be expected to bring about certain changes in our 

n т Concepts, and in this case it is not surprising that marked 

" erences in vegetation should be demonstrable over such wide 

stances in latitude. 

" BS hemispheres cycadophytes became a dominant part of 
енши, ation during Jurassic time, with more specialized Веп- 

Bitat кешу more numerous than the Cycadales. The 
nettitales these plants is difficult to reconstruct, since the Ben- 

umid st are now extinct and the Cycadales live in both dry and 
in region uations; it may be supposed that they were commonest 
of past E of mild temperature, which brings up certain questions 

Cimate when it is realized that stems and fronds have been 
northern i south as Antarctica, and fronds have been found in 
that Broad aska and Siberia. There seems to be little question 
ime Кш reence of the continents during Middle Mesozoic 
inds tha ed in more general circulation of ocean currents and 
latitude om is found in the world today and that the effects of 
Dhytes d. reduced. It may also be possible that some cycado- 
ditions veloped an ability to live under lower temperature con- 
n others, as is the case with certain living conifers and 
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ra angiosperms. Such changes in 
| climate and tolerance appear more 
readily explainable than the as- 
sumption that the continents 
themselves have moved widely 
over the surface of the earth. 

Abundance of ferns related to 
living types of the tropics con- 
firms the indication of a frostless 
environment in many parts of the 
Jurassic world; the rarity of most 
of these in floras from high lati- 
tudes is in accord with the sugges- 
tion that the climate at high lati- 
tudes was less mild. The last of 
the seed ferns, characterized by 
thick leaves, are recorded at this 
time. All known lycopods were 
of small size, and the horsetails, 
while larger than any now living, 
had much shorter stems than 
those of the Paleozoic. 

Several genera of the ginkgoids 
reached their greatest abundance 
and widest distribution in the 
Middle Jurassic. Conifers were 
also numerous and widespread, 
especially Araucarites, which is 
the only conifer whose distribu- 
tion in both the Northern and Southern Hemispheres seems ac- 
curately established. Living members of the Araucariaceae are 
confined to southern latitudes, as are most of the Podocarpaceae. 
It is significant that podocarps are widely recorded at southern 
localities during the Mesozoic but are not certainly known to have 
lived north of the equator (except in peninsular India, which was 
on the south side of the Tethys Sea). The absence to the south of 
representatives of such typically northern families as Taxodiaceae, 
Cupressaceae, and Pinaceae further emphasizes the provincial char- 
acter of the coniferous elements of Mesozoic floras in the two 
hemispheres. 

Summarizing the general aspect of vegetation during Triassic 
and Jurassic time, there is evidence of widespread forests of 
humid lowland type in which large-leafed ferns were conspicuous, 
with conifers and ginkgoids making up the common trees, and with 
horsetails moderately abundant. The upland forests appear to 
have been largely coniferous, with araucarians the most numerous 
type in the Northern Hemisphere and with podocarps in the 
Southern Hemisphere. Cycadophytes may have been largely re- 
stricted to the more open savannas, though they were doubtless 
mingled with ferns in the understory of the lowland forests. A 
rich flora from the Triassic of Virginia, including horsetails, ferns, 
cycadophytes, ginkgoids, and conifers, is associated with coal de- 
posits and appears to represent the vegetation in and adjacent to a, 
swamp. 

3. Cretaceous.—There is no sharp break between the Lat 
Jurassic and the Early Cretaceous floras. The diversity of th 
earliest known flowering plants strongly implies a long antecedent 
history, of which only obscure fragments have been found in 
older rocks. A tendency toward the development of structures 
comparable in complexity with the angiosperm flower has been 
noted in such earlier groups as the Bennettitales and the Cay- 
toniales. It may be assumed that during the earlier periods of 
the Mesozoic, the actual ancestors of the Cretaceous angiosperms 
may have been living in upland habitats that were not suited to 
the preservation of their remains. The appearance of highly di- 
versified insects in the Jurassic doubtlessly accentuated the rate of 
evolution of angiosperms, since it added the possibility of insect 
pollination to the earlier and less effective method of pollination 
by wind. With the mountain-making and continental uplifts at 
the end of the Jurassic, the environments of the older plants 
were modified, and flowering plants were in a position to migrate 
down from the uplands and enter into successful competition with 
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them. Their first record in Greenland suggests a northern origin 
for the angiosperms, and during later stages of the Early Creta- 
ceous they appeared at more southerly latitudes in North America 
and Europe. By Late Cretaceous time they had crossed the equa- 
tor and were displacing the Mesozoic ferns, cycadophytes, and 
ginkgoids over most of the earth. With the conifers evolving 
many of their living genera during the closing days of the era, 
angiosperms also were becoming differentiated into their principal 
existing families and many of their living genera. Their complete 
invasion of the lowlands seems to have been finally achieved dur- 
ing Late Cretaceous time, and the stage was set for the develop- 
ment of modern vegetation in the era that followed. 


D. Cenozorc ERA 


No new major groups of plants have appeared since the first 
record of the angiosperms in Early Cretaceous time. At the dawn 
of Cenozoic time the earth was covered with plants of modern 
aspect, but their distribution differed greatly from that of today. 
With reference to the time divisions of the Cenozoic Era, in the 
Tertiary Period are included the four epochs (Eocene, Oligocene, 
Miocene, Pliocene) preceding the Ice Age, or Pleistocene Epoch; 
this latter is assigned to the Quaternary Period and continues with- 
out floristic break to the present (Recent Epoch). 

The outstanding feature of the vegetation of this latest era is its 
modern aspect. Many older Cenozoic plants are assignable to 
living genera, and before the middle of the era close relationships 
to living species were apparent. These relationships make it pos- 
sible to recognize well-defined zones of vegetation during the Ceno- 
zoic, especially in the Northern Hemisphere, where the fossil 
record is more complete than in the Southern Hemisphere. Simi- 
lar zones were doubtless in existence at some earlier times in earth 
history, but this is the only era in which the distribution and 
habitats of past vegetation can be so fully reconstructed. 

Cretaceous uplifts temporarily removed many of the barriers to 
land migration, and numerous family and generic resemblances 
may be noted not only between Cretaceous floras of northern con- 
tinents but with those of the Southern Hemisphere. During Early 
Tertiary time the Tethys Sea of the Old World and the Caribbean- 
Mediterranean of the New World once again set up barriers to 
north-south migrations, and since then vegetation in the Northern 
and Southern Hemispheres has shown marked differences. World- 
wide moderation in temperature during Early Tertiary time is 
indicated by major plant migrations away from the Equator. The 
subtropical forests that migrated northward into Eurasia and 
southward into Africa and Australia may be termed the Paleo- 
tropical-Tertiary flora; they differed in many respects from those 
that invaded middle latitudes of North and South America (the 
Neotropical-Tertiary flora). Temperate forests that became es- 
tablished in high northern latitudes have long been assigned to the 
Arcto-Tertiary flora, and those that occupied a corresponding posi- 
tion to the south may be termed the Antarcto-Tertiary flora. The 
distribution and composition of these four floras during the Ceno- 
zoic Bra throw light on the climate and topography of much of the 
earth in the immediate past and help to explain many problems of 
modern vegetation. 

1. Tertiary.—Paleotropical-Tertiary Flora.—The largest and 
best-known unit of this flora has been described by E. M. Reid 
and M. E. J. Chandler from abundant fruits and seeds collected 
in the London clay. Growing in this forest at latitude 50° N 
were trees whose modern equivalents live in the tropical rain forest 
of the Indonesia-Malaysia region. One of the most significant of 
these was Nipa, a tropical palm now limited to tidal flats of the 
Indian Ocean and adjacent shores; its occurrence at many locali- 
ties southeastward across Eurasia is considered to mark the shores 
of the Tethys Sea, along which the London clay and other floras 
of Eocene Age migrated from Indonesia-Malaysia into the 
Ukraine and western Europe. Among these were the floras from 
the Paris basin and from Huppaye and Gelinden in Belgium, which 
show a general resemblance to the London clay flora. Palms, figs, 
laurels, and other common members of these floras show their 
closest resemblance to living plants of the Old World. 

Progressive uplift of the Alps, Caucasus, and Himalayas and the 
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gradual withdrawal of the Tethys Sea were among the factors 
bringing new living conditions, especially wider extremes in tem- 
perature, to middle latitudes in Eurasia in Post-Eocene time, 
Many members of the Paleotropical-Tertiary flora lingered on as 
late as the Pliocene in western Europe, where inland seas continued 
over reduced areas. To the east such typical members of the 
Eocene floras as figs and laurels were restricted southward to 
Indochina and Burma during Late Tertiary time. In the middle 
latitude belt across Eurasia there appeared increasing numbers of 
temperate species from the Arcto-Tertiary flora, whose migration 
southward will be more fully discussed below. 

The Paleotropical-Tertiary flora in lower latitudes shows some 
resemblances to that of the European Eocene. Along the south- 
ern shore of the Tethys Sea in Egypt, seeds of nipa palm have 
been collected, along with figs, laurels, legumes, and other northern 
types. B. Sahni has described a flora including Nipa and other 
palms from the Eocene Deccan traps on the south shore of 
Tethys in peninsular India. Wood and leaves of the Diptero- 
carpaceae, a tropical family now confined to Africa and Asia and 
most abundant in India and the Philippines, are found in the East 
Indies and also in Burma. The family Proteaceae had a few rep- 
resentatives such as Lomatia in middle northern latitudes but was 
largely restricted southward in the forests of the Tertiary, as it is 
today. Similar past distribution characterized the Myrtaceae, 
whose centres of distribution are now in Australia and tropical 
America but which may have been represented by the now south- 
ern genus Eucalyptus in Europe during the Tertiary and Creta- 
ceous Periods. Little recent work has been done in the East Indies 
and Australia, and the older Tertiary vegetation of Africa is almost 
completely unknown. Leaves figured by H. R. Goeppert: (1854) 
from the Eocene of Java are strongly suggestive of laurels, leg- 
umes, figs, and persimmon. The most reliable records from 
Australia and New Zealand are those summarized by R. Florin for 
the conifers; the occurrence of Agathis, Dacrydium, Phyllocladus 
and Podocarpus in the Eocene of New Zealand, of these genera 
and Callitris in the Miocene of Australia at latitude 35° S, and of 
Podocarpus and Widdringtonia in the Tertiary of South Africa, 
suggests generally distributed warm-temperate to subtropical con- 
ditions over middle southern latitudes. These genera all have 
their centres of distribution in the Southern Hemisphere today 
and are considered to have had a southern origin. A small flora of 
Pliocene Age has been described from Uganda, in equatorial Africa, 
all of whose members resemble species now living on this continent 
at low latitudes. 

Neotropical-Tertiary Flora.—This forest spread north into mid- 
dle latitudes in North America during Eocene time. Fossil leaves 
are of relatively large size, with texture, nervation, and shapes 
resembling the foliage of trees and shrubs of many tropic? 
families; fruits and wood confirm these relationships, although 
wood is comparatively rare as might be expected by reference t0 
modern forests of the tropics where fungi, termites, and other 0F 
ganisms rapidly destroy the trunks of fallen trees. The commoner 
families of the Paleotropical-Tertiary are well represented it 
North America, but many of the genera and most of the species 
are of New-World types. Palms, figs, legumes, laurels, 4% 
euphorbs were numerous. Nipa has been recorded and severa 
other palms were well represented. No record has been found 0 
the Dipterocarpaceae, a family now confined to the Old World, 
and Proteaceae and Myrtaceae were not common. 

The Wilcox flora of the southeastern United States gives à rather 
complete picture of the vegetation that lived along the deltas a 
swampy shores of the Mississippi embayment during Eocene time. 
Angiosperms predominated, with a few ferns, cycads, and conifers 
The immediate ancestors of some of these plants lived in this ba 
gion during Cretaceous time, when the climate appears to 
been more temperate, but most of them came northward 
northern South America and the West Indies in response to 
same moderating climatic influences that brought the London m 
flora from Indonesia-Malaysia to England. Similarity of Boe 
mollusks from Colombia to the southern United States supp” 
the idea that.a uniformly mild climate characterized this region ® 
far north as latitude 37°. What is known of the Eocene vege 
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tion of northern South America also indicates climatic uniformity 
along the Antillean route of migration to the Mississippi embay- 
ment, It has been suggested that the migration route followed by 
the plants to the west shore of the embayment in Texas may have 
been northward through Central America and Mexico, 

Warm humid conditions persed bs Ps sath United 

tes until Oligocene time, but in the Miocene Epoch there is 
apod of a reversal in direction of migration. The Calvert flora 
of this age in Virginia is made xm. of sid oe 

cto-Tertiary trees such as pine (Pinus), o uercus), and elm 
ШО with a small representation of plants suggesting warmer 
conditions. Miocene and Pliocene vegetation in Florida was es- 
sentially like that found there today, with comparatively few 
relicts of the Neotropical-Tertiary flora surviving. 

Northwestward in New Mexico and Colorado the Raton flora, 
somewhat older than the Wilcox, was also largely composed of 
angiosperms. Although nearly one-half of these fall into genera 
which range today into lower latitudes, the general aspect of the 
Raton flora was more temperate than the Wilcox. Northward 
along the Rocky Mountains and on their eastern border, the 
Denver and Fort Union floras indicate progressively more temper- 
ate climates consistent with their latitudes. Like the Eocene floras 
from higher middle latitudes in the interior of Europe, they in- 
cluded many angiosperms of typically northern types that were 
characteristic of the Arcto-Tertiary flora and such northern coni- 
fers as Sequoia, Still farther north in Saskatchewan, the Upper 
Ravenscrag and other Eocene floras were predominantly temper- 
ate in aspect, with only a few warm-temperate genera. Cooler and 
ken Газа conditions are shown by the Green River oe from 

е Middle Eocene of the Rocky Mountain interior. Here evap- 
oration products (such as gypsum) are conspicuous at certain 
horizons, while at others the leaves of angiosperms indicate a 
warm-temperate climate, probably with a marked dry season. 
Pollen described by R. P. деде ко is referable to many upland 
genera. From the Pacific coast eastward into the Columbia 
Plateau, a coastal type of forest indicates that the mild climate 
along the shore extended inland with no such topographic barriers 
as the Cascades and Sierra Nevada Mountains of today. The 
Goshen flora of western Oregon, the Chalk Blufis flora of central 
Ee min, and many others were made up largely of plants whose 

dern equivalents are found living in a climate with higher rain- 
all and less frost than now prevails in the western United States. 
To the north in Alberta and on Kupreanof Island in southeastern 
(um Ü м gero to warm-temperate trees were dg 

duced numbers in floras made up largely of temperate plants, 
Which may be more properly considered with the Arcto-Tertiary 
flora. The trend toward cooling climates in Post-Eocene time is 
first shown by the gradual withdrawal of the Neotropical-Tertiary 
aoe елы interiog коку, Only a dem, mut 
m. осепе ani 
nn as the E RAH (Colorado), Latah ДУЛ Washington), 
tidge Creek, and Mascall (eastern Oregon), which are predomi- 
tantly Arcto-Tertiary in origin and composition. In the belt of 
Eu E e the Pacii alor, Шу жеге ев 218 
5 ugocene Weaverville flora of California is typically 
Tet -temperate in aspect, with large-leafed angiosperms such as 
dei and Calyptranthes and the conifer Taxodium. By the 
stricted Ad Miocene even the hardy avocado (Persea) was re- 
mbell 0 central California, where it survived into the Pliocene, 
Ib Шаа is the only western North American survivor of the 
“aceae, a family characteristic of both the Neo- and Paleo- 
ini floras. Living palms do not range north of the Colorado 
tropic A Southern California, and members of other typical Neo- 
amilies such as the Euphorbiaceae and Leguminosae are 
AN Tépresented in western North America only by herbs or 
Some ome than by trees as in the Eocene. While there are 
Tesembj, ts living in the Old World tropics that show a general 
Dor to the Neotropical-Tertiary flora of western North 
flora are he great majority of the modern descendants of this 
© to be found in Mexico and Central America. 
d €otropical-Tertiary flora of low and southern latitudes is 
is known as that of the United States. Judging from the 
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available fossil material from the equatorial zone in Panama, 
Colombia, Venezuela, and Ecuador, the vegetation there has been 
tropical from Eocene time to the present, with none of the marked 
changes that resulted from climatic trends at higher latitudes. Re- 
semblance of the Eocene flora of Venezuela to the Wilcox of the 
United States suggests that northern South America may have 
been a centre from which forests migrated over the Antillean land 
bridge. No floras of this age are known from Brazil, but a south- 
ward movement of vegetation under the influence of moderating 
climate is shown in Eocene floras of Patagonia and central Chile 
at latitude 37° to 45° S. They were made up largely of angio- 
sperms, as in the case of the corresponding Neotropical-Tertiary 
flora at middle latitudes in the Northern Hemisphere, with Laura- 
ceae a common family. Certain families now more characteristic 
of the Southern Hemisphere assumed importance, such as Apocy- 
naceae, Bignoniaceae, Myrtaceae and Rubiaceae. The more abun- 
dant conifers, Araucaria and Podocarpus, are likewise largely 
southern in their modern distribution. In fact these Eocene floras 
were as typically South American in composition as the modern 
vegetation. They appear to have lived under climatic conditions 
involving no frost and heavy rainfall. Coupled with the world- 
wide amelioration in climate, other factors responsible for this 
southward extension of subtropical conditions may have been the 
broad marine transgression from the east and the absence of the 
Andes Mountains (shown by the similarity of floras in Patagonia 
and Chile on opposite sides of their present axis). With gradual 
Post-Eocene cooling, most of the members of the Neotropical- 
Tertiary flora moved northward 5° to 15° to their present ranges 
in South America. Peruvian floras of Oligocene and Miocene Age 
appear to have extended across the present Andean axis into 
Brazil, where the somewhat younger Bahia flora is tropical in 
aspect. The Pliocene Potosi flora from high altitudes in Bolivia 
includes plants whose living relatives occupy lower regions with 
higher rainfall and temperature; E. W. Berry concluded that this 
part of the Andes has been uplifted 5,000 ft. or more in Post- 
Pliocene time. Lowland Miocene floras in Ecuador, Colombia, 
Venezuela, and Trinidad resembled the modern forests of the up- 
per Amazon Basin, and may be readily distinguished from floras 
of this age in Costa Rica and southern Mexico. This confirms an 
assumption based on faunal evidence that the land connections 
which characterized the Cretaceous and Early Tertiary had been 
broken before Miocene time. 

In summary, the ameliorating climate at the outset of the Ter- 
tiary period resulted in an extension of subtropical vegetation to 
latitude 49° N on the western shore of North America and to 
50° N on the equally favoured coast of western Europe. Inland 
these floras did not extend so far north, as is consistent with 
their more continental climates. Such distribution seems to es- 
tablish the northern continents and ocean basins in essentially 
their present positions during the Tertiary Period and serves as a 
strong argument against continental drift in later geologic time. 
Similar distributional relations in earlier periods may also be con- 
sidered to indicate the permanence of ocean basins and continental 
platforms through that portion of earth history in which land 
plants have lived. Families common to the Old World (Paleo- 
tropical-Tertiary) flora and that of the New World (Neotropical- 
Tertiary) suggest a common origin for much of the vegetation of 
the Northern Hemisphere during Cretaceous time or earlier; 
generic and specific differences serve to distinguish the Eocene 
floras of middle latitudes on the two continents, and these differ- 
ences are still apparent in modern Paleotropical and Neotropical 
floras, 

Lowered temperature and rainfall at the close of the Eocene 
Epoch resulted in a gradual movement of vegetation southward, 
although subtropical and warm temperate trees and shrubs lingered 
on into Miocene and Pliocene time along the westward shores of 
the continents, especially in Europe. Unlike the north-south 
ranges in North and Central America, which permitted migration 
to more favourable latitudes, the transverse Alps served as a 
barrier to southward movement into Africa, as did the Tethys- 
Mediterranean Sea. 

Migrations of vegetation southward from the Equator carried 
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the Tropical-Tertiary floras into middle southern latitudes of 
South America and Australia during the Eocene, where they grad- 
ually withdrew as climatic conditions became more rigorous. A 
considerable part of these Southern Hemisphere forests, both in 
the Old and New worlds, appears to have developed south of the 
Equator; differences with floras of corresponding age north of the 
Equator are especially apparent when the conifers are compared, 
perhaps because they are better known and more accurately de- 
termined than most Tertiary angiosperms from the Southern 
Hemisphere. Increments have been progressively added to the 
forests of the equatorial belt by movements of vegetation from 
middle to lower latitudes in Post-Eocene time, which may account 
in part for the high degree of diversity now to be found in forests 
of the tropics. 

Arcto-Tertiary Flora—The northward extension of forests 

‘dominated by angiosperms during Eocene time had its parallel 
during the Devonian period in the predominance of ferns and in 
the Jurassic occurrence of ferns, cycadophytes, ginkgoids, and 
conifers, at high northern and southern latitudes. In all three 
cases wide submergence tended to equalize water and air tem- 
peratures, and it is probable that polar icecaps completely dis- 
appeared. Many students of past climates believe that increases 
in solar radiation may have brought a rise in temperature through- 
out the world. As stated earlier, the Tropical-Tertiary flora ex- 
tended into middle latitudes in Eocene time, especially along the 
windward shores of the continents. A corresponding movement 
of temperate vegetation brought diversified forests into Greenland, 
Spitsbergen, central Siberia, and Alaska, and to southern Chile, 
Seymour Island in Antarctica, and the Kerguelen Archipelago. 
These latter are assigned to the Antarcto-Tertiary flora. At still 
higher northern latitudes on New Siberian Islands, in northern 
Siberia and Canada, in Banks Island, Bathurst Islands, Ellesmere 
Island, and up to Grinnell Land at latitude 83° N, Eocene floras 
of cold-temperate character included pine and spruce (Pinaceae), 
sedges (Cyperaceae), poplar and willow (Salicaceae), and birch 
(Corylaceae). 

Like the Tropical-Tertiary floras of the Eocene, the Arcto- 
Tertiary ranged farther north on the windward sides of the con- 
tinents than in their interiors. Alder (Alnus), birch (Betula), 
beech (Fagus), hornbeam (Carpinus), elm (Ulmus), maple 
(Acer), oak (Quercus) and katsura tree (Cercidiphyllum) were 
among the most common angiosperms; among the gymnosperms, 
Sequoia, Metasequoia, Taxodium (bald cypress), and Ginkgo were 
characteristic. There is no basis for differentiating what A. N. 
Kryshtofovitch has called the Turgayan flora of northeastern Asia 
from other Eocene floras in the Greenland region and in Alaska. 
During the Oligocene Epoch which followed, these temperate for- 
ests appear to have largely disappeared from high latitudes and to 
have migrated southward over about 12? of latitude. Bridge 
Creek flora from the John Day Basin of eastern Oregon includes 
species of Metasequoia and Quercus (also called Lithocarpus), 
which have similar living relatives in western North America; 
species of Ostrya and Fagus, whose living equivalents are now re- 
stricted to the eastern United States; and species of Cercidi- 
phyllum and Ulmus, whose most nearly related equivalents live 
in eastern Asia. These and other common genera of the Arcto- 
Tertiary flora are represented in the Oligocene floras of France, 
Germany, Austria, Croatia, Manchuria, Korea, southeastern 
Siberia, Sakhalin, British Columbia, and Colorado, and it is clear 
that regional differentiation such as characterizes the forests of the 
Northern Hemisphere today had not yet been attained. Many of 
the mountain ranges that now serve as climatic and migrational 
barriers were not then in existence, and both temperature and 
rainfall must have been more uniformly distributed than they are 
today. 

By Miocene time the Arcto-Tertiary flora had ranged south into 
China and Japan, into Spain, Switzerland, and southern Russia 
and into central California and Nevada. Extensive mountain- 
making and volcanism during this and the following epoch pro- 
duced a topographic setting and a resultant climate unfavourable 
to the survival of many tree genera. With a change from rainfall 
uniformly distributed areally and seasonally to large areas of rain 
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FIG. 13.—PLANT FOSSILS OF THE CENOZOIC ERA 


(Left) Zelkova ungeri, twig with leaves and fruit from Middle Tertiary of Shan- 
tung, China; (right) Metasequoia occidentalis, branchlet specimens from Mid: 
die Tertiary of Oregon 


shadow and summer-dry climate, vegetation began to. show 
greater regional differentiation. ‘The Shanwang flora from the 
Miocene of northeastern China contains several genera such as 
Broussonetia, Eriobotrya, Firmiana, Hovenia, Kalopanax, and 
Pueraria which have not been recorded from Miocene floras in 
Europe and North America and which are limited to Asia in their 
modern distribution. The Mascall flora of Oregon and other Mio- 
cene floras from western North America include several species of 
black oak, a division of the genus Quercus which has not been 
found in fossil floras from Eurasia and is not represented on that 
continent today. Many Pliocene floras show smaller numbers of 
tree species, and the size of their leaves is much reduced in the 
case of aspen (Populus), oak (Quercus), and other trees. Such 
genera as Ginkgo, Metasequoia, Glyptostrobus, Cercidiphyllum, 
and Zelkova were rare or absent in North America, where none of 
them is known to have survived the Tertiary Period; in Europe 
most of these now-Asiatic genera lived later, but none of them 
lasted beyond the end of the. Pliocene. In North America such 
deciduous genera as Fagus, Carpinus, Castanea, Carya, and тї 
disappeared from the west during the Pliocene and have survived 
on this continent only in the east, where a summer-wet climate 
has persisted. The redwood (Sequoia) became restricted to the 
immediate borders of the Pacific, where it lives today іп а marine- 
controlled environment. It became extinct in Eurasia before the 
end of the Pliocene Epoch. The Early Pliocene flora of the Dutch 
Prussian border, which includes many well-preserved seeds, still 
showed a strong Asiatic alliance, but by the end of the epoch the 
vegetation of this age from western Europe was essentially like 
that of today. Я 

The changing climate of Late Tertiary time placed grasslands in 
a favourable position for competition with forests in the interiors 
of the northern continents. Fossil grasses are not of common 


occurrence, presumably because of conditions unsuited to thelr 


preservation. Occasional remains of the Gramineae have M 
found in rocks of Cretaceous Age and younger, but it is not be ; 
e abut 


the Miocene Epoch that grasses are known to have becom 
dant. The silicified remains of their seeds have been describe” 
by M. К. Elias from a wide area in the high plains of No H 
America. ‘The abundance of grazing types of mammals indicat 
the extent of grasslands over a still more extensive region of Nor 
America and other northern continents. Few other plant remain 
are found associated with them, but occasional leaves, fruit, am 
stems indicate that trees such as Celtis (hackberry), Platanus, 9 
Populus lived on the stream borders and in other favoured si l 
tions in the high plains of interior North America. In cent 
Asia, in Kansu and Sinkiang provinces of China, stems and n 
believed to represent grass are associated with leaves of POP 
(Populus) , willow (Salix), and other stream-border plants. d 
Madro-Tertiary Flora.—Another result of the more rigorous 
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mate following the Eocene Epoch was the appearance in the west- 
ern United States of a small-leafed arid type of vegetation from 
the south. Its exact time and place of origin have not been estab- 
lished by fossil evidence, but its relations with living plants sug- 
gest that it became differentiated in Early Tertiary time on the 
arid uplands of Mexico and that it later migrated northward along 
mountain ranges. Its representation in the Green River flora of 
Eocene age is indicated by the occurrence of a nut pine (Pinus), 
acactus (Opuntia), and small-leafed legumes. The Oligocene flora 
from Florissant, Colo., also includes plants that may have had 
their origin in the Sierra Madre. The Tehachapi flora from the 
Miocene of southern California is made up predominantly of 
Madro-Tertiary species, which are likewise well represented in 
Pliocene floras extending across Nevada into Oregon, and in cen- 
tral Colorado. Small-leafed oaks (Quercus) were characteristic 
members of the Madro-Tertiary flora, together with Ceanothus, 
Arctostaphylos, and other chaparral plants, A small flora of Oligo- 
cene Age from Turkestan is made up of steppe plants, which sug- 
gest that an Old-World flora corresponding to the Madro-Tertiary 
may have developed in Asia and ranged northward. 

Antarcto-Tertiary Flora,—While there is a wide divergence of 
opinion regarding the place of origin of vegetation which occupied 
high and middle latitudes of the Southern Hemisphere in later 
geologic time, there seems to be little question that much of it has 
had a separate development there during the Tertiary Period and 
that it became established in high southern latitudes during Late 
Cretaceous time. Evidence of a broader extent of Antarctica has 
been presented in the discussion of Permo-Carboniferous and 
Jurassic floras. Northward connections from this polar continent 
to South America, to Australia and New Zealand, and probably to 
Africa seem also to have been in existence at the beginning of the 
Tertiary Period and to have provided routes for migration between 
the southern continents. 

The Eocene flora of Seymour Island, Antarctica, in latitude 64° 
$ contained three genera of conifers, Acmopyle, Araucaria and 
Podocarpus, all of which are now southern in distribution; the 
angiosperms were also of southern types, Drimys, Knightia, 
Laurelia, Lomatia and Nothofagus. To the north on the southern 
tip of South America (Strait of Magellan in Chile and Tierra del 
Fuego in Argentina), an Early Tertiary flora included the conifers 
Araucaria and Podocarpus, and the angiosperms Nothofagus (most 
abundant), Knightia, Laurelia, and others not generically deter- 
mined, All of these plants ranged northward to latitude 45° S 
during older Tertiary time; several of them occurred in ecotonal 
relationship with the Neotropical-Tertiary flora at latitude 41° S 
in Patagonia and are considered to be of Eocene Age. Their present 
Centres of distribution are at still lower latitudes in the southern 
Continents other than Africa. 

A small flora including Araucaria, Podocarpus, and fragmentary 
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angiosperm leaves, of which the best-preserved resembles Со- 
prosma, has been recorded from the Kerguelen Islands at latitude 
49° S below Africa and Australia in beds of older Tertiary Age. 
Little is known of the temperate vegetation of South Africa, An 
Eocene flora from New South Wales (latitude 35° S) includes 
laurels, Magnolia, Eucalyptus, legumes, Pittosporum, and other 
subtropical genera, together with such typically temperate forms 
as Nothofagus and Knightia; most of the Miocene plants were 
typically temperate, including Nothofagus, Araucaria, Lomatia, 
and Coprosma; the majority of these plants were characteristic 
of the Southern Hemisphere, and many of their living equivalents 
are Australian. A significant flora of Late Tertiary Age has been 
described by F. W. Oliver from South Island, New Zealand (45° 
S). Along with Podocarpus were numerous angiosperms, some of 
which (Nothofagus, Knightia, Laurelia) appear to have had their 
origin to the south, while others were of Malayan origin and doubt- 
less entered this region during the southward extension of the 
Paleotropical-Tertiary flora. 

The discontinuous distribution that now characterizes so many 
genera in the Southern Hemisphere seems to have resulted from 
the breaking of land bridges between Antarctica and continents to 
the north during Tertiary time and to climatic changes that made 
the higher latitudes uninhabitable for trees. Resultant migrations 
brought Antarcto-Tertiary conifers and angiosperms northward 
from Antarctica into middle latitudes of South America, Australia, 
and New Zealand, and to a lesser extent into Africa during Ter- 
tiary time, and certain genera have spread into still lower latitudes 
along mountain ranges to become mingled with the descendants of 
the Tropical-Tertiary floras. There has been some intermingling 
with vegetation north of the Equator, where similar migrations 
were shifting the Arcto-Tertiary flora southward, but the forests 
of the Southern Hemisphere have continued largely distinct from 
those of the Northern Hemisphere to the present day. 

2. Quaternary.—The vegetation of the Pleistocene Epoch, 
which with the Recent makes up the Quaternary Period, grades 
imperceptibly into that of today. Fossil plants preserved in river 
and glacial clays and in peat and asphalt deposits seem in most 
cases to represent species now living. But their distribution may 
show marked discrepancies with that of today because of the rela- 
tively rapid changes in climate which characterized the Pleistocene. 
The southward extension of continental glaciers in the Northern 
Hemisphere brought Arctic birch and willow into England during 
colder and moister stages, The occurrence of white spruce (Picea 
glauca) in Louisiana, more than 800 mi. south of its present south- 
ern limit, is indicative of corresponding glacial climate in North 
America. On the Pacific Coast, where glaciers are not known to 
have come down out of the mountains to the coastal plain, the red- 
wood (Sequoia) appears to have lived in the regions it now oc- 
cupies; but it also ranged down into southern California, where the 


FIG. 14.—MODERN FORESTS RESEMBLING CENOZOIC FLORAS 
(Left) subtropical forest in Panama; (right) redwood forest in California 
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present warm, dry climate is unsuited to it. Fossil cones of 
Monterey pine (Pinus radiata), Bishop pine (P. muricata), and 
other northern species also indicate a cooler and more humid cli- 
mate than is now found there. Manzanita (Arctostaphylos 
glauca) and other shrubs lived in the adjacent hills. During an 
interglacial stage of the Pleistocene, Monterey pine ranged north 
along the Pacific Coast beyond its present limits. In the North 
American interior, Asimina triloba, Robinia pseudoacacia, and 
other species with more southerly modern ranges occur with north- 
ern trees in an interglacial deposit in Ontario, Can. A similar flora 
in western Austria includes a Rhododendron and other species now 
living under milder conditions. Remains of Libocedrus and 
Podocarpus in Pleistocene deposits of the Falkland Islands indi- 
cate a milder climate at southern latitudes during part of this 
epoch than that of today, for trees no longer live there. Alterna- 
tions of cold with mild climate brought the final elimination of 
many plants from middle latitudes, especially in Europe, where 
the Alps served as a barrier to north-south or south-north migra- 
tions. Pollen records in post-glacial peat deposits indicate several 
fluctuations in precipitation and temperature during past millennia: 
Vegetation of today is doubtless responding to climatic changes, 
but its migrations are ordinarily too slow to be perceptible. 

During the present era there has been a worldwide movement of 

forests from higher to lower latitudes under compulsion of climatic 
change. The sequence of fossil floras in the John Day basin of 
eastern Oregon provides one of the most complete known records 
of plant migrations. It is a region of low rainfall and of wide 
temperature extremes, with willow (Salix), cherry (Prunus), hack- 
berry (Celtis), and other small trees largely limited to the river 
borders. But in the Middle Tertiary time this region was in- 
habited by redwoods like those now living on the humid coast of 
northern California. Their leaves and petrified stems are found 
preserved in rocks of eastern Oregon underlying flows of Columbia 
lava that poured out across this region during the Miocene Epoch. 
With these redwoods grew beech (Fagus), hornbeam (Carpinus), 
and other deciduous hardwoods now restricted in North America 
to its eastern half, where a summer-wet climate prevails; certain 
trees of the Oligocene and Miocene forests of the John Day Basin 
have their nearest living equivalents in northeastern Asia. Dur- 
ing a still earlier stage of Cenozoic history, a subtropical forest 
occupied this part of Oregon. Its presence is recorded by large, 
thick, fossil leaves of trees and vines now living in the humid, 
frostless environment of Central America. In the course of the 
60,000,000 years represented by these fossil floras, the John Day 
Basin has been covered successively by the Neotropical-Tertiary 
flora, the -Arcto-Tertiary flora, and modern steppe vegetation. 
During the ages since the Eocene, the Neotropical-Tertiary flora 
has retreated southward, with the Arcto-Tertiary flora moving in 
from Alaska and British Columbia to take over the area it occu- 
pied. Subsequent uplift of the Cascades has cut off most of the 
rainfall from eastern Oregon, and the moderating influence of the 
ocean on its temperature is no longer felt in the interior of the 
continent. The redwood and many of its moisture-requiring as- 
sociates have been confined to the Pacific shores, while other trees 
that flourish during rainy summers and shed their leaves during 
the winter have survived in the eastern part of North America and 
in eastern Asia. 

In other parts of the world similar changes in plant distribution 
have been taking place; forests have been forced equatorward by 
temperature reduction or have given way to grasslands and deserts 
in regions of lessened rainfall. Present-day vegetation is the 
product of all of the floras of the past. It has been modified 
through the ages by changing environments that have shifted for- 
ests widely across the earth. During these journeys some elements 
have become extinct, others have developed into more specialized 
types, while a few have survived with little change to illustrate the 
nature of yesterday. 

See also references under “Paleobotany” in the Index. 
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PALEOCENE—PALEOENTOMOLOGY 


PALEOCENE: see EOCENE AND PALEOCENE. 

PALEOENTOMOLOGY, the science that deals with fossil 
insects. Although insects are not ordinarily found in the fossil 
state as frequently as other invertebrates, several hundred thou- 
sand specimens are contained in museums and university collec- 
tions in Europe and North America. Only a small part of these 
collections have been systematically studied, but despite this 
about 13,000 species have been described. Pioneer work in the 
subject was done by Oswald Heer, whose publications on Tertiary 
insects of central Europe (1847-58) set the pattern for subsequent 
studies, S. H. Scudder, who wrote extensively on fossil insects 
from 1865 to 1903, published several comprehensive monographs 
and the first review of the whole field of paleoentomology. 
A. Handlirsch published an extensive treatise on the subject (1906— 
08), and included an account of insect evolution which has formed 
the basis of more recent studies of insect phylogeny and classifica- 
tion. 
he classifications described in this article may differ with 
arrangements given in related articles elsewhere in the encyclo- 
paedia; these differences reflect the viewpoints of the various au- 
thors concerned. 

The process by which insects became preserved as fossils was 
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FIG. 1,—SNAKE FLY (RAPHIDIA MORTUA) FROM THE FLORISSANT SHALES 
OF COLORADO 


similar to the process that created other fossil animals: the insects 
fell into a body of water and were subsequently buried by the 
sediments; later, the deposit became lithified. Since most insects 
spend a large part of their adult life in the air, unusual conditions 
—most commonly high winds and falling volcanic ash—were neces- 
sary to bring them into the water. One of the best examples of a 
deposit containing large numbers of fossil insects is the Florissant 
shales, near Pikes Peak in Colorado. The shale was formed mainly 
by the deposition of voleanic ash in the bottom of a lake; as the 
ash fell into the lake it forced into and beneath the water the in- 
Sects that were flying over the lake at the time. In this way the 
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Fig. 2. 
SYRPHID FLY (PSEUDOSPHEGINA CARPENTERI) IN BALTIC AMBER 


COURTESY OF FRANK M, CARPENTER — 
FIG. 3,—SCORPION FLY (HOLCORPA MACULOSA) FROM THE FLORISSANT 


SHALES, COLORADO 


insects’ bodies were covered by ash and other lake sediments and 
protected from disintegration. When the layers of the shale are 


separated, remains of the insects are exposed, many of them in 
an excellent state of preservation; even the hairs on the bodies 
and coloration of the wings may be seen. The commonest type of 
preservation is that occurring in the Baltic amber, which is itself 
the fossil resin of extinct pine trees. Insects and other small 
arthropods living at the time were caught in the sticky resin that 
dropped from the branches or tree trunks and were eventually pre- 
served within the amber itself. Many of these insect specimens 
in amber can be seen as Clearly as existing insects mounted in 
balsam. 

Fossil insects have been found in about 150 individual geologi- 
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cal deposits. Although there is no way of predicting the occur- 
rence of fossil insects in a formation, the presence of plant remains 
indicates the previous existence of the kind of environment in 
which insects might have lived; in most cases, fossil insects are 
found in close association with plant remains. About four-fifths 
of all the specimens of fossil insects that have been collected 
were obtained in about 20 deposits. The most important of the 
Carboniferous deposits containing insects is at Commentry, 
France; other significant deposits of that period are the ironstone 
nodules in the vicinity of Mazon Creek in Illinois, various shales 
associated with coal beds in Pennsylvania and eastern Ohio, and 
similar shales in England and in the Saar Basin in Europe. Insect 
remains of Permian Age have been found in Kansas and Oklahoma, 
in New South Wales, Austr., and in many parts of European 
U.S.S.R. and Siberia, Triassic deposits containing insects are few 
in number; the only important ones are in New South Wales and 
Queensland, Austr. Jurassic insects are known from the litho- 
graphic limestone of Solnhofen, Bavaria, and from limestones of 
southern England, the Mecklenburg region in Germany, and 
Turkestan in the U.S.S.R. Cretaceous insects have been very 
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FIG. 4.—DRAGONFLY (PROTOLINDENIA WITTE!) FROM THE JURASSIC SHALES 
OF SOLNHOFEN, BAVARIA 


rarely found; the only source of many specimens is an amber (ap- 
parently of Cretaceous Age) found along the shores of Cedar Lake 
in Manitoba and along certain shores in northern Alaska (Beaufort 
Sea). 

Tertiary rocks have produced by far the majority of fossil in- 
sects, The most prolific Eocene deposits are the oil shales of the 
Green River Formation, exposed extensively in parts of Colorado, 
Wyoming, and Utah. Insects of a somewhat younger age, per- 
haps Late Eocene or Early Oligocene, are found in the Baltic 
amber; well over 100,000 amber insects, contained in the Albertus 
University of Kalinigrad (Königsberg) before World War II, were 
apparently destroyed during the war. Somewhat younger insects, 
of Late Oligocene or Miocene Age, have been found in numerous 
lake deposits formed mainly of volcanic ash; these include the 
shales at Florissant and Creede, Colo., and at Oeningen, Ger. 
Pleistocene insects are found in peat deposits in many parts of the 
world, such as the northern part of the United States and Europe, 
as well as in some of the subfossil gums on the east and west coasts 
of Africa. See also FOSSIL. 


EVOLUTION OF INSECTS 


Origins.—The study of fossil insects has contributed much to 
understanding the evolution of this extensive group of arthropods. 
Fossil evidence and study of the comparative morphology and de- 
velopment of living species have shown that insects began as wing- 
less creatures, resembling in general form the silverfish, which 
belong to the living order Thysanura. Such primitively wingless 
insects comprise the subclass known as the Apterygota. 

The winged insects, forming the subclass Pterygota, have gone 
through three stages in the course of their geological history. 
The earliest and most primitive of them, making up the division 
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Palaeoptera, had a wing articulation that restricted the movements 
of the wings so that they could not be folded back over the abdo. 
men at rest. The orders of mayflies (Ephemeroptera) and dragon. 
flies (Odonata) are the only living representatives of this division, 
The other two stages of winged insects, belonging to the division 
Neoptera, are able to fold their wings back over the abdomen in 
the resting state, a device that enables them to crawl among foliage, 
to hide under logs and stones, and even to burrow in the ground, 
The most generalized forms of the Neoptera, called Exopterygota, 
have a direct type of development, the wings forming on the out- 
side of the body and the immature stages (nymphs) resembling the 
adult in general form, living in the same environment as the adult 
and feeding on the same types of food. 

The Exopterygota include living types like the stone flies (Plec- 
optera, or Perlaria), cockroaches (Blattaria), grasshoppers and 
allies (Orthoptera), and true bugs (Hemiptera), as well as several 
other smaller orders. The more highly specialized members of the 
Neoptera and of all known insects have a more complicated life 
history, the wings developing beneath the integument in the im- 
mature stages. The Neoptera, called Endopterygota, are char- 
acterized by early immature stages (larvae) that appear very dif- 
ferent from the adults, occupy different environments, and feed 
upon different types of food. To this series belong about 88% of 
the living species of insects, including beetles, true flies, butterflies, 
moths, ants, bees, and wasps, as well as other smaller orders. 

‘The earliest known Apterygota are found in the Upper Carbon- 
iferous strata of France; the same type of insect is also found in 
Permian deposits of the U.S.S.R. These fossil insects resemble 
silverfish but have less specialized appendages and body structures, 
The presence of such apterygotes in the Carboniferous strata 
shows that the insect line had obviously been in existence well 
before the Upper Carboniferous, certainly well into the Lower 
Carboniferous, and perhaps even in the Devonian. The earliest 
remains of the Pterygota have been found in lower strata of the 
Upper Carboniferous. Since the species found there, although few 
in number, belong to two orders (one of them being neopterous), 
the record clearly supports the previous conclusion that the in- 
sects had already gone through considerable development before 
the Upper Carboniferous Age. 

Distribution in the Geologic Past.—The fossil record shows 
that insects developed many specializations and differentiated into 
several ordinal lines early in their geological history. 

Carboniferous.—The insect faunas of the Upper Carboniferous 
Period were fundamentally primitive. It was unique in two Te 
spects: (1) it included many more extinct orders than living ones; 
and (2) the palaeopterous orders were more numerous than the 
neopterous. Five of the extinct palaeopterous orders listed below 
(see Extinct Orders) were included in the Carboniferous faunas: 
the Palaeodictyoptera, Protephemerida, Megasecoptera, rot- 
odonata, and Protohemiptera. The neopterous orders of the Car- 
boniferous were the Protorthoptera, the Caloneurodea, and the 
living order Blattaria (cockroaches). The presence of the latter 
in the Carboniferous strata is especially interesting, since its mem 
bers were the most abundant of all the Carboniferous insects. 
These Carboniferous cockroaches were remarkably similar to th 
types now living, differing only in having a more primitive vena 
tional pattern. The known Carboniferous fossils show that the 
insects had acquired surprising diversity, the full degree of whl 
is probably not fully recognized, by the end of the Upper Carbon 
iferous Period; additional records will doubtlessly reveal many 
other extinct orders and lines of evolution. k 

Permian.—The insects of the Early Permian Period present dis 
tinctive faunas, consisting of a combination of nine extinct a 
seven living orders. The extinct orders include all of those И, 
from Carboniferous strata (except the Protephemerida) andina" 
dition several others. The Palaeodictyoptera and Protohemipte® 
had apparently reached their maximum development in the рр 
Carboniferous, only a very few having been found in Permit? 
strata. In contrast, the Megasecoptera showed even greater diver 
sity in the Permian than in the Carboniferous. Protodonal? 
were also more numerous in the Permian than in the Carbone, 
Period and included more species of the very large forms. ; 
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4 no flying vertebrates were then in existence, these large predatory 

insects presumably ruled the air for many millions of years. The 
Permian Protorthoptera continued to show marked diversity of 
structure. The additional extinct orders which made their first 
appearance in the Early Permian were the Protelytroptera, the 
Protoperlaria, and the Glosselytrodea. The living insects of the 
Early Permian included, in addition to the cockroaches, the orders 
consisting of the mayflies, dragonflies, bark lice (Psocoptera), true 
bugs, scorpion flies (Mecoptera), and Dobson flies (Neuroptera). 
All of these Permian representatives were more generalized in 
most respects than the living members of their orders. The Per- 
mian mayflies, for example, had front and hind wings similar to 
those in living species, although in the living species the hind pair 
are much reduced in size and venation. This type of evidence indi- 
cates that the Early Permian was apparently close to the time of 
origin of most of these orders. 

Before the end of the Permian Period, three more living orders 
of insects appeared in the strata. One of these, the stone flies, 
included a species found in the Late Permian of Australia which 
can be assigned to the living family Estheniidae. -The other two 
orders comprise the thrips (Thysanoptera) and the beetles (Cole- 
optera). The dominant insects of the Late Permian Age were the 
true bugs (Hemiptera, specifically of the suborder Homoptera), 
which were clearly adapted for feeding on juices of plants. 

Mesozoic.—The insects of the Triassic Period presented a strik- 
ing contrast to those of the Permian; with the exception of the 
Protodonata and the Glosselytrodea all extinct orders had disap- 
peared, so that the faunas as a whole assumed a semblance of those 
now living. True Orthoptera first appear in Triassic strata, in- 
cluding species having well-developed, stridulatory structures on 
the fore wing of the males, By the beginning of the Jurassic Pe- 
riod, the Protodonata apparently became extinct, perhaps because 
of the advent of flying, reptiles and primitive birds, Additional 
living orders, the earwigs (Dermaptera), caddis flies (Trichop- 
tera), true flies (Diptera), and ants, bees, and wasps (Hymenop- 
tera) appeared before the end of the Jurassic. Many of the 
Jurassic insects belonged to living families, but by far the majority 
represented extinct ones. Notably, absent were some of the domi- 
nant families of the present time—certain families of Hymenoptera 
and the numerous families of the more specialized Diptera. Cre- 
laceous insects were so few in number that they do not provide 
even a suggestion of the degree of development of the insect 
faunas of the time, This gap is unfortunate, for it was that period 
Which saw the rapid development of the flowering plants. 

Tertiary —The insects of the Early Tertiary Period consisted al- 
Most exclusively of families and genera’ now living. The orders 
of the butterflies and moths (Lepidoptera) and the termites (Isop- 
tera) first appear in Tertiary rocks, although it is highly probable 
that these groups arose earlier, in the Mesozoic Era. The insects 
Preserved in Baltic amber have enabled more exact comparisons 
With living insects than ordinary preservation in rock deposits 
Would permit, ]t is apparent that some of the Baltic amber in- 
sects, such as certain ants, were very close in structure to certain 

Ving species, perhaps the same species. The amber insects have 
080 furnished proof of the existence of social habits among the 
ES of the Early Tertiary. For example, the amber ants in- 
% "n major and minor workers that took part in the complex 

cial activities of the colonies, Not all of the families of insects 
dt cued this evolutionary stability by the Tertiary Period; all 

The bees preserved in the amber belong to extinct genera. 
im Bes ddr of Tertiary insects has contributed a great deal to 
cal di їй ene the changes that have taken place in the geographi- 

at а ution of living families and genera. It has become clear 
feat xd living genera now found in Europe and Asia, but ab- 

M угын from North America, occurred in certain parts of 

exam merica during the Tertiary Period, One of the best known 

ise ri 18 the existence in Colorado during Tertiary times of 
les (Diptera), a family now confined to Africa. 


EXTINCT ORDERS 


cH the insects found in Carboniferous and Permian strata 
Xcluded from living orders by the nature of their structure, es- 


Many of 
are 
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pecially wing venation, and аге placed in extinct orders. Although 
over 40 extinct orders of insects have been established in the lit- 
erature, only 11 of these are well enough known and seem to be 
sufficiently different from living groups to justify their recognition. 

Apterygota.—The apterygote Monura represents an extinct or- 
der resembling silverfish but having less refined appendages and 
body structure. The earliest forms have been found in the Upper 
Carboniferous strata of France and in Permian deposits of the 
US.S.R. 

Pterygota (Palaeoptera).—Palaeodictyoptera.—The Palaeo- 
dictyoptera were mayflylike insects found in Upper Carboniferous 
and Permian deposits of North America and Eurasia. They were 
small to medium-sized and had few specializations; the fore and 
hind wings were alike, or nearly so, in shape and venation; the legs 
were adapted for walking, and the slender abdomen terminated in 
a pair of conspicuous segmented processes, the cerci: Most of the 
Palaeodictyoptera possessed a pair of small membranous lobes on 
the first thoracic segment (prothorax). These lobes apparently 
were homologous with the true wings of the second and third seg- 
ments. The immature stages of these insects are unknown, but 
their development was presumably of the exopterygote type. 
Twenty-five families have been described. 

Megasecoptera.—The Megasecoptera, also known from the Up- 
per Carboniferous and Permian strata of North America and 
Eurasia, were similar to the Palaeodictyoptera in many respects 
but had more specialized wings and wing venation, with frequent 
fusion of certain veins. The head and legs showed specializations 
of various types; the cerci were very long, usually as long as the 
whole body of the insect. The immature stages of one family are 
known and these are of the exopterygote type. The adults of 
some families were apparently able to flex their wings over the 
abdomen, although the mechanism for this was presumably devel- 
oped independently of that of the true Neoptera. Eighteen fami- 
lies of Megasecoptera have been described. 

Protephemerida.—The order Protephemerida is known only 
from one Upper Carboniferous deposit of France (Commentry) 
and includes species closely related to the existing mayflies but 
with a venational pattern more like that of the Palaeodictyoptera. 
A median caudal filament was present between the cerci, as in 
true mayflies. The immature stages are unknown. 

Protodonata.—The order Protodonata, consisting of three fami- 
lies, includes large to very large insects related to the living dragon- 
flies but differing in venational details. The large mandibles and 
spiny legs were apparently adaptations to a predaceous habit. 
Some of the species, having a wing expanse of about 30 in., were 
the largest insects known to have existed. The immature stages 
have not been found. 


(A) MODIFIED FROM “TRAITE DE PALEONTOLOGIE,” (B,C) BY COURTESY OF FRANK M. CARPENTER 
FIG. 5.—REPRESENTATIVES OF THREE EXTINCT ORDERS OF INSECTS 


(A) Megasecoptera (Mischoptera nigra) from the Upper Carboniferous of 
France, (B) Protorthoptera (Liomopterum ornatum) from Permian of Kansas, 
only right wings shown, (C) Protelytroptera (Protelytron permianum) from 
Permian of Kansas 
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Protohemiptera.—The order Protohemiptera, consisting of three 
Upper Carboniferous and Permian families, includes medium-sized 
insects related to the Palaeodictyoptera, but the head and mouth 
parts are modified to form a beak, presumably used for sucking 
up liquid foods. The immature stages are unknown. 

Pterygota (Neoptera).—The following orders all belong to 
the exopterygote series, there being no extinct orders in the 
endopterygote line. 

Protoperlaria.—The Protoperlaria, known from Permian de- 
posits of Europe and North America, were small or medium-sized 
insects related to the living stone flies. The first thoracic segment 
of the adult had prominent membranous lobes like those of the 
Palaeodictyoptera, but the hind wings were considerably broader 
than the fore wings and included an anal fan. The nymphs were 
aquatic, having swimming limbs as well as tracheal gills. Only a 
single family of this order is known. 

Protorthoptera.—The Protorthoptera is an extinct order includ- 
ing small to large insects related to the grasshoppers, the cock- 
roaches, and also to the stone flies, Representatives of the order 
have been found in Upper Carboniferous and Permian strata. This 
was a very large and perhaps artificial assemblage of species that 
had little in common except their orthopteroid features. The 
front wings were slender and usually somewhat thickened, form- 
ing tegmina; the hind wings were membranous, with a large anal 
area, The legs were variously modified for running or jumping or 
occasionally for predation. Fifty-seven families of this order have 
been described. 

Caloneurodea.—The Caloneurodea is an order of small to large 
insects related to the Protorthoptera, but differ in possessing simi- 
lar membranous fore and hind wings, with no enlarged anal area in 
the hind wing. The immature stages are unknown. The order has 
been found in Upper Carboniferous and Permian deposits, with 
six families included. 

Glosselytrodea.—The Glosselytrodea were small species known 
from the Upper Permian to Jurassic strata and probably related to 
the Caloneurodea. Only two families have been described. The 
hind wings are unknown, but the fore wings had a precostal bulge 
and a submarginal vein that extended around almost the entire 
wing. Immature stages are unknown. 

Protelytroptera.—The Protelytroptera were small insects found 
in Carboniferous and Permian strata, apparently related to the ear- 
wigs and to the cockroaches. The front wings were in the form of 
elytra, superficially resembling those of beetles but possessing true 
venation. The hind wings were broad and expanded like those of 
the earwigs. Only six families have been described; the immature 
stages are entirely unknown. 

See also INSECT. 

ВівілоскАРНҮ.—Е. M. Carpenter, “Fossil Insects," in U.S. Depart- 
ment of Agriculture 1952 Yearbook of Agriculture (1952), and “The 
Geological History and Evolution of Insects,” Amer. Scient., vol. 41, 
no. 2 (1953); J. Piveteau (ed.), Traité de Paléontologie (1953); 
D. Laurentiaux, Insects, pp. 397-527 (1953); C. T. Brues, A. L. 
Melander, and F. M. Carpenter, *Classification of Insects," Bull. Mus. 
Comp. Zool. Harv., 108:777-827 (1954). (F. M. Cr.) 

PALEOGRAPHY, in the strict sense, means the study of 
ancient handwriting. As such it is fundamental to two more com- 
plex disciplines: first, to diplomatic (g.v.), which studies all as- 
pects of official and private business documents and archives, and 
second, to the study of the various forms of manuscript book in 
which literary works circulated before the invention of printing. 
In the English-speaking world paleography is generally assumed 
to include knowledge of all aspects of the manuscript book, but 
usage differs in other languages and the word "codicology" is 
sometimes used, in some European countries, to mean the study 
of manuscript books in the widest possible sense. Although this 

article deals almost exclusively with Greek, Latin, and Western 
European vernacular paleography in the stricter sense, something 
must first be said about the methods and aims of paleography in 
the wider sense. 

The paleographer's basic tasks are two: the first is to read the 
handwritings of the past correctly; the second—more interesting 
and more complex—is to date and localize manuscript books by 
examining their physical features, including the script, in the light 
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of any internal evidence that may be supplied by their contents, 
and any external evidence—from documents, chronicles, and the 
like—that may be available. Like any other archaeologist, the 
paleographer works outward from a small core of securely dateq 
and localized examples to the great majority of manuscripts for 
which style and technique furnish the only evidence. Besides 
handwriting, the paleographer considers the materials of books 
(papyrus, parchment; gg.v., and paper) and their form (roll 
codex), the writing implement (stylus, reed, quill), the binding 
(see BookBiNbING), the decoration (see ILLUMINATED MANU. 
SCRIPTS). “All these physical features have to be examined as pos. 
sible sources of information, and any one of them may furnish the 
key to the problem in hand. 

Since knowledge of the provenance of a book may help to es- 
tablish its place of origin, the student must be familiar with the 
histories of medieval libraries and of subsequent collections of 
manuscripts. He must also understand the practices followed by 
authors, scribes, booksellers, and others when composing, copying, 
or distributing books. He is also expected to deal with literary 
papers and correspondence, a field in which he may be occasionally 
asked to identify forgeries. 

Paleography is commonly regarded as a subject for classicists 
and medievalists only, but it has no fixed limit and some 17th 
century hands are difficult to read without paleographical train- 
ing. If the development of writing is not followed down to the 
present, as it is in this article, the subject loses much of its 
interest as an index of the continuity of European civilization 
since Classical times. Although this article is confined to West- 
ern civilization, any ancient script may be the subject of paleo- 
graphical inquiry, and paleography is closely related to epigraphy 
(q.v.), the study of inscriptions on durable materials such as stone 
or metal. 

Paleography is in itself an absorbing subject, but its ultimale 
justification lies in the information which it alone can give about 
the development of literary and artistic culture. Illuminated 
manuscripts are among the richest and most accurately datable 
sources for medieval art, and their decoration and illustration 
are always intimately related to work in other media, from wall 
painting and architectural sculpture to ivory carving and metal- 
work. On the literary side, knowledge of how texts were trans- 
mitted from the remote past to the present, an important branch 
of the history of civilization, would be infinitely poorer with- 
out the evidence about the dates, origins, and subsequent histories 
of manuscript books which it is the paleographer’s duty to dis- 
cover. 

This article is divided into the following sections and sub- 
sections. 


I. Greek Paleography to 8th Century A.D. 
1. Materials for Study 
2. Writing Materials 
3. Types of Handwriting 
4. Successive Epochs 
IL. Greek Paleography, 8th to 16th Centuries A.D. 
1. Late “Uncial,” 9th to 12th Centuries 
2. Earliest Minuscule, 8th to 10th Centuries 
3. Formal Minuscule, 10th to 14th Centuries 
4. Personal Hands, 12th to 14th Centuries 
5. The Italian Renaissance 
III. Latin and Western European Vernacular 
A. The Roman Hands 
1. Rustic Capitals 
2. Cursive Capitals 
3. Uncials, Half-Uncials, and Cursive Minuscule 
B. The “National” Hands 
1. The Insular Hands 
2. Other “National” Hands 
. The Caroline Hands 
. The Gothic Hands 
. The Humanist Hands 
1. Humanistic Round Hand 
2. Humanistic Cursive 
. Abbreviations in Medieval Manuscripts 
. The 16th to 20th Centuries 
1. The Writing Masters 
2. English Hands 
3, Other European Hands 
4. Later Manuals 
5. United States 
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J, GREEK PALEOGRAPHY TO 8TH CENTURY A.D. 

1. Materials for Study.—The oldest Greek writing, syllabic 
signs scratched with a stylus on sun-dried clay, is that of the 
Linear B tablets found in Knossos, Pylos, and Mycenae (1400- 
1200 B.c.; see MINOAN LINEAR Scripts). Alphabetic writing, in 
use before the end of the 8th 
century B.C., is first found in a 
scratched inscription on a jug 
awarded as a prize in Athens. 
The consensus is that the Ho- 
meric poems were written down 
not later than this time; certainly ij 
from Archilochus onward (7th * 
century B.C.) individuals com- 
mitted their works to writing. 
But the vehicles of literary writ- 
ing have perished. Scratchings 
on pottery or metal and then 
texts deliberately cut in bronze 
or marble or painted on vases are, 
until c. 350 B.c., the only imme- 
diate evidence for the way the 
Greeks wrote, and their study is 
normally treated as the province 
of epigraphy (see INSCRIPTIONS). 

A find in 1962 at Derveni in 
Macedonia of a carbonized roll of 
papyrus offers the oldest and only 
example of Greek handwriting 
preserved in the Greek peninsula 
(4th century m.c.). From then until the 4th century A.D. the 
paleographer's materials consist of the countless texts, especially 
оп papyrus, found in and, with a few exceptions, written in Egypt, 
Which have given a firm foundation for knowledge. From outside 
Egypt there is a Greek library buried in Herculaneum, 79 A.D.; 
and papyri and parchments from Avroman in Kurdistan, 1st cen- 
tury ».c.; Doura-Europus on the Euphrates, 3rd century B.C. to 
$rd century a.p,; from Nessana, 6th century A.D., and from the 
Dead Sea area (Qumran, Ist centuries В.С. and A.».; Murabbaat 
and Engedi, 2nd century A.n.). A number of original vellum manu- 
Scripts has survived from the 4th century A.D. onward, preserved 
in libraries such as the monastery of Mt. Sinai. These materials of 
diverse origin suggest that the forms and shape of Greek hand- 
Writing were remarkably constant throughout the Greek world, 
Wherever writing was practised and whatever the material used; 
inside this consistent framework it is occasionally possible to dis- 
tinguish local variations (as between the contract hands of 1st- 
Sentury-a.p. Doura and of Egypt). 

2. Writing Materials.—The principal vehicles for writing were 
Wax tablets incised with a stylus, or a prepared surface of skin, 
Such as leather and vellum, or of papyrus written on with a pen 
Nw penus PARCHMENT). Other surfaces—e.g., broken pieces 
E 158 wood, and even cloth—were also used. To some 
Een e orms of letters were affected by the resistance of the 
Mh 0 the writing instrument. It is likely that the use as а 

à hard reed, split at the tip and cut into a nib (which must 
28 ы Аң, sharpened) is an invention of the Greeks. Egyptian 

Tibes used a soft reed, with which ink was brushed on. 

lim ed A.D. 300 ink was normally made of a carbon such as 
pblack, mixed with gum and water, which even today retains 
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its black lustre. After that time, because of the increasing popu- 
larity of vellum, iron inks (e:g., of oak galls), better suited to 
vellum, tended to replace carbon. The iron inks have faded with 
age, and often have eaten by chemical action into the vellum. 
Erasures could be made on wax with the blunt end of the stylus, 
on papyrus by wiping with a sponge; but on vellum written in iron 
ink erasures could be made only by rubbing with pumice or scrap- 
ing with a knife. Texts from which a previous writing was de- 
liberately erased to provide writing material are termed palimp- 
sests; the earlier writing can often be read, especially with the 
help of ultraviolet or infrared rays. 

Papyrus was normally sold in rolls (volumina) made up of 20 
or 50 glued sheets: the horizontal fibres of the papyrus are placed 
on the inside of the roll, on which side (the recto) each gummed 
sheet overlaps the next horizontally. , Leather, similarly, was for 
long made into rolls (cf. the Dead Sea scrolls). Shortly after the 
beginning of the Christian era the custom began of folding a sin- 
gle sheet (or several superposed sheets, a quaternion or quire) 
down the middle and stitching the quires into a binding case to 
give a book of modern form (codex, originally a set of wax tablets 
coupled with a thong). Tradition associated this invention with 
Pergamum. 

The decisive impetus to the use of this form came from the 
early Christians, who deliberately chose the commercial vellum 
notebook (membranae) in which to circulate the Christian Gospels 
in preference to the traditional Jewish roll. Almost without excep- 
tion the earliest texts of the New Testament are in codex form, 
even though written on papyrus, which is less able than vellum’ 
to bear repeated bending. In the 2nd century A.D. pagan works 
of literature appeared in this format, which gained ground in the 
3rd century, often in small or utility sizes. By the 4th century it 
became the predominant form, and codices with handsome margins, 
of dazzling white vellum, and sufficient size to contain the whole 
Bible (e.g., the Codex Sinaiticus) were being produced. 

3. Types of Handwriting.—The fundamental distinction is 
that between book hands and documentary hands, The former, 


BY COURTESY OF HAMBURG STAATS- UND UNIVERSITÄTS»! 
FIG. 3.—BOOK HAND; THUCYDIDES, 3RD CENTURY B.C. 
(P. HAMBURG 163) 


used especially for the copying of literature, aimed at clarity, 
regularity, and impersonality, and often made an effect of beauty 
by their deliberate stylization. Usually they were the work of 
professionals, who may have multiplied copies to dictation, though 
ancient evidence on this subject is unreliable and the evidence of 
scribal errors equivocal (since the ancients invariably read out 
loud, a scribe copying by eye in solitude is likely to have pro- 
nounced the words of his exemplar). Outstanding calligraphy is 
not common among papyrus finds, perhaps because they are mainly 
provincial work. But the British Museum Bacchylides (fig. 8) or 
the Bodleian Homer (fig. 7) can stand comparison with any later 
vellum manuscript from outside Egypt. Book texts are written in 
separately made capitals (often called uncials, but in Greek pale- 
ography, except for the time-hallowed class of biblical uncials, 
the term is better avoided) in columns of writing, with ample 
spaces between columns and good margins at head and foot. 
Punctuation (usually by high dot) is minimal or completely ab- 
sent; accents are inserted only in difficult poetic texts or as practice 
by schoolboys; and letters are not grouped into separate words. 


BY COURTESY OF THE JOHN RYLANDS LIBRARY 
FIG. 4,—LEGAL TEXT, 99 B.C. (P. RYL.IV 586) 


Documentary hands show a considerable range: stylized official 
“chancery” hands; the workaday writing of government clerks or 
of the street scribes who drew up wills or wrote letters to order; 
the idiosyncratic or nearly illiterate writing of private individuals. 
The scribe’s aim was to write quickly, lifting his pen as little as 
possible, and consequently often combining several letters in a 
single continuous stroke (a ligature); from the running action of 
the pen this writing is often termed cursive. He also made fre- 
quent use of abbreviations. When the scribe was skilful in rec- 
onciling clarity and speed, such writing may have much character, 
even beauty; but it often degenerates into a formless, sometimes 
indecipherable scrawl. 

Both types of hands, in spite of the different styles they as- 
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BY COURTESY OF THE TRUSTEES OF THE BRITISH MUSEUM 
FIG. 5.—AUTHORIZATION FOR SALE OF SLAVES, LATE IST CENTURY A.D. 
(P. OXY. 94) 


sume at different periods, show remarkable uniformity and con- 
tinuity in the shapes of letters. Behind both lies an unvarying 
basic alphabetic form taught in the schools. The more skilful a 
book hand scribe was, the harder it is to date his work. Documents 
in the ancient world carried a precise date; books never did. To 
assign dates to the latter, the paleographer takes account of 
their content, the archaeological context of their discovery, and 
technical points of book construction (e.g., quires, rulings) ог 
modes of abbreviation. But he finds of great service: (1) a 
stylistic comparison with those dated documentary hands which 
show resemblances to book hands; (2) those cases where a roll 
was reused—i.e., has a literary text on its recto and a dated docu- 
ment on its verso (in which case there is a terminus ante quem 
for the literary text, often estimated at 50 years before the date 
of the verso), or has a dated document on the recto and a book 
hand on the verso (which gives a terminus post quem for the 
literary text, not more than 25 years after the document), Not 
much help is gained from illustrations in dating Greek manu- 
scripts of this period; the number of illustrated manuscripts is 
small; their quality is varied; and there is no agreement between 
specialists about the sources from which illustrations were taken. 

4, Successive Epochs.—Any historical sketch is bound to be a 
simplification. At certain epochs several different styles of hand- 
writing existed simultaneously, so that there is no straight line of 
development. Moreover, owing to the arbitrariness of finds, gen- 
eralizations are based on mainly provincial work; and, even in 
that, examples of book hand belonging to the 2nd century в.с. and 
the 5th century A.D. are still relatively rare. 

Ptolemaic Period.—In the roll from Derveni, Macedonia (fig. 
1), dated on archaeological grounds to the 4th century B.C., lines 
and letters are well spaced and the letters carefully made in an 
epigraphic style, especially the square E, four-barred 2, and arched 
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Q; the whole layout gives the effect of an inscription. In the 
Timotheus roll in Berlin (dated 350-330 B.c. on archaeological 
grounds) or the curse of Artemisia in Vienna (4th century вс) 
the writing is cruder, and w is in transition to the form which jg 
afterward the invariable written form. Similar features can be 
seen in the earliest precisely dated document, a marriage contract 
of 311 B.c. It has indeed been argued that a documentary hand 
of cursive type had not yet been developed, and that it was а 
creation of the Alexandrian library. Plato, however (Laws 810), 
speaks of Athenian writing whose aim was speed; and later on, 
when a cursive hand had certainly been developed, documentary 
scribes often chose to use separate capitals; e.g., fig. 2, a private 
letter of 257 B.C. 

Characteristic of its period is the contrast of size between 


long letters (e.g., мМ) and narrow letters ( € CO or 
Ө. О or О); and characteristic forms are to be seen in the 
letters ^—T- (with its long crossbar, often with initial stroke), 


У (upsilon) with long shallow bowl, №) or JNA in three 
in three strokes, i (alpha) raised off 


the line and its last vertical not finished, small round © (with 
internal dot or tiny stroke), broad epigraphic Ke and H. These 


same features, written with more regularity, appear in the con- 
temporary book hand of fig. 3, a fragment of Thucydides. In 
documentary cursive hands of this period letters seem to hang 


or four strokes, “© 


from an upper line; + (alpha) often turns into a mere wedge, 
d (nu) lifts its second vertical above the line. In the 2nd cen- 


tury в.с. the contrast between long letters and narrow letters dise 
appears, the writing grows rounder, and letters are often linked by 
ligatures at the top of their last vertical (e.g., te IT N) 


In fig. 4, a contract of loan of 99 B.c., in which capitals and cursive 
are mixed, this irregular roundness is clearly seen. Note the € 


with detached crossbar, and the exaggerated serifs (Т К Y 


y» ). which have been elevated by some paleographers into 4 


criterion of a special style, though in fact they are always liable 
to occur (figs. 1 and 2). 

Roman Period.—Half a century or so passes after 30 B.C. be 
fore a definitely Roman manner is established. In documenta 
hands the tendency to roundness continues. Documentary cursive 
may be influenced in various ways (e.g., by Latin forms such ûf 
those of e and d, or by the exaggeration of verticals practised by 
chancery scribes), may lean over in either direction, or may 9€ 
reduced to tiny proportions. In the 2nd century the cursive 
tends to be round and sprawling, in the 3rd century to become 


BY COURTESY OF EGYPT EXPLORATION SOCIETY, LONDON 
FIG. 6.—PLATO, '"'PHAEDO,'' c. A.D, 100 (P. OXY. 1809) 


more angular, in the 4th century to become characterless and @ 
combine letters into ligatures that distort the forms of the Jette 
concerned. A typical small late-ist-century-a.p. round cur 
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FIG, 7. HOMER, “‘ILIAD,'' 2ND CENTURY A.D. (OXFORD, BODLEIAN LIBRARY, 
MS, GR. CLASS.A.1. [P]) 


may be seen in fig. 5. The book hand of the Plato papyrus in 
fig. 6 shares its informality but- regularizes the letter forms, 
Written on a larger scale and with more formality, this round hand 
can be very beautiful. In fig. 7, for example, found at Hawara 
(2nd century A.p.), almost every letter (even p, 7, t) would go 
into an identical square: only ф and y cross it above and below, и, 
w, and r horizontally. 

If this writing is made to lean to the right, and to revive the 
$rd-century-B,c. distinction between narrow and broad letters, 
it takes on the aspect of the "severe" style, a technically admirable 
example of which is shown in fig. 8, the Bacchylides roll in the 
British Museum (2nd century A.D.). If, on the other hand, the 
scribe makes his verticals or obliques thicker, and his horizontals 
thinner, the hand is called biblical uncial, so named because this 
type of writing is employed in the three great early vellum codices 
of the Bible, Codex Vaticanus and Codex Sinaiticus of the 4th 
century and Codex Alexandrinus of the 5th century. It is now 
certain that this style goes back to the 2nd century лр. But the 
example of it illustrated in fig. 9 is relatively late (the Dioscorides 
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FIG, 8,—BACCHYLIDES, 2ND CENTURY A.D. (P. BRITISH MUSEUM 733) 


herbal in Vienna, written in a.p. 512), in which the writing has 
become rigid and lumbering; the thick strokes are overdone; and 
lobs of ink terminate the horizontals of, e.g, б, €, v, т. Such 
heavy decoration is also А feature of the Coptic style, of which 
there are examples as early as the 2nd century A.D. This hand 
may be thought of as constituting a special case of biblical uncial, 
Ж Byzantine Period.—For the paleographer the significant. di- 
Nau is not the founding of Constantinople in 330 but the 5th 
Mars from which a few firmly dated texts survive, At its close 
бане, exuberant, and florid cursive is found fully estab- 
right | or documents; in the 7th and 8th centuries it slopes to the 
in ecomes congested, and adopts some forms of letters which 
(e Cpate the minuscule hand 
diuine mand À in fig. 12), No 
i ook hand was invented. A 
Avourite informa] type of the 
century is shown in fig, 11, 
crostic poem by Dioscorus of 
aries it bears a clear rela- 
ol 1р to the Menander Dys- 

05 hand of fig. 10, which was 
ritten in the later 3rd 
ШАР, Similar pairs could 
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latest Greek papyrus from Egypt is not later than the 8th century. 
"There is a considerable lapse of time before the history of Greek 
writing resumes at Byzantium. (E.G: T.) 


П. GREEK PALEOGRAPHY, 8TH to 16TH CENTURIES A.D. 


To judge when and where a Greek manuscript was written is 
as difficult in this as in the earlier period, but for different reasons. 
"The material for study is admittedly more extensive; manuscripts 
produced in the Middle Ages and Renaissance have been preserved 
in very large numbers (more than 50,000 whole volumes survive, 
of which probably 4,000 or 5,000 are explicitly dated); and they 
include work from most parts of the Byzantine Empire as well 
as from Italy. The difficulty of the paleographer lies in the es- 
sential homogeneity of the material, which is largely the result of 
the conditions in which the manuscripts were produced. 

The fully developed Byzantine Empire of the 8th to the mid- 
15th centuries was extraordinarily uniform in its culture. Its 
contraction in space after the Arab conquests of the 7th century, 
which cut off the more distant and ethnically differentiated prov- 
inces of Syria, Palestine, and Egypt, made it a relatively compact 
geographical entity. The continuity and comparative stability of 
a single empire not divided into distinct national states such as 
evolved in the West resulted in a strength and unity of tradition 
of which the Byzantines were always conscious and which shows 
in their habits of writing no less than in their literature and art. 
Distinct local styles and sharp breaks in ways of writing in dif- 
ferent periods cannot, therefore, be looked for; characteristics 
which may be specially typical of one period come in gradually and 
disappear equally slowly. A more potent factor than date or place 
in producing divergencies in the style of writing is the purpose for 
which a manuscript was designed and what type of scribe wrote it. 

1. Late “Uncial,” 9th to 12th Centuries.—There is a gap in 
the evidence covering the 7th and 8th centuries, owing partly to 
the Arab conquest of Egypt, partly to the perpetual wars on all 
fronts in the 7th century, and partly to the iconoclastic struggle 
(see IconocLastic CONTROVERSY) during the 8th and early 9th 
centuries, so that no literary texts have survived (and very few 
others) which can actually be dated to this period. 

During this time the evolution of writing in capitals (not very 
aptly named "uncial") probably continued along the lines one 
would expect—toward a greater formality and artificiality. But 
this natural tendency was hastened by the introduction and spread 
of minuscule as the normal way of writing, after which the purpose 
of “uncial” changed completely. From an everyday hand in which 
all books were naturally written, it became a ceremonial hand 
used only for special copies, and therefore grew increasingly 
stylized and artificial. In the 9th century a still elegant style was 
used for both patristic and classical works in splendid volumes 
destined for the imperial library or for presentation copies, such 
as the copy of Gregory of Nazianzus made for the emperor Basil I 
between 879 and 883 (fig. 13). By the 11th and 12th centuries, 
capitals were used only for liturgical books, mainly lectionaries, 
which had to be read in dimly lit churches; but the increasing 
tortuousness of the style must in the end have reduced its useful- 
ness, and by about 1200 “uncial” was dead, 

2. Earliest Minuscule, 8th to 10th Centuries.—By far the 
most important development that took place during the 7th-8th- 
century gap was the introduction of minuscule, There is no 
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FIG. 9.—DIOSCORIDES HERBAL, A.D. 512 (VIENNA, ÖSTERREICHISCHE NATIONALBIBLIOTHEK, MED. GR. 1) 
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incontrovertible evidence of how this came about, or where. What 
scraps of evidence there are (a few documents from the gap, a 
few sentences in lives of the abbots of Stoudion of that time, and 


BY COURTESY OF BIBLIOTHECA BODMERIANA, GENEVA 


FIG. 10.—MENANDER, ''DYSKOLOS,' PROBABLY LATE ЗКО CENTURY A.D. (PAP. BODMER IV) 


the first dated manuscript written in true minuscule) point to its 


PALEOGRAPHY 


ability of all uncial and minuscule forms was complete, though 
all the alternative forms are not necessarily found in any one 
manuscript. 


Perhaps the earliest dated manuscript with any 
uncial form in it is of 892/893 (Sinai, St. Cath. 
erine, MS. 375 + Leningrad, Bibl. Publ. MS. 343 
Chrysostom, facsimile in L. T. Lefort and n б. 
chez, Palaeographisch album, 1932, facsimile 8) 
but pure minuscule continued to be used, in prob. 
ably the majority of manuscripts, up to 900, and 
thereafter in a rapidly decreasing number until the 
last dated example in 969 (Meteora, Metamorph, 
MS. 565, John Climacus; facsimile in K. and §, 
Lake, Dated Greek Minuscule Manuscripts to the 
Year 1200, 1939, plates 754, 757). Besides the in- 
trusion of uncial letters, some other characteristics 
of the earliest minuscule were modified during the 
10th century. Rounded breathings ° ° are 
first found in manuscripts of the last half of the 
century, interspersed with square ones. From 
about 925 the practice of making the writing hang 
from the ruled lines began to prevail. Although in 


most manuscripts abbreviations were confined to a few forms used 


development from a certain type of documentary hand used in the at line ends only, a few copies dated in the last part of the century 
8th century, and to the likelihood that the monastery of the used nearly all the conventional signs, 


Stoudion in Constantinople had a leading part in 
its early development. Though its origins are ob- 
scure, the reasons which led to its introduction 
and rapid spread are obvious: poverty induced by 
wars and persecutions coincided with a shortage 
of papyrus after the Arab conquest of Egypt in 
the middle of the 7th century to induce a search 
for a more economical use of the relatively ex- 
pensive vellum; the polemics of the iconoclastic 
controversy demanded a speedy, informal style 
of writing; and finally, when peace was restored 
in the middle of the 9th century, the revival of 
learning, with the reorganization of the univer- 
sity, brought the need for multiplying plain work- 
manlike texts for scholarly purposes. 

The earliest dated example of true minuscule 
(and it is probably one of the oldest extant ex- 
amples altogether) is a copy of the Gospels writ- 
ten in 835 almost certainly in the monastery of 
the Stoudion (fig. 14). Here are found all the 
characteristics of the earliest minuscule, which is 
called pure minuscule because there is as yet no 
admixture of uncial forms, except occasionally 
at line ends. The letters are even and of a uni- 
form size; letters are joined or not joined to 
each other according to strict rules, sometimes by ligatures in 
which part of each letter is merged in the other, but not to the ex- 
tent of distorting the shape of either letter. There is no division 
between words, for the divisions are only those that arise from the 
rules for joining or otherwise of individual letters, and at this stage 
any letter that can be joined to the next one nearly always is joined 


to it. Breathings are square, either F 4 or U и), : 


and accents are small and neat; abbreviations are very few, usually 
confined to the established contractions for nomina sacra (the 
names and descriptions of the Trinity and certain derivatives), 
omitted v at line ends, a few of the conventional signs for omitted 


case endings, and S sometimes for каи. The writing either 


stands on the ruled lines or is merely guided by them. 
Absolutely pure minuscule did not last long. Gradually uncial 
forms of those letters that had specifically minuscule forms 
began to be used alongside the minuscule forms: X was the first 
to appear, followed very closely by £, both by the end of the 
9th century. Then from about 900 onward f, x, v, т, and c 
were used regularly, a, y, б, є, 7, and y sometimes. Not be- 
fore about 950 were Û, и, v, and w used, and still compara- 
tively rarely. But by the end of the 10th century the interchange- 
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FIG. 11.—DIOSCORUS OF APHRODITO, 6TH CENTURY A.D. (P. BRITISH MUSEUM 1552) 


-» نا‎ ш. 


In spite of these developments—the gradual disappearance of 
pure minuscule and the other changes that accompanied it~ 
the same general styles of writing persisted until about the en 
of the 10th century. Broadly considered, three styles can 
distinguished. There is a rather primitive-looking angulat, 
cramped style which may perhaps be associated with the Stoudion 
monastery, in which a certam 
number of mainly patristic texts 
was written c. 880-с. 980 (6f 


MS. grec 1470, a menologion © 
890, facsimile in Lefort and Co” 
chez 7). Secondly, there 18 4 
plain, neat, workmanlike style 
(seen in a commentary on Greg: 
ory of Nazianzus copied in 986, 
fig. 15), which continued in use at 
W Жер least until the end of the 10 
Y or ABERDEEN vmvems Li- century. In it were written $ 
eral of the important classi 
manuscripts which are now 
oldest texts of some authors (^ 
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FIG, 13.—GREGORY OF NAZIANZUS, A.D. 879-883 (PARIS, BIBLIOTHEQUE 
NATIONALE, MS. GR. 510 FOL. 61") 


anes) but are unfortunately not explicitly dated. Thirdly, a con- 
sciously elegant, even mannered, style was used in books made 
for the imperial library or for wealthy dignitaries, but is not 
found before the early years of the 10th century (seen in a copy 
of Basil on Isaiah made in 953, fig. 16). All these styles, which 
have many variations and are by no means always distinct from 
each other, are found at least till the end of the 10th century, Their 
one common characteristic is a crispness and individuality which 
distinguishes them from writing of the next period. 

3. Formal Minuscule, 10th to 14th Centuries.—From about 
the middle of the 10th century a smoother, almost mechanical ap- 
pearance can be noticed in an increasing number of manuscripts; 
the hands seem more stereotyped, less individual. They are not 
immediately distinguishable from the plainer styles of the earlier 
part of the century, and their evolution during the next four 
centuries was very gradual. A few distinct types can be singled 
out from time to time. A bold, round, heavy liturgical style, 
fully established in the 11th century, was one of the most endur- 
ing types (e.g., London, British Museum Add. MS. 19,352, a psalter 
of 1066, facsimiles in the Palaeographical Society's Facsimiles of 
Manuscripts and Inscriptions, 1st series, ed. by E. A. Bond and 
E. Maunde Thompson, 1873-83, plate 53), which became more and 
more stereotyped and mechanical until in the 15th century a branch 
of it was transplanted to Italy. 


FIG. 14,—GOSPELS, A.D. 835 (LENINGRAD, BIBL. PUBL. MS. 219. 
FOL. 124) 


The small, neat, happily named Perlschrift, which also had its 
flowering in the 11th century and is really a miniature version 
of the liturgical style, was used mainly for small copies of various 
ж of the Bible, most probably їп monastic houses їп Con- 
Cine (e.g., Milan, Biblioteca Ambrosiana F.12 sup., a psalter 

ith catena of 961, facsimile in Lefort and Cochez 36). A very 
Lang businesslike, rather staccato style was used in manuscripts 
us musical notation, most commonly in the 12th and 13th cen- 
turies (e.g, Leningrad, Bibl. Publ. MS. 789, a sticherarion of 1106, 

csimile in Lake, plate 438). 

i ense. written outside Constantinople are recognizable, 
style. 3^, usually by a rougher, provincial appearance. Only two 
preten ne be assigned to a specific provincial centre: a small un- 
pa lous hand used by St. Nilus, the founder of many monas- 
ime 5 South Italy at the end of the 9thycentury, was used for a 
Works M others in that part of the world (e.g., a copy of the 
eyda of Dorotheus made by Nilus in 965, fig. 17). Later, in the 
cent Y of the reorganized Greek monasteries there in the 12th 

ry, an elegant, rather mannered style, which almost certainly 
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had its origin in Constantinople, is nevertheless often found in 
manuscripts known to have been written in south Italy and Sicily 
(e.g., Paris, Bibliothèque Nationale MS. grec 83; Gospels copied 
in Sicily in 1167, facsimile in Lake, plates 322-325, 330). 

These particular styles, however, are not really as typical of the 
period as the less distinctive plain hands in which the majority 
of the manuscripts are written, at least in the 11th and 12th cen- 
turies (e.g., a collection of canon law copied in 1042, fig. 18). 

The comparatively uniform type of writing of which all these 
were minor variations was remarkably enduring and widely dis- 
persed, but from the 11th century onward certain changes may be 
observed which help to date manuscripts written in all types 
of formal minuscule. One change in its general appearance may be 
noticed as the 12th century advances: an increasing lightness of 
touch and a lessening of the closely knit, rather thick appearance 
that is characteristic of the 11th century. But the most noticeable 
change in this period is the breakdown in the evenness and regu- 
larity of the writing, which is partly attributable to the influence 
of documentary and the later personal hands (see below). It is 
not, however, entirely so attributable, for a tendency to enlarge 
some letters out of proportion to the size of the rest is seen in a 
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FIG. 15.—COMMENTARY ON GREGORY OF NAZIANZUS, A.D. 986 (PARIS 
BIBLIOTHÉQUE NATIONALE, SUPPL. GR. 469^ FOL. 7") 


small way in some of the more personal hands of the earliest 
period. But it is rare in formally written manuscripts, only grad- 
ually becoming more general until in the 12th and 13th centuries 
it is the most noticeable feature of even the most formal hands 
(e.g., a synaxarion copied probably in 1329; fig. 19). In the 14th 
century and later there was a return to less flamboyant ways with 
the tendency to imitate earlier models more closely, but the habit 
of enlarging some and diminishing the size of other letters never 
died out. 

In the actual forms of letters used in these formal styles there 
was practically no change; only occasionally from the end of the 
12th century onward one of the “modern” forms of letter normally 
confined to personal hands found its way into a formal manuscript. 
Much the same holds good for ligatures. The tendency from 
the 11th century onward is to use ligatures and to join letters 
less automatically than in earlier times. The permissive rules and 
most of the forms remain unchanged, for already in the 10th cen- 
tury most of the distorting forms (notably those in which the € 


is represented only by a c-shaped stroke; e.g., for сє) were 


well established, and in formal manuscripts these, with the earlier 
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FIG. 16.—BASIL'S COMMENTARY ОМ ISAIAH, A.D. 953 (OXFORD, BODLEIAN 
LIBRARY, MS. AUCT. E.2.12. FOL. 80) 
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FIG. 17.—DOROTHEUS, COPIED BY NILUS, A.D. 965 (GROTTAFERRATA MS. 
B. а 20) (FROM K. AND S. LAKE, ''DATED GREEK MINUSCULE MANU- 
SCRIPTS TO THE YEAR 1200'') 


forms, continued in use until they were illogically taken over by 
the first printers of Greek. Time did, however, gradually in- 
crease the tendency to join letters to each other by insetting them 
in or by superimposing them on each other. Abbreviations were 
even more conservatively used, only the oldest conventional forms 
being admitted, and often only a very few and those only at line 
ends. 

The rule that the writing should hang from the ruled lines, 
already applied in most manuscripts by the mid-10th century, 
became invariable by the middle of the. 11th. Square breathings 
(used indiscriminately among the round ones) were gradually 
eliminated, though they did not completely disappear from formal 
manuscripts until the middle of the 12th century. The practice 
of joining accents with breathings and also with the letters to 
which they belonged spread from personal hands to formal writ- 
ing in the 13th century, but was far more often avoided altogether. 

Apart from the actual writing, one development is common to 
all manuscripts written in this period: the use of paper instead of 
vellum, which occurred first perhaps in the late 11th century and 
was in regular use by the 13th century whenever economy was a 
major consideration. 

These are the main criteria by which a formally written manu- 
script can be assigned to an earlier or a later part of this period. 
But the problem of distinguishing different styles and their dates, 
and still more their places of origin, remains more difficult for 
these than for any other Greek manuscripts. 

4. Personal Hands, 12th to 14th Centuries.—From the be- 
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FIG. 18.—CANON LAW, A.D. 1042 (OXFORD, BODLEIAN LIBRARY, MS. BAROCCI 
196 FOL. 253) 


ginning of minuscule there were obviously educated individuals 
who occasionally copied texts for their own use in a formal hand 
which nevertheless had a distinctive personal flavour; indeed, pro- 
fessional scribes occasionally used a less formal style than usual. 
Several dated examples of this type of hand survive from the 
10th, 11th, and early 12th centuries, but they are rarities. To- 
ward the end of the 12th century, however, the prosperity and 
comparative stability of the Comnenan age, with its brilliant 
literary and artistic achievements, gave way to increasing internal 
chaos and the hostile encirclement of Byzantium that was a 
prelude to the Fourth Crusade and the sack of Constantinople by 
the western powers in 1204. Scholars perhaps already felt the 
pinch of poverty, which naturally grew greater during the exile 
of the Byzantine court (1204-61) and culminated in the economic 
crises of the 14th century. 

Certainly à change in writing habits began slowly to take place. 
Instead of commissioning professional scribes to copy manu- 
scripts, some scholars began to make copies for themselves, and 
in place of the smooth, mechanical styles of the professionals they 
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used the sort of writing that they presumably already used for 
personal notes. This was an adaptation (for greater clarity) of 
the type of writing that had been standardized in official docy. 
ments from the beginning of the Byzantine period. Its chief char. 
acteristic was the greatly exaggerated size of certain letters or 
parts of letters, particularly letters with rounded bows such as 
B, e, f, 0, K, E, o, v, ¢, and о, and the excessive size of these letters 
is made to look even more unbalanced by some exceptionally 
small forms of (e.g) n, t, v, or p. This essentially unbalanced 
*wild" look was transplanted to literary manuscripts written by 
scholars for their own use. 

Along with this exaggerated contrast in size between letters 
they took from the documentary hands several new forms of letters 
that had gradually evolved from the originally common forms of 
both hands, In the 12th century the new scholarly hands began to 


use e with separate small bows; € , with a broken back; |], 
which had lost its high first stroke; and V , which had dropped its 
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FIG. 19.—SYNAXARION, PROBABLY A.D. 1329 (OXFORD, BODLEIAN LIBRARY, 
MS. AUCT. E.5.10. FOL.73") 
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first long down stroke; and by the end of the 13th century Gj 


with a short embryonic tail. The old forms of ligature were kept 
basically the same, but in some cases were reduced to a barely 
recognizable minimum (¢.g., g or A for є) and in others dis 


torted by the general flourishing tendency of the script (¢.g.,/ 1 J 


for er). Abbreviations were naturally used with great frequency 
in all positions; the ancient conventional signs for suppressed 
syllables, which had acquired rounded and more flourished shapes, 
were used alongside a certain amount of “arbitrary” abbreviation 
in which a large part of a word was omitted and replaced simply 
by a general sign that some abbreviation had taken place. 

Accents and breathings joined with each other, with letters, 
and with abbreviation marks are found earlier and more frequently 
in scholarly than in formal manuscripts. The only exception 10 
the rule of round breathings in this type of manuscript is in casts 
of deliberate archaism such as Demetrius Triclinius (d. c. 1340) 
practised in his later years. 

One of the earliest datable examples of these scholarly produc: 
tions is the copy of his commentary on the Odyssey written © 
1150-70 by Eustathius, the scholar-archbishop of Thessaloni 
(fig. 20). In the 13th century the exaggeration of specially roun 
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BY COURTESY OF THE BIBLIOTECA NAZIONALE MARCIANA, VENICE Л 
FIG. 20.—EUSTATHIUS (AUTOGRAPH), COMMENTARY ON THE opyssEY, 


с. A.D. 1150-70 (VENICE, BIBLIOTECA NAZIONALE MARCIANA, М5. св. ^ 
FOL. 79) 
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WI COURTESY OF BODLEIAN LIBRARY, OXFORD 
FIG. 21.—ZIGABENUS" COMMENTARY ON THE PSALMS, A.D. 1279 (OXFORD, 
BODLEIAN LIBRARY MS. ROE 7 FOL. 60") 


features reached its height (e.g., ina copy of Euthymius Zigabenus 
on the Psalms, of 1279; fig. 21), while in the 14th century the 
tendency, as in the formal styles of writing, was toward less ebul- 
елсе and exaggeration in all ways, and the writing of scholars 
such as Triclinius is compact and sober (e.g., his copy of Aph- 
thonius and other grammatical works, of 1308; fig. 22). For 
these hands the problem is not to discover centres of writing or 
styles for different uses, but to identify the hands of individual 
scholars. 

5. The Italian Renaissance.—By the end of the 14th century, 
Italian scholars were learning Greek and bringing back Greek 
manuscripts from Constantinople, and Greek scholars had begun 
to teach in Italy. The Greek that the earliest Italians learned to 
write was a clear, sintple style taught originally by Manuel Chryso- 
loras (d. 1415). But although they copied a number of manu- 
Scripts for themselves in this hand, the style had no influence 
beyond their small circle. Before long, Greek scribes began to 
go to Italy, and both scholars and scribes arrived in increasing 
numbers as the Turks pressed in round the Byzantine capital until 
it finally fell in 1453. They brought with them, naturally, the 
two styles of writing that had persisted throughout the history 
of the empire. On the one hand, professional scribes such as 
Joannes Rhosus (d. 1497-1500), the majority of them from Crete, 
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FIG, 22,—GRAMMATICAL WORKS COPIED BY TRICLINIUS, A.D. 1308 (OXFORD, 
COLLEGE Ms. 258 FOL. 205) 


Copied an astonishing number of manuscripts in the formal, now 
glib and stereotyped “liturgical” style of writing (e.g., London, 
British Museum Harl. 5658, an Odyssey copied by Rhosus in Rome 
wea facsimile in E. Maunde Thompson 81). On the other 
i nd, scholars such as Janus Lascaris (c. 1445-с. 1535) continued 
en in a mannered personal style (e.g., a letter of Demetrius 

halcondyles of 1488; fig. 23). 

Tt was on the scholarly hands that Aldus Manutius and other 
Carly Italian printers of Greek based their types. But perhaps 
M enduring of all styles was that of a group of Cretan 

if who made their way to France and were employed by 

Fancis I in his library at Fontainebleau. The writing of опе in 
Eos Angelus Vergecius (e.g, his copy of Manuel Philes 

m. 1564; fig. 24), was used as a model for the French Royal 
to the type, which has influenced the form of Greek printing down 

Present day, (Ен. B.) 


ШІ. LATIN AND WESTERN EUROPEAN 
VERNACULAR 
i: A. THE Roman HANDS 
e Capitals. The Latin and vernacular handwriting of 
i Europe descends in an unbroken line to the present day 
the point at which we first catch a clear sight of it, in the 
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1st century A.D. The script used throughout the Roman Empire 
at that time for books, and occasionally for formal documents, 
is known as “rustic capitals” (fig. 25). The pen was cut with a 
broad end and held so that its thickest strokes fell at an oblique 
angle to the line of writing, and it was lifted several times in the 
formation of a single letter. The rustic capital alphabet is 
“majuscule,” in that all the letters are contained between a single 
pair of horizontal lines. The use of this elaborate script, whose 
letter forms were the natural outcome of using a broad pen held 
obliquely, was extended to certain sorts of inscription on stone, 
etc., and it is called rustic only by comparison with the magnificent 
square capitals characteristic of Roman imperial inscriptions, 
whose forms were governed by the use of the chisel. Square 
capitals were seldom used in manuscripts except for titles. Rustic 
capitals continued in use for literary manuscripts until the 6th 
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BY COURTESY OF THE BIBLIOTECA APOSTOLICA VATICANA 
FIG. 23.—AUTOGRAPH LETTER OF DEMETRIUS CHALCONDYLES, A.D. 1488 


(VATICAN LAT. 5641 FOL. 2) 


century, especially for texts of Virgil, but thereafter appear only 
in titles, down to the 12th century. 

2. Cursive Capitals.—The business hand of the 1st century, 
used for correspondence and for most documents, private and of- 
ficial alike, is known as “cursive capitals” (fig. 26). Here the 
pen, cut to a sharp point, was held at the same oblique angle but 
was lifted less often, and this “cursive” handling automati- 
cally produced new and simpler letter forms such as ۵ (two 
strokes) for D (three strokes) and € (two strokes) for E 


(four strokes). Some of these new letter forms are “minus- 
cule" in that parts of them ascend or descend beyond the 
body of the letter (h, q) instead of being confined between a 
pair of lines, as in the majuscule rustic capitals (H, Q). 

From the 2nd to the early 4th century, parchment was re- 
placing papyrus as the standard writing material for books and 
the codex was replacing the roll as their standard form. The 
evidence that survives from this period, during which biblical 
and other Christian literature was beginning to be copied ex- 
tensively, is fragmentary and its interpretation still contro- 
versial. The main line of development, however, is clear 
enough. The elaborate letter forms of rustic capitals, with their 
numerous pen lifts, began to be abandoned, and experiments were 
made with new book hands in which the simplified letter forms 
of cursive capitals were written with a broad pen, sometimes held 
obliquely in the traditional way and sometimes held "straight," so 
that its thickest strokes fell at right angles to the line of writing. 
It was probably the use of a straight pen that produced, for ex- 
ample, the conversion of cursive capital д (axis oblique) into the 
fully minuscule d (axis vertical). 
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FIG. 24.—MANUEL PHILES COPIED BY ANGELUS VERGECIUS, A.D. 1564 
(OXFORD, BODLEIAN LIBRARY MS. AUCT. F.4.15 FOL. 2) 
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BY COURTESY OF THE PALAEOGRAPHICAL SOCIETY 
FIG, 25.—RUSTIC CAPITALS, 4TH-5TH CENTURY; VIRGIL, CODEX PALATINUS 
«VATICAN, PAL. LAT. 1631) 


3. Uncials, Half-Uncials, and Cursive Minuscule.—At the 
end of this period of transition, in the 4th and Sth centuries, when 
the evidence becomes more abundant, two new book hands and a 
new business hand are found in use. The older of the book hands, 
called *uncials" (the name dates only from the 18th century), 
was originally written with a slightly oblique pen (fig. 27); but 
from the 6th century onward a straight pen was used and the 
hand began to look rounder and more contrived. Although it 


incorporates several of the cursive letter forms (5, Є, h) of 


cursive capitals and has two forms peculiar to itself (A, (ЎУ), 


it also preserves certain forms, such as B, N, R, S, which differ 
only a little from the forms of rustic capitals; and all three kinds 
of letter are treated as majuscules, being confined as far as pos- 
sible between one pair of lines, 

From the 4th to the early 7th century most Christian books— 
biblical, patristic, and liturgical—were written in the uncial script, 


FIG, 26.—CURSIVE CAPITALS, A.D. 166; SALE OF A SLAVE (BRITISH MUSEUM, 
PAP, CCXXIX) 


and even for pagan literature it almost entirely superseded rustic 
capitals. It survived the collapse of the Roman book trade, and 
after the 6th century, when the production of all books, pagan as 
well as Christian, was taken over by the Church—notably by the 
monasteries, such as Cassiodorus’ foundation in southern Italy, 
the Vivarium, and the houses which observed the Rule of St. 
Benedict—it survived in many centres, especially for biblical and 
liturgical texts, down to the 9th century. Thereafter, like rustic 
capitals, uncials were used only for titles, and they too disappeared 
in the 12th century. 

The younger of the two new book hands is called “half-uncial” 
(fig. 28). This script was less popular than uncials and never 
broke their monopoly of biblical and liturgical texts, although 
like them it was still being written in the 8th century and even, 
as a display script for certain purposes, in the 9th. The artificial 
name half-uncial tells. nothing about the origin or nature of the 
script. It differs from early uncials in being written with a per- 
fectly straight pen. One letter (N) remains more or less un- 
changed from the capital form, but the rest of the alphabet is 
cursive in origin. The letter forms which differ most from uncials 
are a, b, d, g, m,r, s; and the alphabet as a whole is frankly minus- 
cule, since no attempt is made to confine it between a single pair of 
lines. 

The new business hand of the 4th century and after is known 
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FIG. 27.—UNCIALS, 5TH CENTURY; LIVY (PARIS, BIBLIOTHEQUE NATIONALE, 
LAT. 5730) 
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as “cursive minuscule" (fig. 29). Like cursive capitals it was 
written with a pointed pen, but the pen was held more or less 
straight. It, too, is a frankly minuscule alphabet and uses basically 
the same letter forms as half-uncials, although the frequency jy 
cursive minuscule of ligatures between letters tends to conceal 
the fundamental likeness between the two hands. 

The letter forms which distinguish cursive minuscule and half. 
uncials from rustic and cursive capitals and from uncials were 
evolved during the obscure period between the 1st and 4th cen. 
turies. The question of whether these forms were evolved in the 
sphere of the book hands or of the business hands is still unde. 
cided, but whatever their origin, their importance for the subse. 


FIG. 28.—HALF-UNCIALS, STH—6TH CENTURY; HEGESIPPUS, 
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quent history of European handwriting is paramount. They pro- 
vided the material on which the Caroline (Carolingian) minuscule, 
first developed in the late 8th century, was based; and that script 
dominated Europe, in spite of severe modifications, until the end 
of the Middle Ages, Only in one other period were new letter 
forms evolved, between the 13th and the 15th centuries, in the 
group of scripts known as “Gothic cursives"; and the influence of 
these late innovations was ultimately canceled out, thanks to the 
revival of Caroline minuscule in a pure form by the Italian hu- 
manists at the beginning of the 15th century. 


B. THE “NATIONAL” HANDS 


During the 6th to 8th centuries, when Western Europe had ex- 
changed the unity of the Roman Empire for the diversity of smaller 
kingdoms under more or less barbarian rulers, the standard of 
handwriting in general declined and the new political divisions 
began to be reflected in the sphere of script. This was the period 
of the “national” hands, On the continent, cursive minuscule 
survived as the business hand of the successor states and was 
occasionally used for books. The uncial and even the half-uncial 
book hands were preserved, especially for Bibles and service books, 
in a number of centres, not only in Italy. Uncials, indeed, in- 
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FIG. 29.—CURSIVE MINUSCULE, 6TH CENTURY; AVITUS 
OF VIENNE, ""НОМІШЕЅ, ETC." (PARIS, BIBLIOTHÈQUE 
NATIONALE, LAT. 8913 + 8914) 


creased their range, since they were taken to England both by 
St. Augustine’s mission to Canterbury (597) and again by Bene 
dict Biscop, the founder of the romanizing monasteries at Wear- 
mouth (674) and Jarrow (681) in Northumbria. In Kent uncials 
probably played an important part throughout the 7th century, bu 
in Northumbria they never seriously challenged the ascendant; 
of the two Insular hands brought to Lindisfarne from Iona by 
Irish missionaries in 635. 

1. The Insular Hands.—By the early 8th century these Insular 
hands, majuscule and minuscule, were dominant not only in their 
native Ireland, where no others were in use, but in all the Anglo" 
Saxon kingdoms. The handsome and formal Insular majuscule 
written with a broad pen held straight, was a half-uncial scrip! 


which allowed uncial O, Ç. KJ. R and S to be used as alter- 
native forms (fig. 30). The Irish had presumably received it from 
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FIG. 30.—INSULAR MAJUSCULE, BEFORE A.D. 698, THE LINDISFARNE GOS- 
PELS; GLOSS, IN INSULAR MINUSCULE, 10TH CENTURY (BRITISH MUSEUM, 
COTTON NERO D. IV) 


Gaul at the time of their conversion to Christianity. Insular min- 
uscule, compressed and relatively informal, was produced by writ- 
ing the majuscule somewhat cursively, with a narrower pen, held 
obliquely (fig. 31). It served as the only business hand of England 
until the middle of the 10th century. Anglo-Saxon writing, both 
majuscule and minuscule, can generally be distinguished from Irish 
by its greater precision and by the more orderly arrangement of 
the text on the page. Both the Insular hands are remarkable for 
the wedge-shaped serifs at the tops of ascenders and minims. 
Irish missionaries in the late 6th and 7th centuries took Insular 
script to their continental foundations, among them Sankt Gallen 
in Switzerland and Bobbio in northern Italy. English missionaries 
in the 8th century took it to Germany, for example to Fulda, where 
first-class Insular minuscule was written as late as the middle of 
the 9th century. A few Irish scribes were at work in Germany in 
the 11th century, and in their homeland Insular minuscule con- 
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FIG. 31—INSULAR MINUSCULE, 8TH CENTURY; BEDE, "HISTORIA EC- 
CLESIASTICA'" (BRITISH MUSEUM, COTTON TIBERIUS С.П) 


tinued to be used for texts in Irish until long after the end of the 
Middle Ages. In England it began to give way to Caroline min- 
uscule, for books as well as for documents, about the middle of the 
10th century, but was used until the 12th century for texts in 
English (fig. 32) and bequeathed three of its letter forms, g and 
the borrowed runic letters for th and w, to English texts of the 
13th to 15th centuries (in ye for the, y is a debased form of the 
th-rune, called thorn), Insular majuscule had virtually disap- 
peared everywhere by the middle of the 9th century. 
‚2. Other “National” Hands.—Nearly everywhere on the con- 
tinent the longer texts, which in Britain and in some continental 
Trish or English foundations were written in Insular minuscule, 
Were written in hands that, unlike the Insular hands, were based 
is the Roman cursive minuscule as it had survived to serve the 
egal and administrative needs of the barbarian kingdoms. From 
the late 7th century onward Spain had the Visigothic hand (fig. 
33), which was finally dislodged by late Caroline minuscule im- 
Ported from France, but not till the 12th century. 
б the middle of the 8th century, Italy south of Rome had 
е Beneventan hand, still used there in the 13th century, which 
extended to Dalmatia (fig. 34). The intellectual capital of this 
area was St. Benedict’s great foundation at Monte Cassino; 
oe manuscripts in the Beneventan hand are important for 
Turansmission of a number of classical and early Christian texts. 
he 8th-century minuscules of northern Italy were subject to 
reign influence, both from France and, via Bobbio near Pavia, 


wh MEO а, пурла А 


ne. P 
LE p енн | 
очат js лише { 
ESY OF THE PALAEOGRAPHICAL SOCIETY 


Fig, 
Latin ag SULAR AND CAROLINE MINUSCULE, 11TH CENTURY; PSALTER IN 
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from Ireland. On French soil the earliest type of minuscule book 
hand that had any claim to be called decorative appeared toward 
the end of the 7th century, at the Irish foundation of Luxeuil, in 
the Vosges Mountains (fig. 35). This hand owed nothing to Ire- 
land and was simply a formalized version of the sort of cursive 
minuscule that was then being practised in the Merovingian 
chancery. In the 8th century several other, more northerly cen- 
tres, including Laon and Corbie, possessed hands of the same type 
which arose in the same way as the Luxeuil hand. 


C. THE CAROLINE HANDS 


Decorative though they were, these French minuscules were a 
poor vehicle for the diffusion of literature; they must have been 
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FIG. 33.—VISIGOTHIC MINUSCULE, A.D. 919; PASSIONALE (BRIT- 
ISH MUSEUM, ADD. 25,600) 


slow to write and even to read outside the monasteries or areas in 
which they were at home. In the second half of the 8th century a 
number of religious foundations in northern France, Switzerland 
(notably at Sankt Gallen), and Germany began to experiment, in 
books and documents alike, with simpler minuscules in which letter 
forms were less stylized and fewer ligatures were used. The 
numerous modified minuscules of this period are generally known 
as “precaroline.” 

The monks of Corbie, at this time, were writing both a minuscule 
comparable to Luxeuil minuscule and excellent half-uncials, and 
to these hands they added a new type of minuscule, free of liga- 
tures and thoroughly suitable for use as a book hand, which is 
known as Maurdramnus minuscule (fig. 36), after an abbot of 
Corbie for whom a Bible was written in that script before 781. 
Since it was written with a straight pen, the stylistic debt of 
Maurdramnus minuscule to half-uncials is more obvious than in 
other examples of Caroline minuscule, which elsewhere was written 


FIG. 34.—BENEVENTAN MINUSCULE, ИТН CENTURY; REGISTER OF 
POPE JOHN VIII (ARCHIVIO VATICANO, REG, VAT.I) 


with an obliquely held pen and was closer in style to the pre- 
caroline minuscules. 

Caroline minuscule differs from half-uncials, in point. of letter 
forms, chiefly in its use of a small uncial a and of a cursive looped 
g instead of the flat-topped form 3, and of cursive m (cursive 
open CL and capital N occur in some early examples as alterna- 


tive forms). Manuscripts in pure Caroline minuscules were 
written before the end of the 8th century for Charlemagne, after 
whom the script is named, and his family, but it was not until the 
second quarter of the 9th century, at Tours, that the script as- 
sumed its most impressive form (fig. 37). 

With the exceptions already mentioned of Britain, Spain, and 
south Italy, Caroline minuscule had ousted the national and pre- 
Caroline book hands from Europe by the middle of the 9th cen- 
tury, The quick reception of this practical and beautiful script 
over such a wide area must have greatly eased the energetic re- 
vival of classical and Christian literature for which the monasteries 
of northern France and Germany in the time of Charlemagne and 
his immediate successors are famous. The oldest surviving manu- 
scripts of Latin classical authors are, as a rule, copies in Caroline 
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FIG, 35.—LUXEUIL MINUSCULE, EARLY 8TH CENTURY; GREGORY, 
'"'MORALIA'' (BRITISH MUSEUM, ADD. 11,878) 


minuscule that were made in that area during the 9th century. 
(See TEXTUAL. Criticism.) 

From the 9th to the 12th century Caroline minuscule was the 
only Western book hand, except on the Insular, Beneventan, and 
Visigothic fringes. By the end of the 9th century, the lightness 
and spontaneity of the early period was everywhere being ex- 
changed for a certain monumental uniformity, and distinct na- 
tional styles were beginning to evolve. The German style, down 
to the end of the 12th century, was the most conservative. In 
Italy, manuscripts of the 11th and 12th centuries are remarkable 
for the roundness of their script (fig. 38), which was handed on 
to the Italian Gothic book hand of later centuries. The English 
style, between its creation in the 10th century and the Norman 
Conquest, was of great beauty and purity (fig. 39). In the 12th 
century the English and north French book hands were very 
similar, and it was in that area that the Caroline minuscule evolved 
furthest and, in the end, was first transformed into Gothic book 
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FIG, 36.—MAURDRAMNUS MINUSCULE, LATE 8TH CENTURY; LIBER 

COMITIS (LENINGRAD, SALTYKOV-SCHEDRIN LIBRARY, Q.V.I.16) 
hand. The biblical and patristic manuscripts written in the 12th 
century by the clergy of the monasteries and cathedrals of Europe, 
aided latterly by lay scribes whom they engaged to assist them, 
are one of the finest groups of books ever made, comparable to 
the Caroline manuscripts of the 9th century and the Italian hu- 
manist manuscripts of the 15th. 

In the 9th century Caroline minuscule replaced the by then 
ancient cursive minuscule as the business hand of the continental 
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FIG. 37.—CAROLINE MINUSCULE (TOURS), A.D. 849-851; GOS- 
PELS OF LOTHAIRE (PARIS, BIBLIOTHÈQUE NATIONALE, LAT. 
266) 


chanceries. But it was not adopted by the papal Curia until the 
early 12th century, and the notaries of southern Italy did not 
abandon the old script till the 13th. Many 12th-century docu- 

` ments concerning religious houses were written іп book hands, but 
the standard business hand of the period was a version of Caroline 
minuscule written with a thin pen. Its ascenders and descenders 
were greatly lengthened in imitation of late cursive minuscule, and 
it could be written informally, sometimes even a little cursively, 
as in the writs of the English kings (fig. 40), or formally, as in 
papal bulls (fig. 41). 


D. THE Сотніс HANDS 


At the end of the 12th century, when literacy was ceasing to be 
the virtual monopoly of the Church, Western Europe possessed 
only a limited repertory of handwritings. In spite of regional 
differences, the most formal of the book hands and the least formal 
of the business hands were only the opposite ends of a single scale, 
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that of Caroline minuscule in its last phase. With the 13th Cen. 
tury a new situation began to develop in response to major changes 
in the nature of society. On the one hand the masters and Students 
of the newly founded universities needed an ever-increasing num. 
ber of textbooks, and the rise of a literate middle class in the 
towns led to a demand for works of devotion and romances in the 
vernacular, On the other hand, the records and documents of 
government and commerce became far more complicated and 
numerous. 

Books and documents continued to be written in religious houses, 
but the great majority of both were from now on written by lay- 
men, either by scribes who could be hired to write books, etc., on 
the same sort of terms as any other craftsman, or by notaries and 
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FIG. 38.—CAROLINE MINUSCULE (ITALY), 12TH CENTURY; 
HOMILIES (BRITISH MUSEUM, HARLEY 7183) 


SERMONS AND 


official clerks who wrote documents as part of their legal and 
administrative duties. Most books and documents of the 13th to 
15th centuries were still written on vellum, and paper was not 
extensively used before the beginning of the 15th century. It was 
manufactured in Spain, by the Arabs, as early as the 12th century 
and in Italy from the middle of the 13th, but it was not widely 
produced in northern Europe before the 15th century, and did 
not come into its own as a material for books until the invention 
of printing (see PAPER MANUFACTURE). 

The so-called Gothic handwritings of the later Middle Ages 
present a far more varied picture than those of the preceding 
Caroline period. Service books, including the books of hours 
used for private prayer, were written in a variety of formal book 
hands which descend directly from the Caroline minuscule of the 
late 12th century. The hallmarks of these Gothic book hands ate 
(1) the uniform treatment, following several distinct systems, 0f 
vertical strokes which end on the base line; (2) the use of angular 
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FIG. 39.—CAROLINE MINUSCULE (ENGLAND), 12TH CENTURY; 
BEDE, "LIFE OF ST. CUTHBERT' (OXFORD, UNIVERSITY COLLEGE, 
165) 


forms instead of smooth curves (Q for о); (3) the overlapping 
of convex forms which lie back to back @. fe. etc). (See fis 


42.) The first of these three features appears in northern Europe 
before the end of the 11th century, perhaps under Insular influence 
the other two appear in the last quarter of the 12th, 1 
In the universities of Paris and Oxford, textbooks were writtet 
in a less formal Gothic book hand, and the scribes who wrote them 
used the same hand for romances, etc,, in the vernacular (fig. 43). 
In the 13th and 14th centuries many university manuscripts wert 
produced under the system of the pecia (piece), devised by the 
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FIG. 40.—CAROLINE BUSINESS HAND (ENGLAND), A.D, 1156; writ 
OF HENRY 11 (WESTMINSTER ABBEY, CHARTER XLIV) 


authorities in order to ensure the rapid and accurate difusion d 
the numerous new textbooks, in all subjects from theology t0 #4 
which were composed during that period. An officially appro"! 
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FIG, 41.—CAROLINE BUSINESS HAND (PAPAL CURIA), A.D. 1147; BULL OF 
POPE EUGENIUS 11! (BRITISH MUSEUM, COTTON CLEOPATRA E.1.) 


copy, or exemplar, of the new text was deposited by the university 
with a stationer. The separate peciae of which it consisted, i.e., 
gatherings of four leaves (eight pages), were then hired out one at 
atime to a scribe engaged by a student, or to the student himself, 
to copy. Since the peciae were independent of each other, more 
than one scribe could—and often did—work from the same 
exemplar at the same time. The pecia system was already in 
decline when the invention of printing made it-superfluous. Not 
unlike the Parisian university hand was the minute writing used in 
the innumerable “pocket” Bibles written in the 13th century in 
response to the revival of interest in the Scriptures that was 
brought about by the teaching of the new orders of friars. 

In all the Gothic book hands the ascenders and descenders are 
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FIG. 42.—GOTHIC BOOK HAND (ENGLAND), A.D. 1283-1300; 
PETRUS COMESTOR (BRITISH MUSEUM, ROYAL 3 D.VI) 


shorter, the letters narrower, the words better separated from 
each other, and the lines generally closer together than in the 
12th-century Caroline minuscule. 

, During the first half of the 13th century the same reduction 
in scale had become the rule in the business hands, and at the 
same time the ascenders began to be decorated with forks or hair- 
line loops or both (fig. 44). The letters were still formed on the 
Caroline model, but from the early 13th century onward the pen 
began to be handled more cursively (i.e., with fewer lifts) and a 
certain number of new letter forms came into being as a result; 


of these, looped $) and looped © were among the earliest (fig. 45). 


The new Gothic cursive soon began to be used for books, other 
than service books, and a stylized version of it was evolved in 
Northern Europe, originally in France, during the second half of 
the 14th century (fig. 46). During thé early 15th century the 
Northern kind, which is generally known as lettre bátarde, gave 
rise in France and Flanders to a complex and monumental variety 
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FIG. 43.—GOTHIC BOOK HAND (PARIS), A.D. 1312; 
JACOBUS DE VORAGINE, LEGENDA AUREA (BRITISH 
MUSEUM, ADD. 11,882) 


(i. 47) used for books of all sorts but not for documents, 
AEN was strongly influenced by the contemporary Gothic book 


to Mine second quarter of the 15th century another type of script, 
origi ith the name bastarda is sometimes given (fig. 48) and which 
des ae in the diocese of Cologne and the Low Countries, was 
тагу b for use in nonliturgical books by modifying the contempo- 
mes ook hand in the direction of the Gothic cursives (note the 
pue of a, f, g, long S). This was the last new Gothic hand to 
ed before the invention of printing and the spread of the 
ti nist hands from Italy brought in a new era in the produc- 
m 9f books, 
nons brief summary of the Gothic hands little has been said 
national differences. But the handwritings of France, En- 
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gland, Germany, the Low Countries, Spain, and Italy can as a 
tule be easily distinguished from one another. When they cannot, 
it is generally because French influence is particularly strong. 
From the 13th to the early 15th century Paris, with its university, 
was the intellectual capital of Europe and set the fashion for 
handwriting as for much else,. Italy alone, which possessed in 
Bologna another major university and centre of the book trade, 
remained more or less completely aloof from French develop- 
ments after the 13th century. By the middle of the 15th century 
French influence was no longer being felt even in northern Europe, 
and England and Germany, for instance, either went their own 
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FIG. 44.—GOTHIC BUSINESS HAND (ENGLAND), A.D. 1230; LEASE TO 
ABINGDON ABBEY (BRITISH MUSEUM, HARLEY CHARTER 75.F.36) 


way or, like France itself, borrowed the new humanist hands from 
Italy. 


E. THe Humanist HANDS 


1. Humanistic Round Hand.—By the middle of the 14th 
century Italy possessed a Gothic cursive—ultimately of French 
origin—suitable for correspondence and informal documents, a for- 
malized version of the same hand suitable for important documents 
and some books (fig. 49), and a type of Gothic book hand, often 
called litera (or littera) rotunda (fig. 50), which closely resembled 
the litera Bononiensis written from the 13th century onward by 
the scribes attached to the University of Bologna in their manu- 
scripts of canon and civil law. Litera rotunda, which preserved 
much of the roundness of the Italian 12th-century book hand, was 
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FIG. 45.—GOTHIC CURSIVE MINUSCULE (ENGLAND), A.D. 1251; GRANT TO 
BIDDLESDEN ABBEY (BRITISH MUSEUM, HARLEY CHARTER 84.D.6) 


used for service books until the 16th century and after, and was 
even borrowed, for the same purpose, by Flemish scribes at the 
end of the 15th. 

By the second half of the 14th century, however, learned Italians 
such as Petrarch, Boccaccio, and the Florentine chancellor Coluc- 
cio Salutati were beginning—in their old age—to complain in their 
letters about the illegibility of litera rotunda. Petrarch (fig. 51) 
and Boccaccio both wrote simplified book hands of their own, and 
a variety of “prehumanistic” Gothic hands of the same general 
kind were in use by the end of the century. 

It was their preoccupation with classical Latin texts, most of 
the early manuscripts of which are written in more or less pure 
Caroline minuscule of the 9th to early 12th centuries, that sug- 
gested to the humanists the source of a major reform of the book 
hand by which the unsatisfactory rotunda could be banished once 
and for all. The inventors of Caroline minuscule in the late 8th 
century had drawn some of their inspiration from the by then 
ancient half-uncial. The humanists in turn went back to the 
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FIG. 46.—GOTHIC CURSIVE MINUSCULE (ENGLAND), EARLY 15TH CENTURY; 


HOCCLEVE, ‘DE REGIMINE PRINCIPUM'' (BRITISH MUSEUM, HARLEY 4866) 


Caroline minuscule, and in particular to the 12th-century variety. 
Salutati refers to a manuscript of Abelard (d. 1142) as written in 
antiqua littera. 
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FIG. 47.—'"'LETTRE BÁTARDE'" (FLANDERS), A.D. 1458; "CONQUÉTES DE 
CHARLEMAGNE'' (BRUSSELS, BIBLIOTHÈQUE ROYALE, 9066-8) 


Salutati himself seems, on more than one occasion, to have tried 
to imitate Caroline minuscule, but the credit for evolving a new 
calligraphic book hand on the basis of it almost certainly belongs 
to another great humanist, Poggio Bracciolini (1380-1459), in 
due course to be chancellor of Florence in bis turn, who as a young 
man was employed by Salutati as a copyist (fig. 52). Poggio’s 
earliest surviving manuscript in humanistic round hand was prob- 
ably written in 1402-03; his first dated manuscript is of 1408. 
By 1420 a number of good scribes were writing books in the new 
hand at Florence. Within a generation it had spread in a pure 
form to other Italian cities and also had begun to influence writers 
of rotunda, producing a mongrel hand, or rather group of hands, 
known as “gothico-humanistic.” By the end of the century hu- 
manistic round hand of a sort was being written here and there in 
most countries of Europe and was on the way to superseding the 
Gothic “black-letter” as the standard (Roman) type in printed 
books. 

The capital letters of the earlier Florentine scribes were based 
on the rustic capitals which they found in the titles of their 
Caroline exemplars. Soon after the mid-15th century, square 
capitals, based on Roman imperial inscriptions, appeared in the 
manuscripts of Paduan scribes associated with the archaeologically 
minded painter Andrea Mantegna, and by 1500 they had been 
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FIG. 48.—''LITERA BASTARDA'' (FLANDERS), A.D. 1452; BARTHOLOMAEUS 
PISANUS, ‘DE CASIBUS CONSCIENTIAE"’ (BRUSSELS, BIBLIOTHÈQUE ROYALE, 
9374-5) 


adopted throughout Italy by scribes and printers alike. 

2. Humanistic Cursive.—The other new Italian hand of the 
15th century, “humanistic cursive,” was no less influential than the 
round hand. It not only provided the printers with their italic 
type but ultimately it superseded the Gothic cursives as the me- 
dium for correspondence and, until the invention of the typewriter, 
for documents. The earliest-known examples are the work of 
Niccolò Niccoli (1364-1437), another Florentine humanist and a 
close friend of Poggio (fig. 53). The cursive was written with a 
thinner pen, held more obliquely, than the round hand, although 
the letter forms, except a, are the same. The most original feature 
of humanistic cursive is the allowance which it made, even in its 
earliest stages, for horizontal or slanting linkages between letters, 
a system which was developed in due course to produce the fully 
cursive handwriting of today. A few slanting linkages were al- 
ready being employed in Gothic cursive, but currency between 
letters had generally been achieved, in the late Roman cursive 
minuscule as well as in Gothic cursive, by complicated ligatures 
which distorted the basic forms of the letters concerned. 

By the end of the 15th century in Italy, both the new humanistic 
hands had undergone the formalization, involving loss of sponta- 


FIG. 49.—GOTHIC CURSIVE MINUSCULE (ITALY), 14TH CENTURY; 
PETRARCH (AUTOGRAPH), 'SONNETS'' (VATICAN, LAT. 3196) 


neity, which sooner or later overtakes all forms of handwriting. 
The round hand of Pierantonio Sallando (с. 1460-с. 1540), for 
instance, was written with a straighter pen and shows smoother, 
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more monumental forms than the script of the Florentine scribes 
working in Poggio’s tradition (fig. 54). By 1501 an analogous de. 
velopment in the humanistic cursive had brought it to the point 
of formalization at which it was possible for the Venetian printer 
Aldus Manutius to adopt it as the type face now known as italic, 
These late forms of the humanistic hands were particularly jn. 
fluential with the printers, and once they had adopted them, the 
scribes quickly abandoned the older, less formal varieties, 

The most important variety of humanistic cursive, in its effec 
on printers and writers alike, was the litera cancellaresca used in 
the papal chancery for the writing of briefs. It first appeared” 
there, similar in style to the cursive being written in the chancerig 
of other Italian states, during the papacy of Pius II (1458-64), 
By the end of the century it had been raised to a high degree of. 
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DURAND, ''RATIONALE DIVINORUM OFFICIORUM" 
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(BRITISH MUSEUM, 


scrittori da brevi apostolici such as Lodovico Arrighi (fl. 1510-27), 
from Vicenza, the author of the first printed manual of hand: 
writing (La Operina, 1522). (See fig. 55.) Since Arrighi’s nik 
merous imitators, in northern Europe and Spain as well as in Ita 
followed him in recommending cancellaresca as the standard so 
for private, but not necessarily for official or commercial purpos 
that hand must be regarded as the ancestor of the hands writ 
today in Western Europe and, for European languages, in 
countries overseas which have at one time or another belonged 
any of the Western European powers. 


F. ABBREVIATIONS IN MEDIEVAL MANUSCRIPTS 


The abbreviations found in vernacular texts are few and simpl 
but in the Latin texts of most of the Middle Ages they play: 
conspicuous part, so that some knowledge of them is essential 
anyone who consults medieval manuscripts. The various dicti 
naries of abbreviations, especially A. Cappelli’s, provide an ade 
quate means of interpreting particular forms, but the system asi 
whole varied, like script itself, according to time and place, all 
a word or two on the significance of these variations must be salt 
To have recognized the existence and implications of the historia 
development of abbreviations was the achievement of Ludwi 
Traube (1861-1907), whose teaching—together with the 
weapon of photographic facsimiles—put fresh life into 
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FIG. 51.—PREHUMANISTIC BOOK HAND (ITALY), 14TH CENTURY: РЕ. 
TRARCH (AUTOGRAPH), ‘‘LIFE OF CAESAR" (PARIS, BIBLIOTHEQUE 
NATIONALE, LAT. 5784) 


paleography after the relatively stagnant period which follo 
the codification, in the middle of the 18th century, of the plone 
work of Jean Mabillon and Scipione Maffei. | 

In suspensions the abbreviated word or its syllables are cut 0 
short, as in M for Marcus, Aug for Augustus, tm for tamen? 
contractions the ending of the word is preserved, as in # 
tamen, nrm for nostrum, nro for nostro. Suspensions were usem 
Roman inscriptions from the earliest times for names anc ©” 
and for words or groups of words which occurred often and я 
lowed по misunderstanding. Suspensions such as these, with -b a 
-q followed by a point (standing for the common endings -bus 


literary manuscripts down to the 6th century. There do sul ; 
however, some legal manuscripts and some informally wr! 
erary manuscripts (including sets of marginal notes to 


PALEOGRAPHY 


texts) that date from the 4th-5th centuries and use a few con- 
tractions as part of their stock of motae iuris (see below). 

From the 4th century onward a special group of contractions, 
known as nomina sacra and derived from Greek manuscripts, are 
used in Christian texts for the names of God (DS, DM, etc., for 
Deus, Deum, etc.; IHS—the Н represents the capital form of the 
Greek eta—for Jesus; DNS for Dominus). Some later contrac- 
tions, such as eps for episcopus, were doubtless formed on the 
analogy of the nomina sacra, but a more important source of 
suspensions and contractions alike were the notae iuris, not con- 
fined to legal terms, used in the early manuscripts of Roman law. 
These included combinations of letters and conventional signs, 
such as û with a bar across the descender for per, and shorthand 
symbols, such as reversed c for the prefix con-, which came from 
the “Tironian” system of shorthand, invented by Cicero’s freed- 
man Tiro and subsequently much elaborated (see SHORTHAND). 
Some of these notae iuris were used by writers of the national 
hands on the continent in the 7th and 8th centuries; many more 
were known to the Irish at an early stage and handed on by them 
to the Anglo-Saxons, so that in the 8th century they reached all 
the Insular centres on the continent. 

In the 9th century the diffusion of Caroline minuscule was ac- 
companied by the formation and diffusion of a unified system of 
abbreviation which drew on all the above-named sources and 
which, by the 12th century, was common to most of Europe. 
From the 7th to the 10th century, however, abbreviations provide 
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FIG, 52.—HUMANISTIC ROUND HAND, BY POGGIO BRACCIOLINI, A.D. 
1425; CICERO, “DE ORATORE,'" ETC. (FLORENCE, BIBLIOTECA 
LAURENZIANA, 50,31) 


an invaluable means of dating and localizing manuscripts, The use 
of nm instead of nrm for nostrum suggests a date before the 8th 
Century; ¢ followed by a sign like an arabic figure 2 for -tur first ap- 
Pears, on the continent, about 820; p with a tick on the bow for 
ber is Insular; nsrm for nostrum is Spanish; the sign which meant 
fro on the French side of the Pyrenees meant per on the Span- 
ish side, Again, misunderstandings by a French or German 
scribe of abbreviations in the manuscript that he was copying may 
Pe that it was written in, say, the Insular or the Visigothic 
In the 13th century the Caroline system was vastly extended 
Y the Scribes who copied the works of the scholastic theologians 
and philosophers, and many of the new abbreviations coined by 
them Were current until the end of the Middle Ages. The Italian 
КОН Scribes, however, tended to use only the abbreviations 
a found in their Caroline exemplars, and before long they were 
tbh writing whole manuscripts from which all but the simplest 
Hee were excluded. Before 1500 the printers, especially 
tio n they used Gothic fonts, cut type for many of the abbrevia- 
n symbols used by contemporary scribes. 


С. THE 16TH To 20TH CENTURIES 


in ha Writing Masters.—A fter Arrighi published La Operina 
very r the development of European handwriting followed, until 
sourci “cently, the fashions set by writing masters whose primary 
tiki 3m Income was the teaching of handwriting and the publica- 
now manuals, Such men had existed in the 15th century, as is 
Vertise from the surviving sheets of specimens they wrote to ad- 
ma * their teaching, but their influence was not so great. If 
ng masters have a fault, it is their tendency to introduce new 
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ANISTIC CURSIVE, BY NICCOLÓ NICCOLI, A.D. 1423 (1); 
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styles and “systems” of handwriting merely in order to go one 
better than their competitors, but this desire for novelty has, on 
the whole, been balanced by the equally pressing need to serve 
the practical ends of administration and commerce, for which 
most of their pupils were destined. It is in the handwriting of 
the innumerable clerks on whom all sorts of office work depended 
between the 16th century and the invention of the typewriter that 
changes in the writing masters’ teaching are most clearly reflected; 
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BY COURTESY OF BODLEIAN LIBRARY, OXFORD 
FIG. 54,—HUMANISTIC ROUND HAND, BY PIERANTONIO SALLANDO, 
A.D. 1490; APICLUS (OXFORD, BODLEIAN LIBRARY, CANON. CLASS. 
LAT., 168) 


the literati have always followed them less closely and their writ- 
ing has at times been subject to fashions which have little to do 
with the world of the professionals. 

2. English Hands.—Humanistic cursive triumphed in the long 
run, but in the 16th century it was still a minority. script, except 
perhaps in Italy during the later years, In England a small, light, 
very cursive variety of Gothic minuscule (fig. 56), evolved during 
the first half of the century and known as “secretary hand,” was 
still the normal handwriting in the reign of James I, although most 
well-educated men and women, from the mid-16th century onward, 
also wrote an elegant cancellaresca which derived from the models 
of Arrighi and his Italian contemporaries. During the second 
quarter of the 17th century the secretary hand was rapidly dis- 
appearing, and many Englishmen wrote a mixed hand, basically 
humanistic but with more or fewer secretary letter forms, of which 
curly was the most tenacious; it can still be found occa- 
sionally toward the middle of the 18th century, An upright and 
enlarged version of secretary—the “engrossing hand"—survived 
in law offices well beyond the 18th century, and until 1731 docu- 
ments issued by certain courts of law, including the Chancery and 
the Courts of Common Pleas and King’s Bench, were still written 
in large Gothic hands, of the utmost complexity, which had begun 
to be differentiated from everyday Gothic cursive, and from each 
other, before the end of the 15th century. 

3. Other European Hands.—In Holland a neat Gothic hand 
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FIG, 55. ERA CANCELLARESCA,’' ASCRIBED TO LODOVICO ARRIGHI 
A.D. 1519; BRIEF OF POPE LEO X (PUBLIC RECORD OFFICE, S.P. 1/19) 


resembling English secretary was freely used, along with human- 
istic cursive, as late as the third quarter of the 17th century. 
Gothic cursive reached its nadir in the hands of French and Spanish 
lawyers of the 16th and 17th centuries, although less conservative 
writers in those countries adopted the humanistic style within a 
generation of Arrighi's first publication. When, in the middle of 
the 17th century, Colbert banished Gothic from government offices 
in France, it was replaced by the three varieties of a compromise 
hand called ronde, still sometimes taught in France today, all of 
which included a few Gothic letter forms, notably a peculiar form 
of final s. ‘The variety called écriture financière was upright and 
Gothic in style, while écriture italienne-bastarde was sloping and 
humanistic in style (fig. 57). 

In Germany and Austria a variety of Gothic cursive called 
Kurrentschrift was only superseded as the normal everyday hand- 
writing after World War II. Its development can be traced back 
in an unbroken line to the early years of the 16th century, and 
during its first hundred years of life it was fairly close to the 


BY COURTESY OF THE TRUSTEES OF THE BRITISH MUSEUM 
FIG. 56,—SECRETARY HAND, A.D. 1552; LETTER OF ROGER ASCHAM (BRITISH 
MUSEUM, LANSDOWNE 3) (COT 


English secretary hand and the Gothic hand of Holland, although- 


from the 18th century onward it grew taller and narrower than 
ever they were. Kanzleischrift, used in the more formal docu- 
ments, bore the same sort of relation to Kurrent as, in England, 
the engrossing hand bore to secretary. 

Still more formal was Fraktur, an elongated Gothic book hand 
first used by a printer in the Gebetbuch of Emperor Maximilian 
(1512-13); it is the ancestor of what was until the mid-20th 
century the normal type face for books printed in the German 
language. 

4. Later Manuals.—Returning to the tradition of humanistic 
cursive, the generation of Italian writing masters who followed 
Arrighi practised a lighter, more cursive form of cancellaresca, in 
which the tops of the ascenders were generally finished with a 
decorative blob (cancellaresca testeggiata; fig. 58). In the manual 
of G. A, Hercolani (1574) the specimens were printed not (as 
hitherto) from wooden blocks but from copper plates which al- 
lowed a meretricious contrast between the thinness of the as- 
cenders and the thickness of the blobs; by the end of the century 
a flashy testeggiata had become the fashionable style throughout 
Europe, and it also furnished the humanistic component in the 
French ronde and in the mid-17th-century English mixed hand. 
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FIG. 57.—RONDE, FROM LOUIS BARBEDOR, ''LES ÉCRITURES FINANCIÈRE ET 
ITALIENNE BASTARDE'" 


The testeggiata style dominates the English manuals of Edward 
Cocker (1631-75), which included specimens of the "mixed" 
hand; but a reaction in favour of something plainer and more 
practical set in soon after his death, as may be seen in the manuals 
published in London by Colonel John Ayres between 1680 and 
1700. In the anthology of English specimens issued by George 
Bickham as The Universal Penman, between 1733 and 1741, it is 
apparent that the result of Ayres's reform was the canonization 
of a style which, whatever its debt to certain French and Dutch 
masters of the early 17th century, was both profoundly original 
and admirably suited to the needs of the time in commercial as 
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FIG, 58.—CANCELLARESCA TESTEGGIATA, JOHN FLORIO, LETTER TO SIR 
R. COTTON, A.D, 1600 OR 1601 (COTTON MS. JULIUS C.III) 


well as private life (fig. 59). There were two varieties of this new 
“copperplate” style: “round hand,” the bolder of the two, was 
considered appropriate for business use; “Italian,” lighter and nar- 
rower, was the ladies’ hand. Such was the success of copperplate 
that by the end of the 18th century it had been adopted in France 
(where it has coexisted with ronde), Spain, and Italy, in all of 
which countries it was known as “the English hand.” 

John Seally’s manual of about 1770, The Running Hand, recom- 
mends a sloping Italian with loops (not in regular use before), 
in which all the letters are linked (fig. 60); and it is appar- 
ently to the influence of running hand that we should attribute 
the change which came over English handwriting in general in the 


PALEOGRAPHY 


last years of the 18th century. Loops and links have been the 
general rule ever since. 

From 1809 onward Joseph Carstairs taught a new “system 
of writing in which the whole forearm was moved. The result way 
a hand which, unlike copperplate, tended to sprawl. Most English 
children today are taught to write after late-19th-century model 
which owe much to Carstairs. The adoption, during the 1820s, of 
steel pens allowed the ordinary writer to contrast his thick and 
thin strokes іп а way which had previously been possible only | 
for those, including the writing masters themselves, who were | 
prepared to take considerable trouble over cutting the quill to 1 
sharp and flexible point. | 

The partial break which has taken place in the English tradi. 
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FROM GEORGE BICKHAM, “THE UNIVERSAL PENMAN"; © (941 BY PAUL A STRUCK, 
BY PERMISSION OF DOVER PUBLICATIONS, INC. 


FIG. 59.—ENGLISH COPPERPLATE: (TOP) ROUND HAND AND (BOTTOM) ITAL 
IAN. FROM PHILIP HOFER (ED.), "THE UNIVERSAL PENMAN" ENGRAVED BY 
GEORGE BICKHAM, LONDON, 1743; FACSIMILE EDITION, 1941 


tion, as it has existed between Ayres’s time and the successors of 
Carstairs, is ultimately due to the influence of William Morris | 
(1834-96). In about 1870 Morris began both to practise formal 
handwriting modeled on early humanistic round hand and (016 | 
form his own everyday handwriting іп a manner which seems (0 
imitate humanistic cursive of the same period. In 1898 Mrs 
M. M. Bridges published models which frankly derive from таш 
cancellaresca of the early 16th century. Edward Johnston ( 18725 
1944), although his principal achievement was in the field of formal 
calligraphy, exerted a powerful influence on this movement for | 
the reform of everyday writing through his championship of the 
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FIG. 60.—RUNNING HAND BY JOHN SEALLY, с. 1770 


broad pen. An early and unfortunate consequence of a misunder 
standing of Johnston’s address to the Conference of Teachers й 
1913 was the invention of “print script,” a hand in which te 
letters are entirely separate from each other and imitate lh 
forms of roman type. Children are supposed to go on from this t 
linking their letters, but do not always manage to make 
change. 4 
A handsome model, based on good cancellaresca, was publish 
by Johnston's pupil Graily Hewitt in 1916, but it is too like bo 
hand for school use, and makes inadequate provision for link 
The less formal models of Marion Richardson (fig. 61; 1928 9» 
1935) and Alfred Fairbank (1932 and 1935) deal satisfactori 
with the question of links and, furthermore, share a distinct 1€ 
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style evolved (it is true) from careful study of the cancellaresca 
of Arrighi and his contemporaries, but as easily distinguishable 
from it as the copperplates of Ayres and his contemporaries. It 
remains to be seen whether it has the same success as its Italian 
and English predecessors, but under the aegis of the Society for 
Italic Handwriting, founded in 1954, the new style is steadily gain- 
ing ground in British schools, has established outposts in the 
British Commonwealth, Europe, and the United States, 

5. United States.—The United States, as the first overseas de- 
pendency of European script to gain an undoubted independence, 
deserves a word to itself. Until the middle of the 18th century, 
North America relied on models brought from England; the colo- 
nists wrote secretary, humanist, or mixed hands which were in- 
distinguishable from those of their contemporaries at home. Ben- 
jamin Franklin executed ‘the first colonial models of the Italian, 
round, and secretary hands and published them in The Ameri- 
can Instructor (Philadelphia, 1748). "They scarcely diverged 
from standard English practice, Christoph Saur’s Hoch-Deutsch 
Americanische Calender (Germantown, 1754) contains the second 
oldest ‘colonial models, mostly of Kurrent, the national hand of 
the Pennsylvania Dutch, but with a line or two of English round 
hand thrown in. 

"The first genuinely American copybook was John Jenkins’ The 
Art of Writing (Boston, 1791), which expounded a “system” of 
constructing the letters from a few basic strokes but still followed 
the style of contemporary English round hand. The “running 
hand," which goes back to Seally’s English manual of about 1770, 
appeared in American copybooks soon after 1800 and was strongly 
hi red by B. Н. Rand in his Philadelphia manual of 


From 1830 onward, because of the advocacy of Benjamin Foster 
9f New York, Joseph Carstairs’ method and style became popular 
in the United States and inspired the “Spencerian” style of writing, 
ks unquestionably native variety, never imitated in Britain, which 
hes for many years supreme in North America. The credit for its 
Wee was long and hotly. disputed between two followers of 
tibi А.К. Dunton and Р. К. Spencer (fig, 62), who began to 
( a; the style in the 1840s. Whoever was first in the field, it was 
TN AUR chain of business schools directed by Spencer's sóns 
ng Save the style its name and canonized the wide, swinging 

Vement and the strong contrast between thick and thin strokes. 
States 9 versions of “Spencerian” which dominated the United 
d 5 Irom the 18905 and even spread to parts of South America, 

i КЕ of the success of the manuals still being published by 
¥ rms of Zaner-Bloser and Palmer, preserve the characteristic 

ng but use a line of constant, medium thickness. 

United Work of the English reformers was introduced into the 
es States by Ernst F. Detterer and by Frances M. Moore. 
fü] ca studied under Johnston in 1913 and then began to teach 
à New шару in Chicago. The latter, who taught writing in 
БЫК, Hos: School, worked under Graily Hewitt in 1923 and 
wee her Handwriting for the Broad-Edge Pen in 1926. Both 

BERN of the movement. are flourishing, although the “Ttalic 
ish cou CS to have made less progress in the schools than its Brit- 
vali €rpart. The new style is basically Johnstonian, but Ameri- 
igtaphers show more sympathy than British with the free- 
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dom and eclecticism that mark 
the calligraphy of the German- 
speaking countries of Europe, in 
which the craft was revived, early 
in the 20th century, by Rudolf von 
Larisch and О. Hurm of Vienna, 


^l ру 
VR | See also references under 
3% i “Paleography” in the Index. 
P» (T. J. B.) 
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PALEOLITHIC (OLD STONE Аск), as commonly used by ar- 
chaeologists, refers to a prehistoric level of human cultural attain- 
ment, a type of technology, and a specific period of time, 

Paleolithic people hunted game and collected plant food. Dur- 
ing the earlier (Lower) Paleolithic, they probably wandered in 
groups of 5 to 20, though larger and relatively settled human con- 
centrations were possible by the later (Upper) Paleolithic, In the 
Upper Paleolithic of central and western Europe, herds of rein- 
deer, horses, and bison were hunted, permitting hundreds (perhaps 
thousands) of people to live close together in rock shelters or open 
encampments, "The spectacular paintings and engravings at such 
sites as Lascaux Cave in France and Altamira Cave (q.v.) in Spain 
date from this time, 

Technologically the Paleolithic marks the manufacture and use 
of bone and:chipped-stone tools; no metals or pottery were used. 
Lower, Middle, and Upper Paleolithic are distinguished by specific 
types of tool. In general, tools became smaller and more special- 
ized as men gained technical competence, Tools were somewhat 
standardized over much of Europe, the Near East, and Africa, but 
‘Asia and the Americas had very different stone-working technol- 
ogies, 

The Paleolithic Period begins with the earliest human remains 
found (in the 1960s these were estimated to be about 1,750,000 
years old) and is generally said to end with the recession of the last 
of the Pleistocene glaciers about 8000 s.c. In northwestern Eu- 
rope the Paleolithic is replaced by the Mesolithic (q.v.) but in 
most other parts of the world the way of life and technology con- 
tinued virtually unchanged until agriculture was introduced. In 
a few places (e.g., in remote parts of Africa, the Americas, Aus- 
tralia, and New Guinea), people who lived by hunting and who 
used no metal tools were to be found in the 20th century. See 
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also ARCHAEOLOGY: Prehistory; FLINT AND OTHER STONE TOOLS; 
and references under “Paleolithic” in the Index. (F. A. HE.) 
PALEONTOLOGY, the science that deals with the remains 
of animals and plants found buried in the rocks. For convenience 
it is now customary to use the term only for the study of fossil 
animals and to deal with plants under the head of paleobotany 
(q.v.). In essence, however, the two form one science. Paleon- 
tology is distinguished from zoology and botany by the fact that 
the organisms with which it deals are not all of the same age but 
cover the history of life in the world from a time not long after 
its appearance, when organisms capable of being preserved first 
arose. 
The following topics are discussed in this article: 
I. Fossils 
1. Fossil Process 
2. Preparation for Study 
3. History E 
II. Geological Paleontology 
1. Classification of Stratified Rocks 
2. Zones 
3. Facies 
4. Establishment of Zones 
5, Paleogeography 
6. Fossils and Climate 
III. The Succession of Faunas 
A. The Geologic Time Scale 
B. Precambrian Time 
C. Paleozoic Era 
1. Cambrian 
2. Ordovician 
3, Silurian 
4. Devonian 
5. Carboniferous 
6. Permian 
D. Mesozoic Era 
1. Triassic 
2. Jurassic 
3. Cretaceous 
E. Cenozoic Era 
IV. Evolutionary Evidence 
. The Fact of Evolution 
. Theories of Evolution 
. Adaptation 
. Parallelism 
. Speed of Evolutionary Development 
. Evolutionary Sterility: Extinction 


I. FOSSILS 


In most cases only the hard parts of animals are capable of 
preservation as fossils, but under especially favourable circum- 
stances the soft parts may be represented either by an impression 
upon the surrounding rock, by stains, or even by a petrifaction 
that may preserve the microscopic structure of muscle and other 
tissues, 

For convenience, fossils may be arranged into four general 
types on the basis of their mode of preservation: original soft 
parts; original hard parts; altered hard parts; and marks or 
traces. Soft parts are fossilized only under exceptionally favour- 
able conditions, as in frozen soil, ice, amber, and petroleum- 
saturated soil. Hard parts are often fossilized in a virtually 
unaltered condition, but sometimes may be considerably changed 
by infiltration of chemical substances through a process called 
permineralization or petrifaction. The traces of organisms, which 
provide evidence of the structure or habits of such organisms, 
include chiefly molds of impressions, from which positive rep- 
resentations, or casts, are often derived by infiltration. Bodies 
or parts of bodies, tracks, trails, burrows, fecal pellets or castings 
all may occur as molds or casts. 

1. Fossil Process.—The preservation of any animal as a fossil 
depends on its burial in a sediment that is not subsequently de- 
stroyed by denudation. In the sea the remains of marine animals 
are continually accumulating on the sea bottom. They may lie 
where they fall or be carried for considerable distances by the cur- 
rent. When the speed of the current becomes insufficient to move 
them, the remains may be laid down, often in association with 
many other objects of the same area and weight. Thus it is com- 
mon to find great accumulations of fossil shells all of approxi- 
mately the same size, which are not necessarily in the place where 
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the organisms actually lived. On the other hand shells of burrow. 
ing mollusks may be found as they were in life. The remains of 
animals (even shells) are soon destroyed if they lie for long ex. 
posed to the action of the sea. They can be preserved only if they 
are deposited at a place where mud or sand is accumulating. Such 
accumulations are comparatively rare and of local occurrence, 
They may be found chiefly where the sea bottom off а coast js 
sinking, Certain special areas such as coral reefs provide excep. 
tionally favourable conditions for the preservation of marine fos. 
sils. 

On land the possibilities of preservation are much smaller, The 
remains of a land fauna are chiefly preserved either in the sedi- 
ments that form on the bottom of lakes or more commonly in arid 
areas where the general level of the land surface is rising due to 
wind action depositing dust and sand. Under these circumstances 
the skeleton of a dead animal may become covered by blown sand 
and may remain buried for several geological periods. 

One exceptional method of preservation, more important in the 
case of plants than animals, is in the detritus of forests growing 
on a coastal plain at or below high-water mark. If this plain is 
situated in a sinking area, great masses of deposits (now repre- 
sented by coalfields) may be built up, and in them animals and 
plants will be abundantly preserved. The nature of the preserva- 
tion of an individual fossil depends greatly on its own chemical 
and physical composition and on that of the surrounding sedi- 
ments. The calcareous shells of mollusks and brachiopods, if 
buried in mud that becomes converted into a clay, may be ре 
served indefinitely in their original form. This clay hinders the 
passage of water, which could either dissolve the shell completely 
or bring about a rearrangement of the molecules, often into crys 
tals. In some cases such clays, especially if they become impreg- 
nated with petroleum, may preserve traces of the soft parts of the 
animal in the form of a carbonaceous film made from its material. 

The most remarkable of such fossils are those from the Mit 
dle Cambrian of Burgess Pass, B.C., described by C. D. Walcott. 
Here the external form of slender soft processes of worms has been 
perfectly preserved. Even something of their internal anatomy 
3 be made out from colour differences in the carbonaceous 

s. 

A shell buried in sand may be exposed to the action of percolat: 
ing waters, which, if acidic, are capable of dissolving the. shell 
Its preservation is therefore dependent either on the sealing down 
of the sand by such a layer of clay as will prevent the circulation 
of water or on a solidification of the sand by a cementing together 
of the individual grains, usually by calcium carbonate. This 
forms a solid case round the shell, which may persist if the pt 
colating water is completely saturated with calcium carbonate. 
is altered only by the laying down of further calcite in its port 
In many cases, however, the shell itself is entirely removed it 
solution, and its former presence is shown by a cavity in the sant: 
stone, which reproduces the surfaces of the shell often in a stat 
tlingly complete negative. 

When buried in a calcareous mud such as that which accum" 
lates in the lagoon behind a coral reef, a shell often remains W 
altered. In a limestone that has been formed from such mud, 4 
shell may be found in its original form or changed only by the at 
dition of more calcite. Under exceptional circumstances the m 
terial of an animal’s skeleton may be removed and replace! 
silica, sometimes as opal, by iron pyrites or other minerals. 

2. Preparation for Study.— Before it can be studied, any os: 
sil must be freed as completely as possible from the surrount 
matrix. The technique of this operation varies in each m 
Bones and shells preserved in clays can often be entirely cleaned Y 
washing. Fossils replaced by silica or consisting of chitin can m 
prepared chemically by removing the enclosing rock with уйу 
fluoric or hydrochloric acid; in recent years such preparation 
brachiopods and other invertebrates has revealed delicate n 
tures that had never been suspected from specimens preps 
mechanically, For vertebrate skulls and similar objects it ‘ic 
been found that prolonged immersion in weaker chemicals o 
or formic acid) will gradually dissolve the enclosing rock mal у, 
if it contains a percentage of calcium carbonate. Моге common 
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however, the rock surrounding the fossil must be removed by me- 
chanical means. Hammer and chisel were earlier universally em- 
ployed for chipping away the matrix and are; still a major standby. 
Mechanical drills, delicately directed sandblasts, and other modern 
machines used for dental and industrial purposes enter promi- 
nently into the picture today. Where the fossil is represented by 
a cavity in which the walls preserve a mold of its surfaces, it is nec- 
essary to make casts; these were formerly made in plaster of paris, 
wax, or glue, but today latex or plastic compounds are generally 
used, For small complex objects, such as the skull of a fish, it is 
often preferable to remove the bone and rely on casts, rather than 
attempt to pick away the stone and preserve the actual bone sub- 
stance. 

Sometimes both rock and bone are too hard to be attacked by 
steel tools and too similar chemically to be prepared by solution 
jnacid. In these cases it is possible to discover the structure by a 
method invented by W. J. Sollas. By this technique one surface 
of the specimen is ground to a flat face on which the fossil is shown 
in section. An enlarged photograph is then made of this ground 
surface. In a better method the surface is etched or softened 
with acid and a cellulose preparation is poured over it. When 
hardened, it is removed as a “peel” containing a thin layer of the 
original material. A layer of rock of definite thickness is then 
removed by further grinding, and another photograph is taken. 
The process is repeated until the whole fossil is ground away; but 
the appearance of the sections made across it at definite distances 
apart is preserved in the series of photographs or peels. Each sec- 
tion is reproduced by being cut out of a sheet of wax of appropriate 
thickness, These wax plates when piled up in correct order repro- 
duce perfectly the shape of the original fossil at any magnification 
required. This method, though extremely laborious, leads to re- 
sults that can be attained in no other way. In some cases it may 
E to make a thousand sections and wax plates of a single 
object. 

The preparation of the skeleton of a large vertebrate is usually 
carried out with a hammer and chisel, the rock being carved away 
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The whole concept of paleontology as а record in the rocks be- 
gan with the work of two men. The first was William Smith 
(g.v.), a land surveyor, who in 1791 when supervising the con- 
struction of the Kennet and Avon Canal observed that each of the 
well-marked formations represented in the Jurassic rocks in the 
neighbourhood of Bath, Eng., was characterized by the presence 
of fossils that could not be found in the beds above or below. 
Smith was able to show that it was possible by the aid of the con- 
tained fossils to trace across the Midlands of England to the York- 
shire coast the formations he had recognized near Bath. These 
observations formed the basis of stratigraphic geology and showed 
that there had been a succession of different faunas living in the 
English region during geological time. 

Secondly, Georges Cuvier (q.v.) applied to the skeletons of fos- 
sil vertebrates the methods of study already developed for recent 
animals. In his great work Recherches sur les ossements fossiles 
de quadrupèdes (1812), he gave accurate and detailed accounts 
of the teeth and bones of fossil mammals and reptiles. 

By comparing many specimens and their anatomy he endeav- 
oured to build up the complete skeleton of a number of forms and 
to determine their systematic position in the animal kingdom, : By 
studying the skeleton he attempted to deduce something of the 
habits of prehistoric animals. His work was of great importance 
because it showed that many fossil animals were of types that no 
longer existed. Previously, when only extinct invertebrates had 
been studied, it was always possible to say that they still lived and 
would one day be found when the seas of the world had been 
completely explored. When not one but very many large extinct 
animals had been shown to have existed in France and elsewhere, 
this possibility became less plausible; even in 1824 the world had 
been explored well enough that it was most improbable that many 
large animals remained unknown to zoologists. (In fact only two 
completely new types of large animals have since been discovered, 
the giant panda and the okapi.) 

From Smith and Cuvier two different lines of paleontological 
work have arisen. Until comparatively recently invertebrate fos- 
sils were studied chiefly by men whose interests lay in stratigraphic 
geology and who used them: purely as time markers, or indices to 
certain strata." The type of work initiated by Cuvier has been 
carried on chiefly by zoologists and anatomists and has been con- 
cerned mainly with vertebrates. 


IL. GEOLOGICAL PALEONTOLOGY 


The geological use of fossils as time markers rests primarily on 
observation of the actual occurrence of the remains of animal 
species in thé rocks. Very extensive collections have shown that 
species of the genus Productus are found only in rocks of Late 
Devonian, Carboniferous, and Permian age, that the species Pro- 
ductus giganteus can be found only in a small part of Lower Car- 
boniferous strata, and that the family Productidae lived from the 
Late Ordovician to the end of the Permian. These facts are a mere 
matter of observation; their accuracy depends upon a correct iden- 
tification of fossils and on the extent of the collections which have 
been studied. The importance of stratigraphic geology for com- 
mercial purposes is so great that geological investigations have 
been conducted on an extensive scale all over the world, even in 
such difficult regions as Spitsbergen, Patagonia (in Argentina), 
central Africa, and Mongolia. 

1. Classification of Stratified Rocks.—The divisions recog- 
nized by Smith were marked primarily in the mineral composition 
of the strata, The Early Jurassic strata in the Bath district 
showed successive stages of clay, sandstone, limestone, unconsoli- 
dated sand, and so on. It was in such formations, readily separa- 
ble from one another by inspection, that Smith collected his fos- 
sils. From this collection he claimed that geological formations 
could be identified by the fossils they contained. 

Later workers extended this concept and used it as a basis for 
the division of stratified rocks into systems. An example is the 
Silurian System, which resulted from the research of R. I. Murchi- 
son (q.v.), who separated a great series of formations containing 
certain fossils, trilobites, and graptolites that were rare or nonexist- 
ent in later geological time. The character of the basis on which 
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this system was formed was made clear by the famous long-con- 
tinued discussion between Murchison and Adam Sedgwick. The 
latter had mapped North Wales, dividing up the rocks into forma- 
tions and grouping the whole in the Cambrian System. After the 
establishment of the Silurian System by Murchison, the fossils 
collected by Sedgwick were examined, and it was discovered that 
the whole assemblage of Sedgwick’s Cambrian fossils was that 
which characterized the Silurian System. Murchison claimed that 
the term Cambrian was synonymous with Silurian. Thus the 
two conceivable methods of dividing stratified rocks into groups 
on the basis of their lithology and of their paleontology were 
placed in opposition, and the true nature of the differences had to 
be considered. 

It is certain that every change in the character of sediments 
depends on a modification of the geography of the region in which 
they were being laid down. Also, in those cases where successive 
rocks have an unconformable relationship to one another, there 
is an interval of time separating the two. It is evident that the 
faunal changes that distinguish one formation from another are 
to a great extent the result of the evolution that has proceeded 
during the time separating the deposition of the sediments in- 
volved. Thus the evidence from stratigraphy and from paleontol- 
ogy should lead to the same conclusions. But the changes in 
faunas, depending as they do on evolution, which proceeds with 
time, should occur whether or not the geography is so altered as 
to cause a modification in sedimentation. It should therefore be 
possible on paleontological grounds to divide the rocks of a single 
geological formation into smaller periods not necessarily recog- 
nizable by lithological differences but displayed by a change in 
faunas, The first geologist to do so was Albert Oppel, who di- 
vided the Early Jurassic into small periods that he called zones. 
Technically a zone consists of the sediments that were laid down 
during the existence of a particular species of animal. In practice 
it is usually found that they are most readily recognized not by the 
presence of a single species but by the coexistence of a group 
of forms, not one of which is necessarily present in each locality 
where the zone occurs. 

2. Zones.—This process of dividing rocks into small divisions 
has been carried to an extreme length among Jurassic and Creta- 
ceous sediments but has to some extent been applied to all sys- 
tems, The Cambrian System, divided into groups primarily on 
the lithology of the sediments of that age in North Wales, has 
been subdivided into about 12 zones, chiefly on the evidence af- 
forded by the range of different genera or species of trilobites. 
The succeeding Ordovician and Silurian systems were shown by 
Charles Lapworth to be divisible on the evidence of graptolites, 
and it has since been found that these graptolite zones can be 
recognized not only in the region of southern Scotland, where they 
were established, but throughout western Europe, North America, 
and even Australia. They are thus of worldwide significance. 

3, Facies.—In the course of his work, Lapworth emphasized 
the fact that the Ordovician and Silurian rocks of southern Scot- 
land existed in two different forms. One form consisted of sand- 
stones, shales, and limestones containing trilobites, the shells 
of brachiopods and mollusks, and corals, The other form was 
composed of very thin-bedded, black shales often crowded with 
graptolites but yielding very few other fossils. He called these 
two rock types the shelly and the graptolite facies, respectively. 
With the occasional occurrence of graptolites in the shelly facies, 
he was able to show that the difference between the faunas of the 
two types did not depend on differences of time but could be 
completely explained by the assumption that the rocks of the 
shelly facies were laid down near the coast in shallow water where 
trilobites and shells were living. The graptolite shales, on the 
other hand, were deposited in relatively deep water, and the 

graptolites found in them were pelagic animals floating freely in 
the sea, their skeletons sinking to the bottom and becoming buried 
in the scanty sediments accumulating there. The idea that two 
faunas of identical age may differ completely because of such a 
difference of facies is a most important one. It should always be 
kept in mind in discussing the geological age of any rock. 

Modern work on the distribution of animals on the floor of the 
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Kattegat Strait, the North Sea, and the English Channel has shown 
conclusively that in very short distances (in some cases within a 
few hundred yards) totally different forms may be lying buried in 
the sea bottom. The character of the fauna is determined in part 
by the nature of the soil (whether gravel, sand, or mud), and in 
part by the depth of water. 

The fact that graptolites are unattached forms floating in the 
surface layers of the water explains the occurrence of their skele- 
tons in both the shelly and graptolitic facies. It also accounts for 
their wide distribution. Since they were undergoing a rapid evo- 
lution their time spans were relatively short. The graptolite zones 
of the Paleozoic Era probably cover longer periods of time in 
comparison with those recognized in Jurassic rocks. Throughout 
the Mesozoic, zones have been established on the basis of the am- 
monites. These fossil shells of cephalopod mollusks are often 
enormously abundant. They were undergoing very rapid evolu- 
tion from their first appearance at the base of the Permian to their 
disappearance at the top of the Cretaceous. Many are found in 
sediments of all types, suggesting that, like the graptolites, most 
of them did not dwell on the sea bottom but swam freely in mid- 
waters or near the surface. These habits would explain the wide 
geographical range that some ammonites are known to have 
covered. For example, the same or closely similar species of 
Mortoniceras occur in Texas, India, South Africa, and Europe. 

Ammonite zones have been established in all marine sediments 
up to the Late Cretaceous, but in Tertiary formations there were 
found conditions in which no group of marine animals can be used 
for a worldwide division into zones. The difficulty of subdividing 
the Tertiary Period in all probability is explained by the absence 
of any group of highly developed pelagic forms undergoing a rapid 
evolution and capable of ready preservation as fossils. A survey 
of the present faunas of surface waters, especially of those not 
entirely coastal, suggests that the most valuable groups for zonal 
purposes in the Tertiary would be the whales, whose size and rarity 
render them unavailable, and the copepods, which are except in 
very special cases incapable of preservation, Thus the subdivision 
of the Tertiary Period, so far as rocks of marine origin are com 
cerned, necessarily rests on bottom-living forms from shallow seas, 
such as the Foraminifera, Gastropoda, Lamellibranchia, and 
Echinoidea. It is perfectly clear from the present-day distribu- 
tion that species belonging to the last three groups generally have 
a restricted geographical distribution. The fundamental nature 
of the shortcomings that such materials possess when used as time 
markers is vividly illustrated by the uncertainty that still exists aS 
to the ages of the Tertiary deposits of Australia and Soul 
America. 

Foraminifera and such other small fossils as Ostracoda have at 
tained a special importance in stratigraphic geology because they 
can be determined in the fragments obtained from boreholes. The 
exploratory bores, made very extensively to locate oilfields, yiel 
such material. The investigation of these fossils has become û 
special branch of paleontology (micropaleontology; q.?.), 10% ac 
tively pursued because of its economic importance, especially 
U.S. workers. 

4. Establishment of Zones.— The zones so far considered rt 
entirely on an observational basis. They have been defined by 
recording the distribution of particular species in a series of roc 
where succession can be determined by mapping. Their validity 
depends entirely on the certain recognition of individual spec 
and on the extent to which collections have been made. The bus: 
ness of a geologist intent on establishing zones is to collect as many 
fossils as possible from each bed of a well-exposed series and бё 
in the presence of the whole material to draw the limit 0) s 
species as finely as he can: that is, to indicate by a name (to bere 
garded purely as a method of handling the facts) each type of ty 
ganism which can be distinguished from all others by observa) 
and constant morphological characters. Theoretically such gro 
ings should be made without reference to the beds in whic 
individual fossils have occurred, but in practice it is usually fo 
that recognition of the more minute differences in structure " 
much easier if the relative ages of the specimens are taken "^. 
account. This practice, universally and necessarily pursued, 
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troduces the danger of accepting, as permanent and characteristic, 
that are not such in fact. 

For full use of the information acquired by this process, it is 
necessary to compare ux Tet asd fossils that have been thus 
recognized with materials from other parts of the world. Since 
very few p possess санаа all over the world and 

these will in any case be inadequate, such a comparison 
те made only with fossils previously described. It is there- 
fore a primary duty of a paleontologist to publish detailed descrip- 
tions illustrated by accurate and clear figures of the forms he 
ognizes, but he may do so only after he has compared his own 
iam with the whole of the published accounts of similar crea- 
tures. This process is extraordinarily laborious and tedious but 
js rendered far easier if there is a modern monograph of the whole 
group involved. After each fossil of the collection has been re- 
ferred to a definite species, it is easy to discover if any of them 
are restricted to a definite bed or series of beds. It is then neces- 
sary to consider whether the absence of a given species at any 
particular horizon is due to the age of those rocks or to a change 
of facies, which will in most cases be indicated by a change in the 
lithology. Life zones are founded on the period of existence of a 
definite species of animal and should have a validity throughout 
the entire region in which the animal lived. Zones should not be 
established, although they may be tentatively put forward, until it 
can be shown that they are recognizable over some area that rep- 
resents a fair sample of the probable space range of the species. 
Since it is known from present-day conditions that no individual 
species of sedentary animal that lives in shallow seas occurs uni- 
formly distributed over any area even so small as the English 
Channel, it is clear that the nonoccurrence of the zone fossil at 
any place does not necessarily imply that deposits of its zone are 
absent there. Even in rocks not lithologically dissimilar, the 
s zone may contain different faunas in places only a few miles 
apart, 

If the zonal fossil is a pelagic form that was buried only after 
it had sunk, then within wide limits its occurrence should be inde- 
pendent of the nature of the sediments, and its distribution, de- 
pending on the vagaries of the currents, may be expected to be 
uniform in periods of time exceeding a few years. The non- 
Occurrence of a pelagic zonal fossil in an area within which its 
remains are found, assuming that the collections are adequate, is 
good evidence that sediments laid down during its zone were either 
not deposited or have subsequently been removed. The very de- 
tailed zoning of Jurassic rocks in England by the work of S. S. 
Buckman and his successors has shown that such failures of sedi- 
mentation or local unconformities are exceedingly common in shal- 

water deposits and that they may be entirely unrecognizable 
ordinary stratigraphic methods. 
aleogeography.—In addition to their value as time mark- 
ers, fossils may throw light on the geographical conditions under 
which rocks were laid down and on the paleogeography of the 
World asa whole. Certain groups of animals are now, and always 
ve been, restricted to salt water; no echinoderm, for example, 
esis Eu in rivers or lakes. Although a few forms (none 

Күр Preservation as fossils) do occur in fresh water, the 
1 enterata is known as a marine group, and the occurrence of 

Coral is almost conclusive evidence that the rocks in which it 
Alea саай were laid down under the sea. Brachiopods are equally 
fet but Lingula, and presumably some of its allies, extends its 

into brackish water. In most cases a phylum may have 
these tatives both in the sea and in fresh water, but even in 
ioe it will usually be found that many of its larger divi- 
| Are restricted to one or the other habitat. Thus most mol- 
snails US are strictly marine, but among the gastropods the 
Ero ud emigrated into fresh water and onto land. A limited 

: of pelecypods (mussels and the like) live in fresh waters. 
may inde Marine animals, contrasts in faunas of any given age 
Much cate the presence of land barriers between oceanic areas. 
from {ске of former continental connections сап be gained 

his Study of terrestrial fossils, particularly the vertebrates. 
South Am 


tory of mammalian life shows clearly, for example, that 
erica was isolated from other continents during nearly 
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the entire Tertiary. During this time a unique South American 
mammal fauna developed, only to disappear for the most part 
during the Pleistocene, when proof of reestablishment of connec- 
tions is given by the presence of numerous animals of northern 
origin, That connection existed between Siberia and Alaska dur- 
ing various stages of the Tertiary is indicated by the fact that at 
various times Eurasian and North American faunas show marked 
similarity, only to diverge again when (it can be inferred) con- 
nections were broken. At one time various workers assumed 
the presence of a variety of Tertiary land bridges between one 
continental area and another to account for the presence in the 
two of some specific type of animal life. In general, however, 
such theoretical bridges raise more difüculties than they solve, 
and belief in them has been generally abandoned. In the Meso- 
zoic and Paleozoic eras intercontinental relationships are less clear. 
Mainly on paleobotanical grounds many workers assume that in 
Pre-Jurassic times South America, Africa, peninsular India, and 
Australia formed a single continental mass, Gondwanaland; again, 
the theory of continental drift, of which Alfred Wegener was a 
major advócate, assumes that all the continents at an early geo- 
logic time formed a single mass that later separated into its pres- 
ent components, the American continents remaining long in con- 
tact with Europe and Aírica before being separated by the 
Atlantic Ocean. Animal fossil distribution has been adduced both 
for and against this hypothesis, but the evidence is far from con- 
clusive. 

6. Fossils and Climate.—Appeal is often made to fossils in 
discussions of the temperature under which certain formations 
have been deposited. For example, it is stated that such an ex- 
tensive development of corals as occurs in the coral rag of Mid- 
Jurassic age implies that this sea was tropical. This conclusion 
is based entirely on the fact that present-day coral reefs are found 
only in or near the tropics; there is nothing in the structure of 
the coral species to explain it. The coral Lophohelia, which forms 
great branching colonies two feet in height, lives in the cold deep 
waters of the Norwegian fjords and off the coasts of Scotland. 
This animal and others that occur with it differ in no consistent 
respects from allied tropical forms. Thus the mere occurrence 
of corals provides very unsubstantial evidence on which to found 
an interpretation of the temperature of past seas. If this doubt 
exists for Jurassic times, then the abundance of corals in Paleo- 
zoic rocks affords no evidence whatsoever as to the temperature, 
especially since the phylogenetic relationships between Paleozoic 
and Mesozoic corals are quite uncertain. In the case of rocks of 
Pleistocene and Late Tertiary age in which the remains of living 
species are found, it is possible to use their evidence in follow- 
ing the course of temperature changes during the period of their 
deposition. 

Most living species of marine animals have a distribution limited 
by temperature. Such fish as the haddock can live and breed only 
in waters where upper and lower temperature limits are strictly 
defined, and it is reasonable to suppose that this disability has 
existed from the time of their origin. The discovery of such an 
animal as the abalone (Haliotis, whose present northern limit is 
the Channel Islands) in Late Tertiary rocks in England would 
imply that there has since been a fall in temperature in the sea 
surrounding the British Isles, It is clear that such evidence must 
be used with caution and that it becomes more fragile the further 
back the species be traced. 

For continental areas, where greater temperature variations 
exist than in the sea and where differences in rainfall afford a 
second major variable, evidences of ancient climates are of greater 
potential value. Many major events in vertebrate evolution, in- 
cluding the origin of lung-bearing fishes and amphibians and the 
“invention” of the shelled egg definitive of amniotes, are best 
understood as being due to a widespread development in Late 
Paleozoic times of climates producing areas comparable to modern 
tropical savannas, with marked seasonal droughts. The abundance 
of aquatic amphibians in the Upper Carboniferous is in agreement 
with the conclusion from sedimentary and paleobotanic evidences 
that the period was one of equable temperatures and abundant 
rainfall, Animal as well as plant evidence indicates that in Early 
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Tertiary times temperature gradients from poles to tropics were 
less steep than at present, for fossil deposits of those times show 
not only an abundance of warmth-loving mammals, such as pri- 
mates, far to the north but also numerous reptiles, which cannot 
in general withstand deeply cold winters. A harsher zonation for 
the Late Tertiary is indicated by the fact that of the bovids (the 
cattle-antelope group) only a few forms adapted to cold climates 
were able to reach North America from their place of origin in the 
Old World, See also FossiL; Marine Biotocy; GEOLOGY: 
(D. М. S. W.) 


III. THE SUCCESSION OF FAUNAS 
A. THE GEOLOGIC TIME SCALE 


The history of the earth is measured by paleontologists not by 
years but in terms of major periods of time (eras) that are cor- 
related with successive series of rock formations; eras, in turn, 
may be divided into periods, and periods into epochs. The earth 
is now believed to be several billion years old. The proper mode 
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of division of the earlier portions of its history into eras is dis- 
puted since fossil animals (and indeed any sort of traces of life) 
are exceedingly rare except during the last half-billion years or so. 
There is general agreement that this final fraction of the earth's 
history can be regarded as constituting three eras: Paleozoic, 
Mesozoic, and Cenozoic. 

Estimates of the age of the various periods were long made on 
the basis of the minimum amount of time necessary for the depo- 
sition of the sediments attributable to them. Since such figures 
allowed but a few million years for the whole Tertiary history 
of mammals, Charles Darwin and later workers were much con- 
cerned as to whether all the known evolutionary development of 
life could have been accomplished in the time allowed. Our 
present, vastly larger, figures are based on modern knowledge 
of radioactivity. At various points in the geologic sequence are 
found rocks which contained radioactive minerals. Since the 
rate of disintegration of these substances is known, the ratio of 
original materials to their disintegration products furnishes posi- 
tive evidence of age (see also RADIOCARBON DATING). 

The geologic history of many major (and minor) animal groups 
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is noted in a variety of other articles treating the specific types 
concerned; below is gathered material attempting to treat as а 
whole the nature of successive faunas period by period. 

North American workers divide the Carboniferous into two pe 
riods, Mississippian (Lower) and Pennsylvanian (Upper). The 
Ordovician is considered by some European workers to be merely 
an earlier part of the Silurian; the latter term as used here may 
then be referred to as the Gotlandian. Some European writers 
further consider that the Tertiary should be divided into two pe. 
riods, an older Eogene (or Nummulitic) and a later Neogene Pe. 
riod. 

B, PRECAMBRIAN TIME 


In the Cambrian, earliest of Paleozoic periods, there occurred 
numerous and varied forms representing full-fledged members of 
almost every major animal group in the fossil record. -It is obvious 
that animal evolution was well advanced at this time, But in 
older deposits there are almost no animal fossils at all. There 
are trails and burrows attributed to worms, possible fragments 
of arthropods, a few very dubious sponges, foraminifers, and 
radiolarians, little more. Where are the ancestors of the highly 
evolved Cambrian animals? The conjectures: (1) possibly there 
were Precambrian forms with hard skeletons, but these may have 
been destroyed by subsequent metamorphosis of the rocks contain- 
ing them; (2) Precambrian organisms may have been already 
highly evolved but lacked hard parts because of the unavailabil- 
ity of calcium; (3) ancestral forms may have been mainly active 
types, in which hard skeletons would be of little use or actually 
detrimental. 

This major problem—the seemingly abrupt appearance of com- 
plex organisms in the Cambrian—has puzzled students of fossils 
from the time of Darwin. The scientific community was there- 
fore heartened by the discovery in 1965 of a clamlike brachiopod 
fossil in strata more than 720,000,000 years old on Victoria 
Island, Canada, It is expected that other equally advanced fos- 
sils surely will be found, allowing paleontologists to fill in the mys 
terious gap that now exists between the Precambrian and Cambrian 
periods. 


C. ParEozorc Era 


1. Cambrian.—Information regarding the faunas of the Cam- 
brian and other Early Paleozoic periods is almost entirely derived 
from beds in Europe and North America, for little is known from 
other continents. In fact, few Early Paleozoic formations are 
present anywhere in the Southern Hemisphere. During the course 
of this first period of the Paleozoic, there appeared representatives 
of every animal phylum of importance except the chordates (the 
vertebrates and their relatives). But while this "sudden" out- 
burst of fossil types is spectacular, the speed of their appearance 
should not be overemphasized, for the Cambrian covered a con 
siderable period of time. The Early Cambrian faunas were rela 
tively restricted in the variety of forms represented, and it was 
not until late in the period that the full Cambrian fauna was 
present. Although no land animals are known, two marine groups 
were particularly prominent, the trilobites and the brachiopod 
The trilobites, archaic arthropods with broad flat bodies an 
numerous appendages, were exceedingly numerous, increasingly 89 
in the Late Cambrian. 

In the Early Cambrian the trilobites were diversified into four 
distinct orders, with a fifth order appearing in Middle Cambrian 
times. Most of these orders were of little importance later, i 
included are the Opisthoparia, longest lived and most success 
of trilobite types. The brachiopods, or lamp shells, althoug 
relatively unimportant today; were extremely prominent in а 
Paleozoic marine faunas. In the Cambrian they constituted neatly 
a third of all reported genera. Brachiopods were of two ma 
types: the articulates, in which the two shells are hinged together 
and the inarticulates (such as the modern Lingula), in whic 
hinge is absent. Both types were present in the Cambrian, 
inarticulates were dominant. 3 

There is almost no indication of protozoan life in the с 
brian. Оп the other hand, sponges and possible sponge relativ 
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were: widespread. Siliceous spicules and skeletons represented 
both. the Hexactinellida (or Hyalospongea) and Demospongia. 
Once thought to be either sponges or coelenterates but now rec- 
ognized a& an independent phylum were the Archaeocyatha, con- 
fined to the Cambrian. These were reef-building organisms, 
known from vase-shaped porous skeletons in which a circuit of 
peripheral compartments surround the central cavity. Of the 
phylum Coelenterata (or Cnidaria), only a fraction secrete a skele- 
ton and hence are capable of fossilization under normal conditions, 
Corals, common in later periods, were unknown in the Cambrian, 
and the only common coelenterates were the Stromatoporoidea, 
an order of colonial polyps (extinct since the Cretaceous) that 
secreted massive calcareous deposits about themselves. Very 
doubtfully referred to the Scyphozoa (the jellyfish group) are the 
conulariids (Conulariida), known from four-sided pyramidal 
shells; they appear from the Early Cambrian to the Triassic. 
Mollusks, highly important later, were relatively poorly repre- 
sented at this time. Most of the known genera were gastropods. 
Although individual specimens are relatively rare, there were rep- 
resentatives of about nine families of these snail relatives, with 
shells varying from a simple cone to shells coiled in a single plane. 
Of especial interest was the presence of a class of primitive mol- 
lusks (Monoplacophora). Formerly included in the gastropods, 
they are known from small and simple shells, the markings on 
which suggest a primitive bilateral body symmetry and a possibly 
segmental arrangement of muscles and other organs. Fossils of 
this type were confined to the earlier Paleozoic periods, but the 
suggestions: of primitiveness have been strikingly confirmed 
through the discovery of a living monoplacophoran (Neopilina) 
in the depths of the Pacific Ocean. The cephalopod mollusks, so 
important in later geologic periods, were relatively slow to make 
their appearance. Primitive curved-shell members of the nauti- 
loid group (Nautiloidea) are found in Late Cambrian strata, but 
no earlier cephalopods are known. A puzzling exception was the 
Appearance of tiny, slender, conical shells (Volborthella) in the 
Early Cambrian, which may represent early cephalopods of some 
Sort, Possibly mollusks, but of very dubious relationships, were 
the extremely abundant little tubular or cone-shaped shells of the 
genus Hyolithes and its allies; relationship to the modern ptero- 
pods has been suggested. 
Although the trilobites were the dominant arthropods, two 
other groups were present. The living horseshoe crab (Limulus) 
is the sole survivor of the arthropod order Xiphosura, of which 
the oldest representatives occurred in Middle and Late Cam- 
brian deposits. Crustaceans, important in later history, were 
poorly represented in the Cambrian, The only forms surely 
known are shelled representatives (Conchostraca) of the little 
branchiopods (fairy shrimps, water fleas, etc.) in the Middle 
and Late Cambrian and the first of another group of tiny shelled 
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crustaceans, the phyllocarids, somewhat more advanced in struc- 
ture but destined not to survive the Paleozoic. 

A final major invertebrate group of the Cambrian was that of 
the echinoderms. Cambrian echinoderms were relatively uncom- 
mon, and types represented were for the most part archaic in 
nature, indicating that the phylum had evolved at a relatively 
late date. Study of living echinoderms suggests that stalked 
forms (Pelmatozoa), represented today by the crinoids (such as 
sea lilies), are more primitive than unattached types (Eleuthero- 
zoa, such as starfish, sea urchins, etc.). The fossil record appears 
to corroborate this belief, for apart from a possible ancestral sea 
cucumber, all known Cambrian echinoderms were attached types. 
There were as yet, however, no true crinoids, since the Cambrian 
forms pertained to groups (Edrioasteroidea, Eocrinoidea, Car- 
poidea) that were destined to become extinct well before the end 
of the Paleozoic. 

Many living groups of invertebrates lack hard parts of any sort 
and hence can be found as fossils only under most unusual con- 
ditions, Moreover, there may have existed many types of shell- 
less invertebrates that have left no mark of their existence at all. 

A fortunate glimpse into the world of early invertebrate life 
is afforded by studying the exquisite impressions of numerous 
soft-bodied animals of Middle Cambrian age, such as those found 
in the Burgess shale of British Columbia, Many of them are puz- 
zling forms difficult to assign to any known groups, living or ех- 
tinct. But in addition to such puzzling forms and otherwise fa- 
miliar types, the Burgess shale exposed such rare fossils as those 
of the most ancient jellyfishes, polychaete annelid worms, and 
somewhat doubtful sea cucumbers (Holothuria). This shale also 
contains the only known fossils of the wormlike Onychophora 
(represented today by Peripatus), of the Chaetognatha (arrow- 
worms), and, possibly, of the peculiar, living, wormlike group of 
the Gephyrea. 

2. Ordovician.—Knowledge of animal life of the Ordovician 
Period is confined to the seas. In many regards the life of the 
period continues the picture seen in the Cambrian, but marine 
invertebrates were still more abundant and varied. Of the Proto- 
zoa, the shelled Foraminifera, of importance later, appeared for 
the first time but were as yet rare. Of spongelike organisms, the 
Pleospongia of the Cambrian were gone, but there appeared in the 
Ordovician (continuing to the Devonian) another problematical 
group, Receptaculites, characterized by globular or saucer-shaped 
calcareous structures. Notable was the appearance among the 
coelenterates of two major groups of corals, the tabulate and 
rugose corals (the latter also termed Tetracoralla). Now extinct, 
these corals played a prominent part in the formation of Paleo- 
zoic limestones. The stromatoporoids continued as important 
reef builders, and in the Ordovician there appeared the similar 
Labechiidae. In contrast to the Cambrian, the mollusks assumed 
a position of major importance, 

Most notable was a vast out- 
burst in numbers and variety of 
nautiloid cephalopods. Ances- 
tral Cambrian forms possessed 
curved shells; those of the Ordo- 
vician varied from the first prop- 
erly coiled, true nautiloid types 
to a variety of types with conical 
shells. The gastropods increased 
greatly; there were more than a 
dozen new families, most of 
which, however. were destined 
not to outlive the Paleozoic. The 
Ordovician marked the first ap- 
pearance of the Amphineura (rep- 
resented today by chitons and 
their relatives); this group of rel- 
atively primitive mollusks was at 
no time of any great paleontolog- 
ical importance. Much more 
noteworthy is the fact. that the 
first pelecypods occurred in the 


142 


Middle Ordovician and became abundant before the end of the pe- 
riod. Trilobites still were dominant among arthropods and were 
even more prominent than in the Cambrian. The first rare mem- 
bers of the scorpionlike Eurypterida appeared; many later euryp- 
terids were apparently freshwater dwellers but the early represen- 
tatives appear to have been marine. 

There was an increase in variety of the groups of smaller crus- 
taceans. There appeared the ostracods, whose tiny bivalved shells 
are common in many Late Paleozoic deposits, and the first certain 
representatives of the barnacles (Cirripedia). Brachiopods were 
again very prominent; from this period onward, however, the in- 
articulate forms became relatively rare, and the hinged forms be- 
came highly abundant. Prominent were the subfamilies Orthacea, 
Strophomenacea, and Rhynchonellacea. There appeared also 
several groups of brachiopods destined to become important in 
later periods. 

Echinoderms had become much more prominent in the faunal 
picture. Attached forms still dominated. The three groups pres- 
ent in the Cambrian persisted, and others that appeared were blas- 
toids and abundant cystoids. A more modern note was struck by 
the presence of crinoids, which increased greatly before the close 
of the period. In addition to stalked forms, there was a definite 
but modest representation of free-living groups, including repre- 
sentatives of the true starfishes (Asteroidea), brittle stars (Ophi- 
uroidea), and sea urchins (Echinoidea). 

The Ordovician is notable for the introduction of several major 
groups quite unknown in the Cambrian. As a relatively minor 
event, the conodonts (Conodontophoridia) first appeared. These 
are toothlike or jawlike little objects, useful in Paleozoic stratig- 
raphy but extremely difficult to classify. In this period, too, were 
found the first of the moss animalcules or bryozoans, small colonial 
animals, most of which secreted hard skeletons of paleontological 
interest. Four of five known orders of this sort appeared in the 
Ordovician; particularly prominent in Paleozoic rocks are colonies 
formed by members of the order Trepostomata, the stony bryo- 
zoans. 

Appearing at the Cambrian-Ordovician boundary and continuing 
as common fossils through much of the Paleozoic were the grapto- 
lites. Their remains commonly consist of small, branched, 
chitinous tubules that obviously sheathed small colonial animals 
of some sort. Some colonies appear to have been attached to the 
sea bottom, others were free floating. The nature of graptolites 
has been much debated; it has been seriously contended that they 
are comparable to the pterobranchs, small, living, marine forms 
related to the hemichordate acorn worms and hence remote verte- 
brate ancestors. Still, certain Ordovician forms are claimed to be 
actual pterobranchs. 

But the Ordovician fossil record advances still further; there 
are definite traces of true vertebrates. A few toothlike structures 
of possible vertebrate type were long ago reported from the Ordo- 
vician of Russia, and a few possible vertebrate fragments were 
found more recently in the St. Lawrence region. Positive evi- 
dence of vertebrates, however, has long been known from an area 
extending from Colorado northward through Wyoming. Here in 
the Harding sandstone and equivalents are remains, generally quite 
fragmentary, of dermal plates of primitive jawless vertebrates 
(ostracoderms of the order Heterostraci). The deposits in which 
the remains are found are marine (apparently near-shore deposits), 
and it has been reasonably argued that the earliest vertebrates 
were freshwater forms; our sparse knowledge of early vertebrate 
history may be due to the paucity of continental deposits of this 
high antiquity. 

3, Silurian.—Fossiliferous Silurian deposits continued to be 
primarily marine in nature, although toward the end of the period 
there appeared limited continental deposits, best known in north- 
eastern North America and northern Europe. In the seas the 
aspect of the animal population was fairly similar to that of the 
older periods of the Early Paleozoic. There was little notable 
change regarding protozoan and sponge fossils. Among coelen- 
terates, both tabulate and rugose coral groups continued in promi- 

nent fashion, and there were considerable additions to the variety 
of rugose forms; stromatoporoids continued to be common in this 
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period and the Devonian as well. Of mollusks, nautiloids were 
still the only cephalopods; they remained abundant, although there 
was some slight reduction. Gastropods and pelecypods flourished 
from this period onward. 

In the Silurian were found the first representatives of the 
Scaphopoda, the so-called elephant’s-tusk shells; at no period, 
however, is the group of importance in the fossil record, Of 
arthropods, the trilobites were still abundant but had definitely 
passed the climax of their development. Of the xiphosurans, 
forms intermediate between ancestral types and the limuloids were 
present in the Silurian and Devonian. Knowledge of crustaceans 
is still confined (as is also true of Late Paleozoic periods) to small 
shelled forms and barnacles; ostracods were abundant then and 
in the Late Paleozoic. Some (but not all) of the rather numerous — 
eurypterids appear to have been still marine in habitat. Brachio- 
pods flourished greatly; the Orthacea were reduced; Rhynchonel- 
lacea and Strophomenacea continued to be plentiful; and Spiri- 
feracea and Rostrospiracea were among new groups rapidly rising 
to prominence. Of echinoderms, there was some reduction of 
the more primitive sessile types, but the crinoids were more 
diversified than in the Ordovician. Eleutherozoans were of only 
modest importance. Graptolites, mostly of free-floating types, 
continued to be plentiful. 

Particularly toward the close of the period and in the transition 
to the Devonian there was some development of continental de- 
posits. In these deposits were found the first land and freshwater 
animals. Although some eurypterids of the Silurian appear to 
have persisted in salt waters, others in the Late Silurian appear 
to have invaded brackish or fresh waters. Vertebrate spines, 
scales, and plates are found in marine deposits of the Late Silurian 
to some extent, but the best-preserved fossils (almost entirely 
members of the armoured jawless fishes grouped as the ostraco- 
derms) are found in red beds of a continental type. In sud 
beds, too, are found the oldest known fossils of scorpions (relatel 
to the older aquatic xiphosurans and eurypterids) and the first 
millipedes (Diplopoda). There, then, were the beginnings of & 
continental animal fauna. 

4, Devonian.—Although the Devonian witnessed a consider 
able increase in the faunas of continental areas, the greater wealth 
of animal life continued to be found in the oceans. Devonian 
marine beds are most humerous in Europe and North America} 
continental red beds are best preserved in northeastern North 
America and in northern Europe. Siliceous sponges were locally 
abundant. The last members of the problematical Receptaculiles 
appeared in the Devonian. Both tabulate and rugose corals welt 
prominent in the Early Devonian, but later the tabulates declined. 
Stromatoporoids were common elements in reef deposits. Con" 
lariids are best known from this period. Nautiloids continu 
to dominate among ‘cephalopod mollusks, but during the period 
there developed from them the first of the ammonoids (AM 
monoidea), never too abundant during the rest of the Paleozk 
but destined for Mesozoic prominence. Gastropods were hig 
diversified. The decline of the trilobites continued. 

In the Devonian were the first “modernized” xiphosurans, ap 
proaching the modern Limulus in structure. Of the flouris 
brachiopods, the Spiriferacea and Rostrospiracea were the m 
prominent groups. The trepostome bryozoans were common ai 
varied. Except for the blastoids, which were increasing 
more in numbers, the more primitive attached echinoderms 
close to the vanishing point. d 

The Devonian is often termed the Age of Fishes becau j 
the rapid expansion of water-dwelling vertebrates. Many 
groups of the period were primarily freshwater forms, DU ^. 
was a continually expanding marine fish fauna as well. А major) 
of the members of the great order Arthrodira were marine for 
and typical armoured arthrodires swarmed the Late Devonian 
Some, such as Dinichthys, attained a length of about 30 ft. 
the latter half of the period there appeared the first primi 
sharks represented by Cladoselache. ol 

With abundant continental sediments, particularly of the 
Red Sandstone type, further advances occurred in the devel? 
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ment of freshwater and terrestrial faunas. Among the аг 
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the first wingless insectlike forms were added to the known land 
fauna. ‘These ancient types are compared to the living Collembola 
(springtails). The eurypterids reached the peak of their develop- 
ment at about the Silurian-Devonian boundary; later forms, de- 
creasing in abundance in the Late Paleozoic, appear to have been 
restricted to fresh or brackish waters. Fishes are numerous and 
varied in continental deposits. Like the eurypterids, the primi- 
tive jawless ostracoderms are most abundantly represented in de- 
posits transitional from the Silurian; they then rapidly declined 
and became extinct by the end of the Devonian. Of the three 

minent ostracoderm groups, the Osteostraci (Cephalaspida) 
and Anaspida appear to have been restricted to fresh waters; the 
Heterostraci are found in both continental and marine deposits. 
Of primitive jawed fishes (Placodermi), small acanthodians 
(“spiny sharks”) were a modest element in fresh waters, as were 
arestricted series of arthrodires. Notable in the Late Devonian 
was the appearance and temporary prominence of the antiarchs, 
small, armoured arthrodire relatives with peculiar bony shoulder 
“flippers.” 

By Middle Devonian times freshwater streams were swarming 
with highly developed bony fishes. All three major groups were 
present, but in the Devonian, in contrast to later periods, cros- 
sopterygians and lungfishes were the prominent forms; ray-finned 
fishes, destined for later dominance, were rare. A further evolu- 
tionary step in the vertebrate story was the appearance (in the 
м Devonian of Greenland) of Ichthyostega and its allies, the 
oldest known amphibians. 

5, Carboniferous.—The Lower Carboniferous (Mississippian) 
Was predominantly a time of deposition of limestones and other 
marine sediments; the Upper Carboniferous (Pennsylvanian) was 
Notable for the deposition of the great coal deposits in swamps 
and lagoons of Europe and North America, giving their name to 
the period. Marine formations were more widespread than in 
earlier periods; apart from familiar areas of Europe and North 
E d notable marine beds along the course of 

le ancient Tethys Sea, This stretched eastward from the Alpine- 
Mediterranean area across southern Asia; the Tethys area fur- 
nished marine faunas at many stages, from the Late Paleozoic well 
On into the Tertiary. In the seas, Foraminifera, although present 
much earlier, first became of major stratigraphic importance as 
index fossils of the Late Carboniferous; particularly important 
ea ieee of irn PRIM There end 

ctinellid sponges and demospongians. Among corals, 
the tabulates continued to decline as санне) with the con- 
tinued abundance of rugose forms, Of the nautiloids, a number 
ү Шр, declined ; the majority in the Late Paleozoic pertained 
bi: E Nautilida and were coiled types related to the Meso- 
Prud enozoic forms. Goniatites and its relatives were wide- 
Mick н of ш хани An a fa m 

pearance of a belemnoid, the most primitive 

the group of dibranchiate cephalopods, which were much later to 
bees to prominence, There was a considerable development of 
ecypod types comparable to the scallops and mussels of later 
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is marine arthropods, the trilobites became rare; 
б T Ouran were unimportant; and small ostracods were the only 


| Crustaceans, Cryptostome bryozoans such as Fenestella 
related M in the Carboniferous and Permian. Productus and 
ad e Were the brachiopods most typical of the period. 
Ие Phases there were also abundant representatives of the 
tin Cea, Rostrospiracea, Rhynchonellacea, and other groups, 
Ор there was a gradual decline in Late Carboniferous 

е peak по still flourished greatly and blastoids reached 
appeared their development, but all other attached echinoderms 

len ed except a few relicts of the edrioasteroids. 

Were but as in other Late Paleozoic periods, the starfish groups 
mpor: modestly represented. The echinoids, however, assumed 
definite M Importance in the Lower Carboniferous, and the first 
boniferous entifiable holothurians were found in the Lower Car- 
Raptolites, „216 Period saw the last rare representatives of the 
into the M and, although the problematical conodonts persisted 
i €sozoic, they were abundant there for the last time. Of 


* fishes, the varied arthrodire groups disappeared at a point 
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close to the Devonian-Carboniferous boundary, but there were 
numerous cartilaginous fishes (Chondrichthyes), mainly repre- 
sented by teeth and spine fossils. There were typical predaceous 
sharks of the general Hybodus type, and varied mollusk-eating 
forms grouped as the Bradyodonti. 

On the continental areas, a notable molluscan advance was 
in the appearance of air-breathing snails (Pulmonata) ; pelecypods 
had invaded fresh waters. The greatest terrestrial development, 
however, was among the arthropods. In addition to scorpions 


“and millipedes (both fairly common) there had been added a 


wide variety of spiders. Most important was the development in 
the Upper Carboniferous of a great variety of winged insects. 
Some seven orders were present. Although all were primitive in 
nature, they were so diversified that a more complete fossil record 
could probably trace the insects back into the Lower Carbonifer- 
ous and probably into the Devonian. Only one Carboniferous 
group, that of the cockroaches, is represented in the modern 
fauna; of the other groups the Palaeodictyoptera were the most 
prominent. The Carboniferous insects were, on the average, of 
large size; one type had a wingspread of 24 ft. All had four 
wings; the two pairs were generally identical and in many species 
could not be folded over the back; most were surely weak fliers. 
Some certainly represented sterile side lines, but others appear to 
have been ancestral to dragonflies, orthopterans, and others of the 
more primitive existing groups. 

In fresh waters, along with a restricted series of mollusks, crus- 
taceans, and rare eurypterids, was a wealth of fish faunas. Ostra- 
coderms and placoderms had vanished, except for a few acantho- 
dians; there had appeared a group of large freshwater predaceous 
sharks, usually termed pleuracanths, but bony fishes were domi- 
nant. Crossopterygians and lungfishes continued to be moderately 
abundant, but they were far outnumbered by primitive ray-finned 
fishes, the palaeoniscoids. These forms, mostly of modest size, 
had spread out into a considerable number of genera. Amphibians 
are numerous in coal swamp deposits. Most pertained to the main 
line of older amphibian evolution, the Labyrinthodontia. Some 
were of modest size; others reached the proportions of alligators. 
A majority pertained to the Rhachitomi subdivision of the laby- 
rinthodonts; the Embolomeri were slenderly built fish eaters, In 
addition to the labyrinthodonts there were numerous small Lepo- 
spondyli, generally slimly built, with reduced limbs and in some 
cases a snakelike (or eellike) appearance. Although fossils of 
most Carboniferous land vertebrates come from the coal swamps 
and little is known of what went on in higher and drier lands, a 
limited number of specimens show that the evolution of reptiles 
had already begun. There are a number of Cotylosauria (stem 
reptiles) known, and there are even a number of forms pertaining 
to the Pelycosauria, most ancient of mammalian ancestors, 

6. Permian.—In addition to plentiful marine sediments, well 
developed in Texas and Russia, there are broad areas of continen- 
tal beds such as the “red beds" of western North America and 
central Europe and highly fossiliferous deposits in the pre-Ural 
region of Russia and the Karroo of southern Africa. The marine 
life of the Permian, at least in the earlier part of the period, was 
essentially a continuation of that of the Upper Carboniferous. 
Fusulinid foraminifers, for example, continued to be important 
horizon markers; rugose corals were close to extinction, but tabu- 
late forms continued; nautiloids, although still gradually declining 
were still the typical cephalopods, although goniatite ammonoids 
were common. Brachiopods of the Productus type were per- 
sistently abundant, but other typical Carboniferous groups de- 
clined, Blastoids and especially crinoids were the abundant 
echinoderms, with but a moderate representation of the free- 
living orders, Of fishes, the Early Permian seas showed a con- 
tinuation of both the predaceous and mollusk-eating sharklike 
types. But while the Early Permian showed little change from 
the Carboniferous in the life of the sea, there occurred by its 
end a marked change, notably a great reduction in the abundance 
of animal life generally and the extinction of many characteristic 
Paleozoic groups. It is true that the relative sparsity of known 
deposits of Late Permian and Early Triassic age may tend to 
exaggerate the phenomenon, but even so the Paleozoic-Mesozoic 
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boundary certainly marks the sharpest change in marine life in 
the whole extent of known fossil history. Numerous extinctions 
can be timed definitely to the final phases of the Paleozoic. Many 
of the older invertebrate forms had vanished before the beginning 
of the Triassic. These included the stratigraphically useful and 
abundant fusulinid foraminifers; the labechiid order of polyps; 
the rugose corals; the goniatite type of ammonoids; the last lin- 
gering trilobites; two of the four Paleozoic bryozoan orders 
(Trepostomata and Cryptostomata); the Productacea, Delmanel- 
lacea, and Rhynchoporacea among the brachiopods; and the 
blastoid group of echinoderms. In addition, further impoverish- 
ment of the faunas was due to reduction in members and variety 
in other groups that survived. For example, ostracods (flourish- 
ing in the Late Paleozoic) came close to extinction; among 
brachiopods, the Spiriferacea, Rostrospiracea, and Stropho- 
menacea were sharply reduced; few crinoids survived. Fish life 
in the seas was also reduced, for the bradyodonts disappeared 
before the Permian closed; a few hybodont sharks survived. No 
such catastrophic events as those that marked marine life are 
apparent in the continental faunas, Among invertebrates, the in- 
sects continued their deployment. There was a persistence of 
many of the Carboniferous groups, but many further orders made 
their appearance, including two now extinct orders, and the first 
representatives of the Odonata (dragonflies), Mecoptera (scor- 
pion flies), Neuroptera (lacewings), Corrodentia (bark lice), 
Hemiptera (true bugs), Ephemeroptera (mayflies), Thysanoptera 
(thrips), Perlaria or Plecoptera (stone flies), and, late in the 
period, the first Coleoptera (beetles). In fresh waters, the early 
part of the period sees the last of the eurypterids, pleuracanth 
sharks (except in Australia), acanthodians, older lungfish types, 
and typical crossopterygians. However, progressive types of the 
more advanced lungfish survived, as did coelacanth crossopteryg- 
ians, and palaeoniscoid ray-finned fishes continued to flourish on 
a large scale. The last of the ancient groups of lepospondylous 
amphibians were found in the Early Permian. Labyrinthodonts 
remained abundant in Early Permian deposits, with numerous 
rhachitomes, such as Eryops, and the last embolomeres. Later in 
the period, however, labyrinthodonts were less common and con- 
fined to rhachitomes of an advanced nature. With regard to rep- 
tiles, there was a marked contrast between the Early Permian and 
later phases of the period. In the Early Permian red beds the 
faunas are essentially continuations of those which had arisen in 
the Upper Carboniferous, consisting almost entirely of cotylosaurs 
and numerous pelycosaurs, the latter evolving into such bizarre 
types as the long-spined Edaphosaurus and Dimetrodon. In Mid- 
dle and Late Permian times there were persistent cotylosaurs, 
notably the ungainly plant-eating Pareiasaurus, but the greater 
part of the fauna consisted of Therapsida, the order of mammal- 
like reptiles descended from the 
pelycosaurs. These included a 
large variety of carnivores that 
show features suggestive of later 
mammals. Flesh-eating therap- 
sids were far outnumbered by the 
Dicynodontia. These were her- 
bivorous therapsids in which the 
dentition was reduced, except for 
the frequent presence of upper- 
jaw tusks, and the jaws resem- 
bled turtlelike bills, Few reptiles 
of other groups were known. 
In the Late Permian there were a 
few forms with a two-arched 
(diapsid) skull, whose descend- 
ants were to dominate the Late 
Mesozoic. The oldest known 
reptile of the Southern Hemi- 
sphere is Mesosaurus, a small, 
slenderly built, aquatic animal of 
uncertain relationships, known 
from the Early Permian in south- 
ern Africa and Brazil. 
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D. Mesozoic ERA 

1. Triassic—Marine faunas of Early Triassic were limite _ 
but for later parts of the period they were abundant; Midd 
Triassic exposures are widespread in the Muschelkalk deposits of 
Germany and France and in western North America. Middle and 
Late Triassic marine faunas were plentiful in the region of the an. 
cient Tethys Sea. Continental fossiliferous deposits of the Early 
Triassic are best exposed in southern Africa; those of the Mid. 
dle Triassic, in Brazil, Argentina, and eastern Africa. Of the 
Late Triassic there are widespread continental red beds, such as 
the European Keuper and the American Newark and Chinle for. 
mations. Marine faunas had become greatly impoverished by 
the end of the Permian, and marine invertebrates were still lim- 
ited in the Early Triassic, By the end of the period, however, 
characteristic Mesozoic faunal assemblages of a much more тоф 
ern aspect had become well founded. Foraminifera, rare at the 
beginning of the period, began to flourish again before its end, 
The prominent coral types of the Paleozoic were reduced or ex 
tinct but were replaced by the scleractinian hexacorals, which were 
abundant by the end of the period. In the Triassic were the first 
Pennatulacea (sea pens). The nautiloids continued their steady 
decline; in contrast, the ammonoids rapidly expanded to become 
the dominant cephalopods of the Mesozoic. Modern cephalopods 
(except the pearly Nautilus) all belong to the group of Dibranchia 
(or Coleoidea) ; some members of the primitive belemnoid group 
of this order had appeared before the close of the Paleozoic; dur 
ing the Triassic belemnoids increased in numbers, and from them 
arose the first squids (Teuthoidea). From the Triassic onward 
pelecypod and gastropod mollusks were very common, displacing 
the brachiopods from their previously outstanding position. 
Among this last group, there was a minor recrudescence of the 
Spiriferacea and Rostrospiracea during the course of the Trias- 
sic, but these forms and a few other “holdovers’ were inco 
spicuous in the Mesozoic. Almost the entire Mesozoic assemblage 
of brachiopods was made up of members of the Terebratula and 
Rhynchonella groups, of ancient lineage but not previously of such 
great importance. There was a rapid increase in both during the 
Triassic period. Apart from. rare limuloid xiphosurans, the 
marine arthropods were confined to the crustaceans; these ae 
not too common in Triassic deposits, although there appeared 
the first of the advanced Decapoda, the group to which the lob- 
sters and crabs pertain. Of the echinoderms, attached forms 
were restricted to crinoids, and these were not very common at 
that time... Starfishes and brittle stars continued from the Paleo: 
zoic into the Triassic and Late Mesozoic periods with relatively 
little change in nature and abundance; on the other hand, there 
was a major expansion of the sea urchins during the Triassic. 
marine fishes, only a few hybodont sharks had survived from 
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the Paleozoic; they became moderately abundant before the end 
of the period. The dentition of these sharks enabled them to 
feed on hard-bodied animals as well as softer types. There is 
little evidence of any major invasion of the seas by bony fishes 
during the Late Paleozoic. In the Triassic, however, large num- 
bers of actinopterygians had become inhabitants of salt waters; 

laeoniscoids were still abundant, but many ray-finned forms 
were of a more progressive nature. By the end of the period there 
were various Holostei (related to the living garpike and Amia). 
It may have been at this time that coelacanths adopted the marine 
mode of life that is still followed by the surviving Latimeria. 
Early Triassic salt waters show the only known invasion of the 
seas by amphibians, the long-snouted fish-eating Trematosaurus. 

Although the main trend in reptilian evolution was toward a 
purely terrestrial existence, there was a strong countertendency 
toward a marine life. In the Middle Triassic of western North 
America, Europe, and Spitsbergen, there appeared ichthyosaurs, 
some of very large size, already well adapted to marine life al- 
though somewhat more primitive than their later Mesozoic de- 

. scendants, Characteristic of the marine Middle Triassic of Europe 
were two related groups of reptiles that were less highly adapted 
for aquatic life: the Nothosauria, structurally ancestral to the 
plesiosaurs, and the Placodontia, mollusk eaters with crushing 
ш фи. here were further amphibious to aquatic forms of 
obscure relationships. 

Our picture of Triassic invertebrate life in fresh waters and 
on land is very fragmentary. Freshwater fishes consist almost 
entirely of actinopterygians paralleling their marine relatives in 
evolutionary status; in deposits suggestive of seasonal aridity, re- 
mains of a fish similar to the living Australian lungfish are not 
uncommon. The Triassic witnessed a final chapter in labyrintho- 
dont history. Throughout the period there were numerous rep- 
tesentatives of a degenerate end group, the Stereospondyli. 
‘These were water dwellers, generally of large size, with broad, 
flattened heads and bodies and tiny limbs. In the Triassic of 
Madagascar is found the first hint of the development of the more 
modern types of amphibians in Protobatrachus, with a skull 
Ше froglike but with more normal limbs and tail. In the 
К gd as in the Permian, there was a sharp contrast between 
dinis life of the early part of the period and that of its 
hag YR the Early Triassic (best seen in southern Africa) the 
herbie S, including such carnivores as the Cynodontia and 
о dicynodonts as well, constitute much of the faunas. 

e LR 5 still abounded in southern continental faunas of Mid- 

| aes age (eastern Africa, Brazil, Argentina), but in the 
dt assic very few remained, except a few forms structurally 
in m os. On the other hand, there was a great increase 
E is ed (diapsid) reptiles during the period. At its be- 

А Г, ше Were some primitive diapsid types (Eosuchia) and 
panies the Archosauria (“ruling reptiles") in the form of 
m реше of the Thecodontia, a purely Triassic order 
pear to he nosaurs, crocodilians, flying reptiles, and birds ap- 
aic saw (ылла From the primitive diapsids, the Trias- 
chocephalig (оре of lizardlike forms and the first Rhyn- 

aracteristi represented today by Sphenodon of New Zealand). 
ance of hi s 9f the middle part of the period was the appear- 
eating rh [4 4 numerous rhynchosaurs, rather ponderous plant- 
шае ocephalians, During the Triassic the thecodonts 

In number and variety and threw off as a side branch 
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the Tortlived phytosaurs, which paralleled the crocodilians in 
thee Б Triassic of Eurasia and North America. From the 


more Be likewise developed true crocodile ancestors and, 
sic days, oA the first dinosaurs, which flourished in Late Trias- 
Sparse aa d the Ornithischia (birdlike dinosaurs). there is but 
i Osaurs) RES But there were.abundant Saurischia (reptilelike 
Ypical е Late Triassic red beds. All saurischians (like 
and there Odonts) were bipeds; many were already of large size; 
flesh-eati Was a distinct cleavage into lightly built Coelurosauria, 
to the an Si arnosauria, and ponderous Prosauropoda, ancestral 

lous dinosaurs of the Jurassic. In the Late Triassic, 
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SCENE FROM THE LATE JURASSIC PERIOD SHOWING BIRDS AND FLYING REP- 


TILES DESCENDED FROM A COMMON ANCESTRAL GROUP. (TOP) RHAMPHO- 
RHYNCHUS, WEB-WINGED FLYING REPTILES; (BOTTOM) ARCHAEOPTERYX, 
EARLIEST KNOWN BIRDS 


2. Jurassic.—During much of this middle period of the Meso- 
zoic, shallow seas covered great areas of the continents, and marine 
faunas were hence abundant; on the other hand, relatively little 
is known of freshwater and land dwellers except in such Late 
Jurassic formations as the Morrison of western North America 
and the Tendaguru of eastern Africa. In the oceans, Foraminifera 
had again become so plentiful and characteristic that they are 
highly useful as zone markers in this and the following period. 
Sponge spicules and skeletons are often prominent in Jurassic 
and Cretaceous deposits, and in the Late Jurassic sponges were 
important reef builders in central Europe. The last gasp of the 
ancient tabulate corals was witnessed in the Jurassic, the sclerac- 
tinians taking their former role. Of cephalopod mollusks, the 
Belemnites were in a flourishing condition; the teuthoids increased 
considerably; the first Sepioidea (cuttlefishes) appeared. Nauti- 
loids were of little importance in geologic history from this time 
on: there were a number of Jurassic forms, but they are rare as 
fossils. Ammonoids, on the other hand, proliferated immensely, 
with about 600 Jurassic genera, including many useful horizon 
markers. Gastropods and pelecypods abounded, and during the 
Jurassic and Cretaceous there was a gradual modernization within 
these groups. Of crustaceans, there was a modest reexpansion 
of the ostracods and some increase in decapods, with the first 
appearance of crablike forms. Bryozoans, which had approached 
extinction at the end of-the Paleozoic, showed a revival, with a 
recrudescence of the order Cyclostomata and the appearance of 
the Cheilostomata. The brachiopods of the Terebratula and 
Rhynchonella groups reached the peak of their development in 
the Jurassic; other brachiopod types were unimportant, Crinoid 
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echinoderms, reduced in the Triassic, were again common, al- notably in the western United States and Canada and in cen. 
though far from reaching their Paleozoic abundance. Most nota- tral and eastern Asia. The marine faunas of the Cretaceous 
ble of events in the phylum Echinodermata was the continued continued for the most part the ‘pattern seen in the Jurassic 
expansion of the echinoid class, of which some seven orders were although there was a gradual modernization in various groups, 
already present. Fishes swarmed the Jurassic seas in great num- The Foraminifera continued to be well represented. The last 
bers and great variety. From the ancestral hybodonts there rare stromatoporoids occurred in this period; scleractinian corals 
branched off before the close of the period representatives of а were still abundant; and several coelenterate orders appeared 
number of shark families and even a primitive skate. for the first time. Ammonoids were ‘still extremely plentiful 

In the Jurassic, too, appeared the first Chimaerae, cartilaginous but were destined for complete extinction by the end of the 
fishes of uncertain ancestry that appeared in restricted numbers period: Belemnoids and cuttlefish were not uncommon;’ squids 
in various later horizons. Among the bony fishes there were sur- were abundant; nautiloids survived in lingering fashion; and there 
viving palaeoniscoids and the oldest sturgeons, but the character- appeared the first octopods. As in the Jurassic, pelecypods and 
istic fishes of the period were members of the middle “grade” of gastropods abounded, There were great numbers of thick-shelled 
actinopterygian development, the holosteans, including semiono- pelecypods, such as Ostrea and Gryphaea, and characteristic of the 
tids (Semionotidae), pycnodonts (Pycnodontidae), and many period were reefs and banks formed mainly by corallike rudistid 
other types. In addition, toward the end of the period there were pelecypods. Bryozoans of both cyclostome and cheilostome or 
swarms of small fishes, such as Leptolepis, which had attained ders were very numerous. Again as in the Jurassic, the common. 
the final major stage of ray-finned evolution as primitive Teleostei. brachiopods were terebratulids and rhynchonellaceans. 'Crinoids 
Marine reptiles were abundant. Some chelonians were already. were fairly plentiful; echinoids were even more numerous and 
taking up an aquatic existence, and in the Late Jurassic there was varied than in the Jurassic. In the fish faunas the radiation of 
а short-lived development of marine crocodiles. The major types, sharks had continued. By the end of the period all common mod- 
however, were ichthyosaurs and plesiosaurs. The former group ern types were present, and there appeared most groups of skates 
reached the peak of their development, it would seem, in the and rays. Among the bony fishes the teleosts developed rapidly 
Early Jurassic. Plesiosaurs of various sorts (long-necked and during the Cretaceous; the holosteans and the last surviving 
short-necked types) flourished throughout the period. Insects palaeoniscoids were reduced to insignificance. Aquatic reptiles 
were none too common in most Mesozoic horizons. In the Juras- continued to be abundant. Ichthyosdurs declined and may have 
sic, however, appeared the first known members of the Trichoptera become extinct well before the end of the Cretaceous, but there 
(caddis flies), Dermaptera (earwigs), Diptera (true flies) and were varied plesiosaurs. During the period lizards took to the 
Hymenoptera (ants, bees, wasps). Coleoptera (beetles) appear water, the mosasaurs becoming plentiful in the chalk deposits of 
to have been the most common insects of the Mesozoic, as later, the Late Cretaceous. There were large sea turtles of several fami- 
orthopterans were common. lies. Freshwater fishes were poorly known. The sparse amphibian 

The life of Jurassic fresh waters is incompletely known, but faunas were increased by the appearance of the first urodeles 
there were freshwater bony fishes of holostean types and a varied (salamanders). Turtle evolution in general had progressed; there 
series of turtles of the “old-fashioned” Amphichelydia suborder appeared species in which the Head could be pulled directly back 
which could not withdraw their heads. Crocodilians of several into the shell (Cryptodira) and rarer “side-necked” forms (Plet 
families flourished. As noted, terrestrial vertebrates were for the rodira). As in the Jurassic, there were numerous crocodilians. 
most part confined to Late Jurassic beds. Amphibians were un- For the first time, in the Late Cretaceous, lizards became abun- 
known except for rare frog remains. Of older reptilian groups, dant, and there appeared the first primitive snakes, of lizard 
cotylosaurs were extinct; therapsids were represented by a lone ancestry. Although pterosaurs were seldom found, there had de: 
small survivor; rhynchocephalians and lizards were poorly rep- veloped giant types, such as Pteranodon. As in all faunas since 
resented. It was the dinosaurs that dominated the scene. The the Late Triassic, dinosaurs dominated the terrestrial scene. ‘The 
saurischians were abundant; there were lightly built, little coeluro- great sauropods were of lesser importance and may have disap: 
saurs such as Ornitholestes and Compsognathus, large flesh eaters peared before the close of the period. Other saurischians were 
such as Allosaurus, and, most impressive, a great array of enor- numerous, with surviving coelurosaurs and carnosaurs, which cul- 
mous quadrupedal amphibious dinosaurs (Sauropoda) such as minated in the Late Cretaceous in such giants as Tyrannosauris: 
Brontosaurus, Diplodocus, and Brachiosaurus. Ornithischians There were numerous bipedal ornithischians. Iguanodon was û 
were relatively rare but included primitive bipeds (Camptosaurus) well-known form in the European Early Cretaceous. In the Late 
and quadrupedal “plated” forms (Stegosaurus). Flying vertebrates Cretaceous there was a great radiation of large bipeds, the hadro- 
had developed from bipedal archosaur ancestors. Pterosauria saurs or duck-billed dinosaurs, many of which developed P” 
(flying reptiles) appeared early in the period in such genera as culiar head crests. The stegosaurs had vanished, but there wert 
Rhamphorhynchus; in the Late Jurassic Pterodactylus repre- present instead the heavily armoured ankylosaurs and, late in the 
sented a more advanced type. The lithographic stone deposits of period, the Ceratopsia, dinosaurs with cranial horns and a gre 
the Late Jurassic of Bavaria have further yielded several fossils bony neck frill. In the late Cretaceous there were a few ocean 
of the first archaic bird, Archaeopteryx, with reptilian affinities. birds, such as the flightless’ diver Hesperornis, which retain 

A final evolutionary event in д А 
the Jurassic was the appearance 
of the oldest known mammals, 
represented by teeth, jaws, and 
other fragments from a limited 
series of Middle and Late Juras- 
sic localities. 

3. Cretaceous.—Known fos- 
sil-bearing rocks of Early and 
Middle Cretaceous age are al- 
most exclusively marine in na- 
ture, and early continental faunas 
are confined to a few formations 
such as the Wealden of south- 
and Belgium. Of the Late Cre- REPTILES THAT LIVED IN THE SEA COVERING PARTS OF THE PRESENT NORTH AMERICAN CONTINENT 
taceous, however, there are great LATE CRETACEOUS PERIOD. (LEFT) PTERANODON, FLYING REPTILES; (CENTRE) TYLOSAURUS, 
areas of continental sediments, EATING LIZARD; (RIGHT) PROTOSTEGA, SEA TURTLE 
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PROTOCERATOPS, SMALL HORNLESS DINOSAURS OF THE LATE CRETACEOUS PERIOD 


teeth, and Ichthyornis, with a modern, highly developed type 
of wing. Mammals were still rare. In the Early Cretaceous there 
were survivors of archaic orders; late in the period were found 
the first representatives of the modern marsupials and placentals. 
A notable feature of vertebrate history is the major extinction of 
reptiles which occurred at the end of the Cretaceous. Most dino- 
saur groups persisted into the final phases of the Cretaceous, but 
not a single one survived into even the earliest Cenozoic deposits. 
The pterosaurs disappeared as well, and in addition there vanished 
the marine reptiles: (plesiosaurs and mosasaurs), which had 
abounded in Late Cretaceous seas. The reasons for this sudden 
disappearance of Mesozoic groups are far from clear, although 
orogenic and climatic factors have been thought to supply at least 
4 partial explanation, 


E. Cenozoic ERA 


hi Various stages of this last, relatively short era of the earth’s 
BS represented by widespread fossil-bearing formations. 
p. areas as central to western Europe and the Mississippi 
Ко of North America, marine Cenozoic beds cover broad 
tinue И oe modern continents, and the Tethys Sea belt con- 
most us € an area of deposition during the Early Tertiary. In 
For: ea; lie. regions, marine deposits are confined to coastal belts. 
sulte ee ai periods, long-continued erosion generally re- 
of ОР d € destruction of continental deposits other than those 
numer Coastal areas; for the Cenozoic, in contrast, there are 

erous beds representing inland and upland areas. The most 


0 i 5 з 
раа terrestrial beds are those of the western United States, 
КОРЕЕ are numerous continental deposits in Europe, central, 

The” and southern Asia, Patagonia, etc. 


Paid part of the Cenozoic is formed of the Tertiary 
hary piis Age, geologically more recent, initiated the Quater- 
Tertiary H d The marine invertebrate faunas of even the earliest 
tion of th $^ already a somewhat modern aspect, and moderniza- 
Cenozoic 5 ae progressively continued during the course of the 
from the. oraminifera, still plentiful, are readily recovered 
Useful fo М soft Tertiary sediments. They are frequently 
example j, tratigraphic purposes. The genus Nummulites, for 
in the MEE characteristic of the Early Tertiary, particularly 
this span T ferranean region, that French workers often consider 
older types time to Constitute a Nummulitic Period. Most of the 
ertiary, p of scleractinian corals became extinct in the Early 

; Dut more modern corals were effective reef builders. 


uch re 
tefs were developed well into the present subtropical regions 
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in the older Tertiary subdivi- 
sions. Among the mollusks, both 
pelecypods and gastropods con- 
tinued to be abundant. The rudis- 
tid pelecypods, prominent in the 
Cretaceous, had become extinct. 
There developed large series of 
advanced types of marine snails 
with complexly built and highly 
coiled shells. Nautiloids were 
very limited in numbers in the 
Tertiary (only a single genus sur- 
vives), and the ammonoids, so 
abundant in the Mesozoic, had 
been completely wiped out. The 
last belemnoids were found in 
the Early Tertiary, but of other 
dibranchiate cephalopods there 
was a fair representation of cut- 
tlefishes, octopuses and numerous 
squids. Decapod crustaceans at- 
tained a modest abundance in the 
Late Cenozoic; ostracod shells 
were common; other crustacean 
types were rare. Limulus con- 
tinued the xiphosuran line. Al- 
though the brachiopods were 
far less important than in most 
earlier periods, the terebratulids and, to a lesser degree, the Rhyn- 
chonella group were well represented. Both surviving bryozoan 
orders were present in abundance. Holothurians were relatively 
rare; starfish, brittle stars, and crinoids were moderately abun- 
dant. The echinoids were the most common echinoderms, with 
a wealth of sea urchins, sand dollars, and other forms. Skates and 
rays, already essentially modernized by the beginning of the Ter- 
tiary, made up a fairly substantial fraction of the marine fish 
faunas, and rare chimaeras and a single coelacanth survived. The 
dominant fishes throughout were the teleosts, of which many 
hundreds of fossil forms are known, representing a variety of 
teleost orders. 

Throughout the Tertiary the continental invertebrate faunas 
appear to have been similar to those present today, including 
various snails and a limited number of freshwater pelecypods 
and crustaceans. Outstanding were the insects, of which a fair 
representation is had in a variety of localities, notably in the 
amber of the Baltic. Of freshwater fishes, the most common 
Tertiary fossils were those pertaining (as do existing forms) to the 
order Ostariophysi (including the catfish, carp, and minnows). 
Finds of frogs, toads, and salamanders belonging to a variety of 
modern families represent a variety of times and places during 
the Tertiary. Cenozoic fossil reptiles consisted of three orders. 
Chelonians of modern types are very abundant in many Cenozoic 
deposits, Crocodilians were common in the earlier phases of the 
era and were then present much farther from the tropics than at 
present, a situation presumably due to climatic conditions of a 
more equable nature. Of the order Squamata, Early Tertiary beds 
give a fair representation of most major lizard groups, but they 
were relatively rare іп later phases of the Tertiary, presumably 
due to climatic changes. Snakes appear to have undergone most 
of their evolutionary development during the Tertiary, but their 
fossil record is poor. Avian fossils are generally poorly preserved 
because of the delicate nature of their skeletons, but it appears 
that all, or nearly all, major groups had developed by an early 
stage of the Tertiary. Notable is the occasional appearance of 
giant flightless types, such as Diatryma in the Early Tertiary of 
North America, Phororhacos and other forms in South America 
at a rather later date, and both the moa of New Zealand and 
Aepyornis of Madagascar in the Quaternary. 

Most notable of Cenozoic events has been the rise and spectacu- 
lar distribution of the mammals. In order to be able to refer to 
these evolutionary events in proper chronological sequence, sub- 
divisions of the era must be referred to (see Chart). The Ceno- 
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zoic can be divided into a series of epochs, named in accordance 
with the relative modernization of their faunas. 

Geographic factors must further be kept in mind, The north- 
ern continents were the major centers of mammalian evolution; 
Eurasia was more important, but North America was a center of 
development of many stocks. The two regions were in connec- 
tion at various stages of the Tertiary, allowing an interchange of 
faunal elements. Of the southern continents, Africa appears to 
have been in open communication with northern regions for much 
of the Cenozoic but may have been at least partially isolated in 
early times. The present land connection between North and 
South America was not established until very late Tertiary times, 
and earlier communications were difficult. Australia appears to 
have been isolated, as at present, throughout the era. 

When the Cenozoic opened, the more archaic types of mammals 
were extinct (except for some peculiar forms of the order Multi- 
tuberculata, paralleling the rodents). With the extinction of the 
dinosaurs, the lands lay open for mammalian conquest, and two 
progressive groups were on the scene to take advantage of the 
opportunity. For the most part the evolutionary story is that 
of the placental mammals (Eutheria); but the pouched mammals 
(Marsupialia) likewise expanded, if to a more modest degree. The 
most ancient marsupials were omnivorous types much like the 
smaller living opossums. These survived for a time in northern 
areas but marsupial success was obtained only in the isolation of 
southern continents. In South America some placental mammals 
were present in the oldest known beds, but no eutherian carnivores 
were present, 

In the Tertiary there developed a considerable series of mar- 
supial flesh eaters, paralleling such placental animals of other 
continents as the-wolves, felids, and weasels. At the end of the 
Tertiary and in the Pleistocene, however, there arrived from the 
northern continents placental carnivores, and most South Ameri- 
can marsupials became extinct. In the isolation of Australia 
the marsupials were more successful. No placental mammals of 
any sort appear to have entered that continent before the rela- 
tively recent arrival of man. The Tertiary fossil story of Aus- 
tralia is nearly a complete blank, but Pleistocene and Recent 
faunas show that there had developed in that continent a wide 
radiation of marsupial types that paralleled many of the placental 
orders. 

In the main Tertiary history is a history of placental evolution. 
The Cretaceous placentals were 
small forms, apparently rather 
omnivorous in habits, which can 
be classed broadly with the mod- 
ern forms included in the order 
Insectivora. In the Paleocene 
and Eocene there was:a broad 
spread of little animals of the 
same general category. Some ap- 
pear to be transitional to the or- 
der Primates, and by Late Paleo- 
cene and Eocene times there were 
present types clearly comparable 
to existing lemurs. From them 
further primate evolution ар- 
pears to have developed in two 
distinct lines. The ancestors of 
the South American monkeys had 
invaded that continent, presum- 
ably from the north, by the Mio- 
cene; on the other hand, frag- 
mentary remains from the Late 
Eocene of Egypt show the begin- 
nings of a line of higher primates 
from which in the Eastern Hemi- 
sphere developed the Old World 
monkeys and great apes, with the 
final development in the Pleisto- 
cene, of subhuman and human 
types. From omnivorous insecti- 
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vores to flesh eaters was an easy transition, and members of the 
order Carnivora appeared at an early date. The older, mom — 
archaic carnivores of the Paleocene and Eocene аге common} 
termed creodonts; by the Oligocene, however, there appeared тер. 
resentatives of the civet, cat, dog, and weasel families. At a later | 
Tertiary date appeared the pinnipeds (seals and walruses), rao. 
coons, bears, and hyenas. Again from insectivores, a shift toward 

a plant-eating diet resulted in the development of numerous 
herbivores with grinding molars and, generally, hoofed limbs (the 
varied ungulate orders), Some early ungulates, the Condylarthra 
of the Paleocene and Eocene, were of a rather generalized nature, | 
Other early ungulate types such as the amblypods and uintatheres 
tended to grow prematurely to large size and ungainly form and 
were destined for early extinction. Africa may have been a minor 
centre of ungulate evolution, for the oldest conies (Hyracoidea) 
and proboscideans are found there. 

The conies are unimportant in later history, never spreading be- 
yond Africa and the eastern Mediterranean region. The probos 
cideans, however, spread widely as varied mastodons in Miocene 
times. In the Pleistocene, mastodons and mammoths were com- 
mon in every continent except Australia, only to approach extinc- 
tion in Recent times. Sirenians (manatees and dugongs) may be 
offshoots of the coney-proboscidean stock, for the earliest remains 
of these aquatic herbivores, which appeared in the Eocene, are 
for the most part found in Egypt and the Mediterranean region, 

In the Eocene appear the first of the two most progressive 
orders of hoofed mammals, the Perissodactyla and Artiodactyla 
(the odd-toed and even-toed ungulates). Еолірриѕ, the litle 
“dawn horse,” is close to the stem of the perissodactyls; before 
the close of the Eocene there had developed a variety of odd-toed 
forms including not only ancestors of the surviving horses, tapirs, 
and rhinoceroses but ancestors of the now extinct horned titano- 
there and clawed chalicothere families of the order. In the Late 
Tertiary perissodactyls became reduced in variety and importance 
in the ungulate world. The artiodactyls, on the contrary, Werê 
relatively rare in the Early Eocene but later became increasingly 
important. Since the Miocene one artiodactyl family, the Bovidae 
(cattle, antelopes, and their kin), has risen to a dominating post 
tion in the ungulate world, but there are numerous other success 
ful artiodactyls, such as the pigs and camels, which date from the 
older Tertiary, and others, such as hippopotamuses, giraffes, dett, 
and American prongbucks, which are of later origin. The Middle 
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PLAINS MAMMALS OF THE MIOCENE EPOCH, 
WITH CLAWS INSTEAD OF HOOFS 


Tertiary further saw the rise of other temporarily successful artio- 
dactyl types which were destined for later extinction, of which the 
most prominent were the oreodonts, which are the commonest 

North American fossils of the Oligocene and Early Miocene. 
"The isolation of South America was responsible for the develop- 
Ment there of peculiar types of ungulates such as the Litopterna 
{with forms analogous to horses and camels), the elephantlike 
Pyrotheria, and most especially the order Notoungulata, which 
developed an amazing series of ungulates not readily comparable 
to those of other continents. This entire assemblage became ex- 
tinct in the Pleistocene, with invasion of South America by placen- 
lal predators and competing herbivores of other groups. А second 
peculiar South American Tertiary development was that of the 
Edentata (or Xenarthra), the so-called edentates. Of the group, 
the armadillos, anteaters, and little tree sloths have survived, but 
thé giant ground sloths and armoured glyptodonts have, like their 
Native ungulate neighbors, disappeared, despite some temporary 
Success they assumed in the Pleistocene in a counterinvasion of 
North America. The Cetacea (whales and porpoises) first ap- 
peared in the Eocene as, the archaic Zeuglodon (or Basilosaurus) ; 
Miocene times there were present toothed whales and numer- 
SUS porpoises of the suborder Odontoceti; a first whalebone whale 
Suborder Mysticeti) appeared in the Oligocene, and this more 
Specialized type was fully extended by Miocene days. The major 
group of gnawing animals, the Rodentia, were relatively slow to 
lop, for there was no trace of them until the end of the 
ene, and it was not until considerably later that they at- 
Mined their present prominence. The rat-mouse group (Muridae 
Cricetidae), ubiquitous and highly: flourishing today, was 
ively insignificant until the Pliocene. South American iso- 
m. Was responsible for the development there from the Oligo- 
the Erud of what some authorities classify as a special suborder, 
; Viamorpha (of which the guinea pig is typical), which con- 
a the entire Tertiary rodent fauna of that continent and of 
dum the North American porcupines are an emigrant branch. 
„ Minor mammalian orders it is noted that full-fledged bats are 
the La from complete skeletons as early as the Eocene and that 
оры (hares and rabbits, except for a seemingly aber- 
Em in the Paleocene of Asia) first occurred in the Eocene 

| p not abundant until Oligocene and Miocene days. 

Ough many instances of extinction and reduction of older 
ше during various stages of the Tertiary, the story 
ee tian evolution when broadly viewed is one of constantly 
to rea, he diversity of forms and increase in size in various lines 
ch a climax in the faunas of the Pleistocene. But during 
maj “Specially toward the close of that epoch there occurred a 

© reduction in the world’s mammal faunas; numerous forms 
Patticularly of large ls, and hol that had 

flourished DAE ger mammals, and even whole groups t 
The ma Short time before, geologically speaking, vanished. 
mmal assemblage of modern times is a relatively impover- 
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(FOREGROUND) PIG-LIKE DINOHYUS; (RIGHT) MOROPUS, AN ANIMAL 
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ished one. The causes of this 
sharp decline are not clear. 

See also ORNITHOLOGY; MAM- 
MAL; ANIMALS, PHYLOGENY OF. 


IV. EVOLUTIONARY 
EVIDENCE 


The fossil record is of the ut- 
most importance in the study of 
evolution, It provides the best 
possible answers to two major 
questions: “Наз evolution actu- 
ally occurred?" and "By what 
modes has this process taken 
place?" 


Te 


A. THE Fact or EVOLUTION 


That living animals have pre- 
sumably descended, with modifi- 
cation, from preexisting forms 
was demonstrated to the satisfac- 
tion of most scientists by Charles 
Darwin and other workers with little or no recourse to fossil evi- 
dence. That evolutionary change is not only possible but probable 
was indicated by a study of the similarities found to varying de- 
grees among living animals and plants and by a study of the varia- 
bility that living forms may exhibit. There is, however, nothing 
in the study of living forms alone definitely to exclude the pos- 
sibility that (as indicated by a strict interpretation of the Book 
of Genesis) man is part of a special direct creation and that, al- 
though modification of the animals thus created may occur, these 
modifications have been only of a minor nature, not meriting the 
designation of a major evolutionary process. 

With the development during the 19th century of a connected 
paleontological story much light was shed on this situation, It 
was discovered that in the past history of the earth there existed 
many animals that differed in varying degrees from those now liv- 
ing. It was found too that these animals constituted a series of 
successive faunas that followed one another in time. The members 
of each fauna show in general the broad structural pattern char- 
acteristic of the major groups of animals still living but differ to a 
variable degree from the modern representatives of these groups. 
It became gradually clear that the degree of difference from mod- 
ern forms was in general correlated with the amount of time 
involved and that the successive faunas exhibit a pattern of 
progressive change. The older faunas differ most from animals 
now living; members of more recent faunas gradually come to 
resemble more and more closely the modern animal types. 

All these facts are quite in harmony with the doctrine of evo- 
lution, but they by no means prove its truth, Indeed, such great 
figures in the early history of paleontology as Georges Cuvier and 
Louis Agassiz held no evolutionary beliefs and claimed that these 
successive faunas were the results of successive creations. Cuvier 
maintained that the world had undergone a series of “revolu- 
tions,” each cycle corresponding in time essentially to what we 
now term a geological period. At the end of each cycle the exist- 
ing fauna was overwhelmed by some catastrophe of nature, The 
next cycle introduced a new fauna; some of its members may have 
been already in existence in areas not affected by catastrophe, 
but most are assumed to have been created de novo, ‘The re- 
semblances between successive faunas were held to exist because 
of the tendency of nature or the deity to reproduce the earlier 
creations with successive modifications of each type toward greater 
perfection. 

But with increasing knowledge of fossils it became more and 
more difficult to adhere to a belief in a series of revolutions and 
creations. The breaks between successive faunas are actually not 
sharp. Faunas intermediate in nature and containing some old, 
some new, forms are frequently found. In many instances there 
are series of beds that appear to extend without break from one 
period into another and show series of forms transitional between 
those of supposedly distinct creations. 


150 


Obviously, there have been no major catastrophes or violent 
revolutions leading to complete extinction of faunas. Changes 
have been continuous and seemingly gradual. There were no 
major times of new creation; if successive creations occurred, 
they must have been of almost constant occurrence. Today, the 
evidence for continuity of life and change in the fossil record is 
so great that lack of belief in the evolutionary story is almost 
impossible to any competent person familiar with the facts of 
paleontology. 

It is difficult to interpret the general story of faunal succession, 
as outlined elsewhere in this article, in any fashion other than that 
of a progressive evolutionary story. Not only do the faunas as a 
whole show a steady drift toward modern conditions, but numer- 
ous lines that can be traced through successive faunas give every 
evidence of being evolutionary in their nature. In many instances 
(the horses are a familiar example) are had well-documented fam- 
ily histories, covering scores of millions of years, which are in- 
explicable in other than evolutionary fashion. In numerous other 
cases the story is less clear (a relatively small percentage of the 
animals of the past is known), but the facts are never incon- 
sistent with an evolutionary explanation. 

Is evolution “true”? The answer to this question depends upon 
what is considered by the questioner as valid evidence. Obvi- 
ously no one can go back through the ages and furnish birth 
certificates for each of the countless generations of individuals in 
every animal series. But it can be said that all the known facts of 
paleontology are consistent with the theory of evolution and im- 
possible of rational interpretation on any other basis. Few ac- 
cepted truths of any sort rest on firmer grounds. 


B. THEORIES OF EVOLUTION 


Most modern students of evolution are adherents of a “syn- 
thetic” theory. The conclusions derived from studies of modern 
populations and from actual evolutionary happenings preserved in 
the fossil record are combined results derived from the study of 
population genetics. Still basic, however, is the Darwinian concept 
of natural selection. It is agreed by most that the variations upon 
which selection acts are due to genetic mutations, which are es- 
sentially random as regards their potential selective value. There 
are adherents of other general theories of evolutionary change: 
those holding the Lamarckian concept of inheritance of acquired 
characteristics; and those adhering to more *vitalistic" types of 
speculation who hold that evolution is a response to some inner 
urge of the organism or due to some mystic force of “nature” or a 
deity carrying out a predestined design. 

Most of the facts of the fossil record can be interpreted in 
accordance with the current concepts of the synthetic theory, and 
a majority of the paleontologists currently interested in evolu- 
tionary problems accept this theory as a working hypothesis. 
However, paleontologists in the past have been prone to subscribe 
to the doctrine of orthogenesis (q.v.). It is held under this 
theory that much of evolution has taken the form of an “undeviat- 
ing straight line" from the original ancestor to the terminal mem- 
ber of a phyletic series and that this orthogenetic trend is because 
of some vitalistic principle working within the animals concerned, 
a sort of evolutionary predestination. This concept gained its 
hold on paleontologists through the fact that many evolutionary 
lines seemed to be of this nature. The changes witnessed in the 
successive members of evolutionary phyla all tended, it seemed, 
in the same direction; in many cases the evolutionary tree ap- 
peared to be branchless. 

Belief in this concept has decreased in recent decades. With 
increasing knowledge it is now seen that there are actually few 
examples of undeviating and unbranched evolutionary lines. The 
horses, for example, were once thought to exemplify orthogenesis, 
but it is now known that in both the Eocene and Miocene there 
were various side branches of the horse stock; and the rhinoceroses, 
related to the horse group, branch so wildly that they form not an 
evolutionary tree but a bush, with a wild tangle of stems, branches, 
and twigs. And even where there still appears to be some sem- 
blance of a single stem, the condition requires no vitalistic ex- 
planation. If the main evolutionary line represents the direction 
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in which change was of an adaptive nature and hence of selectiye 
value, the single stem may be accounted for on a neo-Darwinian 
basis: the side branches may have begun but were eliminated 
as inadaptive before they became visible in the fossil record. The 
single stem is a tree rigorously pruned by selection, 

Closely related to the doctrine of orthogenesis is that of the 
irreversibility of evolution, formerly held by many paleontolo. 
gists. In its broadest literal sense this implies that evolution — 
once it has taken up a given direction, never changes its course: 
that structures once acquired are never lost; that structures once 
lost are not regained. When carried to this extreme (as has bem | 
done by many workers in the past), adherence to this doctrine | 
leads to absurdity. The course of evolution does change. For 
example, reptiles and mammals, many of whose ancestors left an 
aquatic environment for dry land, have returned to the sea; 
some birds whose ancestors had become flying types have lost 
this power and have descended again to earth. Structures once 
gained are often lost: the snake has abandoned the four terrestrial 
limbs acquired by his ancestors; mammals have lost the armour 
of scales that covered the body of their piscine ancestors. | 

However, Louis Dollo, the distinguished paleontologist to whom 
the doctrine of irreversibility is attributed, was more modest in 
his beliefs. He claimed only that structures once reduced to an 
essentially functionless state seldom redevelop to or toward their 
original condition and that when organs are lost in the course of 
phylogeny they do not reappear, although some effective substi- 
tute may develop if a need for such a structure should arise. This 
limited thesis of irreversibility is reasonable from the point of 
view of genetic theory and appears to be borne out by the known 
history of fossil lines. If for example a reptile or mammal re 
turns to an aquatic life, it never redevelops the gills lost by its 
ancestors when they left the water, although they would be highly | 
useful if present; a tail fin may redevelop in an ichthyosaur ot | 
whale, but it is not the original type of fin, rather, an effective | 
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substitute built on a different pattern. 
C. ADAPTATION 


Evolution is change; changes that persist in a stock are generally | 
indicative of closer adaptation of the animal to its environment. Í 
Whereas unfavourable changes tend to be weeded out by selec 
tion, favourable changes lead to survival of the individual and its 
progeny. Most of the structures (and functions) of living at 
mals are readily interpretable in terms of adaptative utility; 
others, not in themselves useful, may in the pattern of inheritance 
be tied in with useful structures or functions. 

The examination of the fossil record reveals a constantly chang, | 
ing structural pattern that may be interpreted in terms of uselt! ( 
adaptation. Some of the structures seen are of a familiar sott , 
and their utility is fairly obvious. Others, however, are widely | 
different from any seen in living animals, and their function (Û 
any) is difficult to interpret; some structures would appear to have 
been definitely detrimental. It is difficult to imagine а function | 
for the great sail, supported by long spines, that sprang from tit 
back of certain Permian reptiles; the enormous antlers of йе 
tinct Irish elk would seem to have been an almost insupportable | 
burden. But it is not impossible that the sail of the Permian 10| 
tiles was an effective heat-regulating device; it is possible 
though incapable of proof) that the presence of gigantic ana 
may have been of advantage to their bearer in the annual 
of the deer for mates and progeny. mil 

In many instances students of adaptation in modern anim 
have found it difficult to imagine that any utility could have 7r. 
found for a complex structure during the stages in its m 
tionary development; it is frequently assumed that there p 
been a condition of “preadaptation”; structures were develo js 
and became incorporated into thé normal members of a d 
or group before any utility was found for them. In a lim x 
sense this is perhaps true, for genetic theory implies that sing 
mutations are random events, occurring without reference 
necessity for them, But it seems highly improbable tha m 
complex of mutations necessary for the development of & mi) 
structure should become established in the absence of any a¢ 
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of selection because of utility. And a consideration of paleon- 
evidence indicates that ‘many supposed cases of preadap- 
tation are not of that nature. 
Тог example, a land animal such as a reptile differs basically from 
its fish ancestors in possessing (1) lungs for air breathing, (2) four 
Jand limbs, and (3) a shelled amniote egg that can be laid on land. 
‘All these adaptations for land life would appear at first sight 
to be useless to a fish and hence to have developed as preadap- 
tations before they became useful. But the study of the fossil 
record combined with the evidence of living forms shows that 
this is not the case. It appears that in Late Paleozoic days many 
fishes living in fresh waters were subject to conditions of marked 
seasonal drought. Lungs would be extremely useful in supple- 
menting the meagre oxygen supply in stagnant or failing waters. 
Limbs even if feebly developed would have been of use in enabling 
a stranded fish to seek another pool. Апа although amphibians 
normally lay their eggs in fish fashion in the water, many forms 
today (particularly those living in tropical regions where rainfall 
is seasonal) have more or less effective adaptations, paralleling 
those of the amniotes, for the development of the young without 
deposition of the eggs in the pond. Thus all the major features 
that make land animals successful could have been and apparently 
were developed in earlier, prereptilian stages as immediately use- 
ful and adaptive structures; there was no preadaptive lag. 
-— Emphasized particularly by the late Henry Fairfield Osborn 
was the principle of adaptive radiation. Given the opportunity, 
the descendants of a “generalized” ancestral form may spread out 
widely, with a striking variety of adaptive features, into a num- 
ber of different environments and modes of life. On a large 
scale the development of the higher placental mammals illustrates 
this principle. Their ancestors were present in the shape of small, 
insect-eating forms at the close of the Age of Reptiles. With the 
extinction of the dinosaurs the world lay before them, and there 
began a rapid adaptive radiation into types ancestral to such di- 
verse mammals as men, bats, whales, cows, and lions. On a some- 
what more modest scale is the adaptive radiation of the marsupials, 
Or pouched mammals, in Australia. The placental mammals never 
Teached that continent in the early days of their expansion; but 
Apparently there were’ present: primitive opossumlike marsupials 
from Which has descended the native mammal fauna of that con- 
tinent, "This adaptive radiation of marsupials produced pouched 
eaters such as the marsupial (Tasmanian) wolf, some ant- 
caters, and moles, all of which resembled placental forms of other 
Continents, and a variety of herbivores such as the kangaroos, the 
Wombats and pouched “squirrels.” 
From what has just. been said, it is obvious that two adaptive 
nda may overlap one another and produce end forms that 
ve similar habits and adaptive structural features but are quite 
t having descended from ancestors remote from one an- 
may n lis is the phenomenon of convergence. Аз an example 
Pe ена the case of the Tasmanian wolf just mentioned 
ie Bui е wolf of other continental areas. The two lead similar 
in ada noon running predators and are strikingly similar 
ptive features of the jaws, teeth, limbs, etc. They are 
оте unrelated, having come from very different ances- 
; SOCKS. Their dissimilar pedigrees can be determined by ex- 
ing not the superficial features readily modified in adaptive 
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enon of hed carefully from convergence is the phe- 
n ie Parallelism, which in recent decades has been realized 
onary histor,” very common and important feature in evolu- 
features Ъ tory. In convergence is seen the attainment of similar 
two end e unrelated animals; parallelism is a situation in which 
Ancestral orms similar to one another have evolved from related 
Which ток The end forms may possess many characteristics 
them po uon ancestors lacked and may have acquired 
is D БУ Stepiin parallel fashion. 

Modern Ype of phenomenon is readily interpretable in terms of 

8enetics. Numerous examples of parallel mutations are 
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known in different species of the common fruit fly Drosophila. If 
such parallel mutations should prove to have selective value, there 
would be evidence of their incorporation in the general population 
of the various species in which they occur and the beginning of a 
process of parallel evolution such as that actually witnessed in the 
fossil forms. 

The Tasmanian wolf and the true wolf are to be considered 
as convergent, for their ancestors were of quite different stocks. 
As an example of parallelism there is the case of the same Tas- 
manian wolf with certain South American marsupial flesh eaters, 
the borhyaenids. Now extinct, these forms were the typical 
carnivores of the Tertiary Period in that continent. The bor- 
hyaenids were exceedingly similar to the Tasmanian wolf in almost 
every feature, and some have argued that there must have been a 
Tertiary land bridge between South America and Australia to 
account for this fact. This is improbable. The borhyaenids 
appear to have been a group that originated, like the Tasmanian 
wolf, from opossumlike ancestors and that adopted a flesh-eating 
mode of life like their Australian cousins. Given a similar basic 
structural pattern in the two cases and a similar change in habits, 
it is reasonable that similar adaptive changes should have oc- 
curred in these two related stocks, providing an example of true 
parallelism. 

In such a case as this a parallelism exists in almost the entire 
structure of the organism. In other instances related forms may 
diverge in certain features but exhibit parallel advances in other 
regards. Thus the mammallike reptiles of the Permian and Trias- 
sic are quite diverse in many regards; but all later members of 
the group tended to develop a secondary palate in the mouth and 
tended to reduce the count of toe joints from the higher reptilian 
number to that characteristic of primitive mammals and man. 
These developments appear to have taken place independently 
at about the same time in several distinct but related groups of 
mammallike reptiles, thereby exemplifying parallelism of a sort. 

Such illustrations of partial parallelism may best be considered 
under another term, that of phyletic drift. Phyletic drift is the 
general tendency for a group of animals to move in a certain evo- 
lutionary direction as regards certain of their structures, although 
diversifying in other ways. For example, the labyrinthodont am- 
phibians of the Triassic varied greatly in numerous features (heads 
were long or short, snouts broad or narrow, etc.), but all tended 
to drift in common toward the development of very low skulls, 
feebly ossified, with enormous openings present in the palate. 
Again, early land vertebrates almost uniformly retained a third 
median eye in the centre of the forehead. But in Triassic days 
the drift in land vertebrates as a whole was away from this struc- 
ture, and at about this time the opening that housed it disappeared 
in group after group. 

The evolution of the mammalian brain likewise illustrates the 
phenomenon of phyletic drift. The brains of modern progressive 
mammals (not only man and the primates, but various ungulates, 
carnivores, etc.) exhibit in common a variety of advanced char- 
acters not present in primitive mammals. It has been assumed 
that these characters were present in the common ancestors of 
the modern forms. But recent studies of casts of the brain cavity 
in a series of fossil horses by Tilly Edinger show that these ad- 
vanced characters, as seen in the living horses, appeared at a 
fairly late date in the history of the equids and that therefore 
there was a parallel drift in brain structure in the various higher 
mammal groups. 

The most widespread example of phyletic drift seen in fossil 
lines is the almost universal tendency toward increase in size. In 
following through any well-known evolutionary series, almost in- 
variably it is found that it commences with forms of modest size 
whose descendants tend steadily to increase in bulk with the 
passage of time. Indeed, the general impression from the fossil 
record is that the present world should be filled with giant forms 
of life. But actually it is not; today, as always, there is still a 
host of small as well as large animals. Bulk has its advantages. 
It is in itself a partial protection against enemies; for warm- 
blooded animals, heat conservation is simpler because of the rela- 
tively small surface in proportion to bulk. But size also appears 
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to have disadvantages: large animals appear to be able to adapt 
themselves less readily to changing environments. The survivors 
tend to be forms of smaller size which in turn generate new series 
of bulky and temporarily successful descendants. 

Among mammals the Pleistocene Epoch represented the climax 
of development in size. There existed during the Ice Age numer- 
ous large animals such as the various mammoths, mastodons, 
ground sloths, etc. Most have since become extinct. The wiping 
out of many of the larger animal types is most noticeable in the 
Americas; the reasons for this depopulation are not clear. Also 
noticeable to a minor degree in the Pleistocene was the rarer op- 
posite trend, the development of dwarf types, of which the most 
curious was. the occurrence on Mediterranean islands of pygmy 
hippopotamuses and tiny elephants (one no larger than a collie). 
The trend toward dwarfism appears to be particularly associated 
with adaptation to island life. 


E. SPEED ОЕ EVOLUTIONARY DEVELOPMENT 


The neo-Darwinian concept generally assumes a relatively slow 
evolutionary development, the gradual appearance and spread 
through a species of numerous small mutations which only after 
countless generations cumulate to produce a markedly different 
descendant. Until recently it seemed difficult to account for such 
a leisurely process of evolutionary change, for the times computed 
by the geologists for the various eras and periods were far too 
short. Recent work on the age of radioactive rocks has indicated 
a much longer sweep of time. The Cambrian Period, when most 
of the major animal groups were already established, was ap- 
proximately 500,000,000 years ago; for the time of development 
of the modern mammals, since the extinction of the dinosaurs, 
there appears now to have been about 70,000,000 years available 
instead of the 5,000,000 once thought to be the extent of the 
Cenozoic Era. 

To visualize the relatively slow type of evolutionary change 
that may have been characteristic of much of phylogenetic devel- 
opment there have been suggested the concepts of adaptive hillocks 
(Sewall Wright) or adaptive zones (G. G. Simpson). The former 
concept would picture the face of nature as a plain in which there 
rise here and there elevations, each representing a specific type 
of environment. Within a group of animals each form would be 
found occupying one of these adaptive hillocks, and in great meas- 
ure the changes that each animal would undergo would be the 
gradual development of features adapting it more perfectly to 
its own small area, But in this concept these hillocks are not 
fixed; they change position gradually, much like slowly moving 
waves in a swelling sea. As the hillock moves, the animals must 
move with it and change with it. Simpson's concept of adaptive 
zones is an attempt to restate this picture with more emphasis on 
time as a dimension. On a graphic plot with time moving horizon- 
tally from left to right may be substituted for the concept of 
hillocks the concept of bands or zones following the time axis 
across the field and separated by untenantable intermediate belts 
(the bare plain of the Wright concept). These bands may be 
placed essentially horizontally, in which case little or no evolu- 
tionary change is required in the animals which inhabit them. But 
if the band is tilted, the inhabitants of the zone must gradually 
change adaptively to maintain themselves within it. 

It has been argued that not all evolution follows such a course 
of slow, adaptive change. Many have contended that at least part 
of the evolutionary process has consisted of major changes ac- 
complished in a short period of time or even in one single step 
(saltation). The mutations of the geneticist were originally con- 
ceived to be of this nature; but most mutations, as now known, 
are changes of a very modest sort, and those of larger proportions 
are generally markedly deleterious, if not lethal. In plants, abrupt 
changes are positively known in certain instances, caused by the 
phenomenon of polyploidy (a multiplication of the chromosomes 
present in ancestral generations), but it is doubtful if this phe- 
nomenon has been at all common in animals. Thus there is little 
reason to believe, on the basis of observation of living forms, that 
there have been abrupt single-step evolutionary changes in the 

phylogeny of animals. 
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In many cases where evolutionary series are known, evolution 
appears quite surely to have been a gradual and orderly proces. 
In many cases where the record is imperfect and many forms n 
missing, there is nevertheless a sufficient time interval between the 
known representatives of the group for gradual development to 
have taken place. But there are still many instances where itis 
réasonable to believe that rapid evolution has occurred. It may 
be noted that the origin of numerous major groups is obscure, ny 
matter how common their later representatives may be or how 
well known may be the general nature of the ancestral stocks from 
which these groups sprang. Further, it is often certain that the 
time interval between deviation from the ancestral stock and the 
appearance of the new type in the fossil record must have been 
short. 

The lack of connecting links in such cases might have been 
caused by a saltation, but in all probability the explanation lies 
in other directions. Presumably the population of animals making 
the transition was relatively small in number (a feature conducive 
to rapid evolutionary change); this, with the fact that the time 
interval was short, makes the chances of finding specimens of 
transitional forms very poor indeed; there are many missing links 
that are destined to remain missing. These relatively sudden shifts 
may have taken place by the normal mechanisms of mutation and 
selection, but a selection that proceeded at a very rapid rate. 

The reasons for this rapid selection and consequently rapid evo- 
lutionary change may be understood in the light of the concept 
of adaptive hillocks or zones. As long as an animal clings to the 
slopes of its own hillock, it will change but little or but slowly. 1i, 
however, in the gradual shifting of these hillocks, two approach 
one another, it may be possible for the dwellers on one to cros 
the ground between them and to take up life in this new area. 
When the animal does this it must rapidly adjust itself structurally 
and functionally to a new environment. In terms of adaptive 
zones, an animal may “jump” from one zone to another, passing 
rapidly through the intervening area where life is impossible for 
it. In the old zone changes would have been gradual; in the new 
zone the newly evolved type may soon settle down to a leisurdy 
evolutionary pace; but in transition the pressure of selection would 
be very strong and change in adaptive features rapid. 


F. EvoLUTIONARY STERILITY: EXTINCTION 


With evolution may be compared antithetical processes also 
seen in geologic history: the stability of type seen in some lines 
over long periods of time and the extinction of various animi 
groups. 

While the fossil record shows most groups of animals to have 
continuously undergone change, whether fast or slow, there att 
cases in which there has been little modification over long pet 
of time. Brachiopods of the Lingula group are frequently ci 
in this connection; they appear to have persisted with relativey 
little change since Paleozoic days. Evaluating this condition an 
be difficult. Such stability could indicate that the animal group 
has attained a nearly perfect adjustment to its environment, % 
it may be exhibiting evolutionary sterility. ‘nal 

In evolutionary sequences it is frequently found that term! i 
members are more simplified, less complex in structure, than the 
ancestors. The process of simplification is frequently referre 
to as one of degeneration, with the moral overtones (or Un EK 
tones) associated with that word when applied to human b 
But nature is unaware of human moral values; survival is success 
and simplification may be as effectual an evolutionary process 
progress by increase in complexity. vss alti 

Many major animal groups evolve, but most of the species a 
genera of past ages (even many families and higher categori 
have become extinct without leaving progeny. Extinction 15 
the common fate, evolutionary progress the exception. Н 

The reasons for extinction have been often pondered, with ts 
tle result in reaching any general principles. In certain instan 
specific causes for extinction have been reasonably claime ей 
appearance of an appropriate food supply, appearance of Peal 
tory enemies, successful competition for available food by 
with more progressive adaptations, etc. Frequently there has 
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a recourse to a hypothesis of “racial senility” leading to extinction 
(Alpheus Hyatt and others); a condition of spininess sometimes 
seen in terminal members ofa group is cited as a manifestation of 
this senescence. But a comparison between somatic tissues of the 
body of an individual animal and a species or group as a whole 
seoms unjustified. An individual body and its specialized tissues 
may be young or old, but it is obvious that (unless one believes in 
special creation) every animal in existence at a given time in the 
earth’s history has exactly the same number of millions of years 
in its pedigree as every other. 

Specialization is frequently cited as a major cause of extinction. 
The term refers to the presence of adaptations fitting an animal 
to a special type of environment; a generalized type is, on the con- 
trary, one defined as lacking such specializations. These terms 
should be used with caution. After all, every animal must be 
adapted to its environment in order to live at all; an animal lacking 
adaptive specializations of some sort could hardly survive. Too 
frequently cause and effect are confused in the use of these tetms. 
Ifan animal of the past has given rise to descendants, it is admired 
as a generalized type; if it became extinct, it was ipso facto spe- 
cialized. The dinosaurs became extinct; therefore they have been 
termed specialized. The small contemporary mammals survived 
and flourished. Were these latter therefore generalized? Actually, 
it might be argued that the mammals, with their nonprimitive 
limbs, reduced toe joints, highly modified skulls and jaws, very 
modified teeth, brains, etc., were among the most specialized of 
then existing vertebrates. 

See ANIMALS, DISTRIBUTION OF; EVOLUTION, ORGANIC; ANI- 
MALS, PHYLOGENY OF; see also references under “Paleontology” 
in the Index. 

Вівиоскарну:—Е. H. Colbert, Evolution of the Vertebrates (1955) ; 
H.S. Ladd (ed.), Treatise on Marine Ecology and Paleoecology, vol. 2 
(1957); R. C. Moore, C. С. Lalicker, and A. G, Fischer, Invertebrate 
Fossils (1952) ; J. A. Moy-Thomas, Palaeozoic Fishes (1939) ; E. Nea- 
verson, Stratigraphical Palaeontology, 2nd ed. rev. (1955) ; J. Piveteau 
(ed.), Traité de paléontologie, 7 vol. (1957 et seq.) ; ^. S, Romer, Ver- 
lebrate Paleontology, 2nd ed, (1945), Osteology of the Reptiles (1956), 
The Vertebrate Story, 4th ed. rev. (1959) ; W. B. Scott, A History of 
Land Mammals in the Western Hemisphere, 2nd ed. rev. (1937) ; К.К. 
Shrock and W. Н. Twenhofel, Principles of Invertebrate Paleontology, 
and ed. (1953) ; G. G. Simpson; The Principles of Classification and a 
Classification of Mammals (1945), The Meaning of Evolution (1950), 
The Major Features of Evolution (1953); R. A. Stirton, Time, Life, 
bu Man (1959) ; H. H. Swinnerton, Outlines of Palaeontology, 3rd 
i (1949) ; К.А. von Zittel, Grundsüge der Paläontologie, Eng. trans. 
(1 C. R. Eastman, Text-Book of Palaeontology, 2nd ed. rev. 3 vol. 

1913-32), (ALS. Rr.) 

PALEOZOIC ERA, the age of ancient life, one of the major 
divisions of geologic time, beginning more than 550,000,000 years 
Б апа lasting at least 300,000,000 years, as indicated on the 
“companying geologic time chart. Rocks of the era are prin- 
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cipally of sedimentary marine origin and contain the first abundant 
fossil record. The fossils indicate a predominance of marine in- 
vertebrate life throughout the era; fishes were abundant near the 
middle; and toward the end terrestrial life, consisting of am- 
phibians, primitive reptiles, and insects, became prominent, The 
latter half witnessed the rise of land plants and the first forests, 
giving rise to the world’s major coal deposits, The era is sub- 
divided into six periods: Cambrian, Ordovician, Silurian, Devonian, 
Carboniferous, and Permian; in North America the Carboniferous 
Period, or Great Coal Age, often is subdivided into the Mississip- 
pian and Pennsylvanian. 

During the era’s closing stages enormous mountain ranges were 
formed in various parts of the world, including the Appalachians, 
the Hercynian, or Variscan, ranges, the high ranges of central Asia, 
and others bordering the Pacific Ocean. The earth’s most unusual 
glaciations took place in near-tropical latitudes of the Southern 
Hemisphere, notably in Australia, Tasmania, India, Africa, and 
South America. Those of India were near sea level and within 18° 
of the Equator. At the same time widespread aridity is indi- 
cated elsewhere by great salt and gypsum deposits, particularly 
in western North America. These pronounced physical changes 
extinguished most of the characteristic plant and animal species. 

For details see separate articles on the subdivisions of the era, 
as PERMIAN SYSTEM; CARBONIFEROUS SYSTEM AND PERIOD, etc. 
See also PALEoBoTANY; PALEONTOLOGY; and references under 
“Paleozoic Era" in the Index. (R. E.JN.; X.) 

PALERMO (ancient PANORMUS), a city and port of Sicily 
and the capital of the autonomous region of Sicily in the Italian 
Republic, and the seat of an archbishop, lies on the northwestern 


— coast at the head of the Bay of Palermo, facing east. Pop. (1961) 


592.614 (commune). Behind the town is a fertile plain, known 
as the Conca d’Oro, backed by mountains. 

Palermo’s earliest buildings were on a tongue of land between 
two former streams to the north and south of the present Via 
Vittorio Emanuele; the streams flowed into a small creek, the 
old port, of which the Cala is all that remains, , The town ex- 
panded north and south and during the Arab period it was 
called Khalesa, a name which survives in the Kalsa quarter at 
the southeast of the town. The Marina, or esplanade, runs 
beside the bay west of the Cala, between the shore and the 17th- 
century Villa Giulia, said to be the oldest public garden in Europe. 
The modern port lies to the north at the foot of Monte Pellegrino 
(1,988 ft.) and has two main entrances. It can take ships of large 
tonnage. 

The earliest civil buildings date from the time of the Norman 
kings. In the royal palace is the Cappella Palatina, founded in 
1132 but not completely decorated until с. 1189; it is one of the 
masterpieces of the Middle Ages. The vaulted wooden. roof. is 
carved and painted in Saracenic style and the cupola and upper 
parts of the walls are covered with mosaics, executed by Greek 
workmen from Constantinople, including the Pantocrator in the 
apse and in the cupola, scenes from the life of Christ in the cen- 
tral square, an Old Testament cycle (from the Creation to Jacob's 
wrestling with the angel) in the nave, and the lives of SS. Peter 
and Paul in the aisles. ‘The royal palace also contains the Norman 
stanza, a room decorated with mosaics of hunting scenes probably 
executed between 1160 and 1170. Of the same period are the 
royal country palaces encircling the city, such as the Favara, the 
Cuba, and the Zisa (in which last some mosaics survive). 

Two Norman-Byzantine churches, S. Cataldo (11th century) 
and S. Giovanni degli Eremiti (1132), have small. red. cupolas. 
The mosaics (1143-51) of the Martorana (1143), founded by the 
Greek admiral George of Antioch, are incompletely preserved. 
These include the Pantocrator in the cupola, as well as saints, 
prophets, and some New Testament scenes. The cathedral, 
founded in 1185 by Gualterio Offamilio (Walter of the Mill), an 
Englishman sent by Henry II of England as tutor to William II 
of Sicily, has been much altered. The facade dates from the 
14th-15th centuries, the portico from the 15th, and the cupola 
from the 18th. It contains the tombs of King Roger II and the 
emperor Frederick II. Other churches of special interest аге 5. 
Francesco d'Assisi. (13th century, restored), the S. Spirito (in the 
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suburbs) where the Sicilian Vespers (q.v.) started in 1282, and Sta. 
Maria della Catena (late 15th century, restored). 

Two other notable medieval palaces are the Scláfani and the 
Chiaramonte (14th century). The 16th century saw the construc- 
tion of further palaces, of new streets, and of the Porta Nuova 
and the Porta Felice, the only two remaining city gates. Spanish 
influence appeared in the 17th century, when the Quattro Canti or 
Piazza Vigliena, Palermo’s central intersection, was laid out; it is 
adorned with statues and other sculptures. 

The National Archaeological Museum has rich collections, in- 
cluding metopes and funerary objects from the ancient Greek city 
of Selinus, well-preserved Etruscan urns and other items from 
Chiusi (Clusium), medieval and Renaissance sculptures, and Sicil- 
jan majolica. The Palazzo Abbatelli houses the National Gallery 
of Sicily and the Politeama Garibaldi contains the Gallery of 
Modern Art, The Teatro Massimo (late 19th century) has one 
of the largest stages in Europe. Other institutions include the 
National Library, the Municipal Library, the university, and the 
Ethnographical Museum in the Parco della Favorita, about 4 mi. 
away near Monte Pellegrino. 

The principal industry is provided by large shipyards. Chief 
exports of the port include citrus and other fruits, preserved foods, 
furniture, glass, and textiles. Main imports include grain, meat, 
coal, paper, machinery, metals, chemical products, and fertilizers. 

Palermo is linked to the mainland by regular shipping services 
(Naples), by train ferry via Messina, and by air. It is connected 
coastwise and north-south by internal railways and roads. The 
international airport of Punta Raisi (30 km.; 184 mi. W) links 
Sicily with North Africa and the Middle East. 

Founded by the Phoenicians in the 8th century B.C., Panormus 
was never taken by the Greeks. It came into Roman hands in 
254 в.с. during the First Punic War and was made a Roman 
colony under Augustus. After passing in turn to the Vandals 
(440), the Byzantines (535), and the Arabs (832), who made it 
the capital of the emirate of Sicily (948), it had its greatest period 
as the centre of a cosmopolitan civilization when it was the capital 
first of the Norman (1072) and then of the Hohenstaufen (1194) 
rulers of Sicily. In 1266 it passed to the Angevins, against whom 
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it revolted in 1282 (see SICILIAN Vespers). Thereafter it came 
under the control of the various rulers of Sicily (q.v.) until i 
was captured by Garibaldi in 1860 and in the following year wis 
united with Italy. " 
PALERMO PROVINCE has an area of 1,937 sq.mi. and a population 
(1961) of 1,101,816. It extends from the Madonie Mountains 
on the east to the Gulf of Castellammare on the west, The Coni 
d'Oro behind Palermo City is the only extensive lowland. Wheat 
and fruits are.grown and livestock (mainly sheep and goats) 4% 
raised. There is marble quarrying and sulfur mining. Chief ils 
besides Palermo include Termini Imerese, Bagheria, Corleon 
Lercara Friddi, Monreale, Carini, and Castelbuono. Piana degli 
Albanesi (143 mi. S of Palermo) was founded in the 15th ce 
tury by Albanian refugees from the Ottoman occupation of A 
bania. These people preserve their own language and belong (0 the 
Orthodox Church. Above the town is an artificial lake and 4 
hydroelectric power station. 
See also references under “Palermo” in the Index. 0 
BisLrocmAPHY.—G. Cavallero, Palermo preromana (1951); Р 
Demus, The Mosaics of Norman Sicily (1950); N. Basile, males 
felicissima. (1929-37). - (М. Т. H 
PALES, an Italian god and goddess of flocks and shepher 
The festival called Parilia (less correctly Palilia) was celebrat 


in their honour on April 21. In this festival the Pales wd 
voked; the stalls were cleansed and purified with шайса d 
оп! 


substances and the herdsmen leaped three times across bora Smt 

hay and straw. It is described in Ovid’s Fasti. The Parilia ©! 

to be regarded as the birthday celebration of Rome. Й 
0 


Й : 
PALES MATOS, LUIS (1898-1959), Puerto Rico's is 
distinguished lyric poet, noted particularly for his "Negro pot $ 
collected in Tuntún de pasa y grifería (1937). This poetry i 
characterized by Negro motifs, which Palés Matos (a white mie 
interprets with all the artistry of a distant disciple of the Span 
Baroque, and by syncopated rhythms, onomatopoeic devices ^ 
literation, and striking rhymes. Palés Matos’ vocabulary § і 
riched with а luxuriance of words heard, read, or invente "ft 
encompasses proper names, geographic terms, mythological 5 
ences, and descriptions of Afro-Antillian rites, beliefs, 2™ 
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ms. Another characteristic of his poetry is a note of skepticism 
and melancholy, an ironic counterpoint to the Negro themes; in 
this respect he differs from other poets who dwell on Negro 
КЫ Matos was born in Guayama, Puerto Rico, їп 1898. He 
began by writing mannerist verses (Azaleas, 1915) but very soon 
found his own direction and, after 1926, became one of the lead- 
ers of the Negro poetry movement. Poesía, 1915-56 (1957), re- 
yealing intimate, personal moods, presented another facet of his 
personality ; his Negro poems were seen to be only episodes in 
one protracted expression of an anguished insight into primitive 
life and of human dissolution into nothingness. Palés Matos also 
published narrative prose, Litoral (1952). He died in San Juan on 
Feb. 23, 1959. 

BmronAPHY.—Margot Arce, Impresiones (1950); Tomás Blanco, 
Sobre Palés Matos (1950) ; Federico de Onís, Luis Palés Matos (1959) ; 
Miguel Enguídanos, La poesía de Luis Palés Matos (1961). 
(E. A.-L) 

PALESTINE, the name of a former land of the eastern Medi- 
terranean comprising parts of modern Israel, Jordan, and Egypt. 
It is also known as the Holy Land because Jesus Christ lived and 
taught there. Palestine was named after the Philistines who oc- 
cupied the southern coastal part of the country in the 12th century 
вс, The area, first called Philistia, gave its name in the 2nd cen- 
tury A.D. to Syria Palaestina, the southern portion of the Roman 
province of Syria. The name Palestine was revived as an official 
title when the British were given a mandate for the government of 
the country after its release from Turkish rule in World War £ 
It is still in popular use as a general term to define a traditional 
region, but this usage does not imply precise boundaries. The area 
of Palestine may perhaps best be defined, therefore, by extending 
it from the Mediterranean on the west to the Arabian Desert on 
the east; and from the lower Litani (Leontes) River in the north 
to the Gaza Valley in the south. Its northern and southern limits 
would thus correspond roughly with the proverbial extent of the 
Holy Land, from Dan to Beersheba. 

Its area is small, about 150 mi. long and 80 mi. wide, but its 
strategic importance is immense, as through it pass the main roads 
from Egypt to Syria and from the Mediterranean to the hills be- 
yond the Jordan. On a broad view, Palestine incorporates a part 
of the high edge of the Arabian Plateau, and its chief physical fea- 
lures are the outcome of the following processes: uplift and mod- 
erate folding which have raised the main hill masses; fracture 
and subsidence, producing the deep rifts and clefts which have 
Severed these hills into their present partitions; the eruption of 
lava in certain districts; and the silting of the maritime plain with 
alluvium from the mountains, smoothed by the current which 
sweeps round from the mouths of the Nile. Palestine consequently 
peues a number of regions of very distinct geographical char- 

Settlement is closely dependent on water, which is rarely abun- 

nt. The rainfall, which arrives in the cool half of the year, de- 
des in amount in general from north to south and from the 
e inland, Perennial rivers are few, and the shortage of water 

aggravated by the porous nature of the limestone rocks over 
much of the country, 
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Which he coastal lowlands the most northerly is the Plain of Acre, 
s DURS with a breadth of 5-9 mi. for about 20 mi. from 
Promo; адига (the Ladder of Tyre) in the north to the Carmel 

ntory in the south, where it is a mere 200 yd. wide. South- 
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ward it opens out rapidly into the Plain of Sharon, about eight 
miles wide and extending south to the latitude of Jaffa. Once ill 
drained and covered with marshes and oak woods, the Sharon plain 
has been reclaimed for fields and fruit groves laid out between 
scattered sandstone ridges on which the villages are placed. South 
of the spur of low hills which approaches the coast about Jaffa, 
the maritime plain widens still more into the fertile region of 
Philistia, a district of rich orange groves, irrigated orchards, and 
wide fields of grain. 

‘The Plain of Esdraelon or Megiddo, formed by subsidence along 
lines of faults, separates the hills of southern Galilee from the 
mountains of Samaria. The plain, 16 mi. wide at most, narrows 
to the northwest, where the Qishon River breaks through to the 
Plain of Acre, and to the southeast, where the river (the modern 
Jalud), which rises at the Well of Harod, has carved the Valley of 
Jezreel into the side of the Jordan trough. Covered with rich basal- 
tic soils washed down from the Galilean hills, Esdraelon is impor- 
tant both for its intrinsic fertility and for the great highway it opens 
from the Mediterranean to the lands across the Jordan. The mari- 
time plain connects with that of Esdraelon by the pass of Megiddo 
and several lesser routes between the mountain spurs of Carmel and 
Gilboa. 

The hill country of Galilee (q.v.) is better watered and more 
thickly wooded than that of Samaria or Judaea. North of the 
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Plain of Asochis, Upper Galilee, with heights of 4,000 ft., is a scrub- 
covered limestone plateau, thinly peopled and a zone of refuge. 
To the south Lower Galilee, with its highest mountain Tabor (1,929 
ft.), is a land of east-west ridges enclosing sheltered vales like that 
of Nazareth, with rich basaltic soils. 

Samaria (q.v.), the region of the ancient kingdom of Israel, is a 
hilly district extending from the Plain of Esdraelon to the latitude 
of Ram Allah. Its mountains, Carmel, Gilboa, Ebal, and Gerizim, 
are lower than those of Upper Galilee, while its basins, notably 
those of Dothan (the Sahl Arraba) and Nablus (Shechem), are 
wider and more gently contoured than their equivalents in Judaea. 
Samaria is easily approached from the coast over the hills of 
Ephraim, and from the Jordan by the Fari‘a Valley. 

From Ram Allah in the north to Beersheba in the south, the 
high plateau of Judaea (q.v.) is a rocky wilderness of limestone, 
with rare patches of cultivation, as around Bira and Mt. Hebron 
(Al Khalil). It is separated from the coastal plain by a longitudi- 
nal fosse and a belt of low hills of soft chalky limestone, about five 
to eight miles wide, known as the Shephelah. The Judaean plateau 
falls abruptly to the Jordan trough, which is approached with dií- 
ficulty along the wadis Kelt and Mukallik. 

The Jordan trench is a deep rift valley, which varies in width 
from 1,5 to 14 mi. In its northern section the lakes Hule (Huleh; 
Hula) and Tiberias (Sea of Galilee; q.v.) are blocked by natural 
dams of basalt. Descending to about 1,290 ft. below sea level, 
the valley is exceedingly dry and overheated, and cultivation is 
restricted to rare oases, as at Jericho, or at En-gedi by the shore 
of the Dead Sea. 

Beyond the Jordan trough, the high edge of the Arabian Plateau 
captures a considerable rainfall. Below Mt. Hermon, the high 
volcanic tableland of Bashan and the hills of Gilead are lands of 
oak forests and cattle. Farther south, the rolling uplands of 
Ammon (whence the modern Amman) and Moab are drier, but 
there too cultivation is practised. Israelite occupation of all these 
lands east of the Jordan in biblical times was precarious because of 
the pressure of nomadic folk from the side of the desert. 

See also DEAD SEA; ISRAEL; JORDAN; JORDAN RIVER. 

(Wx. C. B.) 


Il. ARCHAEOLOGICAL EXPLORATION 


From the time of the Byzantine and medieval pilgrims, Eu- 
ropeans have been interested in the history of Palestine and in the 
identification of sites known from the biblical record. As the 
possibilities of travel and exploration in the Orient opened up in 
the 19th century, the background picture of the country in the 
classical period began to be filled in by accounts such as that of 
J. L. Burckhardt of his visit to Petra (Jordan) in 1812, while the 
earliest reliable study of biblical sites was made by Edward Robin- 
son in 1838. This era of exploration culminated in the foundation 
in 1865 of the Palestine Exploration Fund, under the aegis of which 
not only were sites identified but a detailed map was made (based 
on the most exact professional standards, since it was carried out 
by officers of the Royal Engineers) upon which the sites could be 
recorded. 

Serious excavation of sites began with Sir Charles Warren’s 
examination in 1867 of the walls of Jerusalem by an incredible 
series of shafts and tunnels, an admirable piece of exploration but 
carried out at a period before there were adequate archaeological 
techniques for establishing chronology. A major step not only in 
Palestinian but in general Near Eastern archaeology had been 
taken when W. M. F. (later Sir Flinders) Petrie carried out his 
excavations of Tell el Hesi (Israel) in 1890, Petrie went to Pales- 
tine with a background of Egyptian archaeology, which has its 
framework of a fixed calendar and relatively abundant epigraphical 
material. He was therefore accustomed to fitting his archaeologi- 
cal material into a historical framework, and also he had devel- 
oped the method of assembling material of the preliterate period 
in a sequence-dating based on typological grounds. In Palestine 
he had to deal with a different phenomenon, that of a mound in 
which objects appeared at different depths. He interpreted the 
mound as the result of the decay of successive towns, upon the 
ruins of which their successors were built, an interpretation simple 
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in modern eyes but new at the time. Each level was dated by im. 
ported Egyptian objects which were dated in terms of the Egyptian 
calendar. Petrie’s absolute datings are no longer accepted, bu 
the general principle that the growth of these Near Easter gig 
can be interpreted in terms of the stratigraphic levels, which mus 
ultimately be dated by relation to Egypt or some other count 
with a recognizable chronology, is basic to all research in Palestine 
and many other countries. Petrie's excavations at Tell el Hj 
were of short duration but revolutionary importance, 

Tt was not however for many years that the developments that 
should have followed this first exposition of method were mad, 
Indeed, in the simple form used by Petrie they are not everywhere 
applicable even for broad results. In the first decade of the 20 
century, the great sites of Gezer, Samaria, and Jericho (901) 
were excavated, but the complexities of the stratification, which 
the methods employed could not solve, and the lack of an estab 
lished pottery chronology diminished the value of the results, 

The greatest contribution to the knowledge of pottery dating in 
the years up to 1920 was in fact made by one who was not рі. 
marily an excavator, the Dominican Father Hugues Vincent, By: 
devoted study of all finds that came to his notice, Father Vincent 
in those years built up a basic pottery chronology which was to 
be invaluable to all subsequent students. 

The establishment of British control in 1919 saw the be 


m MAJOR ARCHAEOLOGICAL SITES OF PALESTINE 


MEDITERRANEAN 


anh 
mu 
REVISED EDITION, ст К 


FROM “THE WESTMINSTER HISTORICAL ATLAS To THE BIBLE,” 
BY THE WESTMINSTER PRESS; COPYRIGHT 1956, BY W, L. JENKINS. EDITED BY 6! 
WRIGHT AND FLOYD V. FILSON 


MAJOR ARCHAEOLOGICAL SITES OF PALESTINE 


[| PALESTINE 


` ginning of an ега of intense and very fruitful archaeological work. 
No longer did would-be excavators have to struggle for months to 

{ the necessary authorization from the central officials at Con- 
stantinople and to overcome the obstruction of local officials; un- 
der the direction of the newly constituted department of antiquities 
they received both guidance and every encouragement in their 

ojects. 

E these circumstances, a very large number of excavations on 
sites of outstanding importance were carried out in the years be- 
tween the establishment of the Mandate and the growth of unset- 
tled political conditions owing to Arab-Jewish dissension in 1936— 
39, In this period, excavations were carried on at the major sites 
of Megiddo (q.v.), Beth-shan (Beisan; g.v.), Jerusalem (g.v), 
Lachish (g.v.), Samaria, and Jerash (Gerasa; q.v.), supplemented 
by many others, at sites perhaps less famous in repute but pro- 
ducing results of very great archaeological importance. 

Tell Beit Mirsim.—The excavation that in fact provided a 
basic reference book for all Palestinian archaeologists was that 
of Tell Beit Mirsim, a site of no major historical importance, 
excavated by W. F. Albright between 1926 and 1932. In this, 
Petrie's basic stratigraphic methods were applied, and the com- 
bination of this with Albright’s unrivaled knowledge of compar- 
ative material, both epigraphical and' archaeological, produced 
a framework for the dating of pottery and other finds, of which 
the importance cannot be overemphasized. Tell Beit Mirsim very 
p became a “bible” for Palestinian archaeologists in the years 

tween World Wars I and II. 

The results of all the excavations in Palestine at this period can 
however be criticized on the grounds that as far as excavation 
methods were concerned Palestinian archaeologists were out of 
touch with the methods being developed by their colleagues in 
Europe, especially in England and Germany. Stratification’ was 
still understood simply as a matter of superimposition of build- 
ings, as first set forth by Petrie in 1890, with no regard to the com- 
plications introduced by hill sites, terracing, disturbances by rob- 
bing of walls or grave digging which introduced objects into a level 
lower than their chronological horizon; there was in fact no exact 
tracing of layers in the soil upon which all exact stratification must 
depend, A great mass of labourers and a very small field staff 
Could in these circumstances never produce exact results. The 
m of all ine great excavations of the years between the wars 

Ve now to be edited and used with this in mind. 

Beth-shan.—The first of these great excavations was that at 
Beth-shan (Beisan, Israel), the important site at the eastern end 
of the Plain of Esdraelon, famous in biblical history in the story 
EU and таарав Excavations there by the University of 

Sylvania began in 1922 and lasted till 1933. For the most 
Part, attention was concentrated on the summit of the mound, 
n àn area was investigated that contained sacred buildings 
cm ne Middle Bronze Age down to a Byzantine church. Only a 
e imited sounding penetrated the lower levels, giving hints of 
E tg material. The finds were of great importance, 
first үз use by archaeologists is hampered by two things. In the 

Place, the excavators ‘used exclusively for dating purposes 
ow EE which were either claimed to be associated with 
D 7 the finds on erroneous stratigraphical grounds or were 
m eirlooms of an earlier period; none of the Beth-shan 

" DS can be used as a basis for dating to the periods to which 
i E assigned (and unfortunate repercussions of these dat- 
коей far and wide), though they сап be of great value if 
Vations 1 The second great drawback about the Beth-shan exca- 
Published. that a very high proportion of the results was never 

o the other end of the Plain of Esdraelon, the mag- 
Thstitut mound of Megiddo (Israel) was excavated by the Oriental 
А Es the University of Chicago between 1925 and 1939. 
oti End plan was to excavate the complete mound from top 
reached a but after 1930, when a level of c. 1000 B.C. had been 
ings o N became necessary to restrict the excavations to sound- 
ny, of which only one penetrated from top to bottom of the 

have bo Like those of Tell Beit Mirsim, the Megiddo publications 
come a “bible” for reference concerning successive archae- 
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ological levels. Though producing material on a far greater scale 
than the other site, the Megiddo results are less reliable, for the 
mass and rather mechanical excavation methods employed, with 
far too little site supervision, failed to recognize complications such 
as terracing and to make the distinction between finds in houses 
and in tombs or graves which by chance penetrated to the same 
absolute level. Much editing is again necessary to make safe use 
of the Megiddo evidence. 

Samaria.—The excavation of Samaria (Jordan), begun by Har- 
vard University in 1908, was resumed by ã joint American, British, 
and Hebrew University excavation jin’ 1931, under the direction 
of J. W. Crowfoot of the British School in Jerusalem. The great 
importance of Samaria is that there are a number of historically 
fixed points in its chronology, its foundation as the capital of the 
northern kingdom by Omri c. 880 x:c., its destruction by the As- 
syrians in 722 B.C., and the great building operations carried out 
there by Herod the Great c. 30 в.с... The excavations were compli- 
cated by the-nature of the site, a steep-sided hill, and by the fre- 
quent robbirigs of stone-built walls. Excavations by contemporary 
British methods were, however, successful in identifying intact de- 
posits associated with, or bracketed between, those fixed historical 
points, thereby providing a useful framework of closely dated pot- 
tery and other materials. ) 

Jericho.—As at Samaria, excavations at Jericho were resumed 
at this stage, with an expedition from Liverpool led by John 
Garstang between 1930 and 1936. The primary object of these 
excavations was to identify remains associated with the biblical 
period. A succession of town walls were identified as belonging 
to:the Early, Middle, and Late Bronze ages, and walls and build- 
ings destroyed by fire were ascribed to the period of Joshua. Un- 
fortunately, in a site of complicated stratification, the excavation 
methods were not sufficiently exact to make correct identification. 
A highly important result of the excavations was the discovery 
that below the remains of successive cities of the Bronze Age there 
was a deep deposit belonging to the Neolithic period, which gave 
an unexpected glimpse of the antiquity of settlement in Palestine, 

Jerash.—The most important excavations concerning the classi- 
cal period were those at Jerash (ancient Gerasa, Jordan), The 
first clearances on the! site had been made by a German expedition 
in 1905-07, under U. J. Seetzen, resulting in the clearance of a 
wonderful series of classical structures, temples, theatres, forum, 
and monumentally laid-out streets), In 1925 work was resumed by 
G. Horsfield and a joint British-American expedition led by 
J. W. Crowfoot. The principal structures revealed were a number 
of Christian churches with interesting mosaics. 

Lachish.—The final major excavation of the period between 
World Wars I and II was the British Wellcome-Marston expedi- 
tion to Tell ed Duweir, one of the finest mounds in the country, 
identified as the site of Lachish, under the direction of J. L. Star- 
key. Like those at Megiddo, the excavations, begun in 1932, aimed 
to excavate the site completely from top to bottom, As at Me- 
giddo, a mere beginning was made, only the later Iron Age levels 
being completely cleared, and the excavations came to an untimely 
end with the murder of Starkey in 1938 early in the political dis- 
turbances. The most dramatic find of the excavations was the 
series of documents on potsherds dating to the time of the Baby- 
lonian invasion of Palestine at the beginning of the 6th century 
B.C. Other finds in tombs and soundings gave tantalizing glimpses 
of the history of the town back to the Early Bronze Age, in the 
3rd millennium B.c., and still earlier occupation in the neighbour- 
hood. З 

Other Expeditions.—Besides these excavations of major sites, 
there were many expeditions on a smaller scale, often with results 
of at least as great importance. Perhaps the most outstanding of 
these were the excavations in caves on the slopes of Mt. Carmel 
(q.v.; in Israel) by the British School and the American Prehis- 
toric Society under the direction of Dorothy Garrod, which were 
the first to produce exact evidence for the Paleolithic and Meso- 
lithic periods in Palestine. Another important excavation was that 
of the Pontifical Biblical Institute at Teleilat Ghassul in the Jor- 
dan valley, which first brought to light an important phase of the 
Chalcolithic period. 
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An excavation that came at the very end of this period was that 
carried out by the department of antiquities at the site of Khirbet 
Mefjar, near Jericho, under the direction of J. W. Hamilton. Here 
жаз revealed a magnificent Ommayad palace of the 7th century 
A.D., with mosaics of the postclassical period as beautiful as any 
yet found, and very elaborate stucco decorations. 

Since excavations» were resumed after the disturbances of the 
closing stages of the Mandate, à large number of key sites have 
been explored. The first important excavations were those of the 
École Biblique at Tell el Far'ah near Nablus (Jordan), under the 
direction of the Dominican Father R. de Vaux, a site with a history 
stretching from the Neolithic to the Iron Age; the most striking 
point to be established was that this was the site of Tirzah, the 
predecessor of Samaria as the capital of the northern kingdom. 
Father de Vaux was also responsible for excavations carried out at 
Khirbet Qumran, the home of the community from the library of 
which came the Dead Sea Scrolls. 

In 1952 the excavation of Jericho was resumed by the British 
School in Jerusalem. The new work enabled the dating of the 
Bronze Age levels to be revised. More important still was the 
much fuller examination of the Neolithic levels, which revealed two 
successive Pre-Pottery Neolithic cultures, dated by the carbon-14 
method respectively to c. 7000 в.с. and c. 6000 B.C., with a pre- 
ceding Mesolithic stage. 

The most important excavation of a new site was that under- 
taken between 1955 and 1958 by Israeli archaeologists, led by 
Y. Yadin, at Hazor (q.v.; Tell el Qedah), in which the history 
of this major site was traced from the Middle Bronze Age to the 
Iron Age. A vast number of other excavations on a lesser scale 
were also carried out in Israel during this period, perhaps the most 
interesting being a series at sites such as Beersheba and Mezer, 
which have greatly supplemented knowledge of the Chalcolithic 
period in the 4th millennium B.C. 


III. PREHISTORY AND HISTORY 
A. STONE AcE AND CHALCOLITHIC 
Paleolithic Period.— The Paleolithic era of Palestine was first 
fully examined by Dorothy Garrod in her excavations of caves on 
the slopes of Mt. Carmel. In.these caves overlapping sequences 
were discovered that established a succession of industries and 
fauna for the Middle and Upper Paleolithic. , The finds showed 
that at this stage Palestine was culturally linked with Europe, and 
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human remains were recovered showing that the inhabitants were 
of the same group as the Neanderthal inhabitants of Europe. 

Mesolithic Period.—Overlying the Paleolithic deposits in 
these same caves was found a succession of Mesolithic levels, 
though it is probable that there was an intervening gap. The finds 
in these levels exhibited a basic similarity of culture with the Mes 
lithic of Europe, but with regional differences, and to this culture 
the name Natufian was given. The Natufians lived in caves, 88 
did their Paleolithic predecessors, but there is a possibility that 
they were experimenting in agriculture, for the importance to 
of the collection of grain is shown by the artistic care that they 
lavished on the carving of the hafts of their sickles and in the 
provision of utensils for grinding. 

Inthe 1950s evidence began to accumulate of Natufian ocd 
pation on open sites. At the site of ‘Ain Mallaha (Israel), Jem 
Perrot excavated a site where there was a succession of curvilineit 
houses in which the industry was purely Natufian, and near to Ш 
Lower and Middle Natufian of Mt. Carmel. Р 

‘Ain Mallaha perhaps provides a link which is not clearly i 
lustrated in the history of Jericho as so far discovered. At ш 
base of the Jericho tell or mound was found a structure thal 
is probably not domestic and is probably a sanctuary, show? 1 
the finds to belong to the Lower Natufian and dated by carbon! 
to c. 7800 5.C.; it is perhaps to be identified as a sanctuary està al 
lished by Mesolithic hunters beside the perennial spring that 
millennia has attracted men to Jericho, in recognition of its 
giving properties. А 

The succeeding stage at Jericho is that of permanent occupation 
but with a population that lived in flimsy shelters more sU 
to a nomadic existence. The flint and bone industries showe ] 
the people who lived in these shelters were the cultural descen! E 1 
of the Mesolithic hunters. But the permanence of the settlemet 
indicated by a “nucleus fell” building up a deposit 13 ft. 
shows that the transition from a nomadic to a settled life ha me 
made, and it may be inferred that the experiments іп agric" ij 
that can be suggested for the Natufians of Mt. Carmel were D 
being prosecuted ever more successfully to allow this occupa 
on one spot. Ы : dit 

Neolithic Period.—The next development at Jericho + ften 
matic. Solidly built houses appear, curvilinear in plan and o 
single-roomed, thus typologically to be linked with a prim! 
hut but structurally far in advance by reason of solid w 
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Traditional site of the baptism of Jesus, the Jordan River near Bethabara 


MIDDLE EAST ARCHIVE 
Mosque of Hebron (in Jordan) adapted from a 
12th-century church built by the crusaders on the 
site of an earlier structure 
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Old City, seen from the altar of the Church of Dominus Flevit. 
Dome of the Rock (centre) is on the site from which Mohammed is 
believed to have ascended to heaven and on which, in an earlier 
time, stood the Temple of Solomon 


JERUSALEM 
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Pilgrims ascending “Mt. Zion" to visit David's tomb and the tra- 
ditional scene of the Last Supper 


Mount of Olives. The Church of All Nations is in 
the foreground, the Russian Church of St. Mary 
Magdalene in the centre background 
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no town wall has been found; one of the features of the E.B. III 
levels at Beth-shan is the appearance of the ware, foreign to Pales- 
tine, known as Khirbet Kerak. This ware is widely distributed in 
Syria and Asia Minor, and it is certainly evidence of contacts with 
a group perhaps originating in the Caucasus; in Palestine the con- 
tacts seem to have been peaceful. Khirbet Kerak, at the southern 
end of the Sea of Galilee, the site at which the ware was first found, 
is another town with strong town walls belonging to this period. 
At ‘Ai, a little north of Jerusalem, there was also an elaborate de- 
fensive system then. 

All these sites are in northern or central Palestine, and it was 
here that the Early Bronze Age towns seem to have developed. 
The towns of southern Palestine, for instance Tell ed Duweir, Tell 
Beit Mirsim, and Tell el Hesi, seem only to have been established 
in E.B. III. 

In the course of the 3rd millennium, therefore, walled towns 
begin to appear all over Palestine. There is no evidence that the 
next step of unification under the leadership of a single town, as 
happened in Mesopotamia and Egypt, took place in Palestine; 
they presumably remained independent city-states, except insofar 
as Egypt may at times have exercised a loose political control. 
The evidence would suggest that the interiors of the towns were 
closely built up, with substantial structures, certainly including 
temples, for instance at Tell el Far‘ah, Megiddo, and ‘Ai. Each 
town must have had under its control an area sufficient for the 
needs of its population, in which agriculture was developed and 
flocks pastured. It was probably at this stage, therefore, that the 
first large-scale clearance of forest took place. 

It may be that this clearance of forest had a drastic effect on 
the economy of Palestine. Uninhibited clearance of woodlands 
may have a far-reaching effect on physical conditions. At Jericho, 
there was remarkable evidence of denudation of the land surface 
at a period between с. 2600 в.с. and 2300 в.с. The climax of the 
urban development of E.B. III may therefore have been followed 
by a phase of decay. Certainly by about the 23rd century B.C., the 
whole civilization had been destroyed by the invasion of nomadic 
tribes, probably Amorite (though see AMonrrES for another view). 

Intermediate Early Bronze-Middle Bronze Period.—At 
Jericho there was clear evidence of destruction of the town and its 
walls, with an interval, in which the newcomers must have lived in 
tents, before an entirely new type of buildings appears. At no 
stage at this or any other site in this Intermediate Early Bronze- 
Middle Bronze period were there any town walls, and occupation 
seems to have been indifferently on the ruins of the older towns 
and spreading into the surrounding countryside. 

At most places, in fact, the evidence concerning the newcomers 
is found in their tombs rather than in their dwellings. It would 
seem that they were seminomadic pastoralists, only loosely at- 
tached to a centre, to which they may have brought back their 
dead for burial during their seasonal returns. The evidence from 
the tombs confirms both the tribal organization to be expected 
among such people, and also the complete break between them 
and the Е.В. town dwellers. ' Pottery, weapons, and all other ob- 
jects in use are entirely distinct from those of the preceding period. 
The burial practices again are completely different. In the place 
of the large tombs containing several hundred bodies buried suc- 
cessively, at almost all sites now the tombs were for individual 
interments, or where, as at Megiddo and Beth-shan, there were 
more than single bodies, the type of the tombs is entirely different 
from that at any other period. 

Confirmation of tribal organization comes from the evidence of 
a number of groups with slightly different burial practices and 
equipment. At Jericho there is evidence of seven groups, at Tell 
el ‘Ajjul two, none identical with those of the other site, nor with 
those at Tell ed Duweir or Tell Beit Mirsim. The burial of dis- 
ordered skeletons in a number of cases suggests the habits of no- 
mads returning only seasonally to the tribal burial ground. 

The contemporary groups in northern Palestine, for instance 
at Megiddo and Beth-shan, had some connection, as shown by the 
pottery, with some of those at Jericho, but at Megiddo there are 
suggestions of more sedentary life. А succession of three phases 
of massively built temples seems to belong to this period, though 
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certain ascription is made difficult by the inadequacy of the exci 
vation records. 2 

The types of burials could also be interpreted as indicating that 
the inhabitants of Megiddo at this period were less primitive than 
their contemporaries elsewhere in Palestine. The general picture 
is the same, of allied groups but with variant equipment and prac. 
tices, for at Megiddo again there are two groups distinguished by 
different pottery and different burial practices. One of thes 
groups buried their dead in a large cave; apparently as at Jericho 
and elsewhere most of the bodies were already decomposed when 
placed in the tomb. This was also the case in the second group 
but in this case the architectural precision of the plan of the shaft 
tomb, with a shaft from which an entrance led into a central cham. 
ber, with side chambers following a stereotyped plan, does Sug. 
gest a degree of sophistication that would be appropriate in a group 
that could build architecturally designed temples. 

The E.B.-M.B. people of Megiddo belong to a northern group, 
A close connection between the finds at Megiddo and those at El 
Husn in Jordan has long been recognized. Pottery of the period 
has been published from a very limited sounding at Beth-shan, the 
great site that balances, at the eastern end of the Plain of Esdrae 
lon, Megiddo at the western end. An examination of the unpub- 
lished records of the excavations (made by Mrs. Garner James) 
shows that at this site too there were tombs of the elaborate type 
of the shaft tombs of Megiddo. 

It is not easy to establish the chronology of this period in the 
history of Palestine, for nomads do not have much contact with 
literate civilizations. It does however seem reasonable to associate 
this incursion of nomads with the invasions of Asiatics into Egypt 
that brought the Old Kingdom to an end. An initial date of 23rd- 
22nd centuries 5.c., depending on the interpretation of the Egyp- 
tian evidence, and a final date of the 20th century B.C. seems 
probable. 

The picture of Palestine at this period is thus unequivocally that 
of a country occupied by a number of allied tribes; between them 
there are many features in common, but there are many differ 
ences. The most diagnostic point is that, with the possible excep: 
tion of the northern group, they made no contribution at all to 
town life. The different groups had tribal centres, but they Wet 
essentially seminomadic pastoralists. This description fits wel 
that in the Book of Joshua of the Amorites who lived in the hill 
country, as opposed to the Canaanites who lived in the plains an 
on the coast, areas favourable to agriculture. (See also JosHUA, 
Book or.) 

Middle Bronze Age.—It is in fact the next period that intr 
duces the Canaanite culture as found by the Israelites on ther 
entry into Palestine. It is the Middle Bronze Age that provid 
the background for the beginning of the story of the Old Teste 
ment, and in this period that the patriarchs wandered through 
Palestine, It is marked by a break as abrupt as that which enda 
the Early Bronze Age. Pottery types, weapon types, burial prat 
tices are all new. Once more an urban civilization based on aff 
culture is established. A new people had arrived in Palestint, 
a people that was accustomed to dwell in towns. The newcomer 
arriving perhaps in the 20th century B.C., at first were few in br 
bers. But where they settled, there grew up towns of the Wri 
spread Middle Bronze Age civilization of Palestine. This civil 
tion was intimately connected with that of the towns 0 Шш 
Phoenician-Canaanite coast, In the culture introduced at t 
stage there is no break down at least to the 12th century P.C td 
this is therefore the culture found by the Israelites who infiltral 
into Palestine in the 14th and 13th centuries B.C. er 

With the Middle Bronze Age arose a large repertory of à cd 
forms in pottery, and for the first time in Palestine jt was tU 
entirely on a fast wheel. Comparisons of Palestinian MB. od bY 


Egyptian contacts, suggest that these forms were brought to P 
tine around the 19th century from coastal Syria. Bro 
of a distinctive type, paralleled also on the Syrian coast, аг 
at Megiddo, Jericho, and Tell el ‘Ajjul. The dead were once Pi 
buried in family tombs and not as individuals, The M.B. I Pagg 
seems to have been comparatively short and may be dated 
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1900 to c. 1850; the newcomers at first settled on existing town 
sites, The expansion of town life in Palestine really began in M.B. 
1I (c. 1850-c. 1550), in which the material culture was a direct 
development from the preceding stage. Several towns of Middle 
Bronze Age Palestine were defended by plaster-faced ramparts 
(most clearly discernible at Jericho), an imported method of forti- 
fication giving evidence of a new and alien influence superimposed 
upon the existing Canaanite culture. These were probably 
introduced by the Asiatic Hyksos (g.v.), who secured control of 
northern Egypt c. 1730 and who may have included elements 
of a grouping of people, largely Semitic, called the Habiru (= 
tian ‘Apiru = Hebrew?). These people appear to have es- 

tablished a military aristocracy in Palestine, bringing to the towns 
new defenses and new prosperity without interrupting the charac- 
ter of their culture; this was to survive the destruction of Megiddo, 
Jericho, and Tell Beit Mirsim which followed the expulsion by 
Egypt of the Hyksos into Palestine at the end of the Middle 
Bronze Age (c. 1550). (K. M. K.) 

Late Bronze Age.—There was no sharp break between the 
Middle and the Late Bronze ages in Palestine. The region seems 
to have remained culturally, and perhaps politically, a province of 
the Hyksos kings until the expulsion of the latter from Egypt. 
About 1550 B.C., shortly before the death of Ahmose I, the first 
native Pharaoh of the New Empire, the Egyptian armies began 
to conquer Palestine, probably completing their task during his 
successor’s reign. Under Queen Hatshepsut (c. 1503-1482), Pales- 
tine revolted against Egyptian domination, but the rebellion was 
put down firmly by her successor, Thutmose III, who established 
a stable administration, maintained through the reigns of his im- 
mediate successors. -Egyptian administrative documents exca- 
vated in both Egypt and Palestine show in considerable detail how 
the provincial government was organized and even how it operated 
during the century 1450-1350 в.с. This period is often known 
as the “Amarna Age,” and is vividly illustrated by several hundred 
cuneiform letters found at Tell el Amarna (q.v.), site of the capi- 
tal of the “heretic king” Ikhnaton. The unusual concern of the 
Pharaohs with the affairs of Palestine, which was then as poor in 
relation to its neighbours as in modern times, was chiefly a result 
of the fact that control of it was necessary for the defense of 
Phoenicia and southern Syria, menaced by Mitanni down to c. 
1375 and by the Hittite empire after that date. 

In about 1310 в.с. the increasingly weak rule of the last Phar- 
ûohs of the 18th dynasty was replaced by the strong arm of the 
Second and third kings of the 19th dynasty, Seti I and Ramses IT 
(1304-1237 в.с.). These kings blunted the southward thrust of 
the Hittites and consolidated the crumbling Egyptian empire. 
: lowever, the exactions of foreign bureaucrats, combined with in- 
emal decay, had so enfeebled the Canaanite vassal princes of 
Palestine that it was comparatively easy for the incoming Israel- 
ite tribes to occupy most of the hill country of both Transjordan 
and western Palestine in the course of the closing decades of the 
Es SERÁ B.C. During a short interlude of anarchy that fol- 
А ne last weak kings of the 19th dynasty, Egyptian rule was 
in etely extinguished, and the ephemeral victories of Ramses 
„n the early decades of the 12th century scarcely affected Pales- 

ап history, See also CANAAN. 


C. THE Iron AGE 
qrael— Though the Israelite tribes invaded Palestine before 
" fad of the Late Bronze Age, they did not become firmly estab- 
ed in their new home until the early decades of the 12th cen- 
ty. Their number was increased greatly during the conquest of 
well ап by seminomadic Hebrew tribes already in Palestine, as 
joined, by ‘Many settled Canaanites (e.g., the Gibeonites), who 
Ps the invaders against their sedentary neighbours. Excava- 
ruins ag made it clear that the Israelites began building amid the 
idl t» their precursors and that new settlements sprang up rap- 
J all through the hill country. Had events followed their nor- 
ше the resurgent Canaanites, who had not been driven 
€ coastal plain or the Plain of Esdraelon, might have over- 
ed the scattered and unorganized Israelite clans, but this was 


Prevented by the great invasion of the sea peoples in the time of 
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Ramses III, in the early decades of the 12th century B.C. (see SEA 
PEOPLES). Among the invaders from the Aegean basin were the 
Philistines (g.v.), who were to conquer all Palestine within a cen- 


- tury and a half after their settlement in the southern coastal plain. 


Meanwhile three other peoples were settling down in southern 
Transjordan: the Edomites in the south, the Moabites east of the 
Dead Sea and the Ammonites on the edge of the Syrian Desert 
east of Gilead, Considered by the Israelites as fellow Hebrews, 
these peoples had begun to settle down before the Israelite invasion 
and they remained polytheists until the end of the Old Testament 
period. (See Ammonites; Epom; MOAB.) 

The early Israelites possessed a strong centralizing force in their 
monotheistic faith, combined with a stern code of ethics, which 
set them apart from all their neighbours. The Mosaic tradition 
of the covenant (q.v.) between Yahweh and Israel, made concrete 
by the tabernacle and its ritual, bound the tribes together in a 
cultic bond resembling the later Greek amphictyonies. (See 
TWELVE TRIBES OF ISRAEL.) Characteristic of all these organiza- 
tions was a central sanctuary, surrounded by its worshipers. 
Straining against this religious bond were disruptive tribal forces 
held in leash by a loose alliance between the tribes, which was often 
severed by civil war. But for the constant attacks launched by 
its neighbours, Israel would perhaps never have attained any politi- 
cal solidarity. As it was, salvation from its foes lay only in union, 
and after abortive attempts had been made at one-man rule, Saul 
(q.v.) became king of all Israel (c. 1020 в.с.). 

He defeated the Ammonites and the Philistines, but was killed 
in battle against the latter c. 1000 s.c, and was succeeded by David. 
"The latter crushed the Philistines (c. 990) and conquered the three 
Hebrew states of Transjordan, after which the intervention of the 
Aramaeans from Syria forced him to defeat and annex the states 
of Aram as far north as the borders of Hamath on the Orontes. 
Farther east he established some sort of control over the nomadic 
tribes of the Syrian Desert as far as the Euphrates, though it is 
scarcely probable that Israelite domination was very effective. At 
home David organized a stable administration based largely on 
Egyptian models, and according to tradition carried out a census 
of the population. Death prevented him from completing the 
execution of his plans, which were put into eífect by his successor. 

The reign of Solomon (g.v.; mid-10th century) represents the 
culmination of Israelite political history. "Though he gradually 
lost control over outlying territories conquered by David, he was 
extraordinarily successful in organizing the economic life of the 
country. On the Mediterranean and the Red Sea he joined forces 
with Hiram of Tyre, who was leading the Phoenicians toward the 
exploitation of Mediterranean trade, Expeditions to Ophir (q.v.) 
brought the rich products of Africa to Palestine. At the same time 
the Israelite king entered into trade relations with the Arabs as far 
south as Sheba (Yemen). These activities would have been im- 
possible but for the development of new principles in shipbuilding 
and for the recent domestication of the Arabian camel and its use 
in caravans. Among other lucrative undertakings of the king were 
his development of the copper mines of Edom and his construc- 
tion of refineries at Ezion-geber (modern Tell el-Kheleifeh) on the 
Gulf of Aqaba. Most of the wealth thus gathered was spent in 
elaborate building operations, which included the Temple and royal 
palace in Jerusalem, as well as numerous fortified towns and 
“chariot cities.” Best known of the latter is Megiddo, where ex- 
cavations have disclosed stable accommodation for more than 400 
horses, But royal activities on such a vast scale cost more than 
was produced by foreign trade and the tribute of vassal states, so 
the Israelites themselves were forced to submit to conscription 
in royal labour gangs as well as to heavy levies of various kinds, 
It is not surprising that the people of northern Israel revolted 
after the great king’s death, thus disrupting the united monarchy. 

The rump kingdom of Israel lasted for two full centuries, shar- 
ing the worship of Yahweh and the Mosaic tradition with its 
smaller southern neighbour, Judah. After a period of intermit- 
tent warfare between Judah and Israel, King Asa of the former 
entered into an alliance with the growing kingdom of Damascus 
by which the latter attacked northern Israel, thus relieving pres- 
sure on Judah, This move cost Israel its Transjordan territory 
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north of the Yarmuk River and ushered in a long series of wars 
between Israel and Damascus, which did not end until the capture 
of Damascus by the Assyrians in 732. 

The best-known phase of Israelite history is the period during 
which the great prophets, Elijah and Elisha, flourished, under the 
Omrides of the 9th century. Omri himself, founder of the dy- 
nasty, selected Samaria as his capital and began the construction 
of elaborate defenses and royal buildings, which have been uncov- 
ered by excavations. His son Ahab (q.v.) was alternately hero 
and villain of the principal stories of the prophets; he became in- 
volved in complex international maneuvers, which ended with his 
ignominious death at Ramoth-Gilead. The dynasty of Omri closed 
amid torrents of blood (c. 841 B.c.); it was followed by the dy- 
nasty of Jehu, which lasted for nearly a century. This was a pe- 
riod of extreme oscillations, from the catastrophic defeat of Israel 
(c. 815 B.c.) and the destruction of its army by Hazael, king of 
Damascus, to the triumphs of Jeroboam II (c. 786-746 B.C.). 
Meanwhile Judah also oscillated between periods of prosperity and 
weakness; when it'was strong it controlled Edom and the caravan 
routes of the south from Midian to the Mediterranean; when it 
was feeble it shrank behind its own narrow boundaries. Great 
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kings like Asa, Jehoshaphat, and Uzziah alternated with weakli 

In 740 the death knell of Western independence was sounded by 
the capture of Arpad in northern Syria by the Assyrian king Tig. 
lath-pileser III. Events followed with dizzying speed. In 73g 
Israel and Judah paid tribute to Assyria for the first time jp 
decades; in 733 the Assyrians devastated Gilead and Galilee, tum. 
ing the entire land into Assyrian provinces except for the territory 
of two tribes, western Manasseh and Ephraim; in 732 Damascus 
was captured and Aram ceased to exist as a state; in 724 the siege 
of Samaria began. Finally, in the first months of 721, Samaria 
was taken and Israel became politically extinct. 

Assyrian and Babylonian Rule.—]Judah was now the sole 
heir of the glories of David and Solomon. Hezekiah (q.v.; c. 715- 
c. 686), lured by promises of Ethiopian aid, attempted to resist 
Assyria, but was defeated and compelled to pay a crushing tribute, 
Only the timely intervention of an epidemic which decimated the 
Assyrian army saved Judah from total devastation. The eloquent 
guidance of Isaiah restored the morale of the people, and even tht - 
weakness of Hezekiah’s son Manasseh did not bring complete ruin, | 
Another strong king, Josiah (c. 640-609), arose in time to restore | 
the ebbing fortunes of Judah for a few years during which mud 
of the ancient territory of united Israel was brought back under | 
the rule of the Davidic dynasty. Assyria was rapidly. declining 
in power, and in 612 its hated capital, Nineveh, was destroyed by 
the Medes. Josiah’s successful rebellion ended when he fell in 
battle against a more powerful contender for the Assyrian succes 
sion, Necho of Egypt. 

Meanwhile the Chaldean kings of Babylonia were rapidly gain. 
ing strength. Nabopolassar of Babylon and Cyaxares of Medit 
divided the old Assyrian empire between them, and the formers 
son, Nebuchadrezzar, gained control of Syria and Palestine in swilt 
campaigns. However, the defeated Egyptians continued to intrigue 
in Palestine, whose native states repeatedly joined anti-Babylonian 
coalitions, all of which collapsed of themselves or were crushed by 
the Chaldean armies, Jerusalem (q.v.) was twice besieged, in 59 
and after 589. Finally, about 587, it was stormed and destroyed, 
The prophet Jeremiah, who had foreseen the tragic denouement 
and had repeatedly warned his people against their suicidal policy, 
died in Egypt. Judah was devastated and almost depopulated, 

The Persian Empire.—In 539 Cyrus II of Persia followed up 
his triumph over Media by conquering Lydia and Babylonia, thus 
making himself ruler of the greatest empire hitherto known. 
of his first acts was to decree (538) the restoration of Judah and 
the building of the Temple. A large number of Jewish exiles it 
Babylonia returned to Jerusalem, and work on the Temple Wi 
begun. However, the political situation was extremely unfavour. 
able, since Judah south of Hebron had been occupied by Edomites 
escaping from Arab pressure, while the tiny remainder nor 
Hebron had passed under the control of the governor of Samari, 
The latter was able by political intrigues to prevent completion 
of the work of rebuilding the Temple. After the accession | 
Darius I the Jews took advantage of the civil wars and rebellion’ 
which were racking the empire to press work on the Temple, ШЁ 
on by the fiery prophets Haggai and Zechariah. In 516 B.C Ti 
Second Temple was finished (see TEMPLE, JEWISH), but the Је 
had meanwhile aroused the suspicion of the Persian authorities 
and further efforts to improve their situation were discour? 

Matters rested in this unsatisfactory state until с. 445 B.C. V 
the Jewish royal favourite, Nehemiah, deeply stirred by repo 
of the sorry condition of Judah and Jerusalem, succeeded in 0 
taining royal support for a mission to Palestine (see EZRA n 
МєЕнЕмтАН, Books or). Knowledge of the exact sequence 
events is complicated by the confused state of documen! ‘a 
sources, and the chronology of events in the time of Ezra an 
hemiah is not certain. It is probable that Ezra was sent to P 
tine through the good offices of Nehemiah. However this ۳ 
be, the two very different leaders were able to establish both 
religious autonomy of Judah and the practice of normative ju 
ism so firmly that they continued with little change for seve 
centuries. 5 " 

Information concerning the history of Palestine in the pe 
following the age of Nehemiah is very scanty. There 1s men 
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of Persian intervention in the priestly affairs of Judah in the time 
of the high priest Johanan (c. 400 m.c.). It is known that the 
province of Judah continued to be administered by high priests 
who struck their own coins, and that the provinces of Samaria and 
Ammon remained under Yahwist governors of the houses of San- 
ballat and Tobiah. In 343 Artaxerxes III Ochus is said to have 
devastated parts of Palestine in connection with his reconquest of 
Egypt. Eleven years later the country passed into Macedonian 
hands after Alexander's conquest of Phoenicia, See also JEws: 
Earliest Times to A.D. 135. (W. F. A) 


D. From ALEXANDER THE GREAT TO A.D. 70 


To Alexander Palestine was, as to many before him, a corridor 
leading to Egypt, the outlying Persian province. Consequently, 
in his attack on that province after the Battle of Issus (333), he 
confined his attention, in his passage southward, to reducing the 
coastal cities which might form bases for the Persian fleet. The 
Jews he left undisturbed in their religion and customs. The high 
priest remained the head of the Jewish state, perhaps assisted by 
a council of elders. 

The Ptolemies.—After the death of Alexander (323), Pales- 
tine, with much of Syria and Phoenicia, fell to Ptolemy, the 
founder of the Ptolemaic dynasty which ruled Egypt for nearly 
300 years, who established himself as satrap in Egypt in 323 B.C. 
and became king in 305 (see PTOLEMIES). 

The successors of Alexander, including Ptolemy and Seleucus, 

defeated Antigonus Monophthalmus, one of Alexander’s generals, 
who had almost succeeded in recreating under his sole rule Alexan- 
der's great empire, at Ipsus in Phrygia in 301 B.c. This victory 
confirmed Ptolemy in his possession of his territory, although he 
had arrived too late for the battle, and Seleucus, whose partici- 
pation in it had been decisive, at first disputed Ptolemy’s claim 
to Syria and Phoenicia and actually occupied northern Syria. This 
early dispute laid the foundations of a century of bitter antagonism 
between the house of Ptolemy and that of Seleucus, an antagonism 
which led to war five times within a century and was finally stilled 
only by Palestine’s passing in 200 в.с. into the hands of the Seleu- 
tid dynasty. The northern boundary of the kingdom established 
by Ptolemy I lay apparently slightly north of the modern Tripolis, 
perhaps on the course of the Nahr el Kebir (ancient Eleutherus) 
River, and there are no signs of any important change in this 
frontier throughout the next century. 
, Of Ptolemaic rule in the southern рагі of this territory, Pales- 
tine, little is known. What little can be discovered, mainly from 
Writers of a later period, especially the author of the First Book 
of Maccabees. and Josephus, suggests that unlike the northern 
region, known as Syria and Phoenicia, the area was left in much 
ts previous state with considerable power and authority in the 
hands of the native chieftains. 

More is known of taxation than of administration. A story 
Preserved by Josephus (The Antiquities of the Jews, xii, $ 154 ff.) 
indicates that tax farming was employed for the collection of local 
MN It seems likely that there were additional extraordinary 

xes levied by edict from Egypt. 
the nowledge of the economic and commercial life of Palestine in 
zi S of the 3rd century is, on the other hand, fuller and more 
Pues €, It is drawn from the dossier of letters received and writ- 
ister y seen the confidential business manager of the chief min- 
to Par Ptolemy II Philadelphus (285-246), who in 259 was sent 

alestine and Syria where his master had commercial interests. 
Vu letters speak particularly of a trade in slaves, especially of 
А pus for prostitution, in whom there appears to have been 
"n Sk trade, with export to Egypt. Zenon's records also testify 
all ; siderable trade in cereals, oil, and wine. Inevitably, like 
tee to Egypt, Palestinian exports worked under state 
fae without which the internal monopolies of Egypt would 
lita сеп undermined. Palestine, like Egypt and Syria, seems 
per Ud no economic freedom under Ptolemaic rule; in all 

‘actions the hand of the government's agents is clearly visible. 
the material culture of Palestine in the Ptolemaic period 
dem is known. The population seems, as in Syria, to have 

vided between the hellenized cities (poleis) of the coast, 
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notably Ascalon and Joppa, and the rural population living in 
villages (komai). The fact that several cities had Ptolemaic 
dynastic names (Philadelphia, Philoteria, Ptolemais) must not 
lead to overemphasis of the desire of the early Ptolemies to 
urbanize and raise the standard of living of the people of Pales- 
tine. It seldom appears that they did more than rename a pre- 
viously existing city—a practice not uncommon in the Hellenistic 
world. In fact, unlike the Seleucids, the Ptolemies do not appear 
to have been great city builders. Nor do they appear to have 
encouraged the outward forms of independence in local govern- 
ment. It appears likely from the story of the Phoenician tax 
farmers mentioned above that considerable authority lay in the 
hands of the wealthy, yet the fact that both Ascalon and Joppa 
issued Ptolemaic regal coinage, but apparently no autonomous 
bronze coinage, suggests a rigid control. However, the absence of 
epigraphical evidence from the cities of Ptolemaic Palestine ren- 
ders any judgment about the conditions of the cities very hazard- 
ous. Archaeology, too, helps but little, since the buildings of 
Roman Palestine have swamped most of the Hellenistic remains. 
One exception must be noted: the tombs of the hellenized Si- 
donian military settlers at Marisa in Idumaea, the walls of which 
are decorated with frescoes of fine hunting scenes, indicate that 
Hellenic civilization had penetrated deep into the non-Greek popu- 
lation in this period. 

The chronic state of hostility between Egypt and the Seleucid 
house, which in much of the 3rd century B.c. had been concerned 
with the coastal regions of western Asia Minor, received a new 
impetus with the accession to the Seleucid throne of the energetic 
Antiochus III the Great (223-187), who aimed to win southern 
Syria and Palestine from Egypt, now weakly governed, and 
thereby establish the frontier to which Seleucus I had unwill- 
ingly renounced his claim in 301 в.с. After his severe defeat by 
Ptolemy IV at Raphia in 217, however, Antiochus was for several 
years occupied with internal troubles, and it was therefore not 
until about 200 в.с: that he could think again of an attack on 
Egypt. There a child—Ptolemy V Epiphanes—had recently 
ascended the throne, and the government was in the hands of 
overpowerful ministers who were more concerned with feathering 
their own nests than with preserving the integrity of the kingdom. 
At Panion, on the northern boundary of Galilee, the armies of 
Antiochus and Ptolemy met and Ptolemy was defeated. Thus 
the Ptolemaic possessions north of the Sinai desert, including 
Palestine, passed into the hands of the house of Seleucus. 

The Seleucids.—The Seleucids brought to the problem of the 
administration of Palestine a different tradition from that which 
had been behind Ptolemaic rule, (See SELEUCD Dynasty.) 
The latter was based on that careful exploitation of territory which 
was possible in a small and closely knit land like Egypt, and had 
thence been extended to the Ptolemaic provinces. This had never 
been possible for the Seleucids, who had always been masters of 
regions so vast as to render a unified and absolute control impos- 
sible. There is no sign of oppression in Seleucid government of 
the native peoples—they seem, on the contrary, to have aimed 
at improving the natives’ status as far as possible, largely through 
bringing them into contact: with Greek modes of urban existence. 

It might then be supposed that Seleucid rule would have been 
popular in Palestine. In fact, however, it was under Seleucid 
rule that the great uprising of the Jewish people, the revolt of 
the Maccabees, occurred. The explanation of this paradox is per- 
haps twofold. First, the Seleucids were in need of money, and 
second, the throne, at a critical time, was occupied by a tactless 
and neurotic king. Present-day knowledge of Seleucid rule in 
Palestine before the accession of Antiochus Epiphanes is very 
slight. The years from 188 B.C. onward were lean years for the 
dynasty, since the war with Rome, which had ended (in 189) ina 
complete Roman victory, had cost it not only almost the whole of 
Asia Minor but also a yearly indemnity of 15,000 talents. It is 
therefore not surprising that the first glimpse of Seleucid rule 
in Palestine tells of an attempt by Heliodorus, the leading minis- 
ter of Seleucus IV (187-175), to deprive the Temple in Jerusa- 
lem of its treasure. His failure was soon ascribed to divine pro- 
tection. 
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With the accession of Antiochus (q.v.) Epiphanes in 175 
B.C. relations rapidly deteriorated. Antiochus appears to have 
aimed at a wholesale restoration of the Seleucid empire in the 
east, including an occupation of Egypt, as a counter to the loss 
of the western province occasioned by the Peace of Apamea. He 
made an unwise beginning in Palestine by establishing a phil- 
hellenic high priest, and it is clear from this and from his whole 
subsequent policy that he wished to extirpate Jewish religion from 
its central stronghold (there is no indication that he persecuted 
Jews of the Diaspora living in the cities of his kingdom). 

Antiochus invaded Egypt in 170 or 169 B.C., returning to Syria 
by way of Jerusalem, where he and his army despoiled the Temple 
of all its wealth. Two years later, after his humiliating expulsion 
from the gate of Egypt by the Roman legate, he sent a financial 
official to exact taxes from the cities of Judaea. Antiochus’ of- 
ficial attacked the city of Jerusalem by guile and largely de- 
stroyed it. He then built a fortified position on the citadel, called 
by the Greeks the Akra. This became the symbol of Judah’s en- 
slavement, though in itself the presence of a royal garrison in a 
Hellenistic city was by no means unusual. Its imposition was 
followed by an open attack on religious practice, many of the 
rites of which were forbidden. Noncompliance with the order, 
which contained many items calculated to raise the bitterest re- 
sistance in the hearts of law-abiding Jews, such.as the prohibition 
of circumcision and the abolition of the observance of the Sab- 
bath, was punishable by death; Finally on the 25th day of the 
Hebrew month Kislev (December), 168 в.с., the “abomination 
of desolation,” namely the altar of Zeus, was set up in the Temple 
in Jerusalem. It was this above all which summoned forth the 
resistance of the sons of the aged priest Mattathias led by Judas 
Maccabaeus. (See MACCABEES.) 

The resistance, it must be emphasized, came from only a sec- 
tion of the population. The century and a half of Greek rule had 
hellenized much of the upper class of Jerusalem, and some of the 
characteristic features of Greek city life, such as the ephebic 
institute for the training of youths and the gymnasia, had been 
established on the initiative of this section of the ruling class 
which was able to accept a less radical observance of Judaism and 
combine it with loyalty to the throne. Throughout the revolt 
and indeed until the closing days of the Hasmonaean house, there 
is always this third element to be taken into account. 

Judas proved himself a leader of high quality. He successfully 
resisted the weak forces sent by the Seleucid authorities, and after 
three years of intermittent warfare he succeeded in purifying the 
Temple, though the Akra still remained in Seleucid hands (Dec. 
165 5.c.; the chronology of the Maccabees here followed is that 
of E, Schürer; see Bibliography). 

After the death of Antiochus Epiphanes (163) the numbers of 
claimants to the Seleucid throne made a continuous policy toward 
Palestine impossible, because each claimant felt the need to seek 
support wherever it might be found. Thus, Jewish high priests 
were bought and bribed by the kings and dynasts of Syria. This 
development enabled Judas and those who: succeeded him to hold 
their own and eventually to establish a hereditary dynasty. In 
163 an agreement was reached with the Seleucid regent Lysias 
(who feared the appearance of a rival in Syria), through which 
the Jews received back their religious liberty. But at the same 
time the regular practice of pagan worship, beside the Jewish, 
was established, and a Seleucid nominee was appointed high priest. 
"Thus were laid the seeds of fresh revolt. 

Almost immediately Judas again took the field and scored a 
considerable victory over Nicanor, the Seleucid general, in which 
Nicanor was killed. Within two months, however, Demetrius I, 
the Seleucid king, sent Bacchides to take up a position near Jeru- 
salem, and in the engagement which followed Judas lost his life 

161). 
‘ The Hasmonaean Priest-Princes.—In the following years 
dynastic disputes within the Seleucid empire prevented a succes- 
sion of rulers from settling the Palestinian question. Jonathan, 
the brother and successor of Judas (161—143), seems in the open- 
ing years of his leadership to have established a-sort of secondary 
government in Michmash near Jerusalem, in opposition to the 
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recognized government in the city itself. It was a sign of his grow 
ing power and of the importance of favouring the Hasmonaeal! 
party generally that in 153 one of the Seleucid pretenders, Ales: 
ander Balas, in order to outplay the legitimate king, Demetrius » 
granted Jonathan the office of high priest and gave him the Seleu- 
cid rank of a courtier, thereby legitimizing his position. De 
metrius II, at the request of Simon the successor of Jonathan 
(143-135), granted the Jews freedom from taxation in 143/ 141 
and at the same time Simon acquired the status of a recogni 
secular ruler; the year of his assumption of rule was regarde 
the first of a new era, and official documents were dated in 
name and by his regnal year. to 
In 142-141 Simon forced the ’Syrian garrison on the Ама 
surrender, and the Jews passed а decree їп his honour, granting 
the right of permanent incumbency to Simon and his successo 
until “an accredited prophet" should arise. It was thus in Simon” 
reign that the rule of the priest-prince was transformed into 2 ° 
lar hereditary rule. The Seleucid king recognized this, gra" 
Simon the right to issue his own coins. of 
Simon's reign was one of expansion abroad, at the expetit 
the Seleucid authorities, and peace and prosperity at home. 
son, John Hyrcanus I (135-104), reigned as a secular mont 
save that his coins bear the legend “John the high priest. 
the year of his accession Antiochus Sidetes, the last great Selev í 
king, set out to reconquer Palestine; he laid waste the coum 
besieged Jerusalem, and imposed harsh terms on Hyrcanus E 
he surrendered (134). ius 
The death of Sidetes, however, and the reaccession of Dem® 
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Il, enabled Hyrcanus to reconquer much territory outside Judaea. 
"Toward the end of his reign he conquered and destroyed Samaria, 
despite opposition both from the reigning Seleucid, Antiochus 
Cyzicenus, and from Cyzicenus’ brother-in-law Ptolemy Lathyrus. 
Tn internal policy, however, he made the grave error of quarreling 
with one of the two main Jewish ecclesiastical parties, the Phari- 
sees, who followed the Law with great strictness and with whom 
the Maccabaean movement had in origin close affinity, and siding 
with their opponents, the more liberal Sadducees. This is an 
early instance of that denial of the revolutionary origin of the 
movement which became very obvious in the reign of Alexander 
Jannaeus, Hyrcanus I was succeeded by Aristobulus: (104—103), 
who extended Hasmonaean territory northward and is said to have 
assumed the title of king (basileus), though on his coins he ap- 
pears, like Hyrcanus I, as high priest. 

The reign of his brother and successor Alexander Jannaeus was 
long (103-76) and largely filled with wars, Не imposed his rule 
rigorously over an increasingly large area, including both Trans- 
jordan and the cities of the coast. Still more clearly than Hyr- 
canus I he attests the change in direction and aim of the Has- 
monaean house. He was the bitter enemy of the Pharisees, his 
coins bear Greek as well as Hebrew legends, and his title on them 
is simply “King Alexander.” -He was succeeded by his widow, 
Salome Alexandra, who reversed his policy and was guided by 
powerful religious advisers, members of the Pharisaean movement. 
After her death in 67 в.с. her two sons Aristobulus and Hyrcanus 
II fought for the succession. „Hyrcanus. was defeated but was 
encouraged to reassert his rights by Antipater, an Idumaean, son 
d the governor of Idumaea and father of the future Herod the 

reat, 

At this stage the Romans appeared on the scene, Pompey the 
Great during his reorganization of the lands of the newly con- 
quered Seleucid kingdom also arranged the affairs of Palestine (63 
B.C.). He attempted to arbitrate between the brothers and even- 
tually, after he had laid siege to and captured Jerusalem, ap- 
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pointed Hyrcanus II as high priest without the title of king adopted 
by his predecessors, He also imposed taxes on the Jews and cur- 
tailed Jewish dominions, removing a number of Greek cities from 
Hasmonaean rule and transferring them to the jurisdiction of the 
newly appointed governor of Syria. 

After the death of Pompey, however, the power of Antipater 
and his family greatly increased. Hyrcanus II became a figure- 
head of no importance, and Antipater himself, in return for serv- 
ices to Julius Caesar, received Roman citizenship and was awarded 
the title of “procurator of Judaea" while his sons Phasael and 
Herod became respectively governors (strategoi) of Jerusalem 
and Galilee. The unexpected occupation of Palestine by Parthian 
troops in 40 в.с. altered the situation. Antigonus, the son of 
Aristobulus and therefore a legitimate Hasmonaean, won the 
favour of the Parthians and was established by them as king and 
high priest of Jerusalem. Phasael committed suicide, while his 
brother Herod escaped to Rome. 

The Herodian House and the Roman Procurators.— 
Herod, in Rome, was recognized by the senate, with the approval 
of Octavian and M. Antonius (Mark Antony), as king of Judaea 
(40 в.с.) and returned to Palestine in 39 B.C., from which shortly 
afterward Roman troops expelled the Parthians, whose popularity 
in Palestine had been and subsequently remained considerable. 
After struggles against Antigonus, the Parthian nominee, in which 
he was assisted by Roman troops, Herod eventually captured 
Jerusalem, and shortly afterward married a niece of Antigonus, 
thus probably consoling those who remained loyal to the memory 
of the now almost defunct Hasmonaean house—Antigonus, when 
he fell into the hands of his enemies, being executed by order of 
Mark Antony. 

"The accession of Herod, the Roman protégé, the Idumaean and 
gentile, brought to Palestine the peace which in the years of inde- 
pendence it had often lacked. His long reign (37-4 в.с.) was 
marked by general prosperity. Between 31 and 20 Augustus re- 
stored to him the Jewish territories which Pompey had taken 
away, and in this enlarged kingdom he created a sound adminis- 
trative system of Hellenistic type. Toward the end of his life 
the complex demands of a vast family (he had ten wives at least) 
led him into difficulties regarding the succession, and it was then 
that he developed into the gruesome and vicious figure which 
Christian tradition has made so familiar. (See also HEROD.) Оп 
his death the country again entered a period of divided rule, which 
led to the re-establishment of direct Roman government. Augus- 
tus decided in 4 в.с., in the presence of the three sons of Herod, 
that Archelaus should rule Judaea, Samaria, and Idumaea (i.e., 
central and southern Palestine), Antipas Galilee and Peraea 
(Transjordan) and Philip Trachonitis, Batanaea, and Auranitis 
(the area between the Decapolis and Damascus). 

The fate of the rulers (of whom Philip and Antipas were called 
tetrarchs, Archelaus ethnarch) and their territories was different. 
Philip (g.v.), the most peaceable of the three, ruled the northern 
area until his death in A.D. 34. Antipas reigned in Galilee and 
Peraea until A.D. 39, but was then banished by Caligula on the 
ground that he had parleyed with Rome's enemies (see HEROD 
ANTIPAS). Archelaus reigned for ten years only; he was removed 
at the request of his subjects in A.D. 6 (see HEROD ARCHELAUS). 
The government of southern Palestine then passed to a series of 
undistinguished Roman procurators, the last of whom (Pontius 
Pilate, A.D. 26-36, under whom Jesus Christ was crucified) lost 
office for the unnecessary massacre of some Samaritans. On his 
removal Palestine was united under Herod Agrippa I (q.v.), the 
protégé of the emperor Gaius, who succeeded Philip in the north 
in A.D, 37. The tetrarchy of Antipas was added on his removal 
іп 39. On the death of Agrippa in 44 the entire kingdom passed 
under Roman rule and was made a procuratorial province. 

Disturbances in the early years of procuratorial rule were fre- 
quent and largely caused by maladministration. Serious trouble 
arose under Ventidius Cumanus (48-52), and under his successor, 
the imperial freedman Felix (52-60), rebellion was open though 
sporadic. The attempted extortions of Gessius Florus, procurator 
64—66, led in 66 to the decisive and final outbreak. 

The organization of the Jews was better than it had previously 
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been, and they were successful in an early engagement against 
the governor of Syria, who had advanced to Palestine with two 
legions to assist the hard-pressed procurator. 

In 67, however, Vespasian, the future emperor, with his son 
Titus, arrived with a force of about 60,000 men, and the war be- 
came increasingly bitter. By the end of 67 Galilee was captured, 
and Judaea was reduced in three campaigns which ended with the 
fall of Jerusalem in A.D. 70. The Temple was destroyed, though 
tradition recorded that Titus gave orders that it was to be spared, 
and the city became the permanent garrison town of a Roman 
legion. By A.D. 73 all resistance had ceased. Palestine now be- 
came the province Judaea, the name of the part being taken for 
the whole. (P. M. F.) 
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After the destruction of Jerusalem a legion (X Fretensis) was 
stationed on the site, and the rank of the provincial governor 
was raised from procurator to legatus Augusti. Caesarea Pales- 
tinae, the governor's residence, became a Roman colony, and a 
new city, Neapolis (modern Nablus), was founded at Shechem, 
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the religious centre of the Samaritans. Deprived of the Temple 
the Jews found a new religious centre in the rabbinical school of 
Jamnia (Jabneh). There was a Jewish revolt at the end of 
Trajan’s reign, quelled by Lusius Quietus. In A.D. 132 Hadrian's 
decision to build a Roman colony, Aelia Capitolina, on the sile 
of Jerusalem provoked a much more serious revolt, led by Bar. 
Cochba. It was ruthlessly repressed by Julius Severus; nearly 
1,000 villages were destroyed and more than half-a-million men 
killed. The garrison was increased to two legions, VI Ferrata 
being stationed at Caparcotna in Galilee. In Judaea proper the 
Jews seem to have been virtually exterminated, but they survived 
in Galilee, where Tiberias became the seat of the Jewish patti. 
archs. In Judaea new pagan cities were founded, Eleutheropolis 
and Diospolis (formerly Lydda) under Septimius Severus, and 
Nicopolis (formerly Emmaus) under Elagabalus, 

With the conversion of Constantine I to Christianity a ney 
era of prosperity began for Palestine. The emperor himself built 
a magnificent church on the site of the Holy Sepulchre, his mother 
Helena built two others, at the place of the Nativity at Bethlehem 
and of the Ascension in Jerusalem, and his mother-in-law Eutropia 
built a church at Mamre. Palestine began to attract floods of 
pilgrims from all parts of the empire. It also became a great 
centre of the eremitic life; men flocked from all quarters to be 
come hermits in the Judaean wilderness, which was soon dotted 
with monasteries. Constantine added the southern half of Arabia 
to the province, but the addition was later (357-358) made û 
separate province under the name of Palaestina Tertia or Sal. 
laris. At the end of the 4th century Palestine was divided into 
two provinces, Prima with its capital at Caesarea, and Secunda 
with its capital at Scythopolis (Beisan). The governor of Prim 
bore the high rank of proconsul from 382 to 385 and again from 
535 onward. A dux of Palestine commanded the garrison of al 
three provinces. 

The bishop of the civil capital, Caesarea, was, according to the 
usual rule, metropolitan of the province, but the bishops of Jerus 
lem were claiming special prerogatives as early as the Council û 
Nicaea. Eventually Juvenal, bishop of Jerusalem from 421% 
458, achieved his ambition and was recognized by the Council 0 
Chalcedon (451) as patriarch of the three provinces of Palestine, 

There was a revolt of the Jews in Galilee in 352, which was 
suppressed by the Caesar Gallus. Under Marcian and again under 
Justinian there were revolts of the Samaritans. Palestine № 
also troubled by the Monophysite controversy. When Juvenal re 
turned from Chalcedon, having signed the canons, the monks 0 
Palestine rose and elected another bishop of Jerusalem, and mill 
tary force was required to subdue them. Gradually, however, the 
Chalcedonian doctrine gained ground, and Palestine became # 
stronghold of orthodoxy. Apart from these disturbances the cour 
try enjoyed peace and prosperity until in 611 Khosrau II, king? 
Persia, invaded the country, captured Jerusalem (614), destroy? 
the churches, and carried off the True Cross. In 628 Heraclii 
recovered Palestine and subsequently restored the True Cross W 


Jerusalem, but ten years later Jerusalem fell to the Arabs. 
(A. H. M. J) 


F. From THE ARAB CONQUEST TO A.D. 1900 


The Rise of Islam.— The successful unification of the Аа 
Peninsula by the first caliph, Abu Bakr (А.р. 632—634; see Ca 
ATE), made it necessary to channel the warlike spirit of the A 
tribes into new outlets. Abu Bakr, therefore, “wrote to the b 
of Mecca, Ta'if, Yemen, and all the Arabs in Nejd and wr 
summoning them to a holy war (jihad) and arousing their Em 
for it and for the booty to be got from the Greeks.” (Р. K. Net 
The Origins of the Islamic State, Columbia University Press И 
York, 1916.) He then dispatched three detachments © n 
3,000 (later increased to about 7,500) men each to start OP 
tions in southern and southeastern Syria. He died, however 
fore he could witness the results of these undertakings. . Ош 
quests he started were carried on by his successor, the caliph 
I (634-644). 

The first battle took place at Wadi al 
Dead Sea. The Byzantine defenders were defeated and rer 


the 
‘Arabah, south oe 
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toward Gaza, but were overtaken and almost annihilated (Feb. 4, 
634) at Dathin, In other places, however, the natural advantages 
of the defenders were more effective, and the invaders were hard 
pressed. Abu Bakr ordered Khalid ibn al-Walid, then operating 
in southern Iraq, to rush to the aid of his fellow generals on the 
Syrian front. The combined forces won a bloody victory (July 30, 
634) at a place in southern Palestine which the sources call 
Ajnadain, АП of Palestine. then lay open to the invaders. , Bozrah, 
Fihl, and Beisan were seized, and the enemy, after a further defeat, 
sought safety within the walls of Damascus. In Sept. 635, after 
a siege of six months, the city surrendered (according to some 
authorities, Bozrah and Beisan fell in 636). 

In the meantime, the emperor Heraclius was mustering a large 
army and in 636 dispatched it against the Arabs. Khalid re- 
linquished Homs (Hims), Damascus, and other strategic towns 
and concentrated his troops on the Yarmuk, the eastern tributary 
of the Jordan River. The decisive battle which delivered all of 
Syria to the Arabs took place on Aug. 20, 636. Towns which 
had been relinquished were then easily recaptured. Only Jerusa- 
lem and Caesarea held out, the former till 638, when it surrendered 
lo the caliph himself; the latter till Oct. 640. Palestine, and 
indeed all of Syria, was then in Muslim hands. After the sur- 
render of Jerusalem Omar divided Syria into four administrative 
districts (jund): Damascus (Dimashq), Homs (Hims), Jordan 
(al-Urdunn), and Palestine (Filastin). Jordan included Galilee 
and extended east to the desert; Palestine covered the region south 
of the Plain of Esdraelon. (According to some authorities, the 
four jund were those of Damascus, Jabiya, Homs, and Kinnasrin.) 

Omar lost no time in emphasizing Islam’s interest in the holy 
city as the first gibla toward which Muslims turned their faces in 
prayer and as the third holiest spot in Islam, On visiting the 
Temple area and finding the place suffering from neglect, he and 
his followers cleaned it with their own hands and declared it a 
sacred place of prayer, 

Under the Omayyads, Palestine formed, with Syria, one of the 
nine main provinces of the empire. The province consisted of 
the four administrative districts mentioned above together with 
that of Kinnasrin, north of Homs. Each jund was administered 
by an amir assisted һу a financial officer (famil). This pattern 
continued, in general, up to the time of Ottoman rule. 

For various reasons, the Omayyads paid special attention to 
Palestine. The process of arabization was gaining momentum 
there. It was one of the mainstays of Omayyad power and im- 
portant in their struggle against both Iraq and the peninsula. 
When Omayyad rule in the peninsula was contested by Abdullah 
ibn al-Zubayr the caliph Abd-al-Malik (685-705), in order to 
Weaken the position of his rival, attempted to divert the annual 
Pilgrimage from Mecca and Medina to Jerusalem. In 691, there- 
fore, he erected the Dome of the Rock on the site of the Temple 
9f Solomon which was also the alleged halting station of the 

Tophet on his nocturnal journey to heaven. This magnificent 
Structure represents the earliest Muslim. monument still extant. 
Close to the shrine to the south, Abd-al-Malik or, according to 
Some, his son, al-Walid I (705-715), built the Aqsa mosque. 
Another Omayyad caliph, Omar IL (717-720), imposed humiliat- 
ing restrictions on his non-Muslim subjects, particularly the Chris- 
tians, Conversions arising from convenience rather than convic- 
tion then increased, These conversions, together with a steady 
tribal inflow from the desert, changed the religious character of 
the inhabitants, The predominantly Christian population gradu- 

реше predominantly Muslim. у 
Si asid Rule.—Omayyad rule ended in 750. Along with 
yria, Palestine became subject to Abbasid authority, and, like 
УПа, it did not readily submit to its new masters. Unlike the 
Ab ү Who leaned on the Yemeni (south Arabian) tribes, the 
ы in Syria, favoured and indeed used the Qays (north 
int тап) tribes. Enmity between the two groups was, therefore, 

ensified, and became an important factor in Palestinian politics. 
э Отаууай uprisings were frequent and received Palestinian 
(i In 840/841, a Yemenite, Abu Harb the Veiled, unfurled 

: White banner of the Omayyads and succeeded in recruiting a 

Ке number of followers, mainly among the Palestinians who 
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regarded him as the swfyami (saviour) whose appearance was to 
save the land from the hated Abbasids and to restore Omayyad 
rule. Though the insurrection was put down by the armies of al- 
Mu'tasim, the sufyani idea persisted. 

Under the Abbasids, the process of Islamization which received 
its initial impetus under the Omayyad Omar II gained added mo- 
mentum as a result of further restrictions and disabilities imposed 
upon non-Muslims by Harun al-Rashid (786-809) and more par- 
ticularly by al-Mutawakkil (847-861). During the first half of 
the 9th century, however, signs of internal decay began to appear 
in the Abbasid empire. Petty states, and some indeed not so petty, 
mushroomed in different parts of the realm. One of the first to 
affect Palestine was the Tulunid dynasty (868-905) of Egypt, 
which marked the beginning of the disengagement of Egypt and, 
with it, of Syria and Palestine from Abbasid rule. During this 
period Palestine also experienced the destructive operations of the 
Karmatians. After a brief restoration of Abbasid authority, 
Palestine came under Ikhshidid rule (935-969). (See Есүрт: 
History: Medieval Period.) 

The Fatimid Dynasty.—In the meantime the heretical 
Fatimid dynasty was rising to power in North Africa. It moved 
eastward to seize not only Egypt but also Palestine and Syria and 
to threaten Baghdad itself. The Fatimids (q.0.) seized Egypt 
from the Ikhshidids in 969, and in less than a decade were able 
to establish a precarious control over Palestine and Syria, where 
they faced Karmatian, Seljuk, Byzantine, and periodic Bedouin 
opposition. Palestine was thus often reduced to a battlefield. 
The country suffered even greater hardship, however, under the 
Fatimid caliph al-Hakim (996-1021), whose erratic behaviour was 
at times extremely harsh, particularly on his non-Muslim subjects. 
He reactivated the earlier discriminatory laws imposed upon 
Christians and Jews and added new ones, In 1009 he ordered 
the destruction of several churches including the Church of the 
Holy Sepulchre. 

In 1071 the Seljuks, after their victory at Manzikert, captured 
Jerusalem, The Fatimids recaptured the city in 1098 only to 
deliver it a year later (1099) to a new enemy, the crusaders of 
western Europe. 

The Crusades.—A year after the capture of Jerusalem by the 
crusaders, the Latin kingdom of Jerusalem was established (Christ- 
mas day, 1100). "Thereafter there was no effective check to the 
expansion of the crusaders' power until the capture of Edessa by 
the atabeg of Mosul, Imad-al-Din (Zangi), in 1144. Zangi's 
anticrusader campaign was carried on after his death by his son 
Nureddin (Nur-al-Din Mahmud) and, more effectively, by the 
famous Saladin (g.v.). After consolidating his position in Egypt 
and Syria, Saladin waged relentless war against the “infidel” 
Franks. Six days after the capture of Tiberias in 1187, he dealt 
the crusaders a crushing blow at the decisive battle of Hattin 
(Hittin) (July 4, 1187). Palestine was once more Muslim. 
Further attempts by the crusaders to regain control of Palestine 
proved ineffective, primarily because of incessant quarrels among 
the crusaders themselves, although a few of them, such as Rich- 
ard I of England during the Third Crusade (1189-92) and Louis 
IX of France, leader of the Seventh Crusade, performed heroic 
deeds. Ironically, it was left to an emperor of dubious Christian 
standing, Frederick II, to negotiate in 1229, while under excom- 
munication, a ten-year treaty temporarily restoring Jerusalem, 
Nazareth, and Bethlehem to the Christians. Fifteen years later 
(1244), with the help of the Khorezm (Khwarizmian) Turks, 
who were driven from their central Asian abode by the Mongol 
Genghis Khan, the Ayyubid sultan al-Salih restored Jerusalem to 
Islam. 

While the Ayyubids in Egypt were losing ground to the Mame- 
lukes, the Mongol sweep westward continued, placing the cru- 
saders, as it were, between two fires. To make matters worse, the 
crusaders themselves were hopelessly riddled with dissension. In 
1260 the fourth Bahri Mameluke, Baybars, emerged as a cham- 
pion of Muslim resurgence. After taking part in the defeat of the 
Mongols at ‘Ayn Jalut in Palestine, he became sultan; during 
1263-71 he carried out annual raids against the harassed Franks. 
His task was resumed by the seventh Bahri Mameluke, Qalawun 
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(1279-90), and his son and successor al-Ashraf, during whose 
reign the last of the crusaders were driven out of Acre (May 18, 
1291). A sad chapter in the history of Palestine thus came to an 
end. (See CRUSADES.) 

The 14th and 15th centuries were in many ways a “dark age” 
for Palestine. Under the Bahri Mamelukes (1250-1382), Pales- 
tine formed a part of the kingdom of Damascus, second only to 
Egypt in the Mameluke domains. While Palestine enjoyed no 
special benefits, it shared in the general ills which Mameluke mis- 
rule brought in its wake, and suffered the ravages of several epi- 
demics, including the great pestilence, the same Black Death which 
in 1348-49 devastated Europe. The fall of the Bahri Mamelukes 
and rise of the Burji Mamelukes (1382-1517) failed to improve 
conditions. During the reign of the second Burji sultan, Nasir-al- 
Din Faraj (1398-1405), the last onslaught’ of the Mongols, which 
made the name of Timur (Tamerlane) a synonym of destruction 
and plunder, took place. Although Palestine was spared the pil- 
lage of his hordes, it could not escape its disastrous repercussions 
as the Mamelukes moved through in a vain attempt to defend 
Damascus against the invader. Only the death of Timur in 1405 
averted further tragedy. It also pitted the Mamelukes against 
the rising power of the Ottoman Turks for the control of western 
Asia. Hostilities broke out when Sultan Qait Bey contested, in 
1486, with Bayazid II the possession of some border towns. The 
climax came three decades later on Aug. 24, 1516, when the Ot- 
toman sultan, Selim I, routed the armies of al-Ghawri. Palestine 
began its four centuries under Ottoman domination. 

Turkish Rule.—Under the Ottoman Turks, Palestine contin- 
ued to be linked administratively to Damascus until 1830 when 
it was placed under Sidon; then under Acre; then once again un- 
der Damascus until 1887-88, at which time the administrative 
divisions of the Ottoman Empire were settled for the last time 
and Palestine was divided into the mutasarrifiyahs of Nablus and 
Acre, both of which were linked with the vilayet of Beirut; and 
the autonomous mutasarrifiyah of Jerusalem, which dealt directly 
with Constantinople. With varying fortunes often accompanied 
by revolts, massacres, and wars, the first three centuries of Otto- 
man rule isolated Palestine from and insulated it against almost all 
outside influences. The monotony was only occasionally broken 
by spectacular individual careers, such as that of Fakhr-al-Din IT, 
the Ma‘nid ruler of the Lebanon (1590-1635), who extended his 
control as far south as Galilee; or that of Zahir al-‘Umar (c. 
1737-75), who dominated the political life of northern Palestine 
for nearly 40 years; or that of Ahmad al-Jazzar, governor of Acre, 
who in 1799, with English naval help, successfully defended that 
city against Napoleon. 

This period came to an end with Napoleon’s abortive attempt 
(1798-1801) to carve for himself a Near Eastern empire. Egypt, 
always a determining factor in the fortunes of Palestine, came, 
after the French withdrawal, under the rule of the viceroy Moham- 
med Ali (q.v.), who soon embarked upon a program of expansion 
at the expense of his Turkish overlord. In 1831 his armies occu- 
pied Palestine, and for nine years he and his son Ibrahim gave 
the Holy Land a fairly enlightened administration. Their tolerant 
rule opened the country to Western influences and enabled Chris- 
tian missionaries to establish many schools which proved of in- 
estimable value in accelerating the process of modernization. 
When in 1840 the British, the Austrians, and the Russians came 
to the aid of the sultan, the Egyptians were forced to withdraw 
and Palestine reverted to the Ottomans. Increased European in- 
terest, however, led to the establishment of consulates and vice- 
consulates by the powers in Jerusalem and in the ports. In the 
meantime, the “reforms” which the powers had induced the sultan 
to promulgate did not fail to improve the lot of minorities. Later 
the country witnessed a marked increase in the inflow of foreign 
settlements and colonies, French, Russian, and German. By far 
the most important, in spite of their initial numerical insignifi- 
cance, were the Zionist agricultural settlements which foreshad- 
owed later Zionist endeavours for the establishment of a Jewish 
national home and still later a Jewish state in Palestine. The 

earliest of these settlements was established by Russian Jews in 
1882. In 1896 Theodor Herzl issued his Der Judenstaat and ad- 
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vocated an autonomous Jewish state, preferably in Palestine, Two 
years later, he himself went to Palestine to investigate its posi. 
bilities and, possibly, to seek the help of the German emperor 
William II, who was then making his spectacular pilgrimage to the 
Holy Land. (N. A. F) 


G. From A.D. 1900 To 1948 


In the early years of the 20th century the Palestine Arabs 
shared a general Arab renascence. Palestinians found opportuni 
ties in the service of the Ottoman Empire, and Palestine deputies 
sat in the Ottoman parliament of 1908. Several Arabic news. 
papers appeared in the country before 1914. The number of 
Zionist colonies, mostly subsidized by Baron Edmond d: 
Rothschild, rose from 22 in 1900 to 47 in 1918, but the majority 
of the Jews were town-dwelling, Orthodox (Challukkah) Jews 
The population, poor but progressive and predominantly agricul 
tural, was about 700,000 in 1919 (568,000 Muslim Arabs; 74,000 
Christian Arabs and others; and 58,000 Jews). 

World War I and After.—For an account of the military op. 
erations in this theatre of the war see WORLD War I: From Verdin 
to the Entry of the U.S. Palestine was hard hit by the war, for 
to the destruction caused by the fighting were added famine, 
locusts, epidemics, and the punitive measures of Ahmed Jemal 
Pasha, the Turkish commander in chief. Jerusalem was captured 
by British forces under the command of Gen. Sir Edmund (late 
Field Marshal Viscount) Allenby in December 1917 and the ret 
of the country was occupied by the British by October 1918. The 
Arabs maintained that Palestine was included in the area the in 
dependence of which Britain promised in the exchange of corre 
spondence in July-Oct. 1915 between Sir Henry McMahon, high 
commissioner of Egypt, and Husain ibn Ali, then sherif of Meca 
By May 1916 Britain, France, and Russia had reached an ате 
ment according to which, infer alia, the bulk of Palestine was to 
be internationalized. In November 1917 Arthur Balfour, tht 
British secretary of state for foreign affairs, addressed a letter 
to Lord Rothschild, a leading representative of British Jewry 
promising British support for the establishment in Palestine oft 
national home for the Jewish people on the understanding thal 
“nothing shall be done which may prejudice the civil and re 
ligious rights of existing non-Jewish communities in Palestine 

." (See also ZIONISM.) 

Britain's postwar problem in Palestine was to secure internt 
tional sanction for the continued occupation of the country 14 
manner consistent with its wartime commitments. A British ml 
tary administration was set up after the capture of Jerusalen 
and a general international framework existed for Britain in ай 
cle 22 of the covenant of the League of Nations signed jin Ји 
1919. This article recognized the provisional independence of the 
former Ottoman Arab provinces subject to the assistance oft 
mandatory power in whose selection the wishes of the commun 
ties themselves were to be consulted. " 

In July 1919 a general Syrian congress held at Damascus an 
attended by Palestinian delegates passed a resolution electing S 
Faisal, son of Husain ibn Ali (king of the Hejaz), king 0 


united Syria (including Palestine) and rejecting the Бш 
declaration. King Faisal was, however, deposed by the a dl 


July 1920. In the meantime Pres. Woodrow Wilson, who ba 0 
dorsed the Balfour declaration before its publication, аш 
secure Anglo-French agreement to the formation of an inter-Al К, 
commission of inquiry, dispatched the U.S. King-Crane con 
sion to the former Arab provinces of the Ottoman Empire {0 ee 
tain the wishes of their inhabitants regarding the postwar e 
ment of their territories. The commission reported that i d 
petitions, comprising 72% of the total received from the who! if 

Syria, were anti-Zionist and that Zionist spokesmen contemplt a 
the dispossession of the Arabs. They recommended û ' jo. 
modification of the “extreme Zionist program." In April il 

anti-Zionist riots in Palestine resulted in five Jews being № 
and 200 wounded. A commission of inquiry attributed the Hor 
Arab disappointment at the nonfulfillment of the promises, «y 
dependence and to their fear of economic and political subje“ el 
to the Zionists. In July the military administration was 
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and Sir Herbert (later Viscount) Samuel was appointed the first 
high commissioner of a new civilian administration. 

The Mandate.—The terms of the Mandate had yet to be set- 
tled, and both Britain and the Zionists worked for the incorpora- 
tion of the Balfour declaration into the Mandate instrument. Al- 
though the Mandate was not approved by the League of Nations 
until July 1922, the administration in Palestine proceeded with the 
implementation of the Balfour declaration and in August 1920 an- 
nounced a quota of 16,500 Jewish immigrants for the first year. 
This announcement aroused Arab opposition, which was organized 
in the form of Christian-Muslim associations throughout the coun- 
try. In May 1921 anti-Zionist riots resulted in 46 Jews being 
killed and 146 wounded. A commission of inquiry attributed the 
tiots to Arab fear of Jewish immigration. Impressed by Arab 
opposition, the British government issued in a white paper in June 
1922 an interpretation of its concept of the Jewish national home. 
The intention was not that Palestine as a whole should be con- 
yerted into a Jewish national home but that such a home should 
be established in Palestine. Immigration would not exceed the 
economic absorptive capacity of the country and steps would be 
taken to set up a legislative council. These proposals were re- 


jected by the Arabs, both in principle and because Jewish immi-- 


gration which had a political objective was to be regulated by an 
economic criterion. 

In July 1922 the Mandate instrument for Palestine was ap- 
proved by the League council, its preamble incorporating the Bal- 
four declaration and stressing the Jewish historical connection with 
Palestine. Article 2 made the mandatory responsible for placing 
the country under such “political, administrative and economic 
conditions as will secure the establishment of the Jewish National 
Home . . . and the development of self-governing institutions.” 
Article 4 allowed for the establishment of a Jewish agency to ad- 
vise and cooperate with the Palestine administration in matters 
affecting the Jewish national home. (Article 6 required that the 
Palestine administration, “while ensuring that the rights and posi- 
tion of other sections of the population are not prejudiced,” under 
suitable conditions would facilitate Jewish immigration and close 
settlement of Jews on the land. In September 1922 Trans-Jordan, 
although included in the British Mandate of Palestine, was ex- 
cluded from the scope of the Balfour declaration under protest 
from the Zionists, and on Sept. 29, 1923, the Mandate came offi- 
cially into force. 

The Jewish National Home.—During 1923 the British high 
Commissioner tried to win Arab cooperation by the offer first of a 
legislative council and then of an Arab agency. Both offers were 
Tejected by the Arabs as falling far short of their national de- 
mands, The years 1923-29 were relatively quiet; Arab passivity 
Was partly due to the drop in Jewish immigration in the years 
1926-28. In 1927 Jewish emigrants exceeded the immigrants and 
Ш 1928 there was a net Jewish immigration of ten persons only. 
Nevertheless the national home continued to consolidate itself in 
terms of urban, agricultural, social, cultural, and industrial de- 
Velopment. In August 1929 negotiations were concluded for 
the formation of an enlarged Jewish agency to include non-Zionist 
Jewish sympathizers throughout the world. 

This last development, while accentuating Arab fears, gave the 
oui new sense of confidence. In the same month a dispute 
eee teligious practices at the Wailing Wall in Jerusalem 
B. s up into communal clashes in which 133 Jews were killed 
milit 39 Wounded, the Arab casualties, mostly at the hands of the 
[os ary, being 116 killed and 232 wounded. The report of a 

mission of inquiry attributed the clashes to the fact that “the 
a have come to see in Jewish immigration not only a menace 
{кзы livelihood but a possible overlord of the future.” In 

e n. a technical report by Sir John Hope Simpson established 
EUR ea was at that time no margin of land available for agri- 
m Tal settlement by new immigrants. These reports raised inan 
oblig, orm the question of where Britain's duty lay if its specific 

2 eations to the Zionists under the Balfour declaration clashed 
an its general obligations to the Arabs under article 22 of the 

enant of the League of Nations. 

‘ab Grievances.—A statement of policy made by the colonial 


169 


secretary in October 1930 accorded some priority to Britain's 
obligations to the Arabs. This was seen by the Zionists to cut at 
the root of their program, for if the right of the Arab resident 
were to gain priority over that of the Jewish immigrant, whether 
actual or potential, the Jewish national home would come to a 
standstill. In February 1931 the British prime minister, Ramsay 
MacDonald, addressed an explanatory letter to Chaim Weizmann, 
president of the Jewish agency (from which position he had re- 
signed in protest against the 1930 statement), which was virtually 
a return to the 1922 white paper policy. This letter convinced the 
Arabs that recommendations in their favour made on the spot 
could always be annulled in London by Zionist influence at the 
centre of power. In December 1931 a Muslim congress was called 
at Jerusalem and attended by delegates from 22 Muslim countries 
to warn against the dangers of Zionism. In 1933 a boycott of 
Zionist and British goods was proclaimed. In the same year the 
Nazi accession to power gave a great impetus to Jewish immigra- 
tion, which jumped to 30,000 in 1933, 42,000 in 1934, and 61,000 
in 1935, though the majority of immigrants still came from out- 
side Germany. In November 1935 the Arab political parties col- 
lectively demanded the cessation of Jewish immigration, the pro- 
hibition of land transfer, and the establishment of democratic 
institutions. In December the British administration offered a 
legislative council of 28 members on which the Arabs (both 
Christian and Muslim) would have 14 seats апа the Jews 8. Al- 
though not represented in the council in proportion to their num- 
bers, some of the Arabs were willing to consider the proposal, but 
the Zionists criticized it bitterly as an attempt to freeze the na- 
tional home through a constitutional Arab stranglehold. The 
subsequent debate in the British House of Commons, in which the 
legislative council proposal was attacked by both parties as anti- 
Zionist, touched off the long-smoldering Arab rebellion. 

The Arab Rebellion.—In April 1936 the Arab political parties 
formed an Arab higher committee presided over by Haj Amin 
al-Husaini, mufti of Jerusalem, which called for a:general strike. 
The strike was maintained for six months. Simultaneously with 
the strike, Arab rebels, joined by volunteers from neighbouring 
Arab countries, took to the hills, and by the end of the year the 
movement assumed the dimensions of a national revolt. The 
strike was called off in October at the request of the heads of the 
neighbouring Arab states, but the armed rebellion continued. 

A royal commission of inquiry presided over by Lord Peel pub- 
lished its findings in July 1937. It attributed the revolt to the 
Arab desire for independence and fear of the Jewish national home. 
It declared the Mandate unworkable and Britain's obligations to 
Arabs and Jews mutually irreconcilable. It therefore recom- 
mended the partition of the country. Should the Mandate be 
continued, “political, social and psychological factors" in addi- 
tion to economic factors should be taken into consideration in 
regulating Jewish immigration, which should have * political 
high level" of 12,000 immigrants a year for the following five 
years. The Zionist attitude to partition was ambivalent. For 
the first time a British official body explicitly spoke of a Jew- 
ish state: the area allotted to this state was immensely larger 
than the existing Jewish landholdings; and the commission had 
gone to the extent of recommending the forcible transfer of the 
Arab population from the proposed Jewish state. But the Zion- 
ists still needed mandatory protection for their further develop- 
ment and left the door open for an undivided Palestine. The 
Arabs were horrified by the idea of the dismemberment of the 
country and particularly at the suggestion of their forcible trans- 
fer. As a result the momentum of the revolt increased during 
1937 and 1938, in spite of extensive British military operations 
and the outlawing in October 1937 of the Arab higher commit- 
tee, most of the members of which (except Haj Amin and a fe 
others who escaped arrest) were deported to the Seychelles Is: 
lands: 

In September 1937 the League council authorized the manda- 
tory to prepare a-detailed partition plan. A technical commission 
entrusted with this task reported in November 1938 against the 
Peel Commission’s plan, largely on the ground that the number of 
Arabs in the proposed Jewish state would be almost equal to the 
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number of Jews, and put forward alternative proposals which 
drastically reduced the areas and sovereignty of the proposed 
states. À British statement of policy published simultaneously 
announced the impracticability of partition and called for a round- 
table conference in London. Although the Arab revolt continued 
well into 1939 it gradually lost its vigour and national character. 
Casualties suffered since 1936 (but excluding 1937) were con- 
servatively estimated at 3,112 Arabs killed and 1,775 wounded, 
329 Jews killed and 857 wounded, and 135 British killed and 386 
wounded, In addition 110 Arabs were hanged and (in 1939) 5,679 
Arabs were held in detention. The Arabs of Palestine never after- 
ward recovered from their sustained effort of defiance of the Brit- 
ish administration. 

The White Paper of 1939.—No agreement was reached at the 
London conference held during Feb.-March 1939, and the British 
government in a white paper in May 1939 made a unilateral state- 
ment of policy based upon the assumption that the Jewish na- 
tional home pledge had already been substantially fulfilled and 
that indefinite Jewish immigration and transfer of Arab land to 
Jews were contrary to the spirit of article 22 of the covenant of 
the League and to British undertakings to the Arabs under the 
Mandate. Within the next five years 75,000 Jews would be al- 
lowed into the country; thereafter Jewish immigration would be 
subject to Arab “acquiescence.” Land transfer would be allowed 
only in certain areas in Palestine and an independent Palestinian 
state would be considered within ten years. The Arabs, although 
in favour of the new policy, could not agree to it largely because 
of mistrust of Britain and the provision for the extension of the 
Mandate beyond the ten-year period. The Zionists were shocked 
by the statement, which they considered a deathblow to their 
program and a betrayal of the Balfour declaration. Britain was 
accused of appeasing the Arabs and consulting its strategic in- 
terests in the area as a result of the deterioration of the inter- 
national situation, The 1939 white paper marked the end of the 
Anglo-Zionist entente. 

The Jewish national home had, however, made remarkable 
progress since 1918. Zionist colonies had increased from 47 to 
about 200, Between 1922 and 1939 Jewish landholdings had risen 
from 148,500 ac. to 383,350 ac. and the Jewish population from 
83,790 to 445,457 (30% of the total population). Tel Aviv had 
developed into an all-Jewish city of 150,000 inhabitants and £80,- 
000,000 of Jewish capital had been introduced into the country. 
The outbreak of war prevented the League council from discussing 
the white paper. 

World War IL— The Zionists found themselves іп World War 
П in the paradoxical position of having to fight the 1939 white 
paper policy while rallying to Britain’s side against the common 
enemy, The publication in February 1940 of the new land trans- 
fer regulations and the announcement in November 1940 of the 
decision to accommodate illegal Jewish immigrants for the dura- 
tion of the war outside Palestine caused a recrudescence of the 
activities of the Zionist underground organizations. Already be- 
fore the war the Haganah, sponsored by the Jewish agency, and 
a dissident group, the Irgun Zvai Leumi, had gone into action 
against the Arabs. After the battle of El Alamein and as news of 
the terrible tragedy that was befalling European Jewry percolated 
to the outside world tension mounted in Palestine. In November 
1943 Britain announced the extension of the five-year limit on 
Jewish immigration as 32,000 of the 75,000 immigration certifi- 
cates were still unused. The Irgun, which earlier in the war had 
cooperated with Britain, joined hands during 1944 with the Stern- 
ists, a splinter group, in widespread attacks, culminating in the 
murder of Lord Moyne, British minister of state in Cairo, in 
November 1944. The attacks were resumed in 1945, probably 
with the cooperation of the Haganah. The end of the war saw the 
Palestine Jewish community vastly strengthened. In September 
1944 a Jewish brigade group was formed, a total of 27,000 Jews 
having enlisted in the British forces. Jewish industry was given 
immense impetus and a Jewish munitions industry developed which 
їп 1942-43 manufactured 3,600,000 antitank mines for the British 
forces. In 1943 a vast Zionist network for the theft of arms 
from British Middle East installations was uncovered. Zionist 
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armament in Palestine was partly revealed when some arms and 
ammunition (325 rifles, 96 mortars, and 425,000 rounds of am. 
munition) were discovered in the Zionist colony of Yagur in June 
1946, Equally important was the support won by the Zionists in 
the United States, to which they had shifted their major political 
effort after 1939. In May 1942 at a Zionist conference held at 
the Biltmore Hotel in New York David Ben-Gurion on behalf of 
the Jewish agency gained support for a program demanding un- 
restricted immigration and a Jewish army, and the establishment 
of Palestine as a Jewish commonwealth, An increasing number of 
pro-Zionist statements was elicited from U.S. congressmen and 
politicians, particularly in 1944, an election year. In August 1945 
Pres. Harry S. Truman requested Clement Attlee, the British 
prime minister, to facilitate the immediate admission of 100,000 
Jews into Palestine, and in December the U.S. Senate and House 
of Representatives asked for unrestricted Jewish immigration to 
the limit of the economic absorptive capacity of Palestine. 

The Arabs had remained quiescent throughout the war, and 
some 12,000 of them enlisted in the British forces. The neighbour- 
ing Arab countries began to take a more direct interest in Pales- 
tine. In March 1945 the covenant of the League of Arab States 
was drawn up with an annexe emphasizing the Arab character of 
Palestine (see ARAB LEAGUE). In December 1945 the Arab 
League declared a boycott of Zionist goods. The pattern of the 
postwar struggle for Palestine was emerging unmistakably. 

Proposal for Partition.—In November 1945, in an effort to 
secure U.S. co-responsibility for a Palestine policy, Ernest Bevin, 
the British secretary of state for foreign affairs, announced the 
formation of an Anglo-American commission of inquiry. Pend- 
ing the report of the commission Jewish immigration would con- 
tinue at the rate of 1,500 persons per month beyond the 75,000 
limit set by the 1939 white paper. In April 1946, the commis 
sion recommended the continuation of the mandate, the repeal 
of the land regulations of 1940 and the immediate admission of 
100,000 Jews, thus returning to the policy of the 1922 white paper 
The commission, however, criticized the presence of Jewish under 
ground forces, whose total strength it estimated at 65,000. Presi: 
dent Truman immediately endorsed the recommendation for the 
admission of 100,000 Jews, but Britain stipulated the prior dis 
bandment of the underground forces. A plan of provincial at- 
tonomy for Arabs and Jews was worked out in an Anglo-American 
conference in June-July 1946 which became the basis for discus- 
sions in London between Britain and the representatives of Arabs 
and Zionists. ie 

In the meantime Zionist pressure in Palestine was intensified n 
the form of a calculated policy of illegal immigration on а hitherto 
unprecedented scale and of closely coordinated attacks by ® 
Zionist underground forces. ‘These culminated in an outrage n 
Jerusalem on July 22, 1946, when a part of the King David Ho 
containing British government and military offices was blown upi 
with the loss of 91 lives. On the Arab side a meeting of "| 
kings and heads of state at Inchass in Egypt in May 1946 10 
firmed the Arab character of Palestine, and at a meeting of 
Arab League in Bludan, Syria, in June secret resolutions wel 
adopted threatening British and U.S. interests in the Middle ‘a 
if Arab rights in Palestine were disregarded. With the fail 1 
of the London conference in February 1947, Britain, unwilling 
take strong punitive measures against the Jewish community, " 
rassed by the zeal of President Truman, and wishing not to em! m 
itself any further with the Arab countries, referred the Pales 1 
question to the United Nations. A UN commission of Er 
recommended on August 31 in a majority report the ра ДИ 
of the country into Arab and Jewish ! 


states, which should a 
an economic union, Jerusalem and its environs to be internal’ 


et 
"These recommendations were substantially adopted by the M 
tly beca 


d. par 


partition, and an Arab proposal to query the Internat e 
of Justice on the competence of the General Assembly M. 
tition a country against the wishes of the majority of ! 
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habitants (there were 1,269,000 Arabs and 678,000 Jews in Pales- 
tine in 1946) was narrowly defeated. 

The Zionists welcomed the proposed partition because of its 
recognition of a Jewish state and because 55% of Palestine 
(though this included the large desert area in the south, the Negev) 
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was allotted to the state at a time when Zionist landholdings were 
under 8% of the total area of the country. As in 1937 the Arabs 
were violently opposed to partition both in principle and because 
there were to be almost as many Arabs as Jews in the Jewish state 
itself. Britain was unwilling to implement a policy that was not 
acceptable to both sides and refused to share the administration 
with the UN Palestine commission which was to supervise the 
transitional period. Britain set May 15, 1948, as the date of the 
end of the Mandate. 

Civil War.—Soon after the UN resolution communal fighting 
broke out in Palestine. The Zionists mobilized their strength and 
redoubled their efforts to bring in immigrants. In December 1947 
the Arab League pledged its support to the Palestinian Arabs by 
every means short of direct intervention and organized a force of 
3,000 volunteers. Civil war spread with the progressive dis- 
mantling of the British administration, and by mid-January 2,000 
casualties had resulted from the fighting. 

Early in March 1948 the U.S. expressed its opposition to a 
forcible implementation of partition, and on March 16 the UN 
Palestine commission reported its inability to implement partition 
because of Arab resistance and the attitude of the British adminis- 
tration. On March 19 the U.S. called for the suspension of the 
efforts of the UN Palestine commission and on March 30 for the 
declaration of a truce and the further consideration of the prob- 
lem by the General Assembly. 

The Zionists, insisting that partition was binding and anxious 
about the change in U.S. policy, made a major effort to establish 
their state. Operations “Nachshon” and “Jephtha” were launched 
on April 1 and 18 respectively. The success of these offensives 
coincided with the failure of an Arab attack on the. Zionist settle- 
ment of Mishmar Haemek, the death in battle of an Arab national 
hero, Abdul Kader Husaini, in command of the Jerusalem front, 
and the massacre by Irgunists of 250 civilian inhabitants of the 
village of Deir Yasin, On April 22 Haifa fell to the Zionists as a 
result of a surprise attack, and Jaffa, after severe mortar shell- 
ing, surrendered on May 13. Simultaneously with their mili- 
tary offensives the Zionists launched a campaign of psychologi- 
cal warfare. The Arabs of Palestine, badly led, and ill equipped 
in civil defense, collapsed, and tens of thousands of refugees 
streamed in terror into the neighbouring Arab countries where 
public opinion then demanded the intervention of the regular 
Arab armies. Toward the end of April the Arab countries, with 
the exception of Egypt, decided to take this step upon the termi- 
nation of the Mandate on May. 15. 

On May 14 the last British high commissioner, Gen. Sir Alan 
Cunningham, left Palestine. On the same day the state of Israel 
was proclaimed and within a few hours won de facto recognition 
from President Truman. Early on May 15 units of the regular 
armies of Syria, Trans-Jordan, Iraq, and Egypt (which had taken 
the decision on May 12) crossed the frontiers of Palestine. For 
the history of Palestine after May 15, 1948, see ISRAEL; JORDAN. 

(W. A. К.) 


IV. THE HOLY PLACES 


Palestine is sacred to the three religions of Judaism, Chris- 
tianity, and Islam. Tradition identifies certain sites as the exact 
scenes of events connected with Old Testament patriarchs, proph- 
ets, and kings, of the acts of Jesus Christ related in the Gospels 
and of the traditional visit of the Prophet Mohammed. The his- 
torical authenticity of these sites in most cases cannot be proved, 
but they have for centuries been the goal of pilgrimage. The 
major holy places are concentrated in the region of Jerusalem 
(q.v.), though other important districts are Galilee (g.v.) for 
Judaism and Christianity and Hebron (g.v.) for Judaism and 
Islam. The great majority of these sites are in Jordan, the only 
major one on the Israeli side of Jerusalem being the Coenaculum 
(the upper room of the Last Supper) with David’s tomb beneath 
it. Galilee, however, is entirely within Israel, and so are certain 
minor sites in the Jerusalem area, such as the monastery of the 
Cross, ‘Ain Karim (the traditional birthplace of John the Baptist), 
and the tombs of the Sanhedrin. 

Within the medieval walls of Jerusalem itself the major sites 
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TEMPLE AREA (HARAM ASH-SHARIF) INSIDE THE GATE OF THE CHAIN, JERUSALEM 


are the Holy Sepulchre (or Anastasis; see SEPULCHRE, Hoty), the 
Temple area (or Haram ash-Sharif), and the western, or Wailing, 
Wall (g.9.), which is actually the lower part of one wall of the 
Haram. Other sites inside the walls include the Armenian convent 
of St. James; the Syrian convent of St. Mark, which is one claim- 
ant for the site of the Last Supper; and the crusader church of St. 
Anne at the pool of Bethesda: Outside the walls to the east are 
the tomb of the Virgin Mary, the Garden of Gethsemane and the 
mosque of the Ascension on the Mount of Olives. 

Five miles to the south lies Bethlehem with the great complex 
of the Church of the Nativity and associated convents, while just 
to the north of Bethlehem stands the small building known as 
Rachel's tomb. At Hebron the cave of Machpelah, reputed to 
contain the tombs of Abraham, Sarah, Isaac, and Jacob, is covered 
by a fortresslike structure, originally a Christian basilica but 
now converted into a mosque. In Galilee the chief Christian sites 
are at Nazareth (the Virgin’s well, the house of the holy family, 
the church of the Annunciation and the Mount of Precipitation 
[Luke iv, 28-30]) and on the northwestern side of the lake. 
Here are the traditional site of the feeding of the 5,000, with the 
remains of the Byzantine church of the Loaves and Fishes at ‘Ain 
Tabgha, and the ruins of a 2nd-3rd-century synagogue at Caper- 
пайт, 

The fact that the same holy places are revered by the adher- 
ents of more than one religion has led to bitterness and difficulty. 
Since the early Omayyad period the site of thé ancient Jewish 
Temple has ranked in sanctity for the Muslims only after Mecca 
and Medina and is the traditional scene of Mohammed's miracu- 
lous ascension to heaven from the Masjid al Aqsa, or “farthest 
sanctuary,” a name now given to the large building at the southern 
end in which the prayers aré held. In the centre of the Haram 
is the magnificent Dome of the Rock, covering the former Jewish 
rock of sacrifice, which also is revered by Muslims as the point 
from which the ascension is held to have been made. During 
the Crusades this building was known as the Templum domini 
and was thought to be the actual Temple. 

The Wailing Wall, in the southwest, forms one side of a nar- 
row open enclosure outside the Haram. The most sacred site in 
Judaism, it was until 1948 the scene of constant Jewish worship, 
especially on the anniversary of the destruction of the Temple by 
the Romans in AD, 70, but after 1948 Jews were forbidden access 
to it, At Hebron non-Muslims were not allowed beyond the 
seventh step of the flight leading to the Haram, though childless 


Jewish women were permitted to push petitions through a holt 
in the wall said to communicate with Sarah's tomb. From 
1922 non-Jewish visitors, after obtaining permission from the 
Muslim supreme council, were admitted to the Haram, though 
never into the cave containing the tombs of the patriarchs. At 
some of the lesser holy places, however, there has been more lati 
tude. Thus, Rachel’s tomb near Bethlehem, though a Muslim 
building, was open to Jews until 1948, and at the graceful little 
chapel of the Ascension, built by the crusaders on the Mount of 
Olives, but now transformed into a mosque, the Latins are allowed 
to celebrate Mass on Ascension day from midnight until noon, and 
on the Eastern Ascension day the Greek Orthodox, Syrians, Cops 
and Armenians are permitted to set up altars in the courtyard 
The tomb of David on the so-called Mt. Zion just southwest of 
the walls is especially complicated, since it is revered by mem 
bers of all three religions, the Christian tradition being that this 
was the scene of the Last Supper and the descent of the. Holy 
Spirit. Before 1948 non-Muslims were admitted into the building, 
but non-Muslim worship of any kind was forbidden. It is now on 
the Israeli side of the border, and the lower part has been cH 
cated to the Jews slaughtered by the Nazis. Beside the tom 0 
David is the neo-Romanesque church of the Dormition. M. 

Quarrels have also been severe among the various Christian 
bodies, especially since the Crusades, the major contestants bs 
the Latins and Orthodox. In many parts of the country trouble 
avoided by the recognition of two sites close to each other, ® 
in Gethsemane, on the site of St. Stephen's martyrdom ant . 
Cana of Galilee. However, this is not possible in the Holy 56 ied 
chre or the Church of the Nativity. In 1333 the pope grant 
authority over the holy places to the Franciscans, though the 
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of the Latins in the Holy Sepulchre remained few until Tur E. 

times. From then on, however, they steadily increased iB 
ex 


thority until in 1740 they claimed the whole of the churc 
ing only the choir, which forms the Orthodox cathedral. idi 
they gained permission to repair the roof of the rotunda, ibt 
contains the sepulchre itself, and thereafter forbade any 0 d 
church to celebrate the liturgy within the tomb. Fortunes ue Ё 
after a fire їп 1808, when the right to repair the roof (whic dos 
ries with it the title to the building) was granted to the ош eft 
The dispute continued until the mid-19th century, when the a 
of the silver star in the Grotto of the Nativity and argum 
over the ownership of the keys of the church were the occ? б 
of a quarrel which was a contributory cause of the 
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(u). During the greater part of the 19th century the policy of 
Turkey had been ostensibly to preserve the status quo, and this 
was continued by Britain during the Mandate and then by Jordan, 
which employs an. Arab Anglican adviser on the holy places. 

"The Orthodox, Latin, and Armenian patriarchs are regarded as 
having equal authority, and the details of their separate rights 
are carefully delineated. Thus in the grotto at Bethlehem the 
Orthodox may hang six lamps, the Armenians five, and the Latins 
four, The other churches have in the course of centuries been 
ousted from their original position with regard to the holy places. 
The Copts and Syrians have only small altars in the two churches, 
and the Ethiopians have been banished from the Holy Sepulchre 
altogether to a group of small buildings erected on the roof, where 
on the Saturday in Holy Week they hold the ceremony of search- 
ing for the Body of Christ. 

The major ceremonies of the church year at Jerusalem naturally 
take place at Easter, while those at Bethlehem are at Christmas. 
These latter are divided between the Western Christmas on Dec. 
25 and the Orthodox Christmas on Jan. 7. At the Western Christ- 
mas, Mass is said at midnight in the neighbouring Latin church, 
and then the patriarch proceeds with the bambino to the grotto, 
though he must keep to the red carpet which marks the path from 
the door of the Latin church. On this night also the Orthodox 
give permission to the Anglicans to conduct a service of carols 
in the courtyard. Their own service, 13 days later, is held in 
the main body of the church, and it is traditional on this night to 
swing the great candelabra which hang from the roof from side 
to pee е Armenians celebrate Christmas and Epiphany to- 
gether on Jan. 19. 

_ The Easter ceremonies commence on Palm Sunday, when there 
is both an Orthodox and a Latin procession from the Mount of 
Olives to the gate of Jerusalem (in most years, however, the West- 
em and Orthodox Easters do not coincide). On Thursday in Holy 
Week each performs the ceremony of the feet washing, the Latins 
in the church before the sepulchre and the Orthodox in the court- 
yard. There is a similar ceremony for the Syrians at the convent 
0f St. Mark and in the Armenian cathedral of St. James. On 
Good Friday there is a solemn Latin procession along the Via 
Dolorosa, with a brief service at each station of the cross and a 
short sermon in a different language at each station. The Orthodox 
gor celebrate the liturgy on Good Friday, but in the afternoon 

È 1$ а service commemorating the entombment. 

On Holy Saturday occurs what is certainly the most exciting 
E Fastern ceremonies, the service of the holy fire, The 
E: epulchre is packed with people, all carrying candles, every 

у and balcony being occupied, with the Armenians on the 
South side of the rotunda and the Orthodox on the north. All the 

are extinguished, and the Orthodox patriarch, accompanied 
ae pmenian vardapet, enters the tomb, which is then closed. 
E enly, from holes on either side of the tomb, flaming torches 
io out to the crowd, who burst into shouts of praise, and 
mee the whole church is ablaze with light, signifying the 

i d lon of the Light of the World. Special runners carry 
RI e to the Armenian cathedral and the Orthodox churches, 
Xt Ee World War Iit was taken also to Jaffa, where a ship 
the Orthod, to carry it to Russia. On Holy Saturday eve starts 
Sh. odox Easter service which lasts the greater part of the 

ШШ Season is also that of the Jewish Passover, and on Mt. 
which fect Nablus there is the unique Samaritan Passover, at 
also the M Bare still sacrificed as in ancient times. At Easter 
site of Mos ims have a pilgrimage to Nebi Musa, the traditional 

tthe Pee near Jericho. mA Е аА 

Y the inauth шоп, of the holy places is still developing 1s s 
by B. entic “garden tomb,” revered since the 19th century 
thier “Palestine ts Mo d ы ют. sree 
tacens W. F, jon The Archaeology of Palestine (1949, 
which Printed); К. М. Kenyon, Archaeology in the Holy Land (1960), 
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Ber, Denkmaéile ästi ts of the 
Vati ¥ Palästinas, 2 vol. (1933-35). Accounts of t 
e Of the various sites can be found in Palestine Exploration 
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search; Quarterly of the Department of Antiquities of Palestine (1931— 
50); Annual of the Department of Antiquities of Jordan; Revue bib- 
lique; Aliquot; Israel Exploration Journal. 

_, For prehistory and early history see Cambridge Ancient History, vol. 
ii-iv, vi (1925-27), antiquated in large part; E. Meyer, Geschichte 
des Altertums, vol. ii, 1-2 (1928-31); A. Ten Eyck Olmstead, History 
of Palestine and Syria to the Macedonian Conquest (1931) ; M. Noth, 
Geschichte Israels, 2nd ed. (1954; English trans. 1960); John Bright, 
A History of Israel (1959). 

For the Hellenistic period the main ancient sources are Josephus, 
The Antiquities of the Jews and History of the Jewish War; Y and II 
Maccabees (see MACCABEES, BOOKS or for a discussion of their relative 
values). For other Greek and Latin sources see the list in Cambridge 
Ancient History, vol. viii, pp. 778-780 (1930). The most valuable gen- 
eral modern work is E. Schiirer, Geschichte des jiidischen Volkes im 
Zeitalter Jesu Christi, vol. i, ed. 3-4 (1901), which also gives a list of 
Hebrew sources. See also Cambridge Ancient History, vol. viii-x 
(1930-34) ; M. Rostovtzev, Social and Economic History of the Helle- 
nistic World, 3 vol. (1941). For the Maccabaean period see E. Meyer, 
Ursprung und Anfünge des Christentums, vol. ii (1921); E, Bevan, 
Jerusalem Under the High-Priests (1904) ; E. Bickermann, Der Gott 
der Makkabüer (1937). On the Herodian dynasty see W. Otto, in 
Pauly-Wissowa, Real-Encyclopüdie der classischen Altertumswissen- 
schaft, supplementband ii, 1-200 (1913) ; A. H. M. Jones, The Herods 
of Judaea (1938). 

For the periods of Arab and Turkish rule see Guy Le Strange, 
Palestine Under the Moslems (1890) ; P. K. Hitti, History of the Arabs 
from the Earliest Times to the Present, 6th ed. (1956) (see also for 
principal histories written in Arabic) and History of Syria, 2nd ed. 
(1957) ; C. D. Matthews, Palestine: Mohammedan Holy Land (1949). 

For Palestine in the 20th century see J. M. N. Jeffries, Palestine: 
the Reality (1939) ; Great Britain and Palestine, 1915-1945, published 
by the Royal Institute of International Affairs (1946); A Survey of 
Palestine issued by the government of Palestine, 2 vol. (1946); G. E. 
Kirk, The Middle East, 1945-1950 (1954); John Marlowe, The Seat 
of Pilate (1959); Leonard Stein, The Balfour Declaration (1961). 

For the holy places see D. Baldi, Enchiridion locorum, 2nd ed. 
(1955) ; B. Collin, Les Lieux-saints (1948), Le Probléme juridique des 
lieux-saints (1956) ; C. Kopp, The Holy Places of the Gospels (1963). 

PALESTRINA, GIOVANNI PIERLUIGI DA (c. 1525- 
1594), Italian composer of over 105 Masses and 250 motets, was 
probably born in the town of Palestrina, near Rome, The precise 
date of his birth is unknown. The ancient name of the town 
Palestrina was Praeneste, hence the composer's latinized signature 
Joannes Petraloysius Praenestinus, frequently encountered in con- 
temporary documents. He is known to have been one of the choir- 
boys at Sta. Maria Maggiore in 1537, when he was about 12 years 
old, but in all probability he had gone to Rome a few years previ- 
ously. Giacomo Coppola and Robin Mallapert were choirmasters 
at Sta. Maria Maggiore between 1537 and 1539 and Palestrina 
probably studied under them. Fermin le Bel became choirmaster 
in 1540 and may have helped him in organ playing, for in 1544 
Palestrina was engaged as organist and singer in the cathedral of 
his native town. His prowess there attracted the attention of the 
bishop who later became Pope Julius III. 

In 1547 Palestrina married Lucrezia Gori, and three sons were 
born to them; Rodolfo, Angelo, and Iginio. Only the last outlived 
his father. In 1551 the family was in Rome, where Palestrina took 
up the first of his papal appointments, maestro di cappella of the 
Julian Chapel. Before he was 30, he published his first book of 
Masses (1554), dedicated to Julius III, and the following year he 
was singer in the pontifical choir. About this time he became com- 
poser to the papal chapel. Yet he did not neglect the secular side 
of his art, for his first book of madrigals appeared in 1555, un- 
fortunately at a time when the lenient regime of Julius III had 
given way to the sterner discipline of Paul IV. A motu proprio 
of the new pope forbade married men to serve in the papal choir 
and Palestrina together with two of his colleagues received a small 
pension by way of compensation for their dismissal. 

For the next five years Palestrina directed the choir of St. John 
Lateran, but his efforts were continually thwarted by singers 
whose quality was almost as limited as their number, due to the 
fact that very little money was available for music. Eventually 
he broke away from this uncongenial milieu and returned to Sta. 
Maria Maggiore, the scene of his first musical training. About 
1566 he taught at the Roman seminary. Cardinal Ippolito d'Este 
II having invited him to take charge of the music at the Villa d'Este 
in Tivoli, he was in the service of the cardinal from 1567 to 1571. 
In 1583 he was invited to Mantua but his terms, as when he had 
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been invited to Vienna in 1568, were too high. From 1571 until 
his death Palestrina served continuously as maestro di cappella of 
the Julian Chapel in Rome. His sons Rodolfo and Angelo, his 
wife, and his brother Silla died between 1572 and 1581. Shortly 
after the death of his first wife he married Virginia Dormili, the 
widow of a wealthy merchant. He died in Rome on Feb. 2, 1594. 

Although Pope Gregory XIII had commissioned Palestrina and 
Annibale Zoilo to restore the plainchant then in use to something 
like its pristine condition, the task proved to be too great and 
Palestrina’s editorial work gave way to a new flow of creative 
music. In the last 12 years of his life, he published four books 
of Masses, three of motets, three of madrigals, as well as offer- 
tories, litanies, hymns, and Magnificats. After his death his 
youngest son, Iginio, tried to claim the money due to his father by 
completing the plainsong recension, but since this was proved to 
be the work of others, the money was not forthcoming. 

Palestrina's musical output, though vast, maintained a remark- 
ably high standard in both sacred and secular works. His 105 
Masses embrace many different styles, and the number of voices 
used ranges from four to eight. The time-honoured technique of 
using a plainsong cantus firmus (q.v.) as the tenor is found in such 
Masses as Ecce sacerdos magnus, L’homme armé, Ut re mi fa sol 
la, Ave Maria, Tu es Petrus, and Veni Creator Spiritus. Pales- 
trina's mastery of contrapuntal ingenuity may be appreciated to 
the fullest extent in some of his canonic Masses, which include 
Repleatur os meum, Sacerdotes Domini, and Ad coenam agni 
providi. His ability to ornament and decorate a solemn plainsong, 
making it an integral part of the texture and sometimes almost in- 
distinguishable from the other, freely composed parts, is evident 
from some of his Masses based on hymn melodies; e.g., Jesu 
nostra redemptio, Aeterna munera Christi, Jam Christus astra 
ascenderat, and Sanctorum. meritis. Sometimes it is an antiphon 
that is paraphrased, as in Sacerdos et pontifex, Ave Regina 
coelorum, Regina coeli laetare, and Beatus Laurentius. 

By far the greatest number of Masses employ what has come to 
be known as the "parody" technique, by which a composer made 
use either of his own music or that of others as a basis for his own 
new work. The Masses Lauda Sion, O magnum mysterium, Sicut 
lilium inter spinas, Tu es Pastor ovium, and Veni sponsa Christi 
are all based on Palestrina’s motets with corresponding titles. 
Many other Masses derive from musical ideas by Palestrina's pred- 
ecessors or contemporaries. His Gabriel archangelus is based on 
a work by P. Verdelot, Jo mi son giovinetta on a madrigal by 
A. Ferrabosco the elder, Nigra sum on a motet by J. L'Héritier, 
In te Domine speravi on a motet by Johannes Lupi. Vet another 
type of Mass is demonstrated by the nine works written for 
Mantua; in these the Glorias and Credos are so arranged that 
plainsong and polyphony alternate throughout. Finally, there is a 
small but important group of Masses which are in free style, the 
musical material being entirely original. Perhaps the best-known 
example is the Missa brevis for four voices. 

Palestrina’s motets, of which more than 250 are extant, display 
almost as much variety of form and type as do his Masses. Most 
of them are in some clearly defined form, occasionally reflecting 
the shape of the liturgical text, though comparatively few are 
based on plainsong. Many of them paraphrase the chant, however, 
with an artistry that is every bit as successful as that of the Masses. 
The six-part Assumpta est Maria, three settings of Alma Re- 
demptoris Mater, and three settings of Lauda Sion all follow the 
plainsong fairly closely, though sometimes only at the beginning. 
On the same level as the canonic Masses are such motets as Cum 
ortus fuerit and Accepit Jesus calicem, the latter apparently a 
favourite of the composer’s since he is depicted holding a copy of 
it in a portrait now in the Vatican. 

His 29 motets based on texts from the “Song of Solomon" af- 
ford numerous examples of “madrigalisms”: the use of suggestive 
musical phrases evoking picturesque features, and apparent either 
to the ear or to the eye, sometimes to both. In the offertories, 
Palestrina completely abandons the old cantus firmus technique 
and writes music in free style, whereas in the hymns he para- 
phrases the melody usually in the highest voice. In the "Lamenta- 
tions of Jeremiah” he brings effective contrast to bear on the sec- 
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are mainly in four sets of eight, each set comprising a Ma 
on one of the eight “tones”: alternatim structure is used he 
the Mantua Masses. 

Although Palestrina’s madrigals are generally considered of 
interest than his sacred music, they show as keen a sei 
pictorial and pastoral elements as one finds in any of his co 
poraries. Over and above this, he is to be remembered for 
early exploitation of the narrative sonnet in madrigal form, 1 
bly in Vestiva i colli, which was frequently reprinted and 
His settings of Petrarch also are of an exceptionally high 

At the end of the 19th century the view that Palestri 
sented the loftiest peak of Italian polyphony was in son 
detrimental to his reputation. Even more unfortunate wa 
sistence on “counterpoint in the style of Palestrina" as a 
non in the examination requirements of academies and uniyt 
Generations of fledgling composers were taught to revere th 
of Palestrina as a symbol of all that was pure in eccle: 
counterpoint. Indeed, the greater part of his musical out 
in particular his Masses (where his unerring sense of tonal 
tecture may be heard at its best), still remains worthy of 
tion. 


helped by the interest of the romantic composers. In fa 
always was a Palestrinian tradition mainly because his musi 
plied the need for a well-regulated formal system to be use 
the embryonic composer in presenting himself to the 
musical world. 

Strict counterpoint was associated with a technique acquit 
this way. It became a standard type of musical disciplin 
however, gradually moved further and further away f 
progenitor, ү 

С. B. Martini and J. G. Albrechtsberger professed to 
Palestrina but their rules bore only a faint relation to the f 
contrapuntal manner of the 16th century. Possibly it Wi 
practice of these and other pedagogues which produced 
Palestrina note in 18th-century writers. С. В. Doni allows Ё 
trina “a consummate art in harmonizing and in managing ha 
which please the ear marvellously, but the elocution is ext 
barbarous and inconsistent.” Pietro della Valle admitted 
was “surprised that it was the music of Palestrina which 
the Council of Trent not to banish music from the church; 
this music is still valued, it is not art music to be perform 
to be preserved in a museum,” Unfortunately the delibera! 
the Council of Trent were either misrepresented or misuni 
ever since Agostino Agazzari first acclaimed Palestrina 8$ 
saviour of church music. Along with the Missa Papae 
there were other works that received approval from the 
commission in 1566, for Palestrina was a senior figure wh 
commanded respect. Respect is still due to him both for his 
tual qualities and his technical mastery, and also for his 
balancing of discord and concord. This he brought abou 
manner which only John Dunstable had achieved before him 

BiBLI0GRAPHY.—Z. К. Рупе, С. P. da Palestrina, His Life and. 
(1922) ; A. Cametti, G. P. da Palestrina e il suo commercio di p 
(1922) ; К. Jeppesen, The Style of Palestrina and the Dissonanc 
trans. by Н. W. Hambrik, 2nd ed. (1946); К. С. Fellerer, Р, 
(1930); Е. Raugel, Palestrina (1930); Н. Coates, Palestrina 
J. Samson, Palestrina ou la poésie de l'exactitude (1950). (D. W. 

PALEY, WILLIAM (1743-1805), English clerg 
philosopher whose books on Christianity, ethics, and scien 
great influence for a century, was born in July 1743 al 
borough. Educated at Giggleswick School and Christ's 
Cambridge, he graduated in 1763 as senior wrangler and ¥ 
pointed fellow and tutor of his college in 1766. After b 
rector of Musgrave (1775), Dalston (1776), and Appleby ( 
he was made archdeacon of Carlisle (1782) and later a 
St. Paul's (1794), subdean of Lincoln and rector of Bist 
Wearmouth (1795). He had a clear, logical mind, great po 
marshaling and expounding argument, and considerable 
collecting and estimating evidence. His reputation rests up? 
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books: The Principles of M oral and Political Philosophy (1785), 
the subject on which he had lectured at Cambridge; Horae 
Paulinae (1790) ; A View of the Evidences of Christianity (1794), 
reading of which was compulsory for entrance to Cambridge Uni- 
versity until the 20th century; and Natural Theology (1802). The 
last mentioned was the standard exposition of the teleological 
argument, and as such not only greatly influenced Darwin but was 
universally accepted until Darwin’s own work was seen to have 
demolished it in its popular form. Since then, developments in the 
study of organic design, though hot reestablishing the argument 
from the design of the watch to the existence of a watchmaker, 
have revived an interest in Paley's laborious insistence upon the 
relation of form to function’ His book is based on John Кау 
The Wisdom of God Manifested in the Works of Creation (1691), 
amplified by material from the anatomists of Paris and medical 
literature, and presented in strictly mechanistic terms without any 
reference to the influence of the environment or of problems of 
behaviour. Paley's other books have interest only as logical 
presentations of positions long since out of date. He died at 
Bishop-Wearmouth on May 25, 1805. See also TELEOLOGY. 

See GW: Meadley, Memoirs of William Paley (1809). (C.E. Ra.) 

PALGHAT, a town and district of Kerala, India, The town, 
headquarters of the district, lies 160 mi. S of Mysore. Pop. 
(1961) 77,620. Along the west coast, 50 to 100 mi. from the sea, 
run the steep rugged ranges of the Western Ghats, 3,000 to 9,000 
ft. (900 to 2,700 m.) above sea level. It is only at Palghat that 
there is а real break in these ranges, a gap 16 mi. wide and popu- 
larly known as the Palghat Gap. ‘The town’s position, commanding 
the gap, has always made it a place of strategic and commercial 
importance, It has a large trade in food grains, tobacco, oils, and 
textiles. It is also a manufacturing centre for knives, locks, tiles, 
and matches. Government Victoria College (1898) and an engi- 
neering college are affiliated to Kerala University. 

The local fort is considered to be of ancient origin, though 
nothing is known of its early history. Haidar Ali occupied it from 
1757 to 1783, when the British captured it but abandoned it a 
year later, In 1790 it finally passed into British hands. 

Рлибнлт DisTRICT has an area of 1,982 sq.mi. and a population 
(1961) of 1,776,566. (G. KN.) 

PALGRAVE, FRANCIS TURNER (1824-1897), English 
critic and poet, the editor of the influential Golden Treasury 
Anthology, was born at Great Yarmouth on Sept. 28, 1824, and 
tied in London on Oct, 24, 1897. Educated at Charterhouse and 
at Balliol College, Oxford, he spent many years in the education 
department of the civil service, During 1885-95 he was professor 
9f poetry at Oxford. Palgrave was the friend of Gladstone (whose 
assistant private secretary he was in 1846), of Browning, Tenny- 
son, Matthew Arnold, and many more of the notables of the time. 

Published original verse (Visions of England, 1880-81; 
Amenophis, 1892: etc.) and criticism, but his greatest service to 
(е was The Golden Treasury of English Songs and Lyrics 

1801), an anthology felicitous and catholic in selection, subtle in 
e ement, and fine in judgment, It greatly influenced the atti- 
bel aes poetry of several generations and was of particular 

, ¢ іп popularizing Wordsworth; notable omissions (within its 
fain limits of Wyatt to the Romantics) were the Metaphysical 

n FAS 17th century and the poets of the Augustan bs 
БАД, tons modified Palgrave’s original selection, which he ha 

M in Consultation with Tennyson. 

iG. F. Palgrave, F, T. Palgrave (1899); C. J. Horne, "Palgrave's 
Golden Treasury,” in English Studies dy Sd "м. Kr.) 
Tdi I, a town and district in the Jodhput division of Rajasthan, 
tribut. he town lies a few miles north of the Bandi River, a 

ШЫ, of the Luni, and 39 mi, SSE of Jodhpur, and is on the 

id rae d Pop. (1961) 33,303. It comprises an ancient 
notable б Күз each containing several temples. The ed 
Nau akha omnath, with an inscription dated AD. 1143, ап 
Pali was un remarkable for having a mosque within its courtyard. 
main route Beene centre of trade in ancient times, being on the 
ate copper tom Sind and Gujarat to Delhi. The main industries 
There ig à RO anra carving, cotton printing and dyeing. 

extile mill. 
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Pari District (area 4,792 sq.mi.; pop. [1961] 805,682) forms 
part of the Rajasthan Dry Area division, The chief towns besides 
Pali are Bali, Desuri, Jaitaran, Sojat, and Raipur, The district 
has two small textile mills at Sumerpur, oil mills, metal works, 
and cotton-ginning factories. (S. M. T. R.) 

PALICI, in antiquity, a pair of local Sicilian gods who pre- 
sided over the twin geysers still called Lago dei Palici, near 
Palagonia, The mysterious phenomenon awed the ancients, who 
held the place holy and swore by it oaths of the greatest weight. 
The site became an asylum for escaped slaves, whence its im- 
portance as a symbol during the Sicilian slave revolts. The Palici 
were only local, volcanic gods, divine derivatives of the geysers 
which they represented, but the mythographers made them the 
offspring of Zeus or Hephaestus. 

See Diodorus Siculus, xi, 89; J. 
Mnemosyne, vol. v, pp. 116-129 (1952), NB: 

PALIKAO, CHARLES GUILLAUME MARIE APOL- 
LINAIRE ANTOINE COUSIN-MONTAUBAN, Comte 
DE (1796-1878), French army officer who briefly headed the gov- 
ernment during the collapse of the Second Empire, was born in 
Paris on June 24, 1796. Commissioned in the army in 1815, 
Cousin-Montauban passed through the staff college and went with 
the expedition of 1823 to Spain. Serving in Algeria from 1831, 
he won rapid promotion, and it was to him that Abd-el-Kader sur- 
rendered in person. General of division from Dec. 1855, he re- 
turned to France in 1857 to assume three home commands in quick 
succession. In command of the French troops in the joint Franco- 
British expedition to China in 1860, he took part in the victory of 
Palikao (Pa-li-chiao) on Sept. 21 and in the capture of Peking 
on Oct. 12, Appointed to the French Senate in Dec. 1860, he was 
created Comte de Palikao by Napoleon III in Jan. 1862. 

When the Franco-German War broke out in 1870, Palikao was in 
command of the army corps at Lyons. Emile Ollivier’s ministry 
fell on Aug. 9, and the empress regent Eugénie then entrusted the 
government to Palikao, who took the ministry of war, Overthrown 
by the republican revolution of Sept. 4, he withdrew to Belgium, 
When the government of National Defense refused his offer to 
serve it, he retired into private life. He died at Versailles on 
Jan. 8, 1878. He had published Un Ministère de la guerre de 
vingt-quatre jours in 1871. His Souvenirs appeared іп 1932. 

(L. G.) 

PALI LANGUAGE is the language of the canonical texts 
and commentaries thereon, collectively called Tipitaka, of the 
Theravada Buddhist scriptures. (See Pati LITERATURE.) The 
term pûli meant first of all the canonical texts of these scriptures; 
its present use is а shortening of pálibhüsá "the language of the 
canon.” The texts are preserved in Ceylon, as well as in Burma 
and Thailand to which they were carried from Ceylon. They origi- 
nated, however, in north India in the first few centuries of Bud- 
dhism, and tradition has it that they were brought to Ceylon by 
the emperor Asoka's son Mahinda (3rd century в.с.). At an un- 
known period after the introduction into Ceylon the use of Pali 
died out in India. 

The language is a literary one based on a Middle Indo-Aryan 
dialect. Sanskrit, the literary language of the Hinduism to which 
the Buddha was in opposition, was expressly forbidden by him as 
a vehicle of teaching. This was presumably because it was already 
in his lifetime a learned language and not readily intelligible to 
the people he wished to convert. He preferred that his teachers 
should use their own vernaculars and those of the people in their 
preaching and teaching. Numerous Middle Indo-Aryan vernacu- 
lars were involved as time went on, and in all of them their own 
linguistic versions of the Buddha's words and sermons were pre- 
served. As great centres of Buddhist learning grew up, certain 
of the versions attained prestige. None of them was unmixed; 
there must certainly have been great wandering teachers whose 
dialect versions were adopted in part even in the great centres. 

Because of this multiplicity of dialects, all of which enjoyed 
equal authority, it has not been possible to assign a locality of 
origin to Pali. The Buddha himself was a native of Kosala (mod- 
ern Oudh) and preached both there and in Magadha (the modern 
districts of Patna and Gaya), both localities being in or near the 


H. Croon, "The Palici,” in 
(T. V. B.) 
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modern Bihar. The term Magadhi "the language of Magadha” 
was applied to Pali in Ceylon. But the Pali documents are writ- 
ten in at least two chief dialects of different chronological periods, 
one found in the old verses of the canon, the other one in the 
prose, both canonical and noncanonical, and in late verses. Neither 
dialect is closely related to Magadhi Prakrit, of which a good 
deal is known through later documents and grammarians. Some 
Magadhi-like forms are found in the Pali texts, but they are 
considered to be borrowings into the more original non-Magadhi 
dialect. There have been many conjectures as to the true locality 
of origin of Pali. Nearly all scholars find themselves forced to 
think of regions farther west in northern India than Magadha. 
Taksaéila, the great university of the northwest, has been sug- 
gested, but perhaps Ujjayini (Ujjain), the capital of Avanti, is 
most favoured by modern scholars. The great mixture of diver- 
gent dialectal forms seen in Pali is caused by the imposition of 
the variant linguistic versions on this basic western or west central 
dialect. 

Characteristics of the Language.—Pali is the Middle Indo- 
Aryan language that is on the whole closest to Old Indo-Aryan, i.e., 
Vedic and Sanskrit. It shows in general the same type of rela- 
tionship to these that all the other Middle Indo-Aryan languages 
do. It is difficult, that is, to derive it entirely from either of the 
well-documented older dialects. Its basis is in all probability some 
other Old Indo-Aryan dialect than these two. Evidence for this 
is seen in such items as idha. "here" beside Vedic and Sanskrit ika 
(cf. Avestan іда), or the enclitic, third personal pronoun sé, 
which is found in Avestan ѓе, Old Persian Sazy, but not in Vedic or 
Sanskrit, 

Phonology.—Of the Sanskrit vowels, r is represented by a, i or 
u. The long diphthongs di and йи coalesce with ё and б. In gen- 
eral, long vowels remain only in open syllables and are shortened 
in close syllables; this produces two new vowels in Pali, short 
e and о; e.g., ottha- “lip”; Sanskrit dstha-. 

Single Sanskrit consonants generally remain unchanged, except 
that d and dh become } and // respectively (as in the Rigveda), and 
the three sibilants coalesce as s. Consonant clusters in general show 
assimilation and simplification to two consonants only; e.g., satta 
"seven"; Sanskrit sapta, aggi- "fre"; Sanskrit agni-, tikkha- 
"sharp"; Sanskrit Ziksma-. All final consonants disappear; ¢.g., 
vijju “lightning”; Sanskrit vidyut. 

Nouns.—The declension has been simplified in comparison with 
that of Sanskrit; e.g., the dual number is lost. The eight-case 
system is reduced. The dative has almost entirely coalesced with 
the genitive; in the commonest declension, that in a, this case 
does remain to denote direction of motion and a few less common 
meanings. In the a- declension, the instrumental plural ends in 
-&hi (e.g., dhamméhi) which derives from a form like Vedic -ébhis 
rather than from Sanskrit -dis. The ablative plural has coalesced 
with the instrumental plural and the dative plural with the genitive 
plural in all declensions. Stems ending in consonants have usually 
been converted to vowel declension types, either by loss of final 
consonants of the stems or by addition of a vowel after the 
consonant; e.g., Sanskrit @pad- “misfortune” is represented by 
Gpa- or üpadà-. 

Verbs.—Changes in the verb system are even greater than in 
that of the noun. The middle voice is obsolescent, more so in the 
younger dialect than in the older. The passive system has active 
endings instead of middle. The perfect tense has almost disap- 
peared. The past tense is an amalgam of imperfect and aorist 
forms, with complicated rules for the appearance or nonappear- 
ance of the prefix a-. The optative continues to be found; traces 
of the Vedic subjunctive are found in the old dialect. 

Many of the verbs of the numerous types of the Sanskrit present 
system have been shifted to the commonest type which has a suf- 
fix -a-, the thematic type. There has also been a spread of a type 
with suffix -2-, which derives from Sanskrit denominative verbs 
with suffix -aya-; e.g., Sanskrit kathayati “he tells”; Pali kathéti, 
besides which there appears vadéti “he says” as well as the old 
type vadati, mannéti “he thinks" as well as manfati (Sanskrit man- 
yaté). The present stem tends to spread through all other parts 
of the verb system, though some verbs retain a few historically 
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correct forms, even besides the new ones, in the future or the past 
participle or elsewhere. An example of the spread of the present 
is seen in forms of the verb meaning “to drink,” which in Sanskrit 
has a reduplicated present pibati "he drinks," but future pasyali 
“he will drink” and gerund pitvd “having drunk”; in Pali cor. 
responding forms are pivati, pivissati (and passati), pivitvà (and 
pitvà), and there are past forms pivdsim "I drank," apivi “he 
drank." 
BIBLIOGRAPHY —E. Müller, Simplified Grammar of the Pali Language 
(1884) ; D. Andersen, Pali Reader With Notes and Glossary (1907); 
W. Geiger, Pali Literatur und Sprache (1916) ; M. Mayrhofer, Hand. 
buch des Pali (1951); R. C. Childers, Dictionary of the Pali Language 
(1875) ; Pali Text Society's Pali-English Dictionary (1925) ; V. Trench 
ner, D. Andersen, H. Smith, Critical Pali Dictionary Aer A шиш): 
.B.E) 
PALILITERATURE. Most of the extant older literature 
in the Pali language is arranged as the Tipitaka Pali, the canon 
of the Theravada school of Buddhism (see also BUDDHISM), 
Though it claimed to be the only orthodox tradition, the Thera: 
vada was one of a number of schools which gradually became 
separated as Buddhism was propagated over northern India after 
the Nirvana (Sanskrit; Pali, Nibbana) of the Buddha (see 
Gautama BuppHA). Located originally in central and. western 
India, this school apparently rehearsed its canon orally in a dialect 
of that region (of the Sth-3rd century 5.c.), in accordance with 
the Buddha’s injunction that; his followers should remember his 
teaching in their own dialects (rather than in the Sanskrit of 
Brahmanical learning). Comparison with what remains of other 
canons shows that the Pali canon consists largely of a common 
heritage of teaching ascribed to the Buddha, in which minor modi- 
fications may have been made and to which certain secondary 
texts have been appended. The latest, important additions ar 
compositions of about the 2nd century B.c. From the essen! 
similarity of the older texts to those of other schools, and from 
their contents, it may be said that the Pali canon represents pfi 
marily the literature of the middle Ganges basin and the empire 
of Magadha (g.v.) between the 6th and the 4th centuries B.C, 
with a secondary and later extension to the west. 
Some time before the Sth century A.D. the language of the canon 
came to be regarded (through a new gloss on the Buddha's n 
junction, which happened to be ambiguous: “own” being either 
“his own" or “my own") as the Buddha’s own language, and more 
over as Magadhi, the northeastern dialect. No longer а currat 
vernacular, Pali came to be used as the standard and internatio 
language of Theravada Buddhism. This literary language flout 
ished in India, especially south India, down to about the 14 
century A.D.; in Ceylon, where it was introduced by the 3rd сех 
tury B.c.; Burma, where it spread from Ceylon by the 11th cen 
tury A.D.; Siam (Thailand), Cambodia, Laos and Vietnam, whet 
it was still in use in the 20th century. It also flourished brie 
in Indonesia in about the 11th century, The Pali canon was bus 
ten down in Ceylon in the 1st century B.c.—the prejudice in avout 
of oral transmission having broken down under the stress of prit 
tical needs—while the later literature is a purely written literature 
Divisions of the Сапоп. The Tipitaka (‘“Threefold Basket i 
Sanskrit, Tripitaka, g.v.) is arranged in three parts: Vinaya itat 
an elaboration of.227 rules of the Buddhist monastic discipline, W, 
an account of the founding of each by the Buddha, which inclu 
also a brief life of the Buddha to his founding of the order am ( 
record of events in the order down to the first great schism P 
386 в.с.); Sutta-pitaka, the doctrines (dhamma) of Budd, 
developed in dialogues (sutta or suttanta), stories and poems, i 
Abhidhamma Pitaka, a collection of treatises in whic ВШ * 
philosophy is elaborated systematically in accordance with TOM 
vada teaching. As literature in the narrower sense it is 


which is the most interesting of these divisions; it is mud m 
largest and it includes the earliest texts. The Abhidham oss 


is mainly legalistic in content, though it has a few inci ! 
ratives of literary merit and much matter of sociological in 1 
The "Sutta."—The dialogues contain discussions on P НЕ s 
cal and metaphysical topics (such as the nature of the univ 
whether there is a “soul”; “immortality”; transmigration, 


secondary systematization of the doctrines of the Sutta; the nir | 
id ental 
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will; the deity; causation; and ethics) and on the good life—on 
the unsatisfactory nature of the pursuit of transient worldly hap- 
piness and on the Buddhist Way of renunciation, harmless living, 
self-control, self-possession, wisdom and meditation leading to 
equanimity or detachment, upekhà, in which state nibbana (“еп- 
lightenment’”) may be attained. The Buddha is described travel- 
ing in various countries of eastern India and engaging in these 
dialogues, given in direct speech in a lively, incisive style, on meet- 
ing with Brahmanical priests, other wandering philosophers and 
ascetics, kings and nobles and men and women of many profes- 
sions in the cities. To those living “in the world” (i.e., not re- 
nouncing it for the life of a wanderer seeking detachment), social 
virtues and good friendship are recommended as promoting the 
happiness of the individual and of society. Humour abounds in 
the discourse of the Buddha, for example when he narrates stories 
to illustrate the degeneration of society which resulted from the 
attempts of a king to prevent crime in his own way, in disregard 
of External Law (dhamma), or the pompous humbug of a deity 
("God") who pretends to be omnipotent and omniscient and 
claims to have created the universe, but is chiefly concerned 
to avert having his ignorance exposed before the other inhabitants 
of heaven. The best dialogues are the longer ones, collected in 
the Digha-nikaya ("Collection of Long Dialogues"), which is prob- 
ably the most ancient and authentic part of the Sutta, judging 
from the richness and fluency of its language and the variety and 
originality of its episodes. Sometimes verses or short poems occur 
in the dialogues; for example, a spontaneous verse (udana) uttered 
under the inspiration of some event, usually with metaphorical 
allusion to Buddhist teaching, or a concise summary of doctrine, 
or even on one occasion a love song accompanied on the vind. One 
dialogue with numerous incidental verses in elaborate lyric metres 
(describing the qualities of a Buddha) is said to have been added 
by the disciple Ananda (q.v.) after the Buddha's Nibbana; an- 
other contains some curious folklore verses on the guardian spirits 
of the four quarters of the earth, one of whom rules over a utopian 
tealm where there is no property and no work. The Digha, with 
three other Nikayas—the Majjhima (“Medium-length”), Sam- 
уша (“Classified”) and Aviguttara (“Enumerating”)—form the 
interlocking but not quite homogeneous Four Nikdyas. 

The poetry of the canon, except as noted above and the songs 
(geyya) n the first section of the Samyutta, is collected in a 
а nikàya, the Kı huddaka-nikàya (“Collection of Minor Texts"). 
ieee originated as a collection’ of poems by followers of 
oth paaie, including, however, some short dialogues attributed 
of = Buddha himself. The Buddha is said to have disapproved 
(heute Composition as a worldly means of gaining a livelihood 
Ratan he recommended the hearing of songs and his discourse 
as | in similes, stories and occasional verses, which seem to 
his en to the poetic presentation of dhamma), hence after 
Mind the official recension of doctrine may at first have 
that ls the Khuddaka texts. These were greatly expanded down 
the ast the 3rd century B.C., and new genres were exploited for 

Propagation of Buddhist teaching. 
fered рушу may be classified into lyric, in which nearly 30 dif- 
PE are used, and word music and a great variety of 
single En patterns prevail; and epic, restricted in the main to a 
thanatont ee metre having a very flexible line which can avoid 
tive n Pali metres are quantitative, but whereas the narra- 
in the nd Which is archaic, permits of variation of rhythm except 
syllable site by the substitution of one short for one long 
WO grou is based on the number of syllables in the line (16 in 
cadence) ae of 8, the half-cadence contrasting with the final 
Syllables ‘ar lyric metres are strictly quantitative: two short 
Or, one ji exactly equal to, and may sometimes be substituted 
asks, а ste 8. Most Pali lyric metres imply a musical phrase as 
шувс ee which was new to Indian poetry in the Sth cen- 
Vocabular, ong with certain features of style, figures of speech, 
prototypes zad content, these new metres of Pali poetry are the 

eventual those of the kavya literature in Sanskrit and Prakrit 
Cure Pali @ in Apabhramáa, classical Hindi, etc. It is to ob- 

‘laputa 1-07, Originally Magadhi) pioneers, such as Vagisa, 

and Ananda, that we owe the forging of the medium 
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of India’s greatest poetry. Certain dramatic dialogues in verse 
implying some kind of performance have been adduced as evi- 
dence concerning the development of the Indian drama in this 
period. 

In the Khuddaka the Jataka (q.v.), in its longer stories, contains 
the best examples of Pali epic poetry. It is interesting to compare 
the storytelling technique seen in the Digha (which contains a 
few jatakas,—i.e., stories of the Buddha’s births or incarnations— 
but in prose) with that of the Jdtaka itself (in verse), particularly 
as some stories are common to both works. An epic narrative 
(akkhana) could be in prose or verse; it was only later that the two 
forms diverged sufficiently from the basic popular tradition of 
storytelling to become the contrasting Sanskrit kévya genres of 
prose akküyikà (“history”) and verse mahàkàvya (“еріс”). 
Many Jataka pieces have too few verses to narrate a story, and 
give only the climax or most significant speech or the moral 
of a once well-known story (to Ье freely extemporized when re- 
quired). Ina few cases the full story is preserved in ancient form 
in the Digha or elsewhere. The Jataka is a remarkable treasury 
of ancient folk tales (with only a veneer of Buddhist ethics) and 
a rich source of data on ancient society. The Khuddaka also in- 
cludes four inferior narrative books in verse, compiled as edifying 
material for routine preaching (e.g., lives of Buddhas, Buddha- 
vamsa; legends of monks and nuns, Apadüma). Then there are 
the lyric anthologies (the work of several hundred authors, both 
men and women), the Dhammapada, Suttanipata and Theragatha 
and Therigathd, the last three containing also ballads and some 
fine though short epic episodes. Besides five other miscellaneous 
books, the Khuddaka includes also an extensive philosophical 
compendium (Patisambhidamagga) similar to the Abhidhamma 
books, 

The “Abhidhamma.”—The Abhidhamma originated as an elabo- 
ration and explanation of certain lists and summaries of points of 
doctrine called Mātikā (“notes”). Most of the constituent 
mütiküs and much of the explanation are to be found scattered in 
the Sutta, the basic list being promulgated in the Digha account of 
the Buddha's instructions to the monks before his Nibbana. It 
consists of the Vibhariga, the basic synopsis of mátikàs and expla- 
nations; the Dhammasarigani and Dhatukathd, which are primarily 
cross-classifications of points of doctrine (on ethics, psychology, 
physics) leading toward a synthetic system of natural and moral 
philosophy; the Puggalapaññatti, which enumerates types of char- 
acter; the Kathàvatthu, consisting of polemic on points disputed 
with other schools of Buddhism and exemplifying early techniques 
of debate and logic; and the Yamaka, a manual of exercises in 
formal logic. The Patthdna is a grandiose elaboration of a gen- 
eral theory of causality synthesized from elements of causal theory 
(fundamental to the early Buddhist doctrine of the nature of the 
universe and of man’s predicament in it) in the Sutta and Vib- 
hanga. 

DE Pali Literature.—This begins with a long dialogue (in 
the Digha style), cast in the external framework of a "history" or 
historical novel (akkayika), the Milindapanha. The work seems 
to have grown gradually by large accretions to a kernel of (prob- 
ably) the 1st century в.с. The Netti and Petakopadesa, theoreti- 
cal works on exegesis, are of about the same period. These are 
Indian works, as is the earliest extant grammar (Kaccayana’s, of 
unknown date) but in about the 5th century A.D. the Mahavihara 
(Great Monastery) in Anuradhapura, the ancient capital of Cey- 
lon, became the main centre of Theravada studies. In India new 
schools and movements in Buddhism adopted new languages and 
eclipsed the Theravada school, which adhered to its canon in the 
ancient Pali. From the 3rd century в.с. the Sinhalese had trans- 
lated oral commentarial (A£thakathà) traditions into the ancient 
Sinhalese language in order to interpret the canon. By about 
A.D. 100 this Sinhalese commentary had attained comprehensive 
scope and was closed. In Pali (verse), successive writers in Cey- 
lon, down to the 4th century A.D., compiled the Dipavamsa (“His- 
tory of the Island"). 

In the 5th century A.D. Indian Buddhists studying at Anuradha- 
pura undertook a translation into Pali of the essential parts of 
the Sinhalese commentary, to make them accessible wherever Pali 
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was known. An entirely new style of Pali was evolved. Budd- 
haghosa wrote the Visuddhimagga (an introductory exposition of 
the whole range of doctrine according to the Sinhalese tradition) 
and running commentaries on the Vinaya, Four Nikayas, Abhid- 
hamma and two Khuddaka texts. Commentaries on the remain- 
ing Khuddaka books and the Netti were written by Dhammapala, 
Buddhadatta, Upasena, Mahanáma and the anonymous authors 
of the Jataka Commentary (which includes full stories for all the 
Jütakas), Dhammapada Commentary (which adduces more than 
400 illustrative stories) and Apadana Commentary. 

At the beginning of the 6th century А.р. Mahanama wrote the 
Mahàvamsa (“Great History"), a verse chronicle based on the 
Dipavamsa but unified in treatment and much more polished in 
style. It may be said to inaugurate a new phase in Pali literature: 
that of the later kavya. This is not continuous with the old Pali 
kavya in the canon, the direct successors of which were in Sanskrit 
and Prakrit, but derives its style from these successors after they 
had carried kdvya through several centuries of fashion and refine- 
ment. Mahanama states that his aim is to inspire good people 
with religious emotion. His chronicle, like the Dipavamsa, nar- 
rates the history of Buddhism from the Buddha's complete En- 
lightenment to the 3rd century в.с. in India and the 4th century 
AD. in Ceylon. Influenced by the conventions of an еріс kavya, 
Mahanama interrupts his annals to celebrate elaborately the deeds 
of the two great Sinhalese kings primarily responsible for the 
introduction and firm establishment of Buddhism in Ceylon, 
Devanampiyatissa (3rd century в:с.), and Dutthagamani (1st 
century B.c.), who is regarded as a national hero who freed his 
country from Tamil rule. Later poets in Ceylon wrote supple- 
ments (often called Сй атата, “Little History") to the Mahd- 
vamsa. The first and longest, written by Dhammakitti (13th 
century), centres on the epic treatment of Parakkamabahu I (12th 
century) as a national hero. 

The chronicle epic was adopted for the histories of various 
countries of southeast Asia and for other narratives, particularly 
the life of the Buddha: e.g., Medhankara’s (Ceylon; 13th century) 
Jinacarita, and the anonymous Malalankara (Burma; 18th cen- 
tury). The Buddhalankara of Silavamsa (Burma; 15th century) 
tells the favourite story of the Buddha's previous incarnation as 
Sumedha, when he first resolved to become a Buddha. Several 
other works deal with specific aspects of religious history. The 
prose (Майа) Bodhivamsa (by Upatissa, c. A.D. 970), on the 
bringing of a cutting of the Buddha's Enlightenment Tree to Cey- 
lon, is of great stylistic interest as displaying much of the vo- 
cabulary of contemporary Sanskrit kávya assimilated to Pali. 
The style of the true Sanskrit mahükávya (with its several cantos 
in different metres, often of lyric origin, instead of in the ordi- 
nary narrative metre only) is exemplified in Dhammakitti's 
Düthávamsa (Ceylon, c. 1200) on the Tooth Relic. There are 
20th-century mahüküvyas such as Medhananda’s (Ceylon) 
Jinavamsadipa (published 1917), a life of the Buddha. Of biog- 
raphy may be noted Mahamangala’s (? Ceylon, ? 14th century) 
Buddhaghosuppatti, a popular religious novel on the life of the 
saint, and the learned Nanabhivamsa’s Rajaüdhiràjavilasini 
(Burma; 18th century) which celebrates the deeds of the contem- 
porary king of Burma, Bodópaya. 

The later lyric kavya is well exemplified by the anonymous (? 
10th century) Telakafahagathd, on renunciation, recited by a monk 
thrown into a caldron of boiling oil but miraculously remaining 
alive for a time because of his innocence, and the Pajjamadhu 
of Buddhappiya (an Indian monk living in Ceylon; 13th century), 
describing the Buddha. The much longer Samantakiitavannand 
of Vedeha (Ceylon; 13th century) is on the borderline of epic 
and lyric, describing the Buddha’s life and (mythical) visits to 
Ceylon, culminating with that to its highest peak (Adam’s peak). 
Vedeha’s descriptions of Sinhalese scenery are remarkable. 

The genre of citrakavya, or poem displaying virtuosity in word 
play and in the mere technicalities of kavya composition as an 
end in themselves, is represented in extreme form by the Jindlan- 
kara of Buddharakkhita (Ceylon; 12th century) on the life of the 
Buddha (this life being as it were the form, and virtuosity in 
composition the content, of the poem). 
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Ananda’s (late 12th century) Saddhammopayana is а simple but 
effective didactic poem in 19 cantos urging the reader to seize the 
opportunity of following the Buddhist Way. The description of 
the sufferings of animals, especially as beasts of burden, is a fing 
example of his art. 

The anonymous 13th-century Hatthavanagallavikaravamsy 
(“History of the Hatthavanagallavi Monastery") is a kévyg in 
mixed prose and verse (а сатри) in which Pali prose receives 
its most elevated and elaborate treatment, imitating the style of 
the Sanskrit novels of Вапа. Vedeha’s Rasavahini is an outstand. 
ing collection of popular old stories. 

Exegesis did not end with the Pali versions of the commen. 
taries nor with the numerous handbooks on various aspects of 
philosophy (e.g., the nine “Little Finger" manuals) and the disci. 
pline. Much old Sinhalese material remained untranslated. After 
about the 8th' century the Pali commentaries were provided with 
subcommentaries (fika) which explained their words and thu 
incidentally elaborated the exposition of the basic canonical texts, 
As a rule the 17545 are more technical than the commentaries, 
and they provide a thorough basis for modern lexicography. The 
earliest cycle of #7005, of the 8th or 9th centuries, consists of 
Ananda’s (an Indian working in Ceylon) work on the Abhidhamma, 
Dhammapàla's on the Four Nikayas and the Jataka and Vajire 
buddhi’s (also Indian) on the Vinaya. A Dhammapila, a pupil 
of Ananda, wrote a sub-subcommentary on his teacher's ¢7kd. 

In the 12th century Sariputta (Ceylon) wrote detailed tikās 
on the Vinaya and the Four Nikûyas, while his contemporary 
Kassapa in south India wrote a succinct Vinaya tikà which might 
be more easily assimilated by his pupils. There is a cycle of 
tikas (undated) on the K/ruddaka, and many tīkās on such treatises 
(regarded as commentaries") as the Visuddhimagga. A “new” 
Digha tikà was written in Burma in the 18th or 19th century. 

Numerous grammars, also lexicons, works on metrics, poetics, 
etc., were produced in Ceylon and Burma, the 12th century mark 
ing the culminating point of this activity in both countries 
(Moggallana and Samgharakkhita in Ceylon, Aggavamsa M 
Burma). There are also several works in Pali on medicine, law, 
astronomy, aesthetics and bibliography. 

See also SANSKRIT LITERATURE; GAUTAMA BUDDHA. 
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PALIMPSEST, from the Greek palimpsestos, “scraped af 
a term referring to any inscribed surface from which 037 поћи 
been removed so that the space could be used again for а p 
In antiquity the word was applied loosely to any writing be 
that had been cleared and reused, e.g., to papyrus anc stat! 
tablets, although the former was surely too fragile to W! 
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the rubbing or scraping that is implicit in the etymology of the 
word. Plutarch says that Plato found Dionysius like a biblion 
palimpseston, in that his tyrant nature, being dusekplutos, “hard 
towash out,” showed through like imperfectly erased writing. The 
reference here is quite clearly to washing the writing off papyrus. 
Extant palimpsests are almost exclusively of vellum or parchment. 

Tn late classical and medieval times the scarcity and costliness 
of vellum were so great that it was quite frequently salvaged after 
the text, which had been inscribed thereon, fell into neglect. One 
method of preparing parchment for reuse, described in a codex 
of Munich, was to soak it overnight in milk, sprinkle it with flour, 
dry it under pressure and then scour it with pumice and chalk. 
Rarely a book might be doubly palimpsest, i.e., exhibit two erased 
texts with a third one overlying them. The texts marked for ob- 
literation were usually those of the longer classical works such as 
those of Plautus, Cicero, Sallust, Livy and Fronto. No complete 
work, however, has been found in the original text of a palimpsest, 
portions of different books having customarily been used to supply 
the material for the new volume. Prejudice against pagan authors 
seems not to have been involved, even in the monasteries, in the 
selection of books from which the writing was to be expunged. 
Any codex no longer in regular use was liable'to suffer this fate. 
For example, an uncial text of the Bible was destroyed in the 
9th century to make room for the works of Probus and other 
grammarians. In the case of Greek manuscripts, however, a syn- 
odal decree of A.D. 691 forbade the destruction of intact manu- 
Scripts of the Scriptures or of the church fathers. 

Palimpsests are especially frequent among the books written at 
Bobbio and St. Gallen. Unquestionably the practice of reusing in- 
scribed parchment resulted in the destruction of vast quantities 
of early texts which would be of immense value to modern scholar- 
ship. But, in view of the disuse into which they had fallen, it 
may be doubted how many of them would have been preserved, 
and the superimposed text was responsible for the preservation of 
Some which might otherwise have been lost. Important texts of 
Cicero, Livy, Plautus, the two Plinys and Seneca survive in pal- 
Impsests. The pioneer in the study and reading of palimpsests was 
Angelo Mai, 

To bring out the original writing of a palimpsest chemical 
Agents, such as tincture of gall and hydrosulfate of ammonia, were 
Often used. While temporarily effective, these were likely to cause 
Permanent damage to the surface to which they were applied; 
ultraviolet photography has taken their place as the safest and most 
Satisfactory tool in the decipherment of obscure palimpsest texts. 
3 basis for the technique is the fact that some substances flu- 
rw under ultraviolet light more strongly than others, and that 

va the remnants of the ink of the original writing, which may 
Ee invisible to the naked eye, operate to "kill" the fluores- 

E of the underlying material so that the old writing appears 

IK against a fluorescing background. The process can sometimes 
E зе by the application of anthracene (C14H10) in alcohol, 

Eie ns to vellum, as well as to paper, and serves to 

m u ae fluorescence for a period of about one week. If 
dled м erwriting on both sides of the leaf, each side must be 

ерау, апа a sufficient time will have to elapse for the 
can be Ridin to evaporate from the first side before the other 


pp. у Important palimpsests, Wattenbach, Schriftwesen, 3rd ed., 
Attenbach) ^ ^^ Exempla Codicum Latinorum of err ae к 
"i ALIssy, BERNARD (1510-1589), French Huguenot pot- 
faience writer, Particularly associated with decorated rustic 
med 728 born in 1510 at Agen, Lot-et-Garonne. At first he 
ni cA painting, but eventually, after journeys in the south 
humanists. eee that brought him into contact with great 
La Rochell settled as a surveyor and potter in Saintes, near 
const; €. Persecuted as a Protestant, he was imprisoned until 
Stable Montmorency employed him in the decoration of the 
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5 Bite ФЕсоцеп, Then in 1570, helped by his sons, Palissy built 
ere Brotto for Catherine de Médicis in the garden of the 
s. His appointment, about 1565, as “inventor of rustic 


Potte: 1 k 
ТУ to the king and the queen-mother” had enabled him to 


279 


work іп Paris near the Louvre and to come іп contact with the 
sculptor Jean Goujon. 

From 1575, in Paris, he gave public lectures on natural history 
which, published in 1580 as Discours Admirables (Eng. trans. by 
A. la Rogue, 1957), became extremely popular. In these are re- 
vealed a writer and scientist, a creator of modern agronomy and a 
pioneer of the experimental method. His scientific views generally 
were much in advance of those of his contemporaries. 

Palissy was shown a white, glazed cup, probably Chinese porce- 
lain, which so pleased him that he determined to discover the se- 
crets of its manufacture. Palissy described in De l'Art de la terre 
his first laborious researches, undertaken despite his poverty and 
harassment as an ardent Huguenot. 

Again menaced by the growing struggle against Protestants, 
Palissy took refuge in the homes of the princess of Sedan and 
Robert de la Marck, in eastern France, but returned to Paris in 
1575. Imprisoned again for religious reasons in the Conciergerie 
in 1588, he was transferred to the dungeons of the Bastille, where 
he died in 1589. 

Palissy's pottery, derived from the rustic pottery made in Eu- 
rope during the 15th century, generally consists of oval or cir- 
cular dishes, ewers, tazze and sauceboats. It can be grouped into 
four successive phases: subjects at times modeled from nature, 
pieces with cleverly marbled surfaces; animal and vegetable; al- 
legorical and mythological low reliefs; and, about the 1580s, re- 
productions of the metal work of Francois Briot and others. 

It is almost certain that Palissy never used the potter's wheel. 
His best-known pieces evidently have been pressed into a mold and 
then finished by modeling or by the application of ornament, based 
on contemporary engravings, molded in relief. The pottery is a 
firm, nonporous paste resembling faience, glazed in two kinds of 
hard, transparent lead enamel. No signature or mark has ever 
been found on Palissy's authentic productions. His molds were 
again used during the 17th century at Avon near Fontainebleau 
and at Manerbe, Calvados, where a few enameled earthenware stat- 
uettes were produced. The influence of the great potter was re- 
vived between 1840 and 1870 through the copies executed by 
E. Avisseau of Tours and later by Georges Pull of Paris. 

The best collections of Palissy’s ware are in the Louvre and the 
Cluny museum, Paris, in the museum at Sévres; in England, in the 
Victoria and Albert museum, the British museum and the Wallace 
collection, all in London. 

BrstiocrapHy.—H. Delange, Monographie de l'oeuvre de Bernard 
Palissy (1862) ; A. Tainturier, Les Terres émaillées de Bernard Palissy 
(1863); Anatole France, Oeuvres de B. Palissy (1880); E. Dupuy, 
Bernard Palissy, new ed. (1902) ; L. Dimier in Gazette des Beaux-Arts 
(1934, 1936) ; P. Munier, "Contribution á l'étude des céramiques de 
Palissy,” Bull. Société Francaise de Céramique, no. iii (1949) ; G. de 
Rothschild and S. Grandjean, Bernard Palissy et son école (1952). For 
Palissy as a Huguenot, see F. Rossignol, Les Protestants illustres, vol. i 
(1863). (S. Gr.) 

PALITANA, a town in the Bhavnagar district of Gujarat, 
India, lies on the Khari stream, a tributary of the Shetrunji, 31 
mi. S.W. of Bhavnagar town. Pop. (1961) 24,581. 

Toward the southwest, 1 mi. away, is the Shetrunjaya (Satrun- 
jaya) hill, 1,977 ft. above sea level, the most sacred of the five 
hills of the Jains and a true city of the gods with 863 temples, 
some dating from the 11th century. 

The summit can be reached from Palitana by a motor road. 
Devout pilgrims ascend it once a day for 99 days and also perform 
circumambulations of its principal temple. 

The town is connected with Sihor and Bhavnagar by rail, and 
with Ahmedabad, Amreli and other towns by road. The chief in- 
dustries are stone carving, cotton ginning, oil crushing, cement 
and the manufacture of harmonium reeds. 

The Shetrunji irrigation project, 5 mi. from the town, was 
started in 1955. Palitana was the chief town of the princely state 
of the same name, ruled by Gohel Rajputs. It merged with 
Saurashtra in 1948 and with Bombay in 1956. With the bi- 
furcation of Bombay state on May 1, 1960, it became part of 
Gujarat. (V. A. M. J.) 

PALK STRAIT, a channel, 40 mi. wide, between northern- 
most Ceylon and southeast India, is separated from the Gulf of 
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Mannar to the southwest by the line of reefs called Adam's Bridge 
(q.v.). 

The strait, named after Sir Robert Palk, governor of Madras 
in 1763-66, includes many small Ceylonese islands. It receives 
the Vaigi river from south Madras. The southern part of the 
strait is known as Palk bay. 

PALLADIANISM, a term applied to any architecture simi- 
lar to that of Andrea Palladio (q.v.) in northern Italy. Palladio, 
however, did not originate the so-called Palladian motif, which 
is believed to have been used first by Bramante, The term is 
specifically applied to the architecture of the period 1715-60 in 
England when British taste relied heavily on the designs of Pal- 
ladio and those of Inigo Jones (1573-1651) who had introduced 
High Renaissance architecture into England. Palladian archi- 
tecture is characterized by symmetry, monumentality and an 
academic use of classical forms. 

A Palladian window or motif is composed of a central arched 
opening flanked. by a smaller rectangular opening on each side. 
Columns usually separate the openings. The motif derives its 
name from Palladio’s use of the arrangement in the town hall at 
Vicenza, the so-called basilica (1549-1614). (A. K. L.) 

PALLADIO, ANDREA (1508-1580), Italian architect who 
had a profound influence on the 18th-century classical revival, was 
born ANDREA DI PIETRO on Nov. 30, 1508, either in Padua or Vi- 
cenza. He began his career as a stonemason and sculptor. About 
1536 he came to the attention of the humanist scholar Gian Giorgio 
Trissino, who became his patron, arranged for him to study in 
Rome and later took him into the *Accademia Trissiniana." In 
1540 Trissino gave Andrea the name Palladio, after the angel in 
his poem "L'Italia:Liberata dai Goti” who explains the divine 
significance of geometrical forms in architecture. The name was 
well chosen, for Palladio's lasting importance rests on his theo- 
retical treatises on proportion in architecture generally and in 
Roman architecture in particular. Most influential of these was 
I Quattro Libri dell’ architettura (Venice, 1570, with many later 
editions and translations). 

Palladio's greatest influence was not on the architecture of 
his own time but on that of the 18th century, when his work 
and writings inspired much imitation and emulation, particu- 
larly in England and America (see PALLADIANISM). His two guide- 
books on the antiquities of Rome (Rome, 1554) and his illustra- 
tions of Daniello Barbaro's edition of Vitruvius (Venice, 1556) 
were the earliest publications to treat Roman buildings with scien- 
tific scholarship, and they remained standard reference works on 
Roman architecture through the 18th century; his buildings in 
Vicenza, which had little more than local fame in his lifetime, be- 
came models for a great body of 18th-century architecture. Para- 
doxically, perhaps, Palladio’s own architectural development shows 
a steady retreat from that strict observance of classical rules with 
which Palladianism is associated toward the much freer handling 
of classical elements typical of mannerist art during the later 16th 
century in Italy. 

Those of his works that follow Roman models most closely and 
were most admired by 18th-century neoclassicists were all early 
and built in or near Vicenza. The basilica (Palazzo della Ragione), 
so-called because it was supposed to re-create a Roman basilica, 
was conceived as early as 1538 and begun in 1549; the Palazzo 
Chiericati, a much-copied exercise in the correct handling of 
Roman orders, was begun in 1550; and the Villa Rotunda. (or 
Capra), most influential of all Palladio's dozen-odd villas and per- 
haps of all his buildings, was built 1550-53. With identical 
porticoes on all four arms of its Greek-cross plan, the Rotunda 
demonstrates Palladio's early adherence to the strictest symmetry, 
as well as his mistaken belief that such porticoes were found on the 
façades of Roman houses. 

By contrast, Palladio's late works all show distinctively manner- 
ist and proto-baroque characteristics. Most important of these аге 
three churches in Venice: the facade of S. Francesco della Vigna 
(begun in 1566), S. Giorgio Maggiore (begun 1566, completed by 
Vincenzo Scamozzi 1602-10) and Il Redentore, one of his finest 
works (dedicated 1576, completed 1592). In designing their 
facades, Palladio interlocked two classical temple fronts with truly 
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mannerist complexity; mannerist, too, are the optical ап@р 
logical effects he produced by ingenious arrangements of ir 
colonnades and interpenetrating spatial units. Palladio's last 
was the Teatro Olimpico in Vicenza, begun in 1580, three m 
before his death on Aug. 19. Although Vitruvius’ descripti 
a classical theatre was his immediate inspiration, the | 
vistas and optical tricks he employed are likewise imbued 
the quite un-Palladian spirit of mannerism. a 
See also references under “Palladio, Andrea" in the Inde 
BiBLi0cRAPHY.—A. Dalla Pozza, Palladio (1943); F. Burge 
Villen des Andrea Palladio (1909) ; H. Pée, Die Palastbauten des А 
Palladio (1941). See also R. Blomfield, Six Architects (19; 
R. Wittkower, Architectural Principles in the Age of Humanism 
for Palladio's theories and a complete bibliography. (Аха 
PALLADIUM, an image of Pallas (Athena), espec 
archaic wooden image of the goddess standing and armed 1 
preserved in the citadel of Troy as a pledge of the safet 
city. It was said that Zeus threw it down from heaven whet 
was founding the city of Ilium, and that Odysseus and Di 
carried it off from the temple of Athena, thus making the 
of Troy possible. Many cities in Greece and Italy 
possess the genuine Trojan Palladium (the ancients spoke 
least two, a false one that had been exposed to public view 
and the true one in the temple of Athena there), but it 
ticularly identified with the figure brought to Italy by 
and preserved in the shrine of Vesta at Rome. j 
The Palladium was а common subject in Greek art, as 
theft in literature. The story of its fall from heaven 
signifies that the Palladium was originally a - (4. 


PALLADIUM is a chemical element which is а P 
silver-white metal, one of the six platinum metals (see Pra 
Metats). With a specific gravity of 12.03, it is the ligh 
the platinum metals. It has also the lowest melting point. 
group, 1,550? C. It boils above 2,500? C. but very grad 
weight by volatilization below its melting point. As 
palladium is ductile and easily worked. The chemi 
for palladium is Pd; atomic number is 46 and atomic 
106.4, om 

Palladium is not tarnished by the atmosphere at ordinal! 
peratures. Consequently, the metal and its alloys serve. 
stitutes for platinum in jewelry and in electrical contacts, a 
beaten: leaf is used for decorative purposes. Relatively 3 
amounts of palladium alloyed with gold yield a white gold. 
ladium is useful for the preparation of dental alloys. 
much lighter than platinum, palladium has been used for. 
struction of astronomical and other fine instruments. | 

Palladium occurs as a minor constituent of most nati! 
num-bearing alloys, and is associated with a number of g0 
and nickel ores. William Wollaston first isolated райайїш 
crude platinum in England. Instead of announcing the 
of the element in the customary way, he circulated an ano 
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advertisement of the new metal for sale in 1803. Because of this 
unorthodox procedure the claim that the new metal was not an 
element but an alloy of platinum and mercury was widely accepted 
for a time. However, Wollaston explained his source of the pal- 
ladium in 1804 together with his announcement of the discovery 
of the element, rhodium, He named the element in honour of the 
newly discovered asteroid Pallas. 

Surfaces of palladium function as excellent catalysts for many 
chemical reactions. They are especially effective in reactions in- 
volving either hydrogen or oxygen gas. These catalysts are nor- 
mally very thin deposits of palladium on an inert supporting 
material. They have proved valuable in the laboratory for the 
reduction or hydrogenation of organic compounds. In gas analy- 
ses, it is possible with careful temperature control to burn hydro- 
gen and olefin hydrocarbons with oxygen on a palladium surface 
so that methane and saturated hydrocarbons do not react. 

The exceptional behaviour of hydrogen with palladium has 
been carefully studied. Under suitable conditions the metal ab- 
sorbs more than 900 times its own volume of hydrogen. The 
metal expands and becomes harder, stronger and less ductile in 
the process. A metallic or alloylike hydride, which is a reduc- 
ing agent, is formed; and a composition corresponding to the 
formula Pd,H can be obtained. The hydrogen can be completely 
removed by increased temperature and reduced pressure. Since 
hydrogen passes rapidly through the metal at high temperatures, 
heated palladium tubes which are completely impervious to other 
gases function as practical semipermeable membranes and can 
be used to pass hydrogen into and out of closed gas systems, or 
for hydrogen purification. 

Palladium is attacked more readily by acids {һап апу of the 
other platinum metals. It, dissolves slowly in nitric acid to give 
Pd(NOs)», and with concentrated sulfuric acid it yields PdSO,. 
A series of palladium compounds can be prepared with the normal 
+2 oxidation state, 

A number of the complex compounds closely resemble corre- 
sponding compounds of platinum, although complexing groups are 
usually replaced more rapidly for palladium. A yellow hydroxide, 
Solublé in either acid or alkali solutions, is insoluble in water. 
The hydroxide can be dehydrated to give the black PdO by heat- 
ing to just below its decomposition temperature of 850° C. The 
oxide also forms as a thin blue coating on the surface of massive 
metal heated to just above 750° C. in the air, and can be prepared 
by heating the metal in a fused potassium hydroxide and potas- 
sium nitrate mixture. PdO can be oxidized to a brown unstable 
Pdj0, by ozone or by electrolysis. Strong oxidizing agents can 

used to prepare a series of palladium compounds with the +-4 
oxidation states, including hydrous PdOs. These compounds, simi- 
ar to corresponding compounds of platinum (IV), are, however, 
more readily reduced. Palladium can be separated from other 
Platinum metals by. precipitation of insoluble palladium (II) 
Cyanide or by precipitation with dimethylglyoxime, an organic 
reagent. All palladium compounds are easily decomposed or 
Тейисей to the free element, Ignition of its compounds produces 

Tee metal. An aqueous solution of potassium tetrachloro- 
b: adate (II), К,РаСІ,, serves as a sensitive detector for carbon 
H onoxide or olefin gases because a black precipitate of the metal 
Ppeats in the presence of exceedingly small amounts of these 
88805. See also references under “Palladium” in the Index. 

р (D. S. Mx.) 
pos ‘ALLADIUS (c. 363-before 431), bishop of Helenopolis and 

of Asuna (both in Asia. Minor), champion of St. John 
E and author of the Lausiac History, was born in 
1а (Asia Minor). After becoming a monk in 386, he was in 
"s pne before going to Alexandria (388) and then to the Nubian 
КАҢ and the monastic settlement of Scete in Egypt. After re- 
КЕ ч to Palestine about 399 he went to Asia Minor and in 400 
ocn bishop of Helenopolis, probably by Chrysostom. 
beror Н ome in 405 to plead Chrysostom's cause with the em- 
0 буен Onorius. In 406 he was’ exiled by the emperor Arcadius 
mm e {modern Aswan) and later to Antinoe. He was allowed 
of Asu ack to Galatia in 412, and in 417 was translated to the see 
na. He died before 431. 
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His Lausiac History (so-called because it was dedicated to 
Lausus, an imperial official), a collection of instructive histories 
of hermits, gives a sober and veridical picture of monastic life 
of the period, the result of personal contact with the desert fathers. 
The dialogue on the life of Chrysostom ascribed to Palladius is 
generally considered to be authentic. 

Brstiocrarny,—Lausiac History ed. by A. R. Lucot with Frenth 
trans, (1912); Eng. trans. by W. K. L. Clarke (1918); interpolated 
text in J. P. Migne, Patrologia Graeca, vol. xxxiv (1860). Life of 
Chrysostom ed. by P. R. Coleman-Norton (1928) and in J, P. Migne, 
Patrologia Graeca, vol. xlvii (1858) ; Eng. trans. by Н. Moore (1921). 
See also J. Quasten, Patrology, vol. iii (1960). (A. O.) 

PALLADIUS, RUTILIUS TAURUS AEMILIANUS, 
a farmer and Latin writer on farming who lived some time be- 
tween the end of the 3rd century and the first decades of the 6th 
and of whom nothing is known except what can be learned from 
his writing. He is the author of works in 15 books. The first 13 
form his Opus agriculturae. After an introductory book each 
month has a book devoted to it. The 14th book is on veterinary 
medicine. The 15th, on grafting, consists of a short preface in 
prose and 85 elegiac couplets, competent but monotonous and 
lacking in ease. Palladius’ prose is careful but plain. It has 
many features of colloquiallanguage. His work was much used in 
the Middle Ages and was translated into Middle English. 

BisLrocRAPHY.—Books i to xiii and xv ed. by J. C. Schmitt in the 
“Teubner Series" (1898) and with French trans, by Cabaret-Dupaty 
(1844). Book xiv ed. by J. Svennung (1926). See also Ј. Svennung, 
Untersuchungen zu Palladius und zur lateinischen Fach- und Volk- 
sprache (1935) and in Eranos, vol. xxv-xxvii (1927-29) ; Н. Widstrand, 
Palladiusstudien (1926). (G. B. A. F.) 

PALLAS, PETER SIMON (1741-1811), German naturalist 
and traveler who journeyed extensively in Asia and made impor- 
tant natural history collections and geological observations, was 
born in Berlin on Sept. 22, 1741, the son of Simon Pallas, professor 
of surgery in Berlin. He was intended for the medical profession 
and studied at Berlin, Halle, Góttingen, and Leiden, but he early 
displayed a strong leaning toward natural history and at the age 
of 15 had outlined new classifications of certain groups of animals. 
In 1761 he went to England to study collections and make geologi- 
cal investigations; he was elected a foreign member of the Royal 
Society at the age of 23. He then went to the Netherlands, and 
the results of his investigations were published at The Hague in 
1766 in his Elenchus Zoophytorum and Miscellanea Zoologica, and 
in 1767-1804 in his Spicelegia Zoologica (Berlin). 

He was appointed professor of natural history in the Imperial 
Academy of Science, St. Petersburg, in 1768, and the same year 
appointed naturalist of a scientific expedition to Russia and Si- 
beria. He spent six years on the journey, going by Kazan to the 
Caspian; lived among the Kalmyks; crossed the Urals to Tobolsk; 
visited the Altai mountains; traced the Irtysh to Kolyvan; went 
to Tomsk and the Yenisei, crossed Lake Baikal; and extended his 
travels to the frontiers of China. The leading results of this fa- 
mous expedition were given in his Reise durch verschiedene Pro- 
vinsen des rüssischen Reichs (3 vol., St. Petersburg, 1771-76), 
richly illustrated with coloured plates. Special results of that jour- 
ney include the publication of Sammlung historischer Nachrich- 
ten über die mongolische Vélkerschaften (2 vol., St. Petersburg, 
1776-1802); Novae species Quadrupedum (1778), contributions 
to the dictionary of languages of the Russian Empire 1786-89; 
Icones insectorum, praesertim Rossiae Siberiaeque pecularium 
(1781), Zoographia Rosso-Asiatica (3 vol., 1831) ; and articles in 
the Transactions of the St. Petersburg and Berlin academies. 

The empress Catherine II bought his collections but allowed 
him to keep them for life. She also gave him a large estate at 
Simpheropol, and 10,000 rubles toward establishing a home. He 
went there toward the end of 1795, but Pallas found the climate 
of the Crimea too extreme, and after the death of his second wife 
in 1810 went back to Berlin where he died on Sept, 8, 1811. Dur- 
ing the 15 years spent in the Crimea he continued his studies, and 
devoted considerable efforts toward improving the cultivation of 
vines. Pallas' industry was remarkable, and embraced not only 
all branches of natural history but extended into geology, geog- 
raphy, ethnology, and many other fields. He was credited by 
Baron Cuvier with having changed geological ideas, for his ob- 


182 


servations on the two great mountain chains of Siberia led him to 
a general theory on the formation of mountains and the succession 
of different types of rocks. His memoir gave birth to a new geol- 
ogy, the forerunner of ideas developed by his contemporaries, 
H. B. de Saussure, J. A. Deluc and A. G. Werner (qq.v.). 

Although prematurely aged by the incredible hardships under- 
gone during his travels, and suffering from chronic dysentery most 
of his life, he continued his activities to the very end, and even 
in his last years made plans for the study of natural history col- 
lections in France and Italy. 

See the essay of C. A. Rudolphi in the Transactions of the Berlin 
academy for 1812; G. Cuvier’s Eloge in his Recueil des éloges historiques 
.. `, Vol. ii (1819-27) ; and W. J. Jardine, The Naturalist’s Library, 
vol. iv (1833-43). (Ep. Hz.) 

PALLAVA, the name of an Indian dynasty that originated 
about the early 4th century A.D. as indigenous subordinates of the 
Satavahanas in the Deccan. Thereafter they were contemporaries 
of the Ikshvakus, moving into Andhra, and thence to Kanchi 
(Kancheepuram), where they became "lords of Tondai-mandalam." 
Their rule extended to c. 880, but their genealogy and chronology 
are highly disputed. The Pallavas of the Prakrit records are 
earlier, but perhaps not quite distinct from those of the Sanskrit 
records. The Vishnugopa defeated by Samudra Gupta (q.v.) be- 
longs to the first group and the Simhavarman mentioned in the 
Lokavibhaga as reigning from A.D. 436 to the second. Rapidly 
Tamilized, they were the emperors of the Dravida country, patrons 
of Buddhism, Jainism, and the Brahmanical faith, of music, paint- 
ing, and literature. Original in the arts, they were in general in- 
effective in withstanding military pressure from the Western 
Chalukya (g.v.). The Pandya (g.v.) rulers never completely 
accepted their leadership, and their capable feudatories, the Chola 
(q.v.) kings, gradually ousted them from power. 

Their greatest monuments are architectural, in particular the 
Shore Temple, the monoliths, *Arjuna's penance,” and the Varaha 
cave (7th century) at Mahabalipuram (Mamallapuram), once a 
flourishing port. Their style and that of the Chalukyas appear to 
have exerted a mutual influence. Under the Pallavas, Tamil and 
Andhra commercial enterprise and a limited amount of coloniza- 
tion in southeast Asia are marked, but they inherited rather than 
initiated Tamil interference with Ceylon. Their ruler Simha- 
vishnu’s mother (mid-6th century) may have been a Christian. 
Mahendra-varman I wrote (c. 620) the Mattavilasam, a farce in 
Sanskrit pillorying the manners of his day. See also INDIA- 
PAKISTAN, SUBCONTINENT OF: History: Ancient History: Dynastic 
Rivalries, 650-1200 ; KANCHEEPURAM. 

BIBLIOGRAPHY —G. Jouveau-Dubreuil, The Pallavas, Eng. trans. by 
V.S, Swaminadha (1917) ; Н. Heras, Studies in Pallava History (1933) ; 
D. C. Sircar, Early Pallavas (1935); R. Gopalan, History of the 
Pallavas of Kanchi (1928); C. Minakshi, Administration and Social 
Life Under the Pallavas (1938); C. R. Krishnamacharlu (ed.), South 
Indian Inscriptions, vol. xii, The Pallavas (1943). (J. D. M. D.) 

PALLAVICINO, SFORZA (1607-1667), Italian cardinal, 
historian, and theologian, author of a history of the Council of 
Trent written in refutation of Paolo Sarpi's (g.v.), was born in 
Rome on Noy. 28, 1607. He joined the Society of Jesus in 1637 
and became successively professor of philosophy (1639) and the- 
ology (1643) at the Roman College. In 1651 he was appointed by 
Pope Innocent X to the commission on Jansenism. His elevation 
to the cardinalate in 1657 was published in 1659. He died in 
Rome on June 5, 1667. 

Pallavicino's storia del concilio di Trento, two volumes (1656— 
57), is only one of the many books on philosophy and theology 
published in the incomplete 33-volume collection of his works 
(1844-48). 

See C. Sommervogel, Bibliothèque de la compagnie de Jésus, vol. vi, 
col. 120-143 (1895) ; biography by I. Affó, 5th ed. (1845). 

(E. J. Bs.) 

PALLES, CHRISTOPHER (1831-1920), lord chief baron 
of the court of exchequer in Ireland, whose judgments are cited 
as high authority in the English and U.S. courts, was born in 
Dublin on Christmas Day, 1831. He was educated at Clongowes 
Wood College and Trinity College, Dublin, and was called to the 
Irish bar in 1853. He took silk in 1865. In politics, he was a 
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Liberal and served successively as solicitor general and atto 
general for Ireland before being made chief baron of the Trish 
exchequer in February 1874, just before the fall of Gladstone's first 
ministry. 

He retained his precedence and title of chief baron until his te. 
tirement in 1916, notwithstanding the merger of the court of 
exchequer with the Queen’s Bench Division in 1897. 

His reputation for clarity of exposition and learning in the 
common law was outstanding, and even in his lifetime was not con. 
fined to the circle of those who practised before him in Ireland, 
Palles also did much in the development of higher education ip 
Ireland. He died at Dundrum, County Dublin, on Feb. 14, 1920, 

See F. Elrington Ball, The Judges in Ireland 1221-1921 (1926), 

(R.G. M. B) 

PALLOTTINE FATHERS (Socrerv or tHe Carmouc 
APOSTOLATE; SOCIETAS APOSTOLATUS CATHOLICI; S.A.C.), a Ro 
man Catholic society of common life founded at Rome on April 4, 
1835, by St. Vincent Pallotti (1795-1850). The Pallottine Fathers 
and associated Brothers are promoters of Catholic Action (q.v), 
Their objective is to make each person an apostle. Because of 
this universal objective, their work is all-embracing. They ad. 
minister parishes, schools, and colleges; conduct retreats and mis 
sions; direct lay organizations; serve as chaplains in hospitals, 
prisons, and the armed forces; promote the Catholic press; and 
work in home and foreign missions. The Pallottine Sisters wert 
founded in 1843 by Pallotti as a separate congregation. The 
Pallottines are established on all six continents. See also ORDERS 
AND CONGREGATIONS, RELIGIOUS. (E. L.K) 

PALM, any plant of the large, chiefly tropical family Palmae, 


which ranks next to the grasses in order of economic importance, | 


They were termed the princes of the plant kingdom by the great 
botanist Linnaeus. Indeed, they are noble in appearance, most 
of them being tall and stately. 


DISTRIBUTION AND IMPORTANCE 


Distribution.—Although the palms are incompletely known 
there are thought to be about 210 genera with probably between 
3,000 and 4,000 species. These are mainly tropical, but with some 
representatives in temperate regions. Most palms will not usually 
grow above 4,000 ft. in altitude, but some species of the wat 
palm (Ceroxylon) are found at 13,000 ft. or higher (2,000 ft 
above the timberline) in the northern Andes. The hair palm 
(Chamaerops humilis), of the Mediterranean region, is the only 
native European palm; the date palm (Phoenix dactylifera) {rom 
the same region is of African origin. A number of other species 
of palms are distributed in various parts of the African conti 
nent. In eastern Asia palms extend along the coast reaching 
Korea and southern Japan, whereas in western Asia the northern 
limit is Afghanistan. In Nort 
America several genera occur n 
the southern United States, aM 
in South America the $0001 
limit is reached by the 810 
palm or wine palm (Jubaea sp 
tabilis) of Chile, at about latity 
37? S. New Zealand is Ч 
southernmost point of palm dr 
tribution in the Eastern Hem 
sphere. 

P The palms native in the i 
Ih ‘tinental United States compe. 

1 14 species belonging to 9 Du 
In California one palm is n4 
the fan-leaved ipee p" 
(Washingtonia filifera); 
plant occurs around the bende 
of the Colorado desert, ph 
yons along streams, or in 
places in the open; it also occi 
in southwestern Arizona. 
eral palmettos (Sabal) io d 
ent: S. texana is native 1n 
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FIG, 2.—DOUM PALM HAVING SEVERAL STEM FORKS, 
HYPHAENE FOUND IN TANGANYIKA 
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near the mouth of the Rio Grande; the dwarf palmetto (S. minor) 
is native in eastern Texas, Oklahoma, Arkansas, Alabama, the 
Carolinas, and Florida; S. louisiana is found only in Louisiana and 
Texas; and the cabbage palmetto (S. palmetto) ranges from North 
Carolina to Florida along the coast. The saw palmetto (Serenoa 
repens) is almost a weed in the pinelands ranging from South 
Carolina to the Florida keys and along the Gulf Coast to Louisi- 
апа; and the needle palm (Rhapidophyllum hystrix) occurs from 
Mississippi to Florida and South Carolina. All the other palms 
native in the United States are confined to Florida; most of these 
are found in the warmer parts from the latitude of Miami south- 
ward, They include the thatch palms (TArimax microcarpa, T; 
parviflora), silver palm" (Coccothrinax argentea), saw cabbage 
palm (Acoelorraphe wrightii), cherry palm (Pseudophoenix sar- 
bentii), Sabal etonia and royal palm (Roystonea regia). 

The great centres of palm distribution"are tropical America 
(with about 500 species concentrated in Brazil alone) and tropical 
a Large genera confined to tropical America include Bactris, 
Buone: Mauritiella, Chamaedorea, and Attalea, whereas those 
be only in the Old World tropics are Calamus, Daemonorops, 
{ eu Hyphaene, and Livistona, The raffia palms (Raphia) are 

nd in both the New World and Old World tropics, and the 
Coconut palm (Cocos nucifera) is apparently pantropical in its 
native state, 
bee may be arranged in seven tribes, distinguished by 
irae of leaves, the sexual condition of the flowers, the char- 
istics ү the seed, the position of the raphe, etc. Other character- 

of minor importance are the habit of the plant; the position 


А MUCH-BRANCHED FLOWER CLUSTER OF THE PRINCESS PALM 
RMA ALBUM) 
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of the spathes; the estivation of the flowers; and the nature of 
the stigma, ovary, and fruit. 

Economic Aspects.—Palms are of the greatest economic im- 
portance. They furnish food, shelter, clothing, timber, fuel, build- 
ing materials, fibres, paper, starch, oil, sugar, wax, wine, tannin, 
dyeing materials, resin, and a host of minor products, which make 
them most valuable to native populations in the tropics and to 
tropical agriculturists. 

Sugar and liquids capable of fermentation are produced by the 
following palms; toddy fish tail (Caryota urens), nipa (Nipa 
fruticans), coconut, palmyra (Borassus flabellifer), lady (Rhapis 
vinifera), sugar (Arenga pinnata), and Mauritiella vinifera. 
Starch is procured in abundance from the stems of sago palms 
(Metroxylon). Leaves of many of the palms are used as a thatch- 
ing material for primitive tropical homes. The fruit of the African 
oil palm (Elaeis guineensis) yields palm oil when crushed and 
boiled, and dried coconut endosperm produces an oil used widely 
in commerce. Wax is obtained from the leaves of the Arikury 
palm (Arikuryroba schizophylla) and the carnauba palm (Coper- 
nicia cerifera). Fruits of the date palm are the staple food of 
some districts of North Africa; edible fruits are also produced 
by the peach palm, or pejibaye (Guilielma gasipaes), of tropical 
America. Many species, e.g., Roystonea oleracea, Sabal palmetto, 
Cocos nucifera, Euterpe globosa, and others, are valued for their 
“cabbage,” the terminal bud (the removal of which causes the 
death of the tree). The terminal bud of some of these species 
is served, under the name “millionaire’s salad,” by some of the 
finest restaurants in the United ч à 
States. The coco-de-mer, or dou- 
ble ‘coconut (Lodoicea sechel- 
larum), is found only in the Sey- 
chelles Islands. Its fruit is huge, 
weighing up to 40 lb., and cón- 
tains a pair of seeds. The betel 
nut'palm (Areca catechu) is cul- 
tivated in tropical Asia and cer- 
tain Pacific islands for its fruits, 
which are chewed wrapped in a 
peppery leaf with a pinch of lime. 

In the United States several 
species of palms can be grown 
successfully out-of-doors as far 
north as Oregon, from latitude 
42? to 46° N; in England, at lati- 
tudes of 50° N, it is possible to 
grow the following out-of-doors: 
the Mediterranean hair palm, 
windmill palm (Trachycarpus 
fortunei); Canary Island date (Phoenix canariensis), and Chilean 
wine palm. Some palms, such as Rhapis flabelliformis, the hair 
palm, and several species of Chamaedorea, are suited for ordinary 
greenhouse culture and the dry atmosphere of living rooms. 
Potted plants of the sentry palms or kentias' (Howea), Chinese 
fan palm (Livistona chinensis), and Weddell palm (Syagrus wed- 
delliana) make stately indoor specimens. 


FORM AND FUNCTION 


Palms are usually characterized by the presence of an un- 
branched stem bearing a tuft of leaves at the tip; these leaves, 
often gigantic in size, are firm in texture and are divided feather- 
fashion (pinnately) or fan-fashion (palmately). The flower 
clusters are borne on simple or branching spikes generally asso- 
ciated with leaflike structures called spathes. Each flower con- 
sists of a perianth of six greenish inconspicuous segments arranged 
in two rows and, when bisexual, six stamens and a pistil contain- 
ing one to three carpels, each with à single ovule: The fruit is 
either dry or fleshy, and the seed consists almost entirely of 
endosperm along with the very minute embryo. Some of the 
more important modifications are noted briefly. 

Stem.—In many palms the stem is relatively tall (as much as 
200 ft. in the genus Ceroxylon), erect, unbranched, cylindrical, 
or dilated below so as to form an elongated cone, either smooth 
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FIG, 4.—BETEL NUT (ARECA CATE- 
CHU) 
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FIG. 5,—FRUITING COCONUT PALM (COCOS NUCIFERA) 


or covered with the projecting remnants of the former leaf petioles, 
or marked with circular scars indicating the position of those 
leaves that have dropped off. It varies in diameter from the 
thickness of a cattail stem (as in Chamaedorea) to a sturdy pillar- 
like structure as in the royal palm, Chilean wine palm, palmyra 
palm, and the talipot palm (Corypha umbraculifera). In other 
cases the slender stem is pros- 
trate, or scandent by means of 
hooked prickles (as in the rattan 
palms, Calamus) that enable the 
plant to support itself on adja- 
cent trees and permit the stem to 
grow to great lengths (see VINE). 
Sometimes the trunk, or that por- 
tion of it above ground, is so 
short that the plant is said to be 
"stemless," as in the nipas, which 
grow in and along tidal streams 
in the Indo-Pacific region, and in 
the saw palmettos of the south- 
eastern United States, In many 
species of palms the trunk is 
covered with a dense network of 
stiff fibres (as in the coconut 
palm), often compacted together 
at the free ends into spines (as 
in the Cuban acrocomia, Acrocomia armentalis). This material, 
which is so valuable for cordage, consists of the fibrous tissue of 
the leaf stalk, which in these cases persists after the decay of the 
softer portions, Some palms, especially those growing in shallow 
soils, characteristically produce adventitious roots at the base of 
the stem which apparently anchor the trees more firmly in the soil. 
The underground stem of some palms (e.g., the rattans) is a 
rhizome which lengthens horizontally by development of a terminal 
bud. Lateral suckerlike branches form thickets of canelike stems. 
Branching of the main stem above ground is unusual; however, in 
the doum palm (Hyphaene thebaica) of Egypt the stem forks. 
The internal structure of a palm stem does not differ ma- 
terially from that of most monocotyledons. Woody tissue is scat- 
tered in bundles throughout the stem rather than being con- 
centrated in a ring, or rings, around a central soft pith as in woody 
dicotyledons. The trunk becomes progressively harder and more 
woody as a result of the sclerification of new fibre strands or, in 
a few species, by the formation of secondary “conjunctive” tissue 
containing new vascular bundles, In addition to this, palms do 
not produce a true bark but develop an outer hard layer of strong 
tough fibres instead. In fact, this outer layer is sometimes so 
tough that only the sharpest ax can penetrate it. 
Leaves.—Leaves of palms are arranged either at more or less 
distant intervals along the stem, as in the rattans and Dae- 
monorops, or are clustered in tufts at the end of the stem, thus 
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FIG. 6,—CROWN OF LEAVES OF CHI- 
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forming those noble crowns of foliage generally associated with 
the idea of a typical palm. The adult leaf usually has a sheathing 
base tapering upward into a stalk or petiole to which the blade 
is attached. In Copernicia and Coccothrinax, the petiole develops 
spines of various sizes. The size of palm leaves varies within 
wide limits, some being only inches long, as in young specimens 
of the Weddell palm, while those of some raffias may exceed a 
length of 50 ft. In form the leaves are rarely simple or undivided 
except in the juvenile stages of some species; usually they are 
more or less divided, either in a palmate fashion as in the fan 
palms (e.g., Latania, Borassus, Chamaerops, Sabal) or pinnately 
as in the feather palms (e.g, Areca, Kentia, Calamus, Dae. 
monorops). The shape of the leaflets is generally more or less 
linear, but in Caryota and Martinezia they are broad and wedge. 
shaped. Palm leaves are often covered with hairs or spines, and 
sometimes coated with fairly thick deposits of wax, as in many 
species of Copernicia. 

Flower.—The inflorescence of palms ranges from a simple 
fleshy spike to a much-branched axis which is studded with nu. 
merous small flowers (as many as 60,000,000 per plant in the 
talipot palm) and enveloped by one or more spathes. The average 
palm inflorescence ranges from 2 to 6 ft. long, but in the talipot 
palm it is often more than 20 ft. in length. This latter palm 
flowers only once (between 30 and 40 years of age); it develops 
the huge inflorescence and, after the fruit ripens, the tree dies, 

The individual flowers are usually greenish and inconspicuous; 
their general structure has been described above. They are either 
bisexual or unisexual. When unisexual, the male and female 
flowers are usually produced on the same tree (;.e., monoecious, 
as in the tribe Areceae and a number of genera in other tribes) 
but not always in the same season, for a tree in one year may 
produce male flowers and in the next year female flowers. In 
some cases the‘male and female flowers are on separate. trees, іё 
dioecious, as in Rhapis, Lodoicea, Hyphaene, Ceroxylon, Latani, 
and Phoenix. Sometimes the flowers are modified by an increase 
in the number of parts; thus the normal 6 stamens may be in 
creased to 12, 24, or even hundreds, Pollen is carried from the 
anthers by wind or insects to the stigma of another flower. This 
is sometimes facilitated by the elastic movements of the filaments 
and anthers which liberate the pollen so freely that the atmosphett 
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FIG. 7.—WORKER PICKING FRUIT FROM A DATE PALM (PHOENI 
IFERA) IN AN IRANIAN GROVE 
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js visibly clouded with pollen. This often occurs in the case of 
the Egyptian date palm. mio 

Fruit.—Palm fruits vary in size, shape, and structure, In the 
date and betel nut they are fleshy or relatively soft, enclosing a 
hard seed. The coconut fruit is similar to a plum or cherry; the 
fibrous outer portion corresponds to the outer fleshy portion and 
the shell corresponds to the stone or pit of these two plants. The 
coconut seed is actually the edible fleshy and liquid parts inside the 
shell. Other fruits, like those of Raphia, Mauritiella, and Metrox- 
ylon, are covered with a series of overlapping scales. 

The seeds are variable-in size and shape, but they always con- 
sist of a mass of endosperm, a tiny embryo, and a seed coat. The 
hard date seed, the fleshy and liquid parts of the coconut seed, 
and the hard seeds of the ivory palm (Phytelephas macrocarpa) 
of tropical America and Metroxylon amicarum of the Caroline 
Islands are primarily endosperm tissue. 

See also the references under "Palm" in the Index. 

BreniocnAPHY.—]. C. McCurrach, Palms of the World (1960); D. 
Muirhead, Palms (1961); J. Barbosa Rodrigues, Sertum Palmarum 
Brasiliensium (1903); E. Blatter, The Palms of British India and 
Ceylon (1926) ; B. E. Dahlgren, Index of American Palms [and] Fossil 
Palms (1936) ; M. Burret, Systematische Übersicht über die Gruppen 
der Palmen (1953-56). See also Principes, a journal devoted exclu- 
sively to articles on palms, begun in 1956. 

(У.Н. В.; І. Н. B4.; 5. Е. G.) 

PALMA, JACOPO (Parma Veccuto, originally Jacopo 
Necret1) (c. 1480-1528), Venetian painter of the High Renais- 
sance, a distinguished minor painter whose craftsmanship and 
finish were superlative, was born at Serinalta, near Bergamo. His 
namesake and more prolific great-nephew is known as Palma 
Giovane (Palma the Younger). A competitor of Titian, and a 
follower of the tradition of Giorgione and Giovanni Bellini, Palma 
occupies ап. inferior position in both popular and critical esteem. 
He has been called a painter of dull pictures, though this is an 
undiscerning estimate. As with the work of other Venetian Renais- 
Sance masters, it is only in a work entirely by him that the effect 
is one of subtle nobility. : What may in the work of a follower ap- 
ms as — or lack of inspiration is gentle serenity in the 

ster’s work, 

Palma made the type of Venetian contemplative religious picture 

own as the sacra conversazione (i.e., a group of historically 
unrelated sacred personages grouped together, usually in a land- 
Scape setting) particularly his own. To his late rsth-century 
Subject matter he applied the vision of Giorgione in colour and 
fused. soft-focus effects, Palma's particular refinement of the 
Giorgionesque technique was his use of transparent glazes, most 
a which later deteriorated. Palma's figures have a monumentality 
р м ү ипи еш noticeable in his finest чо, 
tly în imitation of ich haf length female Sgures by Titan as 
m potu or n: With a Loy epe 
orm. Examples Á ; TR onde, xa "ee à Н in 
Berlin, London and Vie Mmi o ae cdm 
зрә ienna. An especially striking late version 
т е Sisters” (Dresden). This work, along with many of 

roducts, shows the influence of Lorenzo Lotto. Forty 
ished үт» remained unfinished at his death and were fin- 
Quality of oe Presumably this accounts for the variable 

P à 
roa Fun Faun A el 
'netian mannerist. tdi ae M Ind jj iit m become 
rompletely outmoded Tho h nde T нў deris really a 

ет, so he easily раї ti "es enin niahi the ОРИ 
Rteater: men En us ed tasteful pieces mate! cy ji NE 
Assistant ie 5 lack of an original style made an je 
nished onin ез Тібап whose last work, the rei е 
esteemed 3 gned. - Palma Giovane s drawings have always $3 
rich imaginati ая for their vigorous, varied png an 
ee C; Rigo, | without the triviality of his oils. (J. MN) 
19143 vo], 2, ron Le Maraviglie dell'Arte, ed. by D. V. Hadeln (vol. 1, 

PAL › 1924) and A. Spahn, Palma Vecchio (1932). 
best МА, RICARDO (1833-1919), Peruvian man of letters, 

Wn for his legendary sketches of colonial Peru, one of 
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the most popular collections in Spanish-American literature, was 
born in Lima on Feb. 7, 1833. At the age of 20 he joined the 
navy, and in 1860 was forced by political exigencies to flee to Chile, 
where he devoted himself to journalism. Six years later he re- 
turned to Lima to join the revolutionary movement against Spain. 
He also took part in the War of the Pacific (1881), and during 
the Chilean occupation courageously protested against the van- 
dalistic destruction of the famous National library by Chilean 
soldiery. 

After the war Palma was director of La Prensa in Buenos Aires, 
but soon was recalled to Peru to rebuild the National library; he 
remained its curator until his death in Lima, Oct. 6, 1919. In 1887 
he founded the Peruvian academy. 

Palma's literary career began in youth with light verses, ro- 
mantic plays and translations from Victor Hugo. His Anales de 
la inquisición de Lima (1863) was followed by several volumes 
of poems. His fame derives chiefly from his charmingly impudent 
Tradiciones peruanas—short prose sketches, which mingled fact 
and fancy, of the pageantry and intrigue of colonial Peru. Their 
sources were the folk tales, legends and racy gossip of his elders, 
plus historical bits gleaned from the National library. The first 
six volumes of this series appeared between 1872 and 1883; they 
were followed by Ropa vieja (“Old Clothes") (1889), Ropa 
apolillada (“Moth-Eaten Clothes") (1891), Mis últimas tra- 
diciones (1906) and Apéndice a mis últimas tradiciones (тото). 

‘See for selections in English and bibliography, Palma's The Knights 
of the Cape, trans. by Harriet de Onís (1945). (J. C. D.) 

PALMA (or Parma DE MALLORCA), capital town of the Bal- 
earic Islands (q.v.), a Spanish province, is situated in the south- 
west of the island of Majorca (Mallorca) in the centre of the 
10-mi.-wide Palma Bay. Pop. (1960) 159,084 (mun.). The old 
quarters have many beautiful houses of the 16th and 18th cen- 
turies. Notable buildings include the Gothic cathedral (1230- 
1601); Bellver Castle, on the hill of the same name (14th cen- 
tury); La Lonja, the former exchange, now a museum (15th 
century); Almudaina Palace, former residence of the Arab dy- 
nasty, and now the captain general's headquarters (restored in the 
12th and 16th centuries) ; the Sea Consulate (17th century) ; bish- 
op's palace (17th century) ; and the town hall (16th century). The 
modern part, with its fine buildings, promenades, and gardens, 
stretches along the coast for seven miles. Palma has good educa- 
tional facilities, including a section of the University of Barcelona, 
and several art galleries and museums. 

Palma is connected to the mainland by frequent air and sea 
services. There are direct flights to many European cities, and 
steamers connect with Europe, Africa, and New York. The most 
important occupations are the tourist trade and the manufacture 
of furniture, footwear, and fabrics. The many crafts include em- 
broidery, pottery, artistic glass and iron work, palmetto and raffia 
basketwork, and olive wood carving. 

Little is known of Palma before 123 B.c. when the Romans con- 
quered Majorca, making the archipelago a Roman province. At- 
tacked by the Vandals in the 5th century, it became part of the 
Byzantine Empire a century later. In the 8th century it fell to 
the Arabs, and in 1229 was conquered by James I, who united it 
with the crown of Aragon. On his death it became independent, 
but was again incorporated into Aragon by Peter IV in the 14th 
century. It became part of the Spanish monarchy upon the mar- 
riage of Ferdinand II of Aragon (1452-1516) and Isabella of 
Castile. (L. Sa. B.) 

PALMA (or SAN MicvEL DE LA PALMA), an island in the 
Spanish archipelago of the Canary Islands (g.v.), Area 281 sq.mi. 
(728 sq.km.). Pop. (1960) 67,141. Only 29 by 17 mi., Palma has 
a huge volcanic crater, 6 mi. in diameter with walls over 5,000 ft. 
high. The crater rim is breached on the west by a canyon but else- 
where forms a mountain ridge up to 7,900 ft. in altitude. Its well- 
watered slopes are densely wooded and deeply dissected by ravines. 
The more recent lava streams, including that formed on the west- 
ern flank in 1949, are naked. Santa Cruz de la Palma (pop. 12,- 
967), the capital, handles most of the exports of bananas, tomatoes, 
tobacco, and embroidery. The island has some motor roads and 
an air strip. (R. P. BE.) 
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PALM BEACH and WEST PALM BEACH, sister cities 
of Palm Beach County, Fla., U.S., are located on the Atlantic 
coast, 287 mi. S of Jacksonville and 67 mi. N of Miami. Palm 
Beach, known as Palm City until 1887, occupies an ancient sand- 
bar and is separated from West Palm Beach by a lagoon known as 
Lake Worth. It is one of the most luxurious winter resorts in 
the U.S., with palatial hotels, clubs, and private estates. Three 
bridges span the lake which is usually, dotted with yachts and 
small boats. West Palm Beach occupies an elevated ribbon of 
land for eight miles along the sand ridge common to most of the 
Florida east coast. It is also a pleasure resort but in addition is a 
commercial and financial centre of a wide area. Both cities are 
on the Atlantic Intracoastal waterway which traverses Lake 
Worth. 

Because of their southerly location and the marine influences, 
the Palm Beaches have an equable climate that attracted settlers 
after the American Civil War. They did not become fashionable 
as winter resorts until after Henry M. Flagler extended his Florida 
East Coast Railroad into the area in 1894 and built several luxuri- 
ous hotels to attract northerners. Within a few years Palm Beach 
became known as the American Riviera and was frequented by 
wealthy and famous personages, many of whom later built and 
maintained winter homes there. For years West Palm Beach 
served as a transfer point and domicile for Palm Beach workers, 
but with the development of transport facilities it became a major 
tourist centre, 

On the creation of Palm Beach County in 1909, West Palm Beach 
became the county seat and in the intervening years far outstripped 
its more exclusive sister city in growth and population. Pop. 
(1960) Palm Beach, 6,055; West Palm Beach, 56,208. The West 
Palm Beach standard metropolitan statistical area (Palm Beach 
County) in 1960 had a population of 228,106, (For comparative 
population figures see table in FLomma: Population.) Both cities 
adopted commission-manager governments, West Palm Beach in 
1919 and Palm Beach in 1922. The former is the hub of an ex- 
panding metropolitan area with business and financial interests 
catering to local service and to industries allied to farming, cattle 
raising, and commercial fishing. West Palm Beach also benefited 
from the state's increasing industrial activity, and in the 1950s and 
early 19605 many new industrial plants located in Palm Beach 
County, including a jet engine facility. 

The Palm Beaches are served by rail, road and air. The port of 
Palm Beach became one of the busiest in the state, visited by tanker 
and cargo vessels, and barges going to the Lake Okeechobee ports 
through the St. Lucie canal. Tropical storms occasionally visit 
the Palm Beaches, the hurricane of September 1928 being notably 
devastating. 

The cultural facilities of the two cities include Palm Beach 
Junior College (1933), one of the state's largest, the Norton Art 
Gallery and Theatre and Memorial Library. A popular recreation 
is the excellent.fishing in the nearby Gulf Stream and from the 
piers, bridges, and beaches. (J. E. D.) 

PALM CIVET (Toppy Car), the name of several species of 
small mammals of the family Viverridae. Their name is derived 
from their main habitat, palm trees. The common palm civet 
(Paradoxurus), about the size of a domestic cat, yellowish gray 
and spotted, is found from central China and India to the Molucca 
Islands. The masked palm civet (Paguma) lacks spots and has a 
blackish facial mask, The small-toothed palm civet (Arctogalidia) 
has three dorsal stripes, the lateral ones often broken into spots. 
These two forms are found from China to Sumatra and Borneo. 
The banded palm civets have dark transverse dorsal bands. One 
genus (Hemigalus) occurs from Tenasserim to Borneo. The other 
(Chrotogale) is found in Tonkin and Laos. They all feed on 
small animals, fruit, and vegetation. See also CIVET. 

(Jo. E. H.) 

PALMELA, PEDRO DE SOUSA HOLSTEIN, Duque 
DE (1781-1850), one of the leading Portuguese statesmen and 
diplomats of the 19th century, was born at Turin, in Piedmont, on 
May 8, 1781, during his father's tour of duty in the diplomatic 
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corps. His family, and particularly his mother, had suffered from 
the Marqués de Pombal's despotism. Educated abroad and 
Coimbra, Palmela entered the army in 1796 and the foreign s E 
ice in 1802. He was a friend of Madame de Staél and of Ale 
von Humboldt, campaigned with Wellington in the Peninsular Wi 
and represented Portugal in Rome (1802), Spain (1810), | 
Great Britain (1812). With the title of conde (from 1812 
also took part in the Congress of Vienna. In 1817 he was ap 
pointed Portuguese minister of foreign affairs, but it was only j 
1820 that he arrived in Rio de Janeiro, where the court then 
so that he did not serve long. He returned to Portugal with K 
John VI in 1821 and was created marqués in 1823. In later y 
he was for short periods minister of foreign affairs again ( 
president of the chamber of peers (1841), and prime mi 
(1842 and 1846). A moderate liberal along British lines, he ui 
John VI to embrace constitutionalism. Having allied him 
with the Liberal party on John VI's death (1826), Paln 
stalwartly identified himself with the movement that in 1834 
Maria II on the throne; and it was largely thanks to his sul 
quent efforts that she remained queen. Duque de Palmela fi 
1833, he played an active role in politics and diplomacy aln 
until his death on Oct. 12, 1850, in Lisbon, in his palace 
Lumiar. L 
See M. A. Vaz de Carvalho, Vida do Duque de Palmela, 3 vol. (189 
1903). (M. Ca 
PALMER, ALEXANDER MITCHELL (1872-19 
U.S. lawyer and government official who gained nationwide al 
tion as a militant foe of Bolshevism in 1919-20, was bom 
Moosehead, Pa., on May 4, 1872. He graduated from Swarth 
College (Swarthmore, Pa.) in 1891, studied law for two years 
began to practise in Stroudsburg, Pa. He became an active men 
ber of the Democratic Party and served in the. U.S. Hous 
Representatives for three terms (1909-15). Palmer lost a 
cornered contest for the U.S. Senate in 1914, but received suce 
sive appointments from Pres. Woodrow Wilson as judge om 
U.S. court of claims (1915), as alien property custodian (1917) am 
as attorney general (March 4, 1919). In the latter post, he hel 
to promote the postwar “red scare” and pressed for ithe depo 
tion of alien radicals. Palmer made an unsuccessful bid for th 
presidential nomination in 1920 and resumed his law practic 
Stroudsburg the next year. He died there on May 11, 1936 
See S. Coben, A. Mitchell Palmer: Politician (1963). (G: НУМА 
PALMER, EDWARD HENRY (1840-1882), English! 
entalist, distinguished as a linguist and as a traveler, was bom! 
Aug. 7, 1840, at Cambridge. He early showed linguistic abl 
learning Romany from gypsies while at school, and Italian D 
political exiles while working in London as junior clerk ina} 
merchant's firm (1856-59). During convalescence from a se 
illness, he wrote light verse and plays, showing the talent 
versification that later distinguished his translations, and in. 
he began to learn Urdu, Persian, Arabic, and Hebrew from 0 
scholars in Cambridge. He read classics at St. John's 
(1863-66) and, while an undergraduate, taught Arabic, cat 
the Arabic and Persian manuscripts in King’s and Trinity Col 
libraries, and was foreign correspondent in Urdu to two m 
newspapers. In 1867 he was elected fellow in Oriental stud A 
St. John’s, and published Oriental Mysticism, a translation © 
Persian treatise. А 
In 1868-69 he joined an Ordnance Survey expedition fol 
the Israelites’ route from Egypt through the Sinai desert t 
salem, and in 1870 accompanied the naturalist and explorer 
Tyrwhitt Drake on a further exploration of the desert, finan 
the Palestine Exploration Fund. He described both journ 
The Desert of the Exodus (2 vol. 1871). In the same ye 
published, with his friend Walter Besant, Jerusalem, the $ 
of Herod and of Saladin, which presented a Muslim view 9 
city’s history. я 
While professor of Arabic at Cambridge (1871-81), Palmeri 
lished the Persian-English volume of A Concise Dictionary 
Persian Language (1876; completed in 2 vol. by G. Le Str 
1883-84); a scholarly edition of the poetical:works of Beha 
Zoheir (1876), followed by a free metrical translation 
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The Song of the Reed, and Other Pieces (1877), containing trans- 
lations from. Persian and Arabic and original poems; and a transla- 
tion of the Koran (1880; World's Classics, 1928), which despite 
inaccuracies, conveys the true atmosphere of the desert. After 
leaving Cambridge, he became a contributor to the Standard. In 
1882 he was asked by the government to return to Sinai to enlist 
the sheikhs’ support for the proposed British occupation of Egypt, 
and to take measures to ensure the safety of the Suez Canal, 
After a successful first mission, he was ambushed and murdered 
at Wadi Sudr (Aug. 11, 1882). 

See W. Besant, Life and Achievements of E. H. Palmer (1883) ; A. J. 
Arberry in Oriental Essays (1960). 

PALMER, SAMUEL (1805-1881), English landscape 
painter and etcher, whose watercolour landscapes are distinguished 
by a dreamy, poetic quality, was born in London on Jan. 27, 
1805, He first exhibited at the Royal Academy in 1820 and at the 
British Institution in 1821. Palmer was deeply influenced by Wil- 
liam Blake, He died at Reigate on May 24, 1881. 

Palmer’s English metrical version of Virgil’s Eclogues, which 
was published posthumously in 1883, contains reproductions of 
his watercolours, and etchings completed by his son A. H. Palmer. 
His paintings may be seen in a number of galleries, including the 
Tate Gallery and the Victoria and Albert Museum in London. 

PALMERSTON, HENRY JOHN TEMPLE, 3RD Vis- 
COUNT (1784-1865), one of Britain’s ablest and most powerful 
foreign secretaries for a total of 16 years and prime minister for 
a total of 9 years, was during the last 15 years of his life the 
dominant personality in English politics. His forceful handling 
of foreign affairs promoted his country’s influence abroad, and 
because he so often expressed the views of his countrymen, delight- 
ing and gratifying them by his assurance, his patriotic prejudices, 
and outspoken comments, he acquired and retained immense pop- 
ularity and influence at home. 

Temple was born in London on Oct. 20, 1784, the elder son of 
Henry, 2nd Viscount Palmerston, and his wife Mary, née Mee. 
Part of his childhood was spent in Italy and France. He was sent 
to Harrow School in 1795 and in 1800 went to Edinburgh Univer- 
sity, where he attended the lec- 
tures of the philosopher Dugald 
Stewart, with whom he boarded. 
In 1802 he succeeded to the vis- 
countcy, an Irish peerage which 
did not debar its holder from 
Membership of the House of 
Commons, He was at St. John's 
College, Cambridge, from 1803 to 
ine After several electoral 
ailures he found a seat in Par- 
iwi in 1807 as member for 
mete in the Isle of Wight. 
nfluence had already secured for 
im à junior lordship of the ad- 
miralty in the duke of Portland's 
biu. administration (1807-09), 
н Spencer Perceval 
Ke feted government in 1809 
н» to the 25-year-old 

ен n the chancellorship of 
ever, pre n Palmerston, how- 
office of b the less important 
with. th retary at war, charged 
thes € financial business and 
FEN of the army without a seat in the cabinet. Showing no 
nme „ап ambitious temperament or of great political ability, 
CEP us under five prime аи 
thi А abinet only under George Canning in . During 
ipis d he was chiefly known as a man of fashion and was 
of the eae as having little influence on the general policy 
Proved КЫГЫ Few knew that їп this thankless office he had 

ithin t Hs f an efficient and devoted administrator. 
reformist € great Tory coalition Palmerston supported the more 
group, the *Canningites"—which included William Hus- 
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kisson and William Lamb (afterward 2nd Viscount Melbourne)— 
and he resigned with them from the duke of Wellington’s cabinet 
in 1828. Finding himself in opposition, he cultivated his interest 
in foreign affairs. He made several visits to Paris, where he 
foresaw the impending revolution; and on June 1, 1829, he made 
his first great speech on foreign affairs. Palmerston was no orator, 
for his language was unstudied and his delivery somewhat em- 
barrassed, but he addressed the House of Commons in language 
adapted to the capacity and temper of his audience. When the 
Whig Earl Grey became prime minister in November’ 1830, 
Palmerston accepted the office of foreign secretary which he was to 
hold (with a short intermission from 1834 to 1835) until September 
1841, and again from July 1846 until December 1851. 

Foreign Secretary (1830-34, 1835—41, 1846-51) .—As foreign 
secretary, Palmerston was to make himself respected and even 
feared abroad. He owed his reputation fundamentally to hard 
work. He read and thought much more about foreign affairs than 
did any of his colleagues or his continental rivals; and he always 
had the current business of the foreign office at his fingertips. 
However, he approached some questions of foreign policy with 
such passion, personal animosity, and imperious language that 
Queen Victoria and some of his colleagues regarded him as a dan- 
gerous minister, and he caused much irritation in other countries, 
He cared deeply for the prestige of Britain, for the spread of 
liberal and constitutional regimes, and for the abolition of the 
slave trade. Though on occasions he could show great tact and 
patience, and even guile, he was often devastatingly forthright and 
provocative. His attitude toward France is the best illustration 
of his ambivalence, Throughout his career in high office he con- 
tinually emphasized the importance of good relations with France, 
even when this weakened his own position in England. But he fre- 
quently gave great offense by his frank public and private state- 
ments of disagreement with French policy, and by his unconcealed 
scorn of French strength and his references to Waterloo. It was 
never easy to tell whether the insults were calculated or not, but 
Palmerston certainly sometimes spoke unpardonably reckless 
words. Moreover he was so sure of himself that he was liable 
to push matters unnecessarily to extremes, a tendency best illus- 
trated by the Don Pacifico incident (see below). 

Belgium, Spain, and Portugal.—When Palmerston became for- 
eign secretary in November 1830, the existing settlement of Eu- 
rope had just received a severe shock from the revolutions in 
France (July) and Belgium (August). Britain was well satisfied 
with the accession of Louis Philippe in France but was disturbed 
by the revolt of Belgium (q.v.) against the king of the Nether- 
lands. Palmerston induced the powers to agree that. Belgium 
should be independent (January 1831), and Prince Leopold of 
Saxe-Coburg became king in July. But prolonged and intricate 
negotiations were necessary to avert the serious danger of Е rench 
intervention at various stages and to force the Dutch to accept 
the agreements, In this matter Palmerston worked to maintain 
peace and stability in Europe and in accordance with the tradi- 
tional British desire to prevent a major power from gaining undue 
influence in the Low Countries, The surmounting of all the dif- 
ficulties was a solid success’ for his diplomacy. 

At this time both Spain and Portugal were troubled by disputes 
over the succession to their thrones, The young queens Maria II 
of Portugal and Isabella II of Spain, the representatives and hope 
of the constitutional parties in these countries, were hard pressed 
by their absolutist uncles Dom Miguel and Don Carlos. Palm- 
erston gave valuable support to the queens by concluding with 
them and with France a quadruple alliance (April 22, 1834), which 
formed a counterpoise to the alliance of the three. absolutist 
monarchies of Russia, Prussia, and Austria. He also allowed a 
British legion to serve with the Spanish constitutionalist troops. 

The Near Eastern Crisis (1839-41) and the First Chinese War 
(1839-42).—In Near Eastern politics Palmerston had been from 
the first a strenuous supporter of the claims of the Greeks against 
the Turks (see GREEK INDEPENDENCE, WAR or). But he had not 
long been foreign secretary before he began to lay great stress 
upon the importance to Britain of defending and maintaining in- 
tact the Ottoman Empire. He believed that Turkey could be re- 
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formed. His two principal aims in the Near East were to prevent His failure to give any practical support to the Hungarians derived 
the establishment of Russia on the Bosporus and of France on the from his belief that a strong Austria-Hungary: was essential for 
Nile. He regarded with apprehension the Treaty of Unkiar the stability of Europe. But he showed his disapproval of thy 
Skelessi which Russia extorted from the sultan in 1833 as the way in which Russia and Austria suppressed the revolt, and when 
price of its assistance against Muhammad Ali, pasha of Egypt the old regimes were restored he was regarded with suspicion anj 
(see EASTERN QUESTION). When, in 1839, Muhammad defeated resentment by every major power except France. He himself 
the sultan and appeared to threaten the existence of the Ottoman claimed, with some justice, that his attitude, and particularly his 
dynasty, Palmerston helped to effect a combination of all the pressure on France, had preserved the peace of Europe. 
Western powers, whose representatives signed the collective note The Don Pacifico Incident.—In 1850 occurred the incident for 
of July 27, 1839, pledging themselves to maintain the independence which Palmerston is perhaps best remembered and which clearly 
of the Turkish Empire. It soon became clear, however, that illustrated the less balanced aspect of his policy. In that year he 
France would not go so far as to join in coercing Muhammad, and took advantage of the questionable claims of David Pacifico (qu) 
Palmerston made a convention for that purpose with Russia, against the Greek government to organize an attack on the little 
Austria, and Prussia on July 15, 1840. The cabinet had refused kingdom, where the regime had proved less liberal than Palmerston 
to adopt Palmerston's view of the Eastern Question at two earlier had hoped. Greece was, by the terms of the 1832 Convention, 
crises, in 1833 and 1835, and had only now with great difficulty under the joint protection of Britain, Russia, and France, and | 
been won over. There seemed good reason to doubt whether the two latter states protested against Palmerston’s action. Never- 
Muhammad could be checked and it was feared that France might theless he persevered, despite the risk of provoking war. His policy 
go to war in his support. Palmerston’s colleagues were very was censured in the House of Lords but upheld in the House of 
reluctant thus to weaken and perhaps to destroy the Anglo-French Commons by a majority of 46 after he had made perhaps the most 
alliance. Muhammad withdrew, however, thus proving Palmer- eloquent and powerful speech of his life. | 
ston's calculations entirely correct. His triumph was completed Dismissal.—Palmerston had not infrequently taken important | 
by the signature, on July 13, 1841, of the Straits Convention, steps of which the court and most of his colleagues disapproved, - 
which ensured that the Dardanelles and Bosporus should be closed and he asserted and exercised an arbitrary dominion over the for | 
in peacetime to large warships of all nations. eign office. The queen and the prince consort did not conceal | 


Relations with China had deteriorated during the 1830s, andin their indignation at his behaviour and at the fact that Russell 
1839, in an attempt to suppress the opium trade, the Chinese con- could not control him. In August 1850 the queen required the | 
fiscated cargoes belonging to British merchants and harassed the prime minister to bring to Palmerston’s notice a memorandum | 
British residents in Canton. Although his strong protests to the setting out his obligation as foreign secretary to submit his dis — 
Chinese were criticized in Parliament in April 1840, Palmerston patches for royal sanction and not to alter them after she had 
won the debate and shortly afterward a punitive expedition was seen them. It was not until December 1851, however, that Palm 
sent to Canton. The Treaty of Nanking (1842), which ended the erston provided sufficient excuse for Russell to take action | 
First Chinese War, was concluded after Palmerston had ceased Without the concurrence of his colleagues and in the face of pop 
to be foreign secretary, but its terms—the cession of Hong Kong ular condemnation, Palmerston expressed to the French ambas- - 
and the opening of five treaty ports to foreign traders—were the sador his approval of the coup d’état of Louis Napoleon (after ( 
direct results of Palmerston’s policy. ward Napoleon III). Russell thereupon dismissed him, and his 

The Spanish Marriages —During Sir Robert Peel's second min- career as foreign secretary was over. 
istry (1841-46) Palmerston was often critical of the government's Home Secretary (1852-55) .—Palmerston's career now entered 
foreign policy, but he was not active in opposition and for the most upon a new phase. Just as it had not been expected, in the year | 
part led a retired life. Lord John Russell's failure to form an between 1809 and 1829, that Palmerston, despite his early promis 
administration in December 1845 was partly due to Earl Grey's would ever become foreign secretary, so, during the following n 
objection to the reappointment of Palmerston to the foreign office. years, it seemed improbable that he would ever become prime | 
But in July 1846 the difficulties were overcome, on the under- minister. He was older than Russell; he was a late recruit to р 
standing that Russell should exercise a strict control over Palm- Whigs; and he was absorbed in the foreign office. But the Pacific) 
erston's proceedings. A few days sufficed to demonstrate the debate, followed immediately by the death of Peel (July 2, 1850), \ 
futility of this expectation, for Palmerston quickly became in- established Palmerston as the most powerful minister in the Com 
volved in a quarrel with France over the marriage of Louis mons, and his strident assertion of British nationalism had n | 
Philippe’s son the duc de Montpensier with Luisa, sister and him а popular hero. While out of office between 1851 and 185 \ 
heiress of Queen Isabella II. In 1843 Louis Philippe had agreed he gained ап independent following of M.P.'s, and he helped M 
that this marriage should not take place until an heir had been turn out Russell’s government in February 1852. From that timè 
born to Isabella, but in 1846 he arranged not only his son's mar- he seems to have been bidding for the leadership of the Whigs 
riage with Luisa but also the marriage of Isabella with her sup- He refused to join the earl of Derby's ministry, but in Decem m 
posedly impotent cousin. Palmerston, who feared that the crowns 1852 he accepted the office of home secretary in the Earl a 
of Spain and France might thereby become united, was unable to Aberdeen's coalition cabinet, There he did valuable work 0 ! 
prevent the marriages. This dispute destroyed the Anglo-French sanitary, penal, and other social reforms, closing the London y | 
alliance and was a contributory cause in the downfall of Louis grounds and forbidding interments in churches, introducing wor 
Philippe (g.v.). assizes to reduce the time spent in awaiting trial, and, wil " 

The Revolutions of 1848.—During the year 1848 revolutions friend the earl of Shaftesbury, extending the operation on 
broke out throughout the continent of Europe and shook every Factory Acts. He resigned in December 1853, ostensibly bec! 
throne except those of Russia, Spain, and Belgium. Palmerston’s Russell persisted in presenting a project of parliamentary 1. del 
natural sympathies were with the rebels; he allowed arms made іп which appeared to him unnecessary. But his action was ue 
England to be sent to help the Sicilians against King Ferdinand of | interpreted as a protest against the weak policy of the govern 
Naples, and, when the Hungarian leader Lajos Kossuth visited toward Russia. He rejoined the cabinet little more than 37 a 
England in 1851, only the indignation of Queen Victoria and the later and remained loyal to his colleagues during the WO 
peremptory veto of the cabinet prevented Palmerston from re- ments of the Crimean War (1854-56). Russell’s те de 
ceiving him at his house in Carlton Gardens. Nevertheless, Palm- (January 1855) broke up the ministry in February, and i k 
erston's primary aim was the maintenance of peace, which in covered that neither he nor Derby could command EE. 
his view depended largely on the continued existence of certain port to form a new government. Palmerston, with the ¢ 
powerful states. Although favourable to the establishment. of a behind him, undertook the task. diens job 
strong independent state in northern Italy, his encouragement of Prime Minister (1855-58, 1859-65) —Palmerston 5 ж y 
Charles Albert of Sardinia-Piedmont was tempered by a desire not was to restore the situation in the Crimea, and this he achieve 
to weaken Austria and a great fear of French intervention in Italy. а combination of good luck and good judgment. The admi 
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tion of the British Army was reformed; Sevastopol was taken in 
September 1855; and, on March 30, 1856, peace was signed at 

is, The British had been anxious to defeat Russia more 
thoroughly, but French pressure for a treaty was such that Palm- 
erston thought it necessary to agree. Russia was nevertheless 
forced to make substantial concessions (see EASTERN QUESTION), 
and Queen Victoria, for once appreciative, conferred on him the 
Garter, a rare distinction for a member of the House of Commons. 

Foreign Affairs —Palmerston’s popularity was now at its height. 
He was assailed in Parliament by Gladstone, Disraeli, and the 
Manchester Radicals, but the country was with him, When he sent 
gunboats to shell forts near Canton after the arrest of the Chinese 
crew of the Chinese-owned but British-registered lorcha “Arrow” 
(the Second Chinese War, 1857), Palmerston was defeated by a 
hostile combination of parties in the House of Commons. He dis- 
solved Parliament and appealed to the nation. The result was a 
rout of the extreme Radical Party and the return of a majority 
pledged ^ pud passed eed suppression of the Indian 
Mutiny (1857-58) further enhanced his prestige. 

Very suddenly, however, in February 1858, the House of Com- 
mons turned against this overpowerful minister. Palmerston was 
defeated on his measure to remove conspiracies to murder abroad 
from the class of misdemeanours to that of felonies, brought in as a 
consequence of Felice Orsini's attempt on the life of Napoleon 
III which had been planned in England. As Russell had done in 
1851, the Commons now took the opportunity to bring Palmerston 
down at a moment when he was thought to be “truckling to 
France.” But in June 1859 he returned to power as head of a 
broadly based cabinet including Russell and Gladstone and sup- 
ported by Richard Cobden and John Bright. He remained prime 
minister until his death and dominated the foreign policy of the 
government. 

Although Palmerston approved the French invasion of Italy 
(1859) insofar as it contributed toward the establishment of 
Italian independence, the annexation of Savoy and Nice revived 
his suspicions of the good faith of Napoleon III. Не believed 
that war with France must be regarded as a possibility, and in 1860 
he induced the Commons to vote £9,000,000 for the fortification 
3 Es ports and arsenals. He opposed the Suez canal Eo 
01 Ferdinand de Lesseps on the ground that it would establish a 
powerful French company on the soil of Egypt. 

the outbreak of the American Civil War in 1861, Palmerston 
acknowledged that it was the duty of the British government to 
Temain neutral. When, however, two Southern envoys were taken 
force from the "Trent," a British packet, he insisted on their 
release and on a full and complete reparation, and dispatched 
troops to Canada. He was less correct in his attitude toward the 
construction in England of privateers for the South; the “Ala- 
ЖЫ йн тона to sail (see eene "X Bie RA m 
as learned that two further ships were being built, 
solved the problem by suggesting that they should be bought for 
British Navy, 
€ last important forei, uestion in which Palmerston was 
me arose out of the sitas (1864) by the Germanic Con- 
ederation, under the leadership of Austria and Prussia, on the 
E of Denmark and the duchies of Schleswig and Holstein 
CHLESwIG-HOLSTEIN Question). Palmerston sympathized 
fu Denmark and in a speech made on July 23, 1863, had sug- 
ris E it would receive military aid from Britain. He also 
852) Induce France and Russia to uphold the protocol of London 
» Which had guaranteed the integrity of the Danish domin- 
E М үн held ойне n ле. oo 
Н was without effect. Palmerston 
aM the Danish hopes he had aroused, and the Prussian chan- 
toward "smarck successfully called his bluff and took the first step 
effecting German unification under Prussian leadership. 
Mons policy during this crisis was censured as one of 
A le and muddle,” and he was reduced to defending himself 
ae to his government’s record in domestic affairs. He 
that si еы Kinglake’s introduction of an amendment 
е censure motion. 
0те Policy —An appeal to his government’s domestic record 
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rang somewhat hollow, for Palmerston had carried little legisla- 
tion of importance during his premierships. In internal affairs 
the most important achievements of his ministries were the budgets 
of Gladstone, chancellor of the exchequer from 1859 to 1866. 
Especially notable was that of 1860, which reduced the tariff to 
a minimum and implemented the treaty of commerce with France, 
negotiated mainly by Cobden. Palmerston was not wholly in sym- 
pathy with Gladstone’s advocacy of free trade, and opposed it 
when the loss of revenue resulting from the reduction of tariffs 
hampered the progress of his own favourite defense schemes. The 
two men disagreed publicly over the repeal of the duties on paper, 
which the lords prevented in 1860 but which was carried by Glad- 
stone's pertinacity in the following year. A parliamentary reform 
bill was introduced by Russell on behalf of the government in 1860 
but abandoned in face of the apathy of the Commons, Fully ac- 
cepting the Reform Act of 1832, which he had helped to pass, 
Palmerston remained conservative by the standards of the genera- 
tion which entered Parliament after its passage. He repudiated 
Gladstone's idea of a large extension of the franchise in 1864, and 
he saw little need for domestic changes, saying “we cannot go on 
adding to the statute book ad infinitum." 

In 1865 Palmerston dissolved Parliament and won the ensuing 
general election but died on Oct. 18, at Brocket Hall in Hertford- 
shire, before he could meet the new House of Commons. 

Political and Personal Characteristics.—As prime minister 
Palmerston showed himself not only efficient, as was to be ex- 
pected, but also open-minded, good-humoured, and tactful in deal- 
ing with the House of Commons and with colleagues of widely 
differing opinions. He tended to dominate his foreign secretaries, 
the Earl of Clarendon and Russell, though by skilful management 
rather than by dictation. But in his second ministry the cabinet 
was very strong in ability, and he could not always win it to his 
view. He showed magnanimity toward the Radicals and was loyal, 
even to a fault, to his subordinates. His popularity at home re- 
mained steady, and he came to be regarded as the representative 
Englishman; usually referred to as “Pam,” he was as well known to 
the general public as Sir Winston Churchill was in his later years, 
This unique popular appeal and his pragmatic approach to home 
affairs enabled him to dominate political life in his last years. 
During the transitional period when the power of patronage had 
dwindled low and the power of the party machine had still to rise 
high, Palmerston provided an element of stability in political life. 
The Conservative split of 1846 had ensured that the Liberal side 
of the House of Commons should be in the majority. It was Palm- 
erston who gave to this majority some cohesion, by making few 
demands on his supporters’ loyalty, by accepting wide variations 
of opinion among them, and by falling back, in case of need, on 
the reluctant admiration of the Tory opposition. They preferred 
him to any other Whig; the Liberals preferred him to any Tory. 
Although his tenure of power delayed reforms, he did much to 
maintain Liberal strength in the House of Commons and in the 
country and, under his leadership, the Whig-Radical coalition was 
gradually forged into the Liberal Party of Gladstone’s heyday. 

It is, however, by his successes as foreign secretary that Palm- 
erston is chiefly remembered. The most durable of these, little 
noticed at the time, concerned what he called the main object of 
his public life—the extirpation of the slave trade. The creation 
of Belgium was one of his major achievements. Otherwise, what 
most caught the imagination of his countrymen was his constant, 
high-spirited assertion of British power, based on the existence of 
a British Navy then universally regarded as invincible. By his 
extensive publication of diplomatic papers he was largely responsi- 
ble for the growth of popular interest in, and knowledge of, foreign 
affairs. 

Palmerston appeared to many an uncomplicated character, the 
type of the bluff, good-humoured, manly, insular Englishman. He 
was admired for his defiance of foreigners, of the British climate, 
and of age. On his 80th birthday he was on horseback nearly all 
day, inspecting the fortification of the south coast. But he was 
in fact far from typical, in his knowledge of languages and of 
foreign countries, and in his ability and industry. Beneath the 
unruffled, frank exterior he was passionate and calculating. 
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His private life was very free іп his youth but became suddenly 
cozy and respectable when he married (December 1839), at the 
age of 55, Lady Cowper (formerly Amelia Lamb), sister of Lord 
Melbourne, whom he had loved for years while she was Lord 
Cowper’s wife. She assisted his career by making his house the 
social centre of politics, and survived him by four years. 

See also references under “Palmerston, Henry John Temple” in 
the Index, 

ВівілоскАРНҮ,—Н. Lytton Bulwer and Evelyn Ashley, Life of Lord 
Palmerston, 5 vol. (1870-76) ; H. C. F. Bell, Lord Palmerston, 2 vol. 
(1936); W. B. Pemberton, Lord Palmerston (1954); Brian Connell 
(ed.), Regina vs. Palmerston (1962); C. K. Webster, The Foreign 
Policy of Palmerston, 1830-1841, 2 vol. (1951) ; H. W. V. Temperley, 
England and the Near East, vol. i, The Crimea (1936) ; G. B. Hender- 
son, Crimean War Diplomacy (1947). (D. E. D. B.) 

PALMERSTON NORTH, a town in the Wellington land 
district of the North Island, New Zealand. It lies on the Mana- 
watu River at the crossing of the main trunk railway, 80 mi. NE 
of Wellington. Pop. (1961) 41,014. The town has a large cen- 
tral square and numerous parks and gardens; it is the seat of a 
university college, of the Massey Agricultural College and of the 
Dairy Research Institute. Palmerston North's industries include 
manufacturing works, knitting mills, a box factory, and a printing 
plant. It is the market and distribution centre for the fertile sur- 
rounding pastoral district, The town is served by the national 
airline and is a railway and road junction. (A. M. P. H.) 

PALMETTO, a popular name for any of several fan-leaved 
palms, especially Sabal species. The common palmetto, or cab- 
bage palmetto (Sabal palmetto), is a native of the southeastern 
United States. It has an erect stem, up to 80 ft. high, and deeply 
cut fan-shaped leaves, 5 to 8 ft. long; the fruit is a black drupe 
4to 4 іп, long. The trunks make good piles for wharves, as the 
wood resists the attacks of borers; the leaves are used for thatch- 
ing. The palm is grown as a pot plant in greenhouses, A similar 
species, the Texas palmetto (S. texana), occurs in southern Texas 
and Mexico. The terminal bud, or "cabbage," is eaten. The 
dwarf palmetto (S. minor) appears to be stemless, its leafstalks 
arising from the ground, while the Bermuda palmetto (S. black- 
burniana) has a moderately long trunk, sometimes 35 ft. tall. 
Other palms called palmetto because of their resemblance to 
Sabal species are Serenoa repens, the saw palmetto, and Rhapido- 
phyllum hystrix, the needle palm or blue palmetto. See also 
PALM. 

PALMGREN, SELIM (1878-1951), Finnish pianist and 
composer who helped establish the school of Finnish national music. 
Born at Björneborg (Pori) on Feb. 16, 1878, he entered the 
Helsingfors (Helsinki) Conservatory in 1895, studying composi- 
tion with Martin Wegelius and the piano with Walter Petzet. 
From 1899 to 1901 he studied with Busoni in Germany and later 
continued his studies in Italy. In 1909 he was appointed conductor 
at Abo (Turku), Finland, where his opera, Daniel Hjort, was 
produced the following year. It was revised by Palmgren for its 
production in Finnish at Helsinki in 1929. From about 1912 he 
toured Europe as a pianist, sometimes accompanying the singer 
Maikki Pakarinen (d. 1929), whom he had married in 1910. Не 
visited the U.S. (1920-21) and in 1923 taught composition at the 
Eastman School of Music, Rochester, N.Y. In 1930 he was a 
music critic in Helsinki and in the same year married the singer 
Minna Talwik, From 1939 to 1951 he was professor of composi- 
tion at the Sibelius Academy at Helsinki, where he died on Dec. 13, 
1951. Palmgren is best known for his smaller piano pieces, among 
them the Finnish Lyric Pieces, inspired by folk songs. In his 
larger piano works, notably his piano concertos, he was influenced 
by Liszt. His memoirs were published at Helsinki in 1948. 

PALMISTRY (Cuiromancy, CHIROSOPHY), a system of 
divination: (q.v.) in which the structure of the hand is interpreted 
as being associated with the psychology and future of the indi- 
vidual. It is said to have existed in China as early as 3000 B.C., 
and in Greek literature it is treated even in the most ancient 
writings as well-known belief. 

In most modern countries, palmistry has little popular accept- 
ance or influence, but it has been heavily practised in modern 
China, combined with podoscopy (divination by means of the feet). 
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Chiromancy is also extensively practised in India. In 20th-centy 
Syria and Egypt the palmist has been seen plying his trade at the 
cafés, and among Arabs chiromancers are consulted as to thy 
probable success of enterprises. It was probably from, their 
original Indian home that the traditional, fortunetelling of the 
gypsies was derived. 

The system has the charm of simplicity and definiteness, as an 
application of the doctrine of signatures. In the course of ages 
every detail has been brought under a formal set of rules, which 
need only mechanical application. In past times there were con. 
siderable divergences in the practice, but at present there is q 
fairly uniform system. One school lays special stress on the gen. 
eral shape and outline of the hand. Such characteristics as soft. 
ness or hardness and dryness or moisture are also taken into ac. 
count. 

The lines held to be of cardinal importance are shown in the 
figure. These lines isolate certain swellings or monticuli, also 
illustrated, The relative sizes of these mountains are assigned 
definite psychological and predictive correlates: the mount of 
Venus with charity, love, libertinage; the mount of Jupiter with 
religiosity, ambition, love of honour, pride, superstition; the mount 
of Saturn with wisdom, good fortune, prudence (or when deficient 
improvidence, ignorance, failure); the mount of the Sun when 
large is said to make for success, celebrity, intelligence, audacity, 
when small meanness or lóve of obscurity; the mount of Mercury 
indicates love of knowledge, industry, aptitude for commerce, and 
in its extreme forms on the one hand love of gain and dishonesty, 
on the other slackness and laziness. The mount of Mars is related 
to degrees of courage, resolution, rashness, or timidity; the mount 
of the Moon indicates sensitiveness, morality, and good conduct, ot 
immorality, overbearing temper, and self-will. 

The swellings on the palmar faces of the phalanges of the several 
fingers are also held indicative, the first and second of the thumb, 
respectively, of the logical faculty and of the will; the first, sec 
ond, and third of the index finger, of materialism, law and order, 
idealism; those of the middle finger, humanity, system, intelli- 


(p) mot 


our 
Jupiter; (E) mount of Saturn; (F) mount of Apollo; (G) mount of Mer 
(H) mount of Mars; (1) mount of the Moon; (J) plain of Mars: 
(numbers indicate years); (bb) line of the head; (cc) line of the 
line of Saturn or fate; (ee) line of the liver; (ff) line of Apollo p. 
(00) ring of Venus; (h) the quadrangle; (i) triangle; (j) upper ® 
inner angle; (mmm) rascettes or bracelets 
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ге; of the ring finger, truth, economy, energy; and of the little 
, goodness, prudence, reflectiveness, 
and above these there are other marks, crosses, and tri- 
, of which more than 100 have been described and figured 
different authors, each with its interpretation; and in addition 
the back of the hand has its ridges. 

To the anatomist the roughnesses of the palm are of considera- 
ble interest. The folds allow the thick skin to bend in grasping, 
while the skin is tied by connecting fibres of white fibrillar tissue 
to the deep layer of the dermis along the lateral and lower edges 
of the palmar fascia and to the sheaths of the flexor tendons. The 
folds vary with the relative lengths of the metacarpal bones, with 
the mutual relations of the sheaths of the tendons and the edge of 
the palmar fascia, somewhat also with the insertion of the palmaris 
brevis muscle (see HAND). 

Subcutaneous fat is restricted to the intervals between the lines 
along which the skin is anchored and makes these intervals project; 
these are the monticuli. The swelling of the mountain of Venus 
indicates the size of the muscles of the ball of the thumb and can 
be increased by exercise. Similarly the hypothenar muscles for 
the little finger underlie the three ulnar marginal mountains, the 
sizes of which depend on their development and on the prominence 
of the pisiform bone. 

The belief that these structures have psychic or occult predic- 
tive meaning lacks scientific support. However, the hands do 
show evidence of their owner's health, cleanliness, occupational 
and nervous habits (e.g., as evidenced by calluses or nail-biting). 
Hands are routinely examined in medical diagnosis and provide 
clues with which the palmist may often astound the unsophisti- 
Caled. See also FORTUNETELLING. 

BisriocnaPHY.—Cheiro (L. Hamon), Language of the Hand (1962) ; 
P, Tabor, Book of the Hand: a Compendium of Fact and Legend 
Since the Dawn of History (1962) ; T. J. Berry, The Hand as a Mirror 
0] Systemic Disease (1963). (A. Mac.; X.) 

PALMITIC ACID is one of the more important straight- 
chain, Saturated fatty acids (see CARBOXYLIC Асірѕ). It occurs in 
Practically all natural fats and oils, often associated with stearic 
acid; because of its wide occurrence it is often regarded as the 

teristic saturated acid of natural fats. Many fish oils con- 

tain about 10%, cottonseed oil about 20% and palm oil up to 40% 

й palmitic acid. Like the other fatty acids, it does not occur in the 

Tte state but is normally found as an ester of glycerol, called a 

Beide, or as an ester of a long-chain alcohol.  Tripalmitin (see 

low), the triester of glycerol and palmitic acid, is a typical ex- 
ample of a triglyceride. 

Palmitic acid, СН.(СН,) „СОН, is a colourless solid existing 
| pu crystalline forms of which the one melting at 62.9° C. 

он stable. It is a monocarboxylic acid and shows all 
Mens typical of this class of compound, such as the forma- 

esters by reaction with alcohols, e.g.: 


CisHs1.COsH + MeOH— — CisHa1.CO2Me + H:O 


i ме represents the methyl group, Another example is the 
оо its acid chloride by treatment with phosphorus 
loride or oxalyl chloride, 


CisHa1.COsH + PCl-——> СьНз.СОС1 + POCIs 


“ae the sodium or potassium salts of long-chain carboxylic 
Stituent he potassium salt of palmitic acid is the major con- 
Use in th shaving creams and some liquid soaps, However, its 
other det езе cases is diminishing as a result of the adoption of 
ycerid €rgents. Soap manufacture is the alkaline hydrolysis of 
rs and is often referred to as saponification. Hydrolysis 


Of trips. : А 
palmitin is а representative saponification reaction: 


на соон, CH2.0H 


с 
“H3.CO.0.CH + 3 KOH————>3CrHa:CO:K + СНОН 


бини соо сн, 


0005 CH:OH 


potassium glycerol 


potassium 5 
palmitate 


hydroxide 


| ——— 


IQI 
It has been established that palmitic acid, which contains 16 
carbon atoms, is biosynthesized from acetic acid, which contains 
2 carbon atoms, by a process involving acetyl-coenzyme A as the 
intermediate. The transformation in vivo of palmitic to stearic 
acid is possible by a further condensation involving acetic acid. 

See also Orts, FATS AND WAXES. 

See K. S. Markley, Fatty Acids, Their Chemistry and Physical Prop- 
erties (1947) ; A. E. Bailey, Industrial Oil and Fat Products (1945). 

(W. D. Os.) 

PALM OIL: see Оп, Parm; Оп, Fats AND WAXES. 

PALM SPRINGS, a city of Riverside county, in southern 
California, U.S., celebrated as the originator and model of the desert 
resort city. Almost 100 mi. E. of Los Angeles, it enjoys popularity 
as a resort from January through April. The climate is dry, warm 
and stimulating. Even in summer, when the heat is excessive, 
many persons, often aided by air-conditioning, live in Palm Springs, 
The town is beautifully situated in the Coachella valley, imme- 
diately under the precipitous slopes of Mt. San Jacinto. 

The Agua Caliente Indians, who live in the area, possess (under 
treaty) alternate sections of land in the city. Palm Springs’ mod- 
ern history began in 1909 when Nellie N. Coffman founded a sana- 
torium there. This later became the Desert Inn. The potentiali- 
ties for a general resort began to be realized in the 1920s under 
the leadership of Philip L. Boyd, who became the city’s first 
mayor when it was incorporated in 1938. 

For comparative population figures see table in CALIFORNIA: 
Population, (A. C. TR.) 

PALM SUNDAY, the first day of Holy Week (q.v.) and the 
Sunday before Easter, so called from the blessing and procession 
of palms (ie. leaves from the date palm or twigs from trees 
locally available) that is customary on this day in commemora- 
tion of Christ's triumphal entry into Jerusalem. These special 
ceremonies were already taking place toward the end of the 4th 
century in Jerusalem and are described in the Peregrinatio Etheriae 
(q.v.; see also CHURCH YEAR); in the West the earliest evidence 
of them is found in the Bobbio sacramentary (8th century). Dur- 
ing the Middle Ages the ceremonies were elaborated: the proces- 
sion went from one church (where the palms were blessed) to 
another where the Mass was sung. The principal feature of the 
Mass which follows the procession is the chanting of the account 
of the passion of Christ by three deacons, one taking the part of 
Christ, one the narrative part and the third singing the words of 
the apostles and the crowd (Matt. 26:36-27:54). Musical settings 
for the crowd parts are sometimes sung by the choir. After the 
reform of the Roman Catholic liturgy for Holy Week in 1956 the 
ceremonies were somewhat simplified. The palms should be 
blessed outside the church and the procession then goes to the 
church. The day is now called Second Passion Sunday or Palm 
Sunday. 

In the Byzantine liturgy the Eucharist on Palm Sunday is fol- 
lowed by a procession in which the priest carries the icon repre- 
senting the events commemorated on this day. Some of the tradi- 
tional ceremonies were revived in Anglican Churches in the 19th 
century. 

See H. Thurston, Lent and Holy Week (1904) ; R. Peil, A Handbook 
of the Liturgy (1960). (L. C. S.) 

PALMYRA, an ancient city, in modern Syria, located in the 
desert about 90 mi. (145 km.) E of Homs and 150 mi. (240 km.) 
W of the Euphrates. The name “Palmyra” does not derive from 
the extensive palm groves of the oasis but is the Greek and Latin 
form of Тармов, the pre-Semitic name of the site, still in use in 
modern times. 

History.—A Tadmorean appears on an Akkadian tablet from 
Cappadocia in the 19th century в.с. In the following century 
Tadmor and its inhabitants are named in two letters from Mari, 
and at the end of the same millennium Tiglath-pileser I “defeated 
the Akhlame-Aramaeans from Tadmor in the land of Amurru" to 
Babylonia. Toward the middle of the 10th century, Solomon is 
said to have built “Tadmor in the wilderness," but this assertion of 
II Chron. 8:4 is a rewriting of I Kings 9:18, where it is said that 
Solomon built Tamar, to the south of the Dead Sea, The Chroni- 
cler, wishing to illustrate the extension of Solomon’s kingdom as far 
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as the Euphrates (cf. I Kings 4:21; Hebrew text 5:1), replaces 
Tamar in Palestine with Tadmor in Syria. This rehandling is evi- 
dence that Tadmor was already an important city in the 3rd cen- 
tury B.C., which presupposes that the Seleucids, who were ruling in 
both Mesopotamia and Syria, had made the road through Palmyra 
one of the routes of east-west trade. 

Two centuries later, this trade had already reached interna- 
tional proportions. This is clear from a passage in the 2nd-century 
historian Appian: in 41 B.c., 

Antony sent his horsemen to Palmyra . . . with orders to sack it, He 
had no grievances against the Palmyrenes, situated between Romans 
and Parthians, except their astute policy. They were merchants who 
sought in Persia the products of India and Arabia to resell them among 
the Romans .... But the Palmyrenes . . . crossed the Euphrates with 
their goods . . . and stationed archers along the bank. The horsemen 
fell upon a deserted city (Civil Wars, v, 9). 

Pliny's reference to "the privileged position" of Palmyra and 
its role of arbiter between the Romans and the Parthians (v, 25, 
88) concerns the same period, although the Natural History did 
not appear until A.D. 77. To judge from the earliest Palmyrene 
inscriptions, power was still in the hands of the tribes who made 
up the local population. These met in a popular assembly and 
elected a chief. It was under Tiberius (at the latest) that this 
autonomy came to an end. In A.D. 17 the emperor sent his adopted 
son Germanicus to the east, and a dedication at Palmyra by the 
legate of legio X Fretensis marked his passage. The governor of 
the province of Syria was represented there by an official (tetag- 
menos). About 129, the emperor Hadrian visited the city, which 
took the name of Hadriana Palmyra and became a civitas libera, 
which gave it a certain financial independence under the control 
of an imperial curator. It was granted the title of colonia, with 
exemption from taxes, by Caracalla between 212 and 217. The 
age of the Antonine and Severan emperors was the most prosperous 
for Palmyra, and the activity of traders and soldiers from the city 
is attested at this time from Rome to the Persian Gulf. 

When under Ardashir I (c. 224—c. 240) the Sasanians supplanted 
the Parthian dynasty of the Arsacids in Iran and southern Meso- 
potamia, the road-to the Persian Gulf was soon closed to Palmyrene 
trade. These difficulties, to which was added the instability of the 
Roman Empire, favoured the setting up of a personal rule at 
Palmyra, where authority had hitherto been regularly exercised by 
the Senate and two archons, later two strategi, At the beginning 
of the 3rd century, the city of Tyre honoured (with a statue?) a 
Palmyrene, "the clarissimus Septimius Odainath,” explicitly styled 
“senator” (Roman) in his epitaph. The history of his family is 
known from inscriptions and above all from the Augustan His- 
tory (q.v.) and Zosimus. In 251, in a Greek dedication in the 
Great Colonnade at Palmyra, his son Septimius Hairan bears the 
same title, but with that of *exarch of the Palmyrenes," rendered 
by the corresponding Palmyrene text as "chief of Tadmor,” It 
was Odainath the younger (his brother rather than his son; better 
known by his Latin name Odaenathus) who brought this family of 
Arab origin—his great-grandfather bore the Arab name of Wahbal- 
lat—into world history. He was appointed governor of Syria 
Phoenice by Valerian, who was captured by Shapur I in 260. But 
on the return journey the Sasanian king was attacked by Odae- 
nathus, who granted himself a title identical with Shapur’s, “king 
of kings.” It was apparently Gallienus who conferred on him 
that of corrector totius Orientis (“governor of all the east”). In 
261 he relieved the emperor of two pretenders, Ballista and 
Quietus. On two occasions, apparently (262 and 267 or 268), he 
pushed his troops up to the walls of Shapur’s capital, Ctesiphon. 
Odaenathus’ eldest son, called Herodianus and Herodes, had taken 
part in his father’s campaigns and also received the title of “king 
of kings,” and therefore of heir apparent. Both were assassinated 
shortly after the last campaign, when Odaenathus was preparing 
to take part in the struggle against the Goths in Asia Minor, (See 
also ODAENATHUS.) 

Odaenathus’ wife, Zenobia (g.v.), reputedly had a hand in the 
murder, out of jealousy at seeing this son of a previous marriage 
preferred to her son Wahballat (Latin Vaballathus). The queen 
governed effectively and had her son take his father's titles of 
“king of kings" and corrector totius Orientis. In 270 the armies 
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of Palmyra entered Asia Minor and Vaballathus proclaimed him. 
self imperator, still recognizing Aurelian as Augustus. During the 
winter of 270/271 Zabdas, the Palmyrene general in chief, seized 
Egypt. A year later Zenobia and Vaballathus proclaimed them. 
selves Augusti, but Aurelian regained Asia Minor and defeated 
Zabdas’ cavalry at Antioch and Emesa. The Palmyrenes eyacy. 
ated Egypt. Aurelian advanced as far as Palmyra. During the 
siege, Zenobia escaped to ask Shapur for help but was recaptured 
by Roman cavalry. Palmyra opened its gates to the emperor 
(autumn 272), Zenobia and her son were taken prisoner, The 
following year the inhabitants proclaimed emperor a relative of 
Zenobia’s, and Aurelian had to leave the Danube for Palmyra, 
which he took without a struggle and gave over to pillage and fire 
(273). Zenobia and two of her sons, Herennianus and Timolaus, 
graced the triumph which Aurelian celebrated in 274, 

The subsequent history of Palmyra is of purely local interest, 
Under Diocletian part of the city was surrounded with a stout 
wall. It remained the chief station on the strata Diocletiana which 
linked Damascus to the Euphrates. But Palmyra was becoming 
a Christian city, and in 325 its bishop, Marinus, attended the 
Council of Nicaea. In 634 Khalid ibn al-Walid took Palmyra in 
the name of the caliph Abu Bakr. Since the end of the Ottoman 
Empire after World War I, Palmyra, situated on the Kirkuk 
Tripoli pipeline and at the junction of the routes through the 
Syrian Desert, has become a town of about 12,000 inhabitants 
(there could have been 30,000 in Zenobia’s time). 

Language and Script.—To judge from personal names, the 
population of Palmyra in Greco-Roman times already included as 
many Arabs as Aramaeans, but the language and to a large extent 
the religion remained Aramaean. Palmyrene is a continuation Di 
“imperial Aramaic” as it is known from the Elephantine papyri 
and the Book of Ezra. Since the oldest dated inscription is only 
from 44 B.C. it is not surprising that Palmyrene appears more 
developed than the Judaeo-Aramaic illustrated by the Book of 
Daniel and the Dead Sea Scrolls. Thus in the perfect the final 
-à of the feminine plural is replaced by the -й of the masculine} 
the causative form is af‘el, not kafel. It is close to Nabataean 
but without its archaic features. Thus the suffix -45m (third per 
son plural) becomes -/ióz in Palmyrene. Above all, it exlibils 
certain “eastern” features, like the plural in -é, characteristic 0 
two neighbouring dialects, Old Syriac and Hatraean. These att 
intrusive elements, found in Palmyrene side by side with the cot 
responding “western” forms; thus £aggüré, "merchants," beside 
taggürayya, much more common. 

There are no grounds for concluding that the spoken languagt 
of Palmyra was East Aramaic, and that only the official Јада 
of inscriptions remained imperial Aramaic. The script also te 
flects Palmyra’s position between east and west; there are 1e» 
two scripts. The monumental script is at first remarkable for ils 
spacious curves, but from the time of Hadrian it contracts, Wi 
elegant breaks in the letters. At the same time a Mesopotamia 
cursive appears at Palmyra, akin to the Syriac script and used a 
the Palmyrenes established at Doura-Europus (q.v.) ever sind 
33 вс. Both cursive and monumental derive from the Aram! 
cursive of the Seleucid Empire. Nearly 2,000 Palmyrene w 
tions have been discovered, some of which also include a para 
text in Greek and occasionally in Latin as well. Most are e 
honorific, or funerary inscriptions; no records, public or priva 
have yet been discovered. It is not known whether the Palmyre 
composed works of literature in Aramaic, but the liturgy cert 
used that language. The Augustan History records that Zeno 
dictated a letter to Aurelian in Aramaic, but the Neoplat j| 
philosopher Longinus lived at her court and she was 1" re ЫШ 
correspondence with the bishop Paul of Samosata, whom er 
expelled from his see of Antioch, Greek was therefore the vé E 1 
of ideas at Palmyra. (See also ARAMAEANS; SEMITIC LANGUAGES 

Trade.— The great bilingual inscription known as the Тап 
Palmyra (Corpus Inscriptionum Semiticarum, ii, 3913) an 
carved below the (lost) statues of the great caravan leaders, 
ticularly in the agora, as also the data of the Periplus ko. 2 
Erythraean Sea concerning the products bought in India, giv 


formation about the organization and nature of the trade 0 
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Palmyrenes. Rich citizens like Marcus Ulpius Yarhai, honoured 
with a dozen statues, financed the caravans. Palmyrene commer- 
cial settlements served the stations in the Parthian cities through 
which the caravans passed; the texts name Seleucia on the Tigris 
and its river port Vologesias, then Babylon, Forat (Basra) and 
finally Charax at the mouth of the Tigris. This was the capital of 
Mesene, a vassal kingdom of the Parthians. At Charax one took 
ship for Scythia (i.e., India), and the names of two Palmyrene 
captains are known. Their ships brought back spices, pearls, tur- 
quoises, dyestuffs, and fabrics—Indian cottons and Chinese silks, 
fragments of which have been found in the tombs of Palmyra. 
Some of the trade probably used the “silk road” across the plateaus 
of Asia. 

The Roman customs stationed on the Parthian frontier levied a 
heavy duty on merchandise, probably a quarter of its value. The 
municipality of Palmyra, through a publican, exacted duty on 
what was made or used on the spot. These (not the customs dues) 
are the dues listed in the Tariff. They affected salt, purple wool, 
perfumed oil (called myrrh in the Greek text), bronze statues, 
slaves, etc. Goods in transit were probably put in bond untaxed. 
Profits were considerable, as the value of an article could increase 
100-fold from the east to Rome (Pliny, Natural History, vi, 23, 
101). 

The Palmyrenes did not merely work the Persian Gulf route. 
A Greek inscription from Coptos on the Nile talks of “the Ery- 
thraean [Red Sea] shipowners from Adriana Palmyra." The 
Palmyrene dedications found at Rome were doubtless made by 
traders. Palmyrenes were numerous at Doura-Europus, although 
that city, situated on the Euphrates, was too far north to consti- 
lute а regular stage on the way to the Persian Gulf. There was 
à troop of Palmyrene archers there even during the time when the 
Parthians were masters of it; they would then be mercenaries in 
Parthian service, Many Palmyrene archers served in the Roman 
army, and are found mounted on dromedaries in North Africa and 
as cavalry in the Danubian provinces. 

The Monuments.— The ruins allow the network plan of the city 
lo be clearly seen. At first glance, everything recalls Greco- 
Roman art, ‘The principal axis, oriented east-west, is a street with 
à double portico (still partly standing; the Great Colonnade) and 
ornamented with three nymphaea. In the centre the Tetrapylon 
is made up of four piers, each bearing four columns. To the 
South are the agora (a square with four colonnades), the Senate 
house and the theatre. А little to, the east a temple was uncov- 
tred in 1963-64 by Syrian archaeologists who attributed it provi- 
sionally to the god Nabu. North of the Tetrapylon a Swiss mis- 
‘ion (1954-56) brought to light the courts and numerous reliefs 
of the Sanctuary of Baal Shamen, the “lord of heaven.” At the 
Western end, а Polish mission (1959 onward) excavated the vast 
complex called Diocletian’s camp, which some interpret as Zeno- 
ome palace, At the eastern end, a triumphal arch of triangular 
ie the Great Colonnade to the avenue leading to the monu- 
me EA entrance of the chief sanctuary of Palmyra, dedicated in 
у ү? Bel, Yarhibol, and Aglibol (French excavations). The 
fide. Ж four porticoes and measures nearly 700 ft, (200 m.) a 
beim includes a ritual basin and a large altar for sacrifices (an 
RU. fient recalling that of the Temple at Jerusalem), as well 
(nich anqueting hall. The cella is peripteral and has an adyton 

che for the cult image) at each end (as a rule Syrian temples 

ve only one), 
теле art is a branch of Greco-Oriental art, In architec- 
the Ka Corinthian order marks almost all the monuments, but 

А race of scrolls and geometrical motifs, the low relief, 
of the ‘tence for frontal representation, and the hieratic nature 
Ins Сеа of gods reveal the influence of Mesopotamia and 
or ДА үа (later Sasanian) costume alternates with the toga 
of the fe istic (and later Roman) military costume, The jewelry 

н рш busts, simple at first, becomes progressively heavier. 
à Exi ur of the hypogea (underground funerary chambers) of 

listenin n jue places of worship in Doura make known even the 
àn oj 18 i ours of the materials. Funerary architecture includes 
Stories nal type of mausoleum: the funerary tower with several 
Of burials. F; rom the 2nd century this gives place to the 


im 
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hypogeum (of Alexandrian type) and the funerary temple. 

Religion.—The principal deity of the Aramaeans of Palmyra 
was Bol, probably merely a local pronunciation of Baal (q.v.), 
"lord." Bol soon became Bel by assimilation to the Babylonian 
Bel-Marduk. Like the latter, he presided over the movements of 
the stars, and the Palmyrenes associated with him the sun and 
moon gods, Yarhibol and Aglibol. Another heavenly triad formed 
around the Phoenician god Baal Shamen, the "lord of heaven," 
more or less identical with Hadad, But here the sun was Ma- 
lakbel, originally a vegetation god. The sun was also wor- 
shiped under the name of Shamash, probably introduced by the 
Arabs. The same is true of Arsu (“the kindly") and Allat, "the 
goddess” par excellence, identified with Athena, It was Astarte 
(and probably also Astor) who corresponded to Aphrodite (see 
ASTARTE). The Syrian Atargatis (q.v.) and the Babylonian Nabu 
(g.v.; at once Mercury and Apollo) were equally popular. But 
over against this heterogeneous polytheism there emerged from 
the 2nd century A.D. the Unnamed God, “he whose name is blessed 
for ever, the merciful and good." This was a refined version of 
the cult of Baal Shamen as "lord of the world." The importance 
of thiasoi (religious associations) and religious banquets should 
also be underlined; the terra-cotta entrance tokens (more than a 
thousand different types are known) give abundant information 
about these. Festivals followed the calendar of the rest of Syria: 
vernal and luni-solar, with intercalary months. 

BisLrocRAPHY.— Bibliographies in J. Starcky, Palmyre, pp. 128-130 
(1952) and article “Palmyre” in L. Pirot and A. Robert, Dictionnaire 
de la Bible, supplement, fasc. 34, 1101-03 (1960). See also K. Mich- 
alowski, Palmyre, i-iv (1960-64) ; H. Seyrig, Antiquités syriennes, i-vi 
(1934- ); Comte du Mesnil du Buisson, Les tesséres et les monnaies 
de Palmyre (1962; controversial); articles by various authors in 
Annales archéologiques de Syrie, Mélanges de l'Université St. Joseph, 
and Syria; P. Collart and C. Dunant in Museum Helveticum, xiii, pp. 
209 ff. and 216 ff. (1956); M. Morehart in Berytus, xii, pp. 53 ff. 
(1957); I. A. Richmond in Journal of Roman Studies, ЇЙЇ, pp. 43 ff. 
(1963). (]. S) 
PALO ALTO, a city of Santa Clara county, California, U.S., 
and the seat of Stanford University (q.v.), is about 30 mi. SE of 
San Francisco. It is one of a string of suburban cities along the 
densely built-up bay shore of the San Francisco peninsula. Rolling 
hills and a spur of the coast range separate it from the Pacific 
Ocean 18 mi. SW. Gaspar de Portolá's 1769 expedition is said to 
have camped near El Palo Alto, the tall redwood tree from which 
the city derived its name. Palo Alto was laid out in 1891 as a 
“dry” village for Stanford University, and deeds still prohibit 
liquor sales in the original townsite; the population, however, soon 
pushed boundaries into surrounding "wet" territory. World War II 
began an inrush of industries and boosted the population of the 
little residential city to 52,287 (1960). (For comparative popu- 
lation figures see table in CALIFORNIA: Population.) As expansion 
in other directions was blocked by neighbouring cities and the 
bay shore, Palo Alto, by annexation, continued to press into the 
western hills. Charter revisions in 1950 brought a city manager 
and a centralized administration. 

Pioneer radio experiments by Lee de Forest and others paved 
the way for a concentration of electronics laboratories and plants, 
The Ames Aeronautical laboratory and Stanford Medical School 
attracted various types of industry and research admitted under 
stringent planning requirements. (E. V. C.) 

PALO ALTO, a site in southeastern Texas about 9 mi, NE 
of Matamoros, Mex., was the scene of the first battle of the war 
between the United States and Mexico (1846-48). Mexican 
troops had crossed the Rio Grande to besiege Ft, Brown across the 
river from Matamoros, and to threaten Gen. Zachary Taylor's 
supply centre at Point Isabel. Taylor, with an army of about 
2,200, marched along the road from Point Isabel to Matamoros, 
The two armies met at Palo Alto in the middle of the afternoon, 
May 8,1846. 

The Mexican commander, Gen. Mariano Arista, hoped to win 
through superiority in numbers and the use of crack cavalry units, 
but Taylor's superior artillery repulsed the attacks by the Mexi- 
cans, When night ended the fighting, both armies occupied ap- 
proximately the same ground as at the beginning of the battle, 
The Mexican forces, however, had suffered much greater casualties, 
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and their officers and men were disheartened by their lack of suc- 
cess. Early the following morning they retired southward to a 
defensive position near Resaca de la Palma, where another minor 
battle was fought the next day. 

See Robert S. Henry, Story of the Mexican War (1950); Holman 
Hamilton, Zachary Taylor, Soldier of the Republic (1941). 

(H. W. By.) 

PALOLO WORM, a polychaete annelid (Palola viridis, also 
known as Eunice viridis) that inhabits coral reefs in the Poly- 
nesian Islands of the South Pacific and that exhibits remarkable 
lunar periodicity in its reproduction. The palolo (the Samoan 
name) were considered delicacies by the Polynesians, who gathered 
them for a feast. They appear regularly in enormous numbers 
in the early morning for two days during the last quarter of the 
moon in October (a small swarming) and November (a vastly 
larger swarming). The islanders can predict the appearance of 
the worms by observing the phases of the moon. 

The adults live in cavities of the coral reef rock. At the time of 
reproduction, the much longer, thinner posterior regions, filled 
with sex products, become detached and swim to the surface of 
the sea where the eggs and sperm are discharged; the shorter, 
thicker anterior regions remain in the reef rock and regenerate new 
posterior ends, The Atlantic palolo (Eunice schemacephala or 
Eunice fucata) is widely distributed in the rock coral of the West 
Indian region, and has similar swarming habits. The posterior 
epitokous regions appear in the plankton about daylight during 
the last quarter of the June-July moon. The swarming of the 
palolo worm, in relation to the phases of the moon, has been the 
object of considerable research in biological rhythms. See also 
ANNELIDA. 

BintrocnAPHY.—W. McM. Woodworth, “The Palolo Worm, Eunice 
viridis,” Bull. Mus. Comp. Zool. Harv., 51:1-21 (1907) ; A. L. Tread- 
well, Leodicidae of the West Indian Region (1921) ; О. Hartman, “The 
Littoral Marine Annelids of the Gulf of Mexico,” Publ. Inst. Mar. Sci. 
Univ. Tex., 2:7-124 (1951). (M. H. Pr.) 

PALOVERDE (Span. palo verde, "green tree"), the name 
given to the genus Cercidium of the pea family (Leguminosae), 
comprises a small group of trees and shrubs scattered through the 
arid regions of southwestern United States, Mexico, Central Amer- 
ica, and Venezuela. Three species are indigenous to the United 
States, two of which become arborescent. Blue paloverde (C. flo- 
ridum) isa grotesque tree, 15 to 20 ft. high, found in desert areas of 
southern California, Arizona, and Mexico, including lower Califor- 
nia. Tt is usually a short-trunked, intricately branched tree, with 
smooth, conspicuously green bark, and minute leaves which quickly 
wither and fall, their function being assumed by the green ele- 
ments (chlorophyll) in the bark. The bright yellow flowers, borne 
in axillary clusters, are followed by cylindric beanlike pods about 
three inches long. The paloverde is a characteristic woody plant 
along washes in the Colorado desert. Border paloverde (C. 
macrum) is a Mexican tree which attains its northern limits in 
southeastern Texas. It may be distinguished readily from the 
former species by its, flattened, podlike fruits. (E. S. Hr.) 

PALUDAN-MULLER, FREDERIK (1809-1876), Dan- 
ish poet whose work expresses a moral criticism of the aestheticism 
of the Romantic movement. The son of a clergyman who later 
became bishop of Aarhus, he was born on Feb. 7, 1809, at Kerte- 
minde on the island of Fünen. In 1835 he graduated in law at 
Copenhagen, but meanwhile he had gained fame as a poet with 
Danserinden (1833), an еріс in three cantos written in Byronic 
ottava rima, The narrative is interrupted by numerous digres- 
sions, mainly expressing ideas of love and passion also borrowed 
from Byron. 

The world-weariness expressed in Paludan-Müller's poetry at 
this time was not a mere literary fashion, however. In the 1830s 
the popular young poet passed through a mental and religious 
crisis, during which he was nursed by his cousin, Charité Borch, 
whom he married in 1838. With her he was able to achieve the 
mental harmony and spiritual strength preached in his later work. 
He withdrew from society and until his death (in Copenhagen, 
Dec. 28, 1876) lived almost in seclusion. 

His main work, Adam Homo, the first part published in 1841, 
the remaining two parts not until 1848, is an epic in 12 cantos, 


again in ottava rima. Its hero, the gifted and good-natured son 
of a clergyman, climbs the ladder of social success and ends by 
becoming a baron. The роеп 15 a satire on human nature: Adam, 

as he becomes successful, also becomes shallow, and gradually 
loses his individuality. 10915 only through the faithful love of 
Alma Stjerne, whom he has jilted, that, in the apocalyptic fing) - 
canto, he is saved from doom. The story unfolds against the back. 
ground of contemporary Danish society, which is described with 
satirical wit, and when the first part appeared, it was received gs 
the beginning of a Danish Dow Juan. Paludan-Müller no longer 
shared Byron’s conception of love, however, and through Alma 
he expounds his new theory of will and obedience. 

His later works are mainly imaginative and philosophical poems 
expressing a lofty idealism. They include dramatic poems based 
on mythology (Venus, 1841; Dryadens Bryllup and Tithonus, both 
1844); biblical epics (Abels Død, 1844); a narrative in dialogue 
form (Benedikt fra Nurcia, 1861); a drama (Kalanus, 1854, 
in which Alexander the Great kneels before the Indian prophet of 
renunciation); and Adonis, his last poem, published in 1874, 
Paludan-Müller's Poetiske Skrifter were published in eight volumes 
(1878-79). A selection was edited by Carl S. Petersen, three 
volumes (1909). 

Paludan-Müller's theme, constantly discussed and amplified in 
his poems, is the fundamental conflict between passion and intel 
lect, pleasure in the world and renunciation of it, life and death. 
He stands as the counterpart of Adam Oehlenschlüger (q.v.), and 
Adam Homo may be regarded as a revised Aladdin, in which 
Oehlenschlüger had expressed the spirit of Danish romanticism. 

See V. R. A. Andersen, Paludan-Miiller (1910). (О. A. E) 

PALYNOLOGY, the branch of natural science that deals 
with the structure and classification of the discrete microscoplt 
products of plant life commonly known as pollen grains and spores, 
as well as certain minute organisms and parts of organisms. The 
study embraces both living and fossil forms. In substance, paly 
nology as a field of research is more comprehensive than “pollen 
analysis,” the science from which it was derived, and has impli- 
cations and relationships with the earth sciences as well as the 
plant sciences, especially those aspects dealing with historical geol: 
ogy, stratigraphy, and paleontology. In addition to pollen grams 
and spores, it is appropriate to include in palynology the study 
of a variety of microscopic planktonic organisms, many of un 
certain position in the evolutionary scheme, such as coccolithoph- 
orids, discoasters, hystrichosphaerids, and dinoflagellates. The 
field does not embrace the biological behaviour and physiologit 
activity of these organisms and of pollen and spores, but rather 
their description, classification, and distribution in time and spa. 
Certain well-defined groups of microorganisms such as diatoms a 
the protozoa are conventionally excluded from the province 0 
palynology. 

Because of their minute size (usually less than 100 micron) 
production in enormous numbers, and widespread distribution ? 
wind and water, the objects of palynological study occur as 1089 
in a wide range of sedimentary rocks, Because of high resistant 
to decay and to physical alteration, fossil pollen grains, 8р0 
and planktonic organisms may be examined in much the ШЕ 
way as parts of living plants. In order to examine them ind 
vidually, however, it is necessary first to free them from t 
sedimentary matrix. This is effected by a variety of physical y 
chemical techniques, including solution or disaggregation 9 di 
mineral or organic matrix, flotation in heavy liquids, bleach 
and staining. The objective in all procedures is to free the 210 
fossils and prepare them for study at high magnification. f 

H " micro 

The concentration of pollen grains, spores, and other oli 
scopic entities varies widely in diverse sediments. In certain 0 
(cannel coal) they are among the dominant constituents 0 co 
entire sediment, whereas in limestones and sandstones the nal} 
centration may be extremely low. In many sediments exte! jdé 
devoid of fossils the utilization of palynological techniques У 
large assemblages of identifiable microfossils. : js att 

The phases of palynology that deal exclusively with a yet 
outgrowths and extensions of methods and principles m uri 
developed in the study of peat deposits of northern Europe 


ce 


PAMIRS 


the early decades of the 20th century. In these studies the pres- 
ence, absence, and relative abundance of the pollen of various 
species of trees from known depths in the bog were statistically 
determined. Inasmuch as the forest composition determines the 
n types that are trapped on the surface of a bog at any given 
time, it follows that changes in the pollen content reflect regional 
changes in forest composition. It was established that forest 
changes were induced by climatic change over the many thousands 
of years since glacial ice disappeared from northern Europe. A 
relationship was thus established between the pollen content of 
the peat, the age (position in the bog), and climate. The early 
studies were carried out chiefly in Sweden through the pioneer 
efforts of the geologist L. von Post and the botanist G. Lager- 
heim, The early studies became known as pollen analysis, and 
for many years the field was largely restricted to studies of post- 
glacial deposits. Extension of the study of pollen grains and 
spores to geologically older deposits, and the inclusion of other 
microfossils, vastly extended the scope of palynology. 

The well-established evolutionary sequence of organisms based 
on the large remains of fossil plants occurring in sedimentary 
rocks is also-recorded by the sequence of plant microfossils in 
sediments. Microfossils are therefore of aid in determining geo- 
logic age and are of especial importance in sediments that are 
devoid of gross fossils. Due to their abundance, diversity, and 
minute size, microfossils can be extracted from small samples of 
tock secured in drilling operations. Palynological study is hence 
of practical application to petroleum exploration and other geologic 
studies involving subsurface sediments and structures. 

Palynology has contributed much to knowledge of the fossil 
record of plant life, both in the sea and on the land. Identifica- 
tion of pollen grains, spores, and other microfossils has greatly 
aided delineation of the geographic dispersal and geologic spread 
of many groups of the plant kingdom from early Cambrian time 
to the present. 

See also POLLEN GRAINS. (Et. S. B.) 

PAMIRS, a mountainous area, mainly in the Tadzhik Soviet 
Socialist Republic of the U.S.S.R. but also partly in the Kirgiz 
Soviet Socialist Republic and in Afghanistan and China. The der- 
Wation of the word is perhaps from Persian pai-mir “the foot of 
mountain peaks." It lies north of the northern foothills of the 
Hindu Kush and is bounded on the north by the Trans Alai 
(Zaalayskiy) Range, on the east by the Kashgar Range and on the 
west by the valley of the Pyandzh River along which the border 
between the U.S.S.R. and Afghanistan runs. The Pamirs thus ex- 
lend over an area of about 250 mi, from west to east and 140 mi. 
from north to south. The area is divided by the great meridional 
mountain chain of Sarykol (Khrebet Sarykolskiy), with its main 
Peak of Muztagh Ata (24,757 ft.) which forms the border be- 
tween China and the U.S.S.R. This chain divides the high-level 
Sources of the Amu-Darya (Oxus) on the west from the rivers 
Which flow into the depression of Kashgar on the east. West of 

ê Sarykol two main forms of relief can be distinguished, the 
a forms of the eastern area contrasting with those of the west- 

- The conventional dividing line between these two areas 1s 
пв south along the north-south range of Zulumart (roughly 

E longitude) ; it crosses the Murghab River and passes Lake 
fius -Kul to the middle reaches of the Pamir River. The eastern 
ft (West of the Sarykol) has a mean altitude of almost 20,000 
ae by rélatively low peaks of 3,000-4,000 ft., with rounded 
i ез, and by ranges divided by broad, flat valleys and depres- 

ns at heights of 12,000-14,000 ft. ‘The base of the valleys and 
tessions are filled with moraine, diluvial, and alluvial deposits. 
© type of relief gradually changes toward the west, the valleys 
ming deeper, The western area is disposed in parallel. ranges 
front Northeast to southwest and has sharp, jagged crests rising 

6,000 to 10,000 ft, above the valleys. The lower slopes and 
Sie have less extensive moraine deposits than the east- 
Таб The Chinese Pamirs east of the Sarykol, inhabited by 

inj ik (Tajik); Kirgiz and other populations, have a landscape 
ar to the western Pamirs. 

> he Pamirs belonged to the Alpine geosynclinal region and com- 

Our latitudinal tectonic zones. ‘The southernmost zone con- 
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sists of Precambrian metamorphic rocks intruded by Tertiary gran- 
ites and gabbros. North of this is a tectonically simple zone of 
geosynclinal deposits ranging in age from Carboniferous to Cre- 
taceous. The third zone is tectonically complex, consisting mostly 
of steeply folded thrust masses of metamorphosed Paleozoic strata 
intruded by Tertiary granites. The northernmost zone is also com- 
plex with steep folds and thrusts involving Upper Paleozoic, Meso- 
zoic, and Tertiary rocks. 

The Kashgar Range contains the highest peak in the Pamirs, 
Kongur or Kungur (25,324 ft,). In the west the highest point is 
the Communism Peak (24,590 ft.), in the Academy of Sciences 
Range (Khrebet Akademii Nauk); in the north the Trans Alai 
Range has the Lenin (formerly Kaufman) Peak of 23,405 ft.; 
both, but especially Communism Peak, are surrounded by exten- 
sive glaciers. Smaller glaciers are found in the eastern Pamirs. 
Altogether, there are well over 1,000 glaciers in the Pamirs cover- 
ing an area of more than 3,000 sq.mi. The snow line varies from 
about 12,500 ft. in the northwest to 17,000 ft. in the area of Lake 
Kara-Kul and in the southwest Pamirs. 

West of the Sarykol the following have been conventionally 
recognized as distinct Pamirs (in the sense of valleys reaching 
up in long slopes to the foot of mountain peaks): (1) the Great 
Pamir (Khrebet Yuzhno-Alichurskiy), north of the Wakhan (for- 
merly Emperor Nicholas II) Range and Lake Zorkul (Victoria; 
Sar-i-kól); (2) the Little Pamir (Malyy Pamir), south of the 
Wakhan Range, in the area of Lake Chakmaktinkul; (3) the 
Pamir-i-Wakhan, the narrow trough of the Pamir River which 
joins the Pyandzh at Kala-i-Pyandzh; (4) the Alichur Pamir 
(Khrebet Severo-Alichurskiy), lying along the rivers Gunt and 
Alichur, which are separated from one another by Lake Vashil-Kul 
and bounded on the north and south by the Northern and Southern 
Alichur ranges respectively, thus being situated immediately to 
the north of the Great Pamir; (5) the Sarez Pamir, in the area of 
Lake Sarez (Sarezskoye Ozero) and the Murghab River, north of 
the Northern Alichur Range. Southeast of the Sarykol is the 
Taghdumbash Pamir lying in China and Kashmir along the 
Wakhjir-Jilga (Karachukur) River. 

The climate of the Pamirs is continental, especially in the east- 
ern Pamirs where broad, closed basins retain the cold air in winter. 
In the region of the Fedchenko Glacier, in the Academy of Sci- 
ences Range, the mean annual precipitation is 31 to 39 in., but it 
falls to less than 8 in. in the valleys. In the high mountains of the 
eastern Pamirs it is less than 3 or 4 in. Winter in the eastern 
Pamirs is long and severe, although snowfall is light; the average 
January temperature at about 12,000 ft. is —18° C (0° Е), 
Frosts of —34° to —40° C (—30° to —40° F) are common and 
permafrost is widespread. Summers are cold, short, and dry; the 
average July temperature is 14° C (57° F). Mean annual pre- 
cipitation is 2.4 in., coming mostly in the spring. The air is dry 
and there are sharp daily and annual fluctuations in temperature. 


5 
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PRINCIPAL RANGES AND PEAKS IN THE PAMIR MOUNTAINS 
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The valleys of the western Pamirs have somewhat higher tem- 
peratures and greater precipitation; the average temperature in 
January at about 7,000 ft. is —7° C (19° Е) and in July 22° C 
(72° F), Annual precipitation at a height of 6,000—6,500 ft. is 
6.2 to 8.8 in, which falls mainly in the winter and spring. Differ- 
ences of absolute height and of relief lead to strong local climatic 
variations within this general pattern. 

Vegetation in the eastern Pamirs is scanty, and the area is a 
high mountain desert devoid of trees. The moist bottoms of val- 
leys and basins have the densest plant cover which forms dry, 
hummocky meadows yielding the best pasture of the area. The 
only vegetable fuel in the eastern Pamirs is a low-growing shrub- 
like Eurotia. In the western Pamirs the flora is somewhat richer; 
up to a height of more than 8,000 ft. patches of shrub and small 
trees occur against the general background of a desert or semi- 
desert landscape. Dense growths of willow, Hippophaé, birch, 
poplar, hawthorn (Crataegus), etc., cluster along the courses of the 
rivers. In irrigated areas vineyards and orchards of apricot; apple, 
walnut, and mulberry are found. Artemisia and the saxaul are 
characteristic of this zone, but between 8,000 and 10,500 ft. semi- 
desert conditions give way to a type of mountain steppe vegeta- 
tion with fescue and feather grass. Then, up to 13,000 ft., is a 
zone with the heaviest precipitation and this supports a meadow 
vegetation. Shrubs and small trees continue to occur sporadically 
to altitudes of nearly 12,500 ft. 

The fauna of the Pamirs is relatively poor, In the eastern 
Pamirs the arkhar, a mountain sheep, and the long-tailed marmot 
are found, as well as a few species of birds and two of fishes. In 
the western Pamirs the kiik, a mountain goat, the brown bear, wolf, 
fox, snow panther, lynx, and weasel are found, and there is also a 
greater variety of birdlife than in the eastern Pamirs. 

The mineral resources of the Pamirs have been little studied. 
There are known deposits of gold, lead, copper, iron, and other 
metals, as well as crystal, mica, talc, asbestos, lapis lazuli, Iceland 
spar, etc.. Salt and coal also occur in some areas. The gold, iron, 
precious stones, and salt of the region have been exploited in a 
primitive fashion and on a small scale from ancient times, but the 
development of these activities has been hindered by lack of trans- 
port facilities. 


The railway line from Samarkand up the Fergana Valley runs * 


through Andizhan to Karasu, where a southern branch proceeds to 
Osh. In tsarist days a poor road just suitable for wheeled traffic 
extended from Osh to Irkeshtam on the Chinese border. This 
traditional caravan route from the oases of Russian central Asia to 
Kashgar (Sufu) and beyond is now a main road running in a south- 
erly direction from Osh over the passes of Chiyirchik and Taldyk 
to Sary-Tash, thence over the Tomurun Pass, through Irkeshtam, 
to the east, and roughly parallel with the Kyzyl-su to Kashgar. 
From Sary-Tash another main road extends south, passing east of 
Lake Kara-Kul, over the Akbaytal Pass to Murghab, then west- 
ward over the Naizatash, Tagarkaty, and Koytezek passes, down 
the Toghuzbulok Valley to the Gunt Valley, at the foot of which 
Khorog is situated, close to the Afghan border. The main road 
then follows the border and the Pyandzh River as far as Umarak, 
where it turns north and then west to reach the railway again near 
the Fergana Valley. At least parts of other famous trade routes 
which cross the Pamirs transversely from Yarkand (Soch’e) or 
Kashgar in the east to the Fergana Valley or the Pyandzh Valley 
and Afghanistan in the west have been improved and are suitable 
for wheeled vehicles. 

Largely as a result of improvements in transport facilities gold 
is mined and salt extracted in several places in the Gorno- 
Badakhshan Autonomous Oblast (g.v.) of the Tadzhik S.S.R. 
Farming and some horticulture (mainly fruit growing) have also 
been developed mainly in the western Pamirs where most of the 
population, of mountain Tadzhiks, is concentrated in the lower 
sections of the valleys. Livestock farming, mainly of sheep and 
goats, but with some yaks, has developed chiefly on the upland 
pastures of the eastern Pamirs where there is a sparser population 
in which Kirgiz predominate. 

The first recorded traveler in the Pamirs was a Chinese of the 
7th century; his route from Badakhshan to Kashgar was that fol- 
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lowed by Marco Polo in the 13th century. Explorers from Indi, 
first began to be active in the Pamirs about 1860; they were soon 
followed by Russians from the north (A. P. Fedchenko'in 1871) 
and British from the south (Sir Douglas Forsyth in 1874); jt iş 
from this period that the first reliable investigations of the агы 
may be dated. In the 1880s and early 1890s there were border 
disputes along the Pyandzh River between the Afghans and the 
Russians. In 1893 the Afghans were forced to withdraw from the 
right bank of the Pyandzh and in 1895 a joint Russian-British 
commission met near Lake Zorkul and demarcated the. frontier 
eastward to the Chinese border. Right-bank Badakhshan was 
formally handed over to the Amir of Bukhara, but in fact power 
remained in the hands of the Russian military officials in the area, 
under the direction of the military governor of the Fergana region, 
The settlement of 1895 had been preceded by a spate of explora- 
tions culminating in the journeys of Sven Hedin and Lord Curzon, 
Russian and other explorers continued to be active in the area 
early in the 20th century; but the most important Russian expedi. 
tions were the Pamir expedition of the U.S.S.R. Academy of Sd. 
ences of 1928-30 and the Tadzhik-Pamir expedition of 1932, A 
joint Anglo-Soviet mountaineering expedition climbed several 
peaks in the Pamirs, including Communism Peak, during the sum- 
mer of 1962. (R. E. F. S.) 

PAMPA, LA: see La PAMPA. 

PAMPANGA, an agricultural province in the heart of the 
central plain, Luzon, Philippines, drained by several rivers and 
their tributaries which empty into Manila Bay. Most of the prov. 
ince is level and is used for the production of rice and sugarcane, 
The western border is within the foothills of the Zambales Moun- 
tains. The lower delta land, bordering on Manila Bay, is an art 
of mangrove and nipa palm swamps, some of which have been 
converted into fish ponds. Candaba Swamp, on the Pampanga- 
Bulacan border, is a huge, shallow lake during the wet season, bi 
during the dry season the water recedes and its floor is the prin- 
cipal melon-producing district of the Philippines. Area of the 
province $27 sq.mi.; pop. (1960) 617,259. 

The principal towns are San Fernando, the capital, Guagua, and 
Angeles, Clark Air Force Base, near Angeles, is the largest US. 
military installation in the Orient. (Aw. C) 

Pampangan is the name of the seventh largest Philippine ethno: 
linguistic group, which had a population of 641,795 in 1948. 
They occupy Pampanga principally but also inhabit portions 0 
Tarlac, southern. Nueva Ecija, and northeastern Bataan. elt 
language, Kapampangan, is Central Philippine but differs from that 
of their neighbours. Their region, extending northward from 
Manila Bay and drained by the Pampanga River, has a high po^ 
lation density; there are large numbers of tenant farmers as " 
as many landless workers. Rice and sugarcane agriculture, fishing, 
and the manufacture of nipa palm products are major activities. 
The province has long been a focal point for unrest, as In the 1% | 
bellion against Spain (1896-98), and in the Hukbalahap move 
which developed into a large-scale revolt in the 19505 (seë рн 
PINES, REPUBLIC OF THE: History). з 

Pampangans have maintained а strong character and distinctive 
ness despite their closeness to Manila. They have been relucl . 
migrants except for nearby Manila where they have formed clos 
knit groups with strong ties to their provincial communities. el 
is a considerable Chinese element.in the population, introdu 
through early trade and commerce, and Chinese middlemen E 
active in the rice and other industries: Mexican soldiers ¥ 
duced during the Spanish period settled in Pampanga where 
descendants were completely assimilated by the due RE) 

PAMPAS; a vast plain stretching across central Argent 
from the Atlantic coast to the foothills of the Andes and БОШ 
by the Chaco in the north and Patagonia in the south. a ий 


comes from а Quechua Indian word meaning “а flat sur smal 
South Americans use it in the singular, la фатфа. er d 
е 


plains in other parts of South America, such as t 
northern Chile, are also referred to as pampa. S 
The area of the Argentine pampa is about 293,436 50.02. 


(1605 
000 sq.km.), The pampas has a very gradual slope from s0 
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to northwest, from 66 ft. above sea level at Buenos Aires to about 
1,640 ft. at Mendoza. At that latitude the distance across is about 
620mi, Apart from a few sierras in the northwest and south, most 
of the region appears perfectly flat. The soil consists chiefly of 
fine sand, clay and silt washed down toward the Atlantic by the 
great rivers or blown in dust storms from the west. The climate 
varies; summers are hot in the northwest, but near the coast they 
are cooled by the Falkland current. 

Periodically cool winds from the south meet the warm air from 
the tropical north, creating violent gales accompanied by heavy 
rain in the neighbourhood of Buenos Aires. These storms are 
known as pamperos. 

The pampas is divided into two distinct zones. In the west is 
the.dry pampas, largely barren, with great saline areas, brackish 
streams, and sandy deserts, Some parts are covered with stunted 
scrub, To the east of this arid zone lies the temperate, well- 
watered humid pampas, economic heart of Argentina and the main 
source of its wealth.. Originally the humid pampas was covered 
with tussocks of rough prairie grass, and it was destitute of trees 
except for an occasional, solitary ombú, "the lighthouse of the 
pampas.” 

From the middle of the 19th century the region was trans- 
formed. Previously the Spaniards had introduced cattle and 
horses but had made no attempt to develop the land. The ani- 
mals were rounded up by gaucho: cowboys, who were celebrated 
for their horsemanship, hardihood, and lawlessness. After the 
liberation from Spain, and with the progressive extermination of 
the wild Indians who roamed the plains, landowners began to 
employ immigrants (chiefly Italians) to cultivate their estancias, 
sowing alfalfa (lucerne) for fodder, and maize; and finer pastures. 
They fenced their lands with barbed wire and imported pedigree 
cattle and sheep from Great Britain. Railways’ were built across 
the pampas. The gauchos gradually became peones (labourers), 
and horses have been increasingly replaced by tractors. 

The southeastern area between Mar del Plata and Tandil, being 
relatively cool and containing much-swampy land, has been de- 
voted to the breeding of high-grade sheep and cattle, with almost 
по agriculture. A second (western) belt extending іп a curve for 
about 600 mi. from Bahia Blanca in the south to Santa Fe in the 
north is used principally for the cultivation of alfalfa and wheat, 
With some cattle raising. Around Rosario maize and flax are the 
fle! Crops, with some cattle. The vicinity of Buenos Aires has 
ae developed to supply the capital with E ун = 

Ў E. P. 

PAMPERO: see Winn: Local Winds. 

ae AMPHLET, a word generally derived from Pamphilet, the 
‘ Жым title of a popular medieval minuscule, now lost, and first 
sed in a 14th-century text in contradistinction to “book.” After 
La Invention of printing, short unbound or loosely bound booklets 
EN called ‘pamphlets,” and because polemical and propagandist 
a S on topical subjects were circulated in this form, the word 
nee to be used to describe them. By librarians and bibliogra- 
3 RR 35 still used to classify any short work, unbound or bound in 
E Ае, The word tract is almost synonymous with pamph- 

Pa el generally used of works on religious subjects. 
man m lets began to be published in England, France, and Ger- 
T deis after the invention of printing, and the first great age 
the ee eteering was inspired by the religious controversies of 
duct oM 16th century. In France, so many pamphlets were is- 
them SAP PORE of the Reformed religion that edicts prohibiting 
the pam, она! ед in 1523, 1553, and 1566. In Germany, 
inflame Iphlet was first used by the leaders of the Reformation to 

BER ponies opinion against the pope and the church, and 
i er was one of the earliest and most effective pamphle- 
and the ii соагѕепеѕѕ and violence of the pamphlets on both sides, 
tion at dis ES disorder attributed to their sale, led to their prohibi- 
is d iets of Nürnberg (1522-23) and Speyer (1529), Augs- 
1580, p 2 and Regensburg (1541), and by imperial edict in 
ма be ngland, the. tradition of the popular satiric pamphlet 

Sun with Simon Fish’s A Supplicacyon for the Beggars 


(1529) 4 
a bitte i 
КА in irm attack on the clergy, answered by Sir 'Thomas 
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The pamphlet was popular in ће Elizabethan age, being used 
for religious controversy (notably in the Marprelate pamphlets of 
1588-89, see MARPRELATE CONTROVERSY); and by such brilliant 
pamphleteers as Thomas Dekker, Thomas Deloney, Thomas 
Nashe, and Robert Greene (qq.v.) for romantic fiction, auto- 
biography, scurrilous personal abuse, and social and literary criti- 
cism. Reporting of the activities of rogues and swindlers, a 
favourite theme, was begun by Thomas Harman's A Caveat. . . 
for Commen Cursetors (1566-67), and continued in Greene's 
“coney-catching” pamphlets, In the Jacobean period the pamphlet 
was used for most of the topics treated by modern journalism. 
Such writers as Richard Brathwait (1588-1673), John Taylor, 
the “Water-Poet” (1578?-1653), and Samuel Rowlands (1570- 
?1628/30) wrote pamphlets in prose and verse on a wide variety 
of catchpenny themes. 

In France the Wars of Religion produced'a flood of pamphlets. 
The didactic seriousness of the earlier religious pamphleteers gave 
way to a greater violence, especially in numerous pamphlets against 
the Jesuits, and to a more flippant and lively satire in pamphlets 
on the morals of the court and the chief ministers. The Satire 
Ménippée (1594; see FRENCH LITERATURE: The 16th Century), 
an effective mockery of the Catholic Holy League, is one of the 
most famous of French pamphlets. Pamphlets against Richelieu, 
Mazarin, Colbert, and Fouquet were published in France, Holland, 
and Flanders; those against Mazarin were called: mazarinades. 
The pamphlets of Blaise Pascal (g.v.), known as Les Lettres 
provinciales (1656-57), raised the form to the level of literature. 
During Louis XIV’s reign the pamphlet was popular for satiric 
description of the amours of the court, a notable example being 
the Carte géographique de la cour (1668), by Bussy-Rabutin. 

In Germany a second outburst of pamphlets, similar in style 
to the first, was inspired by the controversies which culminated 
in the Thirty Years’ War. The form was used first by the leading 
German princes, especially Maximilian of Bavaria and Christian 
of Anhalt, to defend their own actions and to attack those of 
others with scurrilous abuse. 

In England, the pamphlet gained increasing propagandist influ- 
ence during the political and religious controversies of the 17th 
century. Pamphlets played an important part in the debates be- 
tween Puritan and Anglican, and king and Parliament, in the 
years before the Civil War, and during the war itself and the 
Commonwealth. The early radical Puritans John Bastwick, Henry 
Burton, and William Prynne (q.v.) were severely punished in 1637 
for their anti-episcopal pamphlets, and John Lilburne, the leader 
of the Levellers (g.v.), was imprisoned for pamphleteering by 
Charles I, the Long Parliament, and Cromwell. During the Civil 
War and the Interregnum, the comparative freedom of the press 
led to pamphlets on a wide range of controversial subjects by 
John Gauden (g.v.), in support of the royalist cause; Gerrard 
Winstanley (1609—after 1660), the spokesman of the Diggers 
(q.v.); who advocated egalitarian socialism; James’ Harrington 
(g.v.), the republican philosopher; and John Milton (q.v.), who 
abandoned poetry for 20 years to write pamphlets in the cause of 
religious and civil liberty, and who, in Areopagitica (1644), an 
eloquent plea “to know, to utter and to argue freely according to 
conscience" produced a masterpiece of prose style. 

The stricter enforcement. of censorship at the Restoration 
checked. the flow of pamphlets, and the rise of the newspaper 
and periodical (qg.v.) to some extent restricted their range. In 
the Restoration period and at the Revolution of 1688, however, 
the pamphlet became increasingly important as a political weapon. 
Andrew Marvell (g.v.) wrote influential political pamphlets, and 
those by George Savile, marquess of Halifax (q.v.), were notable 
for both literary style and political wisdom, In the Augustan 
age both Defoe and Swift (gq.v:) were masters of the polemical 
pamphlet, which became the chief vehicle for political contro- 
versy. The development of party politics gave employment to 
pamphleteers, the Whigs being supported by Addison, Steele, 
Bolingbroke, Prior, Atterbury, and Pulteney, and the Tories by 
Swift. 

The pamphlet continued to be powerful throughout the 18th 
century. In North America the earliest pre-Revolutionary agita- 
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tion marked the beginning of a great tide of pamphleteering; be- 
tween 1763 and 1783 about 2,000 pamphlets on the political issues 
of the day are estimated to have been issued. Some of these were 
first published in newspapers and then issued in pamphlet form, 
or vice versa. Among the writers whose pamphlets are notable 
both for literary quality and political influence may be mentioned 
James Otis (g.v.), John Dickinson (g.v.), and, first and fore- 
most, Thomas Paine (q.v.), whose Common. Sense appeared in 
January 1776, followed by the Crisis papers (December 1776- 
April 1783). After the United States was founded, a second tide 
of pamphleteering, only slightly diminished in volume, was oc- 
casioned by the proposal of a new constitution in 1787. From 
this material there emerge preeminently the Federalist papers 
(see FEDERALIST, THE), which, though not strictly speaking pamph- 
lets (they appeared first in newspapers and then in book form), 
may be taken as summarizing the most original contributions the 
revolutionary generation of pamphleteers made to the discussion 
of government. The Federalist may also be regarded as marking 
the end of the era of the political pamphlet, thereaíter largely 
replaced by newspapers and magazines on the one hand and by 
the printed book on the other. 

In France the 18th century was also notable for its pamphlets, 
and the form was used by Voltaire, Rousseau, Montesquieu, 
Diderot, D'Alembert, D'Holbach, Helvétius, and Beaumarchais 
to express the philosophical ideas of the Enlightenment. Their 
pamphlets differ in style and subject from those in England: they 
are rather reasoned discourses than polemical tracts. With the 
approach of the French Revolution, the pamphlet became again 
a popular polemical weapon. One of the most effective pre- 
Revolutionary pamphlets was Qu'est-ce que le Tiers Etat (1788), 
by the Abbé Emmanuel Joseph Sieyés (1748-1836), who in this 
and two other pamphlets published before a meeting of the States 
General (1789) forcibly expressed the aspirations of the Third 
Estate, The Revolution itself produced many popular anonymous 
pamphlets, slandering the queen and the nobility, and comment- 
ing on events. The most complete collection of revolutionary 
pamphlets is that in the Bibliothéque Nationale, Paris. The Rev- 
olution also occasioned one of the most outstanding English 
pamphlets, Edmund Burke’s Reflections on the Revolution in 
France (1790), It provoked many replies, the most famous being 
The Rights of Man (1791-1792) by Thomas Paine. 

Of later French pamphleteers the most outstanding was Paul 
Louis Courier (g.v.), who wrote polemical masterpieces. The 
Revolution of 1848 also produced pamphlets. Louis Frangois 
Veuillot (1813-83) supported Catholicism against the free- 
thinkers and anticlericalists in several pamphlets, and the form 
continued to be used for controversy, notably at the time of the 
Dreyfus affair. 

In England, the pamphlet played a part in all the political move- 
ments of the 19th century, Perhaps the most notable in numbers 
were the pamphlets on Chartism and those written against the 
Corn Laws. Irish Home Rule also provoked vigorous pamphle- 
teering, The Tracts for the Times, which began the Oxford Move- 
ment (q.v.), showed the continuing power of the pamphlet. At 
the turn of the century the Fabian Society propagated its political 
doctrines in a series of pamphlets to which George Bernard Shaw, 
Beatrice Webb, and Graham Wallas contributed. 

In the 20th century the pamphlet has been used rather for in- 
formation than controversy, chiefly by government departments 
and learned societies. 

See also ENGLISH LITERATURE; FRENCH LITERATURE; GERMAN 
LITERATURE; POLISH LITERATURE; RUSSIAN LITERATURE; and 
their bibliographies; and the bibliographies of articles on writers 
mentioned above. 

BisLr06RAPHY.— There are descriptive catalogues and bibliographies 
of pamphlet collections, and of pamphlets in libraries such as the 
Bibliothèque Nationale, the British Museum, and the libraries of Frank- 
furt, Vienna, etc. -See Catalogue of a Collection of Historical Tracts, 
1561-1800, ed, by S. J. Reid (1901); English Tracts, Pamphlets and 
Printed Sheets, a Bibliography (1473-1650), ed. by J. H. Bloom, 2 vol. 
(1922-23). Collections include Political Pamphlets, ed. by A. F. Pollard 
(1897); A Miscellany of Tracts and Pamphlets, ed. by A. C. Ward 
(1927); The Elizabethan Underworld, ed. by A. V. Judges (1930) ; 
Tracts on Liberty in the Puritan Revolution, ed. by W. Haller, 3 vol. 


(1934); Complaint and Reform in England, 1436-1714, ed. by W H 
Dunham and S. Pargellis (1938) ; The Leveller Tracts, 1647-53, ей, уу 
W. Haller and G. Davies (1944); British Pamphleteers, vol, i ns 
G. Orwell and R. Reynolds (1948), vol. ii ed. by R. Reynolds (198), 
For French pamphlets see Bibliographie des mazarinades, 3 vo], (1850. 
51) and Choix de Mazarinades, 2 vol. (1853), both ed. by C. Morea; 
C. Nisard, Histoire des Livres populaires, 2 vol. (1854); A, G, qi 
Lavigné, Des Pamphlets de la fin de l'Empire. (1879) ; Catalogue du 
factums, etc., antérieure de 1790, ed. by A, Corda, Bibliothèque 
Nationale (1890) ; D. Mornet, Histoire de la littérature francaise, 1650- 
1700, 2nd ed. (1942) and Les Origines intellectuelles de la Révolution, 
зга ed. (1933); Pamphlets of the American Revolution, 1750-1776, 
ed. by Bernard Bailyn and J, N. Garrett, 4 vol. (1965 et зед.), includes 
the texts of 72 pamphlets. 


PAMPHYLIA, a region in the south of Asia Minor, between 
Lycia and Cilicia, extending from the Mediterranean to Mt, Taurus 
It was bounded on the north by Pisidia and was a country of small 
extent, having a coastline of about 75 mi. with a breadth of about 
30 mi. Under the Romans the term Pamphylia was extended to 
include Pisidia and the whole tract up to the frontiers of Phrygia 
and Lycaonia. The country consisted of an alluvial plain, drained 
by the lower Catarrhactes, Cestrus (Aksu), Eurymedon (Kopru), 
and Melas ( Manavgat) rivers, backed by the mountains of Taurus 
Unlike the plain of Cilicia to the east, it had no convenient access 
through its bordering ranges to the plateau. The chief towns o 
the coast were: Olbia, the first town in Pamphylia, near tht 
Lycian frontier; Attaleia (Antalya, g.v.); and Side (q.v.). Ona 
hill above the Eurymedon stood Aspendus (g.v.) and above the 
Cestrus was Perga (q.v.). Between the two rivers stood Sillyum, 
a strong fortress which defied even Alexander the Great. 

According to Pliny, the original name of the country was 
Mopsopia, after Mopsus (g.v.), the hero who led’ bands of Greek 
settlers after the Trojan War both to this region and to the coasts 
of Cilicia and Syria farther to the east. The customs of the 
Pamphylians closely resembled those of the Cilicians, and doubt- 
less the aboriginal stock had been mixed with immigrant Cilicians 
as well as with later Greek incomers; in classical times they spoke 
a Greek dialect resembling the Arcadian and Cyprian. 
Pamphylians are first mentioned among the nations subdued by 
the Mermnad kings of Lydia, and afterward passed in succession 
under the dominion of the Persian’ and Macedonian monards 
After the defeat of Antiochus III in-190/189 в.с. they were I 
cluded among the provinces annexed by the Romans to the domin- 
ions of Eumenes of Pergamum; later they joined the Pisidians and 
Cilicians in piratical raids. Pamphylia was for a short time i 
cluded in the dominions of Amyntas, king of Galatia, but after his 
death (25 в.с.) it lapsed into a district of a Roman province. 11% 
Pamphylians became largely hellenized in Roman times and have 
left memorials of their civilization at Perga, Aspendus, and Side 

See PISIDIA for bibliography. (уум. C: B И 

PAMPLONA, a city of northern Spain іп the foothills of ! 
Pyrenees, capital of the province (formerly kingdom) of Ne 
and an archiepiscopal see. Pop. (1960) 97,880. Situated c 
left bank of the Arga River in the fertile region of La Cuenca, it 
important for communications between France and Spain. " 
medieval core of the town, La Navarreria, is dominated by 
cathedral, mostly 14th-15th century French Gothic, but Vis 
Romanesque remnants and a neoclassical facade by Ventum 
driguez (1717-85). Notable, too, is the Gothic church (13th- 
century) in the old district of San Cernín or Sernin (16) ^ 


also the Cámara de Comptos (royal treasury, c. 1364); 6 iin 
Consistorial (1741, with Baroque facade); and the Diputa 
Provincial (neoclassical) with the Archivo General de 
adjoining. The centre of the city, linking old and new, er 
porticoed Plaza del Castillo, Southeast of this’ is gant 
Plaza del Conde de Rodezno, with a monument of the Civ » 
(1936-39). Educational institutions include the Estudio Cen 
de Navarra for higher university studies and various spec ye 
schools. Among the museums is the Museo de Recuerdos =. 
tóricos with mementoes of the Carlist Wars. The aC п ф 
dens and the Media Luna Park аге public; and public an the 
also surround remains of the 16th-century fortifications. 
1920s the fortifications on the south side were demolishe 
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modern building. Industrialization has produced a suburban 
belt of factories and workers’ dwellings. 

Pamplona’s chief tourist attraction is the Fiesta de San Fermin 
(the native-born St. Firminus, its first bishop), described in Ernest 
Hemingway's novel The Sun Also Rises (1926). Starting on July 

eve of the saint’s festival, the fiesta lasts till the 14th, wi 
6, the 1 , with 
daily bullfights preceded each morning by the famous encierro 
(enclosing) of the bulls, when they are driven through the streets 
behind crowds of skilfully dodging boys. 

There are good rail services to Madrid via Soria and to Barce- 
lona via Zaragoza (Saragossa). The town is well sérved by roads, 
including a link with Bayonne, France. Situated in a rich, irrigated 
cereal-producing area, Pamplona is a flourishing agricultural centre, 
Industry also prospers : the ancient crafts of wineskin, sandal, rope, 
and pottery making coexist with the manufacture of sanitary and 
kitchen ware, liquor, paper, and chemicals, and the milling of flour 
and sugar. 

According to tradition, Pamplona was founded in 75 в.с. by 
lulius: Caesar's rival Gnaeus Pompeius (Pompey) as a milita 

tl during hi i inst Qui Ser Its fi st 
settlement during his campaign against Quintus Sertorius. Its first 
fame was Pompeiopolis or Pompaelo (corrupted by the Moors to 
Banbaluna). Almost derelict after Moorish and Frankish in- 
vasions and the final dismantling of its defenses by Charlemagne 
in 778, Pamplona was made capital of his kingdom of Navarre by 
Sancho IIT the Great (1000-35), his new foundation being known 
as the Ciudad de la Navarreria. The addition of two more self- 
governing districts, the Burgo de San Cernin and the Poblacion 
de San Nicolas, led to bloodshed ended only by Charles III the 
Noble's privilegio dela union in 1423. In 1521 Inigo López de 
Recalde (afterward St. Ignatius of Loyola) was wounded during 
the attempt by Juan de Labrit (Jean d'Albret), Navarre's last in- 
dependent king, to regain his throne from Castile. The citadel 
built by Philip II of Spain in 1571 made Pamplona the most 
Strongly fortified town of the north. After the First Carlist War 
(1833-39), Pamplona ceased (1841) to be capital of the kingdom 
of Navarre and became capital of the new province of the same 
name. 

PAN, originally an Arcadian’ deity who came to be worshiped 
throughout the Greek world, although he never attained any high 
Moral development or prominent place in cult outside Arcadia. 

e name is a Doric contraction of paon, “pasturer,” but was com- 
monly supposed in antiquity to be connected with pan, “all.” The 
Spread of his ancient cult was relatively late; he was unknown to 
Homer, although he is the subject of one of the later Homeric 
hymns, He was associated by the Romans with Faunus (q.v.). 
Ee is generally said to be Hermes; as his mother is often 

ed Penelope, probably not 

lhe wife of Ody: 
ysseus but com- 
monly identified with her, one 
or b of the characters in 
he Odyssey is sometimes called 
Bi father. Pan is represented as 
E. 4 less bestial in shape, gen- 
У having the horns, legs and 
i Of a goat; in later art the hu- 
i Parts of his form are much 
lore emphasized, the bestial 
racteristics dwindling to a lit- 
nd eon His activities 
5e of a giver of fertility. 
m he is thus represented as vig- 
Coen ала lustful. His chief con- 
with Eom and herds, not 
culture; hence he can 

Take men, lik 

in ‘po: iy Ke cattle, stampede 
Panic” terror; like a shep- 
herd, he is a niner p 

К, 18 a piper, a late legend 
m him as the lover of a 
disappe, yrinx ("Panpipe"), who 

used Into a reed bed when 

t pi ued her, Pan making the 

Pe from the reeds (Ovid, 
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Metamorphoses, i, 689-712). Like a shepherd, again, he rests at 
noon, and dislikes having his sleep disturbed; he can also send 
visions and dreams. Again like a shepherd, he haunts the high 
hills and another late story makes him love or be loved by the 
nymph Pitys (“pine tree"). 

Two picturesque stories are told of him. When the Athenians 
sent the runner Phidippides to ask help of Sparta before Marathon, 
he encountered Pan, who asked why Athens did not honour him, 
seeing that he was her friend and would be so again. After the 
battle, a cult of him was instituted, presumably because he had 
sent panic among the Persians (see Herodotus, vi, 105). In the 
time of Tiberius, as related by Plutarch, one Thamus, pilot of a 
ship making for Italy, was thrice called by name and bidden to 
give the news that “great Pan was dead.” It was plausibly sug- 
gested by S. Reinach, although several scholars reject the idea, 
that what was really heard was “Tammuz, Tammuz, Tammuz the 
all-great is dead,” a ritual lament for Tammuz-Adonis. ‘“Thamus, 
the great Pan . . .” and “Tammuz the all-great . . .” in Greek 
would be practically indistinguishable in pronunciation. 

Pan is insignificant in literature, aside from Hellenistic bucolic, 
but he is a very common subject in ancient art. His rough figure 
was antithetical to, for example, that of Apollo, who represented 
culture and sophistication; hence the story of their musical con- 


test (see MIDAS). ї 
BIBLIOGRAPHY.—Immerwahr, Кийе und mythen Arkadiens (1891) ; 


W. Roscher, Ausführliches Lexikon der griechischen. und römischen 
Mythologie (1884-1937) ; L. R. Farnell, The Cults of the Greek States, 
vol. v (1909) ; R. Herbig, Pan, der griechische Bocksgott (1949) ; H. J. 
Rose, Handbook of Greek Mythology (1957). (T. V. B.5 X.) 

PANAETIUS (c. 180-109 в.с.), the founder of Roman Stoic 
philosophy, and a friend of Scipio Aemilianus and of Polybius, was 
born at Lindus in Rhodes. A pupil in Athens of Diogenes of Seleu- 
cia and of Antipater of Tarsus, he also studied the philosophies 
of Plato and of Aristotle. Many years resident in Rome, he was 
an influential member of the Scipionic circle and was invited to 
be Scipio’s sole companion on an ambassadorial visit to the orient 
c. 140 в.с. Succeeding Antipater as head of the school, he passed 
the last 20 years of his life in Athens, While adhering to funda- 
mental Stoic teaching, Panaetius tempered the rigid austerity of 
the ancient Stoa and introduced a new humanist note. He appears 
to have written less voluminously than other leading Stoics, and 
none of the five treatises attributed to him is extant. His impor- 
tant ethical treatise On the Appropriate was Cicero's model for 
the first two books of the De Officiis. His chief disciple was 
Poseidonius of Apamea. See STOICS: 

Brertocrapuy.—R. D. Hicks, Stoic amd Epicurean (1910); E. V. 
Arnold, Roman Stoicism (1911; new ed, 1958) ; E. Zeller, Die Philoso- 
phie der Griechen, vol. iii, 5th ed. (1923) ; H. N, Fowler, Panaetii et 
Hecatonis librorum fragmenta (1885); B. N. Tatakis, Panétius de 
Rhodes (Paris, 1931) ; M. Pohlenz, Stoa und Stoiker (1950) ; M. van 
Straaten, Panétius, sa vie, ses écrits et sa doctrine, avec une édition des 
fragments. (1946), with extensive bibliography. (A. В. C. D) 

PANAMA (REPUBLICA DE PANAMA), a Central American re- 
public lying between Costa Rica and Colombia, its boundary with 
the latter marking the division between Central and South Amer- 
ica. The Panama canal, crossing the lowest and narrowest point 
of land between the Atlantic and Pacific, bisects the republic from 
ocean to ocean, Panama is bounded on the north by the Caribbean 
sea, an arm of the Atlantic, east by Colombia, south by the Gulf of 
Panama and the Pacific, and west by Costa Rica. The coast line 
on the Atlantic side is 477 mi., on the Pacific side 767 mi. 

This article is divided into the following sections: 

I. Physical Geography 
II. Geographical Regions 
ПІ. History 
IV. Population 
V. Administration and Social Conditions 

VI. The Economy 

There are short articles on the provinces. Geographical, his- 
torical, economic and political aspects of Panama may also be 
found in CENTRAL AMERICA and MIDDLE AMERICA. 


1. PHYSICAL GEOGRAPHY 


Geology.—West of the Canal Zone the mountain backbone of 
Panama consists of pre-Tertiary granite and metamorphic rocks, 
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capped in the west by explosive deposits of several high Miocene 
and Pleistocene volcanoes. Pre-Tertiary rocks cover the southern 
half of Azuero peninsula and west of it they extend from the Pa- 
cific to the Caribbean. Mountain flanks and plains in north- 
western and southwestern Panama, northern Azuero peninsula, 
hills of the Canal Zone and plains bordering the Gulf of Panama 
are made up of Oligocene, Miocene and Pleistocene marine sedi- 
ments and recent alluvium. 

Pre-Tertiary granite and metamorphic rocks cover most of 
Panama east of the Canal Zone and include the larger of the Pearl 
Islands (Archipiélago de las Perlas); however, in southeastern 
Panama, between two broad areas of the above rocks, are Oligocene 
and Miocene marine sediments. 

Relief and Drainage.—Three-fifths of Panama consists of 
rolling hills to rough mountains. In the rugged Sierra de Chiriqui 
and Cordillera de Veraguas, 20 to 35 mi. wide, are several vol- 
canic peaks, the highest Chiriqui (11,411 ft. [3,478 m.]). Terrain 
in the Canal Zone region consists of deep valleys and rounded 
hills, Eastward the rough Cordillera de San Blas, 7 to 18 mi. wide 
with summits nearly 4,440 ft. high, borders the Caribbean to Co- 
lombia. Caribbean lowlands are limited to alluvial-coastal plains, 
5 to 20 mi. wide and mostly poorly drained, in Bocas del Toro and 
just west of the canal. Piedmont-alluvial-coastal plains, 5 to 20 
mi. wide, fringe the Gulf of Chiriquí, cut across the base of 
Azuero peninsula, and border the Gulf of Panama to San Miguel 
gulf. East of the Canal Zone these and the Bayano, Tuira- 
Chucunaque and Balsas alluvial plains are poorly drained. Coiba 
Island, Azuero peninsula, several Pearl Islands and Serranía del 
Sapo are hilly to rough. 

Many short rivers flow from the mountains to the coasts; the 
Chagres, Trinidad and other rivers empty into Gatun lake; longest 
rivers are the Tuira-Chucunaque and the Chepo or Bayano; only 
the Tuira is navigable for about 100 mi. 

Climate.—Lowlands have temperatures of 80° F., with little 
monthly variation, but with a diurnal range of 15? F. Mean an- 
nual temperatures decrease from 74° F. at 3,000 ft. to 60° F. at 
5,000 ft., and to 45° F. in the high Sierra de Chiriqui. The Car- 
ibbean coast and high mountains, with no distinct dry season, re- 
ceive from 127 in, to 160 in., or more, precipitation per year. 
Annual precipitation at Santa Clara, on the coast 60 mi. west of 
Panama city, is 51 in., with January to April almost rainless ; west- 
ern Chiriqui plains receive 96 in. per year; southern Darién more 
than 100 in., with no distinct dry season, Wind velocities are 
low; maximum velocities are about 25 mi. per hour. Possible sun- 
shine varies greatly, according to rainy days, which average less 
than 120 days per year on Pacific coast to more than 260 days on 
Caribbean coast and mountains. 

Vegetation.—Mangroves and palm forests grow in swamps 
along portions of both coasts. Broadleaf evergreen forests cover 
about 60% of Panama. They are in areas with more than 80 in. 
of rain and no distinct drought season— Caribbean lowlands, hills 
and mountain slopes up to 6,500 ft., and all of San Blas and Sapo 
mountains and the upper Bayano, Tuira-Chucunaque and Balsas 
basins. They contain at least 90 tree families and 1,000 species, of 
which 200 grow to heights of 70 ft. or more, including balsa, brazil- 


wood, Castilla, ceiba, jacaranda, jobo, laurel, lignum vitae, m. 
hogany, rosewood, Spanish cedar, tamarind and Sapota. Above 
6,500 ft. in western mountains are deciduous rain forests, dom). 
nated by oaks, alder and Loro. On Pacific lowlands and hill 
from the western boundary to San Miguel gulf are large savannas 
interspersed with tropical semideciduous forest, including such 
species as almácigo, cedar, ceiba, mora, panama (national tree 
from which name of country is derived), roble de Sabana ax 
ronron. Common drug and medicinal plants in Panama are 
arnica, copiaba, camomile, lancepod (sources of rotenone), star 
apple, tamarind, and wormseed. 

Animal Life.—Abundant animal life includes: (1) deer, opos- 
sum, tapir, ocelot, raccoon and porcupine; (2) reptiles: crocodiles, 
lizards, snakes and turtles; (3) rodents: agouti, rats, mice; (4) 
numerous species of water and land birds, many beautifully 
adorned; (5) many species of butterflies, moths, beetles, bees, 
wasps, ants, flies and mosquitoes, many with protective colours 
tion; and (6) numerous species of fresh-water and salt-water 
fishes (including Mollusca), The chief commercial fish caught 
are groupers, corbinas, mackerel, snappers and snooks, 


Il. GEOGRAPHICAL REGIONS 


On the basis of physical geography and economic activities the 
Isthmus of Panama may be divided into five geographical regions, 

Between the Cordilleras Veraguas and San Blas an east-west 
belt of valleys and high hills, nearly 60 mi. wide, crosses the 
isthmus. This is a region of interocean routes (canal, railway, 
highways and airlines) and population concentration, about 34% 
of the national total. About 40% of the working people of Panami 
city and Colón are employed in the Canal Zone. This area, politi 
cally and economically the heart of Panama, produces most of the 
manufactured goods, and large quantities of foodstuffs. 

The Pacific plains and hilly lands of the Azuero peninsula, er 
tending from western Chiriquí to the lower Bayano valley, have 
46% of the population of the country. With much level lani, 
fertile soils, high temperatures, and marked rainy and dry season 
they include most of the country’s planted pastures and naturi 
savannas (70% of the pastures consist of planted grasses.) Neatly 
all the bananas exported from Panama are grown on the western 
Chiriquí plains. 

The whole region produces about 8045 of the country's cattle 
swine, poultry and animal products. It also produces nearly 
the sugar and 7596 of the rice, corn, beans, sweet potatoes, yui 
and tobacco. Coastal waters supply nearly all the fish caught W 
Panama. i 

The Sierra de Chiriquí and Cordillera de Veraguas, rugged, rainy 
all year and mostly densely forested, are largely uninhabi 
their northern slopes, but valleys on their southern slopes 
about 13% of the country’s population. These valleys produt 
most of the coffee of Panama and they also have important citri 
fruit, dairy, cacao, tobacco, and lumbering districts, and moun! 
resorts. Wi 

The Caribbean plains and hills west of the Canal Zone, 
rainy all the year, and mostly densely forested, are sparsely ri 
Пей, with only 3% of the nation’s population. These people A 
chiefiy in Bocas del Toro plains, Panama’s commercial banani 
gion, until the late 1920s. This area produces cacao, abacá, TD 
forest products and foodstuffs for local consumption. this 

Mountains and lowlands of eastern Panama contain one id 
of the national area. Hot, rainy all year and densely pon 
they support only about 4% of the country's population. үү 
scattered, this population, without highways, railways 8D s 
lines, is engaged principally in subsistence agriculture, D 
fishing and lumbering. (С.Е. 


ШІ. HISTORY 


Rodrigo de Bastidas explored the northern coast o 
of Panama in 1501. It was not until his fourth and l 
(1502) that Christopher Columbus, sailing along t the 
(then known as Tierra Firme) came within a few miles р i it 
which he sought as the route to the Indies. These were 10 jn! 
in 1509 by Diego de Nicuesa sent by King Ferdinand of 
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colonize Tierra Firme. None of these explorers was successful 
jn establishing a colony, for the hostility of the natives, the lack of 
wisions, and the presence of disease defeated their efforts. 

Colonial Period—A_ more successful attempt was made by 
Martin Fernández de Enciso on the west shore of the Gulf of 
Darién, ‘There at Santa Maria, Vasco Nuñez de Balboa (g.v.) 
induced the colonists to plant crops, taught them to befriend the 
Indians, and introduced many customs of the homeland. But the 
hope for riches impelled Balboa to seek and find the Pacific ocean 
(1513), which he called Æ} Mar del Sur (South sea), and to claim 
it for his sovereign. 

Under Balboa’s successor, Gov. Pedro Arias de Avila (Pedrarias), 
Santa Maria was given a municipal charter and made the seat of 
a bishopric. In 1519 Pedrarias transferred his headquarters and 
that of the bishop across the isthmus to a little fishing village, 
Panama, In 1531 Francisco Pizarro sailed from this port for 
Peru, and thereafter the importance of Panama lay in its loca- 
tion, To it were brought the riches of the Spanish possessions 
to the south and north for transshipment across the isthmus on the 
Camino real (royal road) to Nombre de Dios and later to Porto 
Bello (g.v.), while in the opposite direction merchandise of the 
mother country was distributed to the colonies. Each year it was 
customary for a fleet of galleons to sail from Cádiz, Spain, with 
the merchandise, for Porto Bello and San Juan de Ulua (Veracruz), 
Mexico. Arrival at Porto Bello was the occasion for a great fair 
at which old and new world produce was exchanged, attracting 
traders from all of the colonies. Porto Bello became notorious 
for the prevalence of disease and inflation. 

The annual fairs and the fleet system presented targets of con- 
centrated wealth for the famous buccaneers and privateers of the 
colonial period. Most famous of these was Sir Francis Drake who 
in 1572 attacked Nombre de Dios successfully, and in 1573 inter- 
cepted the mule train bearing the Spanish king’s share of treasure 
to that port from Panama. One of Drake’s lieutenants, John 
Oxenham, crossed the isthmus in 1575 and contrived to intercept 
the treasure ship from the Peruvian mines, but his exploit ended 
in disaster. 

Drake returned to the isthmus in 1595 to burn Santa Maria 
and Nombre de Dios. He failed in an attempt to cross the isthmus 
for an attack on Old Panama city and died of fever in 1596. He 
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was buried at sea in Porto Bello harbour, In 1602 William Parker 
captured and sacked Porto Bello. Of the 17th-century pirates 
Sir Henry Morgan was most distinguished for his seizure of this 
well-defended port and for an arduous expedition across the isthmus 
and capture of Old Panama city in 1671. Of quite a different 
character was the scheme of William Paterson (q.v.), founder of 
the Bank of England, to establish a trading post on the isthmus 
of Darién (g.v.), but the settlement of New Edinburgh succumbed 
to a variety of hostile forces. 

The deterioration of the Spanish commercial system was evi- 
denced by the asiento contract of 1713 which permitted England 
to trade one ship’s cargo annually in the Spanish colonies. This 
concession encouraged an already vast illicit trade (including the 
French and Dutch participation), caused Spain to increase its 
naval patrols, and led to clashes with British sea power. In one 
of these Adm. Edward Vernon stormed Porto Bello in 1739. Nine 
years later the port’s great fair was discontinued. Political 
subordination paralleled economic decline, and in 1751 the 
isthmus was demoted to a dependency of Santa Fé de Bogota, 
Colombia. 

Union with Greater Colombia.—Panama proclaimed its inde- 
pendence from Spain in 1821 after Simón Bolivar (g.v.) cleared 
New Granada of loyalist forces, but after a few months it volun- 
tarily joined the Colombian union. In 1826 Bolívar invited rep- 
resentatives of the Latin-American states to Panama, where they 
assembled and passed resolutions for union and confederation. For 
a time Panama enjoyed considerable local autonomy under New 
Granada, but in 1843, under a new constitution, the executive 
power at Bogotá was greatly strengthened, including the appoint- 
ment of provincial governors. Tomás Cipriano de Mosquera, 
elected president of Colombia in 1845, negotiated the building of 
the Panama Railroad and concluded a convention with the United 
States by which that country guaranteed the neutrality of and free 
transit across the isthmus. 

The Panama Canal.—The gold rush to California in 1849 pro- 
vided the impetus for building the railroad, which upon comple- 
tion in 1855 encouraged the canal builders. The Universal Inter- 
oceanic Canal company headed by the builder of the Suez canal, 
Ferdinand de Lesseps, began construction, but legal entanglements, 
fraudulent financial arrangements and, particularly, disease, pre- 
cipitated the collapse of the company in 1889. 

The railroad operation and the canal construction brought a 
degree of prosperity to the isthmus but failed to bring political 
stability. For more than three decades after the mid-19th century, 
Panama experienced the effects of a weak and decentralized form 
of government at Bogotá. In 1886 Rafael Núñez, president of 
Colombia, reinstituted a highly centralized government and placed 
a conservative, clerical party in control. But whether it had the 
status of a state or a department, Panama was beset by chronic 
civil strife up to 1903, the year of its independence. 

The possibility of the completion and the control of a canal 
under foreign auspices and the journey of the warship 0.5.5. 
"Oregon" around Cape Horn during the Spanish-American War 
prompted a considerable agitation in the United States for a US.- 
controlled canal, On Nov. 6, 1903, three days after Panama’s 
declaration of independence, the United States recognized the new 
republic and promptly signed a treaty authorizing construction of 
the canal. (For the construction and history of the Panama canal 
see PANAMA CANAL.) 

The Republic of Panama and U.S. Relations.—On Feb. 13, 1904, 
a constitution was adopted which contained a provision authorizing 
US. intervention and which provided for a centralized govern- 
ment with the four provincial governors appointed and dismissed 
by will of the president. This arrangement was altered in 1917 
and 1919 to allow popular election of president, vice-president, 
and governors. The constitutional convention of 1904 unanimously 
elected Manuel Amador Guerrero as the first president. Subse- 
quent elections were tumultuous, and in 1908, 1912 and 1918 US. 
military forces intervened to preserve order. 

The political history of the republic remained stormy, and there 
were many internal upheavals. At the outbreak of World War II 
American ministers of foreign affairs met at Panama city and in 
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the Declaration of Panama announced in Sept. 1939 a 300-mile- 
wide neutral zone around the Americas. Panama declared war on 
Japan Dec. 8, 1941, and on Germany and Italy Dec. 12. To 
strengthen defenses, the United States requested from Panama 
sites outside the canal zone for landing fields, roads and warning 
stations, The election of the pro-Fascist Arnulfo Arias to the 
presidency in June 1940 led to a protracted negotiation in which 
the Panamanian government demanded conditions and compensa- 
tions. Among these were a monetary compensation for the sites, 
cancellation of a road construction debt, the transfer of certain 
properties of the Panama Railroad company to Panama, of the 
water and sewer systems of Panama and Colón, of surplus power 
from Alhajuela dam and a bridge over the canal. 

In addition Panama requested a short-term lease for the sites, 
Panamanian use of the airfields, and partial criminal jurisdiction 
in the sites. 

Although U.S. army units were authorized to begin operations 
on one of the sites on March 6, 1941, it was not until May 18, 
1942, that the negotiations were terminated. This conclusion was 
facilitated when Arias was deposed in Oct. 1941 and succeeded by 
Ricardo Adolfo de la Guardia. Insofar as war circumstances per- 
mitted, the Panamanian conditions were met, and the U.S. congress 
approved legislation in April 1943, providing the necessary funds. 

During and after the war the United States returned 98 defense 
sites to Panama, and on the remaining 36, the two countries en- 
gaged in long negotiations involving joint control, abandonment, 
length of tenure and U.S. economic benefits for the republic. 
Agreement was reached, but the Panamanian assembly, influenced 
by public pressure, rejected the proposals and the sites were 
abandoned in 1947. 

The political pressures that led to the refusal by Panama wille 
ingly to permit the continued U.S. occupation of the military bases 
played a part in the return of Arnulfo Arias in 1949. He was 
welcome to such a degree that his election to the presidency fol- 
lowed. In 1951 opposition to him was stimulated by his closing 
of the privately owned Federal Trust company. Political and 
financial opponents called a general strike, and a run on a govern- 
ment-supported savings bank brought swift changes. The arrest 
of a former president, Ricardo de la Guardia, for inciting trouble 
was followed by the suspension of the constitution by President 
Arias and the reimposition of the 1941 authoritarian constitution. 
The balance of power lay with the national police force and its 
leader, José Remon. The Arias regime was overthrown in 1951, 
and the vice-president Alcibiades Arosemena succeeded to the 
presidency. 

In the elections of May 11, 1952, Remón decisively defeated 
his opponent, Roberto Francisco Chiari, but his tenure was cut 
short by assassination on Jan. 2, 1955. His successor, José Ramón 
Guizado, held office only a few days because he was accused and 
convicted of conspiring to kill the president. Ricardo Arias 
Espinosa presided over the government during 1955, a year nota- 
ble for the flow of capital into Panama. The work on the Inter- 
American highway and on local roads was promoted by a loan of 
$9,650,000 from the International Bank for Reconstruction and 
Development. In 1957 Panama witnessed the beginning of an 
investmént, estimated to eventually total $93,000,000, in two oil 
refinery establishments by the Panama Refining company and the 
Panama Refining and Petrochemical company. New synthetic 
rubber and plastics industries were also announced. 

As if to symbolize a new period of economic development, 
Ernesto de la Guardia, Jr., was inaugurated president on Oct. 1, 
1956, in the national legislative building, now the ministry of jus- 
tice, of which his son was the architect. His administration, so aus- 
piciously begun, was not to run its course smoothly. In the spring 
of 1958 student riots led to the imposing of a state of siege and the 
threat of a general strike. The settlement of May 31 pointed to 
the nature of the antagonism that had been generated, for the 
tenure of guardsmen was henceforth limited and their control of 
the jails ended. The finding of caches of arms, the quelling of 
riots, and charges of subversive plotting marked the late summer 
days of that year. The new year provided little respite, for dis- 
orders occurred in each of the first four months, and Independence 
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day produced an ominous march into the Canal Zone to raise the 
Panamanian flag there, a march that was turned back. 

Roberto Francisco Chiari was the successful contender for the 
presidency in 1960. With a national debt of about $83,000,009 
and a budget deficit of approximately $10,000,000, he announced 
plans for a vast program of slum clearance, housing, health services 
and hospital construction. By comparison the loans from the 
Inter-American Development bank and the Development Loan 
fund for housing and road construction, and the grant under the 
Alliance for Progress program appeared to be a small beginning, 
Serious differences of opinion developed in 1963 over the type 
of development plans to be favoured. Gravel-surface feeder roads 
and housing for low-income groups competed with more permanent 
highways and housing and schools for middle-income groups of 
the population. The plans for aiding the poorer people found à 
champion in former president Arnulfo Arias. He was generally 
favoured to win the presidency in the May elections of 1964, but 
Marco A. Robles, supported by President Chiari, won in a close 
contest. 

In 1964 as in 1954 negotiations were under way to effect such 
changes in the treaty structure between Panama and the United 
States as necessary to answer some of the complaints of the 
former. Those of the earlier period bore fruit in the agreement of 
Aug. 23, 1955. It provided for an increase in the canal annuity 
from $430,000 to $1,930,000 and for the transfer to Panama of 
certain lands and improvements, including Paitilla Point. The 
United States agreed to the imposition by Panama of taxes a 
those working in the Canal Zone except for citizens of the United — 
States and certain others. It yielded its monopoly over com. 
munication systems, any rights to build roads and its obligations 
concerning sanitation in Panama city and Colón. 

Milton Eisenhower, brother of U.S. Pres. Dwight D. Eisenhower, 
conferred with President De la Guardia in July 1958, on Panama's 
need for capital to provide for its expanding population. De hc 
Guardia expressed the desire for equal status for the Panamanian 
language and flag in the Canal Zone. In that same year the United | 
States congress appropriated $19,000,000 for a bridge across the 
canal, and an instrument of transfer was signed that conveye 
to Panama real-estate valued at about $25,000,000. The disorders 
in 1958 and 1959 with the demands to fly the Panamanian flag it 
the Canal Zone led to a recognition by President Eisenhower that 
titular sovereignty over the Zone resided with Panama, and to the 
display of the flags of both nations at a specified place in the Zone. | 

President Chiari, soon after his inauguration, announced his i | 
tent to seek a revision of the treaty structure between his county 
and the United States, and in 1962 he conferred with US. Pres 
John F. Kennedy on the issues between the two countries. Tht) | 
agreed to arrange for further discussions by the experts of bol { 
sides. In July 1963 the two presidents issued a communique n 
dicating that the following agreements had been reached for 
benefit of Panamanian employees in the Canal Zone: à binatio 
labour commission was to be created, and health and life insurantt | 
equal to that enjoyed by U.S. citizens was to be made available; 
the minimum hourly wage was to be raised from 60 to 70 cents 
effective July 1, 1963, and to 80 cents one year later. T i 

Violence that precipitated a severe deterioration of relations íi | 
tween Panama and the United States broke out on Jan. 9 pa 
American students in Balboa, contrary to rule, displayed à " H 
flag at their school. About 200 Panamanian demonstrators t 


d automat! 
through / 


directed press and radio of inciting people to violence ie 
delay in restoring order. Panama brought its charge befor dili 
United Nations Security council but without a request for i act 
action. Its complaint was referred to the Inter-American 
committee, and, after its efforts failed, to the Council 9 


Organization of American States. The discussions were protracted 
because Panama insisted upon agreement to a revision of the 
treaties between the two disputants as a precondition to re- 
establishing relations. On the other hand, the United States re- 
fused to proceed under precommitments. On April 3, 1964, rela- 
tions were resumed. The two countries agreed to appoint special 
ambassadors to seek the elimination of the causes of conflict *with- 
ош limitations or preconditions of any kind.” (A. R. W.) 


IV. POPULATION 


Distribution and Growth.—In 1960 Panama's population 
was 1,075,541; the 1950 census gave 805,285. Less than 10% 
were tribal Indians living in the Darién jungles, on the San Blas 
archipelago, and in the western mountains. Approximately 11% 
were white and 13.3% Negro, according to the 1940 census. In 
1950 no attempt was made to tabulate racial origin. Panamanians 
are proud of the relative amity in which people of different races 


Area and Population of Panama, 1960 


Density 
Provinces Piin у | Population per. 

sq.mi. 
Bocas del Того. 3,443 32,600 9.5 
Chiriquí 3,381 188,350 55.7 
lé, 1,944 93,156 47.9 
б 2,882 105,416 36.6 
Darién 6,488 19,715 3.0 
Herrera 937 61,672 65.8 
Los Santos. 1,493 70,554 47.3 
Рапата 4,360 372,393 85.4 
Veraguas 4,280 131,685 30.8 
Total 29,208 1,075,541 36.8 


have lived since Negro slaves were first imported by the Spanish 
settlers in the early 16th century. Negro, Indian, European and 
oriental strains are so intermingled that such distinctions as those 
between mestizo and mulatto are often impossible to draw. Be- 
Quse of their cultural differences and fear of their economic 
Competition, however, British West Indian Negroes, whose an- 
Се510г5 provided labour for railroad and canal construction, are 
No longer freely admitted, although they are physically similar 
lo many Panamanians of old stock. 

Panama’s population is growing fast. A high birth rate of 40.6 
per 1,000 in 1961, and a low death rate of 8.0 explain its rapid 
Annual rate of growth which was 32.6 per 1,000 inhabitants in 
1961. Infant mortality was approximately 54.4 per 1,000 live 
births, Panama city has grown especially fast; it numbered 127,- 
874 people in 1950 and 273,440 in 1960. ‘The population of Colón 
in 1960 was 59,598; that of David, 22,924; La Chorrera, 13,696; 
Chitré, 9,120; Santiago, 8,746. 

i Pacific region south of the mountain range running along 
western half of the Isthmus contains the majority of the 
Population, 
fang ture Spanish is Panama’s national language. Many In- 
Do owever, speak no Spanish, and only recently have Pana- 
is ans of West Indian descent mastered the language. English is 
mmonly spoken in the chief cities, and studied in high school 
and the university, 1 
most all Panamanians are at least nominally Roman Catholic. 
lec бте, however, very tolerant of other religions. Numerous 
cestry ourish, especially among those people of West Indian an- 
(шы culture exhibits four distinct patterns besides those 

e hel al Indians. Spanish colonial culture, with a consider- 
and vil ixture of Indian elements, is evident in the small towns 
TM s of the interior. Neighbours and friends gather 
% у. ing bees called juntas. After clearing land, harvesting 
fosse. building a house, they feast on sancocho, a meat and 
Com li ù stew, and on their favourite food, rice, and drink a 
such 1594 Called chicha. "Then they sing folk songs and dance 

be dances as the tamborito, cumbia and punto to the music 
the Bs guitars, violins and drums. On special occasions as 
Women y festival of the patron saint many don folk costumes. 
боа t Polleras, voluminous white garments decorated with 
ТУ or applique; or the long, full, brightly flowered skirts 
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called montunas, which are still everyday garb in some regions. 
Men wear the montuno, a long straight blouse of white homespun 
cotton decorated with fringe and painted figures or cross-stitch 
embroidery, which almost hides the knee-length trousers. Bull- 
baiting, cock fights, and displays of horsemanship follow Mass 
and the solemn procession in which the saint’s image is carried 
around the village square. 

In gay, cosmopolitan Colón and Panama city, colonial patterns 
have been radically altered by foreign influences and urbaniza- 
tion. Their position at “the crossroads of the world" and their 
economic fluctuations combine to make urban Panamanians tol- 
erant of foreign ways. 

The third cultural pattern, that of the Americans on the Canal 
Zone, is as nearly American as is possible in a tropical semi- 
military outpost. Sedate order, routine and regimentation pro- 
vide a sharp contrast with the colour and bustle across the streets 
which divide Panama city from Ancon and Balboa, and Colón from 
Cristóbal. 

The British West Indian Negro immigrants have long been a dis- 
united and largely segregated group at the margin of Canal Zone- 
American and urban Panamanian culture. As the immigrant gen- 
eration dies out and no new immigration is permitted, however, the 
remnants of island culture disappear, and the new generation be- 
comes increasingly Panamanian. They retain English, however, 
as an economic asset and—along with other young Panamanians 
—adopt many superficial aspects of American life as presented in 
the movies and shops. 

The Indians.—Prior to the Spanish conquest, Panama was in- 
habited by tribes of primitive indigenous Indians of whom the most 
important were the Cuna or San Blas, Guaymi and the Chocó 
groups. Descendants of the Cuna are now divided into two groups: 
those on the mainland Pacific slope of eastern Panama, and the 
San Blas Cuna who live in the archipelago of San Blas. Although 
Panamanian citizens, the Cuna live by their own tribal laws. The 
picturesque Chocó Indians are found in the Darién region, See 
also INDIAN, LATIN AMERICAN; CENTRAL AND NORTH AMERICAN 
LANGUAGES. (Jo. B. B.) 


V. ADMINISTRATION AND SOCIAL CONDITIONS 


Government.— Panama is a centralized republic. Its constitu- 
tion, adopted in March 1946, provided universal suffrage and 
the secret ballot. The executive is the president (with two vice- 
presidents) elected for four years, with the power to appoint 
cabinet ministers, of which there are eight: minister to the presi- 
dent, government and justice, foreign relations, finance and trea- 
sury, education, agriculture, public works, and labour, social 
welfare and public health. The unicameral national assembly con- 
sists of 53 deputies, with alternates, elected for four years, and 
convenes annually on Oct. 1 for 90 days. Each of the nine prov- 
inces is entitled to elect one deputy and two alternates for each 
15,000 inhabitants, and one additional for any remaining fraction 
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of not less than 7,500 inhabitants. The judicial organ, the su- 
preme court, consists of nine justices appointed by the executive, 
one every two years for 18-year terms. This court appoints mi- 
nor magistrates throughout the country. 

The constitution recognized Roman Catholicism, but at the same 
time guaranteed freedom of worship to other religions. 

Living and Working Conditions.—In the 1950s Panama 
was one of the few countries of the world in which the cost of living 
actually dropped. Approximately 270,000 Panamanians were gain- 
fully employed in the mid-1960s. Of this figure, about 60% were 
engaged in agriculture, 8% in commerce, 8% in services and 7% 
in manufacturing. In July 1958 U.S. legislation provided for the 
establishment of uniform wage scales, retirement benefits and 
employment opportunities in the Canal Zone for both U.S. and 
Panamanian employees. 

Welfare Services.—Panama has a social security program pro- 
viding for maternity benefits, compensation for injuries to work- 
men and allowances for the aged and indigent. In the 1960s infant 
mortality remained high, and there was a serious shortage of physi- 
cians, dentists and hospital beds. In coping with these and similar 
problems, Panama is among the Latin-American countries par- 
ticipating in the technical assistance programs offered on both a 
bilateral basis by the United States and a multilateral basis by the 
United Nations. 

Education.—Panama's educational system, administered by the 
ministry of education, has the highest single appropriation of 
funds in the national budget, and consists of public preschool, 
primary and secondary grades. Higher education is offered by 
teachers! schools, trade schools, the National Institute, the Con- 
servatory of Music and the advanced university. Primary educa- 
tion is compulsory and free. Efforts to make the Inter-American 
university a focal point for higher education throughout Latin 
America had a qualified success. The National University at 
Panama city is autonomous but state endowed, with more than 
3,000 pupils in the mid-1960s. There were more than 1,000 public 
and private primary schools and 90 postprimary schools with a 
total of about 200,000 pupils, The illiteracy, about 28.39 (1950 
census), excluding tribal Indians, is low for the Caribbean area. 

Defense.—Panama has no army, navy or air force. There exists, 
however, a trained and efficient armed national police force of 
approximately 3,370 members. (G. I. B.) 


VI. THE ECONOMY 


Production.—The majority of farm families, constituting about 
60% of the total population, live on small holdings in the southern 
coast region around the city of Panama and to the west. Rice 
is the universal staple, corn (maize) is also important, and the 
country is nearly self-sufficient in both. Yucca and beans are 
grown everywhere; and cattle provide much of the meat supply 
and some hides for export. 

The large plantations of the U.S.-owned United Fruit company 
are in the western area. Bananas are shipped, largely from Puerto 
Armuelles on the south coast, and abacá from Almirante on the 
north coast. Cacao and coconuts are also exported. Three large 
sugar mills maintain plantations, supply the domestic demand, and 
export their produce. 

The virgin forests east of the Canal Zone contain an abundance 
of tropical cabinet and dye woods; but these remain largely un- 
exploited. There is a mahogany veneer plant near Panama city. 
Softwood exports have become substantial. 

The leading mineral products are cement and salt, the latter 
from the sea flats near Aguadulce in Coclé. The gold and silver 
mines in Veraguas, known since colonial times, are worked on a 
small scale. Pearl fishing is conducted off the Pearl Islands in 
the Gulf of Panama; the shrimp industry is significant. 

The cities of Panama and Colón have numerous retail shops 
where merchandise and curios from all over the world, brought 
duty-free, are sold in large volume to tourists passing through the 
canal. Assorted industries produce leather goods, soap, furniture, 
clothing, clay products and canned goods such as tomato paste and 
evaporated milk. A cement plant fills national needs and exports 
to the neighbouring republics. 
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Trade and Finance.—The monetary unit is the balboa, whichis 
at par and freely convertible with the U.S. dollar. U.S, curren 
circulates extensively in the country, but there is no central bank 

Panama has an adverse balance of trade, but it is generally offset 
by invisible exports to the Canal Zone in the form of tourist ey, 
penditures, sales to ships and wages of Panamanians employed 
there. The latter are subject to taxation by Panama. The chief 
export commodity is bananas. More than 90% of the country's — 
exports generally go to the 0.5. (including the Canal Zone), but 
only about 60% of the imports are from there. About 12% of 
the imports come from continental Europe and 7% from the 
sterling area. 

In 1961 the gross national product of Panama was valued at 
approximately 455,500,000 balboas; the total in 1960 was 40). 
400,000 balboas. | 

Transport and Communications,—The Pan-American high. 
way is complete between Panama city and the Costa Rican border, 
There is a good highway between Panama city and Colón, and 
also a railway which was built about 1855 by William E. Howland 
and William H. Aspinwall, United States promoters. This rail 
road subsequently became the property of the United States gov- 
ernment. Important international air services pass through the 
national airport at Tocumen. 

Because of the canal there is an abundance of maritime shipping. 
Many steamship companies of other countries fly the flag of 
Panama to take advantage of the favourable shipping laws. Conse 
quently, Panama's ostensible merchant marine is one of the largest 
in the world. See also references under "Panama" in the Index 

(W. C.GN). | 

BrsLrocRAPHY.—Institute of Inter-American Affairs, Point Four 
Action in Panama (1952); J. and M. Biesanz, The People of Panama — 
(1955), Panama: Overseas Economic Survey (1955); J. A. Susto, An 
Introduction to Panamanian Bibliography (1946); L. O. Ealy, Re 0 
public of Panama in World Affairs, 1903-1950 (1951); G. R. Willey — 
and C. R, McGimsey, Monagrillo Culture of Panama (1955). x 

PANAMA, a province on the southern coast of the Republic 
of Panama, Its area of 4,360 sq.mi. is divided by the Panami 
Canal Zone, three-fourths lying to the east of the latter. Pop. 
(1960) 372,393, about 35% of the national total, who live mostly 
in urban centres within 25 mi, of the Canal Zone where the lett 
ing manufacturing industries of the country are located. | 

The province produces a variety of agricultural products for 
domestic consumption. The seat of provincial government is al 
Panama city. (C.F. JANE 

PANAMA, capital of the Republic of Panama, located near 
the Pacific entrance of the Panama canal. Pop. (1960) 273,440. 

Panama city is no longer a port. The harbour facilities lie in 
Balboa and many of the canal employees live in Ancón. Both T 
suburbs, located within the Canal Zone and governed by à brand 
of the United States defense department. i 


Panama city is link 
with Colén by the canal, the Panama railroad and the Trans | 
isthmian highway, with David and Chepo by the Pan-Ameri¢ill — 
highway, and from the airport at Tecumen with cities of the wort | 
Originally a native fishing hamlet, the old city (Panama Viejo) 
was formally established in 1519 by Pedro Arias de Ávila, s | 
made the seat of both secular and ecclesiastical authority. i 
the Andean countries bullion was shipped by sea to Panama s 
from there carried across the isthmus by pack animals to Nomi ` 
de Dios or Porto Bello where it was loaded on ships of the n { 
fleet bound for Spain. The city prospered until the depredati, 
of the pirates and privateers curtailed trade. In 1595 Sir fn 
Drake tried unsuccessfully to send a force across the isthmus 
sack Panama, and in 1671 Sir Henry Morgan completely destro 
it. The city was rebuilt in 1674 seven miles west of the old site 
Alonso Mercado de Villacorta. It was built with a central p d 
around which were placed the cathedral, the governor's house 
the bishop’s palace, Of the modern buildings, most prominen P 
the Palace of Justice, La Presidencia, the National palace 
the hotel El Panamá. The University of Panama is locate 
Political decline accompanied economic decay, and in 1 
area became a province of New Granada (Colombia.) 
In the 19th century Panama city was the tumultuous 5 
much political disorder, and in 1903 the standard of revo! 
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Colombia was successfully raised there, In the Hay-Bunau-Varilla 

with the United States of 1903, the latter was given the 

t to keep order and keep the city clean, both rights being 

in treaties of 1936 and 1955 respectively. The city be- 

came the national capital in 1903 and developed rapidly thereafter 

with the construction of the canal, The title to the water and 

sewer systems built by the United States was turned over to the 

ent of the republic in 1942, and in 1953 their management 

was also transferred. In 1826, 1939, and 1956 representatives of 

the American republics met there to proclaim their political ideals, 
(A. R. W.) 

PANAMA CANAL, a high-level artificial interoceanic water- 
way of the lake and lock type at the Isthmus of Panama connecting 
the Atlantic and Pacific oceans, owned, operated and controlled 
by the United States under treaty, for the transit of vessels of 
commerce and of war of all nations on terms of equality, with tolls 
that are just and equitable. The Canal Zone, through which it 
was built, is the constitutionally acquired domain of the United 
States granted in perpetuity by the Republic of Panama, for the 
construction of the canal, and its perpetual maintenance, opera- 
tion, sanitation and protection. 

By using the canal, vessels plying between the Atlantic and 
Pacific coasts of the United States can eliminate the Cape Horn 
route and save a distance of about 8,000 nautical mi., while jour- 
neys between the Atlantic and Pacific coasts of the North and 
South American continents can be reduced by 3,000-4,000 mi.; 
vessels from Europe to western Asia and Australia can effect a 
Saving of 1,000-2,000 mi. Hence the canal is of the greatest inter- 
national importance, strategically and economically. 

This article is divided into the following sections: 

1. The Waterway 
1, Description 
2. Navigation 

Il. Canal Zone 
1, Area and Tidewaters 
2, Sovereignty 
3. Administration 
4. Tolls 
5. Canal Traffic 
6. Defense 
History 
l. Panama Railroad, 1849-55 
2. French Project, 1879-1904 
‚ United States Policy, 1850-81 
- Isthmian Canal Commission, 1899-1901 
. US. Diplomacy, 1901-03 
‚ Building the Canal, 1904-14 
Principal Engineering and Construction Projects After 1914 
. Reorganization and Policy Determination 
. Panama-U.S. Relations 


I THE WATERWAY 
1, Description. The Panama canal does not cross the isthmus 
Tom east to west as generally supposed, but from northwest to 
pen, with the Atlantic entrance 334 mi, N. and 27 mi. W. 
Р Pacific entrance. Located in опе of the heavier rainfall 
T5 of the world with its longest section formed by impounding 
* Waters of the Chagres river valley by a dam at Gatun, its 
M features include: twin-flight locks, dams and spillways 
th ends of the canal; the summit-level Gatun lake; an exca- 
cut, c gorge across the continental divide, renamed as Gaillard 
sie Gatun lake with the Pacific locks; a small Mira- 
A between two sets of Pacific locks; and two terminals. 
harbo Atlantic terminus is at Cristóbal on Limón bay, a natural 
Ur protected against storms from the north by east and west 
ficial n. The Pacific terminus is at Balboa, a sheltered arti- 
x arbour with its Pacific entrance channel safeguarded from 
fortiñed i currents by a causeway from the mainland to the 
е тры tn the Bay of Panama. сри нон 
es; and f ength from shore line to shore line is 40.27 statu 
south i tom deep water to deep water, 50.72 miles. From north 
1. At]; its main parts are: j 
from d antic sea level dredged channel of 500 ft. bottom width 
“ep water to Gatun locks, about 7.4 mi. 
; "atun locks in three steps from sea level to Gatun lake, 
. above sea level. 
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3. Gatun lake section with channels varying in width from 
1,000 ft. at Gatun to 500 ft. at Gamboa where Gaillard cut begins, 
distance about 24 mi. 

4, Gaillard cut of 300-500 ft. minimum bottom widths to 
Pedro Miguel locks at the south end of the cut, distance about 
8 mi. 

5. Pedro Miguel locks in one step (31 ft.) to the intermediate 
Miraflores lake, 54 ft. above sea level. 

6. Miraflores lake with channel 750 ft. wide to Miraflores locks, 
distance about 1 mi, 

7. Miraflores locks in two steps to Pacific sea level. 

8. Pacific sea level dredged section to the Bay of Panama, 
distance about 8.5 mi. 

The controlling depth for the Atlantic dredged section from deep 
water to Gatun locks is 42 ft. below mean low water; from Gatun 
locks to Pedro Miguel, 42 ft. below the minimum Gatun lake level 
of 82 ft.; from Pedro Miguel locks to Miraflores, 42 ft. below 
the minimum Miraflores lake level of 54 ft.; and from Miraflores 
locks to deep water in the Pacific, 42.4 ft. below mean low water 
spring (maximum) tides. 

The canal is equipped with modern aids to navigation. The 
Panama canal has had no major operational improvement. since 
opening to traffic in 1914 with the exception of the Madden Dam 
and Power project, with its upstream lake to conserve water for 
lockages and maintenance of channel depths in Gatun lake during 
dry seasons and to reduce the danger of floods from the upper 
Chagres in wet seasons, and of the enlargement of the Gaillard cut 
started in 1959, 

Locks,—No part of the canal attracts more attention than its 
massive locks. Constructed in duplicate to enable simultaneous 
lockages of vessels in the same or opposite direction, all locks 
have usable dimensions of 1,000 ft. length, 110 ft. width, and a 
depth to accommodate vessels drawing 40 ft, in salt water, Each 
lock gate has two leaves, the leaves being floatable structures 
65 ft. wide by 7 ft. thick, varying in height from 47 to 82 ft., 
weighing from 400 to 750 tons, and operated by 25 h.p, motors 
through gear arrangements, 

Locks are equipped with unique safety devices, notably hydrau- 
lically operated fender chains and electric towing locomotives. 
The fender chains protect lock gates against vessels that may 
get out of control when approaching locks, and are dropped into 
grooves to permit passage. With the exception of small craft, 
vessels are not allowed to pass through locks under their own 
power, but are required to be drawn by towing locomotives, varying 
in number from four to eight, depending on ship characteristics. 

The time required for passage through the locks depends upon 
many factors, including size of vessel and its handling features, 
Generally, lockage intervals are 80 min. at Gatun, 40 min. at 
Pedro Miguel, and 60 min. at Miraflores. 

Gatun Dam and Spillway.—The key structure of the Panama 
canal is Gatun dam, near the end of the Chagres river valley. It 
is about 14 mi, long on its crest, 4 mi, wide at the base, 400 ft. wide 
at the water surface, 100 ft. wide at the top, and its crest is 105 
ft. above sea level. It contains 22,958,069 cu.yd. of material, 

Located on a natural hill of rock near the centre of the dam, 
Gatun spillway was designed to provide adequate control of Gatun 
lake levels during the maximum known discharge of the Chagres 
river. The dam and spillway together with Gatun locks form the 
northern barrier that creates Gatun lake. 

Gatun Lake and Gaillard Cut.—Gatun lake, at its normal height 
of 85 ft., has an area of 166 sq.mi. and a shore line of 1,100 mi,; 
with a watershed of 1,285 sq.mi., which includes territory of the 
Republic of Panama. Its designed operating range is 5 ft., be- 
tween water levels of 87 and 82 ft. above sea level. 

Gaillard cut, formerly called Culebra cut, is an artificial ex- 
tension of Gatun lake across the continental divide to Pedro 
Miguel locks, with its original bottom at a maximum of 40 ft. 
above sea level, on an alignment that passes between Gold hill and 
Contractors hill. Its restricted channel and rocky banks make 
this cut the most hazardous part of the canal. A steady growth in 
vessel sizes and number carrying hazardous cargo has increased the 
frequency of transits requiring one-way navigation in Gaillard cut. 
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Pacific Dams, Miraflores Lake and Spillway—Across the south 
end of Gaillard cut, a pair of one-lift (31 ft.) Pedro Miguel locks 
and two flanking dams to nearby hills form the southern barrier 
closing the upper valley of the Rio Grande and holding the Gatun 
lake water level. With crests 105 ft. above sea level, the east 
dam extends about 300 ft. to Cerro Luisa and the west extends 
about 1,400 feet to Cerro Paraiso. The east dam is a concrete wall, 
260 ft. long, covered with earth; the west is earth and rock, con- 
taining 699,518 cu.yd. of material. 

At Miraflores, a set of two-lift locks and two dams form a second 
barrier closing the lower valley of the Rio Grande and creating 
the intermediate Miraflores lake. This lake, at 54 ft. above sea 
level, has an area of 1.5 sqmi. Its watershed is 38 sq.mi. 

The major part of the east dam at Miraflores is the spillway, 
designed to handle free flow of water from Gatun lake through one 
chamber at Pedro Miguel in event of accident. The west dam, with 
crest 40 ft. wide and 70 ft. above sea level extending 2,700 ft. to 
Cerro Cocoli, is the second largest dam of the canal, containing 
about 2,388,423 cu.yd. of material. 

Terminal Facilities —The Atlantic terminus affords safe an- 
chorages in Limón bay and convenient pier berths at Cristóbal. 
The Pacific terminus has mooring buoy, dock and pier berths at 
Balboa; also an unprotected outer anchorage in the Bay of 
Panama, All piers are modern, 1,000 ft. long by 200 ft. wide, with 
enclosed sheds and railroad service, ample for storage of consign- 
ments and transhipment of cargo. 

Both terminals are equipped for servicing of vessels, provisioning 
and repairs. The principal repair installations are on the Atlantic 
side near Mount Hope, with a 386-ft. dry dock. Larger marine 
and railway repair shops on the Pacific side are closed, with a 
1,044 ft. dry dock in-a stand-by status. Salvage tugs and other 
wrecking equipment are available. 

2. Navigation.—All vessels entering or leaving a terminal port, 
maneuvering in Canal Zone waters, or in transit, in general, are 
required to take pilots, who have charge of navigation and move- 
ment. Transits are made under rigid traffic controls. The average 
time required to transit is from seven to eight hours. 


II. CANAL ZONE 


1. Area and Tidewaters.—The Canal Zone is a strip of land 
and land under water 10 mi. wide with boundaries generally 5 mi. 
from the centre of the canal except for the western salient covering 
the mouth of the Chagres river, the arms of Gatun lake extending 
into the Republic of Panama, and Madden lake. Beginning in the 
Caribbean, “three marine miles” from mean low water as provided 
by treaty, the zone extends across the isthmus to a distance of 
“three marine miles” from mean low water in the Pacific, but ex- 
cludes the Panamanian cities of Colón and Panama. 
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The Canal Zone includes all of Gatun lake and surroundi 
shores up to the 100 ft. contour and all of Madden lake and its 
shores up to the 260 ft. contour. The total area of the Canal Zone 
is 647.29 sq.mi.—372.32 sq.mi. land, 185.52 sq.mi. fresh water 
and 89.45 sq.mi. salt water, including the Atlantic and Pacific 
coastal waters within the three-mile limit. 

The tides at the Atlantic and Pacific terminals differ in both 
magnitude and character. At Cristóbal on the Atlantic side they 
are irregular and small, with an extreme range of 3.05 ft. At 
Balboa on the Pacific side, they are remarkably regular with two 
highs and two lows every lunar day of 24 hr. and 50 min., with an 
extreme range of 22.7 ft. 

2. Sovereignty.—Under the authority of the Panama Canal 
act of 1912 and in conformity with treaty, Pres. William H. Taft 
by executive order of Dec. 5, 1912, declared that "all land and land 
under water within the limits of the Canal Zone are necessary 
for the construction, maintenance, operation, protection, and 
sanitation of the Panama Canal.” Since title to all such land was 
acquired by the United States, the Canal Zone, in its entirety, is 
a United States government reservation. 

The only private enterprise activities permitted within the zone 
are on lands rented under revocable licenses, normally to shipping 
interests, agriculturists and others directly connected. with the 
canal or its operation. Areas assigned for other government pur- 
poses, in the mid-1960s, included 141 sq.mi. for the armed forces, 
with 108 to the army, 22 to the navy and 11 to the air fore; 6 — 
to the Smithsonian institution as a wildlife preserve on Barro 
Colorado; 5 as the Madden Forest preserve; 0.96 to the Federal 
Aviation agency; 4 to commercial licences and 13 to Canal Zone 
town sites, Remaining land, largely mountain or jungle, total 
over 200 sq.mi. All areas continue subject to the civil jurisdic | 
tion of the Canal Zone government in conformity with the Canal 
Zone code. i 

3. Administration.—The Panama canal enterprise, as Te) 
ganized July 1, 1951, under public law 841, 81st congress, approved 
Sept. 29, 1950 (Thompson act), consists of two main units, the 
Panama Canal company and the Canal Zone government, with 
the dominant mission of the safe, convenient and economic transit | 
of vessels, The Canal Zone is divided into two districts, the Balbo 
(or Pacific) subdivision and the Cristóbal (or Atlantic) subdivision. 

Balboa and Cristóbal.—These subdivisions are coterminous wi 
the Balboa and Cristóbal divisions of the U.S. district court. Ther 
common boundary crosses the Canal Zone at right angles jist 
northwest of Barbacoas Island. The Balboa subdivision include - 
all Canal Zone area lying southeasterly of this boundary, 
the Cristóbal subdivision, all lying northwesterly of it. 

Towns, except Gamboa, are clustered near the terminals conven і 
ient to canal and shipping activities, in which, directly or indirec i) 
most of the civilian population in the zone is employed. ‚баш 
because it is the headquarters of dredging operations, 15 Toca i 
north of Gaillard cut to prevent isolation of equipment from d 
dumps in event of slides, All towns have the facilities of We 
managed communities in the United States, with high stan i 1 
of health, sanitation and education. The canal adminis 
centre is at Balboa Heights. se fo і 

A long-felt defect in the 1903 treaty was failure to provi oi] 
adequate public crossings of the canal for the Canal Zone® 0 


"s ir 

Panama, both divided by the waterway. This condition wit 

itially corrected by the United States by a toll-free ferry Paci [ 
it 


former member of the Isthmian Canal commission for W i М 

was named; and finally, іп 1962, pursuant to treaty, by ê 

free Thatcher Ferry bridge to replace the ferries. nden 
The civilian population in the 1960 census including dep? "m 


of the U.S. armed forces, was 42,122, with 11,499 in the uid 
district and 30,623 in the Balboa district. The POR jfi 


the principal communities was 3,489 for Gamboa and ** 
Balboa. strunt 

The Panama Canal Company.—This is а corporate e of if 
tality of the United States, operated under the managem® етай 
board of directors and charged with the maintenance and ee jo 
of the Panama canal and the conduct of business-type ОР 
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BERTH PIERS AT CRISTOBAL ON LIMON BAY, THE ATLANTIC TERMINUS OF 
THE PANAMA CANAL 
incident thereto and to the civil government of the Canal Zone. 

The basic law requires that the company be self-sustaining. Its 
obligations include its own operating expenses, the net cost of 
civil government, interest and depreciation on United States in- 
vestment in the enterprise, and $430,000 of the $1,930,000 annu- 
ity paid to the Republic of Panama, the remainder being pro- 
ko by the department of state, and thereby excluded in fixing 

5. 

The Canal Zone Government,—This is an independent agency of 
the United States, administered by a governor of the Canal Zone, 
under the supervision of the president, or such officer of the United 
States as may be designated by him (secretary of the army). It 
performs the functions of city, county and state governments, 
with certain attributes of diplomatic character in connection with 
the Republic of Panama. The governor, who is appointed by the 
President and confirmed by the senate, is ex-officio a director and 
president of the Panama Canal company. 

The judicial functions of the Canal Zone government are per- 
formed by two magistrate’s courts, Balboa and Cristóbal, each 
Presided over by a magistrate appointed by the governor; and by 
A United States district court of the fifth judicial circuit, con- 
isting of two divisions, Balboa and Cristóbal, presided over by 
m judge appointed by the president. 
есть levy of tolls is subject to provisions of the Hay- 
a d du treaty (1901), the Hay-Bunau-Varilla treaty (1903), 
кор homson-Urrutia treaty proclaimed in 1922. Exempted 
As pu tolls in accordance with treaty are vessels owned, oper- 
Ш 3i chartered by the government of the Republic of Panama 
ds Be of the Republic of Colombia; also vessels in 

Tolls à ely for repairs at Panama canal shops. 

AT Jon assessed оп the basis of Panama canal net tonnage of 
Tolls ee capacity, a net vessel ton being 100 cu.ft. of space. 

FT p all normal transit charges, including pilot service. 

E i ted by the United States, including warships and 

olls i are assessed tolls. 
пуй n 1964 were 90 cents per net ton for merchant vessels, 
hd navy transports, tankers, hospital and supply ships, and 


yac] 5 
hts, when carrying passengers or cargo; 72 cents per net ton 


сы 
Total tolls 
Fi Total lon and | 
Un Sal year ‘Total transits* | tons of cargo" toll credits 
1933 | 7,157 30,781,755 $27,128,893 
1939 | 5,032 18,269,917 19,621,181 
1943 | 7,449 27,993,144 23,699,430 
1950, . 4,372 11,030,105 7,368,739 
55 7,690 30,364,982 24,511,713 
ROE 9,786 41,523,432 35,136,529 
1962, | 12,135 60,391,655 51,803,032 
194 12,099 69,036,591 58,347,290 
1965 12,839 71,746,561 62,546,391 
12,909 78,899,012 67,148,451 


хр 

«Хоа 

Я sits for repairs. 
Report of Board of Directors, Panama Canal Company, 1964. 
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on such vessels in ballast without passengers or cargo; and 50 
cents per ton of displacement for other types. The average mea- 
surement per ocean-going commercial vessel in fiscal year 1964 was 
5,910 net tons and average tolls per vessel, $5,175. 

The Panama Canal company is authorized to prescribe and, from 
time to time, change rules for the measurement of vessels and 
tolls, subject to requirements for six months notice, public hear- 
ings and approval by the president of the United States, whose 
action shall be final and conclusive. 

5. Canal Traffic. —Although the Panama canal was conceived 
and built primarily as an artery of world trade, its traffic, except 
during World War II, has had an irregular but sustained growth 
since 1916 in the number of commercial transits and cargo tonnage. 
Its traffic volume is extremely sensitive to wars and depressions, 
and to appreciable political, economic or other upheavals in any 
part of the world, such as crop failures, strikes, destruction by 
tropical storms, development of foreign industries and closure 
of the Suez canal. 

A significant feature of Panama canal traffic is the pattern 
of its trade routes, of which eight are well defined. 

The lowest traffic volume after 1933 occurred in 1943, when 
there were 4,372 transits by ocean-going commercial vessels with 
11,030,105 tons of cargo. A high point in traffic history occurred 
in fiscal year 1962 when, for the llth consecutive year, new 
records in the number of transits, toll revenue, and tons of cargo 
were made. Growing numbers of commercial vessels with beams 
over 80 ft. were using the canal, thus emphasizing the need for 
increased capacity. 

6. Defense.—The Panama Canal act of 1912 vests responsibility 
for protection of the Panama canal and Canal Zone in the governor, 
this protection being the normal exercise of police authority 
within the Canal Zone. Defense against external aggression is a 
function of the armed forces, for which the commander in chief, 
Southern Command, is responsible. These include army, navy 
and air force units, located in the Canal Zone and elsewhere. 

The act further provides that “in time of war in which the United 
States shall be engaged, or when, in the opinion of the president, 
war is imminent,” the president is authorized to vest exclusive 
authority and jurisdiction over the Panama canal and Canal Zone 
government in such officer of the army as the president may desig- 
nate, with the governor subject in all respects to the orders and 
directions of the designated officer of the army. 

During war or emergency, elaborate security precautions are 
taken by both. civil and military authorities, including careful 
examination of arriving vessels and use of specially trained security 
guards during transits. 


HI. HISTORY 


The advantageous geographical location of the Central American 
isthmus was recognized by the early Spanish who, within a few 
years after the visit there by Columbus in 1502, followed with 
extended explorations focused on four main route areas: Tehuan- 
tepec, Nicaragua, Panama and the Darién-Atrato, Not finding a 
strait, they promptly conceived the idea of constructing one. 

Because of lower continental divides at Panama and Nicaragua, 
with penetration by large valleys, these two avenues became rivals 
for isthmian transit, At Panama, mountainous terrain and tor- 
rential rivers, notably the Chagres, at thé time presented in- 
superable barriers tora canal. Lake Nicaragua, 3,089 sq.mi. in 
area, with its then navigable San Juan river flowing into the 
Atlantic, reduced the magnitude of the task to cutting across the 
narrow strip which separated the lake from the Pacific. Even- 
tually, control of the Nicaragua route became a focal point of 
international conflict, with Great Britain and the United States 
in a diplomatic deadlock. This situation was prolonged by the 
Clayton-Bulwer treaty (1850) which deprived the United States 
of exclusive control over any isthmian canal that it might con- 
struct. 

1. Panama Railroad, 1849-55.—When United States west- 
ward expansion in the late 1840s required better means for transit, 
three North Americans of vision, John Lloyd Stephens, Wil- 
liam. Henry Aspinwall, and Henry Chauncey, organized the 
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Panama Railroad company. Chartered in 1849 by the state of 
New York, this company, under enormous difficulties, completed 
building the Panama railroad in 1855—the first transcontinental 
railroad of the Americas. Running from Aspinwall (Colón) close 
to the line of the future canal, this 47.5-mi. strategic rail link was 
the first concrete step toward construction of the Panama canal, 
giving it a tremendous advantage over Nicaragua in the choice 
of route. 

In view of the key functions that this celebrated railroad was 
later to fill in Panama canal history, it is important to note a 
treaty of 1846 between the United States and New Granada 
(Colombia). This treaty was an offensive and defensive alliance 
aimed primarily toward securing a canal at Panama, even then 
recognized by Pres. James K. Polk as the most practicable route. 
It provided that the United States should guarantee thé "perfect 
neutrality" of the isthmus and its free and uninterrupted transit. 

2. French Project, 1879-1904.—Meanwhile, French interests 
under the dynamic leadership of Ferdinand de Lesseps (q.v.), hero 
of the Suez canal, decided to construct a canal across the American 
isthmus. An International Congress for Consideration of an Inter- 
oceanic Canal, consisting of 135 delegates, convened at Paris on 
May 15, 1879, to decide upon site and type. As president of the 
congress, De Lesseps applied his prestige and genius toward secur- 
ing approval for a sea-level type of canal at Panama. 

Adolphe Godin De Lépinay de Brusly, an engineer who had 
studied the American isthmus, protested strongly at this trend. He 
understood the topography at Nicaragua and how its large natural 
lake, 105.5 feet high, would contribute toward construction of a 
canal at that location, He knew the surface features at Panama— 
the continental divide about 10 mi. from the Pacific, the torrential 
Chagres river flowing into the Atlantic, and the smaller Rio Grande 
into the Pacific, both through valleys suitable for the formation 
of lakes. He emphasized the key problems at Panama as the con- 
trol of the Chagres river and excavation of Culebra cut, recognized 
the lake ided as offering the best solution, and proposed a 
"practical" plan for building the Panama canal. It called for a dam 
at Gatun and another at Miraflores, or as close to the seas as the 
configuration of the land permitted, letting the waters rise to form 

two lakes about 80 ft. high, joining the lakes by cutting across the 
continental divide, and connecting them with the oceans by locks. 
This design, he:explained, was not only best for engineering but 
also most advantageous for navigation. 

Unfortunately for the French, De Lépinay’s idea was ignored. 
His conception, however, and its dramatic presentation before the 
Paris congress of 1879, established him as an architectural and 
engineering genius and the originator of the plan from which the 
Panama canal was eventually built. The French Panama Canal 
company, despite De Lépinay's timely warning, launched upon its 
ill-fated undertaking. Ten years later, in 1889, its effort collapsed 
due to a combination of bankruptcy, lack of planning and disease. 
In France, it resulted in a sensational financial scandal. Vet, be- 
fore failing, the company, to save money and time, was forced 
to change its plans from sea-level to a high-level lock type. 

Reorganized in 1894 as the New Panama Canal company, its 
officers realized that their only chance of assuring any return on 
the investment was to hold on until the United States could be 
induced to take control. Thus until 1904 they limited their activ- 
ities to technical studies and such excavation as were required to 
protect the concession from Colombia. The total French excava- 
tion was 78,146,960 cu.yd. of material, of which 29,908,000 were 
later useful to the United States. 

3. United States Policy, 1850-81.—With active canal en- 
deavours temporarily checked by the Clayton-Bulwer treaty and 
transit facilities met by the Panama railroad, United States efforts 
were generally restricted to explorations. It was not until Gen. 
Ulysses S. Grant became president in 1869 that major interest 
revived, with extensive naval exploring expeditions starting in 
1870 and covering the more important canal sites. 

With the objective of securing the best type of canal at the best 
site, and at least expense, the reports of these expeditions were 
reviewed by the first United States Interoceanic Canal commission, 
1872-76, consisting of Brig. Gen. Andrew A. Humphries, chief 
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of U.S. army engineers; C. P. Patterson, U.S. Coast survey; anj 
Commodore Daniel Ammen, chief of the bureau of navigation ol 
the navy. Reporting to President Grant on Feb. 7, 1876, the 
commission was unanimous in recommending a Nicaragua aui 
starting on the Atlantic side near Greytown, following the San 
Juan river to Lake Nicaragua, through the lake, and thence acros 
the land to Brito. Thus, the United States became definitely com. 
mitted to the Nicaragua route, then complicated by British control 
of its eastern terminus through their protectorate over the Mos 
quito kingdom. : 

Viewing an isthmian canal as “virtually a part of the coastline 
of the United States" and alarmed by the energetic measures taken 
by French interests at Panama, United States leaders determined 
to change American policy. This attitude found expression on 
March 8, 1880, when the Select Committee on Interoceanic Canals 
of the house of representatives recommended a resolution by tht 
congress declaring that any form of protectorate on this continen 
was contrary to the Monroe Doctrine (q.v.), that the United States 
asserts and maintains its right to possess and control any artificial 
means of isthmian transit, and that the president be requested to 
take steps to abrogate the Clayton-Bulwer treaty. This objet: 
tive was supported by former President Grant, who, in Feb. 1881, 
publicly commended “ап American canal, on American soil, 0 
the American people.” 

4. Isthmian Canal Commission, 1899-1901.—The French 
failure in 1889 rendered the canal situation less acute, requiring t 
new crisis to dramatize the issue. This was supplied by the his- 
toric voyage of the U.S.S. “Oregon” during the Spanish-Americat 
War in 1898, which emphasized the need for an isthmian 
The result was that Pres. William McKinley, in 1899, appointed an 
Isthmian Canal commission, with Rear Admiral John G. Wallet, 
U.S.N. (ret.), as president, to investigate all canal routes, partici 
larly Nicaragua and Panama, and to recommend the most prit 
ticable, In its first report on Nov. 16, 1901, the commission esti- 
mated the cost of a Nicaragua canal at $189,846,062, and Panami 
at $144,233,358; and the value of the French holdings at $40,000; 
000. But as the French company was demanding $109,141, 500 for 
its property, the total estimate for Panama was $253,374.88 
Because of the excess cost for a canal at Panama, it recommen 
Nicaragua as the only practicable route. 

5. U.S. Diplomacy, 1901-03.—Meanwhile, the United Stil 
government, under the leadership of Secretary of State John Hay, 
negotiated with Great Britain the Hay-Pauncefote treaty 
Nov. 18, 1901, which superseded the Clayton-Bulwer treaty û 
recognized the exclusive right of the United States to consti 
regulate and manage any Isthmian canal. It further adopte 
principal points in the Convention of Constantinople (1888) ш 
the Suez canal as rules for the operation and neutralization 0 
American canal. These rules provided that the canal should 
and open to vessels of commerce and of war of all nations on te 
of entire equality, with tolls that were just and equitable. "m 
United States was also authorized to protect the canal against M 
lessness and disorder. qi 

The New Panama Canal company in Paris, reacting (0 the jd 
mission's recommendation for Nicaragua, on Jan. 9; 1902, E: 
Admiral Walker its readiness to accept the United States or 
of $40,000,000 for its holdings. Thereupon the commission 
supplementary report on Jan. 18, 1902, canceled its first T 
mendation and recommended Panama as the most practicable 


feasible route for an Isthmian canal. Describing the pe 1 
cient, 9 
tul 


cessions from Colombia as unsatisfactory and inst 
commission emphasized the necessity for obtaining 1» р. fit 
the grant of a sufficient strip of territory across the 15 
canal purposes, Promptly transmitted to the congress of 
Theodore Roosevelt, the new recommendation started a mem 
debate in the congress known as the “battle of the routes, «yj 
of it came the basic law for construction of the Panama 
approved June 28, 1902, known as the Spooner act. p hol 
This law authorized the president to acquire all French, 
including its Panama railroad stock at a cost not excert agp 
000,000, to obtain from Colombia perpetual control of 
land for the maintenance, operation and protection of the 
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canal and railroad, and then, through the Isthmian canal com- 
mission, to construct the Panama canal. The type contemplated by 
the act was high-level, with Atlantic locks and dams at Bohio to 
form a Lake Bohio. Provision was also made that in event of 
failure to obtain an adequate treaty within a reasonable time, the 
president should proceed with construction of a Nicaragua canal. 

In harmony with the act, Tomás Herrán, Colombian chargé 
d'affaires in Washington, after many months of arduous labour, 
succeeded in negotiating a most favourable treaty for his country 
—the Hay-Herrán treaty of Jan. 22, 1903, which was ratified by 
the United States senate on March 17, 1903. 

Unfortunately, this treaty became involved politically in Bogotá. 
The Colombian senate, called into special session on June 20, 
1903, for its ratification, rejected the treaty against urgent plead- 
ings by Herrán in Washington and U.S. Minister Arthur M. 
Beaupré in Bogotá. 

The Panama Revolution, 1903.—Panamanian leaders, fearing 
that after all Panama might still lose the canal to Nicaragua, deter- 
mined to avert that possibility. A Panamanian agent was then dis- 
patched to Washington to obtain promise of help for a plan of re- 
volt. While no promise was given, the warship U.S.S. “Nashville” 
appeared at Colón on Nov. 2, 1903. On the following day an up- 
rising occurred, Colombian troops were prevented from crossing 
the isthmus to put down the rebellion and independence was pro- 
claimed under the leadership of Manuel Amador. It was recog- 
nized, first by the United States, second by France, and soon after- 
ward by other countries, 

Then followed negotiation of the second basic canal convention, 
the Hay-Bunau-Varilla treaty of Nov. 18, 1903, with Panama in- 
stead of Colombia, By this treaty, in harmony with the Spooner 
act, United States was granted in perpetuity exclusive use, occupa- 
tion and control of the Canal Zone. Significantly the United States 
could, exercise all sovereign powers to the entire exclusion of the 
exercise of such powers by Panama. That country was to receive 
$10,000,000 in cash and a $250,000 annuity to begin nine years 
after ratification of the agreement. The proclamation of this 
treaty on Feb. 26, 1904, sealed the choice of the Panama route. 

A few days later, on March 8, 1904, President Roosevelt rec- 
ognized the contributions of Admiral Walker by appointing him as 
the first chairman of the first Isthmian Canal commission for the 
‘onstruction of the Panama canal. One member, Maj. Gen. George 
Henge U.S. army (ret.), was the first governor of the Canal 
au eus F. Wallace, a leading railroad engineer, not experi- 

ced in “frontier” work, was chosen as the first chief engineer. 
"aie Canal Zone was formally acquired on May 4, 1904—a day 

"peau celebrated annually in the zone as Acquisition day. 
Slates = ding the Canal, 1904-14.—Work under the United 
ТРТ Ана haltingly, Because of public clamour to “make the 
ди t е commission weakened in its stand for thorough and 
к e preparation and started work without proper equip- 
uk wis ans. Though valuable time was thus lost, the commission 
Gio contributions. It organized the Canal Zone gov- 
ord Gee sanitation under the supervision of William Craw- 
and SUBIRE (q.v.), and recruited the nucleus of an engineering 

ч truction force, 
лш on March 30, 1905, the Walker commission was suc- 
railroad ji new one headed by Theodore P. Shonts, a prominent 
Though E with. Wallace continuing as chief engineer. 
sudden! a time conditions improved, Wallace, on June 26, 1905, 
У resigned, throwing the working forces into confusion. 


m à 
е es 0] the Levels, 1904-06,—Of the difficulties of this period 
should ү BE Was increasing uncertainty as to the type of canal that 


pooner a ? uilt—the high-level lock type contemplated by the 
lace jn 1904. 9r à canal at sea level as had been suggested by Wal- 
or z 4 

b idee wats President Roosevelt selected a great railroad 
engineer xecutive and explorer, John F. Stevens, as the new chief 
everythin tevens’ qualifications were unique. He had read 
, m Available on the Panama canal since the time of Philip 
mountains c Marias pass in Montana, built railroads in the Rocky 
Thus ind Supervised open mining operations in Minnesota. 
17 had observed what occurs when the delicate balances of 
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GATUN LOCKS AND PART OF DAM LOOKING SOUTH FROM THE ATLANTIC AP- 
PROACH TO GATUN LAKE 


nature are upset, understood the hazards of cutting a ship channel 
through mountains, and was experienced in personnel and con- 
struction problems in undeveloped terrain. 

Arriving on the isthmus on July 25, 1905, at a time of chaos, he 
rescued the project from possible disaster, He promptly provided 
housing for employees, established commissaries, adopted sanita- 
tion measures, ordered equipment and double-tracked the Panama 
railroad. After planning the transportation system for Culebra cut 
excavation and for relocation of the railroad to higher ground on 
the east side of the canal, moving the Atlantic locks site from Bohio 
to Gatun to form Gatun lake, recruiting competent leaders and 
forming the organization for building the Panama canal, he found 
progress hampered because of delay on the decision as to type 
of canal, then being considered by an International Board of Con- 
sulting Engineers, of which General Davis was chairman. 

In its report of Jan. 10, 1906, this board split—the majority of 
eight members headed by General Davis and including five Euro- 
peans, voting for sea level; and the minority, five Americans 
(Alfred Noble, Henry L. Abbot, Frederic Р. Stearns, Joseph Ripley 
and Isham Randolph), voting for the lock type. 

The controlling features of the lock plan recommended by the 
minority were a dam at Gatun creating Gatun lake 85 ft. high as 
the summit level and Culebra cut. Parallel flight locks were to 
be provided: three-lifts at Gatun, one-lift at Pedro Miguel, and 
two-lifts at Sosa hill, the last two sets being separated by an inter- 
mediate Sosa lake. Though of different lock arrangement, this 
plan was the same type as recommended in 1901 by the Walker 
commission, 

Testifying before congressional committees in Washington in 
January and June 1906, and using the De Lépinay arguments: of 
1879, Stevens supported the high-level plan with a conviction that 
no one could shake, and strongly opposed the sea-level plan recom- 
mended by the majority of the International Board of Consulting 
Engineers, In the end, with the support of President Roosevelt, 
Secretary of War Taft, and the Isthmian Canal commission, the 
views of Stevens prevailed against strenuous opposition concerned 
primarily with questions of “vulnerability.” Congress, by act ap- 
proved June 29, 1906, adopted the high-level lake and lock plan as 
proposed by the minority. This was the great decision in building 
the Panama canal. 

The transit since 1914, in both peace and war, of thousands of 
vessels of various types, completely establishes the wisdom of 
that decision, It secured for Stevens, who was mainly responsible 
for bringing it about, great fame as the basic architect of the 
Panama canal. This fact was recognized in Oct. 1962 at the time 
of the opening of the Thatcher Ferry bridge by the dedication 
of a handsome memorial honoring the great engineer. 

Pacific Lock Location Question, 1906-08.—Though the high- 
level plan, as approved by the minority of the International Board 
of Consulting Engineers, placed all Atlantic locks at Gatun it 
divided the Pacific locks into two sets. Stevens, early in 1906 be- 
fore adoption by congress of the minority report, recognized the 
Pacific lock arrangement as faulty and recommended consolida- 
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tion as a needed change. Eventually, on Aug. 3, 1906, Stevens ap- 
proved a plan placing all Pacific locks in three-lifts south of Mira- 
flores with the terminal dam and locks between two hills, Cerro 
Aguadulce on the west side of the sea level section of the canal 
and Cerro de Puente on the east side, a location later recognized 
by Lieut. Col. George W. Goethals as offering the best site. This 
arrangement would have enabled lake-level navigation from the 
Atlantic locks to the Pacific, with a summit level anchorage at 
the Pacific end of the canal. 

Regrettably, Stevens was under great pressure to start active 
construction. Advocates of the sea-level proposal, stung by their 
defeat in congress, and also opponents of any canal at all, were 
ready to take advantage of any change in the approved program 
as evidence of weakness in the high-level plan. Together, these 
two forces represented a political and economic power that could 
not be ignored. 

Stevens’ foundation investigations, necessarily made in haste, 
proved unsatisfactory, and he did not dare to jeopardize the project 
by further delay. On Aug. 23, 1906, apparently confident that this 
important question would rise again, he voided his plan but re- 
tained it on file, and proceeded with the approved plan for sepa- 
rating the Pacific locks, which he did not personally favour. 

Later, after Stevens left canal service, Maj. William L. Sibert, 
a member of the commission with a keen appreciation of marine 
needs in the design of navigational works, made more extensive 
explorations, Finding adequate foundations, he likewise, on Jan. 
31, 1908, recommended the consolidation of' all Pacific locks in 
three-lifts at Miraflores to provide a Pacific terminal lake, but his 
well-reasoned proposal was not approved, and the canal was com- 
pleted with two sets of Pacific locks, separated by Miraflores lake. 

Construction and Completion, 1907-14.—With canal type de- 
cided, construction organization effected, and a greater part of the 
plant installed by July, 1906, real progress started. Thus, Stevens 
was able to assure the press in 1906 that the canal would be com- 
pleted in 1914 and formally opened by Jan. 1, 1915. 

On Jan. 30, 1907, after having brought design and construction 
to a point where work was in “full swing" and success a certainty, 
Stevens submitted his resignation to the president. Despite that 
action, however, Roosevelt, on Mar. 4, 1907, in recognition of 
his tremendous contributions, appointed him as chairman of the 
Isthmian Canal commission, making Stevens the first to hold the 
combined positions of chairman and chief engineer. 

Stevens was succeeded by Lieutenant Colonel Goethals, an out- 
standing army engineer, who, with his associates, civilian as well as 
military, ably brought the project to completion substantially in 
accord with the Stevens plan. Such changes as were made, though 
important, were nonbasic. These included widening the bottom of 
Culebra cut from 200 ft. to 300 ft., increasing usable lock dimen- 
sions to a width of 110 ft. and length of 1,000 ft., with a depth to 
permit passage of ships drawing 40 ft. in salt water, rerouting the 
Panama railroad around Gold hill, relocation of locks from Sosa 
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hill to Miraflores, and redesign of Gatun dam. 

Other members of the Isthmian Canal commission on Apri] |, 
1907, were Maj. David D. Gaillard, Major Sibert, naval civil engi. 
neer Harry H. Rousseau, Lieut. Col. William C. Gorgas, Jackson 
Smith and J. C. S. Blackburn. Later changes included Lieut, Col, 
H. F. Hodges (1908-14) to succeed Smith, Maurice Н, Thatcher 
(1910-13) to succeed Blackburn and Richard L. Metcalfe (191. 
14) to succeed Thatcher. Gaillard died on Dec. 5, 1913, without 
a successor. 

The building of the Panama canal, one of the greatest engineering 
feats in the world, was indeed a monumental and unprecedented 
achievement. Its subsequent success, in both peace and war, en. 
title all who, in significant manner, participated in its planning, 
construction, sanitation and civil administration, to highest 
honour. The canal was opened to traffic on Aug. 15, 1914, 

7. Principal Engineering and Construction Projects After 
1914.—The Isthmian Canal commission, abolished on April], 
1914, was succeeded by a highly centralized permanent operating 
organization authorized by the Panama Canal act of 1912, know 
simply as The Panama Canal. Though free, under the law, to 
choose the governor from any source, Pres. Woodrow Wilson, in 
recognition of the services of Colonel Goethals, appointed him û 
the first governor of The Panama Canal. 

The canal was launched into its era of operations under Governor 
Goethals, who served until late 1916 after the early slide crises. 
Goethals chose his principal engineer assistant as his SUCCESS 
and established a tradition of succession, by advancement, thit 
lasted until 1952. 

Madden Dam and Power Project, 1919-35.—Faced with the 
problems of an unusually dry season, 1919-20, requiring conservi 
tion of water for lockages and maintenance of channel depths, and 
later by a great flood in 1923, endangering the waterway, together 
with growing traffic, congress authorized the first important step 
toward increasing canal capacity, the Madden Dam and Powt 
project. Completed in 1935, it provided more water for Tockages 
controlled floods, improved navigation and supplied additions! 
power. 

Third Locks Project, 1939—42.—The second step toward greate 
capacity was for a third set of locks. Because of naval needs, Ё 
the critical period preceding World War II, congress, On admins 
trative recommendations, authorized the Third Locks project # 
a cost not to exceed $277,000,000. The proposed layout conten 
plated a new set of larger locks, 1,200 ft. long and 140 ft. We 
with 45 ft. navigable depth, near each of the existing locks but! 
some distance away with the new locks joined with existing € í 
nels by means of by-pass channels. At the Atlantic end, the prom 
duplicated existing arrangements. d; howei 


At thë Pacific end, "d 
the proposed channel, in addition to duplicating its faulty lay 


contained three sharp bends of 29°, 47° and 37° in succession 
north to south. ө 
Work started in 1940 and was pushed vigorously until sus 
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(LEFT) GAILLARD (CULEBRA) CUT, 1910, LOOKING SOUTH WITH GOLD HILL AT LEFT AND 


CONTRACTORS HILL AT RIGHT; (RIGHT) PEDRO MIGUEL LOCKS, 1912, LOOKING NORTH FROM LOWER MAIN GATES OVER WEST CHAMBER 


by the secretary of war in May, 1942, because of shortage of ships 
and materials more urgently needed elsewhere for war purposes. 
No excavation was accomplished at. Pedro Miguel; that at Gatun 
and Miraflores was substantially completed. About $75,000,000 
was expended. 

Terminal Lake—Third. Locks Plan, 1942-43.—Fortunately, 
Suspension of work on the Third Locks project occurred while 
there was still time for canal officials to re-examine it in the light of 
needs demonstrated by war-operating experience, These studies 
served to emphasize that the separation of the Pacific locks and 
failure to provide a summit-level lake at the Pacific terminus were 
fundamental errors of design, with Pedro Miguel locks as the 
principal obstruction to optimum canal operating conditions. 

Out of the studies, including an evaluation of the sea-level idea, 
Brew what proved to be the first comprehensive proposal for the 
economic increase of capacity and operational improvement of 
the Panama canal—the Terminal Lake-Third Locks plan. It pro- 
Кип ГРН removal of Pedro Miguel locks, consolidation 
Мил, асс locks near Aguadulce, elevation of the intermediate 
Ee lake water level from 54 ft. to that of Gatun lake to 
(5 еа anchorage at the Pacific end of the canal 
te m › as far as possible, that in the Atlantic end, It would 
LH c ude raising the summit level to its highest feasible height 
i 22597 92 ft., enlarging Gaillard cut and constructing а 

arger locks. Essentially, this was the same plan originated 

Off. dad and later recommended by Stevens and Sibert. 
it Кы Submitted and publicly presented in the Canal Zone, 
inchidin, bns interest among engineers and maritime agencies, 
titted " the Secretary of the navy, who, on Sept. 7, 1943, sub- 
in princi үү the president. Soon after, in 1944, it was approved 
mended s by the governor of The Panama Canal and recom- 
äter, in ire Secretary of war for thorough investigation, and 
fütctedin 5, it was approved in general before the congress bya 
Waterwa Е governor for the major modification of the existing 
Project NG preference to completing ће original Third Lock 

uh congressional investigation reported that it could 

3 Termi ed at comparatively low cost. 
existin UL LAETI Locks plan, being an enlargement of 
Waters, is 8 facilities that does not call for additional land or 
Negotiation ares by current canal treaties and does not require 

Seq Eoo ум new one, a paramount diplomatic consideration. 
in 1045 lan, 1945-47 —The spectacular advent of the atomic 
request of injected new elements into the canal picture. At the 

) Canal Zone authorities, congress enacted public law 
mor f The Bes approved Dec. 28, 1945, authorizing the gov- 

me anama Canal to make a comprehensive investigation 
future Sw lor increasing its capacity and security to meet 
5 for interoceanic commerce and national defense, in- 
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cluding consideration of canals at other locations. This was the 
first time the terms “security” and “national defense” had been 
embodied in any Panama Canal statute, 

The report of the inquiry with security and national defense as 
paramount considerations, recommended only the sea-level plan 
for major canal construction, initially estimated in 1947 to cost 
$2,483,000,000, a figure later substantially increased. Though 
the report covered the Terminal Lake-Third Locks plan, which it 
did not recommend, it offered a relatively minor program for im- 
provement of present installations as a preferred alternative to 
the major operational improvement of the existing waterway as 
recommended in 1943 by the secretary of the navy. 

With the exception of the two canal terminals, the 1947 sea-level 
plan would provide a virtually new Panama canal of 60 ft. minimum 
depth in navigation lanes and of 600 ft. width between sloping 
sides at a depth of 40 ft. on a new alignment somewhat removed 
from the present channel, The plan also provides a tidal lock 
(200 ft. by 1,500 ft.) and a navigable pass at the Pacific end, 
many miles of flood control dams on both sides of the projected 
canal, diversion channels and spillways. Some of its features are 
not covered by current international conventions and would ге» 
quire a new treaty with Panama, with further concessions, at- 
tendant indemnity and increased annuity charges. 

The report of the investigation failed to receive presidential 
approval. Transmitted to the congress on Dec. 1, 1947, without 
comment or recommendation, its submission, however, led to a 
recurrence of the 1902 and 1906 debates over route and type with 
almost identical arguments, but on the basis of the newer term, 
"security," rather than the old term, “vulnerability.” 

In voluminous discussions, many leading engineers, nuclear 
scientists and other experts challenged the assumptions on which 
the principal 1947 recommendations and estimates rested, The 
congress took no action until 1957, when an independent inquiry 
into the entire subject of increased facilities for interoceanic 
transit was authorized and a special board of consultants appointed, 

Its final report of June 1960 included estimates for the Terminal 
Lake-Third Locks plan ($1,020,900,000) and. the Sea-Level plan 
($2.537,000,000) exclusive of any Panamanian indemnity. The 
board emphasized that the Sea-Level plan would present many 
constructional problems including interruption to traffic. A plan 
for a lake and lock canal at) Nicaragua ($4,095,000,000) as an 
alternate route was submitted without definite recommendation, 
This report, otherwise inconclusive, recommended that the entire 
canal situation be reviewed in 1970 or earlier if warranted. The 
congress, on administrative request, by act approved Sept. 22, 
1964 (78 Stat. 990), authorized further investigations to deter- 
mine the feasibility and most suitable site for a canal at sea level 
between the Atlantic and Pacific oceans. 
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Meanwhile, the 1947 report served to focus governmental at- 
tention on administrative problems of the Panama canal. 

8. Reorganization and Policy Determination.—On June 
30, 1948, the Panama Railroad company was reincorporated as a 
federal corporation and, on Feb. 28, 1949, the house of representa- 
tives authorized an investigation into the organizational and finan- 
cial aspects of the Panama canal enterprise. 

All recommendations growing out of this inquiry were im- 
plemented except that for transfer of responsibility for canal 
supervision from the secretary of the army to the secretary of 
commerce, which the president delayed for further study. The re- 
sulting Act of Congress, public law 841, 81st congress, approved 
Sept. 26, 1950, known as the Thompson act, created the Panama 
Canal company and the Canal Zone government. Effective July 1, 
1951, the act started major administrative changes, including a 
break in 1952 in the traditional selection for appointment as gov- 
ernor. The law requires that transit tolls be established at rates to 
place the canal enterprise on a self-sustaining basis, a fundamental 
principle in canal policy with far-reaching implications for its 
future, (м. роу.) 

9. Panama-U.S. Relations.—Because of the previous history 
of Panama as a land of endemic revolution, the framers of the 1903 
treaty, in order to guarantee political stability essential for future 
efficient operations of the waterway, insisted on its perpetuity, 
sovereignty and protective clauses. Subsequent events fully sub- 
stantiated the wisdom of these 1903 treaty provisions, which 
remain largely unchanged. The canal was no sooner opened to 
traffic in Aug. 1914, than the United States applied another pro- 
vision of this treaty, that of obtaining additional lands. During 
World War I, in which Panama participated, the United States took 
possession of several areas of land, and in 1919 acquired a group of 
islands. Friction over this and other issues led to an attempt in 
1926 to revise the convention of 1903, but Panama refused to sign 
any agreement. The attempt was renewed in Oct. 1933, when 
Pres. Harmodio Arias conferred in Washington with the U.S. presi- 
dent. Their basic agreement was refined and incorporated in four 
treaties, signed March 2, 1936. At the insistence of Panama, the 
United States was relieved of the obligation to guarantee the in- 
dependence of the republic and renounced the right to acquire any 
additional lands and waters outside the Canal Zone. By limiting 
the use of the zone commissaries to persons employed on the canal 
and the railroad, the negotiators sought to dissipate a long-standing 
grievance, It was agreed that Panama was to operate port facili- 
ties at Colén and Panama city, that equal opportunities between 
Panamanian and American employees should be observed, and that 
the United States should increase the annuity from $250,000 to 
$430,000. Agreement was also reached on constructing a trans- 
isthmian highway. The weakening of the diplomatic structure was 
further advanced in the 1955 Eisenhower-Remón treaty, which 
provided for the annual U.S. payment to Panama to be increased to 
$1,930,000, for equal pay for equal work to Panamanians and U.S. 
citizens (effective 1958), and for Panamanian concerns to be 
placed on an equal footing with U.S. companies in contract bid- 
ding; the U.S. obtained a 15-year lease for a military base at Rio 
Hato, The effect of these treaties has been the withdrawal of canal 
activities to the limits of the Canal Zone and the curtailment of 
activities within the zone. 

The policy of the Canal Zone authorities in the ensuing years 
was to improve the living conditions of the Panamanians work- 
ing in the zone and to make changes in the physical features of 
the canal that would benefit trade in general and Panama's well- 
being in particular. Among the new policies designed to improve 
the condition of Panamanian workers were equal wages for equal 
work, the establishment both of a minimum wage and a labour 
commission to hear disputes, and the making available of health 
and life insurance equally to Americans and Panamanians. Capital 
improvements included the enlargement of Gaillard cut to 500 
ft. width and 47 ft. depth (not yet completed), the building of 
the Thatcher Ferry bridge across the canal, the transfer of certain 
real estate properties to Panama, and the purchase of new towing 
locomotives. 

But these changes lacked the emotional appeal that was at- 


tached to the display of the Panamanian flag. In 1958 and in 1959 
the Canal Zone was invaded by Panamanians intent on raisi 
their flag there, and in the latter year their attempt was turned 
back with injuries. President Eisenhower reviewed the Pam. 
manian claim with sympathy, and in 1960 agreed to the raising " 
the Panamanian emblem at one point in the Canal Zone as ey} 
dence of titular sovereignty (never defined). From this beginni | 
the United States made further concessions until the two flag 
were displayed almost equally. 

A dispute over this very concession between Panamanian алі 
U.S. students at the Balboa high school on Jan. 9, 1964, caused 
‘considerable deterioration in relations between the two countries | 
The subsequent mob assaults on the Canal Zone prodded | 
number of deaths, injuries by the score, and great property dam 
age, requiring the use of U.S. army units and a temporary re | 
placement of civilian by military rule in the Zone. The US, 
embassy was evacuated, and many Americans left their homes for 
the sanctuary of the Canal Zone. Normal diplomatic relations 
were restored on April 3. In December U.S. Pres. Lyndon John- 
son proposed the negotiation of three new treaties with Panama 
concerning the existing canal, a new canal at sea level, and US. 
bases, and both countries appointed negotiators for such purpose. 
Late in 1965 the U.S. and Panama announced that they had agreed | 
to abrogate the 1903 treaty and that the new treaty would recog: ! 
nize Panama's sovereignty over the Canal Zone. | 

During the weeks of discussion the economy of Panama sul 
fered. Trade between the Canal Zone and’ Panama declined; in. 
vestment capital was less available; credit became tight and tour 
ism almost ceased. On the other hand, the canal continued 0 
operate without interruption. The enlargement of the Gaillard | 
cut was not slowed down, the new towing locomotives began t 
arrive, and, of more immediate importance, the illumination df - 
the locks promised to extend the hours of transit. | 

: See PANAMA: History for further aspects of Panama-U.S. rl 4 
tions; see also references under “Panama Canal” in the Index. 
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PANAMA CITY—PAN-AMERICAN CONFERENCES 


PANAMA CITY, a city of northwest Florida, U.S., and 
the county seat of Bay county, is 103 mi. E. of Pensacola on the 
northern: shore of St. Andrew bay. The landlocked, deep-water 
harbour is on the intracoastal waterway. During World War II 
the city became a major shipbuilding and war industrial centre and 
the population grew rapidly. 

Nearby military installations are Tyndall Air Force base, an air 
defense command base, and a United States navy mine defense 
laboratory. Principal products of the area are fish, paper and 
chemicals, including tall oil. Panama City beach, 10 mi. S. of 
Panama City, is largely a. summer resort. 

During the American Revolution the area was settled by Tories, 
who established indigo plantations and engaged in the lumbering 
and naval stores industries. Salt works on St. Andrew bay, estab- 
lished to serve the Confederacy, were destroyed by Union raids 
in 1863. Fisheries in the area were temporarily destroyed in the 
Civil War. 

Panama City was formed in 1909, by merging a village of that 
name with Millville and St. Andrew, which had been a flourishing 
community as early as 1800, For comparative population figures 
see table in FLORIDA: Population. (E. C. Jo.) 

PANAMA SCANDAL, the exposure of an enterprise of cor- 
ruption in the French Chamber of Deputies, an episode much ex- 
ploited in propaganda by the enemies of the Third Republic. 

The Compagnie Universelle du Canal Interocéanique de Panama, 
or French Panama Canal Company, which had been sponsored 
originally by Ferdinand de Lesseps (g.v.), was facing a financial 
crisis in 1888. The company proposed to float a lottery loan to 
raise money, but this required authorization from the legislature. 
Authorization was obtained, with some difficulty, from the Cham- 
ber of Deputies in April and from the Senate in June 1888; but 
during the debates the company had been adversely criticized, and 
the project came to nothing. After lawsuits had been filed against 
its directors, the company went into liquidation in February 1889. 
After some delay, a judicial inquiry into its affairs was opened. 

In autumn 1892 two newspapers, La Libre Parole, conducted by 
Edouard Drumont, and La Cocarde, which supported Gen. Boulan- 
Ber (q.v.), began to accuse the government of complicity with the 
directors of the company; and the Royalist deputy Jules Delahaye, 
m stormy sessions of the Chamber (Nov. 19-21), declared that 
more than 150” parliamentarians had taken bribes to vote for the 
lottery loan in 1888. А parliamentary commission of inquiry was 
Set up; and on Nov. 28, 1892, Emile Loubet's government, which 
led little enthusiasm for the question, was forced to 

ine "redi had been managed by three men: Baron Jacques de 
Budd: ‚ à financier, who died on Nov. 19, 1892, presumably by 
тю (though after exhumation his death was declared due to 
ул causes) ; and two adventurers, Léopold Emile Arton (prop- 
74 тр and Cornelius Hertz, who subsequently fled abroad. 
thar of the money involved was supposed to have been used by 

Charle of the government to combat Gen. Boulanger's agitation. 
b м Baihaut, a former minister of public works, confessed 
Years’ чы received money and was sentenced in March 1893 to five 
fir quc. PHisonment; the other parliamentarians were acquitted 

riz iu proof. Georges Clemenceau (q.9.), an associate of 

E Brin Tough whom he was alleged to have received money from 
litiee SB), became highly unpopular and had to retire from po- 
tical life for some ears, 

Brotiocearny. a. Wu Panama (1934) ; A. Dansette, Les Afaires 
ima 1934); С. Edgar-Bonnet, Ferdinand de Lesseps . . . le 
А апата. (1959), (Ар. D.) 

t vide „АМЕКІСАМ CONFERENCES, а term applied to 
ives of 06 of inter-American meetings attended by representa- 
Portant b e American states. Of these conferences the most im- 
numbered. the second half of the zoth century were the periodic 
1948 suc, meetings of the Inter-American conference; which in 
Can Staten, 1€ d the former International Conferences of Ameri- 
the charter е first of which met in 1889-90. After 1948, when 
Bogotá e "s the Organization of American States was adopted at 
ences, de E the earlier occasional and less formal confer- 

' Sealing chiefly with technical. matters, became known as 
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specialized conferences, and their programs and regulations came 
under the control and supervision of the Organization of American 
States itself, acting through one of its organs. Representation at 
Pan-American conferences was usually restricted to the 21 inde- 
pendent republics of the western hemisphere, although on occasion 
Canada participated in certain of the specialized conferences. 

Inter-American Conferences, 1826-89.— Political Confer- 
ences of 1826-64.—The congress of Panama of 1826, which met 
from June 22 to July 15, 1826, on the initiative of Simón Bolívar, 
was attended by representatives of Colombia, Mexico, Peru and 
Central America. Colombia at that time embraced the present- 
day republics of Ecuador, Panama and Venezuela, as well as 
Colombia, and Central America included the five republics of 
Costa Rica, El Salvador, Guatemala, Honduras and Nicaragua, so 
that rr of the present-day states were represented, The United 
States was invited, and after extended debate in congress the in- 
vitation was accepted, but the delegates failed to arrive before the 
meeting adjourned. The principal result of the congress was a 
treaty of union, league and confederation, whereby the signatory 
states formed a defensive and offensive alliance to preserve their 
sovereignty and independence against foreign aggression. Con- 
tingents of troops were to come from each signatory state. At 
the same time an assembly of plenipotentiaries was provided for 
to serve as an organ of the confederation and to regulate the rela- 
tions among the member states. In spite of the failure of the 
signatory states to ratify the treaty it remained as a symbol of 
continental unity, to be realized more than 100 years later. 

The American congress (Congreso Americano) of Lima of 1847 
met in the capital of Peru from Dec, 11, 1847, to March 1, 1848, 
with representatives in attendance from Bolivia, Chile, Ecuador, 
New Granada (Colombia) and Peru. The principal agreement 
reached was a treaty of union and confederation by which the 
contracting states agreed reciprocally to support their sovereignty 
and independence and to maintain their territorial integrity. 

The Continental congress (Congreso Continental) of 1856, held 
at Santiago, Chile, with delegates representing Chile, Ecuador and 
Peru in attendance, also approved a treaty of alliance and con- 
federation. The convention of Washington, D.C., in 1856, signed 
by representatives of Costa Rica, El Salvador, Guatemala, Mexico, 
New Granada, Peru and Venezuela, also contemplated joint action 
for mutual protection. This was not strictly speaking a conference 
but an agreement signed by the diplomatic representatives of the 
respective countries accredited to Washington, D.C., largely on 
their own initiative and as a result of informal conversations, 

At the American congress (Congreso Americano) of Lima of 
1864 (Nov. 14, 1864-March 13, 1865), there were representatives 
from Bolivia, Chile, Colombia, Ecuador, Guatemala, Peru and 
Venezuela. In a treaty of union and defensive alliance the parties 
agreed to defend reciprocally their independence, sovereignty and 
territorial integrity against foreign aggression, and in a treaty for 
the maintenance of peace they obligated themselves to resort to 
pacific means in settling differences. 

These early inter-American conferences had as their principal 
object the common defense and mutual protection of the partici- 
pating states. Instances of encroachments on the sovereignty of 
Central and South American states were the European interven- 
tions in the Río de la Plata between 1842 and 1850; the Mexican 
War of 1846, which in the eyes of most Central and South 
Americans was an aggression against Mexico; the filibuster- 
ing expeditions of William Walker in Central America in 1855-57; 
the French invasion and the attempted establishment of Maxi- 
milian’s empire in Mexico in 1863-67; the Spanish occupation of 
the Dominican Republic from 1860 to 1865; and the attempt of 
Spain in 1865 to reassert its sovereignty over Peru. 

Juridical Congresses.—In the years following, and before the 
inauguration of the International Conferences of American States, 
several important juridical conferences were held in South Amer- 
ica. The first of these was the American Congress of Jurists of 
Lima of 1877, which representatives of Argentina, Bolivia, Chile, 
Costa Rica, Ecuador and Venezuela attended. 

The United States was invited, but declined the invitation be- 
cause of the basic differences between the common law of the 


216 


the adoption of appropriate action in accordance with existing 
treaties, The final vote on the resolution was 17 to 1, with Guate- 
mala opposing. Mexico and Argentina abstained. 

Colonialism.—An anticolonial motion was passed by all the 
Latin-American delegations, with the United States abstaining. 

Other Matters —Conventions were drawn up and signed on ter- 
ritorial asylum, diplomatic asylum and on the promotion of inter- 
American cultural relations. The Convention for the Promotion 
of Cultural Relations, dealing with the exchange of students and 
professors, which was approved at the Buenos Aires conference of 
1936, was revised in order to simplify the procedures used. 

Special or Technical Conferences.—Because of the variety 
of topics on the programs of the periodic Inter-American confer- 
ences, it was not always possible for the delegates to give detailed 
consideration to all the subjects placed before them. Furthermore, 
the delegations at these diplomatic gatherings were not always 
equipped to deal with technical problems. Accordingly, the prac- 
tice developed of referring many of these topics to special con- 
ferences, with the request either that the projects formulated or 
conclusions reached be reported back to a subsequent international 
conference or that they be transmitted directly to the govern- 
ments, Generally, these specialized meetings consider a particular 
subject or a group of related topics, and by concentrating on one 
subject the delegates are in a more advantageous position to give 
the matter careful study and consideration. 

Several of these specialized conferences have a history extending 
back over a considerable period. The Pan American Sanitary 
conferences, for example, were inaugurated in 1902 pursuant to 
a recommendation of the second International Conference of 
‘American States. These conferences did important work in the 
field of public health and sanitation, The numbers of such special 
or technical conferences increased greatly over the years and the 
subjects which they were called upon to consider covered virtually 
every phase of inter-American activity. 

Meetings of the Ministers of Foreign Affairs.—The Decla- 
ration of Lima, signed at the eighth International Conference of 
American States (1938), made provision for meetings of the minis- 
ters of foreign affairs of the American republics—a new type of 
consultation in the system of Pan-American conferences. Earlier, 
at the Buenos Aires conference of 1936, the American republics had 
agreed to consult together whenever anything should occur that 
might threaten the peace of the continent; but the instrumentality 
by which this consultation was to be undertaken was not specified. 
At Lima the American republics reaffirmed their continental soli- 
darity and declared that if the peace, security or territorial in- 
tegrity of any of them should be threatened by acts of any nature 
they would consult together through meetings of their ministers 
of foreign affairs to determine the measures that should be taken. 

The first such meeting of ministers of foreign affairs was held 
at Panama in Sept. 1939, immediately after the outbreak of the 
war in Europe. It resulted in the adoption of a general declaration 
of neutrality and the establishment of a security zone to keep the 
western hemisphere free of belligerent activities. In July 1940, 
when it appeared that European possessions in America might 
be transferred from those that possessed them to new occupants, 
a second meeting was held at Havana, where it was decided that 
should süch a contingency arise the American republics themselves 
would step in and administer these possessions. In Jan. 1942, 
following the extension of the war to the Americas, a third meet- 
ing of consultation, held at Rio de Janeiro, recommended the 
severance of diplomatic and commercial relations by the American 
republics with the aggressor nations. A majority of the 21 
republics had already either declared war on or broken off rela- 
tions with the Axis powers. The recommendation was followed 
immediately by other severances of relations; Argentina and Chile 
remained the only American republics not taking that step. 

The fourth meeting of consultation of foreign ministers was 
held at the Pan American Union in Washington, D.C., from 
March 26 to April 7, 1951. The three topics of the agenda dealt 
with political and military cooperation, internal security and 
emergency economic cooperation. The Inter-American Defense 
board was charged with the preparation of military plans for com- 
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mon defense of the hemisphere. Major consideration was directed 
to questions of an economic character, and resolutions wey 
adopted on the production and distribution of products in short 
supply and utilization of necessary services to meet the require. 
ments of the economies of the American republics and on measure 
to facilitate the carrying out of programs of economic develop. 
ment. 

Following the tenth conference, held at Caracas in 1954, new 
threats to the peace arose in the Caribbean that made it desirable 
to have recourse to meetings of ministers of foreign affairs rather 
than the regularly scheduled conferences. The fifth meeting of 
consultation was held at Santiago, Chile, in 1959, not under the 
provisions of the Rio Treaty of Reciprocal Assistance, but under 
art. 39 of the charter providing for consultation “to consider prob- 
lems of an urgent nature and of common interest to the American 
States,” in this case tensions resulting from revolutionary efforts 
to overthrow dictatorships. The meeting drew up a Declaration 
of Santiago, reaffirming in strong terms the relation between hu- 
man rights and representative democracy, declaring that, “th 
existence of anti-democratic regimes constitutes a violation of the 
principles on which the Organization of American States is founded 
and endangers peace, solidarity, and good relations in the hem. 
sphere." 

A year later, on Aug. 16, 1960, the sixth meeting of foreign 
ministers convened at San José, Costa Rica, in response to апар 
peal of Venezuela charging the Trujillo regime of the Dominican 
Republic with complicity in the attempted assassination of Pret 
Rémulo Betancourt. The meeting called for an immediate break 
ing of diplomatic relations with the Trujillo regime and fori 
partial interruption of commerce, beginning with arms and imple 
ments of war, to be followed later by the suspension of trade it 
other articles by action of the OAS council. The sanctions wert 
withdrawn by the council after the fall of the Trujillo regime. 

The seventh meeting of consultation, held at San José 24 hours 
later under art. 39 of the charter, was directed against the inter 
vention by a totalitarian power in the affairs of the American tt 
publics, although, for political reasons, neither Cuba nor the Soviet 
Union, the two parties actually condemned, was mentioned 
name. Sympathy with the social reforms of the Castro gover 
ment was too strong to permit the application of sanctions, M 
it was for that reason that the meeting had not been called unit 
the Rio treaty, as in the case of the sixth meeting. ui 

The eighth meeting of consultation was called in Nov: 1961 е 
met at Punta del Este, Urug., Jan. 22-31, 1962. The situate! 
in Cuba had now become a greater threat to the peace, and Colo? 
bia, in calling the meeting, did not hesitate to name both Cuba 
the Soviet Union, A memorandum was submitted by the Tr 
American Peace committee giving specific evidence of the i 
of fundamental human rights in Cuba, but a number of the deleg 
tions did not find that fact a justification for setting aside the 
of nonintervention. More important was the indictment 0 a 
for having permitted the intervention of an extracontinental nn 
and thus having jeopardized American solidarity and sect À 
The acceptance by Cuba of armed aid from the Soviet Ds 
its open repudiation of the Rio treaty clearly identified Cuba ۳ 
the inherently aggressive policy of the Sino-Soviet bloc. Cubs 
indictment was based upon the subversive activities of the (1 
government against legitimately constituted governmen 
democratic institutions of America. { fhet 

Opinion at the meeting was divided upon the issue is in 
clusion of the Cuban government from participation In ше 
American system, the final vote in favour of 
bare two-thirds, on ground of its having identifiec A 
Marxist-Leninist government contrary to the principles reel 
jectives of the inter-American system. This done, ne 1 
voted unanimously to condemn the communist offensive In^ 
and to adopt countermeasures to its subversive activities. i itt 
same time the meeting created a special consultative С07 yy 
on security for the purpose of advising member states 
subversive techniques of communist activities. 

On Oct. 22, 1962, when Pres. John F. Kennedy 
removal from Cuba of missiles and of missile bases under 
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tion, the U.S. representative on the OAS council requested the 
convocation of a meeting of foreign ministers under the Rio treaty 
to consider what action should be taken for the common defense. 
The council, meeting provisionally as an organ of consultation, 
adopted a resolution calling upon the member states to cooperate 
inmeasures to prevent Cuba from receiving military matériel from 
the Sino-Soviet powers, In advance of the request of the United 
States for a formal meeting of consultation, an informal meeting 
of foreign ministers had already taken place at the department 
of state, on Oct. 2 and 3, with the object of obtaining an exchange 
of views on the Cuban situation. | 

In addition to the meetings of consultation of foreign ministers 

under the Rio treaty and under art. 39 of the charter, important 
meetings of the Economic and Social council were held at the 
ministerial level, that is, with the ministers of the separate govern- 
ments representing their countries on the council. A meeting held 
Aug. 5-17, 1961, adopted the Charter of Punta del Este, which 
established the Alliance for Progress to develop a program of “ac- 
celerated economic progress and broader social justice within the 
framework of personal dignity and political liberty.” Preceding 
the charter was a Declaration to the Peoples of America that set 
forth the basic principles of the charter and the goals to be at- 
tained during the coming years. Meetings of the council at the 
ministerial level were held to evaluate the results of the Alliance 
for Progress, 
‚ In July 1964 the OAS foreign ministers met in Washington, D.C., 
to act upon. charges that Cuba had committed an act of aggression 
against Venezuela by secretly shipping arms to pro-Communist 
forces in Venezuela in Nov. 1963. By a vote of 15 to 4 (Mexico, 
Chile, Uruguay and Bolivia voting against) the conference adopted 
diplomatic and economic sanctions against Cuba. 

See also LATIN AMERICA. 

ВівиосвАрнү.—Гиѓерлаііопаі Conferences of American States, 1889- 
1928 (first supplement, 1933-40; second supplement, 1942-54) ; C. G. 
Fenwick, The Organization of American States: the Inter-American 
Regional System (1963) ; A. Van W. Thomas and A, J. Thomas, The 
Organization of American States (1963). (C. G. Fx.) 

PAN-AMERICAN GAMES, a quadrennial sports event for 
the nations of the Western Hemisphere, is conducted in almost 
identical fashion to the Olympic Games (q.v.). 

These games had their inception at a meeting called the Pan- 
American Congress at Buenos Aires, Arg., Aug. 28-31, 1940, to 
Which invitations were sent to the national Olympic committees of 
al countries of the Western Hemisphere. Sixteen of the 21 coun- 
tries invited were represented. ‘The idea had been under considera- 
ДУР for several years and became a reality when it was apparent 

! the 1940 Olympic games, scheduled first for London and then 
ane, would not be held. It was decided to form a Pan-American 

"ames Organization to conduct the games every four years be- 
баш in 1942, with the support of the International Olympic 
кше but run solely by the new body, which was formed as 
n autonomous organization to be governed by a congress com- 
Pored of delegates chosen by its members. Regular meetings were 
ibe held every four years, 

m PURUS Aires was chosen as the site of the first games, to be 
Nip the fall of 1942, the 450th anniversary of the discovery 
SR by Columbus, However, because of World War Il, 
TRAS Pan-American Games, were not held until Feb. 25 to 
Kei 1951, at Buenos Aires. One hundred thousand persons 
marathon dance when Delfo Cabrera, Argentina s 1948 Olympic 
ligit. 25 Pluie, opened the games by circling the track, carry- 
К te and blue flag of his country. А total of 2,000 athletes, 
Pogram. ing 20 Western Hemisphere nations, took part, and the 
which рне of 19 sports, Argentina and the United States, 
"nd close to half the entries, dominated the competition. 

ES Ond Pan-American Games were. held in Mexico City, 

"c arch 12-26, 1955, with the number of competing athletes 

is to 1,612 and the nations increased to 22. The University 
Dea co's excellent facilities were used and the number of sports 

чн уе, to 24. The United States, Argentina, and Mexico 

By ed the competition and among them had 55% of the 

S. The site, being close to one mile above sea level, had its 


effe 
cts on many of the visiting athletes, but Lou Jones of the 
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United States eliminated talk of slow performances with a world 
record of 45.4 sec. in the 400-m. run. 

Cleveland, O., was selected (in 1955) to conduct the 1959 Pan- 
American Games, but eventually withdrew in favour of Chicago, 
Ill., with the dates, Aug. 27-Sept. 7, 1959. The U.S. swept the 
quaenam, capturing 18 of 22 men's gold medals in track and 

eld. 

The fourth Pan-American Games were held at Sao Paulo, Braz., 
on April 20-May 5, 1963. U.S. athletes;won 109 gold medals, 49 
silver, and 35 bronze. Of the 22 participating nations Brazil was 
next with 14 gold, 21 silver, and 18 bronze, followed by Canada 
with 10 gold; 28 silver, and 24 bronze. 

Winnipeg, Can., was chosen as the site of the fifth Pan-American 
Games in 1967. (Ep. F;; X) 

PAN-AMERICAN HIGHWAY, a network of highways 
connecting the capitals and principal cities of South and Central 
America with highways of the United States and Canada, The 
system was originally conceived as a single route connecting North 
and South America, but as the concept was expanded alternate 
routes were added. There is now no single road that can be iden- 
tified as the Pan-American Highway; the Pan-American Highway 
System now includes several routes in many countries. 

Each nation selects the route or routes within its borders for 
inclusion in the system, but by the end of 1964 neither the United 
States nor Canada had taken this step. Thus, the designated sys- 
tem begins at the U.S.-Mexican border and extends south through 
Central and South America. 

The Pan-American Union, Washington, D.C., the general secre- 
tariat of the Organization of American States, is the official reposi- 
tory of the routes that make up the system. Information about 
the highway, including travel information and current road condi- 
tions, may be obtained from that organization. 

The idea for the Pan-American Highway developed from a 
proposal made in the United States Congress in 1884 for the con- 
struction of a Pan-American Railway, At the first International 
American Conference held in Washington, D.C., in Dec. 1889, the 
railway project was initiated and at subsequent conferences it was 
further developed. At the fifth International, Conference in 
Santiago, Chile, in 1923, it was also proposed that an automobile 
road conference be held to study measures for the construction of 
automobile highways within and between the countries of the 
Americas. This action is considered to be the beginning of the 
Pan-American Highway. Since that time the railroad project has 
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been abandoned and the highway project was expanded. In 1925 
the Pan-American Highway Congress was established as a per- 
manent institution and since then it has been the international 
organization responsible for the development of the highway. It 
is now a branch of the Organization of American States. 

The term Inter-American Highway is frequently used inter- 
changeably with Pan-American Highway, but the Inter-American 
Highway is only that part of the system beginning at Laredo, Tex., 
and ending at Panama City. The term had its origin in the various 
inter-American conferences and in United States legislation ap- 
propriating funds for its construction. While the section in Mexico 
was financed and constructed entirely by Mexico, the sections in 
Guatemala, El Salvador, Honduras, Nicaragua, Costa Rica, and 
Panama were constructed on a cooperative basis, with the U.S. 
generally contributing two-thirds of the cost and the cooperating 
republics, one-third. (R. E. L) 

PAN AMERICAN UNION: see PAN-AMERICAN CONFER- 
ENCES; AMERICAN STATES, ORGANIZATION OF. 

PANATHENAEA, in ancient Athens an annual festival of 
great antiquity and importance (see ATHENA). Traditionally be- 
gun by Erichthonius and changed from Athenaea (“festival of 
Athena") to Panathenaea ("festival of all Athenians” or “univer- 
sal festival of Athena”) by Theseus, its elaboration seems to date 
from Pisistratus. In its developed form it was celebrated every 
fourth year with special splendour, probably in deliberate rivalry 
to the Olympic Games; its date was the third year of each 
Olympiad, from the 24th to the 29th of the month Hecatombaeon 
(about mid-August), and the great day was the 28th, traditionally 
Athena’s birthday. The annual festival consisted solely of the 
sacrifices and rites proper to this season in the cult of Athena. One 
of these rites originally consisted in carrying a new peplos through 
the streets to the Acropolis to clothe the ancient carved image of 
the goddess; but it is probable that this rite was afterward re- 
stricted to the great quadrennial festival. The peplos was a 
costly, saffron-coloured garment, embroidered with scenes from 
the battle between the gods and giants. At least as early as the 
3rd century в.с. the custom was introduced of spreading the peplos 
like a sail on the mast of a ship which was rolled on a machine in 
the procession. At the Great Panathenaea representatives of all 
the dependencies of Athens were present, bringing victims, and a 
most brilliant procession resulted. After the presentation of the 
peplos the hecatomb (offering of several animals) was sacrificed. 
The subject of the frieze of the Parthenon is this great procession. 
From 1937 onward part of the processional way was uncovered 
in the course of the American excavations of the agora. 

Pericles introduced a regular musical contest in place of the reci- 
tations of rhapsodes, which were a long-standing accompaniment 
of the festival. This contest took place in the odeum, originally 
built for this purpose by Pericles himself. The order of the con- 
tests from this time onward was first the musical, then the gym- 
nastic, then the equestrian contest. Many kinds of contest, such 
as the chariot race of the apobatai (said to have been introduced 
by Erichthonius), which were not in use at Olympia were prac- 
tised in Athens. Apobates was the name given to the companion 
of the charioteer, who showed his skill by leaping out of the 
chariot and up again while the horses were going at full speed. 
There were in addition several minor contests between the Athe- 
nian tribes: the pyrrhic or war dance; the euandria or parade of 
crack troops; the lampadedromy or torch race; the regatta, which 
took place on the last day of the festival. The proceedings were 
under the superintendence of ten athlothetai, one from each tribe, 
the Lesser Panathenaea being managed by hieropoioi, In the 
musical contests, a golden crown was given as first prize; in the 
sports, a garland of leaves from the sacred olive trees of Athena 
and vases filled with oil from the same. Examples of Panathenaic 
vases can be seen in the British Museum, London, and elsewhere. 

See L. R. Farnell, The Cults of the Greek States, i, рр. 294 ff. (1896) ; 
L. Deubner, Attische Feste, pp. 22 ff. (1932). 

PANAY, westernmost of the Visayan Islands in the central 
Philippines and sixth in size. Area 4,446 sq.mi., with a mountain 
range near the west coast, hilly eastern portions, irregular plains 
along the north coast and a wide lowland on the southeast. The 


island is divided into four provinces: Antique on the west coast 
Iloilo (g.v.) in the south, Aklan in the northwest and Capiz (gg s ) 
in the northeast. Pop. (1960) 1,745,982. See also PHILIPPINES 
REPUBLIC OF THE. (J.E. SR) 

PANCEVO, a town in Vojvodina, Socialist Republic of Serbia 
Yugos., and a Danube port, is 18 km. (11 mi.) ENE of Belgrade 
by road. Pop. (1961) 46,679. It is the administrative centre of, 
district, and has a high school, an academy of commerce, and two 
Serbian Orthodox churches with interesting icons. Pancevo jg, | 
nodal point for railway, road, and water commerce in southwest 
Vojvodina. Industries include the manufacture of silk, chemical, 
glass, and aircraft parts. The town was first mentioned in the Yn 
century; freed from the Turks in 1717, it was under Austrian rile 
till 1918 when it was incorporated into Yugoslavia. (У. Dg) 

PAN CHAO: see PAN Ku AND PAN CHAO. 

PANCH MAHALS, a district of Gujarat, India. Area 34% 
sq.mi. (9,028 sq.km.). Pop. (1961) 1,468,946. The district was 
united administratively with the district of Broach (q.v.) in 1933, 
In 1945 it was made into a separate district, and in 1947 the 
princely states of Lunawada, Baria, and Sant and some villages of 
Pandu-Mewas were added, while six villages were transferred to 
Sabarkantha District. Godhra, the district headquarters, and 
Dohad are the main towns. Places of interest include the Pavagadh 
Hill (2,700 ft. [820 m.] above sea level) with the Kali Temple on 
its summit and the historic Rajput fort of Champaner. The dis 
trict is largely rough and wooded; the valleys produce bajra (pear! 
millet), maize (corn), cotton, and gram. There are rich manganest 
mines at Shivrajpur. The Western Railway runs through the dis 
trict. (V. А. М. J) 

PANCREAS. The pancreas in man is a large digestive gland | 
that lies in the upper part of the abdomen beneath the stomach и 
in the curve of the duodenum, to which it is firmly attached. r 
is behind the peritoneum. The pancreas has an abundant blood ! 
supply and is innervated by nerve fibres from the vagus and sym 
pathetic trunks. A large main duct (the duct of Wirsung) mls 
the entire length of the gland and empties into the second patt 0 
the duodenum, usually in common with the termination of tl 
common bile duct, at what is called the ampulla of Vater. 
smaller accessory pancreatic duct (the duct of Santorini) emplit 
separately into the duodenum. These ducts collect the pancretli 
juice secreted by the pancreatic glandular epithelium, of ТИ 
renchyma, and convey it to the duodenum. In addition to the 
glandular epithelium, there are many thousands of microscop 
groups of cells without ducts distributed throughout the panctel 
the islets of Langerhans. The beta cells of these islets are 
source of insulin, and it is the removal or destruction of thet 
cells that produces pancreatic diabetes. The alpha cells o! 
islets are thought to be the source of glucagon, а second pil 
creatic hormone, which in some respects has an action oppo! 
in effect to that of insulin. КИ 

The pancreatic juice is a clear, colourless fluid, alkaline inm 
action, and is made up of water in which are dissolved 80 d 
bicarbonate, sodium chloride and three important digestive 
zymes: trypsin, pancreatic lipase and pancreatic amylase. $i 
sin, when activated by mixture with the intestinal juice, ! { 
vigorous protein-splitting enzyme that facilitates the disi 
tion of proteins and proteoses into peptones and amino p 
Pancreatic lipase splits the fat of the food into glycerol and stit 
acids, the end products of the digestion of fat. The dissi 
action of pancreatic lipase is greatly facilitated by the еши?” 
ing action of the bile. Pancreatic amylase splits starches ' 
complex sugars into glucose, which can be absorbed and 
by the body cells. The pancreas secretes pancreatic jns d 
tinuously, but the rate of secretion is greatly increased W! " 
is present in the small intestine. The mechanism 0 E 
lation is partly nervous and partly chemical. Impulses ey 
vagus nerves cause a secretion of pancreatic juice rich in en% y 


3 wy е 
A profuse secretion of pancreatic juice сап occur, howe" dy* 


the vagus nerves have been divided. The presence of 20 elabo 
or partially digested food, in the small intestine SM bur" 
ini j 


tion of a hormone, secretin, in the lining of the sma 


al 
its absorption into the blood. It is carried through the gener 


PANCREATIN—PANDA 


_{NFERIOR VENA CAVA 


HEPATIC DUCT 

cystic DUCT 

GALL BLADDER 

LESSER PANCREATIC DUCT 
(COMMON BILE DUCT 


AMPULLA OF VATER 


ADAPTED FROM AN ILLUSTRATION PREPARED FOR LEDERLE LABORATORIES DIVISION, AMERICAN CYANAMID COMPANY 
CUTAWAY DIAGRAM OF THE DUCT SYSTEM THAT LINKS THE PANCREAS WITH OTHER BODY ORGANS 


culation eventually to the pancreas and liver, whose cells are then 
excited to greater secretory activity. Pancreatic juice secreted in 
response to stimulation by pancreatic secretin is poor in enzyme 
content, However, a second hormone, pancreozymin, is liberated 
from the duodenum at the same time and in a manner similar to 
that of pancreatic secretin. This hormone stimulates the pancreas 
lo secrete pancreatic juice rich in enzymes. 

The absence of pancreatic juice from the intestinal tract im- 
pairs the digestion and absorption of food. This is made evident 
by the appearance of large amounts of undigested fat and protein 
in the stools. The impairment, which is most marked in the case 
of fat digestion and absorption, varies greatly in different persons. 
Thus in some persons, following removal of the pancreas, there 
may be little disturbance in digestion or absorption, whereas in 
others 75% to 80% of the fat in the food appears undigested in 
the stools, The disturbance in protein digestion is less marked 
And the digestion of starch is little affected. The pancreas can 

© successfully removed in experimental animals and also in man. 

fe Can be maintained in a good nutritive state, perhaps indefi- 
nitely, if the ensuing diabetes is adequately controlled by the 
administration of insulin, and if pancreas extracts (i.e., lipocaic) 
ite administered in adequate amounts by mouth, 
iseases of the Pancreas.— Diseases of the pancreas are fortu- 
nately not common, but when they occur they are often serious. 
lute pancreatitis or acute pancreatic necrosis, as it is more ac- 
furately called, is a condition in which a large part of the pancreas 
"e necrotic or gangrenous, often with extensive hemorrhage 
pun digestion of the pancreas by the juices of the gland 
Es disease is more likely to occur in persons who have 
E than in others and often follows the ingestion of large 
within p food and alcoholic beverages. It may cause death 

WE is th to 48 hours, The cause of death is not definitely known, 

ought to be due in part to the absorption of poisonous 
ал на arising in the disintegrating pancreas. Shock, 
are ian oss of plasma from the blood vessels, and infection 

dug contributing factors. The disease is treated by repeated 
gs of blood апа plasma, administration of antibiotic 

Des. I Talnage of the common bile duct with removal of gall- 
fatal a || Some cases an attack of acute pancreatitis that is not 

ey E to the accumulation of a large amount of pancreatic 
the Overly; plasma and tissue debris in the pancreas itself or in 
PSeuidocysts 5 tissues, forming a pancreatic pseudocyst. Such 
ih a ERE become quite large and are treated by drainage 

стеа operation. Occasionally, nonfatal attacks of acute 

M 5 recur at intervals of weeks or months and produce 
Ses of en Upper abdominal pain and disability. Many of these 
of the Mees Pancreatitis are due to narrowing or obstruction 

ide duct and can be relieved by a surgical operation 

Уайс, adequate drainage of the pancreatic juice. 1 
creas оша is a benign cystic tumour that may occur in the 

and reach a very large size, The cyst is usually multi- 
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Јосшаг and contains a mucilagi- 
nous fluid. These benign tumours 
are successfully treated by surgi- 
cal excision. Cancer of the pan- 
creas is the commonest and also 
the most serious tumour. When 
it involves the head of the pan- 
creas, it obstructs the common 
bile duct and pancreatic duct and 
causes progressive jaundice, ema- 
ciation and impairment in diges- 
tion. Advances in surgery have 
made it possible, in many such 
cases, to remove the entire pan- 
creas, with survival of the patient, 
but most of these patients later 
die of recurrence of the cancer in 
the liver and other organs. 

Benign tumours (adenomas) 
may arise in the islets of Langer- 
hans and produce symptoms due 
to the excessive manufacture of insulin and its liberation into the 
blood stream. Such patients display attacks of weakness or un- 
consciousness at progressively shorter intervals, and during these 
attacks examination of the blood reveals an excessively low con- 
centration of blood sugar. The attacks can be relieved temporarily 
by intravenous injection of glucose, and the patient can be cured 
if the adenoma can be found and surgically removed. Either be- 
nign or malignant tumours arising from the islet tissues, other 
than beta cells, may cause an excessive secretion of gastric juice 
in the stomach with progressive ulceration of the mucosa, hemor- 
rhage and perforation. When the pancreatic tumour causing these 
ulcers is benign and can be removed, the excessive gastric secre- 
tion stops and the patient is cured. 

The animal pancreas, when used for food, is called sweet- 
bread. 

See also DIABETES MELLITUS; DIGESTION; ENDOCRINOLOGY; 
Hormones; INSULIN. See also references under “Pancreas” in the 
Index. 

BisLrocRAPHY.— Henrik О, Lagerlöf, Pancreatic Function and Pan- 
creatic Disease (1942) ; J. Earl Thomas, The External Secretion of the 
Pancreas (1950); Lester R. Dragstedt, H. E. Haymond and J. C. 
Ellis, "The Pathogenesis of Acute Pancreatitis," Archives of Surgery, 
28:232-291 (1934) ; R. M. Zollinger and E. H. Ellison, *Primary Peptic 
Ulceration of the Jejunum Associated With Islet Cell Tumors of the 
Pancreas," Annals of Surgery, 142:709 (1955). (L. R. Dr.) 

PANCREATIN, also called pancreatic substance and diastase 
vera, is a solution made from the fresh pancreas of the hog or ox. 
Since it contains the pancreatic enzymes amylopsin, trypsin, and 
steapsin, all of which take part in the digestion and absorption of 
food, pancreatin may be used in medicine to treat persons with 
pancreatic insufficiency (i.¢., persons with less than normal amounts 
of pancreatic juice in the digestive system, as in cystic fibrosis and 
chronic pancreatitis). In a neutral or slightly alkaline medium 
and at a temperature of less than 60° C (140° F), pancreatin con- 
verts 25 times its weight of starch into sugar and 25 times its 
weight of protein (e.g., casein) into proteoses in five minutes. 

See also CHILDREN, DISEASES OF: Cystic Fibrosis; PANCREAS. 

PANDA, the name given to two species of Asiatic mammals 
related to raccoons and placed with them in the family Procyoni- 
dae, order Carnivora. The bear-sized black and white panda popu- 
lar in zoos is the giant panda (Ailuropoda melanoleuca), one of 
the rarest large mammals. It is known only from the mountains 
of Szechwan in China and the nearby parts of Tibet. Its body 
fur is white but its limbs, ears, and areas round the eyes are black. 
The giant panda inhabits bamboo forests, feeding on the young 
stems and leaves. There is a thumblike structure on the front 
foot against which the digits press in grasping bamboo stems and 
other food; in addition to bamboo, the giant panda feeds on the 
roots and leaves of herbs, and eats small animals such as mice 
and voles. The giant panda was discovered by Pére David, a 
Jesuit missionary, in 1869. Although very few specimens have 
been brought to the West, either living or dead, the giant panda 
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has been exhibited in several zoos 
in Europe and the United States. 

“Panda” without any modifier 
refers to the smaller, domestic 
cat-sized species (Ailurus ful- 
gens) that ranges from the east- 
ern Himalayas to western China. 
Sometimes called the common or 
lesser panda, it has thick fur, rich 
reddish-brown on the upper sur- 
face and black underneath; the 
face is white, with a stripe of 
red-brown from each eye to the 
corners of the mouth; there are 
several pale rings on the tail. 
Common pandas live high in the 
mountains among rocks and trees, 
which they climb with agility. 
They feed on fruit and other plant substances, and small animals, 
See also CARNIVORE; MAMMAL. (L. H. M.) 

PANDANUS: see Screw PINE. 

PANDAREUS, in Greek mythology, stole a golden dog from 
the temple of Zeus in Cretan or Ionian Miletus, and gave him to 
Tantalus for safekeeping. Tantalus swore to Hermes that he 
knew nothing of the matter, but on the dog’s discovery was pun- 
ished by being crushed under Mt. Sipylus. Pandareus and his wife 
were killed by Zeus; their orphaned daughters were reared by the 
Olympian goddesses, but the Harpies stole them and gave them to 
the Erinyes as servants. (T. V. B.) 

PANDARUS, in Greek legend, son of Lycaon, a Lycian. 
In the /liad he breaks the truce between the Trojans and the 
Greeks by treacherously wounding Menelaus with an arrow, and 
finally he is slain by Diomedes. In the medieval tale of Troilus 
and Cressida Pandarus acted as the lovers’ go-between; hence 
“pander,” 

PANDECTS, one name for the Digest of Justinian, a collec- 
tion of passages from the writings of Roman jurists, arranged in 
50 books subdivided into titles according to the subject matter. 
In A.D. 530 the emperor Justinian I entrusted its compilation to 
Tribonian, Quaestor of the Sacred Palace, with instructions to ap- 
point a commission to help him. The Pandects were published in 
A.D. 533 and given statutory force. The rapidity with which the 
work was completed has suggested that much of it had been antic- 
ipated by the work of earlier Byzantine scholars. Friedrich 
Bluhme showed in 1818 that the arrangement of material in each 
title into “masses” represented a division of the work between 
committees of the commission according to the three principal 
groups of sources from which the Pandects were compiled. These 
masses are (1) Sabinus mass, (2) Edict mass, (3) Papinian mass, 
with the addition of (4) Appendix. 

Early in the 19th century the term “Pandectists” was applied 
to the historical school of Roman law scholars in Germany who 
resumed the scientific study of the Pandects. The leader of the 
school was Friedrich Karl von Savigny (1779-1861). In the course 
of the century extensive treatises on the Pandects were produced, 
notably by Georg Friedrich Puchta, Heinrich Dernburg, and Bern- 
hard Windscheid. 

See Justinian I; Roman Law: Sources of the Law: The Law 
of Justinian. (Rr. P.) 

PANDHARPUR, a municipal town in the Sholapur District 
of Maharashtra, India, stands on the right bank of the Bhima 
River, 38 mi, (61 km.) W of Sholapur. Pop. (1961) 45,421. It is 
a popular place of pilgrimage as it contains a celebrated temple 
dedicated to the god Vithoba, an incarnation of Vishnu, in whose 
honour three fairs are held annually. The town is connected by 
rail with Barsi and with Kurduwadi on the Central Railway. 

(M. R. P.) 

PANDIT, VIJAYA LAKSHMI (née Swarup KUMARI 
NEHRU) (1900- ), Indian political leader and diplomat, one 
of the world’s leading women in public life and the recipient of 
many honours and awards, brought distinction, intelligence, and 
charm to a succession of high offices, She was born at Allahabad 
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on Aug. 18, 1900, the daughter of Motilal Nehru, early nationalist 
leader, and sister of Jawaharlal Nehru (q.v.). Coming of a dis. 
tinguished, well-to-do Kashmiri Brahman f amily, she was Privately 
educated in India and abroad; and in 1921 married Ranjit § 
Pandit, by whom she had three daughters. In the tradition of her 
family she became an active worker in the Indian nationalist moye 
ment, being three times imprisoned by the British authorities, 
Nevertheless, she obtained practical experience of government 
and administration. She entered municipal government in Allahı. 
bad before entering the legislative assembly of the United Proy. 
inces (Uttar Pradesh) and becoming, as minister of local gover. 
ment and public health (1937-39), the first Indian woman to hold 
a cabinet portfolio. 

With the coming of Indian independence, Mrs. Pandit entered 
on a distinguished diplomatic career, leading the Indian delega 
tion to the United Nations (1946-48) and serving as Indian am. 
bassador to Moscow (1947-49) and to Washington and Mexico 
(1949-51). In 1953 she became the first woman president of the 
UN General Assembly. From 1954 to 1961 she was Indian high 
commissioner in London and, concurrently, ambassador in Dublin. 
She served as governor of Maharashtra from 1962 to 1964 andin 
November of the latter year became a member of the Lok Sable 
(Parliament), representing the constituency formerly represented 
by her brother. | 

PANDO, a department of northeastern Bolivia, bounded north / 
and east by Brazil, west by Peru and south by the departments af | 
Beni and La Paz. Pop. (1961 est.) 24,000. Area 24,644 sqm. 
(63,828 sq.km.). The department, formerly called the province ol | 
Vaca Diez, was established in 1938 during the administration 0 
Gen. German Busch, Puerto Rico, originally designated the capital 
of the new department, was succeeded by Cobija, pop. (1959 et) 
2,188, because of the latter's accessibility. Pando is largely 4 for | 
ested region, with considerable rain, heat and humidity. The main 
economic resources are forest products: rubber, quinine, Brazil 
nuts and hardwoods, Agricultural products include rice, Su 
cane, manioc, bananas, and corn. Cobija may be reached by ih — 
but otherwise transportation is by river. The isolation, poor com | 
munication and sparse population hinder development of the regit. 
The population is chiefly Indian and mestizo. (J-L. TE). 

PANDORA, according to Hesiod (in the Theogony and 
Works and Days), the first woman (Gr., the “All-giving”). Ме 
Prometheus had stolen fire from heaven and bestowed it m 
mortals, Zeus determined to counteract this blessing. He e { 
ingly commissioned Hephaestus to fashion a woman out of eat! | 
upon whom the gods bestowed their choicest gifts. Нер 
gave her a human voice; Aphrodite, beauty and powers of sedit _ 
tion; Hermes, cunning and the art of flattery. She had or {шї 
a jar, the so-called “Pandora's box,” containing all kinds of a 
and evil. Zeus sent her to Epimetheus, who, forgetting the pi 
ing of his brother Prometheus to accept no present from ^. 
made her his wife. Pandora afterward opened the Jar, я 
which all manner of evils flew out over the earth. Accord 
the version given in Hesiod, Hope alone remained inside, t " 
having been shut down before she escaped. But in a later $77 
the jar contained not evils but blessings, which would br 
preserved for the human race had they not been lost throug 


opening of the jar out of curiosity by man himself. 
ds Athens she wa pi 
dora was 


See W. A. Oldfather, “Pandora,” in Pauly-Wissowa, Re 
püdie der classischen, Altertumswissenschaft, vol. 18 
cludes a lengthy bibliography; H. J. Rose, Handbook of Green 4 
ogy, р- 55 (1957). (T-A qus 

PANDULPH (Panpvutr or PawpoLPHO) (d. 1226). 
ecclesiastic, papal legate to England and bishop of Nor 
bornin Rome. He was first sent to England by Pope Ive tt 
in 1211 to negotiate with King John over the е (айй 
Stephen Langton (q.v.) as archbishop of Canterbury. б 
of the negotiations resulted in John’s excommunication | t0 
dulph’s return to Italy. He was again in England in 12 ys o 
cept the king's submission, in which John, apparently us 

[^ 
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initiative, surrendered England as a papal fief. Gratified by 
John's humility, Pandulph used ecclesiastical censures, including 
excommunication, to avert a threatened French invasion of the 
country. Temporarily replaced by the cardinal legate Nicholas 
of Tusculum, Pandulph returned to England in 1215 for the con- 
ference at the meadow at Runnymede, where Magna Carta was 
signed. He was given the see of Norwich by John in gratitude 
for his services but was eclipsed in 1216 by the arrival of the 
cardinal legate Gualo. He regained his prominence when Gualo 

ed in 1218 and as papal representative was entrusted with 
the care of the child Henry III. He was influential during the 

cy. Pandulph's paramount influence in the government of 
England, deriving from the fact that England was a papal fief, 
lasted until 1220, when Cardinal Langton moved the pope to recall 
him in the interests of a more national policy. Pandulph re- 
tained the see of Norwich but was no longer a factor in English 
politics. He died at Rome on Sept. 16, 1226, but his body was 
removed to Norwich for burial. 

BIBLIOGRAPHY.—F. A. Gasquet, Henry III and the Church (1910); 
W. Shirley, Royal and Other Historical Letters (1862-66) ; K. Norgate, 
John Lackland (1902). ("Eolo 

PANDYA, the name of a Tamil dynasty of the extreme south 
of India of unknown antiquity (they are mentioned by Greek 
authors; e.g, by Megasthenes in the 4th century B.c.). The 
Byzantine emperor Julian received an embassy from a Pandya 
€. AD, 361, The dynasty revived under Kadungon in the early 
7th century A.D. and ruled from Madura or further south until 
the 16th century. The small but important (9th-13th century) 


dynasty of Pandyas of Ucchangi, a hill fort south of the Tungab-- 


hadra river, may have originated from the Madura family. 

The genealogy and chronology of the family are in hopeless 
confusion as the kings share very few names, alternately prefixed 
by Jatavarman or Maravarman (or equivalents), and their numer- 
ous records are dated for the most part only in regnal years. 
From being Jains they became Saivites and are celebrated in the 
carliest Tamil poetry (the Sangam works). They ruled extensive 
territories, at times including the Chera (or Kerala) country, the 
Chola country, and Ceylon through collateral branches subject to 
Madura. The "Five Pandyas” flourished in the 12th to 14th 
centuties and after fighting with fluctuating success against neigh- 
bouring Kingdoms, eventually assumed control of all the plains of 
the extreme south as far north as Nellore (1257). Family quar- 
tels, however, and the sultan of Delhi’s invasions from 1311 on- 
ward, culminating in the foundation of the Madura sultanate, 
about Which Tbn Batutah writes horrifying details, weakened 

andya influence. Even after the Moslems were evicted c. 1370 

у the king of Vijayanagar the Pandyas seldom ruled north of 

si Cauvery tiver, By 1312 control over Kerala was lost and 

е mid-16th century all their territories had passed into other 


and Foreign Notices of South India (1939) ; S. Krishnaswami 


Up Fora A. Nilakantha Sastri, The Pandyan Kingdom 
angar, South India and her Muhammadan Invaders (1921). 
(J. D. M. 


D.) 


a PANEGYRIC, originally a speech composed for delivery at 
Olympi assembly (panegyris) in ancient Greece, such as the 
à 23 ras Panathenaic festivals. Speakers often took advan- 
ered ti tis е occasions, when Greeks of various cities were gath- 
and di. er, to advocate Hellenic unity. With this end in view, 
former lo gratify their audience, they tended to expatiate on the 
sociation orles of Greek cities; hence came the encomiastic as- 
"Olym 18 that eventually clung to the term “panegyric.” ‘The 
onl fate Speeches of Gorgias and Lysias (gg.v.) have survived 
Posed c. poss but the Panegyricus of Isocrates (av), com- 
also ig m са Perhaps for recitation at Olympia, is intact; so 
Hw ‘anathenaicus (c. 340 B.c.), in which he praised the 
цу 9 of Athens, Akin to panegyric was the Epi- 
to be f uneral oration, ancient and modern examples of which 
ides, а Ound in Pericles’ funeral speech as recorded by Thucyd- 
and in де утіс both on the war heroes and on Athens itself, 
AD, Agli aham Lincoln's Gettysburg Address. In the 2nd century 
Ms Aristides, a Greek rhetorician, combined praise of 
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famous cities with eulogy of the reigning emperor, Marcus Aure- 
lius. By his time the term "panegyric" had probably become 
specialized in this latter connection. It had been an old Roman 
custom to celebrate at festivals the glories of famous men of the 
past and to pronounce Jaudationes funebres at the funerals of 
eminent persons. 

Another kind of eulogistic speech in Rome was the gratiarum 
actio (“thanksgiving”), delivered by a successful candidate for 
office. When Pliny the Younger was nominated as consul by 
Trajan in A.D. 100 he delivered a gratiarum actio which he pub- 
lished in considerably expanded form. It later received the title 
Panegyricus. This speech abounds in flattery of a good emperor; 
later panegyrists flattered good and bad emperors indiscriminately. 
Their speeches have survived in the collection called XIZ Pane- 
gyrici Latini, or Veteres (ed. by W. Baehrens, 1911), containing 
Pliny's speech and r1 others, in praise of the 3rd- and 4th-century 
emperors Maximian, Constantius, Constantine, Julian and Theo- 
dosius I. Some of the orators are anonymous; the named ones 
are Eumenius, Mamertinus, Pacatus Drepanius (qq.v.) and 
Nazarius. Ausonius and Ennodius (gq.v.) also wrote Latin pane- 
gyrics, not included in this collection, to Gratian and Theodoric 
respectively. All these orators practise fulsomeness, insincerity 
and affectation; their virtues are enthusiasm, however misguided, 
and comparative purity of style in an age of increasing barbarism. 
Latin verse panegyric is also found from the Augustan age on- 
ward; its most celebrated authors were Claudian (c. A.D. 400) 
and Sidonius Apollinaris (sth century A.D.). Among modern ex- 
ponents of panegyric may be mentioned Jacques Bossuet, Valentin 
Fléchier and Jean Baptiste Massillon, whose funeral orations in 
the age of Louis XIV are triumphs in this type of literature. 

BisBLroGRAPHY.—R. Pichon, Les derniers écrivains profanes (1906); 
M. Durry, Pline le jeune, Panégyrique de Trajan (1938) ; E. Galletier, 
Panégyriques latins, texte établi et traduit (1949-1955). (W. S. Ms.) 

PANEL, originally a small piece of cloth or parchment; this 
meaning persists only in certain legal terms, such as jury panel, 
so called from the original strip of parchment on which the names 
were written in early days; and in Scots law in the use of the 
word for an indictment or for a person or persons named in an 
indictment; or in the use of the word for the cloth-stuffed lining 
of a saddle. In architecture and furniture the word signified, 
originally, a small piece of thin wood enclosed in a surrounding 
framework. Casts of charred wooden doors taken in Pompeii as 
well as many ancient classic representations prove that the con- 
struction of wooden panels was well understood by the Greeks 
and Romans., Moreover, numerous Italian Romanesque wooden 
church doors of the roth to the rath centuries, usually of many 
small, nearly square panels, manifestly continue Roman types. 

In much Gothic decorative work tracery forms are frequently 
used to divide a large surface into small recessed panels of various 
shapes. This decorative paneling is particularly common on 
tombs, screens, chancel rails and the like, in which multiplication 
of cusping frequently gives it great richness, especially in England. 
In France paneling is used with more restraint and in simpler 
forms, usually confined to slim, arch-headed shapes. During the 
late Gothic period of the rsth and 16th centuries, decorative pan- 
eling was used more lavishly throughout north Europe, and in 
the Perpendicular work of England large wall areas were often 
covered by a series of rectangular or Tudor arch-headed, sunken, 
tracery panels, Meanwhile, the use of structural wood paneling, 
at first reserved for doors, cupboards, chests and similar furniture, 
was spreading to wainscotting; in this development the English 
led. Occasionally an applied molding is used at the sides and 
top only of a panel with a chamfer at the bottom. The rich, 
interior wood paneling of the Tudor and Elizabethan periods in 
England often combined with linen fold decoration and some- 
times with crude classic pilasters and entablatures is one of 
the most beautiful characteristics of those styles. 

In the Renaissance of Italy paneling is of importance only in 
furniture such as choir stalls, etc., and in the rich coffered ceilings 
which cover many palace halls and church interiors. In France, 
on the other hand, the use of paneling grew continuously more 
important as the Renaissance developed and reached a climax in 
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the lavish paneled interiors of the Louis styles (g.v.). In this 
Louis paneling, as in work of the same date in England, the de- 
velopment was toward greater use of large panels made by glueing 
together smaller pieces of wood. As a result of industrialized 
building techniques, paneling is widely used in the architecture of 
the 20th century. (T. F. H.) 

PAN-EUROPEAN MOVEMENT. There have been var- 
ious attempts to express the cultural unity of Europe since the time 
of the Renaissance and Reformation. The Roman empire in an- 
tiquity, the unity of western Christendom under the pope and 
the Holy Roman empire in the middle ages created or preserved 
at least a semblance of unity binding together much of Europe. 
The Renaissance with its birth of the sovereign absolutist state 
and the Reformation with its division of Christianity put an end 
to the medieval unity of western Christendom. Since then re- 
peated efforts have been made to restore such a unity. They 
were stimulated in the medieval and early modern periods by the 
fearful threat of Turkish-Islamic aggressive power, against which 
the unity of Europe for defense was sought. 

Early Projects of European Unity.—Attempts to restore the 
medieval res publica Christiana, or Christian community, were 
undertaken on a new rational basis, their authors pleading not 
only for common defense but for universal peace. This was the 
attitude of Erasmus in his Querela Pacis (“Complaint of Peace") 
(1517) and of the “Grand Dessein," which Maximilien de Béthune, 
duc de Sully, the minister of Henry IV of France, outlined in his 
Mémoires. Emeric Crucé proposed in his Le Nouveau Cynée 
(1624) an organization for peace and a court of arbitration with 
Venice as its seat. In the following century William Penn pub- 
lished his brief Essay Towards the Present and Future Peace of 
Europe (1693) which voiced the pacifism of the Society of Friends. 
The Abbé de Saint-Pierre published in 1713 his Projet de paix 
perpétuelle (“Project of Perpetual Peace”), which Jean-Jacques 
Rousseau republished and condensed in 1761. The enlightened 
rationaljsm of these proposals was taken up by Immanuel Kant 
in his Zum ewigen Frieden (“On Perpetual Peace,” 1795) and by 
Jeremy Bentham in his Principles of International Law (1789). 

In the 19th century, the peace congress which met in Aug. 1849 
in Paris with Victor Hugo as its president and Richard Cobden as 
its vice-president pleaded both for universal peace and for a 
united states of Europe. After World War I the French states- 
man Aristide Briand worked on proposals for a union of the 
European nations. Count Richard Coudenhove-Kalergi, an Aus- 
trian, in 1923 published an influential book, Paneuropa, urging 
European union; he also founded the Pan-European union, but its 
activities could not stem the rise of violent nationalism in Europe. 
The weakened state in which European democracies emerged from 
World War II led several private organizations to intensify a cam- 
paign for the creation of institutions for European co-operation. 
Some leading European statesmen, among them Winston Churchill, 
took an active part in this propaganda. The International Com- 
mittee for the Co-ordination of European Unity Movements called 
a congress at The Hague, Neth., in May 1948 which proposed the 
convening of a European consultative assembly. This time the 
Pan-European movement was powerfully supported by the U.S. 

Organization for European Economic Cooperation.—In 
the same year practical steps for a closer European integration 
were taken in two fields. First, a permanent Organization for 
European Economic Cooperation (O.E.E.C.) came into being in 
April 1948 as the European co-ordinating agency for the European 
Recovery program, with the Economic Cooperation administra- 
tion (ECA) of the U.S. pressing for the fullest use and co- 
operative development of European resources. Secondly, Great 
Britain, France, Belgium, the Netherlands and Luxembourg in the 
same month signed'a treaty at Brussels pledging co-operation in 
the military, economic and cultural fields for a duration of 50 
years. It was the need for the defense of Europe and European 
civilization against the totalitarian system spread from Moscow 
which helped to overcome at least some of the deep-rooted loyal- 
ties to national sovereignty in the various European nations and 
some of the animosities between them, the result of a long past 
of feuds and conflicts. 
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NATO and the Council of Earope.—From the beginning, th 
Brussels pact was regarded only as a nucleus. On April 29, A 
Louis St. Laurent, the Canadian minister for external affairs, Es 
clared that in view of “the rising tide of totalitarian communism 
‚.. Canada and the U.S. need the assistance of the Western Euro. 
pean democracies just as they need ours." On June rr the US 
senate passed a resolution, moved by Sen. Arthur H. Vandenberg, 
which prepared the way for the creation of the North Atlantic 
Treaty organization (NATO) in Washington, D.C., in April 1949, 
In the following month ro European nations (Great Britain, 
France, Belgium, the Netherlands, Luxembourg, Denmark, NOS 
way, Sweden, Ireland and Italy) signed in London the statute of 
the Council of Europe. The Council of Europe consists of two 
bodies: the Committee of Ministers, representing the govem- 
ments, and the Consultative assembly, representing the peoples 
and parliaments of Europe, and intended to be a forum of ideas 


‚ and a place where a stimulus could be given to democratic Eur- 


pean initiative. Strasbourg, France, was made the permanent seat 
of the council. 

Any European country which accepted the rule of law and of 
enjoyment by all persons within its jurisdiction’ of human rights 
and fundamental freedoms could join the Council of Europe 
Greece, Turkey, Iceland and the Federal Republic of Germany later 
joined and the Saar was admitted as an observer. The first years 
of the existence of the Council of Europe were filled with a struggle 
between the assembly, which wished to develop into a European 
legislative body, and the European governments which were not 
willing to establish a supranational authority. Nevertheless, à 
large number’ of recommendations and resolutions on the most 
varied subjects in the economic, political, cultural, social and legil 
fields were made by the assembly and many of them were fully or 
partly implemented. Among them was the European Convention 
for the Protection of Human Rights and Fundamental Freedoms 
(see Human RiGHTS). 

European Coal and Steel Community.—A closer approach 
to federal instead of purely international co-operation was taken 
by France. On May 9, 1950, the French foreign minister Robet 
Schuman suggested the pooling of the coal and steel resources 0 
the European countries and the setting up of a new high authority 
whose decisions would be binding on the governments concerne 
On March 19, 1951, France, Italy, the Federal Republic of Ger 
many, Belgium, the Netherlands and Luxembourg formally initial 
in Paris a draft treaty to give legal effect to the Schuman plan. 
treaty, valid for so years, came into force in June 1952 after 
parliaments of the six nations involved had ratified it. The Lu 
pean Coal and Steel Community (E.C.S.C.) established à Hig 
Authority, to act as the executive power, and a Court of Justi 
both located in Luxembourg, and an assembly, appointed by a 
various national parliaments or elected by direct suffrage И. 
exercising democratic control over the High Authority. T 
sembly was located in Strasbourg, In Sept. 1952 British prm 
for establishing close organic links between the E.C.S.C. am р 
nonparticipating members of the Council of Europe were adop 
The six nations forming the E.C.S.C. proceeded with plans 
the creation of a European Defense Community (EDC), A wi 
pean army which would maintain the closest possible liaison. 
British forces and would be integrated with the NATO Ci 
The six governments signed the treaty instituting the b 
Paris on May 27, 1952. The treaty also foresaw the consti 
of ‘a permanent assembly elected on a democratic basis m 
E.D.C. was rejected by France in Aug. 1954 and replaced prr 
by a Western European union (W.E.U.), including Great 
in addition to the six E.D.C. countries. 

Progress of Federal Integration.—W: 
declared in Strasbourg in Aug. 1949: "The first step 
taken, and it is the first step that counts.” In the first ad 
the Pan-European movement (1948-58) its realization E 0% 
оп two levels, ап organized co-operation of sovereign я 
represented by the Council of Europe, and an approach 2 ni 
integration, of which the E.C.S.C. formed the first stp cst 
end of 1955 Jean Monnet, the former president 0 : guro 
founded the Action Committee for the United States 0 
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Ils purpose was to create a customs union and a common market 
for the six nations organized in the E.C.S.C. and also a supra- 
national European Atomic Energy Community (EURATOM). 
Europe is an energy-deficit area, and therefore large-scale indus- 
trial application of the energy released by nuclear fission is of 

potential importance. By 1958 the six member nations of 
the E.C.S.C.—Belgium, France, Germany, Italy, Luxembourg, 
Netherlands—had ratified the two additional treaties establishing 
the European Economic Community (E.E.C.) and EURATOM, 
Tt was planned that the, three organizations for the economic 
federation of the six European nations (E.C.S.C., E.E.C. and 
EURATOM) should have in common a council of ministers, a 
European assembly and a European court of justice, supervising 
the activities of the three economic federations. The E.E.C. treaty 
also provided for a European investment bank, The single market 
(‘European common market”) without tariffs or other trade bar- 
riers foreseen for the E.E.C. was to come into full existence over 
aperiod of 12 to 15 years. 

As an alternative to E.E.C. (known as the Six), Great Britain 
in 1959 put forward plans for the European Free Trade Association 
(E.F.T.A., known as the Seven) to include the European countries 
remaining outside E.E.C. It came.into being in 1960 and included 
Great Britain, Austria, Denmark, Norway, Portugal, Sweden, and 
“ae Finland became an associate member in 1961. 

tegration v. Co-operation.—The six European nations 
ee federal institutions were also seeking, however, a wider, 
ugh looser, form of co-operation with other European nations. 
Seventeen western European nations, the participants in the 
OE.E.C., established on Dec. 20, 1957, for example, a European 
Nuclear Energy agency to promote co-operative undertakings in 
the peacetime atomic field. A serious blow was dealt to the hopes 
for broadening the E.E.C. in Jan. 1963 when Pres. Charles de 
Gaulle of France announced his opposition to the admission of 
Great Britain. 

The O.E.E.C., an instrument of the European Recovery pro- 
gram, was formed, as has been noted, primarily for European 
uw not for European union. It aimed at intensifying Euro- 

rade without merging national economies, In that direction 
Great. Britain proposed the creation of a free trade area which 
Would embrace the six nations of the common market and other 

Würopean nations, especially Great Britain and those which, like 

е Scandinavian countries, tended to follow the British example. 
Though the free trade area plan fell short of federal integration, 
Il nevertheless went much farther than anything that had pre- 
viously emerged from the O,E.E.C. 

t still Seemed difficult to reconcile the two different approaches 
toward a Pan-European movement, the one based on the co- 
Operation of independent governments, the other on the establish- 
Pata at Teast in the economic field, of supranational organizations 
b уро: Nevertheless the Pan-European movement had 

lade definite progress, See also Economic UNION; FEDERAL 

M FOREIGN Am PROGRAMS; WORLD GOVERNMENT 

Binttocrarny.—Winston Churchill, Europe Unite, ed. by Randolph 
ТЫШ (1950) ; R. G. Haars, Wa Bure eU Union 0 
in the Wesel Ue Its Progress, Problems, DAT. and Р de 
Session (1982) ; Н › U.S. Senate Documents 90, 82n one (1957); 
Оюуна апе Kohn, The Twentieth Century, суза LEVIA 
Mahon (ed) 5 (ed), European Integration (1957) ; Arth ur Y E 1л 
Flotinsky. АН ederalism: Mature апа Emerged (1955); Michael T. 
Coal and’ Si, аа Europe? (1955) ; Henry L. Mason, The European 
Te l'Euro pe Ru (1955); Jacques Trempont, L Mei ros. 
turopean Move ); Richard Coudenhove-Kalergi, ао ore e i 
New rope: et from 1922 to 1962 (1962) ; Marquis Chi a ^ 
the Year AUS pier and the Old Nationalism,” 1963 an Т ; of 
ud ANEVEZYS (PANEVEZEIS), a district town anda major cul- 
Publie V ‚оше centre in the Lithuanian Soviet Socialist Re- 

Toad P DR. is situated about 137 km. (85 mi.) N of Kaunas 
ions an Op. (1959) 41,100, It has many educational institu- 
Tun to Sia ai archaeological and numismatic museum. Railways 

En Klaipeda, Daugavpils and Riga. Panevezys is 
-Tefini lling centre in Lithuania; it also has meat-canning, 
ning, distilling, brewing, and flax-processing industries. 
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Its origin dates back to the 14th century. It received the charter 
of a district town in 1842. In 1926 it became a cathedral town. 
PANGALOS, THEODOROS (1878-1952), Greek army of- 
ficer, statesman, and for seven months in 1926, dictator, was born 
at Salamis on Jan. 11, 1878. Не studied at the Greek military 
academy and at St. Cyr in France and served in World War I and 
in the Anatolian campaign. Placed on the retired list in 1920, 
he was reactivated in 1922 and sat on the special court which 
condemned to death those supposed to have been responsible for 
the disaster of Smyrna (see GREECE: History). Pangalos served 
in 1923 as commander in chief in Thrace but in the same year 
entered politics. A year after the republic was proclaimed, he 
seized power by a coup d'état on June 26, 1925. His rule was 
erratic and irresponsible, and war with Bulgaria was only nar- 
rowly averted. He assumed dictatorial powers on Jan. 3, 1926, 
to put an end to the rivalry of the political parties. In April 
1926 he procured his own election as president of the republic. 
He was deposed, however, by another coup d'état carried out on 
Aug. 22, 1926, by Gen. Georgios Kondylis. Pangalos then retired 
from public life, but was sentenced in April 1930 to two years’ 
imprisonment for irregularities in connection with the building 
of a casino. In 1932 he was confined to Corfu. After the libera- 
tion in 1945 at the end of World War II, he reappeared in Athens 
and was accused of having collaborated with the Germans and the 
Italians, but the charges could not be substantiated. He died 
in Athens on Feb. 26, 1952. (B. S.-E.) 
PANGASINAN, a province of central Luzon, Philippines, 
occupying the north end of the central plain and fronting on 
Lingayen Gulf on the west coast; it includes the two islands of 
Santiago and Cabarruyan. Area 2,021 sq.mi.; pop. (1960) 1,124,- 
144. Most of the province consists of the alluvial lowland of 
the Agno River, which rises in the mountains of northern Luzon. 
It is one of the richest agricultural regions of the Philippines and 
has a heavy population of Pangasinan natives and Ilocanos from 
the northwest Luzon coast settled in the northern section. The 
chief crop is rice, much of which goes by rail to the Manila mar- 
kets. Minor crops are corn (maize), mangoes and other fruits, 
sugarcane, tobacco and coconut, this being the northernmost im- 
portant coconut-growing region. Firewood cutting from the man- 
grove swamps and salt making are important along the Lingayen 
Gulf coast, The capital is Lingayen (pop. [1960] 45,321); dur- 
ing World War II, U.S. forces made reoccupation landings near 
it. Dagupan, east of Lingayen, is a city chartered in 1947 with an 
area of 17.1 sq.mi.; pop. (1960) 63,191. It is the chief port 
and an important rail and road transport centre. ‘There are no 
other large towns or cities but numerous populous municipalities 
are located in the northern portion of the Agno River plain, 
Among these are Binmaley, between Lingayen and Dagupan; 
Mangaldan, east of Dagupan, a rail transport and cotton textile 
centre; Calasiao, south of Dagupan, a rice shipping and palm-hat 
making centre; and the inland municipalities of Manaoag, San 
Carlos, and Bayambang. (J. E, Sr.) 
The eighth largest Philippine ethnolinguistic group, with a popu- 
lation of 666,003 in 1960, is also called Pangasinan, The language 
probably falls with those of Central Luzon though it has affinities 
with the Nabaloi (Ibaloi; see Icoror) to the north. The Pan- 
gasinan originally occupied the whole region around Lingayen 
Gulf; Ilocano (g.v.) expansion, which still continued in the 1960s, 
forced them southward, so that they mainly occupy the central 
area of the province. In social organization the Pangasinan con- 
form to the bilateral pattern common to the Christian lowland 
Philippines. They are predominantly Roman Catholic, though a 
minority adhere to the Philippine (Aglipayan) Independent 
Church, a schismatic movement from Catholicism that originated 
in the rebellion against Spain. There has been considerable inter- 
marriage with the Ilocano, who in the 1960s constituted about half 
of the total provincial population; most of the people are bilin- 
gual. See also PHILIPPINES, REPUBLIC OF THE. (F. R. E.) 
PAN-GERMANISM is the name of a movement aiming at 
the union of all people speaking German or a Germanic tongue 
into one political body. Sometimes the movement, which was 
never clearly or authoritatively defined, proclaimed the unity only 
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of the German-speaking population of Germany proper, of the 
Habsburg monarchy, of Russia (the Baltic provinces), of Switzer- 
land, of France (Alsace) and of the Low Countries (where Dutch 
and Flemish were regarded as German dialects). With the pe- 
culiar position which the Rhine river acquired in German national- 
ism, it was stressed that the source of the Rhine (in Switzerland) 
and its mouth (in the Low Countries) “belonged” to Germany. 
Other proponents of Pan-Germanism pointed to the civilizing 
mission and the colonizing efforts of the medieval German empire 
in eastern Europe and based upon it claims for German hegemony 
there. Others again wished to include the Scandinavian nations 
in the Pan-German unity. 

This latter trend was strengthened by “Nordic” racial theories, 
which regarded the Nordics, as represented by the Teutonic Ger- 
mans and Scandinavians with their common mythology and saga 
world, as the most gifted and noble kind of the human species. 
The close tie between Nordic-Aryanism and Pan-Germanism be- 
came even more pronounced after leading German artists and 
scholars such as Richard Wagner and Heinrich von Treitschke em- 
braced racialism. The famous "Nordic" or Germanic racial 
theory, which the French writer Comte Joseph Arthur de Gobineau 
(1816-82) proposed in his Essai sur Vinegalité des races humaines 
(1853-55), made little impression in western Europe but was 
elaborated into a system by the English-born naturalized German 
Houston Stewart Chamberlain (1855-1927), Richard Wagner's 
son-in-law and author of Die Grundlagen des neunzehnten Jahr- 
hunderts (1899; Eng. trans., The Foundations of the roth Century, 
т911). He and other German racialists claimed every historical 
man of genius, including Jesus Christ, as a member of the Ger- 
man race. 

Although Emperor William II patronized Chamberlain, official 
Germany adhered neither to Pan-Germanism nor to racialism 
until 1933. Pan-Germanism was a movement of German intel- 
lectuals, writers and scholars, but did not enter the realm of 
practical politics before 1914. It was first expressed during the 
nationalist enthusiasm of the “war of liberation" against Napoleon 
by such patriotic propagandists as Ernst Moritz Arndt (1769- 
1860) and Friedrich Ludwig Jahn (1778-1852), founder of the 
militant gymnastic organizations (Turnvereine). 

The ideal Germany which they wished to build had no clearly 
determined historical, natural or ethnographic frontiers. This 
encouraged sweeping claims to many territories which had at some 
time or other been under the vague and ill-defined suzerainty of 
the Holy Roman empire or to territories where Germans had 
settled among non-Germanic peoples. 

Half a century later, German nationalists such as the political 
economist Friedrich List (1789-1846), the orientalist Paul Anton 
de Lagarde (1827-91) and the political publicist Konstantin 
Frantz (1817-91) advocated the formation of a powerful Euro- 
pean confederation in central Europe under German leadership. 
Such a powerful central European federation from Flanders to 
the Black sea and from Burgundy to the Vistula, they maintained, 
would be able to guarantee the peace of the entire continent. 

Pan-Germanism was not organized as a movement until 1894, 
when Ernst Hasse, professor in Leipzig and from 1893 to 1903 a 
member of the Reichstag, reformed the Allgemeiner Deutscher 
Verband (General German league, founded in 1891) as Alldeut- 
scher Verband (Pan-German league). After Hasse’s death in 1908 
Heinrich Class became his successor. The league inaugurated a 
dynamic policy in Europe and overseas under the slogan “remem- 
ber that you are Germans.” It defined its purpose: 

(1) The Pan-German League strives to quicken the national senti- 
ment of Germans and in particular to awaken and foster the racial 
and cultural homogeneity of all sections of the German people. (2) 
These aims imply that the League works for: (a) preservation of the 
German Volkstum in Europe and overseas and its support whenever 
itis threatened. (b) Settlement of all cultural, educational and school 
problems in ways that shall aid the German Volkstum. (c) The com- 
batting of all forces which check the German national development. 
(d) An active policy of furthering German interests in the entire world, 
in particular the continuation of the German colonial movement. 

In his three-volume work Deutsche Politik (1905-07), Hasse 
proposed to protect the German frontiers by a wide military 
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glacis, settled by picked former German soldiers. “We want 
territory,” he wrote, “even if it be inhabited by foreign Peoples, 
so that we may shape their future in accordance with our needs" 

Many writers went openly beyond the official program by dd 
manding a close union of Germany with Austria-Hungary, the 
Low Countries and Switzerland and the annexation of large parts 
of western Russia and of the Balkans. Above all. the league was 
concerned with preserving the German national consciousness and 
loyalty to Germany of the many millions of German descent 
settled overseas. Although the league had hardly more thay 
20.000 members, its propaganda was very active and more or 
less’ coloured the thinking of large German circles. Pan. 
Germanism had also a wide following among the Germans in the 
Austrian monarchy, where Georg von Schünerer and his disciple 
Kar Hermann Wolf propagated Pan-German expansionism, Ger 
man ‘superiority over the Slavs and an anticapitalistic anti. 
Semitism, doctrines which very much influenced Adolf Hitler 
when he lived in Austria before World War I. 

During World War I Friedrich Naumann (1860-1919), a Prot. 
estant theologian and socialist politician. published Mitteleuropa 
(10915), in which he proposed a vast German-dominated confed- 
eration from Antwerp to the Persian gulf. The treaty of Brest- 
Litovsk in March 1918 seemed to realize much of this Pan-German 
dream, only to be destroyed a few months later by the defeat of 
Germany on the western front. This defeat not only saved the 
western democracies, but also Communist Russia from the German 
hegemony foreshadowed in the Brest-Litovsk treaty. 

Pan-Germanism did not acknowledge this defeat but strove, 
even during the days of the Weimar republic, to revive Pal 
German nationalism and racialism. Among the various groups 
which propagated this faith among the masses, the National So: 
cialist German Workers’ party (Nazis) under the leadership of 
Hitler soon became the strongest. While the Pan-Germans before 
1914 had regarded England as the main target of their hatred, 
Hitler turned Pan-German aspirations primarily to the east an 
singled out Communist Russia as the chief enemy. He propt 
gated Pan-Germanism in its new and extremist form, in which 
faith in absolute Nordic racial superiority and the cult of fort 
and violence were fused. 

One of the schools supporting Pan-Germanism was that of Get 
politik, a “science” establishing a similar mystical tie betwee 
geography and history as the racial theory did in maintaining 510 
a tie between biological “science” and man’s destiny. Among tht 
geopoliticians Karl Haushofer in Munich and Ewald Banse, the 
author of Raum und Volk im Weltkriege (“Space and Folk in the 

Jorld War") (1933), were prominent. Writers such a$ Hani 
Grimm, Volk ohne Raum (“Folk Without Space”) (1926), creat 
a favourable moral climate in Germany for the spread of extremi 
Pan-Germanism. (See Скоролтїсз.) Under these conditioni 
the feeble efforts of the Weimar government to resist the risg 
tide of Pan-Germanism failed, and in Jan. 1933 the govern 
of Adolf Hitler came to power, the first German govern 
avowedly dedicated to the realization of Pan-Germanism. 1 
years were needed to prepare for the task. They were usel i 
only to arm Germany and to divide public opinion abroa m d 
realize the Pan-German principles in the nation itself. Й il 
1938 the first open steps were taken to carry through the 
German program with the annexation of Austria. From t 0 
step followed step in an almost logical and methodical way 
fulfill the whole Pan-German program. d: 

By the beginning of 1942 this realization seemed at han ihe 
whole of central Europe and the Balkans, western Russia an " 
Ukraine were under German control—as foreshadowed ye 
treaty of Brest-Litovsk; but beyond it, Denmark. and N 
France and the Low Countries were occupied by the Most 
and Italy and Spain under the fascist regimes of Benito ne 
lini and Francisco Franco were Germany’s allies. Aga 
1918, the German aspirations for a Pan-German emp! 
destroyed only a short while later by military defeat. This 
in 1945 had much more devastating consequences 
Germanism in eastern and central Europe than did that 0 
The German settlements in eastern-central Europe were 
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dated” by forced mass evacuation. Nevertheless, Pan-German 
sentiments again showed signs of revival in Germany in the 
second half of the 2oth century. See also NATIONALISM; Na- 
TIONAL. SOCIALISM. 

Bimuocnaenv.—Mildred S. Wertheimer, The Pan-German League, 
1890-1914 (1924); Pan-German League, Zwanzig Jahre alldeutscher 
Arbeit und Kampfe (1910) ; Otto Burchard, Geschichte des alldeutschen 
Verbandes (1920); Austin Harrison,” The Pan-Germanic Doctrine 
(1904) ; R. G. Usher, Pan-Germanism (1913) ; A. Chéradame, L’Europe 
tl la question d'Autriche (1901); Charles Andler, Le Pangermanisme 
hilosophique 1800—1014 (1917), (ed.), Collection des documents sur 

Pangermanisme, 4 vol. (1915-17) ; Thorstein Veblen Imperial Ger- 
many and the Industrial Revolution, rev. ed. (1939) ; F. W. Foerster, 
Burope and the German Question (1940) ; W. Ropke, The Solution of 
the German Problem, trans. by E. W. Dickes (1947) ; Ludwig Dehio, 
"Gedanken über die deutsche Sendung 1900-1918,” Historische Zeit- 
schrift, 174:2 (Oct. 1952) ; Hans Kohn (ed.), German History: Some 
New German Views (1954). (H. Ko.) 

PANGOLIN (Scaty ANTEATER), any of the armoured mam- 
mals of the order Pholidota (g.v.). "Pangolin," from the Ma- 
layan meaning "roller," refers to the defensive habit these animals 
have of curling into a ball when danger threatens. Found in 
tropical Asia and Africa, pangolins range from one to three feet 
long, exclusive of the tail, which may be shorter than, or twice 
the length of, the rest of the body. The legs are short and the 
tongue long and wormlike. There are no teeth. Except for the 
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} INDIAN PANGOLIN: (MANIS CRASSICAUDATA) 
Underside of the body (and excepting some African forms) the 
Animal is covered with broad, overlapping, yellowish-brown horny 
cd All species are nocturnal insect eaters. They use the 
urved claws on the forefeet to rip open ant and termite nests. The 
а distinct types of pangolin are usually grouped in a single 
pied Manis; some authorities recognize several genera. Much 
of ains to be known about the reproductive cycle and life span 
s ae but it appears that one young is born at a time and 
nord about by the mother for some time after birth. The 
s has been estimated at à dozen years or more. By 19th- 
in qe? Zoologists these animals were included with the aardvarks 
€ order Edentata (q.v.). 


> 

m ANHARD, RENE (1841-1908), French engineer and auto- 
Írom асте, was born at Paris іп 1841 and graduated 
joined Ecole centrale des arts et manufactures. In 1886 he 
isis pus Émile Levassor, who gained control of the French 
In о the Daimler patents, to form Panhard and Levassor, 
an inte -92 Panhard and Levassor produced the first vehicle with 
NS combustion engine mounted at the front of the chasis. 
Carry th designed by Levassor, had a clutch and transmission to 
Ee to the rear wheels. The Panhard and Levassor 
in ear] * was put on sale in 1892 and competed successfully 
hi taces; In 1907 the firm adopted the sleeve-valve engine. 

рда died at La Bourbole in 1908. (M. J. Br) 
Of situation’ in economics, a term used loosely to describe a variety 
failures fe ns such as acute financial disturbances, widespread bank 
ns €verish stock speculation followed by a market crash, or 
© of fear caused by economic crises or the anticipation of 
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such crises, The term is applied only to the violent stage of finan- 
cial convulsion and does not extend to the whole period of a down- 
swing in the business cycle. 

Up until the 19th century economic fluctuations were largely 
connected with shortages of goods, market expansion, and specu- 
lation. The character of these commercial crises was reflected in 
the nature of the panics that accompanied them. Similarly, panics 
in the industrialized societies of the 19th and 20th centuries re- 
flect the increasing complexity of advanced economies and the 
changed character of their instability. A financial panic is often 
a prelude to a crisis that extends beyond commercial activities into 
sectors of consumption and capital goods industries. 

The Tulip Craze.—One example of a speculative panic in the 
early modern period was the so-called tulip craze that occurred 
in Holland during the period 1633-37. With the development of 
capitalistic methods, speculation began to play a more important 
role, and sometimes the desire to speculate outran the possibili- 
ties supplied by economic conditions, Thus in Holland in 1633 
speculators were engaged in tulip bulb transactions. By 1636 the 
buying of bulbs was running wild. Rare varieties of bulbs were 
selling for hundreds of dollars each. Everybody had joined in 
the tulip speculation in the expectation of high profits. The crash 
came early in 1637, sweeping away fortunes and leaving behind 
financial ruin. 

The Mississippi Bubble.—Speculation in stocks also led to 
panics early in the history of capitalism. Stock speculation reached 
panic proportions in 1720 in both France and England. Largely 
responsible for the French speculation was a Scottish immigrant, 
John Law (q.v.), an adventurer, gambler, economic theorist, and 
financial wizard. Law, a friend of the regent, the Duc d'Orléans, 
established the Banque Générale (1716) and a year later the 
Louisiana Company (also known as the Company of the West) 
with a capital of 100,000,000 livres. It was given extensive 
powers over the Mississippi Valley in North America, Eventually 
Law monopolized the tobacco trade, controlled the African slave 
trade, and in 1719 his company absorbed the French East India 
Company, the Guinea Company, the Santo Domingo Company, 
and the China Company, Furthermore, he took over the collec- 
tion of French taxes and the management of the mint, In effect, 
Law controlled French foreign trade and French finances. 

The demand for the shares of Law’s company increased sharply, 
sending the price from 500 to 18,000 livres a share, out of all 
proportion to earnings. By 1719 Law had issued 640,000 stock 
shares. The Rue Quincampoix and the Rue de Venise, where 
stock was traded, witnessed unbelievably wild scenes. “The 
roadways were jammed with people; brokers wildly signaled from 
near-by windows, shares and bank notes worth thousands changed 
hands like pennies. Stories were told of a valet trading for his 
master who made a fortune in side deals for himself, of beggars 
turned into millionaires overnight, of a hunchback who grew rich 
by letting traders use his back as a desk to sign papers on. All 
Paris was mad.” (S. B. Clough and C. W. Cole, Economic History 
of Europe, p. 298. Copyright 1946 by D. C. Heath and Company, 
Boston.) The excessive issue of bank-notes stimulated galloping 
inflation with commodity prices more than doubled. In 1720, 
however, the “Mississippi bubble,” as it was called, burst; the 
imaginary prosperity ended; and Law’s ingenious schemes fell into 

neces. 
/ The South Sea Bubble.—During the same period England 
was having a similar experience. In 1711 the South Sea Company 
was founded to carry on trade with the South Seas and encourage 
fishing. (See Ѕоотн SEA BUBBLE.) The charter provided that 
the government stock be turned into the company in exchange for 
its stock. An amount of £10,000,000 of short-term national debt 
was taken over from the state’s creditors and converted into long- 
term debt. The government paid interest on this debt, granted 
a trade monopoly to the company, and, later in 1713, the slave 
trade. In 1719 the South Sea Company assumed another gov- 
ernment loan of £1,750,000, and its prospects seemed better than 
ever. The company paid a bonus to the bondholders in stock, 
which in the meantime was rapidly rising in price—from about 
£130 in early 1720 to £1,020 by the middle of the year. Sub- 
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scriptions for new companies were coming in, but many of them 
were often fraudulent and fantastic speculative operations, such 
as “improving of an art lately found out for the making of soap,” 
trading in human hair, an air pump for the brain, and a wheel for 
perpetual motion. The stock market became a “roaring Hell-porch 
of insane and dishonest speculators.” 

In August the signs of a crash became apparent. The price of 
the South Sea shares tumbled to £390 and reached £120 in De- 
cember. The “South Sea Bubble,” as it was called, wiped out 
many companies, rocked the South Sea Company, and drove all 
kinds of joint stock into disrepute. It further gave rise to the 
Bubble Act which placed severe restrictions on the formation of 
joint stock companies until it was repealed in 1825. 

The United States and the Panic of 1857.—In the United 
States economic instability before 1815 reflected the conditions of 
an underdeveloped economy, and the timing of crises was basically 
accounted for by “happenings occurring outside the domestic 
economy. The nature of fluctuations to which the U.S. economy 
was subjected during the decades of the 1820s and the 1830s 
stemmed from the changing character of the economy itself. 
Domestic economic developments were beginning to play their 
part in determining the timing of crises, which were only aggra- 
vated or dampened by foreign influences. In the last two decades 
before the American Civil War economic instability assumed more 
of the complexity of the modern industrial crises and became more 
closely related to the interplay of capital investments, savings, 
manufacturing activity, expectations, and expanding markets. 
Foreign influences continued to affect the pattern of economic 
crises, but the main cause of domestic instability was an inade- 
quate banking system. 

The crisis of 1857 was, in a way of speaking, the first panic, at 
least in Europe, caused largely by economic factors. In the United 
States, the panic of 1857 was the outcome of a number of develop- 
ments, By the spring of 1857 a pyramid of debts and speculative 
commitments had reached high proportions. Large investments 
had been sunk into railroads in regions where traffic was still in- 
sufficient to allow an adequate return on the rail bonds. The value 
of rail securities fell considerably; railroads defaulted on their 
bonds; and many banks found their assets tied up in nonliquid 
railroad investments. In addition, European capital had begun to 
flow out of the U.S. market, being attracted by higher rates in 
England and France resulting from an increased outflow of Euro- 
pean specie to the Near East and Far East. In August the Ohio 
Life Insurance and Trust Company failed, followed by many 
other banks and business concerns, In October alone more than 
1,400 banks went into bankruptcy and all New York banks sus- 
pended specie payments, their example soon to be followed by 
banks throughout the country. Unemployment rose sharply and 
massive workers’ meetings became соттоп. ` The American crisis 
further aggravated the European economy and panic swept the 
money markets of the continent. The Bank of England used its 
emergency powers to increase the issue of fiduciary notes. 

Other Panics.—The year 1873 was another great mark in the 
history of economic development and panics. It marked the end 
of the long upward secular trend of the world economy that had 
begun in the late 1840s. The downward trend lasted until 1896. 
In June 1873 Vienna was rocked by financial difficulties and in 
September New York City had its second “Black Friday" (q.v.). 
Banks and stock exchanges closed and cash payments were sus- 
pended. But by November the worst of the money panic was 
over. 

A panic occurred in England in 1890 (the Baring crisis) and in 
1907 and 1921 in the U.S. But the great panic and the great crisis 
came in 1929. On Oct. 24 of that year, before the first hour of 
trading on the New York Stock Exchange was over, stock prices 
were tumbling. "The gigantic edifice of prices was now breaking 
under its own weight. Down, down, down. The roar of voices 
which rose from the floor of the Exchange had become a roar of 
panic.... Huge blocks of stock were thrown upon the market 
for whatever they would bring. The scene on the floor was cha- 
otic.” (F. L. Allen, Only Yesterday, Harper & Brothers, New 
York, 1931.) This catastrophe rocked the U.S. economy and 
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shattered world economic relations for more than a decade, | 

See also references under “Panic” їп the Index. (A. A. pg) І 

PANICUM, а genus ої grasses (q.v.) comprising some 80) 
species, found chiefly in the warmer regions of both hemispheres 
about 150 occurring in the United States, Several are important 
cereals, as P. miliaceum. (common millet), cultivated for food jn 
India and Europe; others are valuable forage plants, as P. may. 
mum (guinea grass) and P. purpurascens (Para grass), the only 
grasses extensively grown for forage in tropical America. Repre 
sentative North American species are P. capillare (common witch 
grass), P. virgatum (switch grass) and P. texanum (Texas millet), 

See also MILLET. 

PANIKKAR, KAVALAM MADHAVA (1895-1963), | 
Indian statesman and scholar, was born in 1895 in Travancore - 
(Kerala), India, of Nair (Nayar) parents, and was educated at the 
Madras Christian College and at Christ Church, Oxford, where he 
was placed in the first class in the modern history school, He alo 
read for the bar at the Middle Temple and taught at Aligarh and 
Calcutta universities before turning to journalism as editor of the 
Hindustan Times (1925). 

He entered political life in the service of the Indian princes, be- 
coming secretary to the chancellor of the Chamber of Princes. | 
He also served as foreign minister of Patiala and as foreign mini | 
ter and subsequently chief minister of Bikaner (1944-47). After - 
India had gained independence he was entrusted with greater tt - 
sponsibilities as India’s ambassador to China (1948-52), Egypt 
(1952-53), and France (1956-59). Не was also appointed to tht 
States Reorganization Commission (1953-55) (see INDIA: His 
tory). Tn the last years of his life he returned to the university 
world, and was vice-chancellor of the University of Mysore at the | 
time of his death there, on Dec. 10, 1963. 

Panikkar wrote many books on history and politics. His interet 
in European influence on Asia was reflected in his studies of the 
Portuguese and Dutch in Malabar, and especially in his Asia and 
Western Dominance (1953). Im Two Chinas (1955) reveal 
his sympathy with Communist China, where he had spent perhaps 
the most influential years of his diplomatic career. Writing pal 
in English and partly in Malayalam he was also a playwright 
the author of novels (see MALAYALAM LITERATURE). 

(Ke. A. B.; X) 

PANIN, NIKITA IVANOVICH, Count (1718-178) 
Russian statesman, one of Catherine the Great's chief diploma 
advisers, was born in Gdansk on Sept. 29 (new style; 18, old styl) 
1718. Having passed his childhood at Párnu (Pernau) in Est 
where his father was commandant, he entered the Russian Army 
in 1740. Rumour had it that he was a favourite of the empres 
Elizabeth. He was accredited as Russian minister to Den K 
in 1747 but was transferred a few months later to Stockholm 
where for the next 12 years he acted as the chief opponent 0 
pro-French party in Sweden, in accordance with the anti- ren 
views of the Russian chancellor A. P. Bestuzhev-Ryumin- 
sequently, when Russia in the 1750s turned pro-French, i 
position became extremely difficult. Moreover, he found an ene! 
in Bestuzhey’s supplanter, M. I. Vorontsov, and he was. S it 
point of retiring when in 1760 he was unexpectedly appoint? F 
supervise the education of the six-year-old grand duke Раша 
of Ње grand duchess Catherine. Thenceforward his iana 
assured. He was on Catherine’s side during the теў 
1762 (see CATHERINE IT, empress of Russia), but his јео rie 
the influence which the Orlovs seemed likely to obtain ove 
predisposed him to favour the proclamation of his ward 
emperor, with Catherine as regent only. 

Panin was the political mentor of Catherine 
years of her reign, and in 1763 he became head of t! 
College? or Department of Foreign Affairs. He was the 
of the famous “Northern Accord," which aimed at an UP ү 
ing between Russia, Prussia, Poland, Sweden, and perhap, сб 
Britain against the Franco-Austrian bloc. The idea se tent 
Russian policy for many years. It explains, too, ie sup 
ness toward Poland, since in his “Accord” Poland was iy d 
the place of Austria, whom circumstances had tempore abil 
tached from the Russian alliance. Only when the imprac 
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of the "Northern Accord” became patent did his influence begin 


ane. 
Te 1772, when the accession of Gustavus III to the Swedish 
throne upset Panin’s plans for Sweden, Panin became more and 
more subservient to Frederick II of Prussia. As to Poland, his 
views differed widely from those of both Frederick and Catherine. 
He seriously guaranteed the integrity of Polish territory, after 
placing Stanislaw 11 Poniatowski on the throne in 1764, in order 
that Poland, as strong as circumstances would permit, might be 
drawn wholly within the orbit of Russia. But he did not foresee 
the complications likely to arise from Russia’s interference in the 
domestic affairs of Poland. Thus the Confederation of Bar (q.v. 
and the ensuing Turkish War took him completely by e 
He had to acquiesce in the first partition of Poland, and when 
Russia came off third best, Grigori Orlov declared that the minis- 
mre had signed such a treaty deserved death, 
anin further annoyed Catherine by meddling with the arrange- 
ments for Paul’s marriage and by advocating a closer alliance 
with Prussia, whereas the empress was beginning to incline more 
and more toward Austria. Nevertheless, even after Paul’s second 
mee. Panin maintained his influence over his pupil, who, like 
imself, was now a warm admirer of the king of Prussia. As the 
Austrian influence increased, Panin found a fresh enemy in the 
Holy Roman emperor Joseph II, and his efforts to prevent a 
matrimonial alliance between the Russian and Austrian courts de- 
termined Catherine to get rid of a counselor of whom, for some 
mysterious reason, she was secretly afraid. The final rupture 
seems to have arisen on the question of the declaration of “the 
armed neutrality of the North," whereby Catherine sought to or- 
ganize the protection of neutral shipping against British interfer- 
us E during the War of American. Independence; and in 
y anin was dismissed. He died in St. Petersburg on 
» April 11 (N.S.; March 31, O.S.), 1783. Panin was one of the 
Most learned, accomplished, and courteous Russians of his day. 
therine called him “her encyclopaedia.” He was of a most hu- 
mane disposition and a friend of liberal institutions. During his 
residence in Sweden he had conceived a fondness for constitutional 
Les of government, on which later he submitted a project to 
rine. 
PANIPAT, a municipal town and tehsil (subdivision) in the 
Kamal: ЖАШ Punjab, India, is situated about 53 mi (85 km.) 
e historic highway, the Grand Trunk Road, once 
rm the Gate of Hindustan, Pop. (1961) 67,026.. Because 
Pani л three decisive battles were fought on the plain of 
У ee tabur s victory. over Ibrahim Lodi in 1526 which estab- 
COMM Rs in India; the defeat of Hemu (the Hindu gen- 
em € Afghan Adil Shah) by Akbar in 1556; and in 1761 the 
plete overthrow of the Marathas by Ahmad Shah Durrani. 
od monument in the town is the tomb of Kalandar, a Mus- 
dd GN ага isa veo trade Mni for cub ned 
Aon, s important for weaving and spinning wool. is 
als the Northern Railway. " (О.Р. B.) 
Шм LAMISM, the ideal embodied in the efforts of Mus- 
i ен during the 19th century to revive Muslim power and 
lecad ut unity, Tt originated partly in Islam's own realization of 
on Ре but mainly as a result of European encroachments 
ation o lands in the 19th and 20th centuries. Islam's own reali- 
id Eur erect produced the Wahhabi (q.v.) movement, 
i Mo Hd back to primitive Islam, but contact with 
а the Persia us e possible the rise of such enlightened leaders 
na m orn reformer Jamal al-Din al-Afghani, who sought 
а “ee to fit modern conditions of life. Above all he 
Whi could Cueve the unity of Islam under the aegis of a caliph 
lands, Oppose the advance of Christian powers in Muslim 
Im 


Blm ance of the Caliphate in Pan-Islamic Doctrine — 
its EN , in contrast to Christianity, is both Church and state; 

in a and legal theory are opposed to the submission of 
the Musli Vereignty to non-Muslim powers. The caliph, head of 
War) ОША State, is under legal obligation to wage jihad (holy 
im and Islam fall under foreign rule. Peace between a Mus- 

© а non-Muslim ruler should not, in theory, last more than 
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10 years. Muslim submission to non-Muslim powers is regarded 
as an anomaly that is tolerated only under force majeure. When 
the Arab caliphate passed to Ottoman sultans in the 16th century 
(see CALIPHATE: Later Abbasids), the Muslims gradually began 
to look to the Ottoman sultan-caliph as the defender of the faith, 
although he lacked the legal qualification of belonging to the tribe 
of Quraysh (Koreish, Kuraish). The sharifian sultans of Morocco 
and the Mogul rulers of India refused recognition, but the rest of 
dar al-Islam (world of Islam), except perhaps the Shi'a, accepted 
the Ottoman caliphate. When Sultan Abdul-Hamid II formally 
declared himself a sultan-caliph (1876). the Mogul emperor had 
already submitted to British rule in 1857 and the sharifian sultan 
was later to fall under French domination. 

Abdul-Hamid II. (1876-1909) conducted such an extensive 
Islamic propaganda that the European powers. feared political 
disturbances among Muslims under their control. In spite of its 
decline, the Ottoman Empire through Pan-Islamism enhanced its 
prestige in Muslim eyes and, as the leading Muslim State, was 
able to raise its voice on behalf of the Muslim world in the coun- 
cils of Europe. Although the emissaries of Abdul-Hamid were 
ill-chosen, and the success of their efforts appeared slight, the Pan- 
Islamic movement remained as the cherished ideal of many Mus- 
lims. Before the rise of nationalism, Pan-Islamism was the domi- 
nating ideology throughout the Muslim world. If Abdul-Hamid, 
as caliph, was its patron, several other public figures posed as its 
philosophers and preachers, The most outstanding exponent of 
the movement was Jamal al-Din al-Afghani (q.v.), who preached 
his doctrine in several Muslim countries and finally resided in Con- 
stantinople (Istanbul) until his death, His teachings reached al- 
most every corner of the Islamic world and were echoed in centres 
set up as far afield as Java, Tunisia and Shanghai. In 1903 Abdul- 
lah Suhrawardi founded the Pan-Islamic society of London, whose 
journal, Pan-Islam, used western concepts suchas humanism, lib- 
eralism and socialism to characterize Islamic virtues as opposed to 
European vices. Attempts were made to unify the Sunni and Shi'i 
sects, but no great progress was achieved when a number of Otto- 
man and Persian jurists assembled in Najaf early in 1911 and as- 
serted that there was no difference in principle between the two 
sects. The annual conferences at Mecca during the pilgrimage 
were cleverly used for Pan-Islamic propaganda, but perhaps the 
greatest practical project that impressed the Muslims, particularly 
pilgrims, was the Hejaz railroad, built by private funds, partly 
provided by Sultan Abdul-Hamid himself, that stood as a monu- 
ment to the Pan-Islamic ideal; 

Nationalism as a Rival Credo.—The fall of Abdul-Hamid 
in 1909 marked the decline of Pan-Islamism, His failure to 
achieve Islamic unity and to protect Islam from western encroach- 
ment prompted many a Muslim thinker, impatient with the sul- 
tan’s despotism, to seek a change in the character of Muslim 
polity. The new generation had been influenced by western con- 
stitutionalism and nationalism (q.v.) and hoped that the adoption 
of these concepts might create a strong Ottoman state... But na- 
tionalism wrought havoc in Muslim lands; for in so composite a 
society as dar al-Islam under Ottoman rule, nationalism inevitably 
led to the disintegration of Muslim unity. Although the Commit- 
tee of Union and Progress formally advocated Pan-Islamism at a 
conference held in Salonika (1911), the doctrine of nationalism 
proved to be incompatible with the internationalism of Islam, The 
Turkish nationalists, who. displayed little sympathy with other 
Muslim countries, made an alliance with Germany that was repudi- 
ated by the Muslims in the Arab lands. 

The new regimes that were set up after World War I were in 
the main organized on the basis of nationalism. The Ottoman 
empire was broken up, and the caliphial powers were at first re- 
duced to merely spiritual powers (1922) and then the caliphate 
was abolished in 1924 (see TURKEY: History). The Muslim 
world protested against the Turkish action, since the status of 
the caliphate was not a problem for the Turkish nation only but 
for the Muslim world at large. The Indian Muslims organized 
the Khilafat movement, which aimed at the restoration of the 
caliphial powers to a supreme Muslim authority in Mecca, In 
1926 two caliphate congresses were held in Cairo and Mecca in 
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which the need for the caliphate was affirmed, but no agreement 
was reached as to who should be elected caliph. The Islamic 
congress held in Jerusalem in 1931 did not even discuss the ca- 
liphate question. Between World Wars I and TI, the Muslim coun- 
tries tended to concern themselves almost exclusively with prac- 
tical problems rather than with the larger issues of Islamic unity 
and the caliphate. 

Neo-Pan-Islamism.—Aíter World War II Islam received a 
certain impetus when: Pakistan and Indonesia rose to independent 
status. A number of Arab countries such as Syria, Lebanon (whose 
population was at least half Muslim), and Jordan, became fully 
sovereign states, as did several others in Africa, such as Libya, the 
Sudan, Tunisia and Morocco. The sudden realization of their 
influence in international councils induced the Muslim States to 
co-ordinate their activities. Muslim conferences in Karachi in 
1952 and in Mecca in 1954 resulted in establishment of a permanent 
council and a secretariat for organizing annual meetings to co- 
ordinate activities for the emancipation of Muslim countries that 
were still dominated by western imperialism and for raising the 
cultural, social and economic standards of Muslim people. 

This new trend in the revival of Islam, called neo-Pan-Islamism, 
did not aim at the unity of all Muslim peoples under one central 
authority, as Jamal al-Din al-Afghani and other Muslim leaders 
had advocated during the 19th century, but at the co-ordination 
of the activities of Muslim States within the international com- 
munity. The Muslim States were quite aware that it was not 
possible to revive either the traditional Islamic ideal of unity or 
the religious approach to foreign affairs, because circumstances 
were not favourable to the association of religion in the relations 
among nations. If certain religious groups insisted on a more 
active role for skarra (religious law) in the domestic affairs of 
Islam, their active participation in international organizations 
bore witness to the fact that Muslims not only accepted secular 
standards in their external relations but also the integration of 
their countries into the larger world community. Some Muslim 
jurists who objected to the internal secularization of the state, 
and who often invoked the jihad against western encroachment 
on Islam, repudiated any claim that the jihad is aggressive in 
character, Some Muslim publicists departed so far from tradi- 
tional concepts as to argue that the law governing Islam’s relations 
with other nations, as originally expounded by Muhammad, was 
based on the principle of peaceful—not hostile—relations among 
the nations, and that its humane rules and practices can con- 
tribute to the development of the modern law of nations for the 
mutual benefit of Islamic and non-Islamic nations. 

BisrrocRAPHY.—G. W. Bury, Pan-Islam (1919); Lothrop Stoddard, 
The New World of Islam (1921); Arnold J. Toynbee, The Islamic 
World Since the Peace Settlement (1927); Majid Khadduri, War and 
Peace in the Law of Islam (1955). (M. Kr) 


PANIZZI, SIR ANTHONY (Antonio GENESIO MARIA 
Panizzt) (1797-1879), Italian patriot and man of letters, who 
became famous as a librarian at the British Museum, London, and 
also played a part in the unification of Italy, was born at Bres- 
cello, Modena, on Sept. 16, 1797. He studied law at Parma 
(1814—18) and became an advocate, but in 1822 was forced into 
exile to avoid arrest as a revolutionary. In 1823 he arrived in 
England, and after teaching Italian at Liverpool, became professor 
of Italian at University College, London (1828-37), and in 1831, 
an assistant librarian at the British Museum. He was appointed 
keeper of printed books in 1837 and principal librarian in 1856. 


He retired in 1866, was knighted in 1869, and died in London on` 


April 8, 1879. 

As a librarian and administrator Panizzi combined vision with 
meticulous attention to detail, and he was responsible for the re- 
organization and for the new spirit of energy and concern for 
scholarship which made the museum one of the world's great cen- 
tres of culture. He planned and began work on the general cata- 
logue; secured strict enforcement of the 1842 Copyright Act; drew 
up a report on the library's deficiencies which led to an increased 
grant for book purchases (1845); improved staff conditions by 
insisting on the museum's recognition as a branch of the civil serv- 
ice; and was responsible, through his friendship with Thomas 
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Grenville, for the bequest of the Grenville library (1846), He 
best remembered, however, for designing and supervising the build. 
ing of the reading room, opened in May 1857, 

Although he became a British citizen in 1832, Panizzi continued 
to further the cause of Italian liberty by friendship with such in. 
fluential Liberal statesmen in England as Gladstone, Palmerston, 
Lord Russell, Lord Langdale, and Lord Rutherfurd, with Thiers in 
France, and with the Italian leaders. After the unification of Italy, 
he declined invitations from Garibaldi and Cavour to return a 
senator or as a member of the council of public instruction, pre. 
ferring to continue to serve as “unofficial ambassador" in London, 

Panizzi's literary works included editions of Boiardo’s Orlando 
innamorato and Ariosto's Orlando furioso (1830-34) and of Bo. 
iardo's minor poems (1835). In his later years he was a close 
friend of Prosper Mérimée (q.v.). 

BisrrocnaPny.—L. Fagan, The Life of Sir А. Panizzi (1880) ; Letter 
ad A. Panizzi di uomini illustri е di amico Italiani, ed. by L. Fagan 
(1880) ; C. Brooks, Antonio Panizzi: Scholar and Patriot (1931). 

PANJABI (Punyast) LANGUAGE, the language зро 
by more than 17,000,000 inhabitants of the central part of tht 
Punjab, an area now divided between India and Pakistan. The 
vernacular of this region was originally an old form of the modem 
Lahnda, a member of the outer group of Indo-Aryan languages 
but it now belongs to the intermediate group, possessing most of 
the characteristics of the Midland language, with occasional traces 
of the old outer basis which become more and more prominent 
westward. On the west it merges into the modern Labndà. (Su 
INbo-ARYAN LANGUAGES; LAHNDA LANGUAGE.) 

The vocabulary of Panjabi is very similar to that of western 
Hindi (g.v.). Panjabi has little literature and is free from the 
burden of words borrowed from Persian or Sanskrit, only the 
commonest and simplest of such being found in it. Its vocabu: 
lary is thus almost entirely tadbhava (i.e., evolved, as contrasted 
with borrowed, from Sanskrit), and, while capable of expressi 
all ideas, it has a charming rustic flavour, like the Lowland Scot 
of Burns, indicative of the national character of the sturdy pus 
antry that employs it. ~ 

The indigenous alphabet of the Punjab is called’ Landa t 
“clipped.” It is related to the Nagari alphabet but is hardly legible 
to anyone except the original writer, and sometimes not even ll 
him. To remedy this defect an improved form of the арм) 
was devised in the 16th century by Angad, the second Sikh gu 
for the purpose of recording the life and teachings of Nat 
founder of the Sikh religion, It was named Gurmukhi, "росе 
ing from the mouth of the guru,” and is now generally used й 
writing the language. 

ВівлоскАрну._Ѕее Linguistic Survey of India, vol. ix, pt. 1, ps 
et seq. (1916) for a full account with specimens of the language ih 
bibliography. See also T. F. Cummings and T. Grahame ү! 
Panjabi Manual and Grammar (1912) ; Т. Grahame Bailey, A fant 
Phonetic Reader (1914); Mohan Singh, An Introduction 10 atr 
Literature (1949), and “Panjabi Literature” in Writers tn Free ni 
(1947); Harjeet Singh Gill and Henry A. Gleason, jr, А Кеи), 
Grammar of Panjab, Dept. of Health, Education and Welten V) 


PANKHURST, EMMELINE (1858-1928), British um 
ette, militant champion of votes for women, was 
chester on July 14, 1858, the daughter of Robert бо 
prosperous calico printer. At finishing school in Paris she j 
a friend of Noémie, daughter of the radical Henri Rochefort ү 
1879 she married Richard Marsden Pankhurst, а barrister, if 
as a friend of John Stuart Mill, had drafted the first women yi 
frage bill and later the Married Women's Property Acts © ai 
and 1882. She bore him three daughters, including Ce 
(1880-1958) and Sylvia (1882-1960), and two sons. In ger 
became a Poor Law guardian at Chorlton, Manchester. "rp, 
band’s death in 1898 left her as the breadwinner of ES ү 
and she became registrar of births and deaths in Manche al 

But Mrs. Pankhurst’s heart was in the political emer i jd 
of women, In 1903 she founded the Women's Social an ten 
Union (WSPU) on nonparty lines. It first attracted att у 
in October 1905 when her daughter Christabel and à ien "T 
Kenney, were thrown out of a Liberal meeting for dem?! 
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answer from Sir Edward Grey about votes for women, and were 
arrested in the street charged with a technical assault on the police. 
Refusing to pay fines, both girls were sent to prison. 

In 1906 Mrs, poe ies to Tondon and her life became 

und up with that of the « Regarding the Liberal govern- 
m m the main obstacle to women's suffrage, she campaigned 
against their candidates at elections, and her followers interrupted 
cabinet ministers at.their meetings.. With the active support of 
her daughters and an increasing number of feminists the WSPU 
rapidly grew in numbers, financial resources, and political influ- 
ence, Mrs, Pankhurst and Christabel were sent to prison in Octo- 
ber 1908 for issuing a leaflet calling on people to *rush the House 
of Commons.” In 1910, after the introduction of a “Conciliation” 
bill designed to meet, the views of the Liberal government on 
women's suffrage, Mrs. Pankhurst declared a truce, but when the 
government blocked its progress she resumed militant action. 

A crisis came in 1912. The suffragettes had become progres- 
sively more violent and the leaders of the WSPU were charged 
with conspiracy. Christabel, warned in time, escaped in March 
to conduct the campaign from Paris. Mrs. Pankhurst and Fred- 
erick Pethick-Lawrence were sent to prison for nine months but 
were released in June after a hunger strike. In June 1913 she was 
arrested again and sentenced to three years’ imprisonment. Mrs. 
Pankhurst now proclaimed open rebellion against the Prisoners 
(Temporary Discharge for Ill-Health) Act of 1913, known as the 
“Cat and Mouse” Act, whereby hunger-striking prisoners could be 
temporarily released and rearrested. She suffered this treatment 
many times until, at the outbreak of World War I in 1914, with 
Christabel, she called off the suffrage campaign. The government 
now released all suffragette prisoners. In February 1918 the Rep- 
ition of the People Act gave the vote to a limited number 
of women, 

Mrs. Pankhurst lived in Canada and the United States from 
1919 to 1925, when she returned to England. In 1926 she was 
adopted as prospective Conservative candidate for an east London 
constituency, However, the immense strain she had imposed on 
herself had impaired her vitality and she died in London on June 
14, 1928, a month before the passing of Stanley Baldwin’s Repre- 
sentation of the People Act, which gave women full equality in 
the franchise, 
һ1обвлрнү.—Е. Pankhurst, My Own Story (1914); С. Pank- 
Urst, Unshackled (1959); E. S. Pankhurst, The Suffragette (1911), 


fends of Emmeline Pankhurst (1935); A. Kenney, Memories of a 
tant (1924); Б. Fulford, Votes for Women (1957). | (P-LA) 


PAN KU (ар. 32-92) AND PAN CHAO (c. ^». 45-с. 
115), brother and sister scholars of the Later Han dynasty of 
hina, were probably born at Ch’ang-an (Sian), he in A.D. 32, 
a between 45 and 51. Their father, Pan Piao (from Fu-feng, 
ime. had begun a history of the recent Former Han dynasty; 
i UE death in 54, Pan Ku undertook to revise and amplify 
but was imprisoned at Loyang, the capital, for tampering with 
cong matic records. His twin brother, Pan Ch’ao (not to be 
tes with their sister), obtained an imperial audience, and 

T reading the writings in question the emperor gave Pan 
[urba Official post, eventually ordering him to complete the 
е following decades Pan Ku revised the sections planned 

2 father, the imperial annals and the biographies, and added 
ing E them a section of tables and one of treatises. The result- 
tiert ta Shu (literally “Han Documents”), conceived as a supple- 
Сй Othe Shih Chi of Ssu-ma Ch'ien (see CHINESE LITERATURE: 
dina Dynasties), differs from the latter work not only in 
More Ine scope but in approach and style, its comments being 


personal, its judgments more strictly Confucian, its prose 
Tegular, 


[rd Pan Ku's shorter works, his “Rhymeprose on the Two 
Subject. 7 notable as the model for later fu compositions on this 
Campaig In 89 he accompanied the ambitious Tou Hsien on a 
in ie aio Mongolia, where his victory inscription was carved 
volved Tou Hsien's fall from favour after returning to China 
Pan Ku, who died in prison in the year 92. 
ao meantime had gained a reputation as a lady scholar 
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and exemplary widow. Wed at 14, she never remarried after the 
early death of her husband Ts'ao Shou, devoting herself to litera- 
ture and the education of her son. After her brother's death the 
emperor commissioned Pan Chao to finish his work, which she did, 
with some assistants, by completing the tables and the treatise on 
astronomy. "Aunt Ts'ao" (Ts'ao Ta-ku), as she was called, was 
made a lady-in-waiting to the empress and was respected as a 
teacher at court. Her skill in verse is seen in the “Rhymeprose on 
the Great Bird," prompted by an ornithological tribute sent to 
court in 101 by her brother Pan Ch'ao, after nearly 30 years of 
extraordinary military and colonial service in central Asia. In the 
same year her memorial to the throne enabled him at last to return 
to the capital. Pan Chao produced her best-known work Lessons 
for Women in 106. She died at about 70 years of age. 

Biographies of the Pan family appear in the Hou Han Shu or 
“History of the Later Han," for which their own labours set the 
pattern, as for subsequent Chinese dynastic histories. 

BrBnrocmaPHY.—Lo Tchen-ying, Une famille d'historiens et son 
oeuvre (1931); Nancy Lee Swann, Pan Chao: Foremost Woman 
Scholar of China (1932) ; Pan Ku, History of the Former Han Dynasty, 
3 vol. (1938-55), partial translation by H. H. Dubs, (G. W. Br.) 


PANNA, a town and district in the Rewa Division of Madhya 
Pradesh, India. The town, formerly capital of the princely state 
of Panna and now the district headquarters, lies 110 mi. (177 km.) 
SW of Jhansi, Pop, (1961) 16,737. It has several buildings of 
historical importance, including the marble-domed Temple of 
Swami Pran Nath (built in 1795), containing notable paintings, 
and the Shri Baldeoji Temple built by Maharana Pratap Singh. 
The town became important in 1675 when Chhatarsal, the ruler of 
Bundelkhand (q.v.), made it his capital. 

Panna District (area 2,716 sq.mi. [7,034 sq.km.]; pop. [1961] 
331,257) extends mostly over the Panna Range, a branch of the 
Vindhya Mountains running southwest to northeast and consisting 
chiefly of sandstone and Panna shales and famous for its diamond- 
bearing beds. The diamonds occur as pebbles in conglomerates 
and also in their disintegration product, a pebbly clay. The prin- 
cipal crops are rice, wheat, jowar, and oilseeds. The district lacks 
industries. (S. M. A.) 

PANNONIA was the northerly of the two provinces into 
which Roman Illyricum was divided about A.D. 10. Bounded by 
the Danube on north and east, it included the Save or Sava Valley 
on the south, beyond which lay Dalmatia; and its western frontier, 
against Noricum, was a line running south from just west of Vienna, 
though until the late 2nd century there was also a southwestward 
extension toward Italy to take in Emona (Ljubljana, Yugos.). It 
thus extended over parts of modern Austria, Hungary, and Yugo- 
slavia. The people were mainly Illyrian, though there were Celts 
in the prosperous western area which Pannonia took over from the 
kingdom of Noricum (q.v.). 

Roman conquest began in 35-33 B.c., when Octavian (later the 
emperor Augustus) occupied Siscia (Sisak, Yugos.) and received 
the submission of the surrounding tribes; it was resumed in 13 
B.C. by a large force under Agrippa, after whose death in the next 
year the work was completed by Tiberius as Augustus’ legate. ‘The 
keystone was the Roman capture, from the east, of Sirmium 
(Sremska Mitrovica, Vugos.), which gave control of the Sava Val- 
ley and led to easy occupation of the thinly populated country 
between the Drava and the Danube. But pacification was incom- 
plete, and in A.D. 6 the Pannonian tribes, led by the Breuci between 
the Drava and the Sava, joined forces with the Dalmatians in a 
revolt which took Tiberius three years to subdue and was regarded 
as the gravest threat to Italy since Hannibal's invasion (Suetonius, 
Tiberius, 16). Pannonia then became a separate province, its nor- 
mal garrison under the Julio-Claudian emperors being three le- 
gions: one was established in Tiberius’ reign at Carnuntum (q.v.) 
on the Danube, with the others in the interior. Poetovio (Ptuj, 
Yugos.), on the Drava, was the headquarters of the Flavian Army 
which invaded Italy in 69, and it still housed a legion in Trajan's 
time. 

Trajan divided the province about 106. In the west was Pan- 
nonia Superior, under a consular legate with three legions. 
Pannonia Inferior, under a praetorian legate with one legion at 
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Aquincum (the Obuda District of Budapest, on the right bank of 
the Danube) but with an abnormally large force of auxiliaries, 
faced the Sarmatians between the Danube and the Tisza. Pan- 
nonia was the storm centre of the Danubian wars of Marcus Aure- 
lius (q.v.; see also MARCOMANNI), who died in the legionary camp 
at Vindobona (Vienna). Marcus settled many defeated enemies 
in the province, a policy followed freely in the later empire. Pan- 
nonia was held for Rome till at least the death of Theodosius I 
(395) but passed into the possession of the Ostrogoths and other 
barbarian tribes during the century which followed. 

Romanization proceeded steadily, especially in the Western area. 
Emona became a colony probably in др. 14, Savaria (Szombathely, 
Hung,) under Claudius, and Poetovio under Trajan. Scarbantia 
(Sopron, Hung.) was a Flavian municipium. The legionary camps 
on the Danube developed considerable settlements nearby, some 
of which, notably that at Brigetio (Szóny, Hung.), became muni- 
cipia later. Yet native religion, dress, art, and language survived 
in most areas in the 2nd century A.D. Still later, Pannonia was the 
birthplace of a series of soldier emperors, who saved the empire 
in the crises of the 3rd century. Its contribution to the Roman 
Army throughout the imperial period was extremely high. 

BisriocRAPHv.—Conquest and Military History: R. Syme in Cam- 
bridge Ancient History, vol. x, ch. 12 (1934), and vol. xi, ch. 4 (1936). 
Civilization: A. Alféldi in Cambridge Ancient History, vol. xi, ch. 13 
(1936). The publication of the Numismatic and Archaeological In- 
stitute of Budapest University, Dissertationes Pannonicae (1932-46), 
contains much valuable material. See also A. Mócsy in Pauly-Wissowa, 
Real-Encyclopüdie der classischen Altertumswissenschajt, Supplement- 
band ix, 516-776 (1962). (G. E. F. C.) 

PANOAN, one of the major families of South American In- 
dian languages; it has been provisionally combined with the Ge 
and Cariban languages to form a single phylum. In the 1960s the 
best-known of the Panoan-speaking tribes (the Setebo, Shipibo 
[Xipibo] and Conibo [q.v.]) lived in the Ucayali River Valley in 
eastern Peru. A number of other tribes of the same stock occupied 
an area extending from the Ucayali east into the headwaters of the 
Juruá and Purds rivers in western Brazil. To the south of these 
tribes, two smaller enclaves of Panoan-speaking peoples (one along 
the Beni River and its tributaries in northern Bolivia and the other 
in southeastern Peru) were surrounded by peoples of other lin- 
guistic affiliations. These southern tribes were quite divergent 
culturally from their linguistic relatives to the north. Panoan lan- 
guages are listed in detail in the table found under INDIAN, LATIN- 
AMERICAN. 

See J. H. Steward (ed.), Handbook of South American Indians, 
vol. 3 (1948) ; J. H. Steward and Louis C. Faron, Native Peoples of 
South America (1959). (Sz. L.) 

PANOFSKY, ERWIN (1892- ), German-U.S. art his- 
torian, was born in Hanover, Ger., March 30,1892. He received 
the degree of doctor of philosophy from the University of Freiburg 
in Breisgau and was professor at the University of Hamburg from 
1926-33. He first went to the United States in 1931 as visiting 
professor at New York university, New York, and in 1935 became 
professor of art history at The Institute for Advanced Study, 
Princeton, N.J. 

Cast in a lucid and entertaining prose style, his writings are 
distinguished for their variety of subject, critical penetration, 
erudition and rich allusiveness to literature, philosophy and his- 
tory. Panofsky was the historian of many iconographic, stylistic 
and theoretical aspects of medieval and Renaissance art; he also 
wrote the classic account of Albrecht Dürer and a definitive his- 
tory of early Netherlandish painting. Central to all his writings is 
the profoundly humanistic view that form and content in a work 
of art are indissoluble; thus art has more than mere visual mean- 
ing and is always charged with the basic attitude toward life of 
the civilization that produced it. 

Among Panofsky's major works in English are Studies in Ico- 
nology: Humanistic Themes in the Art of the Renaissance (1939) ; 
The Codex Huygens and Leonardo da Vinci's Art Theory, Studies 
of the Warburg Institute, vol. xiii (1940); Albrecht Dürer, 2 vol. 
(1943), 3d ed. (1948), also republished, with full text and illustra- 
tions but without the handlist of Diirer’s works, as The Life and 
Art of Albrecht Diirer (1955); (ed. and trans.) Abbot Suger on 
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the Abbey Church of St. Denis and Its Art Treasures (1946), 
Gothic Architecture and Scholasticism (1951); Early Nether. 
landish Painting, Its Origin and Character, 2 vol. (1953); Meanin 
in the Visual Arts (1955), а collection of nine of Panofsky's th 
important articles and essays on a wide variety of subjects and, 
with Dora Panofsky, Pandora's Box: the Changing Aspects of 
Mythical Symbol (1956). (RR. W.L) 

PAN ORAMA, the name given originally to a pictorial repre. 
sentation of the whole view visible from one point by an observer 
who in turning around looks successively to all points of the hori- 
zon. In this sense it is synonymous with cyclorama. In an ordi. 
nary landscape picture only a small part of the objects visible 
from one point is included. Tf a greater part of a landscape his 
to be represented, it becomes more convenient for the artist to 
suppose himself surrounded by a cylinder in whose centre he 
stands, and to project the landscape from this position onto the 
walls of the cylinder. In a panorama such a cylinder (the first of 
which were about 60 ft., but later ones as large as 130 ft, in di 
ameter) is covered with an accurate representation in colour 
of a landscape, so that an observer standing in the centre of the 
cylinder sees the picture like an actual landscape in nature com- 
pletely surround him, This gives an effect of great reality to the 
picture, which is skilfully aided in various ways. "The observe 
stands on a platform representing, say, the flat roof of a house, 
and the space between this platform and the picture is covered 
with real objects which gradually blend into the picture itself, 
The picture is lighted from above, but a roof is spread over the 
central platform so that no light but that reflected from the pit 
ture reaches the eye. To make this light appear more brilliant, 
the passages and staircase that lead the spectator to the platform 
are kept nearly dark. Such panoramas, suggested by a Germa 
architectural painter named Breisig, were first executed by Robett 
Barker, an Edinburgh artist, who exhibited one in Edinburgh à 
1788 representing a view of that city. A view of London and views 
of sea fights and battles of the Napoleonic wars followed., Pant 
ramas gained less favour on the continent of Europe, until, after 
the Franco-German War, a panorama of the siege of Paris was @ 
hibited in Paris. This panorama, executed by Henri Philippoteows 
French painter, included plastic objects in the foregrqund whit 
strengthened the optical illusion. Paul Philippoteoux, the son û 
the above painter, was noted for his “Battle of Gettysburg” (188) 
which was exhibited in several U.S. cities before being put 
permanent exhibit at Gettysburg, Pa. Other distinguished раш 
of panoramas were Ludwig Braun and Anton von Werner in бї 
many, and De Neuville and Detaille in France. 

The name panorama, or panoramic view, is also given to day 
ings of views from mountain peaks or other points of view. , 
photography a panoramic camera is one which enables à W 
picture to be taken. im 

The term diorama’ (q.v.) refers to a comparable kind of p 
ing in which the viewer looks through an opening at à i 
translucent painting some distance away. ш 

PANPIPE (Syrinx), a wind instrument composed of an i 
ber of cane pipes of different lengths tied or waxed оёт 
arow. The pipes are generally closed at the bottom and are 
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across the top; each providing a different note of the instruments 
sale, The panpipe is widespread across Neolithic and later cul- 
tures of the world, being especially important in Melanesia and 
aboriginal South America. Ancient Greek tradition ascribed its 
invention to Pan (g.v.) in the legend of the water nymph Syrinx. 
Tn Europe it has been mainly a shepherd's instrument and has so 
endured in the Pyrenees; but in Rumania it is played among the 
professional lautars (fiddlers), and some performers, such as 
Fanica Luc, have achieved international fame; their panpipe, 
nai, has between 19 and 22 pipes tuned diatonically over three 
octaves, semitones being made by tilting the instrument toward 
the lips. (А. С. ВА.) 

PANPSYCHISM, in philosophy, a term applied to any theory 
of nature which recognizes the existence of a psychical element 
throughout the objective world (Gr. pan, “all”; psyche, “soul”). 
In such theories not only animals and plants but even molecules 
and atoms are regarded as having some rudimentary kind of sen- 
sation or psychical life. Important exponents of panpsychist views 
have been Thomas Carlyle, G. T. Fechner, and Friedrich Paulsen. 
For related views see Hvrozorsw; Storcs: Physics; SCHOPEN- 
HAUER, ARTHUR: Metaphysics ; ENTELECHY. 

PAN-SLAVISM. Various movements for a closer union of 
the peoples speaking a Slavic language were known from the be- 
ginning of the 19th century under the name of Pan-Slavism. It 
Was generally overlooked that the affinity of language implies 
пейћегза common descent nor an affinity of cultural traditions 
or ways of life. Though the Slavic languages are closely related, 
the various peoples speaking them have been shaped by historical 
and religious influences in such a way that there is more similarity 
between some of them and their non-Slavic speaking neighbours 
than there is among them, One great division of the Slavs is based 
upon the thousand-year-old impact of religion: Russians, Serbs 
and Bulgarians have been Greek Orthodox; Poles, Czechs and 
Croats Roman Catholic. The Russians and the Balkan Slavs re- 
mained for many centuries without any close contact with the 
European community, while the western Slavs had their cultural 
and political life integrated into the general central European pat- 
tern, Only in the first half of the 19th century, under the influence 
2 the French Revolution and of German romanticism, did Pan- 

üvism start as a movement among intellectuals, scholars and 
[rd It had rarely any influence on practical politics, however. 
E: » various Slavic nationalities conducted their policies in accord- 
"inn what they regarded their national interests, and these 
Ше frequently bitterly hostile to other Slavic peoples 

^ riendly and co-operative toward non-Slavs. 1 

а forerunner of Pan-Slavism was a Catholic Croat priest, 
E шь who in 1659.traveled to Moscow, to the “tsar of 
Ai ie to propagate Pan-Slavism and the union of the Greek 
wile oe Churches, | He stressed the need for Slavs to emanci- 
сма from the cultural and political dominion of for- 

^ ү especially the Germans; at the same time he demanded 
о шаною of Russia and deplored its grievous oriental 
greatness m Yet he was haunted by the vision of the future 

Т of the Slavs, His ideas found hardly any echo at the 
ipn i The great Russian rulers of the 18th century, 
anizing th Catherine II, were much more interested in Europe- 
empire qu court of St. Petersburg and the administration of their 

i E "e contacts with the smaller Slavic nationalities, which 
century R, nly for their imperial policy and expansion. In the 18th 
mover jn rs annexed the Slavic Ukraine and was the prime 

irs ie destruction of Slavic Poland. 
Czechs Sees Ran Slavisk in its modern form started among 
folklore e move and Croats. The interest in folk songs and 
ions, Rein m vernacular of the peasants and in national tradi- 
tomanticists, by Johann Gottfried von Herder and the German 
(зр) › Stimulated the interest of Slavic intellectuals in their 
ple and their past. Through men like Joseph Dobrovsky 


а Josef Safarik, Prague became a centre of research in 
ollar, eem and philology: A Slovak Lutheran pastor, Jan 


ing his st 5 Was decisively influenced by German nationalism dur- 
Sla 5 ent years in Jena, became famous for his cycle of poems 
ra (The Daughter of Slava), in which he expressed his 
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bitter grief over the disappearance of the Slavs in the lands east 
of the Elbe and Saale through German aggression; he exhorted the 
Slavs to restore their ancient glory and to assure an even greater 
future by a close union of all Slavs. He regarded the Slavic lan- 
guages as mere dialects of one Slavic language and pleaded for the 
closest cultural co-operation among the Slavs in his Über die 
literarische Wechselseitigkeit zwischen den Stämmen und Mund- 
arten der slawischen Nation (On the Literary Mutuality of the 
Tribes and Dialects of the Slav Nation, 1837). 

The first public manifestation of Pan-Slavism was a congress of 
the Slavic nationalities of the Habsburg monarchy held in Prague 
in June 1848. Under the chairmanship of the Czech patriotic 
leader and historian Frantisek Palacky, the Austrian Slavs de- 
manded the transformation of the Habsburg monarchy into a 
federation of equal peoples under democratic Habsburg rule and 
declared the need of a strong Austrian state as protection for all 
the smaller nationalities of central Europe against German aggres- 
sion and against the trends of Russia to establish a universal em- 
pire. These Pan-Slavs rejected Russian autocracy and looked to 
the West and its liberal democracy for guidance. 

Their hopes for a federal transformation of the Habsburg 
monarchy were shattered by the concessions which Francis Joseph 
made in 1867 to Magyar nationalism at the expense of the Hun- 
garian Slavs who became subject to a ruthless Magyarization 
policy. The Austrian Slavs now turned for protection against Ger- 
man and Magyar superiority to Moscow. But other Slavic peo- 
ples, the Poles and Ukrainians, suffered bitterly under Moscow’s 
oppression. Thus, although many Russian writers and politicians 
were willing to propagate a Pan-Slavism under Russian leadership, 
Pan-Slavism suffered from the beginning from the fact that Russia 
itself was an oppressor of Slavs, much more cruel than Austria, 
and that Russia envisaged not a Slavic collaboration in freedom 
and equality but Russian domination over the Slavs. Some Rus- 
sians even wished to impose the Russian Orthodox religion and the 
Russian language and culture upon the other Slavs. 

Ideas of Russian Slavophiles.—While these Russian Pan- 
Slavs used Pan-Slavism as a vehicle for Russian expansion, another 
school of Russian thinkers, the Slavophiles, proclaimed the su- 
periority of Orthodox Russian civilization over the West. Aleksei 
Khomyakov and Ivan Kireevski, much influenced by German ro- 
mantic philosophy, believed that the Russian religion and the Rus- 
sian people had developed a system of spiritual values and social 
relations which was being undermined by Western influences, Eu- 
rope, they taught, was the creation of Roman and Teuton con- 
quests, of Catholic rationalism and will to domination, and Protes- 
tant individualism and anarchy. These elements led to racial and 
class war, to the disintegration of society, to the decay of faith, 
Russia, on the other hand, represented an organic community, 
alien to the European spirit of violence and competition; Russia 
alone harboured the promise of social justice and of a perfect 
order. 

These ideas were sufficiently vague and flattering to Russian 
amour-propre to be widely accepted by various currents and put 
into the service of Pan-Slavism. Some of the greatest Russian 
writers like the novelist Dostoevski and the poet Fédor Tyutchev 
enthusiastically supported the wildest Pan-Slavic dreams and the 
most excessive glorification of Russia’s mission for the leadership 
of mankind. Historians like Mikhail Pogodin and scientists like 
Nikolai Danilevski foresaw a Slavic federation under Russian 
leadership comprising the whole of central Europe east from a line 
connecting Stettin (Szczecin) on the Baltic and Trieste on the 
Adriatic sea, the Balkans and Constantinople; and thus creating 
the geographic and economic foundation for Russia's world leader- 
ship. A Pan-Slavic congress called to Moscow in 1867 expressed 
many of these plans and hopes. à 

Early 20th Century.—The Russian government, however, was 
on the whole cool toward these expansionist claims, although it 
sometimes made use of the underlying sentiments in its anti- 
Turkish policy. After the Russian revolution of 1905 and the be- 
ginnings of constitutional life in Russia, a new start was made 
with a liberal Pan-Slavic program under the leadership of the 
Czech statesman Karel Kramar. Pan-Slavic congresses met in 
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Prague and in Sofia, Bulg., but they led nowhere except to pious 
declarations. The reality of a bitter hostility among Poles, Ukrai- 
nians and Russians; Serbs and Bulgarians; Serbs and Croats; 
Czechs and Slovaks, hindered then as later any effective Slavic 
collaboration. In World War I Poles and Russians, Serbs and Bul- 
garians faced each other as deadly enemies. World War I brought 
the simultaneous weakening of Russia and Germany, and thereby 
the chance for the western Slavs, the Poles, the Czechs and the 
Yugoslavs to create their independent and much enlarged states. 
They did it in co-operation with the western democracies, but, out- 
side of Czechoslovakia, democracy was not firmly rooted among 
the Slavs and was soon replaced by dictatorial regimes. Nor was 
there any unity among the Slavs or within the new Slavic states. 
In Poland the Ukrainian minority felt itself oppressed by the 
Poles; in Czechoslovakia the Slovaks accused the Czechs of lust 
for domination; in Yugoslavia Serbs, Croats and Slovenes faced 
each other in open hostility. In Russia the new government estab- 
lished in Nov. 1917 when Lenin overthrew the short-lived Russian 
democracy regarded Pan-Slavism as a reactionary imperialist 
movement, With the prevailing emphasis on internationalism and 
on class solidarity, a union based on common racial descent or on 
an affinity of language was unthinkable. Pan-Slavism seemed 
dead. Nobody then would have predicted its revival and intensi- 
fication two decades later and the realization of most of its far- 
reaching aspirations. 

World War II and After.—Soon after the German attack 
upon Soviet Russia in June 1941, a Pan-Slavic committee was 
founded in Moscow under Communist sponsorship, which in fre- 
quent proclamations summoned all Slavs to fight against the Ger- 
mans and stressed the racial and cultural community of the Slavs 
as opposed to Germanism. For the first time the international 
class ideology was supplemented by a doctrine of racial brother- 
hood and solidarity. Vyacheslav Molotov, the Soviet foreign 
minister, had earlier justified the 1939 Soviet annexation of eastern 
Poland by blood ties with its inhabitants. Similarly the racial 
theory was used by the Soviet government for the annexation of 
Czechoslovakia’s Carpatho-Ukraine on June 29, 1945. 

As the war between Germany and the U.S.S.R. progressed, Pan- 
Slavism was used more and more for establishing a peace according 
to Soviet Russia's plans through the close integration of all Slavic 
nations under Moscow's leadership. Repeating the ideology of 
earlier Russian: Pan-Slavic and Slavophile thinkers, the Commu- 
nists proclaimed the Slavs as by nature inclined to "true democ- 
racy” and a perfect social order and predestined for world leader- 
ship toward an ideal peace. After the war the Communist parties 
in the various Slavic nations became the foremost propagandists of 
this new Pan-Slavism under the leadership of the U.S.S.R., the 
mother country of Communism and the “older brother” among 
the Slavic nations. 

For the first time, people of Slavic descent living outside the 
Slavic countries as citizens of non-Slavic nations—especially Slavic 
immigrants in the U.S., Canada, and Latin America—were or- 
ganized for the support of their Slavic “motherlands” now domi- 
nated by Communist parties. Therein, as in so many other re- 
spects, Stalinism followed the lead given by Hitlerism, when the 
latter organized the Auslandsdeutsche (people of German descent 
but citizens of non-German lands), to impress upon them the con- 
viction that their primary loyalty belonged to Germany, and to 
transform them into agents of German national socialism. In the 
US. a Slavic congress was created to mobilize the Americans of 
Slavic descent for the support of the policies of the Slavic “mother- 
land.” But once the nature of Communism and Pan-Slavism was 
understood, these subversive activities abroad on behalf of Slavic 
solidarity quickly lost importance. 

The Pan-Slavic committee in Moscow, under the chairmanship 
of Lt, Gen. Alexander Gundorov, called a meeting of all the vari- 
ous Pan-Slavic committees at Belgrade, Yugos., in July 1946. It 
decided to convene a Pan-Slavic congress in Belgrade, which was 
opened on Dec. 8, 1946, with an address by Marshal Tito, the 
Communist dictator of Yugoslavia, A central Pan-Slavic com- 
mittee was elected and the Yugoslav capital was chosen as its 
permanent seat. At that time Tito’s Yugoslavia appeared as the 
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most promising and most faithful supporter of Stalin’s Commu 
nism and Stalin’s Pan-Slavism. But 18 months later, in jm 
1948, the open break between Tito and Stalin changed the whole 
situation. As the Pan-Slavism of the 19th century was frustrate 
by Polish opposition to Moscow's imperialism, so Yugoslay op. 
position to the new and more ruthless imperialism of Mostoy 
weakened the U.S.S.R.’s Pan-Slavic propaganda, of which less'anj 
less was heard after 1948. 

Danilevski had foreseen in 1869 a confederation under Russian 
leadership which would include all the lands controlled by Stalin 
east of the Elbe and the Adriatic sea in 1946, In addition, Dani. 
levski had expected both the Dardanelles and Greece also to fall 
under Russian control. In 1947 only British and U.S. opposition — 
prevented the realization of this latter expectation. Danileyski 
had also explained the necessity of including the non-Slavic speak. 
ing Magyars and Rumanians in this Slavic empire, Dostoevski 
in 1881 had stressed the need for Russia to control Asia in addition 
to the Slavic lands; only then would it be able to confront the sea 
powers. The Communist control of China was achieved by 1949, 
But while the most daring dreams of 19th century Russian Pan 
Slavism were thus realized in the middle of the 20th century, Par 
Slavism itself receded into the background and was replaced by | 
a theory of Russian predominance over Slavic and non-Slavic peo 0 
ples alike. During Stalin’s last years, all Moscow-controlled litera 
ture glorified the Russian people as the fountainhead of all cultural 
creativeness and the only undisputed leader in the political ani 
social field for all peoples—for the Slavic Ukrainians and Bul 
garians as well as for the non-Slavic Uzbeks and Rumanians. Pu 
Slavism disappeared under Nikita Khrushchev, Stalin’s successor, 
as did the exaggerated claims of Russian supremacy in the Com- 
munist realm. 

BipLrocRAPHY.—Hans Kohn, Panslavism, Its History and Ideology 
(rev. ed., 1960); A. Fischel, Der Panslavismus: bis sum Weltkrie 
(1919) ; F. M. Dostoevskii, The Diary of a Writer, tr. by Boris Brasil 
2 vol. (1949); E. Winter, Der Panslavismus nach den. Berichten dtt 
üsterreichisch-ungarischen Botschafter in St. Petersburg (1934) ; Albert 
Mousset, Le Monde slave (1946) ; Walter Kolarz, Myth and Кеш! 
in Eastern Europe (1946) and Russia and Her Colonies (1952) ; МВ 
Petrovich, The Emergence of Russian Panslavism ми Um 


PANSY (HzanrsEASE), a favourite garden flower, one of üt 
oldest in cultivation, belonging to the genus Viola of the violet 
family (Violaceae). It has been grown for so long a period under 
such diverse conditions and in such a variety of forms that is 
origin is uncertain. The numerous handsome forms, with that 
striking variations of size and colour, are purely an artificial ptt 
duction of the gardeners and differ in a marked degree from al 
related wild plant now known. The pansy is generally supp | 
to be merely a cultivated form of Viola tricolor, a weed 0 B 
ropean grain fields, the garden pansy hence being designate 
V. tricolor hortensis. а 
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tained from Belgium and now much improved. , Show varieties are 
subdivided according to the colour of the flowers into selfs, white 
grounds and yellow grounds. The fancy or Belgian pansies have 


vatious colours blended, and the petals are blotched, streaked, or - 


edged. The bedding varieties, known as violas or tufted pansies, 
fave been raised by crossing the pale-blue Viola cornuta, and also 
V. lutea, with the show pansies. The tufted pansies are hardier 
than the true pansies and are free-blooming sorts marked by ef- 
fectiveness of colour in the mass. 

The garden pansy is a short-lived perennial which must con- 
stantly be renewed. It does not like summer heat and is best 
raised from seed in a greenhouse or frame and used for spring- 
bedding effects. The tufted pansies, which stand the heat better, 
can be grown as garden perennials, preferably in partial shade, 

See also VIOLET. (N. Tr.) 

PANTALONE (Pantatoon) : see COMMEDIA DELL’ARTE, 

PANTELLERIA (1зогА рт PANTELLERIA; anc, COSSYRA), 
an Italian island in the Mediterranean, 62 mi. (99 km.) from 
Sicily and 44 mi. (70 km.) from Tunisia; it forms part of the 
Sicilian province of Trapani, Area 32 sq.mi. (83 sq.km.). Pop. 
(1961) 9,269. 

Pantelleria is entirely of volcanic origin, and the highest point 
is an extinct crater, Magna Grande, 2,743 ft. (836 m.) above sea 
level, The last eruption took place in 1891, but hot mineral 
Springs and fumaroles still testify to the presence of volcanic ac- 
tivity. The island is fertile but lacks fresh water. The main oc- 
tupations are fishing and farming, and sweet wine and raisins are 
exported, The chief town, Pantelleria, is on the northwest, upon 
ax Sole harbour, which is fortified; there is also а penal colony 

ere, 

On the west coast, 2 mi. SE of the harbour, a Neolithic village 
was situated, with a rampart of small blocks of obsidian upon the 
fast, Within it remains of huts were found, with pottery and tools 
of obsidian. To the southeast are tombs, known as sesi, similar 
lo the nuraghi of Sardinia, consisting of round or elliptical towers 
with sepulchral chambers in them, built of rough blocks of lava. 
Fifty-seven of the tombs can still be traced. The largest is an 
ellipse of about 60 by 66 ft., but most of the sesi have a diameter 
0120-25 ft. After a considerable interval, during which the island 
Probably remained uninhabited, the Carthaginians took possession 
B It, occupying as their acropolis the twin hills of San Marco and 
anta Teresa. The Romans occupied the island in 217 в.с. Under 

le empire it served as a place of banishment for prominent per- 
Sons and members of the imperial family. About 700 the Christian 
Population was annihilated by the Arabs, from whom the island 
bs taken in 1123 by Roger II of Sicily. In 1311 a Spanish fleet 
Fd the command of Requesens won a considerable victory 
E i and his family became princes of Pantelleria until 1553, 

en the town was sacked by the Turks, Pantelleria’s strategic 
a in the narrow passage dividing the eastern and the west- 
Шш pres induced the Italian government. of Benito Mus- 
T ortify the island, using its rocks and caverns for the pur- 
In D ampedusa (9.0.) was made a complementary air base. 

Une 1943 these installations were subjected to the most in- 
fon түе air assault of World War II to that date. Buildings and 

a cations were practically leveled when Pantelleria surrendered 

е Allies on June 11, 1943. (T. A.; X.) 
la NTHEISM (Greek pan, “all,” Theos, ^God"), the theory 
ze is the All, or totality of existence. John Toland used 
ings is E and proposed the formula "What's all in all 

n wid E (Pantheisticon, part ii; 1720). The label has since 
Son sai a employed, often rather abusively. Thus Samuel John- 

En. at the doctrine “confounds God with the universe. 

leen aud are: it makes God impersonal, blurs the distinction 
stead of о tator and creatures, implies a. purely "immanent" in- 
freedom, transcendent" deity, and excludes human and divine 
ae qipropriateness of these objections depends upon how the 
Without Er totality, is conceived. Things other than God may, 

ee, austing it, be elements in a supreme reality which in 
Se transcends them all. Nor need this total reality be im- 
‘Provided. a person can include things inferior to him- 
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self, as.a man includes cells and molecules, Likewise, free individ- 
uals might exist in a superior one; for may not our cells have some 
slight freedom, as they undoubtedly have a certain individuality, 
within ourselves? Accordingly, the criticisms mentioned refer not 
to the pantheistic principle itself but to some further belief, such 
as that God's inclusion of things is inevitable and without freedom. 
Thus Spinoza held that all things “follow necessarily” from the 
nature of God. Yet consider a man’s thoughts: supposing these 
to be free, so that the man could have thought otherwise, still, 
now that he does think the thoughts, they form part of his total 
present reality. This shows that God’s all-inclusiveness need not 
mean that everything is necessary. Nevertheless the best-known 
or, as we may term them, classical pantheists—for example, the 
ancient Stoics—treated the two beliefs as one. Why? We shall 
try to explain. 

An early achievement of reason was the idea of causality, from 
which it was inferred (by a natural exaggeration?) that even 
“free” choices are entirely determined by causes. Moral freedom 
was seen as the absence of external constraint upon reflective but 
still inevitable acts. ‘This was the Stoic view, and no Greek phi- 
losopher offered a vigorous alternative. Nor in Greek writings do 
we find any clear statement that God created by free fiat. Plato 
permits one to suppose that the divine action may be determined 
by the Forms which are its models for creation; the Aristotelian 
deity moves the world involuntarily, without troubling to notice 
the consequences; the Neoplatonic “emanations” from the “One” 
seem likewise involuntary and inevitable. 

Then there was the prejudice against becoming. The Greeks 
discovered the idea of timeless fixity by reflection upon mathe- 
matical forms and other universals. Comparing these with restless, 
impermanent physical bodies, and the “souls” associated with 
them, they longed for the security of the unchanging. Also, it was 
argued, a thing changes only if it lacks something; the divine, 
lacking nothing, cannot change. 

Thus arose the view that God acts by immutable necessity. 
When, however, the Jewish philosopher Philo and the Church Fa- 
thers began to speak of a free divine decree as source of all things, 
philosophy fell into a turmoil which still rages. For how can the 
eternal make free choices? That John “could have done other- 
wise" on Tuesday means that on Monday, or even earlier on Tues- 
day, he still had the capacity of doing this, or doing that instead, at 
thelater time. However, John at the very time of performing an 
act is already partly constituted by the act, and he cannot have 
the capacity not to be what he is. Similarly, acts performed “in 
eternity” must constitute the eternal: how can they be free choices? 
This problem is shared by pantheism and theism. (The difference 
between them is perhaps little more than verbal, seeing that even 
for theism God by his infallible knowledge includes everything. 
We human beings may seem not to include the world we know, 
but this may be precisely the imperfection of our knowledge. See 
THEISM. ) 

Under Greek influence, the best-known or classical theists, like 
the pantheists, said that God was strictly eternal, and hence all 
his qualities were necessary and could not have been otherwise, 
Yet—creation was free! 

And so too God must have knowledge of things as existing which 
might not have existed to be known; knowledge, therefore, which 
he might not have had. Yet—all his properties were necessary! 

To soften these paradoxes, various expedients were tried by 
Thomas Aquinas, Gersonides, and many others, but the difficulty 
remained. Finally, H. Crescas, followed by Spinoza, denied divine 
choice, thus reverting to the Greek view. "Vet if the world issues 
inevitably from divine perfection, then as Pope's poem has it, 
“Whatever is is right.” But how does “right” have any meaning 
if nothing can ever be wrong? So necessitarian pantheism, more or 
less ambiguously expressed later by J. G. Fichte, Hegel, F. D. E. 
Schleiermacher, etc., likewise falls into paradox. Partly in con- 
sequence of this, many philosophers have rejected theism alto- 
gether. Others have accepted contingent or non-necessary quali- 
ties, and a kind of change, in God. This more constructive way 
out was taken in the 16th century by the school of F. Socinus. 
Similar doctrines were held in the 19th century by F. Schelling (in 
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his late writings), G. T. Fechner, J. Lequier, О. Pfleiderer; in the 
20th century by B. Varisco, W. P. Montague, H. Bergson, E. S. 
Brightman, N. A. Berdyaev, A. N. Whitehead, M. Iqbal, and 
others. Most of these accept pantheism in its broad meaning 
(that God is All), but they hold that the world which God includes 
is freely chosen. 

This view has been termed panentheism (Greek e, “in?), the 
term, more than the idea, being K. C. F. Krause’s (1781-1832). 
The universe is in God, but he surpasses it in principle and could 
have existed with a different cosmic content. 

Classical theism and classical pantheism are opposites; for while 
the first sees God as free to create any world or no world, the 
second holds that he must create and create precisely this world. 
‘As usual with extremes, there is an attractive middle position: 
God must create, but he need not create this world rather than 
any other possible one. So freedom and necessity are combined. 
Consistent panentheists take this position. Like most pantheists 
they see no merit in "freedom" not to create—a curious option 
which can produce value only if left unexercised. 

Pantheism has taken many forms, often ambiguous or unclear, 
in the world’s literature. Goethe was vaguely Spinozistic, as were 
R. W. Emerson and many other men of letters. Robinson Jeffers 
was a 20th-century example. The Upanishads of India are some- 
times said to affirm not pantheism but “acosmism”’ (q.v.), the doc- 
trine of “no cosmos” or world. Insofar as the cosmos was ad- 
mitted—and it would not have been necessary to mention it were 
it simply nothing—it was conceived panentheistically. The world 
was in the supreme reality as divine “play,” Lila, or free imagining 
(one interpretation of Sanskrit Maya; q.v.). But skepticism 
about the world's reality is not without danger, since it implies 
that loving one's neighbour "as oneself" may only mean taking 
neither self nor neighbour to be real or valuable. Taoism, much 
Buddhism, some Confucianism (Chu Hsi; q.v.), are vaguely pan- 
entheistic; there are various compromises between classical theism 
and panentheism, for instance in Ramanuja’s pluralistic’ Hinduism 
(see INDIAN PHILosopHy: Six Systems: Vedanta: Ramanuja’s 
Theism) ; much Russian theology (¢-g., Soloviev’s or S. L. Frank's), 
like that of P. Tillich, amounts to the refusal to choose between 
several forms of pantheism, on the ground that "literal" correct- 
ness is impossible in theology. 

How creatures can be free though in God was considered by 
R. H. Lotze, Berdyaev, Fechner, Whitehead, etc. The last two 
give the most careful solution. They deal with the problem of 
evil by generalizing freedom to apply to all creatures, not simply 
to God and man, The principles are: without freedom in some de- 
gree, no reality or value; with freedom, some risks of evil, over- 
balanced by opportunities for good. 

A consistent pantheism admits suffering in God (passibility). 
According to Schelling, Fechner, J. Royce, Berdyaev, and White- 
head, the idea of a suffering God has positive religious value. To 
the Platonic argument that the perfect cannot change, various 
panentheists reply that as here used “perfect” lacks consistent 
meaning or religious justification. To the charge that if God in- 
cludes our wicked attitudes and mistaken ideas, he must be wicked 
and mistaken, it has been replied that this confuses “objective” 
and “subjective” forms of experience (Whitehead’s terms). To 
contain another’s wicked attitude or erroneous belief as content 
of experience is not to adopt the attitude or the belief as one’s 
own. 

The supreme Unity has been interpreted chiefly through thought 
(Hegel), will (Royce), feeling (F. H. Bradley). However, since 
thought, will, and feeling are interdependent, must not “supreme” 
in one mean supreme in all? Necessitarians often stress thought 
or reason; yet in spite of Spinoza or B. Blanshard, it is no more 
rational to see that “here is a fox” necessarily implies “here is an 
animal," than to see that the reverse relation is without neces- 
sity. From abstract to concrete is always a leap; hence Hegel's 
dialectical deduction of reality from "being" and “not-being” is 
only pseudorational. 

Spinoza, and more vaguely the Stoics, thought of the divine 
unity in terms of “thought” and “extension.” Most pantheists 
since have held with Leibniz, Fechner, and C. S. Peirce that exten- 
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sion and matter are but aspects of mind. 

Tf God is not the total reality, he is only the principal constituent 
of this reality. If, instead, we view the universe as constituent 
of the all-inclusive God, we gain the added advantage that “sery. 
ing God” acquires a clear meaning—since we and all we influence 
must then “enrich the divine life itself” (Berdyaev) to the extent 
of the rightness of our choices. 

Though rival doctrines have been endlessly discussed, panenthe. 
ism, the doctrine that the creatures are in God but as free individ- 
uals in a free Individual, has been widely ignored. To evaluate this 
type of theism is a task for the future, since it has been shirked 
in the past. Classical or necessitarian pantheism, on the contrary, 
like classical physics, has been thoroughly discussed, and we are 
in a position to regard it as an oversimplification due to the Greek 
admiration for necessity, an admiration which even Albert Ein- 
stein still shared. But has not man become too conscious of his 
own free creativity to believe in a God without it? 

See also DEisM; THEISM; STOICS; and biographies of philoso: 
phers referred to above. 

BienrocRAPHY.—Selections, with commentary, from most of the 
philosophers and theologians referred to can be found in Philosopher 
Speak of God, by C. Hartshorne and W. L. Reese (1953). See alo 
Spinoza, Ethics; G. T. Fechner, Religion of a Scientist, esp. pp. 222 
229 (1946) ; N. Berdyaev, The Destiny of Man, esp. ch. ii (1937) ; V. V. 
Zenkovsky, History of Russian Philosophy, ch. xxix (1953) ; J. Royé 
“The Problem of Job,” in Studies of Good and Evil (1915); F. H. 
Bradley, Appearance and Reality (1893, 1925); A. N. Whitehead, 
Process and Reality, part v (1929, 1941). For a statement of те 
ligious objections sometimes made against pantheism see E. S. Bright- 
man, A Philosophy of Religion, esp. pp. 218-220 (1940) ; Gabriel Mar- 
cel, Royce’s Metaphysics (1956). (Сн. Н) 

PANTHEON, а building for the worship of all the gots 
revered in a certain locality; hence a building where famous men 
are buried, or a structure built to commemorate a number of n 
tional heroes. 

Specifically, 
one of which is in Athens, one in Rome 
nian pantheon was constructed by the 
The Roman pantheon was begun by M. 
B.C., probably as a rectangular building 
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PANTHEON IN ROME. BEGUN BY AGRIPPA (27 B.C.) AND COMP! нике! © 


BUILT BY HADRIAN (с. A.D. 120), IT IS NOW KNOWN AS THE C 
STA. MARIA ROTUNDA 


я ; fort 
It was completely rebuilt by Hadrian, in its present m y 
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(c. 120), the columns of the present front porch being jst 
those of the earlier building: Under Septimus Severus on 
alterations were made; it is likely that at this time the rec x 

coffers were cut on the inside face of the dome. The Rom! abot 
theon is remarkable not only for its size, the dome bene iy 
142 ft. (43.3 m.) in diameter, and for its elaborate brick P. ford 
tion, but also for its perfect preservation and the fact er к 
most 2,000 years it has served continuously as а place 0 Н М 
having been dedicated іп Ар. 609 as the church of d e D: 
Rotunda. The gilt bronze tiles that once covered the 00 
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off and carried to Constantinople at an early date, and in 
‘the 17th century the bronze trusses and girders which carried the 
tico roof were melted and used to make Bernini’s baldachin in 
‘St, Peter's at Rome. The present stucco panels and pilasters that 
circle the interior above the order cornice and below the spring 
of the dome are of late Renaissance date, and the bronze rosettes 
and moldings that once decorated the coffers have disappeared, 
Otherwise, the interior of the building exists in its exquisite origi- 

form, 

"o pantheon at Paris was begun in 1764 by J. G. Soufflot as 
the church of Ste. Geneviéve. This was secularized under the 
Revolution and then received its present name—panthéon. It 
served as a church, also, in 1828-30 and in 1851-70. The panthéon 
at Paris bears little resemblance to the Roman example, It is a 
cruciform building with a high triple dome over the crossing and 
the four arms vaulted with lower saucer domes on pendentives. 

See also references under “Pantheon” in the Index. 

PANTHER, another name for the leopard (q.v.), also used 

in America as the name of the puma (g.v.). The panther was 
formerly supposed to be a distinct animal from the pardus, pard, 
the leopard. In modern times a popular distinction is often made 
between a larger, fiercer, or darker type of leopard, to which the 
name panther is given, and the smaller and more common type of 
leopard. 
PANTOMIME. The primary meaning of pantomimus is “he 
who plays every role” or “imitator of all persons and of all things.” 
During the Roman empire the term referred to a theatrical enter- 
tainer who by means of gestures and body movements alone acted 
out a mythological story while successively portraying each char- 
acter in the plot. The entertainment itself was also called a 
pantomime. Early in the 18th century the word pantomime be- 
fan to be used in England to designate dramatic ballets on myth- 
ological themes or outright harlequinades. 

As representation of emotions and actions entirely by body 
movement and gestures, pantomime occurs in all primitive cul- 
tures (war dances, animal. mimicry, sacrificial rites). The first 
recorded pantomimist was the legendary dancer Telestes, whom 
Aeschylus is said to have employed in his production of the Seven 
Against Thebes (467 в.с.). 

me, pantomime came into its own during the Augustan 
hi im 22 вс. two pantomimists won public acclaim: Pylades 
Of Cilicia, who specialized in tragic subjects, and Bathyllus of 
Alexandria, who traded in lighter fare, Both artists were panto- 
mint in the original sense of the word; i.e., they acted out in 

1 b show à continuous fable and played all the parts in it. By 

1 his masks several times during a performance Pylades 
Played the roles of Dionysus, Pentheus, Cadmus, and Agaue when 
teated the story of Dionysus’ coming to Thebes. On an- 
Occasion he would now be Atalanta, and a moment later 
d transform himself into Meleager. A large chorus and 
accompanied Pylades when he performed. The Roman 
mist also needed the services of a writer who furnished 
T vith а scenario; Lucan and Statius were among the authors 

bra Jabulae salticae. Most Roman emperors became involved 
Ё le Affairs of the leading pantomimists of the day. Later 

ristian era patristic denunciations of these dance spec- 

Offer ample proof of the continued thriving existence of 

iu € shows, 
from ji meantime, the strongest defense of pantomime had come 
De ran of Samosata (c, А.р. 125-c. 190), whose dialogue 

um contains a dithyrambic praise of dumb shows. Lu- 

the prere the qualifications expected of a first-rate pantomimist: 
LOS. XIuisites were a sound knowledge of music and mythology, 
íi Ge Memory, extraordinary sensibility, and a perfectly 
of lim ned body that combined athletic strength and suppleness 
from the Lucian gave a long list of pantomime subjects, ranging 
ftom Lu „ongin of the world to the times of Cleopatra. Aside 
ў lan there were other champions of pantomime, but no 

ne atise had the influence Lucian’s dialogue was to have on 
the inspi cing masters, and it was the De saltatione that provided 
Another Tation for the introduction of pantomime into England. 
Impetus, however, must also be considered, that of the 
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Italian commedia. dell'arte (q.v.). The strolling players of im- 
provised comedy developed a body language that had universal 
significance and could be understood outside Italy, in France as 
well as in Poland, in Vienna as well as in St. Petersburg. Their 
comedies abounded in situations that had to be explained and 
exploited in terms of dumb show. 

John Weaver, dancing master of Drury Lane, must be credited 
with having taken to England the idea of staging pantomimes 
after the manner of the Italians as well as of the ancients. Ac- 
cording to Weaver, 

. . . the first Entertainment that appeared on the English Stage, 
where the Representation and Story was carried on by Dancing, Action 
and Motion only, was performed in Grotesque Characters, after the 
Manner of the Modern Italians, such as Harlequin, Scaramouch &c. and 
was called The Tavern Bilkers. 

This pantomime was invented by Weaver and first performed 
in Drury Lane in 1702. Weaver's second attempt at reviving 
pantomime was made at the same theatre in 1716 when he pro- 
duced The Loves of Mars and Venus "in imitation of the ancient 
Pantomimes." However, what Weaver was reviving was not the 
art of Pylades or Bathyllus: his Drury Lane spectacles were 
actual ballets in which several performers were featured, in con- 
trast to the one-man shows of the Roman pantomimists. Vet 
the term pantomime persisted, and Londoners were seized by a 
mania for these mute entertainments, especially when they were 
staged by John Rich (g.v.) at the Lincoln's Inn Fields theatre. 
Rich, unable to compete with Drury Lane in the field of legitimate 
drama, staked his fortune on pantomime. He selected a serious 
classical fable and combined it with a grotesque commedia story 
about Harlequin and his beloved Columbine. Rich himself, under 
the stage name of Lun, danced the role of Harlequin and executed 
with his magic wand as many transformation scenes as the budget 
would allow. Later, the mythological pretext was discarded, and 
the pantomimes became pure harlequinades. In the 19th century 
Harlequin went out of fashion, and the clown of Joseph Grimaldi 
(q.v.) stepped in. In England, these pantomimes became elabo- 
rate fairy-tale fantasies written in rhyming couplets, Gradually 
the fairy tale was reduced to no more than a thin story line in or- 
der to make room for slapstick comedy scenes, vaudeville acts and 
popular songs. In the 1960s, pantomime was still the most popu- 
lar form of Christmas entertainment in England, but it had become 
more like a series of lavishly staged vaudeville acts, although the 
tradition was preserved of having the “boy” (the hero of the fairy 
tale) played by a girl, and his mother, traditionally known as the 
dame, played by the male comedian. 

In France, Jean Georges Noverre is often credited with estab- 
lishing the pantomime, and, to be sure, in his Lettres sur la 
danse (first edition, Lyon, 1760), echoes of Lucian may be heard. 
But actually Noverre belongs not to the history of pantomime but 
rather to the history of the ballet. He reached his apogee as a 
choreographer when he staged his ballets d'action for the court of 
Württemberg (1760-67) on such themes as Alceste, the death of 
Hercules, and Medea. Lucian would have. approved of these 
subjects but would have been disappointed by the fact that the 
various characters in any given myth were danced by a host of 
solo dancers rather than by one man, In the 19th century Pari- 
sians made pilgrimages to the obscure Théátre des Funambules 
where Jean Gaspard Deburau (1796-1846) had created the char- 
acter of the white-faced, white-robed, melancholy Pierrot. Debu- 
rau founded a tradition that is still alive in France: Marcel 
Marceau, the great pantomimist of modern times, is a true “imi- 
tator of all persons and of all things." In the hands of Marceau, 
pantomime again became a one-man show, Marceau being David 
at one moment and Goliath the next. 

See also CLOWN; HARLEQUIN; THEATRE: Mime, Pantomime, 
Vaudeville and Music Hall. 


BrsrrocRAPHY.—O. Eberle, Cenalora, Leben, Glaube, Tanz und The- 
atre der Urvólker (1954); L. Friedlander, Roman Life and Manners 
Under the Early Empire, vol. ii, pp. 100-111 (1908-13); a modern 
translation of Lucian's De saltatione in The Works of Lucian of 
Samosata, trans. by H. W. Fowler and F. G. Fowler (1905) ; O. Wein- 
reich, Epigramm und Pantomimus (1948); H. Reich, Der Mimus 
(1903); J. Weaver, The History of the Mimes and Pantomimes (1728) ; 
E. L. Avery, “Dancing and Pantomime on the English Stage, 1700- 
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1737,” in Studies in Philology, 30:417-452 (1934); J. G. Noverre, 
Lettres sur la danse et les arts imitateurs (1952) ; М. W. Disher, Clowns 
and Pantomimes (1925); R. J. Broadbent, A History of Pantomime 
(1901); A. E. Wilson, The Story of Pantomime (1950) ; M. Marceau 
and H. Ihering, Marcel Marceau und die Weltkunst der Pantomime 
(1956). (A. M. N.) 

PANTUN, a Malay verse form, usually a quatrain, rhyming 
abab, as in the following example: 

Dari mana punai mélayang; 
Dari paya turun ké-padi. 
Dari mana datang-lah sayang; 
Dari mata turun ké-hati. 

The pantun, like all traditional Malay verse, is essentially a 
word verse, not to be divided into feet or scanned; each line 
contains four (rarely three) “full” words (i.e., not counting parti- 
cles or affixes), The first two lines (the skin") have little or 
no connection in meaning with the last two lines (the “fruit” or 
"contents"), There is, however, a close connection in sound: 
just as the skin suggests, yet hides, the fruit, so do the first two 
lines of a pantun suggest, in sound, the content of the last two 
lines. As in the example quoted, there should be not only end 
rhyme (“mélayang” with “sayang,” “padi” with “hati”) but as 
much sound correspondence between the two halves of the pantun 
as possible (e.g., vowel correspondence between “paya” (line 2) 
and “mata” (line 4), often resulting in repetition (e.g., “Dari 
mana" in lines 1 and 3). R. J. Wilkinson's free translation of 
the above pantun, 

The fate of the dove is to fly; 

he flies to his nest on the knoll. 

The gate of true love is the eye; 

the prize of his quest is the soul, 
reproduces well the internal rhymes characteristic of a good 
pantun. 

The pantun first occurs in Malayan literature of the 16th cen- 
tury, but is probably much older. In view of the theory that the 
Austronesian (Malayo-Polynesian) racial group came from Yun- 
nan (in southern China), it is interesting that some of the earliest 
Chinese poetry, in the Shi-King (“The Book of Odes"), resembles 
the pantun. Again, as the Malays have been strongly influenced by 
the civilization of India, the pantun may have been influenced by 
the cloka—one of the most popular of the Sanskrit quantitative 
metres, However, the existence of pantunlike verse forms in Tibet 
(the gtang-thung-bzhad), Turkey (the mani), Norway (the gamle- 
stev), Latvia (the daina) and Spain (the copla)—all, like the 
pantun, types of folk verse—shows that similarity of form need 
not indicate derivation. In fact, as a pantun-type verse is to be 
found not only in Malay but in many other branches of the western 
or Indonesian division of the Austronesian linguistic group (¢.g., 
the Batak umpama, the Javanese parikan, the Malagasi hain-teny), 
there seems no reason to suppose that the pantun is not an indige- 
nous form. 

Although considered somewhat old-fashioned (partly in reaction 
against the traditional Malay appreciation of a pantun more for 
the number of sound-correspondences between the two halves than 
for depth of feeling), the pantun is by no means dead. Informal 
parties often end with the singing of literary pantuns to a guitar, 
and literary pantuns appear in newspapers and periodicals. 

Pantuns are sometimes linked together, with the second and 
fourth lines of the first verse becoming the first and third lines of 
the second verse, and so on. It seems to have been these linked 
pantuns which inspired Victor Hugo to produce a chain verse which 
he called “un pantoum ou chant malais, d’une délicieuse origi- 
nalité His example was followed by Theodore de Bainville and 
Leconte de Lisle. In English, Austin Dobson’s poem “In Town” 
is a pantunlike chain verse that completes the circle by making 
the last line of the last verse identical with the first line of the 
first verse. 

See W. A. Braasem, Pantuns (1950); R. J. Wilkinson and R. O. 
Winstedt, Pantun Melayu, 2nd ed. (1955). (Cr. 5.) 

PAN-TURANIANISM, a movement to unite in a political 
and cultural union all the Turco-Tatar peoples living in Turkey, 
southeastern Russia, Transcaucasia, Siberia and Turkestan. The 
last-named area is called in Persian Turan, the land to the north 


PANTUN—PAOLI 


of Iran. The name Turanian for the Turco-Tatar family of |, 
guages was first used by the Magyars of Hungary. The НЫШ 
language belongs to the Finno-Ugric group of languages which an 
related to the Turkish languages, and in the half-century belo 
World War I some Magyars wished to base upon this affinity of 
languages a common front of the Turks and Magyars against the 
Slavs and Pan-Slavism (g.v.). 

Of greater importance was a similar rgth- and 20th-centu | 
trend to oppose a unity of the Turks in Turkey and of the Turco. 
Tatar peoples of the Russian empire against the growing Russian 
tsarist and communist domination. In 1878 Ismail Gasprinski 
(1841-1914), a Crimean Turk. proclaiming the “unity in lm. 
guage, thought and action” of all the Turkish-speaking peoples in 
the Russian and Ottoman empires, started in the Russian Crime 
the Turkish newspaper Tercüman. In 191г Yussuf Aktshun 
Oghlu founded in Constantinople (Istanbul) a similar paper, Türk 
Yurdu (“The Turkish Homeland"). At the same time prominent 
Turkish writers such as Ziya Gökalp (1875-1924) and Halidé Edi 
Adivar (1883-1964), author of the novel Yeni Turan (“The New 
Turan,” 1912), glorified the common legendary past and the future 
of the Turkish race. For Gökalp, "the Fatherland of the Turks is 
not Turkey, it is not Turkestan, it is the far-flung and everlasting 
land—Turan.” The Pan-Turanian writers hoped for the rebirth of 
heroic types of Attila and Genghis Khan evolved into civilized men, 
Their symbol was a she-wolf (Bozkurt), regarded as the mother 
of the race and worshiped before the conversion to Islam, 

During the years 1913-18 when Turkey was involved in a bitter 
struggle with Russia, Pan-Turanian propaganda was officially pro 
moted by the Ottoman government. In the 1920s and 1930s 
Kemal Atatürk's realism de-emphasized the movement and con- 
fined Turkish nationalism to Turkey itself. World War II, with its и 
revival of Pan-Slavism under Stalin and its Russian threat 0 
Turkey, brought a renewed, though slight, interest in Рах 
Turanianism among some Turks. The demand for a federation of 
Turanian states continued after World War II among the Turkish: 
speaking Islamic peoples in the U.S.S.R. Emigré groups of thest 
peoples living in Turkey, Germany and Pakistan carried on a 
active propaganda for the realization, in some form, of the Pan | 
Turanian ideal. See also Turkic PEOPLES; TURKEY; KAZAKE 
Soviet SOCIALIST REPUBLIC; UZBEK SOVIET SOCIALIST REPUBUC 
and other articles concerning the Turkish-speaking areas oft 


0.5.5.К.; NATIONALISM. m 
Brsriocrarny.—British Admiralty Manual on the Turanians ly 
Pan-Turanianism (1920); Tekin Alp (pseudonym), Türkismus Wh 
Pantiirkismus (1915) ; Charles W. Hostler, “Trends in Pan-Turansm, 

Middle Eastern Affairs (Jan. 1952); Uriel Heyd, Foundations 
Turkish Nationalism (1950); Halidé Edib, Memoirs оф, ко) 
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PANYASSIS, of Halicarnassus, one of the 


poets, uncle or cousin of Herodotus, fluorished c. 470 B.C. iod 
put to death by the tyrant Lygdamis (c. 454). His chief po їй 
extant in fragments only, were the Heracleias in 14 books, 


as > li 
scribing the adventures of Heracles in various parts of the work 


and the Jonica in elegiacs, giving an account of the founding id 
settlement of the Ionic colonies in Asia Minor. Although zd 
sis was not much esteemed in his own time, Quintilian records 
by some later critics he was ranked second to Homer. "n 
See G. Kinkel, Epicorum Graecorum fragmenta (1877). pet 
Pauly-Wissowa, Real-Encyclopüdie der classischen Altertums 
schajt, vol. 18, col, 871-922 (1949). ; of 
PAOLA-TARXIEN, a township of Malta, lying $ m у 
of the head of Marsa Creek and about 2} mi. from Val tb) 
road. Pop. (1964 est.) 19,133. The town (or rather, subur у 
formed by amalgamation of two earlier centres as а pur fron 
built-up area. Paola (Pawla, Paula) mainly houses жо үл 
the adjacent dockyard (by far the largest single group) an Tar 
Tarxien (Tarshien, Tarshin) fulfills a similar function. i " 
(or Hal Tarxien) is, however, famous for its remar а Я 
preserved Neolithic monuments (see MALTA: gt hes » FR) 
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PAOLI, PASQUALE (172 5-1807), Corsican statesman, 
patriot, was born on April 26, 1725, at Stretta di. 
the district of Rostino. His father, Giacinto Paoli, 


was å 
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of rebellions against the Genoese from 1735 until 1739, when he 
went into exile at Naples. There Pasquale studied under the 
economist Antonio Genovesi and served with distinction as stan- 
dard-bearer in a regiment formed for Corsican refugees. 

Returning to Corsica in 1755, Pasquale Paoli was chosen “gen- 
enl" of the people, that is, political and military leader of the 
nationalists, In a series of rapid campaigns he overcame a rival 
faction allied with the Genoese. Having confined the Genoese to 
the coastal towns by his aec operations, he proceeded to orga- 
nize Corsica as an independent state. The constitution that he 
created and successfully put into practice was more democratic 
than any known in his time: the legislative assemblies were elected 
by all male Corsicans of 25 = old and over; and the executive 
consiglio supremo, over which he presided, was composed of nine 
elected members. He encouraged mining, built a navy, and 
founded a university at his mountain capital, Corte. 

In 1756 Genoa and France concluded a treaty whereby the 
French were to garrison the Corsican coastal towns. The French 
and the Corsican nationalists avoided hostilities, however; and 
though the French, having withdrawn in 1759, returned in 1764, 
Paoli was able to capture some forts which had remained in 
Genoese hands and finally, in 1767, to conquer the island of Capraia 
also. Genoa then despaired of subjugating the Corsican people 
Hie in ress sold Corsica to France. In June the French 

rmy invaded the island. 

After a year’s courageous resistance the Corsican nationalists 
were decisively defeated at Ponte Nuovo (May 1769). Paoli 
took refuge in England. For the next 20 years he lived as an 
exile, much respected in London intellectual society and befriended 
by orl Dr. Johnson, and other celebrities. 

„With the French Revolution, Paoli could return to Corsica by 
virtue of the amnesty to political exiles. He arrived on July 
17, 1790, with full powers from the Constituent Assembly to reor- 
ganize Corsica as a département of France. Enthusiastically ac- 
claimed by the population, he was appointed president of the Ad- 
ministrative Council and commander of the National Guard. But 
lie was opposed to the extremism of the Revolution and had little 
Sympathy with the new regime. Blaming him for the failure of a 

rench expedition to Sardinia, the Convention in Paris ordered his 
Arrest (April 1793) and sent a commission to Corsica to investigate 
conduct. Paoli then convened a national assembly at Corte, 
а declaring a state of rebellion against the French government, 
M lereupon the commissioners set up their own administration at 
n Napoleon Bonaparte, siding with the minority loyal to 
UR ime a the island by the Paolists. л ~ 
1, outlawed by the Convention (July 17, 1793), appeale 
Es protection. In February 1794. Admiral Lord Hood 
om Eo and by August the British had captured the three 
ii eld by French Republican troops. Meanwhile in June 
p assembly, with Paoli presiding, had accepted the con- 
2 E of a Corsican kingdom for George III of Great Britain. 
Dice mar appointed not Paoli аб: баса ae 
of Minto) as viceroy, and Elliot chose C. А. Pozzo dı 
мег counselor, Deeply offended, Paoli pied 
test; Elliot е. As his presence was considered responsible for 

р * arranged for him to be invited to London in 1795. 
While the ще merely exasperated his supporters in Corsica, 

insti pposite faction, encouraged by Bonaparte s victories in 
M. ied local riots; and in 1796, the British, seeing their 
ance, ey, nean position threatened by the Franco-Spanish. alli- 
ей Corsica. Paoli received a pension from the Brit- 

E. nment until his death on Feb. 5, 1807. 

(189); DEYA, Е. Bartoli, Histoire de Pascal: Paoli, new ed. 
i D. Fumarola, Paoli (1922) ; L. Cristiani, Pascal Bagh ЧӨ: 
. CA. 

PAOLO, GIOVANNI DI: see GIOVANNI DI PAOLO. 

P AO TIE RONESE: see VERONESE; PAOLO. | 
Province p^ (Cm'ixc-vüAN, TSINGYUAN), capital of Hopeh 
Hankow , en is 90 mi. (145 km.) S.W. of Peking on the Peking- 
head of E. way. Itis on the Ta-ch'ing ho (Tatsing river) at the 

pa mall-boat navigation, A very old district centre near the 
Margin of the North China plain, the city repeatedly has 
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been a provincial political capital. It is an important regional 
trade and railroad centre, and also has light and handicraft in- 
dustry. Pop. (1958 est.) 250,000. (J. E. Sr.) 

PAO-T'OU (Paotow), industrial city of the Inner Mongolian 
Autonomous Region, China, on the Yellow river, 230 mi. (370 
km.) W. of Peking. Pao-t'ou owed its initial importance as a 
trade centre to the construction of the Peking-Pao-t'ou railroad 
in the 1920s. The city became a collecting and distributing centre 
of a large part of Suiyüan province, shipping wool and hides to 
processing plants on the coast, and importing tea, cloth and other 
necessities, Pao-t’ou was occupied by the Japanese from 1937 
to 1945. 

Under the Communist regime, after 1949, Pao-t'ou was selected 
as the site of one of China's three huge steel plants, the two others 
being at An-shan and Wu-han, Construction on the steel plant 
and associated industries began in the mid-1950s and soon trans- 
formed the former placid caravan centre into a bustling industrial 
site. Railroad lines were laid to the Pai-yün-o-po iron mine, 90 
mi. (145 km.) to the north, and the coking-coal mines of Shih- 
kuai-kou (Shihkwaikow), just northeast of Pao-t'ou. The main 
Peking-Pao-t'ou railroad was extended to Lan-chou (Lanchow) 
in 1958. In 1954, the city, together with all Suiyüan province, 
passed to Inner Mongolia. Pao-t'ou's population was 149,400 by 
the 1953 census, but spurred by industrial construction and expan- 
sion it had increased to an estimated 490,000 by 1958. (T. Sp.) 


" 
PÀPA, a town of Veszprém megye (county), northwest Hun- 
gary, lies on a low plateau 25 mi. (40 km.) S.S.W. of Gyór on the 
south bank of the Tapolca, a small tributary of the Rába (Raab). 
Pop. (1960) 25,497 (mun.). The plateau soils, lying between the 
Rába plain marshes and the Bakony hills, are fertile and noted for 
grain and beet growing. Pápa had once a great reputation for its 
schools, and the library of the Protestant theological college is 
well known. Its castle was built by the Esterházy family in 
the late 18th century. The town has tobacco and cotton spinning 
factories. It is also an intersection point of roads, a centre for 
truck farming and a railway junction. (Н. G. 5.) 
PAPACY, the headship of the Roman Catholic Church as 
represented in the persons of the successive popes, or bishops of 
Rome. The papacy is the only institution that has existed con- 
tinuously from the early Roman empire. Its activities, its in- 
fluence and its claims have varied and developed and have been 
challenged and combated; its fortunes and prestige have waxed 
and waned many times. Local yet world-wide, it has always based 
its pronouncements upon tradition while it has taken its colour 
from the present; flexible in choice of means, in all the changes 
of social and political sentiment it has remained uncompromisingly 
monarchical. There have been many great and saintly popes, 
many nonentities and not a few worthless or bad; but the office has 
always been greater than the man, and it survives. In addition to 
the historical survey below, see Roman CATHOLIC CHURCH; 
VATICAN; and the biographies of individual popes. 
(M. D. K) 
"This article is divided into the following sections: 
I. The First Six Centuries 
1. St. Peter 
2. Peter's Early Successors 
3, The Schism of Hippolytus 
. Papal Authority in the Last Years of Persecution 
. The Christian Empire and the Arian Crisis 
. Damasus and His Successors, to 422 
. The Nestorian Question 
. Leo I, the Early Monophysites and Chalcedon 
. The End of the Western Empire 
. The Acacian Schism d 
11. Reunion of East and West =, 
12. Theodoric - is 
13. The Affair of the “Three Chapters" 
14. Temporal Power and the Protection of Italy 
Medieval Papacy (590-1304) 
1. Gregory the Great and His Successors 
2. Monothelite Controversy 
3. End of the 7th Century 
4, Early 8th Century 
5. The Carolingians and the States of the Church 
6. The Western Empire and Emancipated Papacy 
7. Early 9th Century 
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8. Nicholas the Great 
9. Late 9th Century 
10. 10th Century 
11. 11th Century 
12. Curial Changes and Canon Law 
13. Gregory VII 
‚ End of the 11th Century 
15. 12th Century 
16. Innocent III and His Successors 
17. Boniface VIIT 
III. The Papacy in Avignon 
1. Clement V and the Move to Avignon 
2. John XXII 
3. Administration, Finance and Development at Avignon 
4. Clement VI and Innocent VI 
5. The Return to Rome 
IV. The Great Schism, 1378-1417 
1. Two Popes 
2. The Council of Constance 
У, The Renaissance Papacy 
A. Early Renaissance, 1417-92 
1. Basel and Ferrara-Florence 
2. Humanism and Italian Politics 
B. The 16th Century 
1. The Approach to the Protestant Revolution 
2. The Council of Trent 
3. The Counter-Reformation, 1566-1605 
VI. The 17th and 18th Centuries 
1. Paul V 
. The Thirty Years’ War and the Peace of Westphalia 
. Innocent XI, the Turks and Louis XIV 
. Clement XI 
. 18th-Century Secularism 
. The Suppression of the Jesuits 
. Pius VI 
VII, The 19th and 20th Centuries 
A. From Napoleon to the Revolutions of 1848 
1. Pius VII 
2. Leo XII 
3. Pius УШ. 
4. Gregory XVI 
B. The Advance of Democracy and Rationalism 
1. Pius IX 
2. Leo XIII 
3. Pius X 
C. The War and Interwar Periods 
1. Benedict XV 
2. Pius XI 
3. Pius XII 
4. John XXIII 
5. Paul VI 


I. THE FIRST SIX CENTURIES 


1. St. Peter.— The history of the papacy begins at the point 
when Jesus left his apostles. St. Peter, by virtue of the words 
spoken to him by Christ (Tw es Petrus... , “You are Peter,” 
etc., Matt. xvi, 18-19; cf. John xxi, 15) and as a natural conse- 
quence of the role that he had already begun to play among his 
colleagues, can be seen to occupy a pre-eminent place from the 
beginning. . Peter, James “the brother of the Lord” and John “the 
beloved disciple” are called "the pillars of the church" in the 
Acts of the Apostles. But if James, as "brother" of Jesus, appears 
to be the leader of the Jerusalem Christians, it is nevertheless 
Peter whose influence predominates in the newborn church; Peter 
is the head of the church. 

Peter is seen as taking the initiative and as the person to whom 
all questions that arise are addressed. It was Peter who intro- 
duced the first uncircumcised member into the Christian com- 
munity, namely the centurion Cornelius. Though subsequently 
Peter's temporary abstention from sitting down at table with the 
gentile Christians at Antioch showed him less resolute than St. 
Paul, he soon let Paul reconvince him of Christian freedom; and 
Paul's very anxiety to persuade Peter shows that he recognized 
the weight of Peter's authority in the government of the church. 

Further, Peter's first journey to Antioch, the details of which 
are unknown, is evidence of a missionary activity far beyond the 
original Palestinian limits of Christianity; and we are entitled to 
infer from his letters to the faithful of Pontus, of Bithynia, of 
Cappadocia and of Macedonia (as interpreted by Origen, whose 
observations have been preserved in Eusebius) that his apostolate 
took him not only to Antioch but into these regions as well. 
There is even better evidence for his having visited Corinth. 
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Dionysius, bishop of Corinth in the 2nd century, states expres] 
that his see owed its origin to the apostles Peter and Paul, = Í 

Both apostles died as martyrs in Rome, during the persecuti | 
under Nero. There is no reason, however, to suppose that thy 
had. been working there together or that their martyrdoms me 
place at precisely the same time. 

Though his having been in Rome is in Peter's case even less 
explicitly attested than in Paul's, the evidence is nevertheless suth 
as cannot seriously be called in question. That the Prince of thy 
Apostles was in fact in Rome seems to be established beyond ај 
reasonable doubt (see PETER, Saint). His stay in Rome may no, 
have been very long, if he did not arrive there until near the 
close of his career; but it was enough to fix the centre of the 
Christian Church in what was then the capital of the Roman 
empire. 

It is not known how long Peter had been in Rome when the first 
persecution of the young church broke out. In A.D. 64, when 
several quarters of the city were destroyed in a great fire, public 
opinion almost unanimously (and perhaps rightly) suspected the 
emperor Nero of having started the conflagration in order to 
clear the ground for an extension of his palace, To divert this 
suspicion, Nero formed the idea of blaming the Christians, who 
could be represented as the enemies of humanity because of their 
austere way of life. All who could be found (“а vast multitude’) 
were put to death with atrocious tortures, and Peter was one o І 
the victims. 

2. Peter's Early Successors.—Of Peter's first two successori 
only the names are known, Linus and Anacletus. The third, how 
ever, stands out more clearly. This was St. Clement, whos 
letter to the Christians of Corinth, written to settle a controversy 
among them, is still extant. While its tone is one of charity 
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?-? Peter (d. between. 125-136 Telesphorus 
A.D. 64 and 67) 136-140 Hyginus 
67- 76 or 67- 79 Linus 140-155 Pius I 
76- 88 ог 79-91 Anacletus 155-166 Anicetus 
88- 97 or 92-101 Clement I 166-175 Soter , 
97-105 or 101-105 Evaristus 175-189 Eleutherius 
105-115 or 109-119 Alexander I 189-199 Victor I 


115-125 Sixtus I (Xystus) 


*The dates given in this table are not entirely certain. 


rather than of authority, this letter shows that the bishop af 
Rome considered himself empowered ‘to intervene in the айз 
of another community; and the fact that his letter was soon m 
garded as having almost canonical status is evidence of the Romal 
bishop's prestige throughout the whole of Christendom. 

Little is known of the first successors of St. Clement, though 
we are better informed on the series of bishops of the Romi 
Church than on that of any other. While their dates remain W 
certain, it is known that Clement was followed in tum 
Evaristus, by Alexander I, by Sixtus I (Xystus) and M 
Telesphorus (all bearing names of Greek origin), during 
reigns of the emperors Nerva, Trajan and Hadrian. Telesphor 
is rather better known than the others because of his marty" om 
which took place either in Hadrian’s reign or under Antoni 
Pius. The next bishop, Hyginus, and his successor Pius | 
put to death under Antoninus. Anicetus, who succeeded Pia 
ceived the visit of St. Polycarp, bishop of Smyrna, who Wr 
Rome in the middle of the 2nd century. The next ponte 
that of Soter, was succeeded by that of Eleutherius; who had if 
deacon under Anicetus and who became pope in succession 
Soter before the death of the emperor Marcus Aurelius Anton! 
(180). It was during this pontificate that St. Irenaeus wen 4 
Rome as the delegate of the church of Lyons, which 0 and 
period was much respected for the number of its martyrs of 
Eleutherius was requested to give a ruling on the questio gal 
Montanism, with regard to which the Lyons Christians ^d 
him to show mercy to the erring while not compromising cit 
error. His pontificate lasted until 189, nine years att й 
cession of the emperor Commodus; but it was only after Vi i 
(189-199) had succeeded Eleutherius as pope that Comm: 
granted a pardon to the Christian convicts in the Sardinian eve 
This was the beginning of an improvement, precarious bu 
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undeniable, in the church’s relations with the state under 
the last of the Antonine emperors. 

Under Victor the activity of the Roman see became prominent 
to an extent hitherto apparently unprecedented but for St. 
Clement's intervention in the affairs of Corinth. His pontificate, 
indeed, may be regarded as typical of certain aspects of papal 
history. Greek ceased to be the single official language of the 
Roman Church, and Latin began gradually to take its place. 
Victor himself, who seems to have been of African origin, wrote 
in Latin; and this shows the progress made by Latin in the Roman 
Christian community, which had previously been Greek or oriental 
rather than Latin in complexion. The spread of Latin influence, 
moreover; is to be discerned also in the development of ecclesi- 
astical organization; a number of synods met in Rome to deal 
with the problem of the heretic Theodotus and with the contro- 
very about Easter. In short, this pontificate constitutes an 
epoch, and it is true to say that with Victor I, far more than with 
any of his predecessors, the actions of the bishop of Rome were 
the actions of a pope. 

3, The Schism of Hippolytus.—The next pope, Zephyrinus 
(б. 199-217), and his successor Calixtus I (Callistus), who is 
thought to have formerly been his chief deacon, were confronted 
with the opposition of the priest St. Hippolytus (q.v.), the first 
member of the Roman clergy to produce a theologico-philosophical 
work on dogma. Hippolytus was a passionate champion of the 
doctrine of the Logos, emphasizing the distinction of the Persons 
of the Trinity in contrast with the “modalist” view, which stressed 
the unity of the Godhead (see MONARCHIANISM): Blaming 
Zephyrinus for not declaring himself in favour of the Logos 
doctrine as then formulated, Hippolytus started a schism; and 
on the death of Zephyrinus he and Calixtus were rival candidates 
for the succession. Hippolytus, unwilling to submit to Calixtus, 
found himself with no choice but to set himself up as an antipope. 
His reputation as a scholar and his literary talent were assets to 
his cause, yet the church preferred Calixtus, a mere freedman of 
far less education, but a good spokesman of the faith, a strong 
character and an able administrator. It was Calixtus who moved 
the official burial ground of the Roman Christians from the vicinity 
of the Via Salaria to that of the Via Appia, to the site known 
Subsequently as “the Cemetery of Calixtus” (though he was him- 
p E ees there) and eventually as "the Cemetery" without 

ег epithet. 

The schism of Hippolytus lasted for several years but came to 
An end when persecution brought the opposing leaders together. 
Under an edict of the emperor Maximinus (Gaius Julius Verus 

aximinus), both Hippolytus and the second successor of 
й ad Pontianus, were deported to Sardinia. There a reconcili- 

E place, and Hippolytus was honoured as a martyr. 
ái ds us, however, had previously had to face another charge, 

^m ground of his alleged laxity, insofar as he had mitigated 

Р Er of penitentia] discipline, On this point Hippolytus had 
oco ARM of Tertullian, but the Roman inclination to mercy 

ally prevailed throughout the church. Arguments have 

o PP to indicate that it was in the course of this contro- 

DE os at the bishop of Rome first claimed primacy of jurisdic- 

Е E ue other bishops, the claim having been suggested to 

5 by Tertullian's protest against his use of the words Tu es 

But the, a justification for assuming authority over the church. 

ive in bun of the apostle Peter had been kept sedia 

OPE ei er 
enjoyed. "he t apprise it of the special Petrine ^ 

im e fact that such men as Hippolytus and Тегіш Шап 

Бы js x attacks on Roman bishops accused of laxity in the 
authori loctrine or of morality constitutes a tribute to the 

lority which th bish А 

ы ai ш озе bishops exercised. 

Severus, d led in 222, in the reign of the emperor Alexander 
(though h luring a period of peace between church and state 
М Via ^t teckoned among the martyr popes). He was buried 
Ban urelia, far from the official cemetery, perhaps near 
his succes ere he lost his life in some riot. The pontificate of 
i Rn Urban I, according to the Liber Pontificalis, was 

Y the institution of the 25 presbyteral tituli, that is, of 


239 


the 25 principal churches in Rome; but since there is no cor- 
roboration of this statement from any other source, it remains 
open to doubt. 

Urban's successor Pontianus, together with Hippolytus, was 
condemned to the mines of Sardinia; they both died there after 
making their peace, Hippolytus exhorting his supporters to unite 
with the rest of the faithful. Their bodies were brought to Rome 
and buried there, Pontianus! in the Cemetery of Calixtus, in the 
popes’ crypt, Hippolytus’ on the Via Tiburtina. Anteros, elected 
to the papacy while the deported Pontianus was still alive (235), 
was himself soon prosecuted and sentenced to death; Pontianus 
survived him’ for a time before succumbing to the strain of work 
in the Sardinian mines. 

4, Papal Authority in the Last Years of Persecution.— 
The next pope, Fabian, had a longer pontificate, which lasted un- 
til his martyrdom in 250 in the course of the persecution under 
the emperor Decius. He too is important in the early history of 
the papacy. Now that there was no longer any trace of the Hip- 
polytan schism, the second successor of Pontianus was free to work 
undisturbed at the development of Roman Christianity as ап 
organic body. The Liber Pontificalis credits him with the institu- 
tion of the seven diaconates between which the ecclesiastical ad- 
ministration of the city was divided, together with the seven 
subdiaconates auxiliary to them. Two events, moreover, which 
took place under Fabian provide further evidence of the Roman 
see's pre-eminent authority in the church: (1) when the bishop of 
Lambaese (modern Lambessa), in Africa, professed doctrines 
which an African council found to be heretical, his teachings were 
censured not only by his metropolitan, the bishop of Carthage, 
but also by Pope Fabian, in a stern letter; and (2) when Origen 
was accused of heterodoxy and found guilty by his bishop, Deme- 
trius of Alexandria, he sent a memorandum on his doctrine to 
Fabian in order to clear himself. 

The election of a successor to Fabian was delayed for 14 months 
because of the Decian persecution; and when it took place the 
election gave rise to a schism. While the majority of the votes 
were for the priest Cornelius, a minority of the faithful declared 
itself in favour of another priest, Novatian. Novatian (q.v.) 
had a high reputation as a learned theologian and was an un- 
compromising champion of rigorism in church discipline who re- 
fused to admit the /apsi (i.e., those who had lapsed from Christian 
practice during the persecution) to the sacrament of penance, A 
synod convened by Cornelius in 251 was attended by about 60 
bishops, and sentence of excommunication was passed on Novatian 
and his adherents. 


TanLE Il.—The Papacy From Zephyrinus to Miltiades 


c. 199-217 Zephyrinus 254-257 Stephen T 
217/218-222 Calixtus I 257-258 Sixtus IT 
217/218-235 Fi E antipope 280-268 Dionysius 
222-230 Urban 1 269-274 Felix T 
230-235 Pontianus (d. in exile) 275-283* — Eutychianus 
235-2036 Anteros 283-2060" Gaius 
236-250 Fabian 296%-304 — Marcellinus 
251-253 Cornelius с. 308-c, 309 Marcellus I 
251 Novatian, antipope, (c. 309-310) — Eusebius 
expelled (d. c, 288) 311-314 Miltiades 
253-254 Lucius I 


*Dates uncertain. 


In his struggle with the extremists Cornelius had the support 
of St. Cyprian, bishop of Carthage, himself confronted with an 
analogous but converse problem in his own diocese, where he had 
to resist a movement toward extreme laxism. Their mutual sup- 
port enabled Cornelius and Cyprian to prevail over their opponents 
(though the Novatianists remained for a long time in schism). 
The friendship of Cornelius and Cyprian is still remembered, and 
they are joined liturgically in a single feast. When the emperor 
Gallus inaugurated a new persecution, Cornelius was sent into 
exile, where he died in 253. 

The next pontificate, that of Lucius I, did not last long and 
this pope also had to go into exile. His successor was Stephen I, 
under whom occurred some important differences between Rome 
and Carthage, not without dramatic incident. Two Spanish 
bishops had lapsed, during the Decian persecution, to the extent 
of obtaining certificates of having made sacrifice to the pagan 
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gods, and had therefore been deposed by their colleagues; but 
when they appealed to Stephen (a step which seems to indicate 
that such a procedure of appeal was recognized as normal), the 
pope acquitted them. The rest of the Spanish episcopate, how- 
ever, was not ready to yield its point and raised the matter at the 
Council of Africa, at which St. Cyprian was presiding. Cyprian, 
who exercised considerable influence throughout the church in the 
west, confirmed the sentence of deposition. Stephen does not 
appear to have persisted in upholding the accused. 

Shortly afterward, Martianus, bishop of Arles, who shared 
Novatian’s rigorist opinions, was denounced as a schismatic by the 
Gallic bishops, who addressed their charges to Rome and to 
Carthage simultaneously. Cyprian wrote at once to Stephen, 
inviting him to instruct the Gallic bishops to depose Martianus 
and at the same time asking the pope to inform him of the name 
of the new bishop of Arles, so that the African bishops might know 
with whom they were to have relations. This implies that the only 
lawful bishop was he who was in communion with the ecclesia 
principalis, as Cyprian calls Rome (Letter lix). 

A. serious difference of opinion, however, was soon to arise be- 
tween Pope Stephen on the one hand and the African ‘episcopate 
and several Asian churches on the other. Rome and the majority 
of the other churches held that it was not necessary for con- 
verted heretics to be rebaptized and that all that was required for 
them was confirmation by the laying on of hands and anointing 
with chrism, whereas the Africans and the Syrians rebaptized. 
Cyprian having solemnly affirmed the rightness of rebaptism in a 
letter to the pope, Stephen replied that the Roman usage was the 
only lawful one and that all the churches should conform to it if 
they wished to remain in communion with Rome. Cyprian, and 
with him Firmilian of Caesarea in Cappadocia, took the view that 
unity of faith did not preclude diversity of usage and insisted on 
their own view of the matter in question, declaring at the same 
time that they did nót want to sever relations with Rome. The 
dilemma was resolved by Stephen's death, in Aug. 257. | (See also 
Cyprian, SAINT.) 

His successor, Sixtus II, was of a more conciliatory disposition. 
Encouraged by a letter sent to Stephen a short time previously by 
Dionysius of Corinth, he resumed relations with Cyprian.and with 
Firmilian. His pontificate came to a sudden end with his martyr- 
dom under the emperor Valerian in 258, and the next pope, whose 
name was Dionysius, sent a friendly message, together with 
a charitable contribution from Rome, to the Cappadocian Chris- 
tians when their country was suffering from the effects of a 
Persian invasion (259). 

The Roman Church’s claim to governing in matters of faith re- 
ceived a further strengthening during Dionysius’ pontificate. The 
bishop of Alexandria, whose name was also Dionysius, wrote a 
letter stressing the distinctness of the Persons of the Trinity to 
such an extent as almost to give the appearance of tritheism and 
unmistakably subordinating the Son to the Father. Protests and 
appeals against this doctrine were addressed to the bishop of 
Rome, and Pope Dionysius took immediate cognizance of the mat- 
ter, which became known as “the affair of the two Dionysii.” He 
condemned both the modalists, who denied that there was any 
real distinction between the Persons, and those who acknowledged 
three separate hypostases and considered the Logos to be a crea- 
ture. The Roman bishop spoke here as arbiter in matters of faith, 
and the bishop of what was then the most important Eastern 
Church accepted his decision without questioning his competence 
to pronounce judgment. (See also Dionystus, SAINT, the Great, 
of Alexandria.) 

Pope Dionysius died in Dec. 268. His successor Felix I re- 
ceived an acknowledgment of his authority from the emperor him- 
self. The occasion was the claim of Paul of Samosata, bishop of 
the important see of Antioch, to retain his bishopric even though he 
had been deposed by a council in view of his antitrinitarian heresy. 
The emperor Aurelian, having been asked to decide the question of 
legal ownership, gave his verdict that the rightful bishop and legal 
proprietor of the bishop’s residence was the one recognized by 
the bishops of Rome and of Italy (272). 

The immediate successor of Felix was Eutychianus, whose suc- 
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cessor was Gaius; but very little is known of these two 
even the dates of their pontificates being uncertain. The ner 
pope, Marcellinus, became bishop of Rome in 291 or in 296 and 


witnessed the end of a long period of tranquillity in a renewal gj | 
bloodshed under the emperor Diocletian. This was the last oficial - 


persecution of the Christians in Rome; and its aftermath was; 
long crisis in the government of the church. Marcellinus ap 
parently died a martyr’s death in Oct. 304, but may have’ showy 
some temporary weakness beforehand; the result was that thy 
church felt ill at ease after his death. Moreover, the persecution 
delayed the election of his successor till c. 308, when Marcellus] 
became pope. Consciences however were still troubled, agitation 
spread and Marcellus had to go into exile. The appointment oj 
Eusebius (c. 309-310) as pope failed to restore tranquillity and 
he too was soon exiled. Only with the election of Miltiades 
(Melchiades) in July 311 was peace restored. 

Throughout this early period, now drawing to its close, the 
bishop of Rome, despite trouble from within and from outside 
the church, had consistently exercised the role of principal герь 
sentative of the Christian Church. Whenever persecution had 
broken out, the first blows had been aimed at him; and on the 
other hand he had also received impressive marks of recognition, 
for instance from Aurelian. 

Furthermore, the fact that the leaders of Christianity, men 
such as Polycarp, Irenaeus and Origen, paid him visits and cot 
versely’ that the Roman Church sent letters оп doctrinal or dis 
ciplinary matters to the other churches bears witness to the spe 
cial authority of the Roman see as acknowledged by Christendom 
in its entirety, an authority experienced rather than formulated, 
actual rather than theoretical, unaffected, moreover, by the indi 
vidual character of those in whom it was personified. 

5. The Christian Empire and the Arian Crisis. —Two 
months before the accession of Miltiades, an edict of the emperor 
Galerius had put an end to the persecution of the Christians; next, 
Maxentius restored to Miltiades the church property that had 
been confiscated in the course of the persecution; and thet 
Measures were soon confirmed and amplified by the emper 
Constantine, in the measure known traditionally, though init 
curately, as the Edict of Milan. Constantine, indeed, prompll 
changed the whole imperial policy toward the church from one 0 
toleration to one of positive favour. (See CONSTANTINE.) A the 
same time, however, internal dissension broke out again № 
the church, The Donatists adopted an attitude of intransigent 
like that of Novatian and his followers and refused to absolt 
the Japsi of the late persecution. (See DoNATISTS.) Schism m 
sulted; and to put. an end to it Constantine called on Miltiades W 
settle the question. Miltiades held a council in the La 
palace, which the empress had just presented to him, and i 
Donatists were condemned (313). On their refusal to subi. 
Constantine summoned a larger assembly of churchmen {о 
(see ARLES, SyNop or). This council also failed to end the 
pute; its concluding letter to the pope, however, is yet апо. 
striking proof of the authority that he was felt to exercise. 
pope was not Miltiades but his successor Silvester I, 
pontificate saw the beginnings of the Christian Roman em 
Constantine showered favour after favour upon the church. : 
meant, however, that the church's independence was often 
dangered. Thus neither Constantine nor his immediate d 
sors gave any official recognition to the Roman bishops. рї б 
of authority over the whole church; and during the Arian ai 
the popes were only rarely accorded a pre-eminent role in 4 
There were, however, a few incidents of some significance. qut 

Silvester sent two legates to the Council of Nicaea (82906 dl 
they were treated with great honour and respect, thoug} it ed 0 
not preside at its debates. The next pope, Marcus, reign 
less than a year, but his successor Julius I reigned for 1 sh 
during which. he made his personality felt. During шер 
tion of Athanasius by the Arians, he acted decisively, "d 
Council of Rome (340) he insisted that the bishop of Al 


EM 4 eps jn 
was still in communion with him; and subsequently he d " 
the same view in a letter to the eastern churches, in P тшй 


over, he showed himself well aware of his primacy of J 


Popes, 
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At the Council of Sardica (342, or perhaps 343), the Western 
bishops, with whom the Eastern bishops had just broken off rela- 
tions, recognized the supreme authority of the bishop of Rome. 
‘The canons ‘of the council acknowledged that it was within his 

wer to annul any decision of the entire Catholic episcopate. 
(See COUNCIL: Councils to the 9th Century: Councils Between 
325 and 381.) These canons, it is true, were rarely applied in 

ractice, as the Eastern bishops, even when the schism was over, 

were reluctant to submit to Roman authority in matters of dis- 
cipline. In the West, however, the popes did not confine them- 
selves to declaring that a verdict ought to be reconsidered but 
exercised positive jurisdiction, as in the past. For instance, when 
the two Arian bishops Ursacius of Singidunum (modern Belgrade) 
and Valens of Mursa (modern Osijek, Yugos.) retracted their 
errors, the pope received them back into communion, thus abrogat- 
ing, on his own authority, the sentence of deposition that the 
Council of Sardica had passed against them. 

The glory of the papacy was somewhat diminished under the 
next pope, Liberius. Liberius persisted for a long time in the de- 
fense of Athanasius against the emperor Constantius, who wanted 
him to condemn the Alexandrian bishop. But after being exiled 
(355) to a place far distant from Rome, where Felix was made 
bishop instead, Liberius lost heart and agreed to sign certain 
formulas which, without disavowing the Nicene formula, never- 
theless emasculated it; and he also agreed to sever relations with 
Athanasius (for which he was to incur the reproaches both of 
Athanasius and of St. Hilary of Poitiers). Nonetheless, he was 
joyfully received by the Christian community on his return to 
Rome, while Felix had to flee to Porto, outside the city boundaries. 
Constantius, however, decreed that the two bishops should rule 
the Roman community jointly; but his orders were disregarded. 
The prestige of Liberius was nevertheless impaired, and he was not 
invited to the great council which met at Rimini in 359 to put an 
end to the Arian crisis; but this temporary humiliation served to 
prevent the papacy’s being involved in the council’s rather shame- 
ful capitulation to imperial despotism and in its compromise with 
heresy, Th 362, with his authority strengthened anew, Liberius 
received a delegation of Eastern bishops and prevailed upon them 
10 profess the Nicene faith and to anathematize the formulary of 
Rimini. The letters that he gave to them for 64 other Eastern 
ae entirely in accord with the program of reconciliation 
hin аң» was advocating, The eclipse of the papacy was 
4 E е curious phenomenon of the simultaneous occupation 
Fi е Roman see by two bishops lasted until 365, when Felix, 
Hs c quein Er Mee to the city, died. Liberius did 

€ him, dying in 366. 
us uana and Е a to 422.—The confusion 
Бу: тот these years of crisis was not at once allayed. The 
cessor to Liberius was the deacon Damasus, who had rejoined 
itai after a period of allegiance to Felix; but a party of 

А 5 objected to him and nominated another deacon, 
which A The result was another schism in the Roman Church, 
Eph ontinued for several years. Only after the secular power 
ius give up. m E MEX of the emperor Valentinian I, did 

e struggle. 
Onetheless, despite these disorders, the organic development 
өн Church continued. More places of worship were 

He the number of priests rose from 46 in the middle of 
feines КУ. to 70 at the end of the 4th (the number of deacons 
Which th limited to 7; though the patrimony of the church, of 
amasus 4 had charge, had been very much increased). 
ligious йа took a particular interest in the upkeep of re- 
е catac ings, made himself responsible for the restoration of 

le Bia (to which pilgrimages were then beginning to be 
Were of his ad metrical inscriptions put up in them. The words 
tithe w FS composition and not of very high poetic quality; 
amasian i, anship of the engraving was excellent, so that the 
ecupations ions have become famous. His intellectual pre- 
in the WA ound further expression in the interest that he took 
many res cal archives and in St. Jerome’s exegetical work. In 
Miltiag pects he was a great pope, reviving the traditions of 
©з and of Julius I; and in the termination of the Arian 
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crisis he played a very important part, Though the personal 
authority of St. Ambrose (q.v.) and his rank as bishop of Milan 
(at that time the seat of the imperial government in the West) 
seemed sometimes to overshadow the influence of the apostolic 
see or "chair" (sedes apostolica, as he himself called it), Damasus 
nevertheless secured Rome's position in the church—particularly, 
however, in the Western half of the empire. The synodal letter 
of the Council of Rome of 378 shows how Rome's jurisdiction ex- 
tended over the whole of the Western church, as based on an 
established tradition of authority. 

Siricius, who succeeded Damasus, does not seem to have been 
so great a man as his predecessor, but this makes the extent of 
his administrative activity all the more notable, He conferred on 
the bishop of Thessalonica powers which made him virtually papal 
vicar in eastern Illyria; he intervened at the Council of Toledo 
to arrange for the reconciliation of the penitent Priscillianist 
heretics of Spain with the church; he wrote likewise to the bishop 
of Tarragona on the reconciliation of converted Arians; and he 
stated the rules of church discipline on accession to holy orders 
when the Gallic bishops asked for his advice on the subject. 
These papal decisions are accompanied by the threat of sanctions 
against those who contravene them; and the letters of Siricius 
constitute the first decretals, whereby the Roman bishop made 
laws, as a sovereign, for the whole church in the West. 

If he did not do the same for the church in the East, he never- 
theless believed himself to be entitled to intervene in its affairs, 
For instance, it was his instructions to Theophilus, bishop of 
Alexandria, and to the Council of Caesarea (393) that made pos- 
sible the termination of the long-standing schism of Antioch (a 
product of the Arian controversy). Likewise, his arbitration was 
invoked, in 394, in a dispute within the Arabian church, on the 
subject of the bishopric of Bostra (modern Bozrah, Syria). It is 
well worth emphasizing here that it was to the pope that Syria 
and Arabia looked for a final judgment, despite the misunderstand- 
ings that were already dividing Rome and the East. It is equally 
important to note that the pope did not owe his primacy, as some 
writers have suggested, to the well-known rescript of the emperor 
Gratian. Gratian in fact proclaimed the authority of the Roman 
bishop in reply to a letter from the synod of 378; but the 
misnamed Decretum Gelasianum or "Gelasian decree," which 
really represents a motion voted by the Council of Rome in 382, 
proves that the church, less than five years after Gratian's rescript, 
held the primacy of Rome to be of divine, not of imperial, in- 
stitution, 

The following pontificate, that of Anastasius I, was short and 
uneventful. Pope Innocent I, Anastasius' successor, saw the sack 
of Rome by the Goths under Alaric; yet he maintained a firm 
hold on the church despite public calamities. He gave untroubled 
answers to the questions on matters of discipline that the Italian, 
Gallic and Spanish bishops addressed to him; he confirmed the 
privileges that his predecessor Siricius had bestowed on the bishop 
of Thessalonica, through whom papal control was thus exercised 
over the churches of Dacia and of Achaea; and when the emperor 
Arcadius, by an abuse of his power, deposed John Chrysostom 
from the see of Constantinople, he announced that he would re- 
main in communion with the wrongfully deposed patriarch and, in 
fact, refused communion to his successor throughout John’s 
lifetime. 

Finally, when the Pelagian heresy began to spread in Africa, 
the pope, notified by the synods of Carthage and of Mileve, 
condemned its sponsors, Pelagius and Celestius. On the re- 
ception of the letters from the apostolic see, St. Augustine 
preached a sermon in which he used the words: “The rescripts have 
arrived. The case is closed [Causa finita est]." 

The church was less fortunate in the pontificate of Innocent’s 
successor, Zosimus. The new pope allowed himself to encourage 
the ambitions of an intriguing megalomaniac, Patroclus, bishop 
of Arles, to the extent of appointing him as his vicar in Gaul on 
the ground of an alleged historical primacy of his see. This ill- 
inspired decision provoked a crisis in which all the churches of 
southern Gaul were shaken; and Proculus, the highly respected 
bishop of Marseilles, was pronounced deposed from his see, a 
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sentence that was not carried out. Furthermore, when the 
Pelagians appealed to him to reverse Innocent I’s decision, 
Zosimus seemed for a time to be ready to reconsider the matter; 
eventually, however, he confirmed the existing judgment. Even 
so, he disturbed the African episcopate by espousing the cause of a 
disreputable priest called Apiarius, who had been excommunicated 
by his bishop. This case too was unsettled when Zosimus—to the 
great relief of Africa and of Gaul alike—died. 

His death, however, was followed by the troubles of a double 
election. Boniface I, a saintly man, prevailed eventually over his 
rival Eulalius, with the support of the imperial court at Ravenna. 
He had then (1) to settle the affair of Apiarius, who was cleared 
of the sentence of excommunication but obliged to leave his 
diocese; (2) to deal with another African case, that of the bishop 
of Fessala, who was appealing against a sentence of the synod of 
Hippo (after inclining somewhat in the opposite direction, Rome 
seems eventually to have confirmed the sentence) ; and (3) to curb 
the pretensions of the bishop of Arles, who considered that the 
decision of Zosimus authorized him to ordain a bishop outside his 
own province. What was perhaps more important, Boniface had 
also to stand up against the Eastern emperor Theodosius II, who, 
in a rescript of July 421, had tried to deprive the bishop of 
Thessalonica of his privileges as papal vicar in Illyria. Boniface’s 
forceful protest, addressed to the Western emperor Honorius, 
promptly secured the withdrawal of this measure. Not long 
after this the pope died. 

7. The Nestorian Question.—Boniface was succeeded by 
Celestine I, formerly a deacon, whose pontificate began with a 
repercussion of the Apiarius affair. Apiarius, having made him- 
self objectionable in the city to which he had been transferred, 
had been forthwith excommunicated; he had then appealed 
again to Rome. Celestine agreed to hear his case, but the 
pope’s intervention was resented by the African bishops. Order 
was restored in the West when Apiarius frankly admitted his own 
unworthiness. In the East, however, the stage was being set for 
a tragedy in which the pope, in the interests of doctrine no less 
than of discipline, was bound to take an active role. 

The recently elected patriarch of Constantinople, Nestorius 
(q.v.), had advanced the doctrine that Mary ought not to be 
called “Mother of God" (Theotokos) but only “Mother of the 
Christ.” This appeared, at ‘least, to imply a denial of the truly 
divine nature of Jesus; and an impassioned outcry was raised in 
consequence. Celestine convened a council in Rome in 430, and 
this council instructed Cyril, the patriarch of Alexandria, to draw 
up an indictment of Nestorius and, in the event of his refusing to 
retract his doctrine, to depose him. This, under Cyril’s influence, 
was what the Council of Ephesus (431) in fact proceeded to do; 
and its work received the approbation of the pope, whose legate 
proclaimed his primacy over the universal church in terms that 
were to be echoed 14 centuries later, at the first Vatican council. 
Celestine’s letters to the bishops of the council, to the emperor 
Theodosius П and to the successor of Nestorius serve to empha- 
size the fact that the measures against Nestorius had received 
pontifical approbation. 

Unfortunately, however, the council had opened without waiting 
for the arrival of certain Eastern bishops, the most important of 
them being John of Antioch, whose see was ranked next after that 
of Alexandria in the East; and these bishops, whose attitude 
toward the rather ambiguous teaching of Nestorius was. less 
severe than Cyril’s, refused to associate themselves with the 
sentence passed against Nestorius in their absence and claimed, in- 
stead, to depose Cyril, on the ground that his condemnation of 
Nestorian doctrine amounted to a denial of the human nature of 
Christ, which, they said, was reduced by Cyril to a mere appear- 
ance of human nature. Cyril therefore excommunicated John of 
Antioch. This gave rise to a new schism, which was still unhealed 
when Celestine died (July 432). In 433, however, a reconcilia- 
tion was effected between the Antiochene bishop and the Alex- 
andrian, as a result of negotiations in which the tribune Aristolaus, 
representing the emperor, and Acacius of Berea, the senior Eastern 
bishop, had mingled persuasion with threats of force. 

Under Celestine’s successor, Sixtus ПІ, relations between Rome 


PAPACY 


and the East were on the whole undisturbed, though a minor ing, 
dent took place in 437, when a Constantinopolitan synod tried tg 
encroach on the rights of the Holy See in Illyria and on those of 
the patriarch of Antioch in the East. Sixtus had to remind th 
Illyrian bishops of their obligations toward his vicar in Thes 
salonica and drew the attention of Proclus, of Constantinople t 
established precedents. 

8. Leo I, the Early Monophysites and Chalcedon. Т, 
successor of Sixtus was Leo I, rightly called the Great, whos 
pontificate saw the primatial authority of the Roman see even 
more strikingly reinforced in consequence of a new doctrinal 
crisis. This crisis had its roots in the preceding one; its solution 
was a fitting culmination to the new pope's manifold achievement, 
which left a lasting mark on the church. 

The range of Leo's activity in.the West can be indicated by the ~ 
following summary. In Rom 
itself he denounced the Mari 
chaean heresy, which a numberof 
secret adherents were maintain 
ing. In the field of practical poli 
tics he persuaded Attila, who wis 
terrorizing northern Italy, to hall 
his march on Rome at th 
Mincio; and when Gaiseric, king | 
| of the Vandals, occupied th 
Eternal. City, Leo's intercession | 
saved it from sack, In Gaul be 
restored the organization of the 
church on its proper basis, check 
ing the ambitious but otherwise 
meritorious Bishop Hilary û 
tempt to revive the primacy й 
his see of Arles, but. recognizing 
his successor Ravennius as pol 
tifical vicar. In Spain he took 
measures against the Priscillianit 
heresy. For want of a cou 
the bishops of the Spanish prov 
inces of Tarraconensis, Lusitans 
Baetica and Carthaginiensis Wf 
required to sign a formulary 
Catholic belief, He also 
messages to the African bishops 
who were undergoing à savat 
persecution at the hands of the 
Vandals, In Illyria, the viet 
powers. of the bishop 0 
salonica were reaffirme l. 
the great victory of the papacy under Leo consisted in his ao 
cising his magisterium (“teaching authority”) in matters of fall 
not merely with the consent of the Eastern bishops but at 
invitation. N- 

Eutyches (q..), an archimandrite of Constantinople, in en Gd 
reaction against Nestorianism, had maintained that Christ a$ 
incarnate had not two natures but only a single nature 
the name, 'Monophysitism," given to this heresy; see MON ul 
sites), When Flavian, bishop of Constantinople; took # 
against Eutyches, controversy ensued, and the emperor gui 
dosius 1 summoned a council to meet at Ephesus ( 449) t0 
the question. Leo sent, representatives to this council am 
wrote a statement of Gatholic Christological doctrine in & ud 
known as the Tome, which he addressed to Flavian: , d í 
however, fell under the influence ofi Dioscorus, patriarch 0 #7 
andria, who supported the Monophysites; and it deposed mo 
and other bishops for refusing to come to terms with the od! f 
This conduct earned the council the name of “robber SJ 
latrocinium. On the appeal of the deposed bishops, Leo Poi 
the annulment of the acts of the latrocinium. by the Со (ж 
Chalcedon (451), where the Tome was triumphantly тей E 
Counc). The Eastern bishops, though they were ойе рой 
ready to do without the Holy See so long as they had no d 
need of it, yet had prompt recourse to it whenever adverse 
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reminded them of the advantages to be gained from its 
tion. They did not, however, regard questions of disci- 
questions of dogma in the same light. The 28th canon 
]cedon, in fact, on the basis of a canon of the Council of 
tinople of 381, departed from ancient tradition so far as 
accord to the bishop of Constantinople, as bishop of the new 
vital of the empire, a rank immediately after the pope and a 
itus nearly equal to his. Leo refused to give his approval to 
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` The Monophysite heresy was to raise its head again not long 
after Chalcedon, causing relations between Rome and the Eastern 

r s once again to deteriorate. For 20 years, however, 
there was to be no urgent call for Roman intervention in the East. 

Leo's successor Hilarius had a peaceful pontificate, occu- 
pied only with the further co-ordination of ecclesiastical affairs in 
Gaul, His aim was to revive (without actually using that expres- 
sion) the primacy of the see of Arles, the bishops of which had 
already been made pontifical vicars by his predecessors; but the 
bishop of the time, Leontius, showed himself to be in no hurry to 
assume the role designed for him, which, moreover, the prevailing 
quiet seemed to render somewhat supererogatory. 


Meu TABLE III.—T/e Papacy From 314 to 590° 
I Silvester I 483-492 Felix IIT 
Oct.) Marcus 492-196 Gelasius 1 
lulius I 496-498 Anastasius II 
iberius 498-514 Symmachus 
Felix IT, antipope 408-0. 505 Laurentius, antipope 
Damasus I 514-523 lormisdas 
Ursinus, antipope 523-526 ohn I 
Siricius 526-530 elix IV 
Anastasius I 530-532 Boniface IT 
Innocent I 530 (autumn) scorus, rival pope 
Zosimus 533-535 John Ш 
Boniface I 535-536 Apps I 
Eulalius, antipope 536-537 Silverius (deposed) 
Celestine I 537-555 Vigilius. 
Sixtus III 555-561 Pelagius I 
Leo I 561-574 john TII 
Hilarius 574-579 jenedict Т 
Simplicius 579-590 elagius 


19: The End of the Western Empire.—The next pope, 
Simplicius, had to turn his attention to the East again. The 
of Antioch was disputed between partisans and op- 
ponents of the Council of Chalcedon, and the Monophysite Peter 
us managed to make himself bishop of Alexandria. 
Simplicius. wrote to the emperor Zeno and to Acacius, bishop of 
ople; demanding the removal of Peter, but without 
‘uceess. In the West, meanwhile, he pursued the co-ordinating 
Policy of his predecessors by extending the regime of the vicariate 
ingen the bishop of Seville became the pope’s representative 
‘the Iberian peninsula, At the same time his pontificate saw 
рреагапсе of the Western Roman empire. | The boy 
"mperor Romulus Augustulus was deposed in 476; no successor 
‚Жаз nominated; and when the barbarian patricius 
cian") Odoacer, the real master of Italy, sent the imperial 
[en to Constantinople, the Eastern emperor seeméd to have 
Ome the sole rightful sovereign of the Roman world. This 
lion of the imperial power in the West served perforce to 
World the Prestige of the papacy throughout that half of the 
as ^l it had begun to emerge as the focus of authority 
p ¢ Constantine had left Rome for Constantinople. 
of 8 development made the choice of every new pope a matter 
ini greater importance than it had been in the past, when 
Mes, conflicts and even schisms calling for imperial inter- 
Mie sufficiently demonstrated how much was at stake. 
ра then had desired to see the’ procedure of election regu- 
; and after that pope’s death Odoacer’s representative an- 
master 2 the assembly of Roman senators and clergy that his 
ee Ould be consulted about the choice of the next pontiff, 
teover should be required to pledge himself not to alienate 
amount of the church’s patrimony (now grown to a considerable 
mini Рторепу), of which the pope was to be regarded as 
the new Or. Such were the circumstances. of the election of 
East, е ‚ Felix ПІ, who came of ап old Roman family. The 
an, Wever, was still the field in which the strength of the 
10, са to be most severely tested. и 
Acacian Schism.—Reaction against the legislation of 
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Chalcedon had come to a head, and the patriarch Acacius of 
Constantinople and the emperor Zeno could together find no 
better means of allaying the agitation than to promulgate an 
“edict of unification,” the so-called Henoticon (482), which, with- 
out explicitly abandoning the canons of Chalcedon, reverted to the 
Cyrillian theological formulas, omitted all reference to the two 
natures of Christ and, by implication, made the Tome of Leo a 
thing of the past. The pope could not allow the patriarch of 
Constantinople, supported by the emperor, to arrogate to himself 
the right of superseding the Council of Chalcedon. He therefore 
demanded an explanation of these proceedings and, when Acacius 
failed to provide one, pronounced sentence of deposition and ex- 
communication (484) against him. This meant another schism, 
which was to last nearly 35 years (484-518). 

Felix III died in 492, leaving unchanged the situation that had 
arisen from his condemnation of Acacius. His successor Gelasius I, 
who was of African origin, likewise failed to restore the union of 
Rome and the East but yet has an honoured place in the history 
of the papacy. He had an exalted idea of his mission and of the 
authority with. which he was invested by it; and his tone, in his 
correspondence with the emperors, anticipates that of the medieval 
popes in their contest with the heads of the Holy Roman empire. 
He wrote, in fact, on several occasions to Zeno's successor Anas- 
tasius I in the hope of persuading him to disavow Acacius and the 
Henoticon, reinforcing his letters with treatises on points of doc- 
trine; but all to no avail. He showed himself no less energetic in 
his resistance to the Roman aristocracy, a number of whom still 
clung to the;old pagan traditions. When some of these Romans 
tried to revive the festival of the Lupercalia, the pope expressly 
forbade Christians to take part in it. Gelasius, who died in 496, is 
remembered as a strong man whose personality enhanced the 
prestige of the apostolic see. 

The following pope, Anastasius II, used conciliatory language in 
the letter that he sent to the emperor—his namesake—to notify 
him of his accession. Indeed the tension between Rome and 
Constantinople appeared for a moment to have been eased to such 
a degree that some of the Roman clergy became alarmed at what 
they took to be a weakness on the part of the pope. Barely two 
years later the pope died (498), before any new development had 
taken place in Rome's relations with the East. 

Suspicion, however, had been aroused in Rome, and the conse- 
quences were serious, On the pope’s death two parties forthwith 
confronted one another: the one under the archpriest Laurentius, 
who favoured Anastasius’ policy of conciliation; the other, which 
was the larger, under the deacon Symmachus, The latter was up- 
held as the rightful pope by the Ostrogothic king Theodoric, who 
was then master of Italy; but the partisans of Laurentius would 
not abandon their case and brought charges of moral indignity 
against Symmachus, Theodoric, who was moreover an. Arian, 
claimed the right of judging the issue, but Symmachus would not 
acknowledge this right. The result was that the Roman Church 
was troubled by schismatic division for about ten years, though 
Symmachus was never dispossessed of his see; and these circum- 
stances did nothing to promote reunion with the East, Though 
the last years of his pontificate were calmer, peace had still not 
been wholly restored in Rome when Symmachus died (514). The 
lamentable schism between the two halves of the universal church 
likewise remained. 

11. Reunion of East and West.—Symmachus was succeeded 
by one of his deacons, Hormisdas, who had the double satisfaction 
of seeing both the remnant of schism eliminated in Rome and the 
reunion of Eastern and Western Christendom brought about. 

The pope's first approach to the emperor met with no success; 
but when Justin I had taken the place of Anastasius I on the im- 
perial throne, the situation changed altogether. Justin was per- 
sonally in favour of accepting the canons of Chalcedon explicitly ; 
and Christian opinion in Constantinople, weary of the prolonged 
schism, supported him in this view. He therefore welcomed the 
formulas drawn up by Hormisdas, which contained the words: 
“We desire in all things to adhere to the communion of the 
Apostolic See, wherein the whole and true solidity of the Christian 
faith resides, wherein religion is ever preserved immaculate.” 
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The pontifical enactment condemned Nestorius, Eutyches and 
Acacius and reaffirmed the faith as professed in the Tome of Leo. 
Thus ended the Acacian schism. 

12. Theodoric.—The reunion of Rome and the East and the 
restoration of peace between pope and emperor was a great 
achievement, but it had an unfortunate repercussion in the West: 
it put an end to friendly relations between the pope and the 
Ostrogothic king Theodoric, who was now no longer needed by 
the pope to support him against the emperor and who was bound 
to regard with mistrust the rapprochement between Rome and 
Constantinople. 

Theodoric’s hostility was made clear when Justin decided to 
deprive his Arian subjects of the use of their churches. On the 
death of Hormisdas (523), Theodoric forced the new pope, John I, 
to go to Constantinople to persuade the emperor to withdraw his 
edict, This was the first visit of a pope to Constantinople; John 
received a splendid welcome, and the edict was withdrawn at his 
request. The pope, however, of course refrained from asking 
that persons newly converted from Arianism should be sent back 
into heresy, as Theodoric had desired; and on his return to Rome 
he was thrown into prison, where he died in 526. Within four 
months the Arian king died also. 

Theodoric’s support probably helped to bring about the election 
of John’s successor, Felix IV; but the election received general 
approbation, and Felix’ short pontificate was a peaceful опе: The 
next two pontificates, that of Boniface II and that of John И 
(the first pope to take a new name on his accession), were like- 
wise short and for the most part uneventful, though Boniface was 
at first confronted with a rival pope, Dioscorus: The aftermath 
of the Monophysite crisis was however still to be felt. In Con- 
stantinople some of the Acoemeti, a group of monks who were 
reacting against tendencies represented by the so-called “Scythian” 
group, took up a Nestorian position and refused to accept the 
term Theotokos. Justin’s successor, the emperor Justinian I, 
whose lasting concern with theology arose from personal interest 
on the one hand and from recognition of its political importance 
on the other, accordingly invited the pope to condemn these 
Acoemeti (534). John had no choice but to comply with his 
demand. 

13. The Affair of the “Three Chapters.”—Yet more trouble 
was to arise from the persistence of Monophysitism. The emperor 
was anxious to win the adherence of the Monophysites at any 
price; his wife, the empress Theodora, had the interests of the 
Monophysites at heart; and in the resultant crisis the papacy was 
to undergo one of its most exacting trials. In the short pontificate 
of Agapetus I good relations were maintained between papacy and 
empire. Sent to Constantinople by the Ostrogothic king Theoda- 
had to dissuade Justinian from attempting the reconquest of Italy, 
the pope refused to enter into communion with the newly elected 
patriarch Anthimus, who had entered into communion with 
Severus, the notoriously Monophysite patriarch of Antioch; and 
on the withdrawal of Anthimus another patriarch was installed in 
his place. A council assembled in Constantinople then declared 
both" Anthimus and Severus officially deposed. By this time, 
however, Agapetus was dead; and the two following popes had to 
face the terrible difficulties that almost immediately ensued. 

Silverius, who spent only a short time on the pontifical throne, 
seems to have been the victim of Theodora’s resentment. Refus- 
ing her request to reinstate Anthimus as patriarch of Constanti- 
nople, he was accused of having collaborated with the Goths 
against the Byzantine general Belisarius, who had just reconquered 
Italy for the emperor. Brutally driven from his see, Silverius 
was deported first to Asia, then to the island of Palmarola; and 
the deacon Vigilius, whom the Byzantine court expected to be 
more accommodating, was made pope in his place. 

Vigilius had to sustain an attack that was pressed hard against 
him. At the instigation of Theodore Ascidas, bishop of Caesarea 
in Cappadocia, and in pursuance of his desire to satisfy the 
Monophysites, Justinian demanded the condemnation (1) of the 
writings and of the person of Theodore of Mopsuestia; (2) of 

Theodoret of Cyrrhus’ writings against Cyril of Alexandria; and 
(3) of the Letter to Maris of Ibas, bishop of Edessa. All three 
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of these writers were suspected of Nestorianism, and there w 
indeed ground for the suspicion; but it was open to questio 
whether it was right to anathematize men who had died at peace 
with the church and whose writings had not been condemned h 
the Council of Chalcedon. The ensuing controversy is known d 
« » Er 
that of the “Three Chapters,” a name that may originally hay 
referred to Justinian’s three condemnatory propositions but i 
here taken as applying to the three groups of writings condemned 
The Eastern bishops, then, agreed to the anathematization pë 
posed; and Vigilius, summoned to Constantinople, published a 
judicatum ( “verdict”) censuring the “Three Chapters.” This 
however, caused such an outcry in the West, where some bishops 
actually broke away from communion with the pope, that Jus 
tinian decided to convene a general council; meanwhile thing 
should remain as they had been before. Nevertheless, without 
waiting for the council to assemble, Justinian repeated his con 
demnation of the “Three Chapters"; whereupon Vigilius decided 
to sever relations with him. For his personal safety Vigilius took 
refuge first in a sanctuary in Constantinople, then at Chalcedon; 
and from Chalcedon he issued censures against Theodore Ascidis 
against the patriarch Mennas and against certain other bishops 
who shared their views. The council, however, opened without 
the pope and confirmed the sentence passed against the “Thre 
Chapters." The pope's constitutum (“resolution”) of May M, 
553, withheld ratification of this measure but that was not his last 
word. Comforting himself with the thought that neither Theodor 
of Mopsuestia, Theodoret nor Ibas had been altogether beyond 
reproach, Vigilius succumbed to lassitude, to homesickness, to the 
appeals of the Romans for his return and to the ill treatment тей 
out to him by Justinian. He signed a second constitutum (Feb.13, 
554) which revoked the first and gave pontifical approbation 0 
the council's verdict. 

This act of weakness, extorted in circumstances that might be 
held to invalidate it, in fact did no more to impair the purity of 
the faith than the weakness of Liberius had done 200 years before) 
but its consequences were no less serious. A number of Westen | 
bishops felt that a blow had been dealt against the Council ol 
Chalcedon and, in Africa and in Illyria especially, broke away from 
communion with Rome, grouping themselves round the metum, _ 
tan of Aquileia, to whom they gave the title of patriarch. } 
“schism of Aquileia" was to last well into the following centur 

14. Temporal Power and the Protection of Italy 
moral authority of the papacy, then, had suffered a consider | 
setback, and Justinian’s “pragmatic sanction" of 554 may Bm 
been intended as a measure of compensation for it. By this 
the emperor acknowledged, confirmed and increased the tempi 
power of the pope, who was henceforth to have a voice M | 
nomination of the governors of the Italian provinces ol 
empire and to participate in the control of their finances: . 
pope became the official protector of the civil population а 
the depredations of the military, against extortion by the tax 
lectors and against abuse of power by the administration. 

The successor of Vigilius was Pelagius I, who made resolute 
of the pope’s new rights, organizing the temporal governmen tie 
the territory over which he was actually sovereign and жш 4 
papacy on the road to real political power. This power V 
grow so rapidly that Gregory the Great could write, à e. "n 
later: “I should like to know whether the pope, in this Wor 
spiritual leader or a temporal king." sions v 

The papacy was thus faced with new problems. Conditi 
no longer the same as they had been while the pope and va 
stantinopolitan emperor were opponents. In this latter par jut 
6th century the pope was to be concerned more Witè "ig 
against the danger of barbarian invasion and with the pro T 
of the peoples of Italy than with his function as spiritu: 
the universal church. шү 

The pontificate of Pelagius’ successor John III saw the Ti 
of the Lombards, who overran the northern half of the p 
peninsula, captured Ravenna and threatened both Row шй 
ples. In the face of such а danger, it was doubtful whet iy 
real help could be expected from Constantinople, distant КШ 
and now weak itself. Yet the emperors persisted in t eir 
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be the guardians of the papacy. When John III died, Rome had 
to wait for ten months before the emperor ratified the election of 
“the new pope, Benedict I, whose consecration had therefore to be 
deferred all that time. 
- Pelagius II succeeded Benedict in 579. Under him the papacy 
| to look in a new direction for a safeguard against the new 
danger that was threatening both the Holy See and the Italian 
‚ for whom the popes now felt themselves more than ever 
sible. 

The supreme shepherd of the church in the latter half of the 
6th century could hardly have hoped for anything more fortunate 
than the conversion of the Visigothic rulers of Spain from Arianism 
to Catholicism, which in fact took place during Pelagius’ pontifi- 
cate, But Pelagius also saw that the Lombard danger was assum- 
ing ever more threatening proportions. He decided, therefore, to 
turn to the Franks, who had been Catholies since the time of 
Clovis. In a letter to the bishop of Auxerre he declared that it 
was the duty of the Franks, as true believers, to defend Rome and 
Italy against the “deathly race" of the Lombards. The emperor, 
himself of little use as a protector, was persuaded by Gregory, 
the pope's apocrisiarius (“nuncio”) at Constantinople, to give his 
consent to Rome’s appeal to the Franks, to whom, moreover, sub- 
Ee granted. Halted in their advance, the Lombards took 
up a defensive position, 

When the Franks withdrew and the Lombards became threaten- 
ing again, Pelagius made another appeal to the emperor. The ex- 
M мей imperial representative in Italy, then set himself 

Tenew the understanding with the Franks, whose support now 
AR essential to the independence of the papacy. This under- 

Ing was afterward to be even closer. 

The papacy, however, had undergone many changes of fortune, 
faced many external dangers, experienced several schisms, felt 
the abuse of imperial power and been subjected to frustration, to 
Coercion, to acts of war and to the effects of desertion; and its 
prestige had not escaped unimpaired. In Pelagius' time, though 
the reigning emperor Maurice was himself well disposed and rea- 
Sonable in his attitude toward Rome, a dispute arose with regard 
tothe claim of the bishop of Constantinople to the title of ecu- 
menical patriarch, which his predecessors had assumed at the time 
Of the schism of Acacius and which seemed. to make him the equal 

the pope, if not his superior, since the pope had never claimed 
that title. Pelagius protested, but Maurice did nothing to make 
the patriarch John the Faster drop the title, and the pope died 
without getting satisfaction on the matter. 
ey Pelagius’ apocrisiarius at Constantinople, was elected 
$ Succeed him (590). As Leo Iin the 5th century, so likewise was 

Tegory to win the title of "the Great,” as one who had not only 
ae ancient authority of Peter's see but added new splen- 
Mehr . His election constitutes an epoch in the history of the 
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od Gregory the Great and His Successors—St. Gregory I 
a5 one of the most important popes in the history of the papacy. 
E of unusual interest because he is, with St. Leo the Great, 
© first pope of whose correspondence more than fragments have 
eae His letters concern all areas of papal influence 
urnish a historical basis for a judgment of papal action. 
Metropolitan of the Roman ecclesiastical province, Gregory 
OPE his suffragan bishops to three councils, in 591, 595 
the bi x He also kept undet close observation the elections of 
Showed ops immediately subject to him. As bishop of Rome he 
clerics; his interest in the spiritual welfare of both laymen and 
of the liá is homilies on the Gospels and his initiatives in the field 
ота iturgy are the abiding proofs of this. By the year 600, the 
n Church had become one of the great property owners in 
th Jı and Gregory's correspondence shows how he administered 
P». holdings, 
had rd the second half of the 6th century the Lombards (9.0.) 
Rates Sake large sections of Italy, and by 592 they were at the 
Approach Ome. The representative of the empire had fled as they 
ched, leaving Gregory to organize the defense. In 593 the 
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pope succeeded in buying off the Lombards by agreeing to pay an 
annual tribute. Although in this Gregory and those of his succes- 
sors who were forced to take similar action did not aim at separat- 
ing themselves from due dependence on the emperor, the result 
was that the people of Rome and the surrounding regions could 
not but look to the popes as their real protectors and rulers. 

In the correspondence of St. Gregory, his action on the church 
as a whole is also visible. As patriarch of the West, he was the 
immediate ecclesiastical superior of the archbishops of Milan, 
Ravenna and Aquileia in Italy; of all those of Greece, the western 
Balkans, Spain and Gaul; and of all those of Africa outside the 
patriarchate of Alexandria. In many instances the invasions of 
the Germanic tribes had disrupted relations between these prelates 
and Rome. Gregory tried to re-establish communications, and 
this brought him into relationship also with the Visigothic rulers 
of Spain and the Merovingian rulers of Gaul. 

Gregory had occasion to demand the rights which were his as 
universal primate. In addition to protesting the assumption by 
John the Faster, patriarch of Constantinople, of the title of ecu- 
menical patriarch, Gregory dared to oppose the emperor Maurice 
when he forbade soldiers and officials to enter the clergy or the 
monasteries. Gregory also showed interest іп the missions, his 
most important step in this area being that which led to the depar- 
ture in 596 of 40 missionaries for England. 

Gregory's attitude toward the emperor was similar to that of 
most of the popes of the 6th, 7th and early 8th centuries. He had 
served for a time as papal representative at Constantinople under 
his predecessor, Pelagius II, and seems to have accepted the domi- 
nation of the church by the empire without question. The election 


TABLE IV.—The Papacy From 590 to 752 


590-604 Gregory I 678-681 Agatho 
601-606 Sabinian 682-683 Leo Ut 
607 (Feb.-Nov.) Boniface III 684-685 Benedict II$ 
608-615 Boniface IV 685-686 John V 
615-618 Deusdedit (otherwise | | 686+687 Conon 

called Adeodatus I) | 687 (Sept) Theodore and Paschal, 
619-625 Boniface V rival antipopes 
625-638 Honorius I 687-701 Sergius 1 
640 Severinus* 101-705 Joha VI 
640-642 John IV 105-707 ohn VII 
642-649 ieodore T 708 (Jan.-Feb.) Sisinnius 
649-655 Martin I (d. in exile) || 708-715 Constantine 
651-657 Eugenius I 715-731 Gregory П 
657-672 Vitalian 731-741 Gregory III 
672-676 Adeodatus (II) 741-752 Zacharias 
676-678 Donus 752 (March) Stephen II 

(d. unconsecrated) 

"Elected in 638; consecrated 640. {Elected in 681. — Elected in 683. 


that made him pope was, as Justinian the Great had made it, sub- 
ject to ratification by the emperor. Gregory, who feared the 
burden of the papacy, wrote to the emperor Maurice asking him 
not to approve. But Maurice approved and Gregory reluctantly 
assumed the papal office. 

The short reigns of Sabinian and Boniface III were followed by 
that of St. Boniface IV, during which a controversy on the ques- 
tion of Easter arose between St. Columban, Irish missionary to 
the continent, and the bishops of Gaul. Columban defended his 
position in a letter to the pope and apparently received the appro- 
bation of Boniface. 

2. Monothelite Controversy.—After short reigns by Deus- 
dedit, about whom little is known, and Boniface V, remembered 
chiefly for his assistance to the Christian mission in England, came 
that of Honorius I, who modeled his pontificate on that of Gregory 
the Great. He too pushed the evangelization of the Anglo-Saxons, 
bestowing the pallium on Honorius of Canterbury and Paulinus of 
York. He also strove to advance the conversion of the Lombards, 
Praised in his day as a distinguished pontiff, Honorius was subse- 
quently much damaged by his intervention in the Monothelite con- 
troversy, when he approved a formula similar to the heresy. (See 
MoworHELITES.) This later led to sharp dispute on his orthodoxy, 
on the meaning of papal infallibility and on the relationship be- 
tween the popes and general councils. Honorius was condemned 
by the sixth general council (Constantinople, 680-681 ), a condem- 
nation accepted by Pope Leo II (682) in the sense that “Honorius 
did not brighten the apostolic see by teachings in accord with apos- 
tolic tradition but by unholy betrayal allowed the immaculate faith 
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to be stained." Honorius’ questionable orthodoxy was brought up 
again at the first Vatican council (1869-70) by opponents of 
papal infallibility. His defenders deny that the statements of 
Honorius on this question were official, binding the whole church, 
and maintain that his teaching was imprudent rather than heretical. 

The successors of Honorius refused to accept his doctrine on 
the question and condemned Monothelitism, a position that caused 
strained relations between Rome and Constantinople for several 
decades. Pope Severinus’ refusal to accept the Monothelite Ecthe- 
sis (638) of the emperor Heraclius (g.v.) led the emperor to re- 
fuse to ratify his election for almost two years; John IV condemned 
the doctrine; and Theodore I was engaged in disputes on the 
subject. But it was St. Martin I who was the real victim of the 
Monothelite controversy. After his election but before he had 
received the approbation of the emperor, Martin issued in the 
Lateran synod of 649 a condemnation of the heresy. The emperor 
Constans II immediately ordered his arrest; he was taken to Con- 
stantinople (654), condemned for treason and exiled to the Crimea, 
where he died after the election of his successor, St. Eugenius I. 
Eugenius, in spite of pressure from Constans, refused to recognize 
the Monothelite patriarch of Constantinople. His successor, St. 
Vitalian, was more conciliatory toward the emperor. Adeodatus 
took little part in the struggle, which was finally brought to a close 
by the third Council of Constantinople (680—681) during the reigns 
of the emperor Constantine IV and Pope Agatho. 

3. End of the 7th Century.—The last pope of the century, 
St. Sergius I, ruled 14 years. After Pope Conon's death (687), 
the Roman populace proceeded to enthrone two popes, the arch- 
deacon Paschal and the archpriest Theodore. The higher clergy, 
however, with the support of the army, resisted these attempts and 
elected Sergius, who soon received the submission of his rivals, the 
only antipopes of the century. Sergius, however, had to pay to 
the representative of the Eastern emperor the sum Paschal had 
promised in case he obtained the papal throne. 

When the emperor Justinian 11 demanded the approbation of 
the Trullan synod of 692—convoked by the imperial government 
and unattended by any papal representative—whose decrees accen- 
tuated the growing difference between Eastern and Western prac- 
tice and would have placed Constantinople on a level with Rome 
ecclesiastically, Sergius refused. He was saved from the fate of 
Martin I only by the intervention of the Roman populace. Sergius 
was also interested in the kingdom of the Franks: at the request 
of Pepin II of Heristal he consecrated St. Willibrord archbishop of 
the Frisians (695). Sergius had occasion likewise to deal at times 
with the Anglo-Saxon heptarchy: he baptized Caedwalla, king of 
the West Saxons, and ordered St. Wilfrid of York restored to his 
see; he also seems to have approved Brihtwald (Beorhtweald) as 
archbishop of Canterbury and primate of all Britain. 

Gregory I, Honorius I and Sergius I were the important popes 
of the 7th century, Gregory far surpassing the other two. The 
papacy was oriented toward Constantinople, whose emperors, while 
they had the right to ratify the election of the popes, were not able 
to impose their ecclesiastical policies оп Rome, as the troubles 
of the century show.. The power of Constantinople, indeed, was 
on the decline—partly because of the challenge of the Muslims— 
anda new Christian power was coming into its own in the Frankish 
kingdom. Culturally, socially, politically, ritually and, at times, 
in religious matters, East and West spoke quite different languages; 
the easterners were contemptuously referred to as Greeks; and it 
was in the 7th and early in the 8th century that Romanitas acquired 
the suggestion of antithesis to Byzantinism or Grecism which was 
to become such a vital element in the making of Latin Christendom. 
Latinitas and Romanitas came to signify the same thing, denoting 
on the one hand a religious attachment to the Church of Rome 
and on the other a kind of historic superiority to Constantinople, 
an upstart city without historic roots. 

At the same time, the frequent pilgrimages to Rome of young 
and virile western potentates (especially of the English), the mis- 
sionary work undertaken by the Anglo-Saxons and the genuine 
veneration of the deeply religious Germanic nations for St. Peter 
and for his vicar could not but demonstrate to the papacy that, 
while the East exhibited all the characteristic features of Caesaro- 
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papism and hence hostility toward the Roman Church, the West 
was demonstrative in its manifestation of loyalty to the see of 
Peter. 

Harsh and unjust taxes levied by the imperial regime in Italy, 
a corrupt officialdom and an ineffective administration increased 
the popular resentment. As a result of the moribund regime jy 
Italy the popes had steadily assumed a leading role in the affairs 
of the peninsula. Rome as a historic and ecclesiastical centre came 
more and more to the fore; it became the rallying focal point, 

4. Early 8th Century.—The popes of the early years of the 8th 
century, still dominated by Constantinople, were often at odds with 
the emperors. John VI, because of Italian military support, was 
able to maintain his position despite the emperor Tiberius III and 
his exarch Theophylact, John VII, who improved papal relations 
with the Lombards, endeavoured to maintain peace with the em. 
peror Justinian II, who had regained the throne and was again 
seeking the confirmation of the Trullan synod; by returning the 
council’s decrees without decision. Pope Constantine was sum. 
moned to the East but was received with flattering honours at 
Nicomedia, and the conferences that followed passed off amicably, 
Justinian II was again overthrown by Philippicus, a Monothelite, 
in 711. Constantine rejected the Monothelite heresy and was 
saved from further trouble when the emperor Anastasius II re 
stored orthodoxy in 713. 

The pontificate of St. Gregory II launched the troubled period 
that ended in papal independence from the East. The event that 
initiated this development was the iconoclastic decree of the em. 
peror Leo III the Isaurian (726). (See also BYZANTINE EMPIRE} 
ICONOCLASTIC CONTROVERSY.) Imperial taxation of papal proper 
ties in Sicily was also of some importance in the widening rupture, 
Papal protests against the Isaurian emperor, who had stopped the 
Muslim advance in the East: аз Charles Martel was to do in the 
West, led to a rising in the duchy of Rome. Although Pope 
Gregory II wished to maintain the status quo, Rome and other 
cities refused to deal with the emperor, considering themselves 
subjects of the Holy See; Gregory accepted a kind of sovereignty. 
His fear of Constantinople and of the Lombards led him to appeal 
to the Frankish leader Charles Martel for help. The appeal was 
vain, but it pointed to the future. 

Gregory III, succeeding Gregory II, after an attempt to reach 
an understanding condemned iconoclasm. The emperor Leo L 
retaliated by confiscating the property of the Roman Church in 
his domains. Probably also during his reign the churches of south: 
ern Italy, Sicily, the western Balkans and Greece were remove 
from the jurisdiction of the Roman patriarchate and subjected ® 
Constantinople. In his troubles with the Lombard king Liudprant, 
Gregory III, like his predecessor, appealed (739) to Charles Mar 
tel, who again gave no military aid but was able to act as mediator 
between the pontiff and the Lombards. the 

St. Gregory III’s pontificate has been described as one of 
most critical in the history of the papacy. The iconoclasm 9 f 
emperor undermined the papal position in the empire while the i 
of Frankish power seemed to offer hope of security for the thro 
of St. Peter. The popes, however, cannot be said to havo 
responsible for the revolution. Rather, the emperor Leo Ш, 
his policies, forced them to look elsewhere for support. ad 

Zacharias initiated a policy of conciliation with the Lom 
kingdom in Italy while endeavouring to turn its rulers ae 
conquest of the Byzantine exarchate of Ravenna, showing, we 
in this a friend of the empire. (See RAVENNA, EXARCHATE v 
He had also announced his election to the emperor Constant y 
Copronymus, with whom he was able to maintain friendly ге a 
because during his early years Constantine was more 0 
with securing his imperial position than with promoting icono Po 

5. The Carolingians and the States of the Church tt 
Zacharias, who had supported the activities of St. Boniface i 
forming the Frankish church, was on) terms of cordial frie fron 
with the Frankish kingdom. In 750 an embassy arrive it vé 
Pepin the Short, son of Charles Martel, to ask Zacharias 1 rovi 
right that men who had no royal power (i.e., the puppet d that he 
gian kings) should have the royal title. Zacharias replie ors d 
who exercised royal power (in this case, the Carolingian may 
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the palace) should also be called king. As a result of this decision 
Pepin during the winter of 751-752 had himself proclaimed king 
and relegated the last of the Merovingians, Childeric IIT, to a 
monastery. Pepin had scrupled to take away from the last de- 
scendant of Clovis his last possession, an empty title. Zacharias 
freed the prince from this scruple. (For the history of the sup- 
planting of the Merovingian dynasty, see CAROLINGIANS; MERO- 
WINGIANS; Mayor OF THE PALACE.) Whether or not the reply of 
the pope was influenced by his own position is not known; but in 
the duchy of Rome and to a lesser degree in some of the other 
Byzantine possessions in Italy, Zacharias (like the mayors of the 
palace) held the power while the distant emperor had the title. 

Under Stephen II (III) the course of events led rapidly toward 
papal independence from Constantinople. The Lombards took 
over most of the Byzantine possessions in Italy, Ravenna falling 
¢. 751. Their aim was now to make Rome the Lombard capital. 
Since the emperor Constantine V could do nothing to prevent them, 
Stephen II crossed the Alps, the first pope to do so, and prevailed 
upon Pepin the Short to come to his assistance in 754 (when he 
anointed him as king) or 755 and again in 756, Pepin, more- 
over, gave the territories he won from the Lombards to the pope 
and thus laid the foundation of the States of the Church; Stephen 
ЇЇ was the first pope to be also a temporal sovereign. The role 
of protector of the papacy had passed to the Frankish ruler. 
Paul I, Stephen’s brother and successor, informed Pepin of his 
election, as his predecessors had informed the emperor, but did 
not ask for authorization to be consecrated. 

Few episodes in history have given rise to more discussion than 
the so-called Donation of Pepin, and few episodes can have been 
of more momentous consequence than the creation of the papal 
state, The papacy had freed itself from the shackles of the im- 
petial regime at Constantinople and emerged as a nearly indepen- 
dent entity. The constitutional change was accompanied by the 
introduction of a number of institutional changes in the second 
half of the 8th century. The decree of the Lateran council of 
169, by which an attempt was made to regulate the election of the 
Pope by confining the office to cardinal deacons and cardinal priests 
and excluding the laity from the election, was to be the model for 
the later and more permanent procedure. The dating of papal 
documents according to imperial years was abandoned. The popes 
began to strike their own coins. 

к The Western Empire and Emancipated Papacy.—The 
tief reigniof the antipope Constantine II showed that the papacy, 
Tore become: a throne, was now coveted by temporal rulers. 
oto, duke of Nepi, thrust his brother Constantine, a layman, into 
the papal office, With the Lombards’ heli Constantine was de- 
throned and cruelly treated. But when Hs Lombards tried to en- 
(V) their own man, Philip, he too was ejected. Stephen III 
notified Charlemagne and Carloman, the sons and successors 

0 i Benet and tried to prevent an alliance between 
Tankish an Lombard kingdoms. Unsuccessful, he accepted 
Eo the Lombards (771) that led to the murder of the 

party in Rome. 

€ next two popes, Adrian I and St. Leo III, together ruled 

Years and were the pontiffs of the time of Charlemagne. Adrian 

E Ee with the support of the Frankish party at Rome. 

" high ess eg of impressive presence, he did NS 

or, Mc edes f m pedo i Av eae 

Be begins eed of much forbearance. , ay 

td ki ginning of Adrian’s pontificate, Desiderius, the Lom: 
sions, E protesting friendship, attacked the papal posses- 
Bello of 773-374 putas end tr te Lombard kingdom and 
i M Confirmed (774) the Donation of Pepin. Adrian re- 
^ aithful to his alliance with the Frankish ruler, who in re- 

А B cibmission to his policies, going so far as to interfere 
Peal from alan of the States of the Church and to accept ар. 
Ware of h, pal subjects, Despite this, Adrian I was increasingly 
Standin 5 independence. Theologically, however, the under- 
dri E was better with Constantinople than it-was with Aachen. 
dl (Nic e med the decisions of the seventh ecumenical coun- 
a, 787). which condemned iconoclasm. The Council of 
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ALINARI 
POPE LEO 11! (LEFT) RECEIVING FROM ST. PETER (CENTRE) THE PALLIUM, 
SIGNIFYING SPIRITUAL POWER, WHILE CHARLEMAGNE (RIGHT) RECEIVES THE 
STANDARD, SIGNIFYING SECULAR POWER. FROM AN 8TH-CENTURY MOSAIC 
IN THE BASILICA OF ST, JOHN LATERAN, ROME 

Frankfurt, called in 794 by Charlemagne, rejected Nicaea without, 
it is true, fully comprehending its decrees; the faulty Latin trans- 
lation indicated that icons were to be worshiped. (See COUNCIL.) 
Despite this and other disagreements, however, the pope and king 
represented for over 22 years the medieval ideal of union of 
church and state in a united Christendom. 

Adrian I died Dec. 25, 795, St. Leo III was consecrated Dec. 27. 
He informed Charlemagne of his election, sent him the keys of 
St. Peter's tomb and the flag of Rome, and asked him to send a 
representative to receive the oath of fidelity of the Romans. The 
Frankish sovereign replied with benevolence and outlined a pro- 
gram for the pope. Though Charlemagne recognized the church 
of Rome as superior to all other churches, he considered himself 
Christendom’s head, to whom the pope had to listen, even in mat- 
ters theological. Leo III, who saw in Charlemagne another Con- 
stantine, accepted his domination with better grace than Adrian I 
had done. This is perhaps explained in part by the circumstances 
of Leo’s reign. 

During his early years, Leo III seriously offended some mem- 
bers of the curia, notably the supporters of Adrian I. In the spring 
of 799, he was assaulted and was half dead when rescued, Leo 
went for help to Charlemagne, at Paderborn. Letters, in the mean- 
time, had reached the king accusing the pope of grave crimes— 
adultery and perjury among others. Charlemagne sent the pope 
back to Rome accompanied by ecclesiastics who were to investi- 
gate the charges. At an assembly convoked by the king at St. 
Peter’s in Rome, Leo cleared himself by asserting his innocence 
in a solemn oath on Dec. 23, 800. Two days later the coronation 
of Charlemagne as Roman emperor took place in St. Peter's. His- 
torians disagree about the circumstances of the coronation. It is 
impossible to accept the tale that it took Charlemagne by surprise 
and even displeased him. In any event, the coronation symbolized 
the severance of the empire, which was now two empires. And 
the papacy was allied with the Western. 
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The coronation of Charlemagne as “emperor of the Romans” by 
Pope Leo III can be regarded as the final step in the achievement 
of independence by the papacy. Charlemagne had not only vastly 
increased the Frankish territory by military conquest but had also 
crushed all further resistance on the part of the Lombards by in- 
corporating their kingdom into his own. He was one of those 
medieval rulers to whom Christianity was a motivating force in all 
his governmental actions; and hand in hand with this went his 
profound devotion to the Roman Church as the see of St. Peter 
in matters of doctrine. 

Nevertheless, while the coronation can be regarded as conclud- 
ing the process of papal emancipation, the papal interpretation of 
it, according to which, since there was only one emperor of the 
Romans, the Eastern empire could no longer be in legitimate exist- 
ence, did not meet with Charlemagne’s approval; it would have 
involved him in a serious conflict with Byzantium, with which he 
wished to live in amity. Charlemagne therefore gave the corona- 
tion a purely religious meaning. He came to hold himself as an 
emperor of the Roman Christians, since to him imperium Ro- 
manum and imperium Christianum were the same thing. Although 
from a practical standpoint this Christmas episode had little effect 
on the contemporary scene, it nevertheless set a powerful historical 
precedent which later was endowed with an importance quite out 
of proportion to the actual result, (For the history of the period, 
see further CHARLEMAGNE; Hoty ROMAN EMPIRE.) 

When Charlemagne died in 814, the old hatred of the Roman 
nobility against Leo III reasserted itself. He had a number of 
conspirators executed but submitted an account of this action to 
Charlemagne’s son and successor Louis I the Pious. Leo died not 
long afterward on June 12, 816. 


TABLE V.—The Papacy From 752 to 900 


152-151 Stephen II (III) 855 Anastasius Bibliothecarius 
751-167 Paul I of San Marcello, antipope 
767-768 Constantine 11, antipope | 858-867 Nicholas I 
768 July) Philip, antipope 867-872 Adrian IL 
168-172 Stephen ШІ (IV) 872-882 John УШ 
112-195 Adrian 1 882-884 arinus I (miscalled Mar- 
795-816 Leo III tin II) 
816-817 Stephen IV (V) 881-885 Adrian Ш 
817-824 Paschal 885-891 Stephen V (VI) 
824-827 Eugenius II 891-896 Formosus 
827 (Aug.- 896 (April) Boniface VI 
Sept.) Valentinus 806-807 Stephen VI (VII) 
827-844 Gregory IV 897 (Aug.— 
$44 (Jam) John, antipope Nov.) Romanus 
814-847 Sergius II 897 (Nov. 
847-855 Leo IV Dec.) Theodore II 
855-858 Benedict III 898-900 John IX 


T. Early 9th Century.—The short reign of Stephen IV (V) 
is remarkable for the deference shown by the pope to the emperor 
Louis I the Pious. Stephen IV had the Roman people take an oath 
of fidelity to Louis, informed the emperor of his election and asked 
to meet him in Gaul. Equally important, however, is the fact that 
at Reims in Oct. 816 Stephen crowned Louis and his consort as 
emperor and empress; at this time also occurred the first anointing 
of the emperor by the pope. The role of the papacy as the agency 
which made emperors—symbolized by the coronation and anoint- 
ing—became one of its most treasured prerogatives. It was a role 
that also suited the Western kings, to whom the title of Roman 
emperor gave an immeasurably enhanced standing. The Franks as 
successors of the Roman Caesars was a theme that conveniently 
bridged the gulf between religious Romanism (adherence and 
loyalty to the Roman Church) and political Romanism (the re- 
suscitation, rebirth and continuation of the ancient Roman em- 
pire). Much of the papal edifice was erected upon this ground. 
The emperor made by the pope was, according to the papal theory 
of government, a lieutenant, an assistant, the secular arm. 

Naturally enough, the papal role in the making of emperors 
was not accepted by the Eastern emperors, who, crowned as they 
were by their own patriarchs, considered the papal power as con- 
fined to things ecclesiastical; but, as later conflicts between 
papacy and Western empire were to show, the corollaries of the 
papal claim were not always acceptable to the Western emperors 
either, The Western emperors, indeed, in contrast with the Byzan- 
tines, found themselves in an inescapable dilemma. On the one 
hand, it was axiomatic for them that only the pope could validly 
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confer universal (Roman) imperial power; on the other hand Ir 
disputed the implicit superiority of the popes, maintaining a theo 
of the papacy which resembled that upheld by the Byzantines 

Three months after his return to Rome from Reims, Stephen 
died. The reign of his successor, St. Paschal I, was marked by ly 
same submissiveness to Louis, who confirmed the donations of his 
father and grandfather to the Holy See. Paschal crowned Louis} 
oldest son, Lothair I, as co-emperor in 823. This was the first o. 
casion on which a sword was handed to the emperor by the 
during the coronation ceremony as a symbol of that physical рома 
which was to suppress evil. 

When leaders of the Frankish party at the curia were killed 
Paschal was required to clear himself by an oath, Eugenius Il 
Paschal’s successor, was elected with the support of the Кола 
nobility and the Frankish party in the curia and in spite of the 
opposition of the Roman populace. He too sent word of his ele 
tion to Louis I, who dispatched Lothair I to remedy the disorder 
which had occurred under Paschal І; According to the Constitutio 
Romana issued by Lothair in 824, imperial sovereignty over the 
papacy was affirmed; a pope after his election but before his com 
secration would in the future swear fealty to the emperor. Gregoy 
IV, elected after the very brief pontificate of Valentinus, awaite и 
the approval of the imperial representative before his consecration 
He gained in independence, however, when Louis I and his soni 
chose him as arbiter in their disputes. Unfortunately Gregory wit 
not able to maintain peace in the imperial family, and his suppot 
of Lothair helped the latter in his deposition of Louis the Piou 
(833), a deposition that was reversed a year later. During Greg 
ory's reign the Saracens of Africa and Spain became a seria 
menace to Italy, and the Normans began sending formidable ford | 
into the empire. These troubles, while they increased the inde 
pendence of the States of the Church, also rendered them far les 
secure. 

Sergius II was elected to succeed Gregory by the Roman n 
bility against the wishes of the populace, which enthroned t 
antipope, John. Sergius did not await approbation but had to sib 
mit his election to Louis IT, son of Lothair I, and agree that 100# 
could become pope without the emperor’s consent. Sergius, » 
was dominated by his brother Benedict, bishop of Albano, lived 
a time of disaster. In 846 the Saracens advanced to the wall 
Rome, pillaged St. Peter's and St. Paul's and retired with mà 
booty. i 

St. Leo IV did not await imperial approbation for his elec 
He constructed a high wall around the part of Rome on the 
bank of the Tiber, henceforth known as the Leonine city. ^ 
defeated the Saracens in a naval battle in 849 and fortified UF 
tavecchia. He crowned Louis II co-emperor in 850. After. 
death of Leo and the election of Benedict ПІ, Anastasius ВУ 
othecarius, one of the most learned men of the age, excomm 
cated during the pontificate of Leo, tried to capture the pil 
throne with the aid of Louis IL. The resistance of the R T 
was so vigorous, however, that the imperial government n j 
recognize Benedict. His policy of peace brought a relaxati 
tensions. у йі 

The legend that a woman reigned as pope between Leo в 
Benedict III has no foundation in fact and has long been 
credited. (See Joan, Pope.) 

8. Nicholas the Great.—St. Nicholas I is 
popes styled "the Great." He ranks with Leo th de 
Gregory the Great in his conception of the prerogatives 0 of 
man pontiff. Nicholas had been elected as the candidale А 
emperor Louis II but as pope showed himself quite indepe p 
He reacted against Carolingian domination. in ecclesias? Y 
ters: it was the pope's duty, not that of the emperor, to se Й 
trinal disputes, and he claimed the right to legislate for t i 
of Christendom. In Nicholas’ view the pope was also the s 
judge. Major disputes, especially those involving isha’ 
to be judged by him, and he could accept appeals 10 R 
ecclesiastical courts; this was illustrated by his reinstating d 
of Soissons, deposed by Hincmar (q.v.) of Reims. Nic Io 
ried out these principles in the case of the divorce о p 
II, king of Lorraine (brother to the emperor Louis 147 


+ 
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“the pope not only treated the monarch as his ecclesiastical subject 
“hut deposed the archbishops of Cologne and Trier who had sup- 
ported the divorce. He also made use of his conception of the 
{ papal plenitude of power against John, archbishop of Ravenna, and 
against Photius, whose election as patriarch of Constantinople 
violated the canons. Photius refused to submit and took occasion 
from the efforts of Nicholas I to attach the Bulgarians to the Ro- 
man patriarchate, to declare the pope deposed (867). (See fur- 
‘ther NicwotAs; PHOTIUS.) 

"The short pontificate of Nicholas I was the most important of 
the Carolingian period and prepared the way for the reform popes 
of the 11th century. 

9. Late 9th Century.—Adrian II could not maintain the po- 
sition to which Nicholas I had elevated the papacy. Lacking con- 
tinuity and decision, he was rebuffed by Charles IT the Bald and 
Hinemar of Reims, Because of a change in rulers, however, Con- 
stantinople yielded to him: Photius, who had been condemned by a 
Roman council (869), was likewise condemned bya council held 
in Constantinople (869-870). Adrian was not able to keep Bul- 
gatia in his immediate resort, but he won for the Western church 
the Slavs evangelized by Cyril and Methodius, by making Metho- 
dius his legate and permitting the use of Slavic in the liturgy. (See 
also CYRIL AND METHODIUS, SAINTS.) t 

"The pontificate of his successor, John VIII, a man of talent and 
energy, was one of misfortune. John devoted himself to the de- 
fense of Italy against the Saracens without much assistance from 
the emperors Louis IT, Charles the’ Bald and Charles TII the Fat. 
He was harassed by the future pope Formosus and other members 
Of his entourage. John unwisely sanctioned the second installation 
Of Photius as patriarch of Constantinople and, against the desires 
of the German bishops, protected St. Methodius and repeated the 
sanction of the liturgical use of the Slavic language. 

The last 18 years of the 9th century were years of short pon- 
fificates and much intrigue. The reign of Marinus I is remarkable 
chiefly for the fact that Marinus apparently had been a bishop be- 

his accession to the papacy; this was unusual because the 

hof the time was loath to allow a bishop to move from a mi- 
hor see to а more important one. Stephen V (VI) was conse- 
ated before receiving the approval of Charles the Fat, who was 
Angered but in time gave in (and was himself deposed not long 
äfterwatd): The pope preferred Arnulf (q.v.) of the East Franks 
emperor, but circumstances forced him to crown Guy of Spoleto 
(891), During this pontificate the opponents of the Slavs were 
thle to bring about the prohibition of the Slavic liturgy. 

Formosus, the stormiest petrel in papal history, had been before 

Accession bishop of Porto, legate to Bulgaria and object of 
кз tion by John VIII. As pope he, like Stephen V, was а parti- 
fn of Arnulf but was obliged to crown Lambert of Spoleto, Guy’s 

| 45 co-emperor, When, however, Arnulf crossed the Alps and 
himself master of northern Italy, Formosus abandoned the 
lans and crowned Arnulf emperor (896). Shortly afterward 

ie newly crowned emperor was stricken with paralysis and For- 

s died, But even in death he was to be the cause of dissen- 

| Boniface VI reigned only a fortnight and his successor 
en VI (VIT) was a partisan of Lambert of Spoleto, who now 

J Control of northern Italy. Under Stephen VI members of 

ria disinterred the body of the hated Formosus and instituted 

Of his cadaver. Formosus’ person was condemned, his elec- 


74 ade and his ordinations were declared null and he was 


then de 
oe into the grave of strangers, whence the people 
led to it to cast it into the Tiber. This ghastly procedure 
Stephen, revolt and to the imprisonment and strangulation of 
tteded Ъ Romanus reigned for about two months and was suc- 
Formos? Theodore II, who, during a 20-day pontificate, gave 
Tevilidate, Whose body had been recovered, a solemn funeral and 
by the f 5 his ordinations. John IX, whose election was disputed 
отот Sergius III, confirmed the acts of Theodore in favour 


# 


E of a dead pope casts a shadow over the last years of 
Whole „ШУ and over the early decades of the 10th. But the 
Period was far from brilliant in papal history. The sub- 
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posthumously from the priestly order. His corpse was po 
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servience of most of the 9th-century popes to the Carolingian em- 
perors was not in the best traditions of the West. Nicholas I was 
the sole pontiff who was able to enforce the principles of Leo I. 

10. 10th Century.—The 10th century was a difficult one for 
the papacy, which, with the extinction of the Carolingian house, 
was dominated first by the Roman nobility and later by the German 
emperors. So thorough was this subjection that throughout the 
century most of the popes were appointed, though the appearance 
of elections was maintained. In the first half of the century the 
house of Theophylact—represented first by Theophylact, a noble- 
man and governor of Ravenna, and his wife, Theodora, and her 
daughters, Theodora and Marozia, and later by Marozia's son 
Alberic—were in command. Later the emperors Otto I, II and 
III were dominant, with some competition from the Crescentii. 

Benedict IV, during his brief reign, crowned the emperor Louis 
IIT (901). Leo V, about whom little is known, reigned for about 
two months in 903 and was driven out by the antipope Christopher, 
who in turn was deposed in 904 by Sergius IIT, who earlier had dis- 
puted the election with John IX. Leo and Christopher were pre- 
sumably murdered. Theophylact became master of the wardrobe 
and virtual dictator of the papal administration. 

Sergius again declared the ordinations of Formosus invalid. His 
successors, Anastasius III and Lando, reigned for slightly more 
than two years, subject to Theophylact. John X, another anti- 
Formosan, organized the defense of Italy against the Saracens and 
even led the papal troops in battle (915). He fell out of favour 
with Marozia, now the head of the Theophylact clan, who im- 
prisoned and probably killed him. Pope John XI, said to have been 
the son of Marozia and Sergius 111, was a tool of his mother until 
932 or 933, when his half brother Alberic deposed and arrested 
Marozia and confined John to the Lateran. From that time till 
his death in 954, Alberic chose the popes, His choices, Marinus IT 
and Agapetus II, were both men of value. They favoured, for ex- 
ample, the rise of the abbey of Cluny, and indeed St, Odo, abbot of 
Cluny, was called to Rome to help with reform. 

Before his death Alberic made the Romans swear to elect his 
son, Octavian, when Agapetus died. In 955 this promise was ful- 
filled and the young man became John XII. His conduct as pope 
was scandalous and his politics unsuccessful. In Feb. 962 he 
crowned the German king Otto I Holy Roman emperor and ob- 
tained from him a confirmation and extension of the temporal 
powers of the papacy, the so-called Ottonian privilege ( Privilegium 
Ottonianum), But a proviso to the Ottonian privilege gave the 
emperor power of ratification over papal elections. 


TABLE VI.—Popes of the 10th Century 


Benedict IV 946-955 Agapetus IT 
955-964 ohn XII (deposed Dec. 963) 
Leo V 963-965 Үш 
Christopher, antipope 964-966 Benedict V* (deposed 
Sergius Ш june 964 
Anastasius Ш. 965-972 — John XIII 
1 973-074 jenedict VI 
914-928 — John X 974 (June- 
928 (May- July) Boniface VIT, antipope 
Dec.) Leo VI (expelled 
929-931 — Stephen VII (VIII) 974-983 — Benedict VIT 
931-935 — John XI 983-084 Јоһп XIV (deposed) 
936-939 VIE 984-985 ioniface VII (returned) 
939-942 — Stephen VIII (IX) 985-996 — John XV 
942-946 Marinus 11 (miscalled Mar- | 996-999 Gregory у 
tin Ш) 907-008 John XVI, antipope 


"Rival popes, one or other of whom may be regarded as an antipope, 


The pope and the emperor soon quarreled. Otto had John de- 
sed and replaced by Leo VIII (Dec. 963). When Otto's duties 
took him away from Rome, John again obtained control of the city 
and took vengeance on his foes. Leo fled (Feb. 964). John died 
(May) before Otto I returned to Rome, and the Romans imme- 
diately elected Benedict V. Otto had Benedict deposed and sent 
into exile while he restored Leo VIII (June). (See also Отто I 
the Great.) ] t 

John XIII owed his office to Otto I, who in 966 had to rescue 
him from the Romans. John crowned Otto II as co-emperor in 
967 and his Greek wife Theophano as co-empress in 972. Benedict 
VI awaited the approval of Otto I before receiving consecration 
and was a protégé of the emperor. When Otto II succeeded his 
father in 973, Benedict was overthrown and murdered (974) by 
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order of Crescentius I (see CREsCENTH), a son of the younger 
Theodora, who installed the murderer as antipope under the name 
of Boniface VII. But the envoy of Otto II expelled Boniface and 
presided at the election of Benedict VII, who showed himself the 
devoted servant of the emperor. When Benedict died, Otto made 
his Italian chancellor pope under the name of John XIV. Otto 
died soon afterward and Crescentius II recalled Boniface VII, 
who imprisoned and presumably murdered John XIV. Boniface, 
the murderer of two popes, died suddenly the following year (985), 
and his corpse was mutilated by the populace. John XV, the can- 
didate of Crescentius II, carried out the first solemn canonization 
in history, that of St. Ulrich of Augsburg (993). He eventually 
appealed to Otto III against Crescentius but died before the em- 
peror could intervene. 

Otto III named as John XV's successor the first German pope, 
his 23-year-old cousin Bruno, who took the name Gregory V and 
immediately crowned the emperor (May 21, 996). When Otto was 
called back to Germany, Crescentius stirred up a revolt and Greg- 
ory had to flee Rome. An antipope, John XVI, was installed but 
Otto returned (998) and a reign of terror ensued. John XVI was 
treated with savage brutality and deposed; Crescentius was de- 
capitated. Gregory V died after a short reign and Otto chose as 
his successor Gerbert of Aurillac, a Frenchman, a learned man and 
a devoted servant of the emperor, who took the name Silvester II. 
The first French pope's reign was also brief; in history he is remem- 
bered chiefly for his many accomplishments before ascending the 
papal throne, (See also Orro III.) 

11. 11th Century.—With the death of Otto III the power in 
Rome passed to Crescentius III, who made John XVII pope. After 
six months he was succeeded by John XVIII, whose activities were 
confined by Crescentius to the spiritual sphere. Crescentius died 
in 1012 and the counts of Tusculum, descendants of Alberic II, 
took over in Rome. Benedict VIII, of this family, succeeded 
Sergius IV, the last appointee of the Crescentii, Benedict crowned 
Henry II as emperor (1014) and defeated the Saracens when they 
attacked northern Italy but was unable to prevail against the 
Greeks, who were still powerful in southern Italy. Both pope and 
emperor were zealous in the cause of ecclesiastical reform. When 
Benedict VIII died his brother Romano, a layman, seized the papal 
throne, receiving all the orders in a single day and taking the name 
of John XIX. He crowned Conrad II emperor in 1027. Neither 
Conrad II nor John. was interested in reform. 


"TABLE VII.—Popes of the 11th Century 


999-1003 Silvester II 1047-48 Benedict IX (restored) 
1003 (June- 1048 (July 
Dec.) John XVII Aug.) Damasus II 
1004-09 John XVIII 1019-54 ео IX 
1009-12 Sergius IV 1055-57 Victor IT 
1012-24 Benedict VIII 1057-58 Stephen IX (X) 
1012 (May- 1058-59 Benedict X, antipope 
Dec.) Gregory, antipope 1059-61 Nicholas II 
1024-32 john XIX 1061-73 Alexander II 
1032-45 enedict IX (resigned) 1061-72 Honorius II (Peter 
1045 (Jan.- Cadalus), antipope 
March) Silvester III 1073-85 Gregory VIT 
1045 (April- 1080, 1084-1100 Clement ILI (Guibert of 
May) Benedict IX (deposed) Ravenna), antipope 
1015-46 Gregory VI 1086-87 Victor III 
1046-47 Clement II 1088-99 Urban II 


Benedict IX, who figures in the official list of the popes three 
times, was another member of the house of Tusculum and prob- 
ably in his 30s when he first ascended the papal throne. His con- 
duct as pope eventually led to a revolt. Benedict fled and was re- 
placed (Jan. 1045) by Silvester III. Benedict returned, however, 
expelled Silvester and sold the papacy (May) to John Gratian, who 
took the name Gregory VI. At this juncture the German king, 
Henry III, came to Italy, and at the synod of Sutri (Dec. 1046) 
caused Silvester, Gregory and Benedict to be deposed and imposed 
Suidger, bishop of Bamberg, as Clement П. Clement at once 
crowned Henry with the imperial crown. But Clement died in 
Oct. 1047 and Benedict IX for the third time returned to the papal 
throne, on which he was able to maintain himself until the follow- 
ing year when Henry III imposed the bishop of Brixen as Damasus 
II. Damasus, however, lived less than a month as pope. Henry 
then nominated his relative Bruno, who took the name Leo IX. 

Leo had been bishop of Toul for more than 20 years and had 
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given proof of prudence and wisdom; his nomination by Hen 
was ratified by the unanimous consent of the Romans, As m 
as April 1049, Leo held a synod at. Rome in which he condemned 
simony and the marriage of priests. Similar synods were held 
him at Pavia, Reims and Mainz in 1049. Leo renewed the Кош 
curia by introducing exceptionally able men into its ranks, Ik | 
was unable to avoid the break with Constantinople (1054), though | 
he tried to get the help of the Eastern emperor in his struggle with 
the Normans, against whom he led a papal army in person. Though 
he was captured and held prisoner by the Normans, an importan 
step in the strengthening of the papacy was taken when they swor | 
fidelity to him. Leo IX, who is honoured as a saint, had the тей 
of putting the papacy at the head of the reform movement in tb | 
church.: On one point, however, he failed to take a firm stand, уй, | 
on lay investiture. } 

Victor II, who had been bishop of Eichstádt, was nominated in 
Sept. 1054 by Henry III and enthroned in April 1055. He cop 
tinued the reform in the manner of Leo IX, Henry III died in 
Oct. 1056 and Victor II followed him to the grave in July 1057, 

The combination of the premature death of Henry III with th 
fact that his, successor, Henry IV, was but a minor and with th 
ascendancy in the Roman curia of highly gifted men resulted il - 
the first concrete steps directed against imperial domination of {he 
church. Cardinal Frederick of Lorraine was elected pope in Ащ 
1057 without consultation with the civil power. He took the name 
Stephen IX (X) and sent Hildebrand, the future Gregory VII, 
notify the empress-regent, Agnes, A beginning in the effort to fre 
the papacy from imperial control was thus made. 

After Stephen IX's early death, the Roman nobility, eager t 
secure control of the papacy, brought about the election of i 
antipope, Benedict X, who maintained himself for nine month 
Through the efforts of Hildebrand and the empress-regent, Gerad 
bishop of Florence, was elected as Nicholas II. Ina Lateran synod 
of 1059, Nicholas not only condemned clerical marriage and othe 
abuses but by a decree, of which two versions have come dom, 
expressly forbade lay investiture of bishops and of abbots, stiph 
lated that the election of the pope must proceed “canonically 
(i.e., with imperial influence excluded) and established the CO 
position of the electoral body. (See also CONCLAVE.) This dt 
toral body was subsequently to become the College of Cardinals 
in whose hands alone the choice of the vicar of St. Peter lay. м 
further NICHOLAS: Nicholas II.) "a 

Nicholas II's decree is of prime importance for the medie! 
centralization of the Latin church and for the contest belie! 
empire and papacy which it began. Nicholas was also the first pe 
to rely on the power of the, Normans in southern Italy. Не? 
voured the Patarines, a popular party in Milan dedicated ind 
forming the corrupt, aristocratic higher clergy of the city. , и 
the decree on papal elections, however, which gave this 
pontificate importance. ий 

Through the efforts of Hildebrand and the reform party, Адми 
bishop of Lucca, one of the founders of the Patarines, was n 
as Alexander II, The partisans of Benedict X, however; "^ 
imperial support, proceeded to elect Peter Cadalus of ИДИШ 
antipope under the name Honorius II. It was not until 10 ew 
Alexander II was recognized by the empire. Alexander be. 
the decrees against simony (for which he deposed the pu 
Milan) and marriage of the clergy, prohibited attendance | 
Mass of an incontinent priest and again forbade lay ne 
In 1066 he blessed the invasion of England by William It "m 
queror. Although approving of the aims of the Pata 
Alexander had to restrain its excesses in Milan and Ho 

12. Curial Changes and Canon Law.—Many саа 
place іп the Roman curia during the 1050s and 10605. ted 
dence of the popes, the Lateran palace, was reconstiti m f 
offices merged into new ones or decayed altogether; the А the! 
(the pope’s secretariat) with its numerous special oe 
nancial departments, the judicial tribunals, etc., were pu now ® 
footing. A feature previously reserved to royal courts sich 
entered into the service of the curia, namely feudalism. " ee 
II enfeoffed the Normans in 1059, the beginning of a long ^ b 
feudal contracts concluded between the curia an 


yo 


d kings, P" 
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etc, so that by the end of the 12th century the papacy had more 

vassals than any other European power. In these contracts 

St Peter, acting through the pope, was envisaged in the role of a 

feudal lord giving protection to his vassals, who enjoyed certain 
jn return for military services or money payments. 

Jt was also at this time that the breach with Constantinople 
(1054) became final, as a result of the abortive mission of the 

Cardinal Humbert. Himself one of the great driving 
in the Roman curia, Humbert was also the author of an 
influential collection of decrees, the first collection of canon law 
in the later medieval sense. Its characteristic feature, as also 
that of the subsequent collections, was its orientation on the pri- 
macy of the Roman Church. The attention given to law in this 
same period is noteworthy. Hildebrand as a member of the curia, 
long before he became pope as Gregory VII, appreciated the vital 
importance for governmental and constitutional purposes of a 
fixed body of law; for how else, if not by law, was the whole 
church to be governed? The new movement, necessitated by the 
E of the papacy itself, reached its preliminary conclusion 
in the middle years of the 12th century with the publication of 
Gratian’s Decretum. (See CANON Law.) 

13. Gregory VIL—Aíter the death of Alexander II, Gregory 
ҮП was elected. As Hildebrand he had been the leader of the re- 
form party. Bringing to the service of ecclesiastical renewal un- 
usual powers of government and extraordinary tenacity, he began 
his work for the revival of the church by forbidding not only 
simony and incontinence of the clergy but also lay investiture, 
which, since it subjected the church to the secular power, had been 
forbidden also by his two immediate predecessors. Gregory's 
insistence on this prohibition led to violent opposition, especially 
in Germany where the emperor Henry IV even had the pope de- 
on deposed. On Henry’s challenging his authority, Gregory 

ommunicated him. Henry was obliged to seek absolution from 
the pontiff at Canossa in 1077. “He came,” wrote Gregory, 
with a small escort, showing neither hostility nor boldness, to the town 
neon where we were staying. And having laid aside all the 
pera of royalty, with bare feet, clad in wool, he continued for 

0 Hire ore ТОКУ ТЕККЕ КЕЛЕ ne desit 
mercy until he had ERAN who were present there . , . to such pity 

compassion that, interceding for him with many petitions 
ars, all wondered at the unaccustomed hardness of our heart. . . . 
‘we loosed the bond of excommunication and received him 


back into communion, 


|y Has often been looked upon as the symbol of the sub- 


of the lay to clerical power. Others, however, have seen 
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in it a victory for Henry IV, who did not live up to his promises 
and eventually forced Gregory into exile at Salerno where he died 
in 1085- while an antipope, Guibert of Parma, ruled at Rome as 
Clement III. Gregory's action, however, inaugurated a program 
which was carried out and eventually led to liberty of the church, 

St. Gregory VII promoted the spiritual regeneration of Christen- 
dom by measures increasing the centralization of the Latin church. 
He endeavoured to establish closer relations between Rome and 
the episcopacy of the West by obliging archbishops to come per- 
sonally to Rome to receive the pallium, He transferred some kinds 
of ecclesiastical litigation from archiepiscopal to Roman courts. 
He supervised the election of bishops and demanded an account of 
their administration. Gregory also looked to the Normans of 
southern Italy for support against the empire. It was, however, 
his courageous struggle against lay investiture which has led not 
a few historians to look upon him as the greatest of the popes. 
(For details of the struggle between Gregory and Henry, see 
Grecory: Gregory VII; Henry: Henry IV.) 

14. End of the 11th Century.—Victor III, Gregory's succes- 
sor, spent the greater part of his short reign in making up his mind 
whether or not to function as pope. His successor, Urban II, had 
always been a partisan of reform, and his aims were those of Greg- 
ory VII. In 1089 he promulgated canons against simony, lay inves- 
titure and clerical marriage. Urban II initiated the medieval cru- 
sades, which further enhanced papal power and made Western 
Christendom conscious of papal leadership. (See CRUSADES: 
Causes.) 

The history of the 11th-century papacy falls into two parts. 
The first period is one of decadence due to the domination of the 
civil power. The accession of the emperor Henry IV while still 
a child gave the church a chance to shake off the shackles of lay 
imperial control, and in the ensuing struggle St. Gregory УП is the 
greatest name. 

15. 12th Century.—Paschal II, like his immediate predecessor 
Urban II, had been a Cluniac monk and had distinguished himself 
by zeal for reform. His reign was marked by inconclusive strug- 
gles with the emperors Henry IV and Henry V over lay investiture, 
for which Henry I of England at this time substituted the feudal 
oath. Gelasius II, after a brief reign, died at Cluny, where Guy, 
archbishop of Vienne, was elected and took the name Calixtus 11. 
He was able to bring to a close the long struggle over lay inves- 
titure by the Concordat of Worms (1122), which secured peace 
between the church and the empire for 35 years, (See also HENRY: 
Henry V.) Calixtus summoned the first Lateran council (1123), 
which ratified the concordat and promulgated a number of reform- 

ing canons. 
At Rome the rival houses of 
Frangipani and Pierleoni were 
struggling for control of the pa- 
pacy. Honorius II, who became 
pope with the aid of the Frangi- 
pani—there was some dispute 
i about the election but Celestine 
* П, who had also been elected, re- 
, signed in Honorius’ favour—was 
unsuccessful in his attempt to pre- 
vent the establishment of a Nor- 
man kingdom in southern Italy. 

Innocent II's reign was trou- 
g . bled for years by the schism of 
A Anacletus IL Innocent made 
peace with the Normans, who in 
return acknowledged that their 
possessions in Sicily and southern 
Italy were papal fiefs, During 
this reign another source of con- 
fusion arose. For half a century 
the cities of northern and south- 
ern Italy had been trying to rid 
themselves of the yoke of feu- 
dal masters. (See COMMUNE 
[Mzprevar]: Italy.) Innocent 
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II had trouble with insurgents in Tivoli who wanted to organize a 
republic. In Rome itself the ancient senate was revived and the 
Romans refused to submit to the pope. Innocent II in the second 
Council of the Lateran (1139) took a further step toward Roman 
centralization of the church when he made the first reservation of 
an excommunication to the Holy See—that incurred by violence 
against a monk or cleric. 

During the short pontificates of Celestine II and Lucius II, the 
crisis brought on by the communes persisted. Lucius II was 


TABLE VIII.—Popes of the 12th Century 


1099-1118 Paschal IT 1144-45 Lucius II 
1100 Theoderic of Santa Rufina, | 1145-53 Eugenius III 
antipope 1153-54 Anastasius IV 
1102 (Feb. 1154-59 Adrian IV 
March) Albert of Sabina, ani pore 1159-81 Alexander IIT 
1105-11 Silvester IV (Maginulf), | 1159-64 Victor IV (Octavian of 
antipope Monticelli), antipope 
1118-19 Gelasius IT 1164-68 Paschal III (Guido of 
1118-21 Gregory VIII (Maurice of Crema), antipope 
raga), antipope 1168-78 Calixtus III (John of 
1119-24 Calixtus IT Struma), antipope 
1124-30 Honorius II 1179-80 Innocent 111 (Lando of 
1124 (Dec.) Celestine IT (Theobald), Sesza), antipope 
antipope 1181-85 Lucius Ш 
1130-43 Innocent II 1185-87 Urban III 
1130-38 Anacletus 11 (Pierleone), | 1187 (Oct.— 
aniipope Dec.) Gregory VIII 
1138 (March- 1187-91 Clement IIT 
May) Victor IV (Gregory), anti- | 1191-98 Celestine IIT 
pope 1198-1216 Innocent III 
1143-44 Celestine IT 


wounded while spurring on papal troops in the struggle against the 
revolutionaries and died of his wounds. His successor, Eugenius 
III, a disciple of St. Bernard of Clairvaux, found Rome in a state 
of anarchy, and his whole reign was troubled by the revolutionaries 
who made their leader, Arnold (g.v.) of Brescia, the real ruler of 
the city. Eugenius was also the pope of the lamentable second 
crusade. Anastasius IV, elderly at the time of his election, reigned 
only a year and a half and was succeeded by Adrian IV (Nicholas 
Breakspear), the sole English pope. The Romans immediately 
summoned him to renounce his temporal power, but Adrian was 
able to maintain himself. When Frederick I Barbarossa came to 
Italy, Adrian exacted: full homage before crowning him emperor 
(1155). Frederick broke the power of the Roman commune tem- 
porarily, and Arnold of Brescia was executed. Adrian IV renewed 
the peace with the Normans of southern Italy. His claim that 
the emperor held his crown as a beneficium from the pope precipi- 
tated the quarrel between Frederick Barbarossa and the Holy See 
which was to trouble the following pontificate. (See also FRED- 
ERICK I.) 

Against Alexander III Frederick set up antipopes (Victor IV, 
Paschal III, Calixtus III, Innocent III) and maintained his schism 
for 17 years. In the end, however, the emperor had to surrender 
in the peace of Venice (1177), almost as famous an instance of 
the subjection of civil to clerical power as Canossa. During the 
schism Alexander III lived much of the time in France, where the 
actions of the archbishop of Canterbury, Thomas Becket, in his 
struggle with King Henry II, embarrassed him. (See BECKET, 
THOMAS [A]; CLARENDON, CONSTITUTIONS oF.) The pope, how- 
ever, was firm in imposing penance on Henry for Becket's murder. 
The third Lateran council, assembled by Alexander III in 1179, 
vested the exclusive right of electing the pope in a two-thirds ma- 
jority of all the cardinals, an improvement on the decree of Nicho- 
las II of 1059. Alexander also withdrew the right of canonization 
from the bishops, a further step in the centralization process. 

Lucius III, with the consent of Frederick Barbarossa, promul- 
gated a decree against heretics which prepared the way for the 
medieval Inquisition, During the reign of Urban III occurred the 
marriage of Henry VI, Barbarossa’s son, with Constance, who was 
nearest in line to the crown of Sicily, a marriage that opened the 
way for Hohenstaufen domination of southern as well as northern 
Italy. It was resented by Urban as an attempt to encircle the 
papacy. Gregory VIII, a friend of the emperor, died after a reign 
of two months. Clement III espoused a policy of peace not only 
with the emperor but also with the Roman commune. As a re- 
sult he was able to return to Rome and remain there till his death. 
During this reign the unsuccessful third crusade—the crusade of 
the kings—took place. 
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Celestine III was 85 at the time of his election. His indecision 
allowed Henry VI to unite Sicily to the German empire. (See als 
Henry: Henry VI.) 

16. Innocent Ш and His Successors.—The 13th centy 
opens with the pontificate of Innocent IIT, one of the most gifte] 
men ever to rule as pope. (See INNOCENT: Innocent III.) The 
popes, following the principles of Gregory VII, had by this time 
become the nonpolitical presidents and effective heads of Westem 
Christendom. Since the papal blessing was the surest way to guar. 
antee title to temporal rule, the local princes found it expedient 
to submit to the popes. ‘The early death of the emperor Henry V] 
gave Innocent III a relatively free hand in dealing with the em. 
pire; indeed, he was able to enforce his policies throughout westem 
Europe. The fourth Lateran council (1215), the high point of 
Innocent's reign, stressed the solidarity of the Christian peoples, 
condemned heresy and introduced the episcopal Inquisition. (Sy 
also Covwcir: Councils of the Western Church: Fourth Lateran 
Council [1215].) 

The religious complexion of the 13th century would have been 
radically different but for Innocent III. Itinerant preaching and 
apostolic poverty, hitherto regarded as sure signs of heresy, wert 
given a legitimate standing—a policy that led to the recognition 
of the mendicant orders, notably the Franciscans and the Domini. 
cans under Honorius IIT. Some successful attempts were made to 
bring heretical sects back into the church; but severe measure 
were taken against those sects (for example the Albigenses) whith 
the pope was unable to bring back. (See CarHARL.) The Latern 
council enjoined annual oral confession to the parish priest. Th 
episcopate was firmly controlled, as the papacy intervened mot 
and more in the filling of vacant sees; and the Lateran coud 
limited the power of bishops in granting indulgences. 

Papal legislation reached unprecedented heights, giving a grét 
impetus to canon law scholarship; and litigation at the papal t 
bunal was encouraged. The pope intervened on several occasion 
in the affairs of kings (notably in the matrimonial affairs of Philip 
II Augustus of France, of Peter II of Aragon and of Alfonso IX 
of León) ; and the case of John of England provides an example d 
the use of interdict over a whole country together with pere 
excommunication in order to bring pressure on а recalcitrant 
prince. The papal state, meanwhile, had been re-established; 


BY COURTESY OF THE VATICAN MUSEUMS 

POPE INNOCENT 111, FROM A 13TH-CENTURY FRESCO IN THE L 
OF SACRO SPECO AT SUBIACO, ITALY, CRADLE OF THE BENEDI 
INSCRIPTION BELOW STRESSES INNOCENT'S MANY FAV 
DICTINES 


ower ent 
cTINE OF 
OURS TO j 


PAPACY 


the relations between the papacy and Sicily were clarified. Fur- 
thermore, Bulgaria (1204) and England (1213) were made feudal 
dependencies of the papacy, and papal suzerainty over Portugal 
was reaffirmed. 

In the complicated conflict between the papacy and the two 
claimants to the imperial throne, Frederick II and Otto IV, the 

pe showed his diplomatic superiority. In the midst of the con- 
flict the fourth crusade was launched. When the crusaders cap- 
tured Constantinople (1204), a Latin patriarchate was erected and 
for a short time the Roman primacy over Constantinople became 
a reality. 

Innocent III died suddenly in 1216. His successor, Honorius 
Ш, long before his accession, had centralized papal finance and 
made the papacy a financial power. In general he continued the 
policies of his predecessor, though less vigorously. He crowned 
Frederick II, whose tutor he had been, as emperor (1220). 

Gregory IX, a nephew of Innocent III and a friend of St. Francis 
of Assisi, brought the medieval Inquisition under papal control, a 
move which restricted the power of the bishops considerably in 


TABLE IX.—Popes of the 13th Century 


1198-1216 Innocent ПІ | 1276 (Jan.-June) Innocent V 


1216-27 Honorius Ш. | 1276 (July-Aug.) Adrian V 

1227-41 Gregory IX | 1276-77 ohn XXI 

1241 (Oct -Nov,) Celestine IV | 1277-80 icholas IIL 

1243-54 Innocent IV | 1281-85 Martin IV 

1254-61 Alexander ТУ | 1285-87 Honorius IV 

1161-64 Urban IV 1288-92 Nicholas IV 

1265-68 Clement IV | 1294 (July-Dec.) Celestine V (resigned) 
1271-76 Gregory X — | 1294-1303 Boniface VIII 


matters concerning the faith, another and very important step in 
the centralizing process. Politically Gregory IX’s reign was a 
struggle against the emperor Frederick II, who was besieging Rome 
When the aged pontiff died. (See further Grecory: Gregory 1X; 
PRepericK II.) 

After the brief (less than a month) pontificate of Celestine IV, 
Innocent IV succeeded to the papal throne. A distinguished can- 
onist, Innocent IV pursued the policies of Innocent IIT with un- 
equaled rigour. His struggle with Frederick II was one of the 
bitterest in papal history. Innocent also approved the use of tor- 
ture by the papal Inquisition. He showed great interest in the 
missions and considered a union between the Mongols and the 
mus against the Muslims. (For his pontificate, see further 
NT Innocent IV.) Alexander IV, his successor, was of the 
i у of Innocent III and Gregory IX and like them a friend of 

е religious orders, but he lacked the decision of those great men. 
Bre to keep the-Hohenstaufen Manfred from the kingship 

icily, though he pronounced the coronation void. 
ine IV, a Frenchman of humble origins, offered the crown of 
ha Ad Charles of Anjou, youngest brother of Louis IX of France, 
к 4 ler Clement IV, another Frenchman, agreement was reached 
is a step. Charles had arrived in Italy with an 

4 ine and was taking over southern Italy and Sicily from 
Bir, . Clement IV opposed Conradin, the last of the Hohen- 

Hou when he in his turn invaded Italy in 1267. Charles of 

u (Charles I of Naples) defeated and executed Conradin 
M also CHARLES I of Naples; CONRADIN.) This was 
source Wr ШШ, great Hohenstaufen family which had long been a 
battled fo Ssension in the west and with which the papacy had 
Was not Ч 100 years. If it was a victory for ће papacy, it 

ete was Е out lamentable consequences. In Germany, where 
Years, it 9 be no recognized emperor for more than a score of 
Source Sean independence for a multitude of small states—a 
bm from puni weakness for centuries. In Italy it meant free- 
Sors, T etmany but opened the way to other foreign aggres- 
Power ds ШЫГУ itself was seriously weakened and its temporal 
fler th in the future to be, more often than not, merely nominal. 

Or near] € death of Clement IV (1268), the Holy See was vacant 
in the Col three years while opponents and adherents of Charles 
in TER of Cardinals quarreled. Gregory X, finally elected 
tion of Rape in restoring the empire by promoting the elec- 
Gregory ОО I of Habsburg, though he kept peace with Charles. 
› DY means of the 14th ecumenical council at Lyons in 


1274 
» effected an ephemeral reconciliation with the Greek Church. 
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This council, considering the three-year papal vacancy so recently 
ended, also added an important element to the legislation on the 
election of the pope: To prevent long vacancies, the cardinals 
would in the future be enclosed together in a portion of the papal 
palace; there was to be no communication with those outside; if 
after three days an election had not resulted, food was to be 
diminished; after five additional days, the cardinals would receive 
only bread, wine and water. (See also CONCLAVE: Institution of 
the Conclave.) 

The next four popes together reigned only four years, but during 
this time one of them (Adrian V) suppressed, as too rigorous, the 
legislation on the conclave. This again led to long vacancies— 
nine months after the death of Honorius IV, two years after 
Nicholas IV. These four popes endeavoured to keep the bal- 
ance between Rudolf of Habsburg and Charles of Anjou, and 
Nicholas III was able to curb the ambitions of the Angevin, (See 
Nicwotas: Nicholas III.) Under his successor, however, 
Martin IV (a Frenchman who owed his election to pressure from 
Charles), the Angevin house again dominated the papacy. Charles, 
now master of Sicily and southern Italy, was dreaming of extend- 
ing his domain to the east. In 1282, however, the Sicilians re- 
volted and installed Peter III of Aragon as king (see VESPERS, 
SICILIAN), and futile attempts to remove Peter and reinstate 
Charles occupied Martin's reign thereafter. 

Honorius IV and Nicholas IV were concerned with trying to 
procure the return of the house of Anjou to Sicily, supplanting the 
Aragonese. Nicholas IV, the first Franciscan pope, laboured un- 
successfully to launch another crusade, and during his pontificate 
the Palestinian fortress of Acre, the last Christian stronghold, fell 
to the Muslims, (See further NicHoras: Nicholas IV.) 

The long vacancy which followed Nicholas’ death—attributable 
partly to rivalry between the Orsini and the Colonna factions 
among the cardinals—ended with the election of a holy hermit, 
Peter of Morrone, who took the name Celestine У. Celestine, who 
was over 80 at the time of his election and extremely reluctant to 
ascend the throne, immediately fell under the influence of the 
house of Anjou. His lack of experience in government and his 
arbitrary ways led to clashes with the cardinals. Celestine wisely 
resigned after a reign of less than six months, but not before he 
had restored the legislation of 1274 on the conclave which, with 
some changes, has remained in effect till the present day. (See 
also CELESTINE: St. Celestine V.) 

17. Boniface VIII.—Boniface VIII had had a part in the abdi- 
cation of Celestine V and after his election put his aged predecessor 
into protective custody. Boniface, of the Caetani family, was 
soon engaged in a bitter struggle with the powerful Colonna fam- 
ily, rivals of the Caetani, whose fortresses he razed to the ground, 
(See also CAETAN1; COLONNA.) Much of his reign, too, was taken 
up with unsuccessful struggles with Philip IV the Fair of France, 
with whom the Colonna allied themselves, In 1302 Boniface is- 
sued his bull Unam sanctam, a resounding assertion of papal su- 
premacy which led the French king to demand his trial as a heretic. 
When the pope was about to reply with an excommunication, 
Philip sent his agent Guillaume de Nogaret to arrest him. But 
Nogaret was anticipated by Sciarra Colonna, who broke into the 
Caetani palace at Anagni where Boniface was staying. Boniface 
met his angry opponents seated on his throne, clad in the papal 
robes, his tiara on his head and exclaiming, "I desire to die for 
Christ's faith and his Church." Nogaret probably prevented 
Colonna from slaying the pope. Rescued after two days, Boniface 
was conducted to Rome where he died, a broken man. (See fur- 
ther Bontrace: Boniface VIII; Nocaret, GUILLAUME DE.) 
Blessed Benedict XI, his successor, lived long enough to make 
peace with France. 

The scene at Anagni is often contrasted with the humiliation of 
the emperor Henry IV at Canossa. Not only did Philip IV the 
Fair not suffer for the outrage perpetrated on the pontiff but he 
was in a sense to capture the papacy itself: the “Babylonian 
captivity” of Avignon was approaching. Boniface VIII's pontifi- 
cate thus marks the end of a long period which saw the rise of the 
papacy to at times dazzling heights. 

This growth can be explained by the Christocentric character of 
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medieval society, which the papal standpoint held to be indivisi- 
ble. Society at large, like the individual, was considered one in- 
divisible whole which could not be carved up into different com- 
partments. Only under this presupposition could the papacy with 
its insistence on fhe directing force of its divinely instituted 
monarchy govern the undivided whole of Western Christendom. 
Considering man and society, that is, the church, as one whole, 
the papacy was bound to act as it did in virtually all spheres of 
human activity and to direct man and society along the path to 
the eventual goal. The debt which medieval Europe owed to the 
papacy was very great. In the middle ages it was the only highly 
developed and stable institution, and as such it gave to the world, 
by virtue of its government, a sense of unity, order and purpose. 
(E. А.К.) 


Ill. THE PAPACY IN AVIGNON 


Boniface VIII had not had time to excommunicate Philip IV of 
France for his resistance to the bull Unam sanctam. But the threat 
of the French monarchy to denounce him to a general council 
was hanging over him at his death and may have influenced the 
conclave of 1303 to elect Benedict XI, who had been absent from 
the curia during the later stages of the dispute between Boniface 
and Philip, Benedict, however, died within a year. The conclave 
that met at Perugia in 1304 let nearly 11 months pass before 
electing Bertrand de Got, archbishop of Bordeaux, who took the 
name Clement V. 

1. Clement V and the Move to Avignon.—Bordeaux was in 
the territory held by the English king, and a considerable number 
of the cardinals created by Clement were to be Aquitanians. But 
the pope chose Lyons to be the place of his coronation (Nov. 
1305), with a view to conciliating Philip IV, who was still pressing 
for the condemnation of Boniface. Then, as Philip, from 1307 
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onward, persisted in his determination to destroy the Templars 
(q.v.), Clement in 1308 summoned a council to meet at Vienne in 
Oct. 1310, though in fact it did not open till Oct. 1311. It was 
the prospect of this council that prompted Clement to select 
Avignon for his residence. He arrived there on March 9, 1309. 
Avignon, a possession of the Angevin counts of Provence and 
kings of Naples, stood on the Rhéne adjacent to the Comtat- 
Venaissin (which had been in possession of the popes since 1274). 
Midway between France and Italy, on a great trade route, the 
town guarded the southernmost of the rare bridges over the Rhéne, 
and it was reasonably near to the sea. Avignon, indeed, was a 
more suitable centre for church administration than Rome, if 
history was forgotten and the existing balance of power in Europe 
taken principally into account; for neither Rome nor Italy was 
safe for prolonged sojourn, and politically France now bulked 


largest. 
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In view of this French predominance Clement V had at § 
supported the election of Henry of Luxembourg as German 8 
(Henry VII) in 1308; but as the result of the Council of Vienne 
and of French pressure in favour of Robert, the Angevin king of 
Naples, he, came round to the anti-imperial side, of which lh 
main organizer was Florence, Thus when, in 1313, Henry 
pared for war against Robert, Clement threatened Henry wih 
excommunication. With his ally Frederick III of Sicily, Heny 
might have conquered the Angevin had he not succumbed to feve 
(Aug. 1313); whereupon Clement, claiming to rule while th 
empire was vacant, gave Robert the title of imperial vicar jj 
Italy. Robert, however, spent his treasure and forces upon a 
saults on Sicily, lost control of the Romagna and never mij 
much impression in Lombardy, where the Visconti and th 
Scaligeri lorded it in Milan and Verona respectively. 

Clement died in April 1314. An adroit but timid and physically 
ailing pontiff, he had been obliged to consent to the destruction 
of the Templars (whom he himself dissolved, so as not to law 
their extinction to Philip IV) and to erase from the papal тей 
all apostolic letters against Philip IV and his agents, Only in th 
war of Ferrara (1309) against the Venetians had he had any sie 
cess. He had moreover falsified Dante’s highest hopes, turit 
upon his earlier welcome to the emperor and yielding to Frant 
yet he left a notable memorial of himself by adding the Clem 
entinae to the existing body of canon law. He was a confirmel 
nepotist and appears to have had a large secret treasure, Hi 
private resources and the funds of the apostolic camera he t 
as a single unit, which he kept under the control of his family 
and on which he drew in order to make substantial presents to bis 
relatives. 

2. John XXII.—Clement's successor, elected after an intend 
of two years and three months, was John XXII, another Frei 
man, who left a permanent mark upon the later medieval papi 
Formerly chancellor of the Angevin Charles II of Naples, j 
touched the political and intellectual life of Europe at many рїї 
He presented a firm and insensitive front to the Franciscan й 
who mingled poetry and prophesying with their determination її 
follow the naked Christ and to make the moderates of the об 
follow their example. In this, as in his doctrine of the Вай 
Vision, John aroused a great deal of theological antagonism 
was unfortunate in having as his opponents such men as Mi 
of Cesena (general of the Franciscan order) and William OE 
In 1322 he revoked the bull Exit qui seminat (1279) of xe 
las III, which, by declaring the possessions of the Franciscan! 
be the property of the papacy, had enabled the order to 
total poverty while its "use" of the papal property was sanction 
and by the bull Cum inter nonnullos (1323) he decla 
Franciscan doctrine that Christ and his apostles lived in а 
poverty to be heretical. Аз a result Michael of Cesena, Od ig 
and others took refuge with John's enemy Louis IV the anes 
At Munich a new factory of antipapal argument and prop 
came into being, encouraged by the revolutionary mae 
Marsilius of Padua, who looked upon the church as n 
sacerdotalis (“priestly department") of the state. b nid 
lectual attack on John was pressed by Ockham, whose р? je 
works are dominated by the thought that the papacy ши p 
did not possess the magisterium in Christian teaching 
emitting views that were plainly heretical. Р рей! 

John entered into a fierce quarrel with the empire and рб 
long series cf military and diplomatic actions in Italy to 3 
Ghibellinism (the antipapal imperial party; 56 [] 
GHIBELLINES) and prepare the way for a return to Ко 
imperial election of Oct. 1314, five electors had chosen 7 (y 
telsbach candidate Louis the Bavarian, while the reina P 
voted for Frederick of Habsburg, duke of Austria. Joh ой 
coming pope, viewed with alarm the possibility of a new n. 
intervention in Italy and thought it safest to keep the id 
vacant (as Clement had done) until he should have ‹ EG 
issue between the two claimants; meanwhile he maintain 
of Naples as imperial vicar in Italy. I { Habsbutt! 

Louis the Bavarian’s victory over Frederick oi 2 jo © 
Mühldorf (1322) was alarming to John, and his susp! 
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confirmed by the fact that Louis sent a vicar to Italy to help the 
Ghibellines in Milan and Verona. In Oct. 1323 he declared Louis 
Ойу of acting as king of the Romans before his election was 
nfirmed by the pope and of helping heretics by aiding the 
isconti of Milan. Loni ies о within three months to sur- 
his title, and his subjects were to renounce him under 
Lor excommunication and forfeiture. The German ruler re- 
E. 1324) by чиме ا‎ n i the ре 
the sufficiency of his е n and coronation to make him 
king of the Romans ne papal approval, On March 23, 1324, 
ohn excommunicated Louis. 
: Tn the course of his Italian expedition (1327-30) Louis reached 
ae p. praed fries by ges мае of the 

? people, headed by Sciarra Colonna; and an antipope, 
Nicholas V (Pietro Rainalducci), was elected in May 1328. But 
the expedition achieved little else, since John continued to in- 
sist on the nullity of an election unconfirmed by the papacy, (See 
also Lovis IV the Bavarian.) There could be no settlement of the 

while John was alive; and after his death indignation with 
his policy provoked the German princes to declare at Rense that 
I. of the electors was king of the Romans without need 

papal confirmation (1338). 

The pope found the Ghibellines of northern Italy no less in- 
tractable, The Visconti and the Scaligeri (Della Scala) remained 
unmoved by excommunication, and John had to send the warrior 
legate Bertrand du Pouget to retrieve the situation. He also ap- 
pealed to Philip V of France, who authorized Philip of Valois (the 
future Philip VI of France) to descend into Italy (1320); but 
Philip, instead of fighting Galeazzo Visconti, parleyed with him. 
Later, Philip excused himself to the French king on the ground 
that neither John nor Robert of Anjou, who was pledged to help 
him, had sent him any money. The Visconti seized Vercelli 
(1321) and Cremana (1322), and the pope tried without success 
lo tempt Frederick of Austria to rescue the position. Despite the 

е recovery, the legate was successful in forming a Guelph 
nucleus in Parma, Modena, Reggio and Bologna. It was sug- 
gested that a new north Italian kingdom might be constituted for 
John of Bohemia, Henry УП? son, who in 1330 went to Italy to 

the Brescians against Mastino della Scala, But the Italian 
Powers took fright. Guelph and Ghibelline alike formed, in 
1332, the league of Ferrara to expel the invader, and the papal 


ine forces were twice defeated in 1333, at Ferrara and 


at Argenta, John of Bohemia left Italy and the legate, against 
Bologna revolted in 1334, had to make his escape to 
The 14 years of warfare had cost John XXII more than half 
revenues of his pontificate. But he had at least asserted the 
рт Of the church in northern Italy, even if unsuccessfully. 
general administration contributed substantially to the de- 
ht of the papal bureaucracy. Under his rule the court 
John li came fixed at Avignon. The episcopal palace where 
Securit ved was a powerfully defended place; the atmosphere of 
ty Lm the untroubled working of the monarchical 
ion. 
g^ ministration, Finance and Development at Avig- 
Dorv a Avignonese system, complicated as it grew to be, was 
Depend Gen two simple administrative acts: a petition to the 
Poi papal reply, in the form of a grant of some licence, 
pent. w, оп or favour in the shape of office or benefice. The re- 
to the m willing (and obliged) to pay the fees laid down, both 
lorm of сегу and to other authorized agents. The commonest 
petition was for the papal collation of a benefice (q.v.), 
(ie, d canonry with or without a prebend or a “church” 
Of provisi church) or other emolument. But the issue of letters 
benefice ра did not necessarily imply that the petitioner got the 
(Genera 9r which he asked. The executors of the provisions 
benefice ^, Clerks of the diocese named) might find that the 
against whist already filled or that obstacles were encountered 
and volum, ch litigation had to be commenced. Hence the growth 
eof lawsuits in the curia; hence, perhaps, the increasing 
Vacant) €xpectatives (grants of benefices sooner or later to fall 
/ and the increasing reliance of the curia on the chief 
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owners of ecclesiastical patronage, the diocesans and the religious 
houses, to provide for papal nominees when benefices in their 
gift fell vacant. 

At the same time the popes steadily increased the categories of 
reservations, from those benefices which fell vacant by their 
holders’ dying within a given distance of the Roman curia. 
John XXII saw the need of advance by stages. In the constitu- 
tion Ex debito of 1316 he extended reservation to several categories 
of benefices over and above those which were vacantes in curia 
(ie., those of which the holder had died in Rome), The consti- 
tution Execrabilis (1317), forbidding a clerk to hold more than 
one living with the cure of souls, placed in the hands of the Roman 
curia the collation of the benefice that the pluralist clerk was 
forced to resign, 

At Avignon the plenitude of power was asserted not so much 
politically as administratively, and petitioning became a skilled 
technique, for the system of granting benefices was regulated by 
the delicately adjusted rules of the apostolic chancery. 

The livings or offices, whether conferred in consistory (ap- 
pointments in collegiate churches) or by ordinary process of as- 
sented petition, involved, in addition to the fees, payments to the 
apostolic camera and to the camera cardinalium, called servitia 
(“services”) and annates (g.v.) respectively, The latter were 
paid on simple benefices; the higher benefices involved both the 
“great” and the "little" servitia. Gathered locally by papal col- 
lectors, the payments were frequently advanced by papal mer- 
chants who satisfied the needs of the pope and cardinals for ready 
money and retained the papal grant until they had secured from 
the grantee binding agreements to pay (obligationes), approved 
by the curia. 

This development of papal finance and, in particular, the help 
of the mercatores domini Papae (“papal merchants”) enabled 
John XXII to finance his military enterprises in Italy. The 
chamberlain Gasbert de Laval (1319-47) acted both as admin- 
istrator and as a diplomatic counselor and was responsible for 
many of these developments. The system of collectories, areas 
into which Christendom was divided for the collection of papal 
duties, was promoted by him; it did not, however, function till 
the middle of the 14th century. 

In addition to the expansion of the chancery and of the ex- 
chequer and the growth of the papal palatium or law court, the 
papal penitentiary dealt with those ecclesiastical offenses the 
absolution of which was reserved to the Holy See and, through its 
local penitentiars, exercised the power of binding and loosing 
vested in the pope. 

The whole edifice was kept together by the collaboration of the 
cardinals, who had come to be the pope's sole counselors when 
seated with him in consistory, and during the Avignonese period 
the aristocratic theory of their necessary co-operation and consent 
in all major papal acts undoubtedly developed. 


TABLE X.—Popes of the 14th Century, to 1378 


1303-04 Benedict XI, in Rome 1334-42 Benedict XII in 

1305-14 Clement V, to Avignon 1309 | 1342-52 Clement VI Avignon. 

1316-34 dm XX th, in Avignon 1352-62 Innocent VI g 

1328-30 icholas V (Pietro Rain- | 1362-70 Urban V, in Rome 1367-70 
alducci), antipope in Italy | 1370-78 Gregory XI, to Rome 1377 
(resigned) 


On his death John XXII was succeeded by Benedict XII, a 
French theologian devoted to the reform of the religious orders, 
The bull Summi magistri (1336) dealt in its 39 chapters with all 
the main aspects of the religious life of the Order of St. Benedict, 
its government, the regime of the convents, its temporal pos- 
sessions and its studies, The pope was also much concerned to 
remedy abuses in the secular clergy. In view of his reforming 
activity it is not surprising that Benedict was the object of 
calumny. He was accused of avarice, of egoism, of prejudice, of 
dislike of the cardinals and of hatred of the mendicants. 

Strangely enough, the rigorous Benedict began the erection of 
a papal palace separate from the bishop’s residence at Avignon. 
No longer was the see of Avignon kept vacant and administered 
by the bishop of Marseilles. Round the court of the old episco- 
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pal palace he constructed a building that resembled both a mon- 
astery and a fortress, yet one suitable for the expanding curia; and 
in 1339 he transferred to it the papal archives which had been at 
Assisi since the pontificate of Benedict XI. 

It was the French Benedictine Clement VI who in June 1348 
took the step of purchasing Avignon for 80,000 florins from Joan I 
of Naples. He also built on to Benedict’s palace a second, less 
austere, more fitted to his grandiose conception of the papacy. 
Already in Benedict’s time Sienese artists, in particular Simone 
Martini, had been brought to decorate the churches at Avignon. 
Clement charged Matteo Giovannelli of Viterbo and Lippo Memmi 
with the decoration of chapels in the new palace and had his own 
apartments lined with tapestries from the north. The galleries and 
halls were filled with ornaments and rich furniture; new plants and 
strange animals appeared in the gardens; and Hebrew manuscripts 
and translations from the Arabic were added to the library. The 
influence of humanism was making itself felt. 

4. Clement VI and Innocent VI—Clement VI, a clear- 
headed, Renaissance type of pontiff, was confronted by three 
problems: the crusade; the failure of the Florentine bankers; and 
the state of the Italian possessions of the Holy See. The Anglo- 
French struggle was likely to be long (it became the Hundred 
Years’ War) and to hamper attempts to relieve the last Christian 
states left in the east, the kingdoms of Lesser Armenia and of 
Cyprus. Clement thought of the crusade as the pope's first duty 
and made himself responsible for an expedition that was success- 
ful in taking Smyrna (1344); later, to Clement’s indignation, the 
Latins of the East traded the place for a precarious peace with 
the Turks and for guarantees against piracy. 

Finance, because of the Florentine bankruptcies, was an acute 
problem. Clement had to look outside Florence for his bankers, 
and on certain occasions had to employ 11 banks to send his mili- 
tary commanders in Italy sums varying from 20,000 to 40,000 
florins, But these were failures of mechanism rather than of 
revenue itself: the pontiff was able to lend the king of France no 
less than 600,000 florins from the secret account. All that could 
be got was needed to meet the situation in Italy. The papal terri- 
tories in Romagna and the Marches were disputed by the noble 
Italian families, while the patrimony was menaced by Giovanni di 
Vico, the prefect of Rome. Clement’s nephew Astorge de Durfort 
was sent to re-establish the authority of the Holy See in the 
Romagna. 

Clement was also concerned with Naples and with affairs in 
Rome itself, In Naples he strove to ensure that justice was done 
to Queen Joan, who was suspected of the murder of her husband, 
Andrew of Hungary. In Rome he at first supported (1343) the 
popular leader Cola di Rienzo (q.v.) in his attempt to create an 
orderly bourgeois state based upon the ancient Roman republic; 
but when after 1347 Cola’s plans went beyond the establishment 
of order and the suppression of the nobles and displayed a 
dangerous revivalism embodying a federation of Italy in which 
all Italians must be Roman citizens, Clement became alarmed 
and refused any more support. 

The next pontificate, that of Innocent VI, saw the Italian cam- 
paigns of Gil Alvarez Carrillo de Albornoz (q.v.), the fighting 
cardinal who revived the papal state and made possible the return 
of the pope to Rome. Sent as legate to the Romagna and to the 
march of Ancona, he quickly dealt with Giovanni di Vico (1354) 
and reduced the whole patrimony and Umbria to order. In 1355 
the Malatesta family surrendered and received back some of their 
dominions as papal vicars. The duchy of Spoleto and the march of 
Ancona were both recovered in 1355. In 1357 Cesena was cap- 
tured. Further success was for the time undermined by the in- 
trigues at Avignon of Bernabó Visconti, who was trying to secure 
Bologna. In 1363 Bernabó was defeated, but Urban V decided not 
to break up the Visconti state. Had he done so, the later threat 
of Visconti domination over the city-states of Tuscany and central 
Italy might have been avoided. 

5. The Return to Rome.— The last two pontiffs in the undis- 
puted Avignon line, Urban V, a French Benedictine, and Greg- 
ory XI, the last French pope, were neither politicians nor admin- 
istrators but intellectuals. Both were men of great piety, and 
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Urban was generally accounted an austere saint. It was he wh 
took the decision, in 1365, to bring the curia back to Rome, n 
was greatly concerned to reunite the Eastern and Western churches 
and hoped to enter into conversations with the patriarch oi 
Constantinople. Не could not do this so well from Avignon æ 
from Rome. Leaving Avignon on April 30, 1367, and Teaching 
Rome on Oct. 16, Urban installed himself in the Vatican; but le 
was not to remain long there. When the Anglo-French wir 
flared up again, the pope thought it best to return to Avignon, 
where negotiations could be more easily undertaken with the 
warring kings. On Sept. 27, 1370, Urban was back at Avignon, 

Gregory XI had reached the conclusion that, in order to condug 
negotiations with the Eastern church and to maintain the papi 
territories, consolidation by Albornoz and residence at Rome wer 
necessary. But by proposing to go at a time when the apostolit 
treasury was almost empty, while also a large proportion of the 
personnel of the papal civil service was southern French by origi, 
Gregory aroused a good deal of criticism. 

He delayed his departure, however, while he tried to bring about 
a truce in the Anglo-French struggle and then to convert it into 
definite peace. But events in the east, particularly the conquet 
of Lesser Armenia by the Mamelukes (1375), were pressing. 01 
top of these happenings came the attempt of Florence to organi 
a league against the pope and at the expense of papal territory, 
In the War of the Eight Saints (1375; called after the magistrate 
deputed by Florence to conduct the campaign) Florence secured 
the revolt of Bologna and other papal towns. The ecclesiastial 
territories would have been lost had it not been for the vigorous 
action of Gregory and of his legate, Robert of Geneva (later the 
antipope Clement VII). The move to Rome (Jan. 1377), was e 
sentially sound and can even be said to have saved the papal stale 
Gregory, however, did not live to see the result. 


IV. THE GREAT SCHISM, 1378-1417 


1. Two Popes.— The double election of 1378 and the conseque 
schism had disastrous effects upon the church. Historians n 
regard Urban VI's election as canonical, in spite of the threate 
ing behaviour of the Roman populace demanding “a Roman oril 
least an Italian.” It was only when Urban showed himself bit 
ter and hostile to the cardinals and to the bishops at the curia thi! 
13 French cardinals, fearing that the majority in the Sacred Colle 
would be turned against them by a new promotion of Italians 
the purple, left Rome and retired to Anagni. There they d 
nounced the election of Urban as “null, because it was not mul 
freely, but under fear.” At Fondi on Sept. 20, 1378, they йй 
Robert of Geneva ќо be pope as Clement VII. For 39 year ® 
these events there were to be two (and later, for a time, е 
rival popes, each with his own following, his own college 
cardinals and his own administrative offices. І 6 

Neither France nor England decided immediately with whom’ 
sympathize. By the end of 1378, however, France had det 
favour of Clement VII; England took the opposite side. he 
land, Savoy and, for a time, Portugal followed the BEN 4 
ample; and after further delays Castile, Aragon and even 
Navarre also declared for Clement VII. Urban VI, on the? 
hand, was supported by the house of Luxembourg (kings ke 
hemia and Holy Roman emperors), Poland, Hungary, the a 
of Flanders, northern and central Italy and, from 1381, i 
Clement hoped to dislodge Urban from the Vatican with the” 
of the French mercenaries who were occupying the castle р ий 
Angelo; but the castle fell in April 1379, and Clement bi W 
to Naples. There Queen Joan I was willing to recognize M 
the populace supported the pope born in their own dim ji 
Clement left Naples in May and entered Avignon on June olo 

With the divided papacy the church entered upon à uw E 
crisis, The confusion, particularly in territories uncertal P 
pope to obey, was profound, and the dual nature of t ЧГ m 
gave opportunity, to both England and France, to PFO", 
antagonism and the party divisions of the Hundred Ye of it 
To France especially the schism offered the opportunity 5 "i 
vening in Italian politics and, in particular, of gaining а o pur 
the kingdom of Naples, where the younger Angevin line 
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opposed the claims of the Hungarian branch of the family. There 
were two great expeditions (1382-84, 1390) by French armies to 
conquer and hold the kingdom. In 1392-93 the Avignonese papacy 
ut forward, in the interest of Louis, duc d’Orléans (brother of 
Charles VI of France and son-in-law of Gian Galeazzo Visconti), 
the project of a kingdom of Adria, on the lines of the kingdom 
formerly suggested by John XXII for John of Bohemia, Such 
active Italian intervention cost money and involved both pontiffs, 
the Avignonese most of all, in continuous efforts to apply the fiscal 
and revenue-collecting methods of earlier Avignonese popes. It 
was undoubtedly the sharp financial practice of Boniface IX, who 
succeeded Urban in 1389, that alienated English opinion from the 
Roman pontiff. Yet neither pope could afford an estrangement 
with the kingdoms of his obedience, and royal propaganda was 
met, as far as Urban VI was concerned, by papal compliance. 

On the other hand the Avignonese pope was less ready for 
concession, Benedict XIII, the successor of Clement VII, had 
promised before his election, in 1394, to resign the papacy if in the 
interests of the unity of the church this became necessary. When 
the French king demanded this, Benedict demurred and fell back 
upon a theory of the plenitude much like that of Boniface VIII. 
He denied to the University of Paris (which was then advocating 
“the way of cession”), to the court or to the cardinals sympa- 
thetic with the French king any sort of right to demand his resigna- 
tion; and this attitude was at the root of the two withdrawals of 
obedience by the French. On their first withdrawal of obedience 
(1398), the French besieged Benedict in Avignon; but after his 
escape to Provence they reacknowledged him as pope (1403). 

Later, the collapse of the plan for negotiations between him 
and the Roman pope in 1408 was followed by a second French 
declaration of neutrality toward the rivals, Benedict, however, 
who was eventually driven to take refuge in the island of Peñíscola, 
off the coast of Valencia, never abandoned his claim. Finally 
deposed by the Council of Constance he lived on, fiercely main- 
taining his own status, until 1424. 

Boniface left the papal state in Italy even stronger than it had 
been under Albornoz, but his successor, Innocent VII, was less 
Qualified to deal with an enemy such as Ladislas of Durazzo. 
Even before the conclave had elected the new pope, Ladislas 
entered Rome, forced the pope to receive a popular government 
under а treaty highly advantageous to himself, and made him ac- 
Cept the sinister condition that he would not end the schism until 
Ladislas’ right to the crown of Naples was conceded. In Aug. 1406 


Шз made peace and was created papal vicar of Campania 
thd Maritima, in return for which he undertook to pay Innocent 
20,000 florins, 
TABLE XI.—The Great Schism 
Years Roman Avignonese and Conciliar 
line Aragonese schismatics |. (pisa hhd Bologna) 
1378-89 U 
ne rban VI 
ro Clement VII 
Ин, Boniface IX (aanre 
dete xu 
1404-06 Ih ғо de Luna. 
ocent VII 
ioris Gregory XII 
1400... resigned) 
10-10 Alexander V 
117-31 John XXIII (deposed) 
1423-29 Martin V 
Clement VIII (Gil Sanches 
112 бене) 
5- resigne 
K n X 
ernard Garnier), 
ا‎ counter-antipope 


{с died in Nov, 1406 and Gregory XII was elected. This 
no heed Besedy mian, who thought only of his relations and took 
be jud, a Spiritual duties or his temporal responsibilities, may 

Be by the bull which he addressed to the cardinals (Aug. 29, 
the oe them to approve the donation of various lands of 
i Fc to his brother and to his nephews, not in vicariate but 
and the © was intending to give up Faenza, Forli and Orvieto, 
tempo Proposal suggests that he had no hope of keeping the 


Fal power in existence, In 1408, when Ladislas moved on 
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Rome and thence to Viterbo and to Orvieto, there was nobody to 
stop him. He could be temporarily pacified, but not bought off, 
by grants of church lands; and Gregory made him extensive con- 
cessions with little hope of stemming the tide. 

By the autumn of 1408 Gregory’s pathetic position in Italy and 
his failure to concert resignation with Benedict XIII (who was 
consistently intransigent) had convinced the cardinals that the 
“way of the council” was the only hope for the church, Their 
efforts were strongly supported by the Gallican church and by the 
tulers of France, England, Bohemia and Hungary. ‘The result 
was the Council of Pisa, which assembled in 1409, Unity and re- 
form were its two objects. Neither was secured. Determination 
to make a speedy end of the schism soon led to the election of 
Alexander V; but since the council merely declared the two exist- 
ing pontiffs schismatic without persuading them to resign, the re- 
sult was a condominium of three representatives of St. Peter. Nor 
was reform in the church brought any nearer. 

For nearly five years after the Council of Pisa there was—with 
the exception of the abortive Council of Rome (1412)—a pause 
in the activity of general councils. In 1410 Alexander died and 
was succeeded by a most unspiritual figure of great ability, John 
XXIII, who, as Baldassare Cossa, cardinal legate in Bologna, had 
been a most successful opponent of rebellious condottieri and 
had organized the fighting strength of the best mercenary captains 
against Ladislas of Durazzo. The league against Ladislas reached 
its high-water mark in 1410; but the departure of Louis of Anjou 
for Provence after the successful action of Roccasecca (May 1411) 
left John inadequately protected. His only possible resort was 
King Sigismund of Hungary, whom, after the death of Rupert of 
the Palatinate (May 1410), he had recognized as king of the 
Romans. Ladislas not long afterward lost one of his best captains 
to the pope and was then willing to make peace, which was signed 
at San Felice in June 1412. Ladislas promised to repudiate 
Gregory in favour of John, while the pope abandoned the Angevins 
and Sigismund. The pope took Ladislas and his condottiere Muzio 
Attendolo Sforza into his service and promised them large ter- 
ritorial concessions and extremely large sums of money. In May 
1413, however, the perfidious Ladislas moved against Rome, John 
had to seek refuge in the suburbs of Florence. 

2. The Council of Constance.—The protection of Sigismund, 
for what it was worth, meant for John XXIII agreement to appear 
at the general council, on which Sigismund had set his heart; and 
John’s position grew weaker as Ladislas deployed his forces north- 
ward and threatened Tuscany. But in Aug. 1414 the king died. 
John, seeing the chance of escape from the council, immediately 
attempted to form a league with Florence and Venice to keep the 
representatives out of Italy. To the cardinals he protested that, 
rather than go to the council, he must go to Rome and recover 
the States of the Church. The cardinals told him that he could 
do this by legates or deputies; the council he was bound to attend. 
The assembly, fixed for Constance, opened in the late autumn 
of 1414. 

Representation at the council was almost universal, and its 
composition was very heterogeneous. With many different pur- 
poses and cross-purposes seeking fulfillment, questions of internal 
organization, particularly the order of business and the method of’ 
voting, assumed immediate and fundamental importance. If 
heads were counted, the reactionary party might win and John 
XXIII might simply remove his opponents and ignore the ques- 
tion of reform, Such an outcome was hardly in keeping with the 
plans of the French leaders Pierre d’Ailly and Guillaume Fillastre. 
Their program was essentially that expressed in D'Ailly's Capita 
agendorum, which called for a complete reformation in head and 
in members of the church; and they were not to be satisfied with 
the restoration of unity in the person of a suspected libertine. 
Hence, when the English delegation, led by Robert Hallam (Hal- 
lum) and supported by the Germans, suggested that the system 
in vogue in the universities should be adopted and that voting 
should be by nations, the French fell in with the plan and the 
papalist Italians were outnumbered. This deprived the cardinals 
of effective influence. Envisaging the result, John XXIII pub- 
licly professed his willingness, on conditions, to quit the papal 
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chair; but in March 1415 he secretly escaped from Constance. 

The unequal battle between the cardinals, anxious to preserve 
their right of election, and the conciliar liberals, determined to 
procure John’s abdication, continued until John was finally de- 
posed. More of layman than a cleric, John had yet made bril- 
liant promotions to the cardinalate, and the charges against him 
at his trial were, in the main, fantastic. Shortly afterward Greg- 
ory XII resigned; and in July 1417, after prolonged efforts to se- 
cure his voluntary abdication, Benedict XIII was at length pro- 
nounced schismatic and heretical. Unity was eventually achieved 
by the election of Martin V in Nov. 1417. (See also CONSTANCE, 
COUNCIL or; COUNCIL.) 

By a majority in the council, reform was left to the new pope, 
and certain specified recommendations were made to him. Martin 
V, however, was content to pass the inadequate decrees of March 
1418 and to make a series of concordats with the principal powers, 
involving for the most part his recognition of the actual status of 
papal finance in the various countries, together with certain 
modifications in favour of national demands for the reform of 
abuses in the central bureaucracy. The fact was that in their 
relations with the Avignonese papacy the principal countries of 
Europe had evolved a technique of mutual agreement and compro- 
mise which their rulers did not wish to upset. 


V. THE RENAISSANCE PAPACY 
A. EARLY RENAISSANCE, 1417-92 

Martin V’s chief problem was to assert his authority over the 
condottieri who, under pretext of serving the church, were making 
free with its lands in Italy. His proposal (Jan. 1418) that the 
rule of the lands and cities of the church should in future be given 
to cardinals or to other ecclesiastics and that the papal vicariate 
of such lands should not be granted for more than three years was 
accepted by the Council of Constance; but in these territories he 
had to establish himself by diplomacy rather than by force, and 
places like Bologna made stiff bargains. His chief difficulty was 
the condottiere Braccio: (q.v.) da Montone; and it was not until 
after Braccio had been defeated in the battle of Aquila (June 
1424) that Martin could make headway in central Italy. 

In non-Italian affairs likewise the pope, strongly supported by 
his cardinals, set himself to advance the interests of the Holy See 
and to retrieve the authority of the curia in the church as a whole. 
He did his utmost to render abortive the Council of Pavia (1423— 
24), later transferred to Siena, which he refused to attend in per- 
son and which he was able ultimately to get dissolved on the 
ground of its insufficiently representative character and because 
churchmen present had no security from attack by the townsfolk 
and others, Against the English government, however, he asserted 
to the full his determination to get rid of the Statute of Provisors 
of 1390 (see Provision), even to the extent of suspending (1427) 
Archbishop Henry Chichele from his office as legate. In the 
Spanish kingdoms he similarly emphasized the rights of the church 
against the crown. He was a restorer of the papal supremacy in 
all matters ecclesiastical. 

1. Basel and Ferrara-Florence—Eugenius IV succeeded 
Martin in 1431. Devout but of no international experience and 
often of faulty judgment, Eugenius had to steer the papacy 
through the crisis of the rebellious Council of Basel; and his 
pontificate also saw the reconciliation of France and Burgundy 
(Arras, 1435) and the Pragmatic Sanction of Bourges (1438). 
He was also the pope under whom a short-lived union of the 
Greek and Latin churches took place (1439) at the Council of 
Ferrara-Florence. Eugenius had none of the gifts to guide dif- 
ficult business to a successful issue; but he had a certain obstinate 
dignity, and if he could be swayed by disingenuous persons, his 
own character was simple enough. Above all, he was well served 
by his cardinals, particularly by the great Niccoló Albergati 
(1375-1443), on whom Martin V had much relied. 

Eugenius’ chief victory was over the Council of Basel, which he 
first allowed to be summoned, then, on hearing that his legate 
Giuliano Cesarini was proposing to invite the Hussites (g.v.) and 
Bohemian religious radicals to state their case, dissolved. 
Eugenius was forced, through the desertion of the cardinals, to 
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recognize the assembly once more (1433), but he made use of its 
blunders. Important among these were (1) the determination of 
the French radicals to secure upon French soil a meeting place for 
the prospective council which was to seek unity of the Greek ang | 
Latin churches and (2) the council's assertion of its right to prj 
indulgences. But even more serious was the council’s inte. 
ference in matters with which it had no concern. These considera. 
tions led Eugenius in 1437 to break with the fathers at Basel, tg 
repudiate the decrees of the assembly and finally, in September, 0 
order its removal to Ferrara, In 1439 the diehard fathers stil 
at Basel replied by the citation and “deposition” of the pope and 
the election of Amadeus VIII of Savoy as Felix V. (See Bast, 
COUNCIL or.) | 

Meanwhile in 1438 Eugenius secured the holding of his ney 
council at Ferrara-Florence attended by the Greek emperor John 
VIII (Palaeologus) and many Orthodox prelates; and in 1439, at 
Florence, whither this council had been transferred, the Greeks 
accepted the Catholic doctrine of the procession of the Holy 
Spirit, the use of either leavened or unleavened bread in the 
Eucharist and the headship over all Christendom of the Roman 
pontiff. (See FERRARA-FLORENCE, CoUNCIL or.) This resound 
ing victory, though it never became a generally accepted fact, en 
abled Eugenius to defy the Basel assembly during its last phase 
(1439-48) and hence bring to an end the conciliar movement and 
establish papal supremacy. But some work of value had already 
been effected by the council A compromise, involving the 
Compactata of Prague (1433), had been arranged with the De 
hemians at Jihlava (Iglau) in 1436; and reforming decrees had 
been passed which forbade reservations as unauthorized by canon 
law and which abolished annates and limited the number of cardi 
nals, Some of the more important of these recommendations wet 
accepted by Charles VII of France and embodied in the highly 
Gallican Pragmatic Sanction of Bourges, which declared the rights 
of the French church and disallowed papal appointments to vacant 
benefices. 

2. Humanism and Italian Politics.—Eugenius died in Fd 
1447. It has been observed that he was outside the chief interest 
intellectual and moral, which were moving Italy. His successu, 
however, was the humanist Nicholas V. A man of peace i 
moderate views, strong in the desire for reform while maintaining 
the prestige of the Holy See, Nicholas concluded the concordi 
of Vienna with the German king Frederick III in 1448, extending 
the basis of Martin V’s concordat of Constance to regulate 
relations of the pope with the German church. He also deal 
reasonably with Felix V when he abdicated (1449), restored Lois 
Aleman to the cardinalate of which Eugenius had deprived him ê 
a partisan of Felix, and recognized three of Felix’ creations. 


TABLE XIL—The Papacy From 1431 to 1492 


1431-47 Eugenius IV 1455-58 
1430-49 Еейх V (Amadeus of Savoy), | 1458-64 
antipope 1464-71 

1447-55 Nicholas V 1471-84 
1484-92 


chief concern was the restoration of the buildin, 
the increase of the books and treasures in the Vatican. "m 
of 1450 provided the funds to carry out the proposed тее 
but the visit of Frederick III and his imperial coronatio! (he 
in Rome) in 1452 gave the pope the best opportuni full 
aesthetic antiquarianism, and he used the occasion to the ШШ. 
The political league between pope and emperor prove! 2: 
ever, a failure, nor would Frederick give апу help with ee w 
which the pope was preparing. The diet of Frankfurt 1 saci 
more occupied in reforming the empire than with aio! 
Amid these disappointments Nicholas died in 1455. И po 
distinction rests on his building in Rome, on his virtua scl 4 
tion of the Vatican library, on the welcome he gave to mani 
from Constantinople and on his patronage of Italian. m jum 
The short pontificate of the first Borgia pontiff, Сл 
notable mainly for the pope’s abortive crusade against a in 
The papal fleet, dispatched from Ostia, won a few islam ales 
Aegean from the Turks and brought help to the Hosp! 
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Rhodes, One promotion of great importance was made: Aeneas 
Silvius, who had consistently fought the electoral opposition to the 
emperor in Germany, was raised to the purple in 1456. Aeneas 
had always appreciated that the strength of the electors’ opposi- 
tion lay in their ability to use the decrees of Constance and of 


Basel and the concordat of 1448 as weapons against any close - 


rapprochement of Frederick III with Rome. He therefore had an 
answer to all complaints from Germany; and it was perhaps his 
arguments and promises, together with the legation of Nicholas 
of Cusa in Germany, that prevented the empire from sliding into 
а quasi-independence of Rome. 

An orator and a humanist, Aeneas had done so much for the pa- 
pacy in Germany through his letters and his personality, and had 
so many contacts with the influential of Europe, that at the con- 
dave of 1458 he received the majority of votes. To Pius II (as 
he called himself) it was left to abolish all traces of the conciliar 
regime, The bull Execrabilis et in pristinis temporibus inauditus 
(1460) condemned any appeals to a future general council (though 
for the time being it did not stop people from making them); 
Louis XI was urged to abolish the Pragmatic Sanction and did so; 
and in 1462 the Compactata of Prague were denounced by the 
pope. Into the crusade Pius flung himself with all the ardour of 
his incomparable pen and, in the end, by personal example that led 
to his death. Yet his more important work had been done in Ger- 
many, and it was his knowledge of the German (highly separatist) 
mind that showed him how to support Nicholas of Cusa, bishop 
of Brixen, against Sigismund of the Tirol, how to bribe the electors 
and how to win Frederick III for the papacy. 

Pius’ eloquence and his love of pageantry should not obscure 
the fact that he was invariably in earnest; and he had an astonish- 
ing flair for publicity and the manipulation of opinion. Yet at 
the end of his time it was clear that the papacy, if it had great 
prestige and high diplomatic ability and had the money to build 
and to decorate, was now being grouped as one of the European 
concert of powers having auctoritas ("authority") rather than 
potentia ("power"). More than that, it was as an Italian prin- 
tipate that the world of diplomacy saw it. 

The cardinals at any rate showed suspicion of a princeps or 
actual potentate, Before electing a successor to Pius II, they 
framed a series of regulations for the guidance of the college and 
for the control of papal policy, including the provision that they 
Were to be consulted on appointments to the more important posts. 

he new pope, Paul II, would have none of these restrictions; 
i while he was prepared to take advice on necessary reforms, 
¢ followed his own judgment in making changes within the papal 
court. In 1464 he ordered a drastic purge of the College of Ab- 
Feviators; and when the humanist Platina (one of them) ob- 
Pond he imprisoned him till he came to a better mind. Deeply 
Breed with the well-being of Rome, Paul lived in the palace 

ап Marco, where he could see and enjoy the Roman carnival. 
: i isolated in the Vatican, he dwelt among the people of Rome, 

Пепа to the magistrates and a patron of artists and scholars. 
E ema relations he was as suspicious of Bohemian Utra- 
Geor ias Eugenius IV had been (see HussITEs). „Не condemned 
d e y Poděbrady, king of Bohemia, as a heretic (Dec. 1466); 

Mu ji er, diverting possible forces from the crusade against the 
Dis e € turned Matthias of Hungary against the Bohemian king. 

= ДА to the taste of Frederick III, who, if he did not like 

Aa 0) Podébrady, disliked and feared Matthias more. But 
10 nhu Which a Holy Roman emperor ever paid to Rome was 

ith ( cessful in changing Paul’s determination to ally himself 

torge de пдагап king and to crush the Bohemian. Paul and 
ч en both in the same year, 1471. ^ 

Utes for qo оїшда{ей, with the consent of the citizens, new stat- 

ell out SRL of Rome, A churchman and a disciplinarian, he 

e Colle the Roman Academy, which, after the dissolution of 
aggrieved o, of Abbreviators, had become the national resort of 
Subjectin е and humanists; and by condemning them and 

jo Е latina to torture, he prepared the way for a denigra- 

i aphy of himself, in which he was represented as hating 
athi and literary men. Paul was medieval in his literary 
es, had little time for frivolity and disliked panegyrics. 
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Literature apart, he was a magnificent builder and art collector. 
Implication in Italian wars he was determined to avoid. 

Wholly different was the aim of his successor Sixtus IV, never a 
man of the crusade nor a curial politician. Though he sent a papal 
force against the Turks, at heart he had the aggrandizement of the 
papal state and the embellishment of its capital as his objectives. 
His agents were the members of his own family (he was Francesco 
della Rovere, from Savona in Liguria), whom he enriched on a 
scale hitherto unknown. If his nephew the Franciscan Pietro 
Riario was all glitter and extravagance, two other nephews, Car- 
dinal Giuliano della Rovere and Girolamo Riario (brother of 
Pietro), were men of demonic energy who involved him, some- 
times outwardly protesting, in the disputes and turmoils of Italian 
politics—most acutely of all in the conspiracy formed with their 
help by the Pazzi (banking rivals of the Medici) against Lorenzo 
de' Medici (1478). Here Girolamo's agents did not stop at mur- 
der; Giuliano de' Medici was killed in the attack, which took place 
in the cathedral of Florence during High Mass. Vet the pope was 
able to find reason to justify his excommunication of Lorenzo. 
War followed, and Lorenzo had to seek a peace through the 
papacy's ally, Naples, in 1480. 

Apart from plunging into the feuds of the great Roman families, 
Savelli, Colonna and Orsini, the pope committed himself, more 
scandalously, to the aggression of Venice against Ercole I of 
Ferrara (1482). Venice, however, soon appeared to be a danger- 
ous rival to the papal state and was laid under an interdict by 
Sixtus (1483). In Rome, Girolamo Riario was openly on the 
side of the Orsini, but victory over the Colonna was hard to 
achieve, and before he had won it Sixtus died. (See also 51хтоѕ; 
Sixtus IV.) 

Sixtus IV was a superb patron of architects, painters, sculptors 
and scholars and a great builder and a restorer of churches. His 
principal monument is the Sistine chapel in the Vatican; but he 
also built the fine hospital of Santo Spirito. Under him the papacy 
became an Italian principality, observing the rules and conduct 
that were to find favour with Niccolò Machiavelli and acting upon 
“reason of state” backed by clerical censure as well as by force; 
but the example had been set by Boniface VIII and Martin V. 

Such popes, while not devoid of nepotism, were free from the 
weakness and pliability that marred the pontificate of Innocent 
VIII. Giovanni Battista Cibó, cardinal priest of Santa Cecilia and 
bishop of Molfetta, emerged as pope from a simoniacal election, 
managed by Cardinal Giuliano della Rovere, under whose domina- 
tion he remained continuously. The diarist J. Burchard reports 
that Cibd won his election by signing petitions for favours which 
were brought to him in his cell the night before. In earlier years, 
before he entered the priesthood, Cibó had had two illegitimate 
children, one of whom, Franceschetto, was now to appear publicly 
at papal functions, 

Cardinal Giuliano, who hated the Aragonese dynasty, was not 
slow to support Innocent in his quarrel with Ferdinand I (Don 
Ferrante) of Naples; but the war that followed Innocent’s demand 
for tribute from his fief and Ferdinand’s counterdemand for 
Benevento, Terracina and the territory of his father cost the 
papacy Aquila and subjected it to extreme insults and to the loss of 
most of its remaining political prestige. The only offset for In- 
nocent was his gaining possession of the Turkish prince Jem, 
brother of the sultan Bayazid II, from his custodians, the Knights 
of St. John. Jem was an important hostage for the good behaviour 
of the sultan, affording the pope time to hold the congress of Rome 
(June 3, 1490) and to plan the organization of the crusade, which 
was to be a five-year affair. This might have been carried through 
but for the death of Matthias and the ensuing civil war in Hungary. 

(E. F. J.; X.) 


B. THe 16TH CENTURY 


1. The Approach to the Protestant Revolution.—Alex- 
ander VI, Julius II, Leo X and Clement VII appeared to their 
contemporaries primarily as Renaissance princes preoccupied with 
Italian politics, the patronage and enjoyment of Renaissance cul- 
ture and the advancement of their families. Julius II (the former 
Cardinal Giuliano della Rovere) alone performed a creative work. 
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By reconstituting the papal states through the recovery of ter- 
ritories seized by the Venetians and through the reabsorption of 
the conquests of Alexander VI's son Cesare Borgia (q.v.), he as- 
sured a firm territorial and economic basis for the papacy in the 
new age of nationalism. It was he who inaugurated the construc- 
tion of the modern city of Rome and began the long-contemplated 
erection of a new St. Peter’s, entrusting this to Bramante and the 
decoration of the Vatican to Michelangelo and to Raphael. 

But, though a greater personality in every way than his suc- 
cessors, he was no more capable than Leo X or Clement VII of 
giving Catholicism a much-needed spiritual and intellectual lead. 
Julius’ military successes and Leo's spendthrift magnificence, to- 
gether with their liberal but superficial patronage of the scholars, 
artists and philosophers of Renaissance humanism, might give 
temporary splendour and an appearance of enlightened tolerance 
to the papacy but were no adequate substitutes for a serious at- 
tempt to meet the moral and doctrinal needs of Christendom. The 
easy lives of the popes and their lavish affection for their relatives 
caused grievous scandal, and it is ironic that it should have fallen 
to an Alexander VI to condemn the excesses of a Savonarola. 

Moreover the existence of the papal states inevitably involved 
the papacy in the chronic warfare which ravaged Italy from the 
French invasion of 1494 to the peace of Cáteau-Cambrésis in 
1559 and which formed part of the wider European struggle be- 
tween the Habsburg and Valois dynasties. Anxious, as ever, to 
prevent Milan and Naples from falling together into the hands of 
a single power—especially, Germanic hands—the papacy was 
constrained to see both fall to the Habsburgs, masters also in Spain 
and seated on the imperial throne. Alexander VI cultivated mostly 
the French alliance, but Julius II contrived the expulsion of the 
French from Milan. With France again temporarily victorious in 
Italy after the battle of Marignano (1515), Leo X decided to make 
his peace. Meeting Francis I at Bologna, he began the negotia- 
tions that resulted in the concordat (1516). But Clement VII's 
alliance with the French against the emperor Charles V after the 
latter’s victory over Francis at Pavia in 1525 led to the barbarous 
sack of Rome by imperial troops in 1527. 

This event marked the end of an era in Rome and opened the 
way for the reassessment of values and the reform of the papal 
curia, for which the ground had been prepared by the founding 
of new religious orders and the influence of the members of the 
Roman Oratory of Divine Love. The numerous organs of the 
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curia formed a centrally controlled bureaucracy unparalleled in 
size, now almost completely Italian in personnel and a prey to all 
the abuses—ranging from mere obstructive delay to widespread 
corruption—that lóth-century social and economic conditions 
made almost inevitable in such a system. The curia was also a 
great financial centre to which money came from all parts and 
was handled by up-to-date Italian banking methods. This gave 
scandal in that, though much curial business was purely adminis- 
trative or legal, much also came close to the substance of religion, 
such as the traffic in ecclesiastical benefices, the management of 
offerings for indulgences and, above all, the countless dispensa- 
tions which continually hindered reform and frustrated the good 
purposes of the provisions of canon law. Furthermore, the taxa- 
tion of churches throughout Europe and the enormous fees in- 
volved in ecclesiastical promotions generated bitter resentment, 
especially in Germany. Nevertheless the popes, like other con- 
temporary potentates, were unsystematic and extravagant in 
finance and lived largely from hand to mouth on borrowings and 
pawnings. 

Except perhaps for the Dutchman Adrian VI, whose good inten- 
tions had little time to develop their potentialities, the popes 
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gravely underestimated the depth and the dangers of their uy. 
popularity in Germany, though they continued to fear the ls 
dangerous bogey of a new conciliar movement. But Julius Ting 
only met the feeble challenge of the schismatic Council of Pig 
(1511-12) but trumped it with the fifth general Council of ly 
Lateran (1512-17; completed by Leo X), a mainly Italian qq 
sembly whose good intentions produced little positive resul, 
Roman theologians like Cajetan (Tommaso de Vio) meanwhile 
restated the loftiest theories of papal supremacy both in church 
and in state and the popes themselves remained fully conscioy 
of a leading function in Christendom. All continually urged the 
union of warring Christian princes against the advancing Turks 
Alexander VI in 1493 drew a line to demarcate the Atlantic con. 
quests of Spain from those of Portugal (see TORDESILLAS, TREATY 
or); and Paul III was soon to pronounce that American Indians 
had souls. Popes still ratified treaties and received the “obedience” 
of new sovereigns. 

The Protestant revolution (see REFORMATION), first set in my 
tion by Martin Luther and Huldreich Zwingli in Germany an 
Switzerland, found the papacy psychologically unprepared fora 
radical and permanent rejection of its authority, The combind 
results of dissolvent Renaissance criticism, of exasperation wilh 
the Roman curia and with the lives of the popes, of the successíi 
action of German and Swiss towns and princes in taking inde 
pendent control of refashioned ecclesiastical organizations and, 
above all, of the attraction of the new religious outlook turning 
around justification by faith alone produced a situation which left 
the papacy expostulating but impotent. 

Yet all over Europe control over the church had recently beta 
passing, either tacitly or explicitly (by specific agreement with, û 
privilege from, the papacy), into the hands of the secular power 
But the actions of German, Swiss and Scandinavian authorities 
setting up new state-controlled churches with Protestant bets 
overstepped the limits of possible papal toleration and grievo 
disappointed whatever trust in princes the popes had inherited 
from the middle ages. It was probably decisive that in the 152% 
while events were still fluid in Germany, both emperor and pop 
were preoccupied with Italian politics. By 1530, when Charles 
(9.%.), after his coronation by Clement VII at Bologna (the lt 
imperial coronation by a pope), again gave his attention t0 V 
many, it was too late. The German and Swiss Protestant organi 
tions had become vested spiritual and political interests too strong 
for easy upset. Then came the Reformation parliament in д 
land, with legislation in restraint of appeals to Rome and of T 
payment of annates (see Ехсілѕн History). In 1533, pe 
before his death, Clement VII accelerated the English schism 
finally pronouncing Henry VIII’s marriage with Catherine 
Aragon to be valid. The Act of Supremacy followed, making 
king of England head of the English church. essit 

2. The Council of Trent.—In the ensuing years the P ۳ 
of the Catholic reformers and the rapid advance of Pro 
in its various forms forced the papacy to devote more serious 
tention to church affairs. Paul III, Julius III, Paul IV kn 
IV all worked, with varying intensity, toward the restora 
the primacy of the spiritual in the activities of their office, Uf 
with all of them the marks of the Renaissance papacy 1 (159 
in different ways. Paul III excommunicated Henry үп mo 
but aimed at political neutrality between Habsburg y 
He introduced into the College of Cardinals the leaven ү Du 
of zealous and virtuous reformers and set up a series i H 
sions to inquire into abuses. These reported with great " 
and the slow, difficult process of curial reform was inu А 
It was Paul who in 1540 approved the foundation of the andi 
Jesus, destined to be of inestimable value to the papacy cci 
1542 he refounded the Roman Inquisition with à En в 
theoretically universal, though in practice confined to e [a 
also convened the Council of Trent which had ten sessio is 
47; including two at Bologna) during his pontificate, 815 p 
under Julius III and nine (1562-63) under Pius IV. a Ca 

This council was of prime importance in papal history, il 1 
Trent, COUNCIL or; COUNCIL: Councils of the Western uno 
Council of Trent [1545-63].) It was not the universa F 
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“COUNCIL OF ТВЕМТ'' BY AN UNKNOWN 16TH CENTURY PAINTER. 


mitted, general council of all Christians desired by Protestants but 
an assembly of those continuing to acknowledge the papal head- 
ship, in which there was always a large Italian majority and only 
relatively. small representations of other nations. Within these 
terms, however, it was a great co-operative achievement that 
clarified the whole field of Catholic doctrine, rejecting all the 
Principal Protestant theses, and established fresh norms of dis- 
dipline regulating every aspect of church life. This achievement 
Was largely due to the supervisory control of the papacy, which 
emerged stronger, reinvigorated and much more self-assured from 
a hazardous enterprise on which it had embarked with considerable 
Apprehension. Though the council made no pronouncement on the 
Papal power, the challenge of the innumerable problems involved 
ri assembly, program and management drew new strengths and 
t itiatives out of the papacy which served to restore and to push 
ae greater lengths its ecclesiastical leadership and control. 
е revival of 15th-century conciliar principles oc- 
ann A declaration that each bishop’s diocesan jurisdiction 
me immediately from Christ, rather than mediately through the 
di D avoided, The reform of the curia was not forcibly taken 
mi ome's Own hands. Reforms were not permitted to be 
Propo indiscriminately without reference to relevant doctrine, 
э mn disliked in Rome, for radical changes in liturgy and 
ued rs Put forward by more liberal Catholic reformers or 
Toleti Catholic princes for the appeasement of overmighty 
Politica] рес (whose existence created novel and harassing 
АС culties) were successfully resisted. 
nature A ig of Trent witnessed a crisis in the problem of the 
reform ent of the powers of the state in matters of Catholic 
the Program emperor and other Catholic rulers desired to control 
litically con and policy of the council according to what was po- 
their accredited a to themselves and to do so not only through 
territories whi d ambassadors but also through the bishops of their 
ti 5 Whi i AS they tended to regard as forming national delega- 
the Political ld press the views of their political superior. Thus 
Occupied packground to the sessions under Paul and Julius 
the Submissi Y the rise and fall of Charles V’s hopes of achieving 
Concessions Оп of the German Protestants either by force or by 
hand, EE by a mixture of both; the French, on the other 
tu only the maintenance of the concordat of 1516 and 
During MR harrassing of Charles by his Protestant vassals. 
Ferdinand Sessions under Pius IV, Charles’s imperial successor 
Wished only to safeguard the hard-won, if unsatisfac- 
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tory, stalemate of the peace of 
Augsburg (1555), which had 
legitimized the Lutheran states 
on the principle Cujus regio, ejus 
religio (“the ruler’s own. reli- 
gion determines the religion of 
the state"). 

It was the French who, worried 
in their turn by the Calvinist 
movement, then chiefly pressed 
for the wide concessions and 
changes after which many Ger- 
mans, too, still hankered; while 
the Spaniards opposed concession 
of any kind. It was a remark- 
able and. far-reaching achieve- 
ment of papal diplomacy to have 
preserved not only unity but uni- 
formity and to have prevented 
the establishment of differing, 
quasi-autonomous, national Cath- 
olic settlements which would per- 
haps have involved, in Germany 
and in France, such points as a 
married clergy, lay communion 
under both kinds and altered and 
vernacular liturgies. 

Paul IV alone in this series of 
popes deliberately rejected the 
conciliar method—though Marcellus II (1555) would probably 
have done so too had he lived. A man of deep personal piety, 
Paul believed that he could effect reform in Rome better without a 
council; and indeed his thunderbolts, though sometimes over- 
charged and occasionally misdirected (as when aimed at the car- 
dinals Reginald Pole and Giovanni Morone), had a permanent 
effect on ecclesiastical conditions in Rome, But his excessive 
violence in orthodoxy and in reform was carried over into politics. 
He succumbed disastrously to the evil counsels of his unworthy 
nephews and to his consuming hatred of Spain and of the Habs- 
burgs, for which he would have jeopardized even the Marian 
restoration of Catholicism in England. His attempt to drive the 
Spaniards from Naples in 1557 collapsed in a humiliating disaster 
when his French ally withdrew. Only Spanish restraint averted 
another sack of Rome like that of 1527, Paul even refused to 
recognize the abdication of the emperor Charles V and the election 
of Ferdinand аз his imperial successor, as having been effected 
without papal approval; and the following pope, the diplomatic, 
conciliatory and easygoing Pius IV, had tacitly to withdraw from 
this unrealistic position. In Paul IV’s violent politics, as in the 
nepotism, the ease of life and the self-indulgent cultivated tastes 
of Paul III, Julius III and Pius IV, the papacy had still not wholly 
cast itself free from its immediate past. 

3. The Counter-Reformation, 1566-1605.—The 40 years fol- 
lowing Pius IV’s death were the zenith of the reformed papacy. 
With the Tridentine achievement behind them and peace restored 
to Europe and to Italy at Cáteau-Cambrésis in 1559, a succession 
of energetic pontifís of blameless lives devoted their whole at- 
tention to the spiritual restoration of Catholicism, to the reform 
of the church’s administration and to the fight against Protes- 
tantism. Pius V,a former inquisitor of great severity, inaugurated 
and typified this period (he was canonized in 1712). Of its three 
other important popes—Gregory XIII, Sixtus V and Clement VIII 
—Sixtus, a remarkable and forceful man, is the outstanding figure. 
Rome was again a centre of holiness, The spiritual influence of 
the Jesuits and of St. Philip Neri was deeply felt throughout the 
city; and there were few in the Roman court who did not make 
at least some show of conformity with the new piety. 

Spiritual and Intellectual Activity.—The papacy was now setting 
the pace throughout the church of its obedience. Its active, cen- 
tral control had been renewed through the Council of Trent and on 
this now depended the completion and enforcement of the coun- 
cil’s work. In the hurry of its termination the council had en- 
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trusted to Rome a number of unfinished matters. Roman com- 
missions drew up and published the Tridentine creed (1564) and 
catechism (1566), a new breviary (1568), a new missal (1570), 
the Sixtine and Clementine editions of the Vulgate (1590 and 
1592) and a new version (1564) of the Index Librorum Prohibi- 
torum (of which the Index of 1596 was a revised edition), The 
successful enforcement of the rule that diocesan bishops should 
visit Rome periodically to submit reports strengthened the ties 
binding them to the pope. National seminaries in Rome made for 
the spread of Roman influences and ways. The Roman Inquisi- 
tion was sharpened, and its activities ensured the practical disap- 
pearance of Protestantism and of open skepticism from Italy. 

The Counter-Reformation papacy recognized no necessity either 
to understand (save for purposes of confutation) or to tolerate 
beliefs incompatible with the Tridentine creed. It censured both 
individuals and governments who tried to do either. The censor- 
ship of new publications and the control of reading were strictly ap- 
plied, wherever practicable, in the Catholic world in the interests 
of rigid orthodoxy. Yet within the limits allowed by orthodoxy 
and within the scope of current ecclesiastical-philosophic ideas, 
the papacy genuinely strove to further learning and to improve 
the educational level of the clergy. 

The Vatican library and press were liberally promoted. In 
1578 the Roman catacombs began to be rediscovered; and this, 
together with the historical work of the Oratorian Caesar Baronius 
(Annales Ecclesiastici, 1588-1607) replying to the Lutheran 
Centuriae Magdeburgenses, stimulated research into early Chris- 
tian history. Gregory XIII's reform of the Julian calendar (1582) 
was in time accepted throughout most of the world; and the 
Copernican thesis was apparently not yet suspect. 

There was still room, however, for controversies on divine grace. 
In 1567 and 1579 Rome censured the theories of the Louvain 
theologian Michael Baius; but the more serious conflict that arose 
in the 1590s between Jesuits represented by Luis de Molina and 
Dominicans represented by Domingo Bañez much harassed Clem- 
ent VIII and was eventually suppressed without solution by Paul 
V. The papacy was also much concerned at the continuance in 
France of Gallican views on ecclesiastical authority and church 
history. In the forms of art and literature a new Tridentine puri- 
tanism imposed itself ; nevertheless, a flourishing artistic and musi- 
cal life was maintained in Rome, and much of the humanistic spirit 
retained a permanent foothold within the church. 

Administration.—In church government, while the medieval in- 
/heritance of the old curial organs still survived, unchanged es- 
sentially though somewhat reformed, the papacy now perfected 
for its wider and more intensive tasks a new equipment of a more 
modern character. 

First, the cardinals, who in 1500 had formed a smallish body, 
predominantly aristocratic, potentially turbulent and fitfully as- 
serting claims to a real participation in the papal authority, had by 
1600 much increased both in numbers and in moral quality; and 
those resident in Rome had been transformed into a body of 
ecclesiastical civil servants performing in organized boards known 
as congregations (in addition to the full weekly consistory) a mass 
of varied ecclesiastical business. Sixtus V in 1586 established the 
numbers of the college at 70 and in 1588 set up the organization of 
15 permanent congregations, thus reducing to a system that still 
prevails in principle the practice of special cardinalitial commit- 
tees that had been growing throughout the century. This new 
bureaucracy further buttressed the papal supremacy; the cardinals 
might still elect the pope, but they were now much more completely 
his servants. 

Second, there was the rise of the papal secretary of state. This 
new official bypassed and eventually atrophied the older secre- 
tariates of the curia in all important affairs, By the second half of 
the century the secretary was almost always a papal nephew with 
whom the existing pontiff could have relations of trust and inti- 
macy. This new and more justifiable form of nepotism—of which 
St. Charles Borromeo, nephew of Pius IV, was neither the first 
nor perhaps the most influential example—lasted until late into the 
17th century and produced many able first ministers. 

Third, the diplomatic representation of the papacy by nuncios 
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(see Nuncio) at the courts of the Catholic secular Powers 
systematized by Gregory XIII and the scope of their aoe 
widened to include religious as well as political matters үч 
portant factors in the Counter-Reformation, their main task : 
to promote acceptance and implementation of the reform p 
of Trent by political and ecclesiastical authorities alike, 

Gregory XIII was also the first pope to see the world-wide 
missionary activity of the Roman communion, both inside an 
outside Europe, as a whole—though the special missionary conge. 
gation de Propaganda Fide ("for the propagation of the faith’) 
was not founded until 1622. This period also saw some successiu 
Uniate movements, the largest being the submission to Rome, by 
the union of Brest (Brest-Litovsk) in 1596, of а number o 
Ruthenian dioceses in Poland; while Uniate colleges (Maronite 
and others) appeared in Rome. 

The Papacy and European Politics.—Despite the slow tum i 
the tide in Germany from the pontificate of Gregory XIII onward. 
and despite all the intensification of Catholic propaganda method 
(both of suasion and of force, whether concealed or open), th 
Counter-Reformation papacy failed to win back England or Sto 
land, Russia or Scandinavia or the bulk of Protestant Germany 
and Switzerland. It failed also to prevent either the Calviniaiy 
of the United Provinces of the northern Netherlands after ther 
break from Spain or the privileged toleration finally accorded lt 
French Calvinism by the Edict of Nantes (q.v.) in 1598. 

The papacy still regarded the capture of the monarch as th 
trump card in the technique of national conversion and maintain 
its full political claims in respect of heretical rulers. Pius V's bil 
of 1570 denying the right of the excommunicated Elizabeth 18 
rule in England and the successive papal denunciations of the 
validity of Henry I of Navarre’s claim to the French throne wet 
eventually recognized to have been mistakes, but not to have bet 
ultra vires; and the Jesuit Robert Bellarmine's theory of indire 
papal power in temporal matters led to the inclusion of his 
De controversiis in the Index of 1590 (which however was Te 
vised after Sixtus V's death). English Catholics were forbid 
to take an oath of allegiance declaring the papal deposing po“ 
to be heretical. Political theories which justified armed re 
against declared heretical “tyrants” (or even the violent rem 


and unwelcome independence in church affairs. 2 
nor Bourbon sovereign in France would withdraw toleration 1 
Calvinism; and their concern to defend the E 
the crown made them unwilling to "receive" the new eccl 
discipline of Trent officially as the law of the land. Philip e: 
Spain, though he was the right arm of the Counter-Refome 
was a constant irritant by his overbearing claims and preie 
and Clement VIII welcomed the revival of an independent 0 1 
terbalancing Catholic France under the former heretic Henr 
This enabled him to modify the Spanish ascendancy qu 
cardinals and had a corresponding effect in future conclave 
By 1605 the papal states, enlarged by Clement VIII's PA d 
tion of the duchy of Ferrara in 1598, had become more firm i 
solidated and now formed the economic support of the P^ dd 
conomic 1 

tates 
1 monoptl 


loans, known as monti di pietà, had replace 
papal revenue drawn from all over Christendom. mo 
were squeezed to supply the finances required for the p @ 
needs of the Counter-Reformation popes, including дш 
building activities of Sixtus V. Sixtus’ energetic action bes 
and the Campagna only temporarily from endemic Lee aod 
his provision of a new water supply was more permaner FE 
employment of Domenico Fontana to complete the 00 {о un. 
Peter's, his many other new buildings, his obelisks, D 
and his adornment of Rome in general accelerated the t 
tion of the medieval into the baroque city. 


605 the papacy had neither dropped out of European public 
yet fully resigned itself to the loss of northern and much 
tral Europe. Its spirit and its organization had been notably 
E ‚їп some ways even modernized, The naval league that 
prp Turks at Lepanto in 1571 had been organized by Pius 
y... But the counterattack on Protestantism, except for the com- 
ing Thirty Years’ War, had all but reached its limits, and the 17th 
century was to bring fresh problems. 

Rome was now increasingly remote from the intellectual and 
material forces at work in nations such as England and the Nether- 
lands that were to influence so deeply the future course of history; 
and the papacy’s attitude even toward Catholic France was not 
always understanding. Coming to move more and more in a closed 
world, the popes were losing the universal role that they had once 
been acknowledged to hold in Christendom. Yet with the geo- 
graphically vast American accessions to Catholicism and the spread 
of Catholic missions throughout the globe the papacy was begin- 
ning again, in a new sense, to become a world power. (H. O. E.) 


VI, THE 17TH AND 18TH CENTURIES 


1. Paul V.—During the pontificate of Clement VIII, who died 
in 1605, the secular authorities of the kingdom of Naples and of 
the Venetian republic had constantly violated ecclesiastical rights, 
without provoking retaliation from Rome. For the sake of Chris- 
tian peace, Clement, who was a statesman, had held his hand while 
remonstrating vigorously and even issuing a few threats; but the 
French ambassador to Venice, Philippe Canaye, who felt that the 
doge and senate were trading on the pope's forbearance, had sur- 
mised that under a pape plus brusque there might be serious 
trouble, The utterance was prophetic, One of the first public acts 
of Paul V, who succeeded after the 26-day reign of Leo XI, was 
to excommunicate the recalcitrant minister of Naples for his 

of the privilegium fori (the right of ecclesiastics to be 
judged in criminal cases by their own order). 

"After some months of protest against even worse offenses by 
the proud republic of the north, Paul launched an interdict against 
the whole Venetian territory, with little effect except to stiffen the 

€. A compromise peace was eventually patched up, but 
it had become plain to the Holy See that the day for interdicts 
‘depositions had passed, and they were never again used as a 
Weapon of compulsion against a sovereign state. When Paul for- 
Eis of England to take the new oath of allegiance 
th James I imposed on them after the Gunpowder plot, many 
Catholics accepted the dire consequences of refusal, but a small 
i о maintained that the oath did not contravene апу 
Of the faith and might safely be taken. That, however, 
u dly the point when an express order had been issued by 
mune spiritual authority of the church. r - 
^i one real blot on this good and zealous pope’s administration 
could excessive fondness for display, which wasted funds that 
уе been better employed оп the objects dearest to his 
itt; viz, a crusade against the aggressive Turks in eastern 
oe und the salvaging of the faith in Austria, Poland, Hungary 
him ca dm states. His contention with Venice had taught 
the. ution, and he feared nothing more than an open breach of 
pe ted of Augsburg, though that measure had been so little 
to le to Catholic claims. He endeavoured with all his might 
Habba Peace between the dedicated rivals, France and the 
the news ee and his closing days were rendered happy by 
of Bohemi the emperor Ferdinand II's victory over the Calvinists 
eee Mele 

i ears War and the Peace o 
rable by н of Paul’s successor Gregory XV was made mem- 
toda Foi, foundation in 1622 of the congregation de Propa- 
and in mi vh E. spreading of pir үн eroe 

х countries such as England. rougi = 
of the the church was enabled to recover in distant lands much 
tinin Be that had been lost through the Protestant revolu- 

шоре. Under Gregory also the church won some notable 
diplomatic Bohemia, Moravia and Hungary through the tireless 
Carafa, rod apostolic efforts of such men as the nuncio Carlo 
Cardinal archbishop Péter Pázmány and the members 
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of religious orders, especially the Capuchins and Jesuits, 

The College of the Propaganda, distinct from the congregation, 
was founded in 1627 by the next pope, Urban VIII, to train mis- 
sionaries of all nationalities for all parts of the world and is still 
known as the Urbanum. It was possibly the best thing that he 
did in the whole of his long and ineffective reign. As Maffeo 
Barberini, nuncio in Paris, he had been extremely successful, 
acquiring the full confidence of the French court; but as pope he 
added little except a profusion of baroque art to the dignity and 
prestige of the Holy See. He squandered on his arrogant and 
worthless nephews vast wealth that should have gone to the sup- 
port of the poor, of hardly tried missionaries beyond the seas and 
of the Catholic cause in Europe, imperiled by the diplomatic un- 
scrupulousness of Cardinal Richelieu and by the military genius 
of Gustavus IT (Adolphus) of Sweden. He tried to maintain an 
uneasy neutrality between the two mighty contenders of the Thirty 
Years’ War, France and its Protestant allies on the one side and 
the house of Habsburg in Spain and in Germany on the other, on 
the ground that he must not endanger his common fatherhood 
of the warring parties, so as no longer to be able to heal their dif- 
ferences. The result of his refusal to align himself unequivocally 
with the devoutly Catholic emperor Ferdinand II was that the 
French under Richelieu and his successor Mazarin eventually 
prevailed, without having any reason to be grateful to the papacy. 

The chief reason for the pope's hesitation was the presence of 
Spanish power north and south of the papal states, whereby the 
Holy See's independence was constantly menaced. This situation 
explains and, on the whole, justifies papal policy during the period, 
for the Holy See had a long memory and was determined, as far 
as in it lay, not to be again the mere puppet or chaplain of Caesar. 
1f Urban VIII and his successors clung covetously to every square 
yard of their hereditary states, even to the extent of going to 
war for their integrity, it was because, in those times of aggressive 
nationalism and absolutism, they could never be sure where Caesar, 
in the shape of a Spanish or a French king or a Holy Roman 
emperor, would be content to stop, unless barred on a frontier, by 
troops as sturdy as his own. That Catholic France should be 
allied with the Protestant princes and acting in collusion with the 
Turks does not seem as shocking to us as it necessarily was to 
the popes of that period; and Richelieu also demonstrated, by his 
tolerance of the defeated Huguenots as a religious minority, that 
unity of faith was no longer to be considered a necessity of na- 
tional power and prosperity—a lesson which England took very 
much longer to learn. 

The concern of the popes to prevent a permanent Spanish oc- 
cupation of the Valtellina (g.v.) was actuated by the fear that 
it would serve as a channel of reinforcement for the Spanish 
Habsburgs in Milan by the Austrian Habsburgs in the Tirol north 
of the Alps, Under Gregory XV papal troops had taken posses- 
sion of the valley, but Urban VIII was not able to maintain the 
position, and the Calvinist Grisons eventually assumed control. 

By the peace of Westphalia, signed in 1648, the Catholic Church 
in the empire lost a great deal of territory through the cession of 
ecclesiastical estates to the Protestants. For this policy the new 
emperor, Ferdinand III, was responsible, Tt was plain that Austria 
had lost the war, and Ferdinand, advised by his able minister 
Maximilian von Trauttmannsdorf, a paler version of Richelieu, 
determined to save what he could of his hereditary dominions by 
sacrificing those of the church. The new pope, Innocent X, pro- 
tested in the most vigorous terms against the clauses of the peace 
which alienated Catholic lands, but nothing that he could say or 
do had the least effect. This was symptomatic of the great change 
which had come over the political scene, Until then the Holy 
See had maintained, in spite of the Protestant revolution, some 
measure of its medieval prestige as a unifying centre of the na- 
tions; but Richelieu, Mazarin and Trauttmannsdorf, all three 
Catholics, had destroyed that precious office of mediatorship, and 
the popes were no longer to be consulted by the nations in the 
making of war or peace. 

Apart from the fact that he was dominated by his rich sister-in- 
law, the extraordinary and most objectionable Olimpia Maidal- 
chini, Innocent X gave evidence of every quality of a good ruler 
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and showed, in spite of his advanced age, a remarkable determina- 
tion to see that his states were justly and wisely administered and 
that crime, even in high places, did not go unpunished. "When 
the bishop of Castro was assassinated at the instigation of the 
duke of Parma, the pope sent his troops to raze that town to the 
ground. Aíter the most careful consideration he condemned five 
propositions extracted from the Augustinus of Cornelius Otto 
Jansen, whose followers in France, led by Jean Duvergier de 
Hauranne (q.v.), abbé de St. Cyran, strenuously contended that 
the book did not contain them. There followed a century of acrid 
controversy which did much harm to the church in France and 
other countries. (See JANSENISM.) 

The secularization of politics brought to a head by the peace 
of Westphalia had the result of increasing the spiritual power of 
the papacy within the church. The tendency toward centralization 
of all the church’s activities in Rome, observable for centuries 
past, was given a new impetus by the claims of the secular states, 
Catholic as well as Protestant, to regulate all ecclesiastical affairs 
within their dominions. The establishment of the various congre- 
gations in Rome to help the Holy See in the government of the 
universal church, the gradual supersession of cardinal nephews by 
officially appointed secretaries of state, the overhauling and in- 
creasing of the nunciature service and the closer linking of the 
universal episcopate with Rome by means of the compulsory visits 
ad limina apostolorum—all these measures gave new vitality and 
strength to the papacy, precisely at the time when its importance 
in world affairs seemed to have been finally eclipsed. — . 

Even a pope such as the vigorous Innocent X’s indolent succes- 
sor, Alexander VII, who was personally a fine character and had 
been an excellent nuncio, contributed to the process by leaving 
more and more of the administration to the congregations, with 
the result that the secretariate, so often in the past the perquisite 
of self-seeking, avaricious cardinal nephews, became increasingly 
important, Two well-loved popes of deeply spiritual mind, Clem- 
ent IX and Clement X, did their best to rouse Europe to the 
menace of the Turks, again on the march, but could achieve very 
little because of Louis XIV’s understanding with the Porte. 

3. Innocent XI, the Turks and Louis XIV.—In 1676 a pope 
succeeded who was also a saint and a statesman, the incomparable 
Innocent XI. “In manner gentle, in temper tolerant, in mood 
humane, in outlook broad and comprehending, he nevertheless 
possessed and exercised an inflexible will and an imperturbable 
daring" (Sir Winston Churchill, A History of the English-Speak- 
ing Peoples, vol. ii, The New World, Cassell, London, 1956). 

Innocent needed all his qualities to deal with the pretensions 
of the absolutist Louis XIV, who could command the most power- 
ful army in the western world to support his claims. The pope was 
not in the least hostile to France and bent all his energies to 
persuade Louis to put the interests of the Christian west above 
his national ambitions by entering into an alliance with the emperor 
Leopold I against the Turks. But his pleadings fell on deaf ears; 
Louis had already assured the Porte of his benevolent neutrality 
should the sultan decide to attack the emperor. 

French influence was also very strong in Poland and caused 
John III (Jan Sobieski) to hesitate before throwing in his lot 
with the sorely pressed Leopold, who had to contend not only with 
the Turks, already in possession of part of Hungary, but with the 
insurgent Hungarian Calvinists. In fact, it was the Calvinists, 
under their brilliant leader Imre Thököly, who appealed to the 
grand vizier, Kara Mustafa, to launch his hordes against the Habs- 
burg power. Soon they were under the walls of Vienna, where one 
of the most famous sieges in history took place in 1683. By dint 
of constant appeals and immense subsidies, Innocent, through his 
indefatigable nuncio in Warsaw, Obizzo Pallavicini, persuaded the 
reluctant Sobieski to move to the rescue. Sobieski was slow in 
coming and, but for the intervention of Charles of Lorraine, Vienna 
must have fallen. When the siege was raised, Sobieski claimed 
all the glory for himself; but the real architect of the Christian 
victory was Innocent XI. 

Innocent, who came of a banking family, inherited an insolvent 
papal treasury; by dint of the most rigid economies, wise taxation 
and complete avoidance of the ostentation to which some of his 
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predecessors had been addicted, he not only balanced his budgets 
but also accumulated, by appeals to the Catholic powers and to 
the episcopate, vast sums for the common good of Christendom, 
His stand against the pretensions of Louis XIV was no less staunch 
and admirable, even if he had to leave it to his successors Als. 
ander VIII and Innocent XII to make peace with the Grand 
Monarque, who helped by withdrawing from Avignon in 1689 ang 
by abrogating, in 1693, the Gallican articles of 1682. (See Ga 
LICANISM.) Only then did the Holy See consent to institute 
canonically the 35 French bishops appointed irregularly and asa 
. 1 æ defiant measure by the king. In. 
nocent XI saw more clearly thay 
any of his predecessors that Prot. 
estantism had to be tolerated for 
the sake of general peace, and ht 
expostulated strongly against the 
persecution of the Huguenots 
(g.v.) by Louis XIV after the 
revocation, in 1685, of the Edict 
of Nantes. (See also INNOCENT: 
Blessed Innocent XI.) 

Innocent XII, the last pope of 
the 17th century, is notable a 
having put an end to the nep 
tism which had spoiled the go 
intentions of so many of his pret 
ecessors, In 1692 he issued’ 
bull making it unlawful for ayy 
subsequent pope to bestow the 
cardinalate on more than one d 
his relatives or to give any i 
them a benefice bringing in more than a modest revenue. For him 
self, he said, his nephews were the poor people of Rome, 

4. Clement XL—The 21-year reign of Clement XI, a pot 
worthy of a better fate, was made wretched by the War of the 
Spanish Succession, When the dying Charles II, last of the Spat 
ish Habsburgs, nominated Louis XIV’s grandson Philip of Anjo! 
(Philip V) as his successor, the pope was in no position lor 
pudiate this creation of a Bourbon dynasty in Spain, but li 
recognition of Philip as king inevitably antagonized the emperit 
Leopold I, who accused him of having gone over to the Frend 
side in the endless contest between Bourbon and Habsburg. 
accusation was not true, for Clement’s only desire was to a 
war by peaceful mediation or, if he could not do so, to save 1 
from the calamity. He failed disastrously in both aims. Fren 
troops occupied Mantua, the key to upper Italy, but were ous 
from that strong position by the genius of the imperial gene 
Prince Eugéne of Savoy. After that, the struggle between * 
emperor (who fought to make his son, the archduke Charles, к 
of Spain and Naples) and Louis XIV turned into a great co 
war, almost a world war. 1 

Leopold І died in 1705 and was succeeded by his son Јон 
who proved even more hostile to the unfortunate pope, С 
between the upper and the nether millstones. In Vienna there " 
no forgiveness for his recognition of the Bourbon king in m 
though he determinedly refused to invest Philip as king of M 
Imperial troops invaded the papal states, conquered Nap! af 
compelled the holy father, who feared another sack of Rom p 
promise recognition of the archduke Charles as king d id al 
Thereupon Philip V expelled the papal nuncio from Madri 
broke off diplomatic relations with the pope. The peace of 
(1713-14) and the peace of Rastatt (1714) resulted in i 
diplomatic defeat for the Holy See, whose age-old rights 2 
zerainty in Naples, Sicily, Parma and Piacenza were no 

Perhaps the most important of the unhappy Clement E 
his bull Unigenitus (Sept. 8, 1713) against the Jansenis api! 
resistance to it was, however, much encouraged by the ex nf 
opposition set by the cardinal archbishop of Paris, uS f 
de Noailles. (See JANSENISM.) Much less wise bine? 
demnation of the Chinese and Malabar rites in 1704 (s ot 
CoNTROVERSY), a measure which, through the bung cael 
legate in China, C. T. Maillard de Tournon (whom 
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cardinal in 1707), led to a persecution of the Chinese Christians 
and to the ruin of many flourishing missions. The pope himself 
was a noble character, dogged by misfortune but never despairing, 
a tireless worker, abounding in charity, who heard confessions in 
51. Peter's like any priest and did not disdain to go into the pulpit. 

5, 18th-Century Secularism.—Innocent XIII was handi- 
capped by ill-health and showed very little of the quality of his 
great predecessor Innocent ILI, whose name he took and to whose 
family, the Conti, he belonged. Under French pressure he raised 
lo the cardinalate that morally questionable person Guillaume 
Dubois, archbishop of Cambrai and prime minister of the French 
crown, In 1723 the Jansenists in Holland went into open schism 
by electing Cornelius Steenoven archbishop of Utrecht without 
the authority of the Holy See. 

Innocent's successor, very much against his will, was the devout, 
unworldy Dominican archbishop of Benevento, Pierfrancesco 
Orsini, who took the name Benedict XIII. In spite of Benedict's 
exemplary personal qualities and zeal for reform, his reign was dis- 
graced by the venal conduct of his principal confidant, the rapa- 
cious cardinal Niccolò Coscia; and Benedict's inexperience in 
secular affairs led him to make concessions which were promptly 
exploited in the sphere of politics. 

Тһе sensitiveness of professedly Catholic governments at that 
period of ever-expanding skepticism and irreligion was well illus- 
trated by the ludicrous outcry that they made when the pope, in 
1728, extended the feast of Gregory VII to the universal church, 
48 though the mild, conciliatory Benedict were thereby reasserting 
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Innocent XI | 1775-99 Pius VI (d. in exile) 
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the claims to depose monarchs and deprive them of their kingdoms 
which seven centuries earlier Hildebrand had successfully main- 
tained. The perfectly objective account of Gregory’s struggle with 
emperor Henry IV, in the second nocturn of the new office, 
Was regarded as an attempt against the sovereignty of princes and 
An incitement of their subjects to rebellion. The signoria of 
Ns and the parlements and Jansenists of France protested in 
oent terms. The viceroy of Naples proposed to the emperor 
t the printers of the offending nocturn should be cast into 
al son, and the senate of Palermo forbade the office under a pen- 
ty of 1,000 scudi. Not to. be outdone, the Dutch government, 
E to safeguard the reformed religion," forbade Catholic 
ts within its jurisdiction to recite the office of St. Gregory 
Та penalty of 1,000 florins. The pope declared all the decrees 
jur powers against the office to be null and void. 

(172 5) e. event of his reign was the restoration of Comacchio 
retained b his fortified commune, 30 mi. S.E. of Ferrara, had been 
wi У the emperor after the War of the Spanish Succession 
48 considered by the popes to be necessary for the defense 
E RUN After Benedict XIII's death in 1730 there were 
man's folie айп. his favourite Cardinal Coscia and 

" wers, үу] i treasi 
Y their depredations o had seriously depleted the papal ury 
of the AR Clement XII, whose parents had belonged to two 
tion by cont, uest families in Florence, partially restored the situa- 
disgorge hi ee from his own ample funds, by making Coscia 
cluding a 3 Б “gotten booty and by various financial measures, in- 
Was LS r lottery and the issue of paper money. The new 
WAS 78 year affable man of spotless reputation, but his age (he 
тезш, old at his election), his gout and a weakness of the 
lated again, s In total blindness shortly after his election all mili- 
of Spreading his being able to do much for the church in that age 
Climate o 8 rationalism and skepticism. (For the philosophical 
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From the outset of his pontificate, the pope had to struggle with 
the pretensions of Charles Emmanuel of Sardinia and with serious 
trouble over those ill-omened duchies Parma and Piacenza, which, 
though held by the Farnese as fiefs of the Holy See since 1545, 
became bones of contention between Bourbon Spain and Habs- 
burg Austria on the extinction of the male line of the Farnese 
dukes in 1731. With England as mediator, the rival Catholic 
powers composed their differences without resort to war, but the 
protests of the pope were completely ignored in the arrangement, 
The Gallicanism of France had crossed the Pyrenees to Spain with 
the Bourbon king—to become in its new home, under the leader- 
ship of Gaspar Molina, bishop of Málaga, even more affronting 
to the papacy than in the land of its origin. In the kingdom of 
Naples, which Don Carlos (the future Charles III of Spain) had 
seized from the Habsburgs in 1734, the ruling power behind the 
throne was the violently anticlerical Bernardo Tanucci. The best- 
remembered act of Clement XII was his constitution of April 28, 
1738, condemning Freemasonry under heavy ecclesiastical penal- 
ties; and his most endearing act was restoration (1740) of com- 
plete independence to the little republic of San Marino, which 
the cardinal Giulio Alberoni, of his own initiative, had in 1739 
annexed to the papal states. 

It was at this nadir of the Holy See’s political influence that 
Prospero Lambertini became pope as Benedict XIV. He was the 
most genial, witty and learned of all occupants of the papacy, as 
well as one of the kindest and most compassionate. Before his 
election he had played a decisive part in settling the manifold dif- 
ferences of the Holy See with the encroaching Catholic powers, 
and as pope he directed all his great ability and energy to the 
restoration and maintenance of peace with those same suspicious 
and aggressive governments. Even the courts of Turin and Naples, 
which had defied his predecessor and grievously afflicted the 
church, came, however sulkily, to some kind of understanding with 
the new pope, who showed himself conciliatory almost to a fault. 
In Spain the difficulties were even greater, because of the baleful 
influence of Molina, the bishop of Malaga, whom Clement XII had 
made a cardinal in a pathetic attempt to mitigate his antipapal 
hostility. Still stranger was it to find a strong Gallican in Philip 
V's Jesuit confessor, an impetuous Frenchman who had convinced 
himself that Benedict was meditating some drastic coup against 
his order. The coup was being prepared, surely enough, but not 
by Benedict XIV. The concordat which the pope eventually 
signed with Spain (1753) has been heavily criticized as giving 
away far too much and as greatly encouraging the caesaropapism 
of the Spanish court, but it may well have been his only way of 
preventing a complete schism. During the War of the Austrian 
Succession, Benedict had to endure the devastation of his defense- 
less states by the armies of both contending parties because he 
tried to remain neutral. He said that he could write a treatise on 
“The Martyrdom of Neutrality.” 

The pope had the defects of his shining qualities. His love of 
literature and learning and his charming geniality and broad- 
mindedness led him into a friendly correspondence with the leader 
of the anti-Christian movement, Voltaire, on whom he bestowed 
two gold medals. He promoted schemers such as the cardinal 
Domenico Passionei whose dearest object in life, assisted enthusi- 
astically by a group of hidden or open Jansenists, was the destruc- 
tion of the Society of Jesus. The bull Ex quo singulari (1742) put 
an end to the century-old controversy on the Chinese rites by for- 
bidding to Christian converts certain observances which the Jesuits, 
on the testimony of the Chinese emperor, had maintained to be 
of purely social significance. That spelled the eclipse of many 
bright hopes for the conversion of China; and it was followed in 
1744 by another bull, Omnium sollicitudinum, dealing similarly 
with the Malabar rites. On the other hand, oriental Catholics 
nearer home received great support from the Holy Father, who 
encouraged them to maintain their own rites: “We desire most in- 
tensely,” he declared, “that all should be Catholics, but not that 
all should be Latins,” 

As proof that the church in that age of rampant secularism and 
skepticism retained its indestructible vitality, there arose two new 
religious families, the Passionists and the Redemptorists, which 
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the pope had the happiness of approving. But almost his last act 
on earth, the appointment of the cardinal Francisco de Saldanha, 
a creature of the marqués de Pombal, to report on the Jesuits of 
Portugal, played straight into the hands of the Jesuits’ enemies. 

6. The Suppression of the Jesuits.—Clement XIII spent his 
pontificate in an almost unbroken fight against the godless forces 
of the times and did everything in his power to save the doomed 
Society of Jesus from its confederated foes, Bourbon absolutists, 
Jansenists, philosophes, Freemasons. During his reign, the Jesuits 
were expelled successively from Portugal (1759), from France and 
the French dominions (1764), from Spain and the Spanish domin- 
ions (1767), from Naples, Sicily and Parma (1768). All their 
property was confiscated and their flourishing missions in India and 
in the far east and in North and South America were ruined. The 
pope received the destitute exiles into his states, but their enemies 
had not finished with them. In Jan. 1769 the ambassadors of 
Spain, Naples and France appeared in turn before the Holy Father 
and demanded the complete suppression of the Society of Jesus 
throughout the world. At that point the tormented pope had a 
stroke and died. (See also Jesus, SOCIETY OF.) 

The conclave from which the gentle, peaceable Franciscan friar 
Giovanni Vincenzo Antonio Ganganelli emerged as Clement XIV 
was subjected to pressure and interference such as had not been 
paralleled for ages; and the unfortunate man, who by an irony of 
history had been created cardinal by Clement XIII because he was 
supposed to be friendly toward the Jesuits, never had a chance of 
proving his friendship. Terrified lest France and Spain should 
resort to open schism, he issued on Aug. 16, 1773, a brief, Dominus 
ac Redemptor (dated July 21), dissolving the order which from its 
beginnings had dedicated itself to the service of the Holy See. 

7. Pius VI.—Clement survived the destroyed society by less 
than 14 months and was succeeded by Pius VI, a throwback to 
some of the ostentatious and irresponsible Renaissance popes, who 
might be charged with having fiddled while Rome burned. He 
was not the man to deal with the Febronianism of the emperor 
Joseph II (see GALLICANISM : Febronianism and Josephinism) nor 
with the cataclysm that ensued from the French Revolution of 
1789. The destruction of his temporal authority by the armies 
of the Revolution in 1798 and his death in captivity in the follow- 
ing year presaged a new epoch for the papacy. (J. P. Bx.) 


VII. THE 19TH AND 20TH CENTURIES 


A. From NAPOLEON TO THE REVOLUTIONS OF 1848 


1. Pius VII.—When the Benedictine bishop Barnabà Gregorio 
Chiaramonti emerged as pope from the prolonged and rather un- 
dignified conclave at Venice, his election could be interpreted as a 
reaction against the pressure of political elements (mainly pro- 
Austrian) in favour of a candidate whose major interest was known 
to be in the religious aspect of contemporary problems. With a 
mental acuteness that enabled him to cling tenaciously to the es- 
sential points while sacrificing matters of detail Pius VII, notwith- 
standing his respect for tradition, promptly showed his readiness 
to reach a compromise with the Revolution insofar as was com- 
patible with the church’s principles. Overriding the shocked op- 
position of some members of his entourage. he made a bold deci- 
sion and negotiated the celebrated concordat of 1801 with the first 
consul of the French republic, Napoleon Bonaparte. In the belief 
that it was of vital importance for Rome to come to terms with 
the republic, both for religion’s sake and because of the interna- 
tional significance of such a reconciliation, Pius not only stood 
sponsor, in a moral sense, for the child of the Revolution but also, 
in return for certain substantial advantages, waived the claim that 
Catholicism should be recognized as the state religion. Giving his 
official blessing to the liquidation of the pre-Revolutionary church 
in France, he renounced the ecclesiastical property that had been 
secularized, set himself to a far-reaching reorganization of the 
provincial and diocesan structure of the church and called on the 
surviving bishops to resign their sees. 

This last concession was altogether without canonical prece- 
dents; and by inducing Pius to agree to it Napoleon struck a heavy 
blow at the Gallican tradition, since the pope, however well aware 
he may have been of the extent of his powers over the bishops, 
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had never previously dared to assert them so drastically in 
tice. Moreover, the fact that a concordat was signed was in He 
a victory for the papacy. Whereas in the 18th century jt lui 
been either disregarded or treated as a foreign power against whith 
the national episcopate could be brought into play, the papy 
now became an ally whose influence over the clergy of the Catho- 
lic world was acknowledged and whose co-operation would |y 
sought in settling the religious questions that the state had fop 
merly tried to settle by unilateral action. 

The prestige accruing to the papacy from the concordat was jy 
be augmented when Pius and Napoleon (whom he had consecrated 
as emperor in 1804) came into conflict. The cause of the quand 
was political rather than religious; viz., the pope's refusal to in 
corporate the papal states within Napoleon's continental system 
of blockade against England. The emperor thereupon annere 
what was left of the states of the church (1809). When Pius te 
torted by excommunicating him, he had him arrested and tried to 
reduce his position to that of a high ecclesiastical official of the 
empire. These rough measures, which at one moment сате very 
near to success, had two results: in the first place, they aroused: 
deep feeling of esteem and respect for the victim among Catholics, 
particularly among Catholics north of the Alps, where for ce 
turies few had cared much about a pontiff who never left the 
vicinity of Rome; and second, they served to align the pope will 
the powers that were eventually to be victorious against Napoleon, 
even though at the time of the pope's arrest these powers showed 
little concern for him. 

On the one hand, then, Pius VII and his secretary of state, 
Ercole Consalvi (q.v.), who was а man of genius, had adopted 
an understanding attitude toward the ce of the Revoluti 
and so had been able to re-establish, within a few months of the 
beginning of this pontificate, a power that had been seriously 
threatened; on the other, the moral authority of the papacy, ti 
hanced as it was by the pope’s subsequent resistance to Napoleon, 
was to be seconded in the work of restoring the church af 
Waterloo. 

In reaction against Napoleon, numbers of European statesmt 
came to think that an independent spiritual power vested in th 
person of the pope constituted a valuable guarantee. This viet 
together with the principle of legitimism, caused the papal state 
to be restored by the congress of Vienna; and Consalvi's dipl 
matic ability succeeded in securing complete restoration except E 
Avignon and the Comtat-Venaissin. Yet this success carried M 
it the germs of trouble for the popes. Their subjects, particu 
those in the Legations (Bologna, Ferrara, Ravenna and d 
which had been annexed to France for 20 years, had acquitt 
taste for modern administrative methods and now felt mi a 
at the re-establishment, even in part only, of the archaic P" 
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dure of pre-Revolutionary times. Consalvi, who had moreover to 
struggle against opposition within the curia, tried to modernize the 
administration, the judicial procedure and the financial system of 
the states by means of the constitution of 1816, The progressives, 
however, Were disappointed in their hopes. 

While it was principally Consalvi who was responsible for the 
reorganization of the papal states, Pius VII concerned himself with 
the ecclesiastical and religious aspects of the restoration. In the 
period following 1815 it was generally accepted that the church 
was the best safeguard of monarchy; and Pius took advantage of 
this opinion and of his own personal ascendancy to continue his 
policy of concordats. This policy enabled him, at the cost of a 
few concessions to the spirit of the age, to counteract the tend- 
ency toward state control of the church (to which all contemporary 
governments were inclined) and to get himself implicitly recog- 
nized as the real head of the universal church. Further, in view 
of what had happened in France, he could insist on more favour- 
able conditions in his concordats. In other respects he showed 
himself capable of profiting from circumstances. In France and 
in Spain he co-operated with the counterrevolution; in Austria and 
in Germany, however, where the spirit of the emperor Joseph II 
was still vigorous, he did not scruple to appeal to new ideas of 
liberty; and in the Protestant countries he called for toleration. 

With papal encouragement, the religious orders took up the task 
of reorganizing themselves; and in 1814 Pius restored the Society 
of Jesus, which in later years was to be one of the papacy’s most 
active partners in the work of ecclesiastical centralization, Dif- 
ferent from many of his predecessors of the 18th century, whose 
interest was principally in administration and politics, Pius VII 
showed a great concern for doctrine and issued stern condemna- 
tions of the enemies of the church, especially against Freemasonry, 
in which he saw the embodiment of the revolutionary and anti- 
Christian philosophy of the 18th century, He remained true to 
the tradition of the humanist popes, however, in his interest in 
educational reform, in the improvements that he introduced into 
the Vatican library and the pontifical museums and in his desire 
lo make Rome a centre of the arts. 

‚2. Leo XIL.—In their efforts to adapt the papacy to the political, 
intellectual and social conditions of the modern world, Pius VII 
and Consalvi had come up against the opposition of the zelanti; 
he, those churchmen who stood for political reaction and objected 
lo ahy concession that. might be made to modern aspirations. This 
Party was well represented in the higher clergy and in the curia, 
And the election of Annibale Sermattei della Genga as pope, under 

е name of Leo XII, constituted a victory for it. 
^ Their next success was the abandonment, in the papal states, of 

8 reforming policy of Consalvi. Authoritarianism was rein- 
Stated, This reaction, however, provoked in the bourgeoisie a 
Strong resentment against "government by priests"; and though 
Pd M financial policy, by reducing expenditure, made it possible 
Ке reduce taxation, the precarious economic situation of the state 

mained unchanged, while the pope forfeited the affection of 

un Who had profited from. the abuses that he removed. 
0 n matters of doctrine Leo took a number of measures calculated 

RE the infiltration of liberal ideas and to strengthen the 
with duet the Inquisition, On the other hand, in his relations 

ê ir, eign governments, after some clumsy moves inspired by 

ansigence of the zelanti, he soon came to appreciate the 

of libens jPbeasement and moderation in view of the new outbreak 

ence of 1 P Paganda, the revival of Gallicanism and the persist- 
4 Josephinism, 

1 1 А VIIL—The reactionary Leo XII was succeeded by Pius 

"n aanle of Pius VII and of Consalvi, who reigned, how- 
showed hi nly 20 months, In strictly ecclesiastical matters Pius 
not at the elf. generally broad-minded and conciliatory, though 
Papal VENAE: of principle; and in the administration of the 

isdom in 3 he both mitigated the authoritarian regime and showed 

in aj 15 social and economic policy (though he did not suc- 
ign polic aying the increasing discontent and agitation). In for- 
са" however, he gave a free hand to his secretary of state, 
me Giuseppe Albani, who was wholly devoted to 

1a of the Holy Alliance. This caused him to be repre- 
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sented as having aligned himself altogether with the absolutist 
governments and as hostile to the Polish, Irish and Belgian risings 
of 1830 (the Belgian alliance of Catholics and liberals against the 
enlightened despotism of King William I of the Netherlands was 
regarded as “monstrous” by the Vatican). Yet Pius made no diffi- 
culties about recognizing the July monarchy in France. 

4. Gregory XVI.—Historians used once to represent Gregory 
XVI (a former Camaldolese monk, Bartolomeo Alberto Cap- 
pellari) as a typical example of a reactionary and narrow-minded 
pope; but this view is now disputed. Gregory indeed showed little 
sympathy for Italian nationalism or for his subjects' desire to see 
the administration of the papal states modernized; his monastic 
austerity moreover made him seek to isolate himself, while his 
rough manner made him seem even more intransigent than in fact 
he was. But even so his political and administrative record is less 
black than it has been painted by the early historians of the 
Risorgimento; and we must also recognize in this scholarly man 
an enlightened patron of the arts and of archaeology. Moreover, 
in religious matters his intelligent and carefully considered meas- 
ures proved beneficial to the church in more than one respect. 

A former monk, Gregory naturally favoured the religious orders. 
He supported the inauguration of several new congregations, re- 
stored the Benedictines and the Dominicans in France and pro- 
tected the exempt orders from encroachments by the bishops. 
This last-named line of action reflects the long-established papal 
policy of maintaining the Holy See's rights against all surviving 
traces of Gallicanism and Febronianism; and the pontiff before his 
election had already made himself the spokesman of Ultra- 
montanism in his book Z} trionfo della Santa Sede (1799). 

Having once been prefect of the congregation de Propaganda 
Fide, Gregory was a great missionary pope. In the Revolutionary 
and Napoleonic periods Catholic missions had suffered a serious 
setback, and everything now needed to be reorganized, The effort 
that had been begun in the last years of Pius VII was systemati- 
cally encouraged and extended; and since 1826, when he became 
cardinal, Cappellari had been working for centralization of the 
missionary enterprises. Gregory moreover did not flinch from 
bold innovations, For example, he envisaged a native clergy and 
even a native episcopate in the missionary countries (this however 
had no immediate result). 

In Portugal, Spain, Switzerland, Prussia and Russia various 
politicoreligious disputes confronted the papacy under Gregory. 
The pope's underlying policy was to oppose any attempt at restrict- 
ing the rights of the church, whether inspired by caesaropapism, as 
in Russia and in Prussia, or by liberalism, as in Switzerland, Vet 
on several occasions he showed himself ready to come to terms, 
For instance, after obtaining satisfaction on the matter of principle 
he agreed to the removal of the Ultramontane archbishop of 
Cologne, K. A. von Droste zu Vischering, whom the Prussian gov- 
ernment had arrested in 1837; and in 1845 he consented to a partial 
dissolution of the Jesuits in France, This same spirit was made es- 
pecially evident in his attitude toward the young republics in South 
America (the bull Sollicitudo ecclesiarum of Aug. 7, 1831, declared 
that where there was a change of regime the Holy See would treat 
with the de facto government) and toward Belgium (where the 
revolution of 1830 had led to a liberal constitution). ‘Thus it was 
that, despite his dislike of liberalism and of the revolutionary 
spirit, Gregory was prepared to negotiate with governments born 
of insurrection and refrained from condemning those Catholics 
who throughout Europe were appealing to liberal principles to 
secure their religious rights from their governments. Here Greg- 
ory appears not as a reactionary pope but as one who was ready 
for what the future held; yet he felt no enthusiasm for these com- 
promises, which he did his best to limit, M 

In matters of principle Gregory was indeed uncompromising. 
Rationalist naturalism he condemned in all its forms, together with 
fideism. The most famous of his pronouncements in this field is 
the encyclical Mirari vos (Aug. 15, 1832) against certain ideas that 
H. F. R. de Lamennais (q.v.) and the newspaper L'Avenir had 
been putting forward; viz. the separation of church and state, 
liberty of conscience and the freedom of the press. Gregory was 
opposed to liberalism not only because he regarded it as a mani- 
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festation of indifference to doctrine but also because his feeling 
for authority prompted him to defend kings even against rightful 
claims by their subjects and, ultimately, because from the moment 
of his accession he was haunted by the fear of seeing his own 
dominions eaten away by liberal ideas. 

In fact at the very beginning of his pontificate there had been 
a revolt in the Romagna and in Umbria. Foreign intervention had 
been required to restore order, and as a consequence of this inter- 
vention Gregory had had to promise reforms (stipulated in the 
memorandum presented by the powers in May 1831). These re- 
forms, though not very generally recognized, were numerous (par- 
ticularly while Tommaso Bernetti was secretary of state) and for 
the most part reasonable and beneficial; but they still proved in- 
adequate to the situation, mainly because they were limited to the 
administrative field and never extended to the political. Opposi- 
tion therefore became rife, and repressive measures, designed to 
stifle it, only made it more bitter. Discontent was also further 
exasperated by the wholly negative attitude of Gregory and of his 
new secretary of state, Luigi Lambruschini (a partisan of the old 
order who had taken Bernetti’s place in 1836), toward Italian 
nationalism and patriotic feeling against the influence of Austria 
in the peninsula. Though his understanding with Metternich was 
not nearly so close as his detractors thought, Gregory showed no 
sympathy whatever for the cause of Italian unity, even when 
thinkers such as Vincenzo Gioberti and the “Neo-Guelphs” pro- 
posed.a federal union under the presidency of the pope himself. 


B. THE ADVANCE OF DEMOCRACY AND RATIONALISM 


1. Pius IX.—Pius IX reigned longer than any former pope, and 
his pontificate was one of crisis and of new departure both from 
the political and from the religious point of view. 

The Revolution of 1848 and the Roman Question.—Giovanni 
Maria Mastai-Ferretti was elected pope, in opposition to the rival 
candidature of Lambruschini, by cardinals who were anxious about 
the liberal and national agitation then rife in the states of the 
church. Pius was thought at first to be far readier than in fact he 
was to come to terms with the movement for Italian unification 
and for constitutionalism; many, indeed, hoped that he would put 
himself at its head. For some months this myth of a “liberal pope" 
won him immense popularity; then it was brought to an end in the 
crucial period of 1848. 

It first became clear that, though he sincerely wanted to improve 
the lot of his subjects by administrative reform, Pius IX could 
not bring himself to reform the constitution. Any concession that 
his priestly monarchy might make to the laity, he feared, would 
be a limitation of the Holy See’s spiritual independence. His al- 
locution of April 29, 1848, showed that, however much he sympa- 
thized with the Italian aspirations, he would never agree to play 
an active role in the war of independence against Austria, as this 
would seem to him incompatible with his duty as spiritual father 
of all the faithful. Economic difficulties combined with the pope’s 
lack of political adroitness to precipitate a crisis. Rioting broke 
out, and on Nov. 24-25 Pius had to flee to Gaeta. In Feb. 1849 
a republic was proclaimed in Rome, but this republic lasted only 
for a short time. The European powers upheld the pope, who was 
reinstated on his throne thanks to the French expeditionary force. 

The ensuing work of restoration was reactionary and ill con- 
ducted, and the presence of foreign troops increased popular re- 
sentment at it. It was thus not difficult for Cavour to exploit this 
situation in order to advance his plans for uniting Italy under the 
aegis of Piedmont. After patiently undermining the authority of 
the papal government he seized the opportunity presented by the 
Franco-Austrian War of 1859 to annex the Romagna (March 
1860) and then, on the defeat of the small pontifical army at 
Castelfidardo (Sept. 18), the Marches and Umbria. For the next 
ten years Napoleon III extended sufficient protection to enable 
the pope to retain Rome and the Roman Campagna. Then the 
Franco-German War broke out, and on Sept. 20, 1870, the Italians 
occupied Rome. Pius IX, who regarded himself less as a deposed 
sovereign than as the tenant of a property for which he had to 
answer to the church, refused to bow before the fait accompli. 
Rejecting the Italian offer of a “law of guarantees,” he assumed 
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the role of a prisoner in the Vatican. (See also Tray: Histor) 
The Direction of the Church.—At the very moment when 
disappearance of the papal states removed it from the field of 
European diplomacy, the papacy was about to emerge as 3 wou 
power with which every politician would have to reckon, ‘This 
velopment, of which Pius IX’s successors were to reap the benef, 
was the result partly of missionary activity (which throughout thi 
32-year pontificate kept abreast of the colonial expansion of Bi 
rope overseas) and partly of the large-scale immigration of А 
lics to Canada, then to Australia and, above all, to the Unit 
States, where promising new churches grew up. In Europe, mar 
while, the position of the church in the traditionally Сабой 
countries was being apparently consolidated Бу concor ats 
sometimes gave it very favourable terms (¢.8., the Austrian ar 
cordat of 1855); and the churches that had survived precario 
since the Reformation in Protestant countries were reconstitil 
This was the case in England, where Pius restored the hierar 
in 1850; in the Netherlands likewise in 1853; and most marke 
in Germany, where the Kulturkampf (see Germany: His (i 
served to show how vigorous the Catholic Church had becom 
a few years through its increasing reliance on the Holy po. 
Expanding in numbers, the church was yet closing its 
ever more firmly round the person of the Holy Father. Ong 1 
most striking features of this pontificate is the coni 
vance toward centralization and uniformity within the ¢ a 
movement that was to determine the character of Catholic! 
the time of Pope John XXIII and Paul VI, 100 years later н 
first Vatican council (1869-70), by its solemn definition 0 06 
fallibility of the pope when he speaks ex cathedra a E 
primacy of jurisdiction over the entire church, marke 
all that was left of particularism in the local churches. 
FALLIBILITY.) From 1850 this policy was pursued in à Ne 
ways, not without meeting with considerable opposition e 
from the eastern patriarchates but also in France and in MET 
(as can be seen from the size of the minority at the oor glow 
from the fact of the Old Catholic schism in German 


the proclamation of the dogma). In any case, the decisi 
in the rapid and conclusive victory of Ultramontanist "Try 
the personality of Pius himself and the immense 1! d i 
he had won over laity and clergy alike. This expres 


PAPACY 


ticularly in France, in the unprecedented phenomenon of ‘‘de- 
votion to the pope.” 

‘Though successful in the long run, the ecclesiastical policy of 
pius IX and his successors had certain unfortunate consequences. 
While the church, at his death, was numerically stronger and 
more firmly bound together than ever before, it was dangerously 
isolated in the face of the general hostility of national govern- 
ments and public opinion. The victories of Catholicism during his 
pontificate were largely due to the progress of Ultramontanism and 
to the church’s alliance with counterrevolutionary governments; 
but the very success of Ultramontanism provoked a reaction of 
resentment in these governments when they saw the national cler- 
gies escaping from their grasp; and at the same time the partisans 
of democracy, who were becoming every year more influential, 
could not forgive the church for having lent all its support to 
conservatism since 1848. Pius, ill-advised by his counselors, failed 
to adapt the church to the changes in politics and society that 
were coming into being in the second half of the 19th century. 

Doctrinal and Spiritual Achievements.—Pius IX failed also to 
provide that stimulus on the intellectual plane which was required 
to counteract the advance of rationalism and positivism. He al- 
lowed the church’s attitude to science to be determined by narrow- 
minded persons who, rigidly adhering to supposed tradition, 
thought their duty fulfilled if they simply anathematized any new 
tendency that at a first glance seemed contrary to the faith. 

Yet Pius made important contributions to doctrine. He defined 
two new dogmas, that of the Immaculate Conception of the Virgin 
(1854) and that of papal infallibility (1870); and his encyclicals, 
though hardly original in content, following as they do on those 
of Gregory XVI, nevertheless constitute a far more systematic 
and wider-reaching corpus than Gregory’s. The encyclical Quanta 
cura (Dec. 8, 1864) and the controversial Syllabus that accom- 
panied it deserve special mention in this corpus, to which the de- 
crees of the first Vatican council should have put the finishing 
touch. This council, however, which opened on Dec. 8, 1869, 
was interrupted by the outbreak of the Italian war in July 1870; 
and most of its sessions were consumed in long and passionate 
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deliberations on the question of infallibility, In April, neverthe- 
less, the important constitution Dei Filius had been approved, on 
the relation between reason and faith. Typical of the positive 
‘spect of Pius IX's work, this represents a resolute attempt to 
eradicate the last traces of the naturalistic deism of the Enlighten- 
ment and to reassert the basic premises of revealed truth as the 
‘ore of Christian thought. (See VATICAN COUNCILS; COUNCIL.) 
pa tether with this vast doctrinal enterprise, a considerable ef- 
Das made to enrich religious life; and this, indeed, was the 
id achievement of Pius IX's pontificate. While national tradi- 
me Mma to be sacrificed, the training of the clergy was made 
tion, a and there was a lasting increase in popular devo- 
that’ it 35 achievement has often been belittled as superficial, but 
tivit Was not so is proved by the great revival of Catholic ac- 
E and by the expansion of the religious congregations. While 
ае шань and the Society of Jesus must be given the 
in the Or some of these results, Pius himself played a large part 
i Lectievement, (See further Prus: Pius IX.) 
livide c; TIL—In former times the Romans had been prompt to 
politica erates for the papal crown into three classes: scholars, 
ecame ns and zelanti, Vincenzo Gioacchino Pecci, however, who 
intellectu e as Leo XIII, seemed to fulfill all three roles. As an 
е His A was in touch with scientific progress; as a diplomat 
inner lif Stood politics; and as a shepherd of souls he cared for the 
iud of the church and for the spread of missionary work. 

litori pen, and Innovation—Both in his own time and in later 
d xi Works an exaggerated contrast used to be drawn between 
ificates of Leo XIII and Pius IX. In many important 
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respects, however, there is an obvious continuity from the one to 
the other. Leo not only maintained the devotional practices that 
Pius had favoured (the cult of the Sacred Heart and devotions to 
the Blessed Virgin, the rosary in particular) but also showed him- 
self to be no less vigorous an op- 
ponent of rationalism and secu- 
larism, against which he was quite 
ready to have recourse to the 
Syllabus—to the deep disappoint- 
ment of those who had hoped for 
a liberal papacy. Likewise he dis- 
appointed those who had expected 
a reversal of the Ultramontane 
tendencies that had prevailed un- 
der Pius. Leo in fact systemati- 
cally encouraged Ultramontanism 
by accelerating the process of 
centralizing the great religious 
orders; by promoting pilgrimages 
to Rome; by constantly exerting 
his authority over the national 
hierarchies; by personally inter- 
vening in the politicoreligious dis- 
putes of several countries in or- 
der to indicate to the laity or to 
the clergy what line they were to 
follow; and by increasing the 
power of the nuncios, whom he sought to establish as the pope’s 
commissioners to the local episcopates. 

Finally, on the Roman question, while ready to compromise on 
ways and means and to declare himself satisfied with very little 
territory, Leo refused to abandon temporal sovereignty as a prin- 
ciple, as he could not see how the Holy See and the church could 
remain independent without it. Aware that no satisfactory situa- 
tion could be reached by direct negotiation with Italy, he tried 
(without success) to make the question an international one, look- 
ing first to Germany, which was the dominant European power in 
the period following 1870, and subsequently to France. 

In other respects, however, there is no doubt that Leo XIII's 
pontificate was characterized by a new spirit: in the first place, 
the pope was anxious to put a stop to the belief that the church 
was necessarily opposed to modern aspirations; second, he stimu- 
lated Catholic initiative with regard to social work; third, he 
sought to open the way to a rapprochement with other Christian 
churches; and, finally, he showed himself ready to conciliate for- 
eign governments, being willing to temporize rather than to break 
off relations and, unlike Pius IX, refraining from strongly worded 
protest even when he found himself forced to disagree. 

Doctrinal Guidance.—Leo XIII's encyclical Aetermi Patris 
(1879) gave a decisive stimulus to the revival of Thomism, which, 
however, he hoped to see reconciled with scientific progress. An- 
other encyclical, Providentissimus Deus (1893), defined in a fairly 
broad-minded manner the principles on which Catholics should ex- 
pound the doctrine of the divine inspiration of the Bible in the 
light of modern discoveries. He called upon Catholic historians 
to write objectively, and his opening of the Vatican archives to 
historians without regard to creed led to the establishment of a 
number of foreign historical institutes in Rome. 

Not the least remarkable of Leo's encyclicals were those in which 
he gave a positive statement of the ideal of the Christian state 
(Immortale Dei, 1885; Libertas Praestantissimum, 1888). In 
these, he recognized that the concrete institutions of the ancien 
régime were no longer feasible and recommended that church and 
state live together in peace within the framework of modern so- 
ciety, acknowledging the new regime of toleration as provisionally 
admissible. Similarly, the encyclical Rerum novarum (1891), 
though rather cautious in its approach and not very fruitful in its 
immediate results, showed that the papacy had taken cognizance 
of the working-class question and sought to take a hand in its 
solution by defining “social Catholicism" for the first time. Leo's 
interest in the social problem is partly to be explained by his de- 
sire to win the masses for the church so as to be able to reckon 
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have aroused bitter controversy: the repression of modernism: 
reaction against the “Christian democrats”; and his attitude n 
ward the separation of church and state in France. 
Even before he became pope, Sarto had been alarmed at the dan. 
gers that might be inherent in the reforming movement known a 
modernism, a movement most marked in France and in Italy, Th — 
modernist tendency seemed to be to sacrifice certain essentia 
traditional values in order to reach a premature accommodation 
with modern ideologies. Pius settled the question by putting а 
series of books on the Index, by issuing the decree Lamentapjj 
and the encyclical Pascendi (both 1907) and finally by reorganizing 


the support of this “real population” against the anticlerical poli- 
cies often adopted by the bourgeoisie or “legal population.” Of 
like inspiration were the papacy’s efforts to organize the laity (no- 
tably through the Opera dei Congressi, the central body for Catho- 
lic social work in Italy). 

Whereas Pius IX had wanted to latinize the rites and to stand- 
ardize the discipline of the Uniate patriarchates, Leo XIII on the 
contrary declared that Eastern traditions were to be respected (cf. 
the encyclical Orientalium dignitas, 1894) and founded new semi- 
naries in which the future clergy of the East could learn the spirit 
of Rome. His expectation that this would do much to promote the 
return of the schismatic churches to his fold was, however, dis- 
appointed, as also were the hopes that he had entertained of a 
rapprochement with the Church of England, for which Lord Hali- 
fax and the abbé Fernand Portal had been working. On the ques- 
tion of the validity of Anglican orders Leo had finally to give a 
negative reply (1896). 

Foreign Relations.—In his dealings with foreign governments, 
Leo showed a strong preference for proceeding along diplomatic 
channels. His aim was to win the friendship of governments for 
the church by letting them appreciate the value of the church’s 
moral support against revolutionary activity and by inducing 
Catholics to withdraw their obedience from lost causes (Carlism 
in Spain, monarchism in France); and he hoped that the church 
would receive substantial favours in return for services rendered. 
Thus, where Pius IX had been on the defensive, Leo adopted an 
active policy and won, indeed, some unmistakable successes: rela- 
tions were resumed with Bismarck’s Germany; disputes with 
Switzerland and with most of the South American republics were 
smoothed over; tension was eased in Russia; and much greater 
cordiality was established not only with Catholic Spain and Austria 
but also with the Protestant powers. 

Yet in certain essential respects Leo’s pontificate was a failure. 
Attempts to conciliate Italy came to nothing. The hope of win- 
ning German support for a:solution of the Roman question was 
frustrated when Germany, Italy and, Austria signed the triple al- 
liance, The new policy adopted when Mariano Rampolla became 
secretary of state in 1887, namely that of seeking the friendship 
of the democracies, the United States and, particularly, France, 
was no less disappointing. Moreover, Leo’s whole French policy, 
based as it was on the new collaboration of Catholics with repub- 
licanism, was made bankrupt when many refused to follow the 
pope’s directives and when the flood of anticlericalism grew so 
strong as to threaten the proper functioning of the concordat. 
These reverses, which served to keep the Roman question un- 
solved, prevented the Holy See from playing the part to which it 
aspired in the international field. Nonetheless, Leo’s policy en- 
abled the church and the papacy to recover a considerable amount 
of their moral authority and, as a result, to gain a real political 
power. The growth of the Holy See’s prestige in the course of this 
“glorious pontificate” can be measured by the number of new 
diplomatic missions established at the Vatican and by the volume 
of congratulation that reached the old pope on the occasion of 
his four jubilees. (See further Leo: Leo XIII.) 

3. Pius X.—As Austria vetoed the election of Cardinal Ram- 
polla, Giuseppe Melchiorre Sarto became pope as Pius X on Aug. 
4, 1903, His was a mind quite different from that of Leo XIII. 
He had always hated "the political priest"; he had no liking for 
diplomatic maneuvers and little sympathy for liberal tendencies in 
the intellectual field; and he had an instinctive mistrust of popular 
government. Years of work as a parish priest had made him very 
conscious of the pastoral duties of the church and inclined him 
to consider every problem from the religious point of view; all 
who had come into contact with him thought of him as a saint. 
As Leo's policy of co-operation with secular governments seemed 
to him to have ended in failure, Pius decided to concentrate his 
attention on the problems of the apostolate and to make the de- 
fense of Catholic religion the keynote of his pontificate. 

A Conservative Pope—Opinions differ widely on the means by 
which Pius went about his purpose and on the spirit that actuated 
him and his advisers (the chief of whom was the Spanish cardinal 
Raphael Merry del Val). Three aspects of his policy in particular 


the commission on the Bible and imposing rigorous control oye 


all churchmen whose duty it was to teach philosophy and theology, 
Pius did not intend that these measures should put a stop to al) _ 
intellectual life within the church; but his lack of personal a 
quaintance with critical methods made it impossible for him to 
distinguish precisely between the justifiable, the controversial and 
the objectionable elements in the new theories; and moreover, 
particularly after 1910, he was rather too open to pressure from 
the “Integralist” or extreme reactionary party in the curia. Мой 
of the blame that the antimodernist reaction has incurred wis 
called forth by disagreeable incidents in these last four years ûf 


Pius X's pontificate, when the activities of Umberto Benigni: 


Sodalitium Pianum were often far from praiseworthy, (See also 


MODERNISM, ROMAN CATHOLIC.) 


At first sight it seems even more paradoxical that a pope whos 
own antecedents had been among the people and who all his life 
championed the cause of the poor should have led the reaction 
against Christian democracy. What he found intolerable, howevet, 
was that some Catholics should make their social work a matter 
independent of the hierarchy and conduct it in ап increasing 
political direction. Accordingly he began his pontificate with t 
radical reorganization of the Opera dei Congressi in Italy and d 
avowed and then formally condemned both the Italian рїї 
Romolo Murri's *Popular Action" movement and, in 1910, Ми 
Sangnier’s Sillon group in France. Some intervention on the part 
of the higher authority in the church was justified insofar as tht 


Italian groups were making certain concessions to modern 
the French were too outspoken on matters of doctrine; 


ism 
but the 


pope’s choice of measures, together with the rather favourable ûl 
titude that he adopted toward L’Action frangaise (see MAURRAS 
CHARLES; DAUET, Léon), showed that the Vatican for the tint 
being was drawing away from democratic ideas and inclining rather 
toward paternalism as a means of solving social questions. 


All the factors contributing to the break between the papa 


cy and 


the French government, which culminated in the law of 1905 sep 
on the scene il 


rating church and state in France, were already 


Pius X’s accession; the break, in fact, was inevitable. Р 
deed, saw the advantage of making the church of France 
independent of the state, particularly where the choice of bis! 


was concerned. Most of the French bishops, however, woul 
been willing to try out open-mindedly the new legislation x jd 


sociations cultuelles (associations for religious 


safeguarded all that could still be preserved of the chure! 


worship); 


rial interests; and there was general surprise when Pius Г 


the compromise offered. In his view no departure ш A 


vernment; ® 
t active In 


mitted from the principle that the church's posi 
determined by unilateral action on the part of a 


he may also have been misinformed on the new spiri 
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French government's policy since the fall of Emile Combes: m 


The break with France, increased tension with Russia : 
gious affairs in Poland, and some clashes with the Un Vi 
combined to promote Austrian and German influence 1n е 
can to such a degree that Pius has sometimes been calle 
of the triple alliance." Yet his relations with the cour 


and, especially, with the German empire were not 


instance, there was the incident of the Borrom 


(1910), when great resentment was shown at th 


references to the Protestants in his encyclical on the 0 


the tercentenary of St. Charles Borromeo’s canonizal 
ired from 


was the question of the antimodernist oath requ 
sity professors; and there was the controversy а 
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unions, in which the Vatican made clear its preference for unions 
organized on a strictly confessional basis. 

The Pope as Reformer.—Whatever the final judgment on Pius 
X's defensive strategy may be, it would be unhistorical to repre- 
sent his pontificate as one of defense and nothing more. 

In the first place, there was an improvement in the papacy’s re- 
lations with the Italian government. On the one hand, the facts 
of the Roman question came to be viewed in a more realistic 
light; on the other, the fear of socialism served to draw Catholics 
and liberal conservatives together. There was thus a gradual mit- 
igation of the non expedit, which in the 1870s and 1880s had been 
developed into a prohibition against Catholics taking part in Ital- 
jan political life; the so-called Gentiloni pact of 1913 estab- 
lished seven conditions on which Catholics might vote for candi- 
dates at elections. Second, Pius, who seemed so old-fashioned 
to his contemporaries, was in fact a great reformer. Clearsighted 
and enterprising, he envisaged the reconstitution of Christian so- 
ciety as requiring not only the unequivocal disavowal of erroneous 
attitudes but also a positive effort toward adaptation and initia- 
tive in pursuing the essentially pastoral work of the church, to 
enhance its inner life and make the best use of its strength. 

The teaching of the catechism, preaching and the education of 
the clergy (this last being one of his major preoccupations) were 
all objects of improvement or reform under Pius X; and some of 
his directives, though outmoded by later social developments, 
nevertheless mark him as one of the forerunners of Catholic 
Action, that is, the organization of the laity for special and direct 
collaboration in the apostolic work of the church (cf. the encycli- 
cal II fermo proposito, 1905). Most important in the context of 
teform, however, were: (1) his eucharistic decrees, which eased 
the regulations governing daily communion, facilitated the com- 
munion of the sick and insistently enjoined that children should 
begin to communicate on attaining the age of reason; (2) his 
liturgical reforms, namely the revival of Gregorian plainsong and 
the recasting of the breviary and of the missal; (3) his decision, 
taken at the very beginning of his pontificate and despite numer- 
005 objections, to adapt and systematize the canon law, which led 
lo the publication of the new code in 1917 (to take effect in the 
following year) ; and (4) his reorganization of the curia, through 
the constitution Sapienti consilio (1908), which modernized the 
Central administration of the church and its method of operation 
ож the Roman congregations to deal more effectively 
ith the heavy task of centralization. 


C. THE War AND INTERWAR PERIODS 


E [дене XV.—In view no doubt of the international situa- 
Chive е conclave of 1914 chose a clever diplomat, Giacomo della 
Ee © former pupil of Leo XIII and of Rampolla, as Pius X's 
Bs Be The political isolation in which he found the Holy See, 
and i lof his predecessor’s strategy of defensive withdrawal 
elis. тапвідепсе, made it difficult for Benedict XV to play an 
by the К role in the world crisis. Many people were disappointed 
nd Rien neutral attitude that he adopted in World War I 
ents, үрел from condemning any action of the belliger- 
Prevent a Western Allies were bitterly indignant at his efforts to 
And at hi € spread of a conflict that set Catholic against Catholic 
failure: i attempt at mediation in 1917, which was a complete 
man inf ut his conduct was to be attributed not so much to Ger- 
Should uence in the Vatican as to his fear lest Orthodox Russia 
i receive any accession of power and, eventually, to his anx- 
б save central Europe from plunging into a chaos that 
it hae no good either to the church or to Europe in general 
tion of B i: remembered also that, while he considered the viola- 
Opinion. s is neutrality to be legally indefensible, he shared the 
Шаб acti lus X and, particularly, of Merry del Val that Aus- 
In Oei Serbia was legitimate). р 
lief Service Ed though its work for prisoners of war and its re- 
е Holy = for war victims had been universally appreciated, 
had under T had no such prestige among the nations as it had 
Negotiation ео XIII; Benedict was excluded from the peace 
n 09S, despite the efforts of papal diplomacy. 
€ it was mainly his activity in international affairs that at- 
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tracted the attention of the external world to Benedict, his con- 
structive work within the church itself was of considerable impor- 
tance, even though his pontificate did not last long enough for 
him to bring to maturity several fruitful undertakings from which 
his successor was to benefit, He promptly put a stop to the ma- 
neuvers of the Integralists; he enhanced the competence of the 
Unione Popolare (an organization formed in 1906 to unite Italian 
Catholics of all classes in pursuance of the aims of the encycli- 
cal 7} fermo proposito), thus marking а new stage in the develop- 
ment of Catholic Action; and he sought concordats with the new 
states brought into being by the treaty of Versailles. 

Of greater significance were his directives on missionary activity 
and his attitude to the Eastern Churches. His apostolic letter 
Maximum illud (1919) not only tried to dissociate missionary ac- 
tivity from imperialism and from colonialism by warning mis- 
sionaries against showing "indiscreet zeal" for their own native 
country's interests, but also urged the pressing need for establish- 
ing an indigenous priesthood; and his wish to help the Uniate 
churches to develop in accordance with their individual traditions 
was expressed on several occasions (for instance through the 
foundation of the Pontifical Institute for Oriental Studies in 1917 
and through the pope's support for the metropolitan of Galicia, 
Archbishop Andrzej Szeptycki, against the pressure brought to 
bear by the Latin Catholic Poles). By such means it was Bene- 
dict's intention to encourage the return of the schismatic churches 
of the East to the Catholic fold at a time when the collapse of 
imperial Russia and the political changes in the near east gave rise 
to a renewal of speculation on the problem. 

2. Pius XI.—On Feb. 6, 1922, a successor to Benedict XV was 
elected in the person of Achille Ratti, a scholar who had been 
prefect of the Ambrosian library in Milan and then of the Vatican 
library, but one who had also had the opportunity, as nuncio in 
Poland, of displaying his energy, his organizing ability and his 
grasp of the complexities of 20th-century politics. 

A learned humanist, Pius XI made it his business to ensure 
that the world should have a better knowledge of the scientific 
resources and the artistic treasures of the Vatican. He took an 
interest in the development of the 
positive sciences and organized 
the Pontifical Academy of Sci- 
ence (1936), to which he ad- 
mitted non-Catholic scientists; 
and he both founded new re- 
search establishments or insti- 
tutes of higher education (for in- 
stance the Pontifical Institute of 
Christian Archaeology; 1925) 
and expanded those already in ex- 
istence (such as the Gregorian 
university and the College of the 
Propaganda). He was particu- 
larly concerned to raise the level 
of education in the clergy (see his 
constitution Deus scientiarum 
Dominus, 1931) and took charge 
of the Congregation for Seminar- 
ies and Universities in 1938. The 
intellectual prestige of Catholi- 
cism was enhanced by his sym- 
pathetic attitude toward science. 

The Christian Reconstruction 
of the World.—1In pursuance of 
the program outlined in his first encyclical (Urbi arcano Dei, Dec. 
23, 1922), Pius XI worked unremittingly to construct a new 
“Christendom” in the hope that, after the outward forms of the 
old order had been relinquished, its spirit might be revived. 

Pope between two world wars, Pius had as his motto Pax Christi 
in regno Christi ("the peace of Christ in the Kingdom of Christ") 
and continually preached peace to the nations, reminding them of 
the basic conditions of peace in the Christian sense. He had no 
great faith in the League of Nations but gave what support he 
could to statesmen working to promote international co-operation, 
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to halt the armaments race and to dispel the threat of war. 

Pius was concerned to warn Catholics against excessive nation- 
alism and was distressed at the fascination exercised over so many 
French Catholics by L’Action francaise. His condemnation of the 
latter (1926) was clumsily launched and sternly and severely 
carried out, with the result that great resentment was felt in cer- 
tain French circles; but it had the fortunate effect of clarifying 
the situation once and for all and of releasing the forces that were 
to be canalized in Christian social activity and Catholic Action. 
The strength of the reaction against L’Action frangaise must be 
considered in the light of that newspaper's anti-Christian doctrine. 

Pius XI wished to make his pontificate one of reaction against 
the increasing materialism of modern life. This preoccupation 
was the source of his insistence on Christian education (the ency- 
clical Divini illius magistri, 1929) and of his vigorous restatement 
of Catholic teaching on marriage and on the family (the encyclical 
Casti connubi, 1930); and it is in this light also that his inter- 
pretation of the new Feast of Christ the King, as expounded in the 
encyclical Quas primas (1925), is to be understood. Likewise the 
same intention is manifest in Pius XI’s unceasing efforts to organ- 
ize the laity, first in Italy and then throughout the whole church, 
so that every Catholic should do his best to bring Christian prin- 
ciples into action in the institutions of society and in private life. 
Calling for “specialized movements," he was impelled to give par- 
ticular encouragement to the Jeunesse Ouvriére Catholique, the 
“Jocists” (a Christian youth organization for the working classes), 
in view of the progressive dechristianization of labour. These 
views also underlie his encyclical Quadragesimo anno (1931). 

In addition, however, to a pressing concern with the religious 
life of both clergy and laity, Pius also followed the example set 
by Leo XIII and already repeated by Benedict XV of trying to 
establish the papacy on the international political scene and of 
increasing the number of his diplomatic contacts with foreign 
governments. In this respect he was able to profit from the trend 
of contemporary politics, which led governments away from the 
liberal ideal of separation and toward a desire for the collaboration 
of the papacy as an international moral force. While the Vatican 
had still to face some powerful adversaries in Mexico, Czecho- 
slovakia, republican Spain and the totalitarian states, it enjoyed 
excellent relations with the Anglo-Saxon world (in which Catholi- 
cism made steady progress) and found itself on better terms with 
the French republic (where anticlericalism was on the decline) ; 
and its negotiations with the new states formed after World War I 
met with a general measure of success. 

Pius showed a preference for the concordat as the best formula 
for establishing his relations with foreign states, and more than 
20 such agreements were concluded in the course of his pontificate, 
with the object of introducing the fundamental principles of the 
code of canon law into the legislation of the several states, or at 
least of gaining official recognition for the rights of the church. 

Missionary Activity and Ecclesiastical Reunion.—Pius outdid 
his predecessors in support of overseas missions. He required 
every religious order to take an active part in this work, with the 
result that the number of missionaries doubled іп 'ће course of 
his pontificate; he promoted international missionary activity; and 
he encouraged the study of missionary subjects. Above all, he 
followed Benedict XV's example of denationalizing the missions, 
stressing the need for adapting methods to local traditions and the 
crucial importance of building up a native clergy. The encyclical 
Rerum ecclesiae and the consecration of the first Chinese bishops 
in 1926 were events of capital significance. 

The same concern to distinguish the cause of the church from 
that of the Western world can be seen in Pius XI’s solicitude for 
the Eastern Churches. He encouraged historians and liturgiolo- 
gists to study the Christian East, reacted strongly against attempts 
to latinize the Uniate rites and inaugurated the work of codifying 
Eastern canon law. Furthermore, in the first years of his pon- 
tificate, he tried, though unsuccessfully, to extend Catholic influ- 
ence into the U.S.S.R. (in these efforts the titular bishop of Ilium, 
Michel d'Herbigny, was closely associated with him). He had the 

satisfaction of seeing the Christians of the Syro-Malankarese (in 
southern India) reunited with Rome in 1930. On the other hand, 
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though at first the Vatican had shown itself well-disposed to 
the Malines conversations (between the Belgian cardinal раў 
Joseph Mercier, Lord Halifax and other Catholic and Ал} 
churchmen), it soon assumed a sterner attitude toward 
tantism, and the encyclical Mortalium animos (1928) was. 
pletely negative in its response to the “ecumenical movemen| 

The Lateran Agreements.—Pius XI, as a historian, was ay 
of the element of contingency present in ecclesiastical instituti 
and so he was even readier than his two immediate predec 
to seek a compromise solution of the Roman question, Ni 
tions with Mussolini, conducted on the papal side by the card 
secretary of state Pietro Gasparri and the lawyer Fi 
Pacelli, were begun in great secrecy in 1926 and resulted 
signature of a threefold agreement—political, financial and x 
gious—on Feb. 11, 1929. 


ways insisted; and the payment of an indemnity was a 
point, In addition, several apostolic palaces, basilicas and ect 
siastical institutes were granted extraterritorial privileges d 
exemption from Italian taxes. Together with these political a 


the sphere of religion as compensation for the Holy See's а 
ment of obsolete political claims. 1 
The spectacular reconciliation of Italy and the Vatican did 
eliminate all possibility of clashes. The first took place in 19h 
on the subject of Catholic Action and youth movements; and from 
1938 the Italo-German alliance gave rise to more lasting differ 
ences, On the whole, however, relations remained quite gow 
The Struggle Against Totalitarian Ideologies —The fascist ¥ | 
tems that emerged in Europe between World Wars I and I hit) 
certain characteristics which were not without appeal (0 Ш 
church. They were based, for instance, on ideas of authority, 
order and of hierarchy; they advocated a corporative struct 
for society; they upheld the family; and they were opposed f 
Freemasonry and to communism. In 1930, moreover, it was 08| 
munism that Rome regarded as the church’s most danger 
enemy. It is thus not surprising that Pius XI should have ® 
ready to establish good relations with fascist Italy and sho 
have signed a concordat with Hitler in 1933, by which he ho 
to alleviate the difficulties confronting German Catholics. 
But within a few years he saw how the leading fascist rep 
were accentuating their anti-Christian tendencies (excessive е; 
tionalism, pagan state worship and racial prejudice); and he 1 
came forward unreservedly against totalitarianism, whether B 
left or of the right, to defend the rights of the individual № 
being. This new phase of his pontificate had a climax 2 
when he published two encyclicals, Divini Redemptoris 
atheistic communism and Mit brennender Sorge against 
Thereafter Pius continually insisted on the great prind 
morality that should underlie all political and social life; 2? 
these principles were no longer at variance (as in Pius 
with popular aspirations or with the immediate aim 
governments, but rather in line with much contemporary ion Í 
whether hopeful or fearful, the result was a new accessio 1 
moral authority to the Holy See and, also, a marked rope 
ment between it and the western democracies. 

3. Pius XII.— Eugenio Pacelli, who was elected рор 
2, 1939, had in 1930 succeeded Cardinal Gasparri as 5 
state. He was the first pope for centuries to have hel 1 
and it had given him wide diplomatic experience. From, 
set he was faced with the prospect of World War IL ant, 
years of his pontificate were occupied mainly by the con 
which that war gave rise. had 

The Papacy and World War I1.—Since 1914 a change, jd 
place in the papacy's relations with the rest of the ЖОГ 
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Holy See was becoming officially recognized by an increasing num- 
ber of governments. Pius XII was in a far better position for 
effecti ге action in the critical situations created by the spread of 
абв, He was careful, however, never to commit the Holy 
See to either of the belligerent camps, nor to join any ideological 
crusade, whether against communism or against naziism. He took 
Hepes Opus justitiae pax and in May 1939 began negotia- 
fned 15 peace which he continued throughout the war. He de- 
conder ne church's principles with regard to international order, 
Bis. aggressive war, denouncing extreme nationalism and 
Fon the natural moral law which should govern inter- 
ЖД lations, „Не upheld the rights of minorities and of 
nations nie and pointed out the economic inequalities between 
Pi M one of the chief causes of war. At the same time 
victims of Organized the Pontifical Relief commission to aid all 
mittee of as war and in May 1945 created an International Com- 
The Pr ees Charities to co-ordinate relief efforts. 
with ver oblems of Peace,—The papacy emerged from the war 
political elis more influence in international affairs. In non- 
the Hew! leds, too, the Holy See could play a larger part through 
petiole PEN nongovernmental international organizations, 
ticular fea ranches of the United Nations. Pius XH had par- 
From MeL on the Economic and Social council of the UN. 
à rate n 2 Pius delivered speeches, broadcasts and writings at 
tian AS edente in papal history, determining how Chris- 
Current 10 was to be applied in practice. In accordance with 
order, he a m the relations between the church and the social 
different fi nderlined the need for toleration in a manner markedly 
or {нш that of the syllabus of Pius IX (1864). „Не called 
though at xad and criticized the rise of totalitarian states, 
ack law 5 same time recognizing that force was necessary to 
church, аб: communism he saw опе of the chief dangers to the 
those who оташу 13, 1949, issued a decree excommunicating 
This follow, АЕ in or show favour to the Communist party. 
Countries а а series of acts of persecution in eastern European 
0 Joseph C i Which was the sentencing to life imprisonment 
Cautious ardinal Mindszenty in Hungary- Pius adopted a very 
“attitude toward attempts by some of the clergy in coun- 
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tries under Soviet regimes, especially in Poland, at peaceful co- 
existence with their Communist rulers. However, anxious to re- 
main above the ideological conflict, he emphasized the rights of 
the worker in the sphere of industrial relations and took certain 
standpoints which caused a section of U.S. public opinion to brand 
him a neutralist. On the whole, nonetheless, Pius XII main- 
tained excellent relations with countries in the western hemi- 
sphere. He could do nothing to prevent the liquidation of the 
Uniate churches of the Ukraine and of Transylvania, nor the ex- 
pulsion of the Chinese missions. Further problems were posed by 
the lack of clergy in Latin America, by political advancement 
in the underdeveloped countries and by the need for protection 
of the holy places in Jerusalem. In 1950 Pius instituted a Holy 
Year of prayer and penance to encourage active work for peace. 

Pastoral Affairs —The theme of Pius XII's pontificate in pas- 
toral matters was the adaptation of the laws of the church to the 
conditions of the modern age. During the war, in 1943, he pub- 
lished two encyclicals of doctrinal importance, Mystici corporis 
on the nature of the church and Divino afflante spiritu on biblical 
studies, which together embodied the results of 25 years’ progress 
in Catholic theology and exegesis. In 1950 he defined the dogma 
of the Assumption and proclaimed 1954 as a Marian year to 
commemorate the 100th anniversary of the definition of the 
dogma of the Immaculate Conception. Pius showed interest in 
the liturgical movement (encyclical Mediator Dei, 1947), espe- 
cially its pastoral aspects. In response to requests from the 
bishops in certain countries he permitted some use of the vernacu- 
lar in the administration of the sacraments. He restored the 
liturgy of Holy Week, modified the law regarding the eucharistic 
fast and introduced evening Mass. 

Anxious to put through a number of reforms as quickly as pos- 
sible, Pius XII, an authoritarian by temperament, did not hesitate 
to deal personally, apart from the help of certain intimate ad- 
visers, with those matters closest to his heart, bypassing the nor- 
mal procedure. One of his innovations was to reduce the Italian 
majority in the college of cardinals to a minority (in 1953 he 
created 24 new cardinals) and to increase the number of for- 
eign ecclesiastics in the Roman curia. Pius took steps to make 
the religious orders more effective in the apostolate, and author- 
ized the meeting, in Rome, of the first world congr s on the 
apostolate of the laity (1951 and 1957). In his encyclicals 
Evangelii praecones (1951) and Fidei domum (1957), and other 
pronouncements on Catholic missions, he sought to hasten the 
establishment. of local churches in mission territories under their 
own bishops (the number of native bishops rose from 48 to 139). 
He went further than his predecessors when he prudently but 
actively encouraged the ecumenical activity of Catholics (instruc- 
tion of Dec. 20, 1949). 

From 1950 onward, Pius XII, and possibly to an even greater 
extent his immediate advisers, judged it expedient to adopt a 
more cautious attitude. Warnings were issued simultaneously 
against the dangers of hasty compromise in doctrinal, political, 
social and pastoral issues. In the first category were the encyclical 
Humani generis (1950), various pronouncements on moral ques- 
tions and the addition of several works to the index of prohibited 
books. In the social and political sphere he repudiated the “рго- 
gressive Catholics” who wanted to collaborate with the Commu- 
nists, and made less encouraging pronouncements on the workers’ 
undertakings. On the pastoral level he initiated greater reserve 
toward relations with non-Catholics and brought to an end the 
French experiments with worker-priests. These men, who had 
been evangelizing the labouring classes through sharing their work 
and living conditions, were in danger of being affected by the 
current revolutionary trends and by a too secularized pattern of 
living. This more cautious attitude on Pius’ part during the last 
years of his pontificate caused some uneasiness, particularly in 
the affair of the worker-priests, which had repercussions beyond 
the Catholic Church; but it did not jeopardize the steady move 
forward in readjustment to conditions after World War II. 

Pius XII died on Oct. 9, 1958. 

4. John XXIII.—Angelo Giuseppe Cardinal Roncalli, patriarch 
of Venice, was elected pope on Oct. 28, 1958, when aged nearly 
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After John's death on June 3, 1963, the speedy election of Pi 
VI indicated that his brief pontificate was not a mere interre| a | 
but the beginning of a new era in the history of the Roman Cath, J 
Church. à i 

5. Paul VI.—Giovanni Battista Cardinal Montini, archbish | 
of Milan, was elected pope on June 21, 1963, the second day afte | 
conclave. He continued his predecessor's work by recalling the | 
second Vatican council in the autumn of 1963 for its second ses. | 
sion, at which decrees were passed on reforming the liturgy anl 
on the church’s use of modern means of communication. In Sep 
1964 the pope convened the third session of the council ando 
Nov. 21 promulgated the constitution De Ecclesia, a 30,000-word 
document on the nature and function of the church, a central thesi | 
of which is that the bishops collectively share with the pope in 
the government of the church. | 

On Sept. 21, 1963, the pope summoned the Roman curia and pro 
posed certain principles for its reform. These included: member | 
ship on a larger, supranational, instead of predominantly Italian | 
basis; a “more accurate ecumenical preparation” of its members | 
the abandonment of outdated temporal prerogatives and extern | 
forms; the transfer of certain of the curia's powers to the bishops | 
The pontiff also suggested the possibility of forming an intem. | 
tional "senate" of bishops to meet regularly in Rome with the cart | 
of, and responsibility for, the church government in union with ll 
pope. Promulgation of the constitution De Ecclesia a year late 
was regarded as making the creation of such a senate more likely | 

In his first encyclical letter, Ecclesiam Suam, dated Aug. [1 
1964, Pope Paul reaffirmed and amplified points made in his opt 
ing discourse to the second session of the Vatican council: tht) 
self-awareness of the church as a living and evolving historici | 
reality, which requires restudying of its structure and especially 
Р I of the function of the bishops and of their relationship to 
PRESS pope in the life of the church; the reform of the church; the tt 

POPE JOHN XXIII (MARCH 1963) union of all Christians; and the dialogue of the church with th 

{ contemporary world, 

77. He at once broke with recent precedent by his simple man- On Jan. 4-6, 1964, Paul broke a long-standing precedent lj 
ner of life, his frequent visits outside the Vatican and his delight leaving the Vatican to make a pilgrimage to the Holy Land, М 
in human contact. He announced his intention of governing his ina dramatic gesture he manifested his solicitude for reunion vil 
diocese of Rome in person, for which purpose he summoned in 
Jan. 1960 the first synod since the Council of Trent.’ He brought 
the number of cardinals up to 85 (including one Japanese, one 
from the Philippines and the first African), instead of keeping 
to the traditional 70. Although he at first caused uneasiness by 
placing in positions of confidence men who opposed progress, he 
showed a new orientation by tacitly accepting the "opening to 
the left" in Italy and especially by his less negative attitude 
to eastern European Communist countries, On jan. 25, 1959, 
he announced his intention of summoning a council; his planning 
for it, despite the resistance of the conservative curia, showed 
his desire to counteract excessive centralization by involving the 
episcopate. throughout the world in the responsibilities of the 
Holy See, as well as his concern to reform the pastoral work of 
the church in the hope of encouraging the reunion of Christendom. 
This hope he furthered by founding a secretariat for Christian 
unity, by receiving in friendly manner persons from other Chris- 
tian denominations and by inviting non-Catholic observers to the 
council. The first session of the second Vatican council (Oct. 11- 
Dec. 8, 1962) revealed to what extent these hopes were shared 
by the majority of the Roman Catholic Church, and encouraged 
the belief that the age of the Counter-Reformation was coming wine worto 
to an end (see VATICAN CouwciLs). This belief was reinforced by 
the encyclical Pacem in terris (1963), which emphasized not 
only the papal support for the forces of peace (notably the United 
Nations) but possibly even more the pope’s appeal for co-opera= 
tion between all men, including unbelievers. The encyclis 
showed an optimism and confidence regarding the possibili! 
safeguarding human liberty that was in striking contrasi 
centuries of papal reticence on the subject of modern 
liberal attitude toward the non-Christian world, incl 


munists, which aroused the anxiety of the conservative i Bisriocmapmy.—General: A. Fliche and 
strumental, together with his transparent goodness, in creating de l'Église depuis les origines jusqu'à nos jours (1935 e! 
the universal popularity he enjoyed. Hefele, Histoire des conciles d'aprés les document. 
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Oriental Christians by meeting with the ecumenical 


agoras, spiritual leader of the Eastern Orthodox 
two men embraced each other fraternally. In Dec. a 
pe undertook another trip, the longest ever made by ll 
when he went to Bombay, India, to attend the Inte 
Eucharistic Congress. (RR A) 
See also references under “Papacy” in the Index. Р 
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mondiale (1963); R. E. Esposito, Leone XIII e l'oriente cristiano 
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Jahrhunderts (1949) ; F. A. Forbes, Life of Pius X (1918) ; C. Ledre, 
Pie X (1952); R. Merry del Val, Impressioni e ricordi (1949); F. 
Pacelli, Diario della conciliazione (1959); D. Gwynn, The Vatican 
and War in Europe (1940) ; P. Duclos, Le Vatican et la seconde guerre 
mondiale (1955); L'Attività della Santa Sede (annual, 1942 et seq.) ; 
О. Halecki, Pope Pius XII (1954); J. MacKnight, The Papacy: a 
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2 vol. (1953); L. Algisi, John XXIII (1963); R. Aubert, “Jean 
XXIII,” La Revue nouvelle 38:3-33 (1963). (Rr. A.) 

PAPAGO, an American Indian tribe numbering about 11,000 
and located in 73 villages on three reservations in southern Ari- 
zona and scattered through northwestern Sonora, Mex.; in 1960 
nearly all lived in the U.S. Their language, closely similar to 
Arizona Pima and to Tepehuan in northern Mexico, belongs to 
the Piman group of the Uto-Aztecan family. Agriculturalists 
who used floodwater farming since about A.D. 1, they continued 
to raise maize, beans and squash after the coming of Europeans. 
By mid-20th century most income was derived from raising cattle 
that were introduced by Jesuit missionaries, and from off-reserva- 
tion wage work. 

In 1937 Papago formed a tribal council under the United 
States Indian Reorganization Act, the first tribal organization 
in their history. First missionized by Eusebio Kino (1687), the 
Papago were under Jesuit influence until 1767. After the expul- 
sion of the Jesuits, Franciscan missionaries took over. The largest 
churches in Papago territory, such as San Xavier del Bac Mis- 
sion near Tucson, Ariz., were built by Franciscans. A ma- 
jority of villages maintained chapels dedicated to the Jesuit, Saint 
Francis Xavier; and a few villages had active Presbyterian 
churches in the 1960s. Nevertheless many villages maintained 
the annual ceremony celebrating the ripening of the giant cactus 
(saguaro) fruit and the coming of the summer rains. Much of 
the earlier culture has survived, particularly village organization, 
music, and religious ceremonials. In the aboriginal religion, songs 
as a source of supernatural power are important, especially for 
curing disease. -The women make white coiled baskets with 
black geometric designs. The Papago carried out unsuccessful 
revolts against Spanish domination in 1695 and 1751. In the 19th 
century they allied themselves with the U.S. government against 
the Apache; relations with the government have been uniformly 
peaceful. See also PIMA. 

BrenrcRAPHY.—A. Joseph et al, The Desert People (1949); R. 
Underhill, Singing for Power (1938) ; M. Mathiot, *Noun Classes and 
Folk Taxonomy in Papago,” Amer. Anthrop., vol, 64 (1962); B. L. 
Fontana et al, Papago Indian Pottery (1963); C. Poe, Angel to the 
Papagos (1964). (E. H. Sp.) 

PAPAGOS, ALEXANDROS (1883-1955), Greek army 
officer and statesman, prime minister in the last three years of his 
life, was born in Athens on Dec. 9, 1883. He studied at the mili- 
tary academies of Athens and Brussels and was commissioned 
in 1906, serving in the Balkan Wars of 1912-13 and in the Anato- 
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lian campaign of 1919-22. He was promoted to the rank 
major general in 1927 and became a corps commander in tol 
In the latter year he was appointed minister of war and pla; a 
leading part in the restoration of the monarchy, Pound l 
appointed chief of staff in 1936 and at the time of the та, 
tack on Greece (Oct. 28, 1940) he was commander in chief. : 
succeeded in stemming the attack and driving the Italians bag 
into Albania. When British forces arrived in Greece in the spri 
of 1941 and the Germans attacked (April 6, 1941) Papagos ун 
unable to hold the line in the north, perhaps because of misunder. 
standing with the British, and Greece was granted an armistig 
on April 23. Papagos was eventually taken as a hostage to Gen 
many. Liberated in 1945, he was recalled to active service in the 
Greek army and promoted to the rank of general in 1947, A 
commander in chief from Jan. 28, 1949, he was responsible for 
the final victory over the Communist rebels in the Grammo 
ie campaign. He was appointed field marshal on Oct, % 
949. 
The troubles of the 1930s and World War II had deprived 
Greece of outstanding political figures. Because Papagos sut 
cess against the Italians and the Communist rebels had made hin 
a leader without equal in Greece, in May 1951 he was persuaded 
to enter politics. He resigned his military offices and formed’ 
new party called the Greek Rally (Ellinikos Synagermos), whith 
at the elections of Nov. 16, 1952, swept the country. Papago 
became prime minister and provided Greece with the first stable 
government that it had known since World War IL He dieit 
Athens on Oct. 4, 1955. He published his own account of Th 
Battle of Greece, 1940-41 (English translation, 1949). 
(B. S-E, 
PAPAL STATES (STATES оғ THE CHURCH) were the lani 
over which the popes, as heads of the Roman Church, had tem 
poral sovereignty; in particular they were those in Italy, with 
which this article is concerned. 
From the 4th century A.D. onward the Roman Church was tht 
recognized proprietor of extensive estates throughout and evel 
beyond Italy, but it held these patrimonia in the manner oft 
landowning corporation, under the Roman empire, not in that 
a sovereign ruler. By the middle of the 8th century, however, tht 
Lombards had overrun most of Italy. The Duchy of Rome Wi 
then still theoretically dependent on the Byzantine or East Коп 
Empire; but the Byzantines could not protect the duchy, V 
which the bishops of Rome, supported by their clergy, exercised tt 
authority counterbalancing that of the local barons and their arm) 
When Pope Stephen II (III) appealed for help against the lat 
bards to the Frankish ruler Pepin IIT the Short, Pepin in 754m 
the famous and controversial Donation, whereby he undertoo' 
“restore” to the Roman Church and to the “Republic of the Re 
mans” numerous lands of which they had been despoiled, res 
less of the fact that these lands ought juridically to have i 
restored to the Exarchate of Ravenna (gq.v.). The Lombard 
Aistulf, by the Treaty of Pavia in 756, ceded (1) Comacchio 
Ravenna; (2) the country from Forlì to Senigallia and "d 
tween the Apennines and the Adriatic; and (3) Gubbio 5 i 
Apennines, linking the northeastern territories with the Duchy” 
Rome by way of Perugia. This cession, which comprised less 
what the Donation of Pepin had adumbrated, was the beg! 
of the temporal power of the papacy. Bologna, Ferrar 
Faenza, and Ancona were added to the dominion soon atem) 
but Charlemagne (q.v.), whose Donation of 774 had P б 
far тоге, с. 781 limited the further acquisitions of the Ho 

to the Sabina (Rieti and its vicinity, on the frontier 0 t ү 

of Spoleto), to some Campanian cities (soon lost), ar ыу yl 

parts of the formerly Lombard Tuscia, including Orv 
Viterbo. (See also DONATION oF CONSTANTINE.) f vid 
With the breakup of the Carolingian Empire an era 0 ‘te 
tudes began. The history of the Papal States is ther 
centuries practically inextricable from that of Italy rte 0 
papacy (gg.v.), or from that of Rome (g.v.) and of щй 

cities of the dominion. The extent over which papal ti €. 

was effective shrank or grew with the Holy See’s prestig 


] 02 
temporal power suffered from the growth оѓ feudalism, fr 
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orders in Rome itself, and from the domination of the Saxon dy- 
nasty after the revival of the Holy Roman Empire for Otto I in 
the 10th century; but it reasserted itself in the second half of the 
12th century thanks chiefly to the alliance with the Norman con- 
querors of southern Italy and to the genius of Pope Gregory VII 
(q.u.). The Duchy of Benevento was recognized as papal in 1052 
and definitively acquired in 1077; and the countess Matilda (q.v.) 
of Tuscany bequeathed her great inheritance to the Holy See. 
Pope Innocent ПІ (g.v.) took great advantage of the dispute be- 
tween the Hohenstaufen and their rival Otto IV for the imperial 
crown to promote his claims, notably in the March of Ancona; 
and Otto in.1201 acknowledged the Church’s right to the Duchy 
of Spoleto, 

The rise of the communes (see Commune [Mzprevar]) and 
the subsequent’ emergence of the signorie weakened papal author- 
ity, especially in the Romagna. ‘The translation of the Papacy to 
Avignon (1309) left the dominion in Italy to chaos; and the bril- 
liant work of reconquest and rehabilitation by Cardinal Albornoz 
(g.v.) in the 1350s and '60s was undone in the ’70s by the War 
of the Eight Saints and by the beginning of the Great Schism, 

At the end of the Great Schism in 1449 the Romagna, the 
Marches, and Umbria were still mostly in the lands of signorial 
houses exercising “vicariates” granted to them by the Holy See but 
in fact ruling as they saw fit. It was to subdue these places that 
Pope Alexander VI launched his son Cesare Borgia (q.v.) on his 
expeditions. Much of Borgia’s conquests, however, fell away on 
Alexander’s death (1503), and the restoration of the Papal State 
had to be undertaken again by Popes Julius II and Leo X (qq.v.) 
in the period 1510-21: they also won Modena and Parma and 
Piacenza for the Church, Modena, however, was recovered in 1527 
by the house of Este; and Parma and Piacenza were granted in 
1545 to the house of Farnese, to which moreover the ancient papal 
territory of Castro had been given as a duchy in 1537. Efforts to 
recover Ferrara from the Estensi were finally successful in 1598, 
and Urbino returned to direct papal rule in 1626, The attempt 
of the Barberini pope, Urban VIII, to take Castro back by force 
(1641-44). was frustrated, but the duchy was reannexed to the 
papal state in 1649, 

In the 18th century, though they were traversed by foreign 
armies in the course of dynastic wars, the Papal States enjoyed 
“period of prosperity under paternalistic government. The French 
Revolutionary Wars and the Napoleonic Wars (gq.v.) changed 
everything: Bologna, Ferrara, and the Romagna were ceded by the 
Teaty of Tolentino (1797), under which the French also occu- 
pied the Marche and Umbria; Rome was a republic from. Feb- 
um to November 1799; and after an interval in which the lands 
к i the Romagna returned to papal rule the Marches were 
E. ed to the Napoleonic Kingdom of Italy in 1808 and the 

ant of the Papal State to the French Empire in 1809. 
the Jiy ress of Vienna in 1815 restored the Papal States; but 
a izing influence of Cardinal Consalvi (q.v.), which had 
Pope 1 ed in the statute of 1816, was largely counteracted in 
vided ү XII's pontificate, Administratively, the state was di- 
К АИ) ween (1) Rome and its Comarca or district, under 
inal е, (2) the Legations or Legazioni, under a ips 
Prelates 9r a vice-legate; and (3) the Delegations, under 
ie ИШ Risorgimento gradually destroyed the temporal 
tations irem intervention against a revolt in the northern Le- 
tona till Dorn was followed by the French occupation of An- 
10 the peo ү The conduct of Pope Pius IX (q.v.) in 1848 led 
T ү санан of the short-lived Roman Republic їп 1849. 

ж Ward the temporal power depended on Austrian or 
the йол; Through the defeat of Austria in 1859 and 

Aus or) Castelfidardo in 1860 (see ITALIAN INDEPENDENCE, 

veto ae Romagna and the Marche, with Perugia, Spoleto, 
Pig dion yen. were annexed to the Kingdom of Sardinia- 
aldi's aa їр ich їп 1861 became the Kingdom of Italy. Gari- 
feateg at АСК on the remnant of the Papal State in 1867 was de- 
achieved entana; but in 1870 the final annexation to Italy was 
in the Vati he Lateran Treaty of 1929 recreated a temporal power 

can City State, 
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PAPAVERINE, one of the alkaloids present in opium, is 
sometimes used as a vasodilator and antispasmodic in medicine 
because of its ability to relax smooth muscle (see MUSCLE AND 
Muscutar System: Smooth Muscle). Tt was first obtained by 
J. H. Merck in 1848 and was first synthesized by R. P. Pictet 
and А. Gams іп 1909. Papaverine, whose formula is CH», NO, 
and whose chemical name is 6,7-dimethoxy-1-veratrylisoquinoline, 
crystallizes in colourless prisms or needles, melts at 147° C, and is 
optically inactive. It is insoluble in water but dissolves readily 
in chloroform or hot alcohol. The hydrochloride crystallizes in 
plates and melts at 231° C. On gentle oxidation papaverine is 
converted into papaveraldine, which is the alkaloid xanthaline 
found in opium, The papaverine structure is equally important 
as a starting point for syntheses in the berberine series, See also 
CHEMISTRY: Proof of Structure. 

PAPAYA, the succulent fruit of a large plant (Carica papaya), 
barely a tree since its palmlike trunk, though up to 25 ft. tall, is 
not so woody as a typical tree. The papaya is cultivated through- 
out the tropical world and into the warmest parts of the sub- 
tropics. It is the only economically important member of the 
family Caricaceae. Its origin is 
rather obscure; it may represent 
the fusion of two or more species 
of Carica native to Mexico and 
Central America. 

The name papaw or pawpaw, 
often used in the West Indies, is 
ч likely to confuse this plant with 
Asimina triloba, the pawpaw 
(q.v.) of North America. Pa- 
paya is believed to be a corrup- 

tion of the Carib word ababai, 
К Several other common names are 
current in the Western Hemi- 
sphere: mamao in Brazil, fruta 
bomba in Cuba, lechosa in Puerto 
Rico, and melon zapote in Mex- 
ico. 

Papayas are usually grown 
from seed. Their development 
is rapid, fruit being produced be- 
fore the end of the first year. Under favourable conditions the 
life of a plant may be five years or more. The plant bears no 
lateral branches but is crowned by deeply lobed leaves, sometimes 
two feet across, borne on hollow petioles two feet long. Normally 
the species is dioecious, male (staminate) and female (pistillate) 
flowers being produced on separate plants; but hermaphroditic 
forms are known, and all sorts of irregularities in the distribu- 
tion of the sexes are common. Staminate flowers are borne 
in clusters on stalks three feet long; the flowers are funnel-shaped, 
about an inch long, whitish, the corolla five-lobed, with ten 
stamens in the throat. The pistillate flowers are considerably . 
larger, on very short stalks, and are often solitary in the leaf 
axils; they have five fleshy petals united toward the base and a 
large cylindrical or globose superior ovary crowned by five fan- 
shaped sessile stigmas. 

The fruit is commonly spherical to cylindrical in form, 3 to 20 
in. or even more in length, sometimes weighing as much as 20 or 
25 lb. In general character it strongly resembles a muskmelon, 
The very juicy flesh is deep yellow or orange to salmon-coloured, 
about an inch thick. Along the walls of the large central cavity 
are attached the numerous round, wrinkled, black seeds the size 
of peas. The fruit is slightly sweet, with an agreeable musky 
tang, more pronounced in some varieties, and in some climates, 
than in others. The papaya is a popular breakfast fruit in many 
tropical and subtropical countries, and is also used in salads, pies, 
sherbets, juices and confections. The unripe fruit can be cooked 
like squash. 

The plant is killed by heavy frosts but has long been grown 
successfully in Hawaii, southern Florida, and to a limited extent 
in protected locations throughout southern California, though the 
fruit does not usually attain full flavour in the last region. 
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The unripe fruit, as well as 
other parts of the plant, contains 
a milky juice, in which is present 
aprotein-digesting enzyme known 
as papain, which greatly resem- 
bles the animal enzyme pepsin in 
its digestive action. It is usually 
obtained by scarifying green 
fruits while they are still on the 
plant. After the juice exudes 
and coagulates, it is scraped off 
and dried, to be used in the 
preparation of various remedies 
for indigestion and in the manu- 
facture of meat tenderizers. Its 
value has long been recognized 
in the tropics, where it is a com- 
mon practice to leave tough 
chickens or other meat wrapped 


PAPEETE—PAPERBOARD 


BY COURTESY OF U.S. DEPARTMENT OF AGRICUL- 
TURE 

VERTICAL SECTION (SHOWING AR- 
RANGEMENT OF SEEDS) OF PAPAYA 
FRUIT 


in papaya leaves overnight before 
cooking, or even to rub them with the juice of the papaya to render 
them more tender. 


See W. Popenoe, Manual of Tropical and Subtropical Fruits (1920) ; 
W. H. Chandler, Evergreen Orchards (1958). (W. Po.; X.) 


PAPEETE, capital and administrative centre of French Poly- 
nesia (the Society Islands, the Tuamotus, the Gambier Islands, 
the Marquesas, the Tubuai or Austral Islands, the Rapa Islands 
and Clipperton Island), lies on a beautiful bay at the northwest 
corner of Tahiti. Commune pop. (1962) 19,903. As the last 
good easterly harbour in the South Pacific, it became a trade cen- 
tre in 1829, and has continued to be commercially important. 
After annexation it was made the seat of the French governor and 
administration, becoming a commune in 1890. Count Maximilian 
von Spee’s German naval squadron shelled the town in 1914, but it 
was rapidly rebuilt and is a distinctively French town. It is one of 
the largest urban settlements in the South Pacific. See FRENCH 
POLYNESIA; TAHITI; PACIFIC ISLANDS. (Е.:Ј. Wr.) 

PAPEN, FRANZ VON (1879- ), German statesman 
who played a major part in overthrowing the Weimar Republic 
and in helping Hitler to seize power, was born at Werl, in West- 
phalia, on Oct. 29, 1879, the son of a rich landowner. He first 
became a professional soldier, choosing a career in the General 
Staff. During World War I he was military attaché at the Ger- 
man embassy in Washington till 1915, when he was declared 
persona non grata, By 1918 he was lieutenant colonel and chief 
of staff with the 4th Turkish Army in Palestine. After the col- 
lapse of imperial Germany he resigned from the army and turned 
to politics. He was a member of 
the Prussian Landtag till 1932, 
belonging to the extreme right 
wing of the Centre (Catholic) 
Party. He became chairman of 
the board of the Catholic daily 
newspaper Germania and repeat- 
edly advocated a policy of 
Franco-German understanding. 

Papen was not taken seriously 
in politics. A man of charming 
ease of manner, he remained an 
amateur without a following and, 
at heart, a convinced monarchist. 
It was therefore to the surprise 
of the public that Pres. Paul von 
Hindenburg appointed him chan- 
cellor on June 1, 1932. The next 
day Papen formed a cabinet that 
included four barons and a count. 
Paradoxically, the purpose of the change was to induce the Nazi 
Party to support the government, which would thus control it; 
but though the government made a show of strength by deposing 
the Social Democratic administration of Prussia (July 20, 1932), 
Hitler, who wanted to come to power himself, remained in opposi- 
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tion. On Nov. 17, 1932, Gen. Kurt von Schleicher, the def 

minister, refused any longer to participate in Papen’s increasing 
reactionary policy. Papen resigned, and Hindenburg asked Sehla 
cher to form a new cabinet (Dec. 4). ui 

Papen, in resentment, outwitted Schleicher. He came to terms 
with Hitler in a conversation at Cologne (Jan, 4, 1933), forced 
Hindenburg to make Hitler chancellor (Jan. 30) and" 

OE Е ‚ and entered 
Hitler’s cabinet as vice-chancellor. Papen believed that he ani 
his friends would be able to restrain the Nazis from ANY excesses 
Though he soon learned that he had handed the state over to lay. 
lessness, he continued to put himself at Hitler’s disposition afte 
the bloodshed of June 30, 1934, when the victims included some 
of his own closest collaborators. Dismissed on July 3, he was sent 
in August as ambassador to Austria, where he worked for a peace. 
ful Anschluss (union) of Austria with Germany. Не was recalled 
on March 10, 1938, the day before Anschluss was achieved by 
force. A year later he was appointed ambassador to Turkey, work- 
ing there to prevent Turkey from joining Germany's enemies in 
World War II. 

Papen was arrested by the U.S. 9th Army in the Ruhr in Арі 
1945. On Oct. 1, 1946, he was found not guilty of conspiracy to 
prepare aggressive war by the International Military Tribunal a 
Nürnberg. A German denazification court in February 1947 sen 
tenced him to eight years’ imprisonment as a major Nazi, but 
on his appeal, in January 1949, he was reclassified as blameworthy 
only in a secondary degree, and released. He then claimed his 
right to a state pension as a retired civil servant. In 1952 he pub 
lished his memoirs, Der Wahrheit eine Gasse (abridged English 
version, Memoirs, 1952). 

See also GERMANY: History. (T.V) 

PAPERBOARD, one of the two chief products of the paper 
industry; the other being paper. Paper, a broader term thu 
paperboard, includes all kinds of matted or felted sheets of fibres 
(usually vegetable, but sometimes mineral, animal or man-made) 
formed on a fine wire screen from a water suspension. The dis 
tinction between paperboard and paper is not sharp but, generally 
speaking, paperboard is heavier, thicker and more rigid than pal 
In general, all types of fibrous materials 12 points (0.012 in) 
more in thickness are classed as paperboard. There are, ho. 
ever, some exceptions: Certain grades as thin as 0.006 in, $ 
as lightweight chipboard, are classed as paperboard because 
manufacture and use are entirely those of paperboard. Similu 
other papers such as blotting papers, felts and drawing papers ^ 
classed as paper even though they are 0.012 in. or greater 
thickness. 

The many types of paperboard represent a wide range of prot 
erties and uses. Examples are those various types used for sh 
ping containers, folding cartons, setup boxes, fibre drums, mY 
containers, bookbindings, advertising displays, electrical d 
tion, file dividers, bottle caps, panel board, shoe board, e 
board, sheathing board, post cards, car signs, coasters, mi | 
boards, food boards and butter cartons. Kin 

Although the Chinese are credited with inventing  paperm? at 
at about the start of the Christian era, paperboard did not RE 
until the development of books, bookbinding and book i 
(cover boards). These early bookboards have been of E. 
value to historians because they were made by pasting ш B 
pieces of scrap paper, principally from discarded books. ui 
rating the bookboards, historians have been able to gather? 
mation from predecessor books that no longer exist. 
pasteboard is derived from these pasted sheets. boat 

The term cardboard is applied to certain types of Pl ] 
notably boxboard, bristol board, bookboard, etc. л by the 
too vague in meaning to be technical and has been replace ter 
term board in combination with words indicating its cha wi 
use, e.g., boxboard and container board. All paperboard ! tpi 
on paper machines; however, boards that require pu est 
ness or fibrous arrangement are made by pasting together 87 | 
paperboard or paperboard and paper. dior g 

Pasteboard.—Much of what is popularly known aS s ard { 
is pasteboard, made by combining several layers of paper done” i 
paper with adhesive. The pasting or laminating is usually i 
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PAPER FOLDING 


a pasting machine (sheet pasting is also practised) that accommo- 
dates several rolls of paperboard or paper. The plies are brought 
together by squeeze or press rolls almost immediately after the 
adhesive is applied. Aqueous adhesives are used most frequently, 
although emulsions and nonaqueous) adhesive (asphalt, micro- 
crystalline wax, resins, etc.) are used to impart special properties. 
In the case of the aqueous adhesives, the “combined” board may 
or may not be heated to speed up the development of the bond. 
One of the perennial problems with pasted or built-up board is its 
tendency to warp, caused by unequal stress build-up primarily as 
the result of nonuniform absorption of moisture on the two sides 
of the board. 

The raw material for paperboard can be the same as for paper, 
the choice depending on the economics and end-use requirements. 
Inthe U.S. most paperboard is made from virgin wood pulp and/or 
waste paper. A relatively small percentage of paperboard is made 
from cereal straws, reeds, etc. Countries without a readily avail- 
able source of wood fibre make more extensive use of cereal straws 
and reeds. 

Paperboard Machines.—Paperboard is manufactured on vari- 
ous types of paper machines, most of which employ either a 
cylinder or the Fourdrinier process. 

The cylinder machine uses wire-covered cylinders or molds on 
which a web is formed. The cylinders are partially immersed and 
rotate in a vat containing a diluted stock suspension (dispersion 
of fibres), The fibres are formed into a sheet on the cylinder as 
the water drains through and passes out the ends of the cylinders. 
The wet sheet is couched off (transferred from) the cylinder on a 
felt. A cylinder machine may consist of one or more cylinders, 
each supplied with the same or different kinds of fibres. In the 
case of a multicylinder paperboard machine, the wet web formed 
on each cylinder is successively couched one upon the other оп an 
endless felt; thus, the sheet is formed by a series of individually 
formed sheets or plies of lesser substance. This makes possible 
wide variations in thickness or substance of the sheet as well as 
the kind of fibres used for each ply. The composite web or sheet 
IS conveyed between endless felts to the press section, which 
Squeezes out as much water as practical and at the same time 
helps bond the fibres together. The sheet then goes to the drier 
Section where the remainder of the water is removed and the bond- 
Ing of fibres completed. 

Р The Fourdrinier paper machine differs from a cylinder machine 
in that the sheet is formed by flowing a dilute suspension of stock 
through a slice (narrow opening in the reservoir box) onto a mov- 
ing endless belt of wire cloth supported in a horizontal plane 
|| tubular rollers or a table, The water is removed downward 
hoe the wire and the fibres are retained on top of the wire belt. 
h er sufficient water has been removed, the sheet is couched off 
nto a felt that carries it through the press and drier sections. 
tis T NÉ of the Fourdrinier machines used in the manufac- 
Nes, paperboard are equipped with a secondary slice positioned 
Жр mena the wire. By this arrangement, most of the stock 
Reais at the primary slice and the rest at the secondary slice, 
ЖЕДЕ greater product flexibility since stock applied at the 
hi ary slice may be either a different type of fibre and/or more 
ighly refined, 
ku. definite grain or fibre direction is apparent in all paper- 
ЖА е fibres in paperboard made by a conventional cylinder 
fenes ЫШТ а far greater directionality than a Fourdrinier- 
the wet [| eet. Various nonfibrous additives may be combined in 
Properties foc added to the surface of the board to impart special 
du Water use requirements. ina UM 
еп introd wo new designs of paperboard mac 
chine 1 luced, the dry-form cylinder and the Inverform ma- 
approxi the dry-form cylinder, the sheet is formed by flowing 
turnin ately tangentially) a dilute suspension of stock onto the 
cloth mud Surface of a revolving cylinder covered with a wire 
the потез, The water is removed through the wire screen 
d iver is couched off as on a regular cylinder. iie 
end to whi Ssa machine, consists essentially of a Fourdrinier wet 
wite С Ich has been added one to five short-length endless top- 
tons, Each top-wire section is preceded by a flow box or 
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slice; thus, the type and amount of stock added at each slice may 
be varied. The top wire is depressed into the fibre suspension, 
causing the water to flow upward as well as downward. The water 
flowing upward is removed by a special doctor (scraper) placed 
at an angle with the wire in such а way that the momentum of the 
moving liquid causes the water to run up the doctor and overflow 
into a trough. See PAPER MANUFACTURE. (R. C. McK.) 

PAPER FOLDING, as practiced for several centuries in the 
orient, is the art of folding objects out of paper without cutting, 
pasting or decorating. Its early history is not known, though it 
seems to have developed from the older art of folding cloth. 

In Japan, where it is called origami, paper folding has reached 
its greatest development, with hundreds of traditional folds and 
an extensive literature dealing with the art. Japanese folds 
divide roughly into two categories: figures used in ceremonial 
etiquette (such as no shi, folded decorations attached to gifts), 
and, in the second category, birds, animals, fish, insects, flowers, 
human figures, furniture and other objects. Some of the animals 
have amusing action features; best known are the bird that flaps 
its wings when its tail is pulled and the frog that hops when its 
back is tapped. Akira Yoshizawa of Tokyo is considered the 


BY COURTESY OF THE COOPER UNION MUSEUM 
"BARNYARD GROUP,' EXERCISE IN ORIGAMI BY AKIRA YOSHIZAWA, TOKYO 


greatest of modern paper folders. He wrote several books on 
origami and created a large number of new, often fantastically 
complex, figures possessing great realism and delicate beauty. 

After the 1930s there was an upsurge of interest in paper fold- 
ing in Spain and South America. Miguel de Unamuno, the great 
Spanish writer and philosopher, made a hobby of paper folding, 
inventing many new animal constructions and writing in his Amor 
y pedagogía (1902) a humorous essay on the art. In South Amer- 
ica, Vicente Solórzano-Sagredo of Argentina was the leading expert 
on paper folding and author of the most comprehensive manuals 
in Spanish. George Rhoads of Evanston, Ill., and Giuseppe Baggi 
of New York were considered the most advanced of paper folders 
in the U.S. 

Apart from the oriental tradition, the folding of coloured papers 
into ornamental designs was introduced by Friedrich Froebel into 
the kindergarten movement that he initiated in Germany in the 
19th century. Later the Bauhaus, a famous German school of 
design, stressed the folding of paper as a method of training 
students for commercial design. Similarly independent of origami 
is the use of folded paper in mathematical recreations. Particularly 
intriguing are a variety of paper structures known as flexagons, 
discovered by Arthur H. Stone in 1939, that alter their faces in 
curious ways when properly flexed. 

BrsLr0cRAPHY.— The best manuals in English on origami are: Wil- 
liam D. Murray and Francis J. Rigney, Fun with Paper Folding 
(1928); Margaret W. Campbell, Paper Toy Making (1937); Robert 
Harbin, Paper Magic (1956). On mathematical paper folding see T. 
Sundara Row, Geometrical Exercises in Paper Folding (1901) ; Don- 
ovan A. Johnson, Paper Folding for the Mathematics Class (1957) ; 
and the chapter on hexaflexagons in Martin Gardner, The Scientific 
American Book of Mathematical Puzzles and Diversions (1959). Part 
of an extensive bibliography on paper folding, compiled and privately 


printed by Gershon Legman in 1952, is reprinted in Harbin's book. 
(M. Ga.) 
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PAPER MANUFACTURE. Paper is the general term for 
the substance commonly used for writing or printing upon or for 
wrapping. The word was derived from the French papier, through 
Latin from the Greek papyros (see Papyrus). Other names given 
to paper, in increasing gradations of thickness and stiffness, are 
bristol, cardboard, paperboard, and wallboard. All types of paper 
are made from pulps containing vegetable, mineral, or man-made 
fibres that form a matted or felted sheet on a screen when mois- 
ture is removed. 

No fabricated product is used more extensively than paper. 
In the United States in the 1960s the paper industry ranked fifth 
in value of production (behind automobiles, meat packing, steel, 
and petroleum), and in Canada the pulp and paper industry ranked 
first. Paper and other products of wood pulp are so basic that a 
high value is placed on wood pulp by the national economy of 
many nations. For paper pulp, the annual increase in the rates 
of production varies from 3.2% in North America to 17% in Latin 
America, 25% in Africa, and 31% in the Near and Middle East. 
In the 1960s world output of paper was around 95,000,000 short 
tons annually, that of pulp around 78,000,000 short tons. Con- 
sumption of paper and paperboard among 130 nations and terri- 
tories amounted to over 60 lb. per person per year. The less- 
industrialized countries in the mid-1960s, however, had only 
begun to consume paper; in more than half the countries of the 
world, consumption amounted to only 10 Ib. or less per person per 
year. This figure was in sharp contrast with the per capita con- 
sumption of paper in North America, most of the Western Euro- 
pean nations, Australia, New Zealand, and Japan, where it ranged 
from 100 to more than 400 Ib. per year. 


HISTORICAL DEVELOPMENT 


Papermaking began about A.D. 105 when Ts'ai Lun, a Chinese 
court official, developed the idea of forming a sheet of paper from 
the macerated bark of trees, hemp waste, old rags, and fish nets. 
Prior to the invention of paper, ancient peoples employed many 
different substances for recording their thoughts, among them 
papyrus, parchment (q.v.) and vellum, cloth, bark, clay tablets, 
and stone. The Chinese, for many years before the invention 
of paper, used woven cloth as a writing material. The camel's 
hair brush, invented in 250 в.с. by a Chinese savant, Méng. Tien, 
was a notable forward step in the writing of Chinese characters. 
It led to a need for less expensive and more abundant writing ma- 
terial. It is believed that the spread of writing (calligraphy) in 
China speeded the development of paper more than anything else. 
It is probable that the Chinese conceived the idea of matting and 
intertwining vegetable fibres into sheets of paper through their 
knowledge of feltmaking and weaving of cloth. The first paper 
was probably fabricated from disintegrated cloth, but before 
long the bark of trees and other vegetable materials were em- 
ployed. 

For over 500 years the art of papermaking remained in China. 
At the beginning of the 7th century knowledge of paper spread to 
Japan when manuscript books made of processed bark from the 
paper mulberry tree were introduced by Buddhist monks. Al- 
though paper was invented in China, the first block printing took 
place in Japan about a.p. 770 under the sponsorship of Empress 
Shótoku, who sanctioned the printing of 1,000,000 prayer papers, 
a project that required six years to complete. The papermaking 
craft spread rapidly in Japan. Gampi (a plant of the Japanese 
mountain forests) was used for making thin, tough paper. Much 
later, rice straw and mitsumata bark were also used in paper 
manufacture. 

Over six centuries elapsed before papermaking found its way 
westward, following the caravan routes from the Pacific Ocean to 
the Mediterranean. In A.D. 751 the Arabs occupying Samarkand 
were attacked by Chinese. The invasion was repelled by the Arab 
governor, who in the pursuit, it is related, captured certain prison- 
ers skilled in papermaking and who imparted their knowledge to 
their new masters, Samarkand, with its crops of flax and hemp 
and an abundant supply of good water, was ideally located for 
papermaking. The extent to which paper was adopted for literary 
purposes is proved by the comparatively large number of 9th- 
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century Arabic manuscripts that have been preserved. Whil 
Arabs and their skilled Persian workmen apparently usd tin { 
their principal papermaking material, later they also used E. 
supplemented with any vegetable fibre that wo | 
was used very sparingly, however, if at all. 
Following the caravan routes to Baghdad and Damascus, a 
art of making paper reached Egypt in the 10th century, Sprea i 
along the Mediterranean Sea to Morocco, where paper was m 
early in the 12th century, the craft did not reach Europe until the 
middle of the 12th century, when the Moors established the man. 
facture of paper in Spain, with headquarters in Játiva, an а 
cient town of Valencia. i 
In Italy also the art of papermaking was no doubt establish 
through the Arab occupation of Sicily. But the paper made оў 
there and in Spain was of Oriental quality. Thus approximately 
400 years elapsed between the Battle of Samarkand and the many. 
facture of paper in Europe; there was a spread of about 100 
years between the invention of paper in 105 and its use on th 
European continent in Sicily about 1102. 
Paper mills appeared in Fabriano, Italy, in 1276 and in Troye, 
France, in 1348. Watermarks (q.v.) were first used in Europe | 
(Italy) in 1282, in the form of crosses and circles. A few yeas 
later the fleur-de-lis appeared as a watermark, and soon thereafter 
the initials or names of papermakers were found in paper. The 
origin of watermarks is not clear. They may have been used a 
marks of identification for sizes of molds and the paper formed 
on them, or as trademarks of the paper makers who fabricated 
the molds or the paper or both. It is also possible that water 
marks were religious symbols, since paper manufacture was olf 
of the most developed trades of the religious groups so commo 
in Europe at that time. Watermarks may have been nothing mott 
than a fancy with the papermakers, developing designs ot tm 
blems as a means of aesthetic expression. At the present tim 
watermarks are trademarks which identify the grade of paper шї 
the mill where it is made. 
The earliest use of animal sizing (gelatin) for paper in Ёш 
was about 1337, although the Chinese used starch as a siz 1 
paper as early as 768. The size was necessary to keep the pf 
from absorbing ink. J 
In the second half of the 14th century the use of papet g 
literary purposes had become well established in all of Weste 
Europe. In the 15th century it gradually superseded үш 
(usually made of the whole skin of a calf, goat, or lamb). 3 
manuscripts of the latter period it is not unusual to find a m 
ture of vellum and paper. : 
Paper was used in England at the beginning of the 14th cet 
tury, but not until late in the 15th century did John Tate, | 
first English paper manufacturer, set ир а mill in Hertford. Ma 
100 years later, in 1588, Sir John Spilman, a goldsmith to 098 
Elizabeth I, erected а paper mill at Dartford. In 1589 he d 
granted a patent that gave him a monopoly in the collecting 
rags and the making of paper in the kingdom. р m 
Paper used by the early printers of colonial America JA 
ported from Europe. From the combination of the Re 1 
of a Philadelphia printer, William Bradford, and the bU. 4 | 
ambitious German papermaker, William Rittenhouse, “al 
paper mill in North America was built in 1690 at Roxboro | 
now a part of Germantown. During the Revolutionary у 
acute paper shortage developed, and additional mills ы | 
structed. Until the early 1800s paper was made from d vot 
cloth. Each sheet was individually fabricated, and a £00 ^ 
could produce 750 sheets a day. 
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Groundwood paper, made from mechanical and em ug 
pulps, is claimed to have been produced in the mill of I ears li 
Stanwood and William Tower in Maine in 1863. Foury® i 


s i A a 
a groundwood mill was established in Curtisville, Mass., 
age of economical, mass-produced paper was launched. 


RAW MATERIALS AND PULP PRODUCTION 
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Rags and other fibres, such as straw, grasses, and by 

of the mitsumata (paper mulberry), have been use sos pi ) 
paper. Except for certain special papers (¢.8-, asbes 
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nearly all papers are made of cellulosic (vegetable) fibres. 

Nature’s most prolific source of cellulose is the forest, though 
trees differ in the value of their fibre for making paper. The fibre 
of flax (linen), cotton, jute, sisal, manila hemp, etc., usually comes 
to the paper industry as a secondary product, after serving as 
doth, clothing, sacking, rope, etc. Agricultural wastes—straw, 
corn stalks, bagasse (sugar-cane waste), bamboo, and some other 
grasses—are used for making certain grades; some of these are 
utilized in great amounts. Finally, one of the most important 
sources of papermaking material is the fibre recovered from old 
papers, bags, and boxes. 

A discussion of papermaking materials involves not only their 
sources and characteristics but also the methods by which the 
fibre is recovered and made available. The logical as well as the 
historical approach is to consider first the treatment of rags. 


NoN-Woop FIBRE SOURCES. 


Rags.—Practically all paper up to the middle of the 19th cen- 
tury had cotton and linen rags as its raw material and was hand- 
made. New and old rags are still used for making writing papers, 
especially in grades where permanence and durability are primary 
requirements. In processing rags to pulp, they are first cleaned of 
loose dirt and dust in a boxlike thrasher in which a drum with pins 
on its surface whips them against a beam. Next they are sorted 
into kinds and colours. Pockets are emptied, buttons removed, 
and heavy seams ripped. The rags are chopped into small pieces 
and then given a second dusting before they are fed to the rag 
boiler. Bits of iron are removed by a magnetic roll on the sorting 
conveyor, 

Rags usually contain substances that interfere with further proc- 
essing, such as starch, mineral loading, dirt and grease, some 
natural waxes and resinous materials, and colours difficult to 
bleach. To soften the rags, remove foreign matter, and render 
the colour bleachable, they are treated with an alkaline cooking 
liquor іп a kier or a rotary boiler for 6 to 15 hours at a pressure 
of 20 to 40 pounds per square inch (psi). A detergent or wetting 
agent may be used to assist this process. The cooking liquor may 
be a solution of caustic soda, caustic lime, or a mixture of soda 
ash (sodium carbonate) and lime. New rags of course require less 
drastic treatment than old, dirty rags. There are several vari- 
ations of the cooking operation. 

Rag boilers used in North American mills usually comprise a 
cylinder or globe rotating about a horizontal axis. Rags аге 
charged through manholes in the boiler and spread out. Steam 
!5 introduced through one of the bearing trunnions, When the 
ooking Operation is complete, the free liquor is drawn off and the 
oiler is rotated slowly with the manholes open to dump the rags. 

е Tags are removed with hooks. 

215 kier is a stationary cooker with a perforated bottom. The 
pass ing liquor is sprayed in at the top, percolates through the rags, 
ee through the perforated bottom to a reheater, and is again 
the t ced at the top of the kier. This equipment, common in 
i extile industry, is used to some extent in paper mills, par- 
veny in England and continental Europe: 
eae the rags of chemicals and dissolved substances or at- 
abric materials, they are washed in a machine that also ravels the 
strai Ae threads. This washer is a tub with round ends and 
firm Sides, with a centre partition as high as the sides (fig. 157 
lir ually about 24 ft. long by 12 ft. wide and 34 to 4 ft. deep. 
d bios) roll having thin bars set in the periphery is located in one 
the chan These just clear a group of similar bars in the bottom of 
other чы under the roll, which is rotated on its shaft. In the 
itty w i nnel is а rotating, screen-covered dipper that extracts 

y vb er from the rags at the same rate as fresh water is added. 
rags dus the roll so that the two sets of bars nearly touch, the 
is shut QUEEN When the washing is complete, the fresh water 
Called E the dipper run for a time to thicken the stock, now 
гоњ, stuff, Then a bleaching solution (calcium hypochlorite) 
after whi NU. is introduced and thoroughly mixed with the stock, 
50 in draj; the contents of the washer are stored for ten days or 
refning E being converted to paper stock by beating, 

› and sizing operations, 
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BY COURTESY OF HOWARD SMITH PAPER MILLS LIMITED 


FIG. 1.—WASHING RAG HALF STUFF. THE BEATER ROLL IS IN THE LEFT 
CHANNEL, THE SCREEN-COVERED DIPPER IN THE RIGHT 


In general, rag-pulp fibres are long and strong and contain a 
large percentage of stable cellulose. Rag pulp is used in the manu- 
facture of so-called rag-content papers, which contain a minimum 
of 25% rag fibre. These papers are used for bonds, currency, 
blueprints, and other industrial specialties. 

Straw.—Straw is cooked with lime, lime and soda ash, or 
caustic soda in spherical rotary digesters. The contents are 
dumped on a draining floor and conveyed to the paper-mill beaters 
where the necessary washing is done. 

Esparto Grass.—Esparto (q.v.) is an important papermaking 
material in England and continental Europe. It is usually cooked 
in stationary digesters and is bleached when used in the manufac- 
ture of high-grade writing and printing papers. 

Wastepaper.—One of the most important sources of materials 
for paper is reclaimed or wastepaper. This is mechanically dis- 
integrated in water to form a pulp suspension, which may be 
treated chemically with an alkaline solution to aid in removing 
ink and other extraneous material. After washing, the pulp is 
bleached to give a product suitable for the manufacture of book 

aper. 
: Man-Made Fibres.—The need for papers with specific end 
uses has led to research in the utilization of glass fibres, rayon, 
nylon, Orlon, Dacron, and other man-made fibres, Asbestos and 
wool fibres have been used for many years in paper specialties, but 
more than 90% of papermaking fibres have their source in wood 


pulp. 


Woop 


Wood is made up of a number of chemical components, such 
as cellulose, the hemicelluloses, lignin, resins and other extractives, 
and a small amount of mineral matter. Softwoods contain 25 to 
32% lignin, hardwoods 17 to 26%. An approximate analysis of a 
coniferous wood, white spruce, is as follows: cellulose, 60% ; hemi- 
celluloses, 11%; lignin, 28%; extractives and ash, 1.5 to 2%. 
Cellulose is the basic material for paper. (See also Woop: Wood 
Chemistry; CELLULOSE.) 

The dimensions of fibres comprising wood pulp or other cellu- 
lose raw material differ according to their source. Softwood 
fibres average 0.1 to 0.2 in. in length and 0.001 to 0.0015 in. in 
width, hardwood fibres 0.024 to 0.08 in. and 0.0007 to 0.001 in., 
respectively. E 

Wood pulps may be classified into two general groups—me- 
chanical and chemical. Mechanical pulp, generally called ground- 
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wood, is not further divided except as fine, coarse, or bleached. 
Chemical pulps are classed as unbleached sulfite (strong and 
news grade), bleached sulfite (dissolving and paper grade), 
bleached and unbleached sulfate (kraft), and soda. “Ѕетісһеті- 
cal” is a term applied to a process of cooking followed by me- 
chanical treatment. 

Spruce, balsam fir, and hemlock are considered the best woods 
for sulfite and mechanical pulping; several varieties of pine are 
utilized for sulfate (kraft) pulping; hardwoods are pulped by all 
of the pulping processes. The chief European pulpwoods are Nor- 
way spruce, Scotch fir, and hardwoods. A cord of pulpwood (128 
cu. ft.) yields about one ton of mechanical pulp or half a ton of 
unbleached chemical pulp. 

Because all wood is composed of the same essential components, 
the processes for making wood pulp are similar in principle. Prior 
to the pulping process, the bark is removed from wood either 
by hand, by means of barking drums, or hydraulically by means 
of high pressure jets. The bark is used for fuel and for making 
other products. ў 

Mechanical (Groundwood) Pulp.—Mechanical pulp is 
produced by pressing the barked and cleaned logs sideways against 
a revolving natural or synthetic pulpstone in the presence of water. 
When a stick is pressed lengthwise against à roughened (dressed) 
grindstone revolving at a peripheral speed of about 3,500 ft. per 
minute for natural sandstone or about 5,000 ft. per minute for 
artificial stones, the fibres are torn from the wood and rubbed to a 
certain degree of fineness. The character of the pulp depends 
on the quality of the wood, the pressure against the stone, the 
temperature of grinding, and the pattern on the stone. The stones 
also may be of different sizes and degrees of hardness and sharp- 
ness of grit. 

Natural pulpstones are 27 to 36 in. wide by 54 in. or more in 
diameter. Artificial stones are 27 to 54 in. wide and 54 to 72 in. 
in diameter. Standard lengths of wood ground are 24, 32, 48, and 
50 in, Small grinders are fed by hand. In the continuous grinder 
there is a tall chamber above the stone, and the wood is drawn 
down against it by the movement of spikes on conveyor chains. 
Another (ring type) grinder has a huge ring with teeth on the 
inner side and is set off-centre so that the stone nearly touches it. 
Into the narrow argle so formed, the wood is pinched by the move- 
ment of ring (slowly) and stone (faster) in the same direction, 
and the stone grinds off the fibre. 

Under the stone is the pit into which the pulp falls, being washed 
from the stone by a shower. From there the thin pulp flows over 
а coarse screen that removes slivers and other insufficiently ground 
bits of wood. The screened stock then passes through finer screens 
to obtain pulp suitable for making paper. To save storage-tank 
space and pumping equipment, the pulp is thickened. This is 
done by submerging a rotating cylinder covered with wire screen- 
ing in a vat, continuously fed by the thin pulp. Water flows 
through the screen and out the ends of the cylinder, leaving a mat 
of groundwood on the surface. The pulp is squirted or scraped off, 
and it may flow to a storage tank or be removed from the wire by 
contact with an endless felt and wound on a roll in a thick layer. 
When thick enough, the layer is cut loose and folded into a bundle, 
or lap, containing about 30% by weight of dry fibre. In this form 
groundwood pulp is conveniently stored and shipped. 

The lignin in the wood is not removed by this pulping process; 
consequently paper made from mechanical pulp does not retain 
its brightness and strength as long as do papers made from chemi- 
cal pulp. Groundwood paper does possess certain qualities de- 
sired for printing and other purposes. Newsprint is largely me- 
chanical wood pulp, with some chemical pulp added for strength. 
The colour of groundwood pulp can be improved by bleaching with 
hydrogen peroxide, a hydrosulfite, or a hypochlorite. 

Mechanical pulp is much cheaper than any other form of paper 
pulp. In the pulping process, only about 7% of the wood is lost, 
compared with about 50% or more lost in the chemical processes. 
Although no chemicals are required for the production of ground- 
wood pulp, a product known as chemigroundwood pulp is produced 
by grinding, following a mild chemical treatment of the wood. 
Chemigroundwood pulp has been arbitrarily classified between 
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groundwood pulp and sulfite pulp, with strength properties «| 
to sulfite. The equipment required for the manufacture of es 
wood pulp is less expensive initially and requires less mainteny i 
than that for chemical pulp. M 

Chemical Pulps.—The most common chemical processes ш | 
sulfite (using an acid bisulfite solution), soda (caustic soda soy. 
tion), or sulfate (caustic soda and sodium sulfide), 

In each of the chemical proc 
esses for pulping, wood must ly 
chipped before it is cooked, Ry. 
tating knives cut across the logs, 
producing chips $ to 1 in, " 
and about $ in. thick. These ar 
conveyed to storage bins aj 
then to chemical cooking vessel, 
called digesters (fig. 2), where 
a chemical solution, or cooking 
liquor, is added to the chips 
The mixture is cooked wil 
steam; as a result the ligneous 
and other materials are solubi 
lized, thus separating the fibres. | 

The digester has a conical bot | 
tom section, cylindrical centre 
section, and domed top. Chips 
are fed in through a throat a 
the top that can be tightly closed | 
with a cover plate. At the bot 
tom a fitting provides inlets fit | 
the cooking liquor and steam, 
and an outlet discharges the 
cooked chips. Some digesters att 
kept at the proper cooking temperature by continuous introdlé 
tion of steam. In others, the cooking liquor is drawn off тоді 
strainers that hold back the chips, passed through a reheating | 
chamber, and fed back into the top of the digester. This syst 
gives faster and more uniform cooking. 

Sulfite Process.—Sulfite pulp is made by cooking chips, vusul 
from low-resin coniferous woods such as spruce or fir, in a soli - 
tion containing calcium, magnesium, or ammonium bisulfite 
an excess of sulfur dioxide, under pressure and at an elevated tem { 
perature, The resulting pulp is bleachable to a high brightness | 
is practically pure cellulosic material. The yield is 45 to S00 
the original wood. 

The chemical reactions occurring in the digester are completi [ 
are the subject of constant research, Fundamentally, however 
action of the bisulfite and free sulfur dioxide renders soluble lit 
encrusting matter, mainly by forming soluble lignin-sulfonil 
and by hydrolyzing gums, etc. When the digester 15 he 
(emptied), the softened chips emerge at high velocity, an 
up against a firm target. Most of the waste liquor drains thre! 
the perforated bottom of the blow pit, and more is removed Ii 
the pulp by high-pressure hosing. А 0 d 

The cost of manufacturing sulfite pulp, representing p 
less of the wood, is considerably higher than that of mecha 4 
pulp. Furthermore, more labour and power are spent on 
paring the wood before the chips reach the digester. , ac 
chemical plant must be maintained for making the cooking үү 
and the equipment is costly to install and maintain. Te ali 
process requires about 1,300 to 1,500 Ib. of coal, 275 Ib. of $ 
and 350 Ib. of limestone per ton of pulp. In recent 
changes in the process chemicals and processing me! base Sf 
taken place. Most new sulfite-pulp mills have magnesia covet 
tems instead of calcium, with heat and process-chemical ye ji 

Soda and Sulfate (Kraft) Processes.—These proces gi 
essentially from the sulfite process in that the cooking "yy 


BY COURTESY OF S. D. WARREN CO. 
FIG. 2.—DIGESTER USED TO COOK 
CHIPS FROM WASHED AND DEBARKED 
LOGS TO REMOVE NONCELLULOSE 
IMPURITIES 


ri 
s " б H al 
alkaline and thus has less corrosive action on iron and steci g 
ee alkaline ui 


digesters are not lined. The active substance in the 4 
ing liquors is sodium hydroxide, formed by causticizing " Tm 
of soda ash or sodium carbonate with lime. Recovery E 
dium is an important factor in the economy of alkaline P iq 
Pines and hardwoods are readily cooked by alkaline 


of pines, which cause trouble in the sulfite process, are 
to soluble soaps in the soda and sulfate processes and 
are washed out. The liquor may be added to the digester with the 
chips or after the digester is partly filled with chips. Direct steam- 
js used in some digesters, but the majority have liquor circu- 
systems with indirect heating. Operation of soda and sul- 
fate digesters is much the same. The pulp is blown from the 
digester into a steel tank with a conical bottom and an agitator. 
‘This brown stock is brought to a uniform consistency and screened 
ina knotter as it passes to the washers, which are similar to those 
шей on sulfite pulp. 
"The rosin soap formed (particularly when cooking pinewood) 
ces foam on the black liquor that is washed out of the pulp; 
û foam tank removes the foam before the liquor goes to the 
tors. There the liquor is thickened to a point where it 
contains about 50% solids; these represent the lignin and other 
substances that made up about 50% of the original wood. This 
black sticky mixture can be pumped while hot. It is fortified with 
chemicals to replace losses and is sprayed into a furnace where 
it burns and generates steam. The ash formed contains most of 
the sodium in the original cooking liquor. In the soda process 
sodium carbonate remains; in the sulfate process, sodium sulfate, 
the makeup chemical, is reduced to sodium sulfide in the furnace. 
The presence of this sulfide in the cooking liquor modifies the 
effect of cooking and produces the stronger kraft pulp of the sul- 
fate process. 
In the recovery process (reuse of liquor) the smelt, or molten 
black ash, Írom the furnace is run into a dissolving tank where it 
is dissolved in water to form green liquor. The green liquor is 
then causticized with lime to change the sodium carbonate to 
sodium hydroxide, producing white liquor containing the hydroxide 
and sulfide. After settling; the white liquor is available for a 
Succeeding cooking operation. The calcium carbonate that has 
Settled out of the white liquor is fed to a lime kiln (about 8 ft. 
indiameter and 300 ft. long) where it is burned to drive off carbon 
leaving lime for another turn in the causticizing opera- 


- In the soda process, caustic soda (sodium hydroxide) at ele- 
Yated temperatures dissolves most of the lignin in the wood, with 
slight effect on the cellulose fibres. Most soda-pulp mills now 
add 8% to 12% of sodium sulfide to the pulping solution to aid 
the removal of lignin. 
үр is composed of relatively short fibres, because short- 
0 hardwoods are processed by this method, and thus lacks the 
of other pulps. After bleaching, soda pulp is used in the 
Manufacture of book, magazine, and envelope papers, especially 
‘Soft texture and bulk are required. 
id-soda-chemimechanical pulp results from treating hard- 
chips with sodium hydroxide solution at room temperature 
Eu uie fibres from the softened chips in a mechanical re- 
po Such as а disk attrition mill. Yields vary from about 87% 
Corrugating pulps to 85 to 92% for printing papers. The un- 
combing pulp, low in brightness, is bleachable, especially with a 
^w ioe of peroxide and hypochlorite bleaching agents. 
Б Sulfate-pulping process, ће name "sulfate" arises from 
Meet Chemical losses are replaced with sodium sulfate, 
scribed E In making pulp by the soda process already de- 
Fog A ae Cooking solution, or liquor, consists mainly of caustic 
dium, E pulping differs from the soda process because 50- 
de is used in the cooking liquor along with the caustic 
is lum sulfide is made by reducing sodium sulfate, which 
„Cd to the recovery furnace, Compared to the soda-pulping 
fee accounts for a stronger pulp and reduces the cook- 
е Many soda-pulp mills have converted to the sulfate 
amoun а Soda mills have found it advantageous to add a small 
difference Sulfide to the cooking liquor; there is thus basically no 
Я the soda and sulfate processes. 
became industry developed rapidly in Sweden, where the pulp 
standing us as "kraft," meaning "strong." This is the out- 
The sulfate acteristic of papers made of sulfate (kraft) pulp. 
Cause Process is practically a universal pulping method be- 
can be employed successfully for pulping almost any 
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suitable wood, both resinous and nonresinous. This fact has given 
great impetus to the sulfate process in many parts of the world, 
especially in the southern and western United States. Sulfate 
pulp is bleachable to a high brightness and can be used in almost 
any grade of paper. The yield varies from 40 to 50%. So-called 
high-yield sulfate pulp may yield as much as 65% of the raw 
material. 

Semichemical Process.—Another way of making wood pulp, 
combining mechanical and chemical methods and called the semi- 
chemical process, was developed primarily for hardwoods, This 
process is increasing in use because of (1) the high yield ob- 
tained (up to 75% or better); (2) the suitability of a variety of 
pulpwoods, especially the hardwoods; (3) the reduced cost of 
manufacture; (4) the suitability of semichemical pulps for a 
variety of papers when mixed with other fibres; and (5) the ex- 
pansion of the paperboard industry, including corrugating board 
for packaging. 

In the semichemical process, chips are cooked in a mild chemi- 
cal solution, and the fibres are separated mechanically by means of 
a refiner, The first semichemical pulp mill, established in 1925 
in the United States, utilized by-product chestnut chips from tan- 
nin extraction. From the modest beginning of ten tons of pulp 
per day, the semichemical pulp industry in the United States 
came to be rated fourth among the major pulping processes. 

A distinction is made between semichemical pulping and chemi- 
mechanical pulping. In the latter process there is no major change 
in the lignin material bonding the fibres, whereas in the semi- 
chemical process lignin is partially removed. This has led to the 
following classification of these pulping methods: (1) neutral sul- 
fite semichemical; (2) kraft semichemical; (3) acid-sulfite and 
bisulfite semichemical; (4) cold-soda chemimechanical; and (5) 
sulfite chemimechanical. 


WasHING AND BLEACHING 


Following the pulping operation, the unbleached pulp must be 
washed free of soluble impurities and screened to remove knots, 
dirt, and uncooked fibre bundles before it can be used for the 
manufacture of paper or other products. Much unbleached pulp 
is further purified and whitened by bleaching, a continuation of the 
cooking process. All natural fibrous materials and unbleached 
pulp contain impurities that impart colour and make them un- 
suitable for the manufacture of white papers. In bleaching these 
fibres, the two basic objectives are (1) removal of the colouring 
materials by converting them to soluble compounds; and (2) 
changing the residual coloured matter to a colourless form that 
possesses stability to light and heat. The principal bleaching and 
purifying agents are chlorine, hypochlorite, and chlorine dioxide, 
Other chemical compounds used are peroxide for mechanical or 
other high-yield pulp, hydrosulfite for mechanical pulp, and boro- 
hydride. 

During the development of methods for bleaching plant fibres, 
advantages were found in adding only a part of the bleaching 
chemical at the beginning of the operation and the remainder later 
in one or more portions, Out of this came the modern multistage 
bleaching process, which yields a product of improved whiteness 
or brightness, with more economical consumption of bleach, and 
pulp fibres with a minimum of degradation. A typical multistage 
bleaching operation for a high-brightness sulfate pulp comprises 
the following: (1) chlorination; (2) caustic soda extraction; (3) 
addition of chlorine dioxide; (4) caustic soda extraction; and (5) 
another treatment with chlorine dioxide, with interstage washing 
of fibres with water to remove soluble products formed during 
the bleaching and extraction stages. 

Hydrogen peroxide and sodium peroxide increase brightness of 
mechanical pulp (groundwood) fibres from 5 to 15%. Zinc or 
sodium hydrosulfite, although reducing agents, whiten groundwood 
5 to 8 units, Sulfite, soda, and sulfate unbleached pulps yield 
bleached products of different brightness depending on (1) the 
amount of bleaching chemicals added; (2) the sequence of stages; 
and (3) the number of stages. Time and temperature are impor- 


tant variables. 1 : 
The visual whiteness of a bleached pulp is usually defined in 
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terms of “brightness,” which is determined as the numerical value 
of the reflectance of pulps to light in the blue and violet portion 
of the spectrum (457 my); it is measured by an instrument in cali- 
bration with a master instrument of specified type and design. 


MANUFACTURING OPERATIONS 
AND EQUIPMENT 


The manner in which the Chinese court official Ts’ai Lun formed 
the first paper in the 2nd century and the technique employed by 
the modern paper machine differ little in principle. It is probable 
that the original Chinese papermaker poured a suspension of 
fibres on a cloth-covered frame or mold. The water drained away 
and the fibres dried in the form of a sheet on the mold. The 
technique of papermaking was soon improved by dipping the mold 
directly into the water suspension of macerated fibres and allow- 
ing the water to drain away. The wet sheet was then couched 
off by means of a woolen fabric or felt and was dried. By this 
change, better sheets in larger quantities were produced. 

Papermaking in the 20th century has changed from an individual 
art to an industrial art. At the same time paper itself has changed 
from a primarily cultural product used for newspapers, books, 
and writing paper to a basic product, like steel, adaptable to many 
purposes. 

Preparation of Stock.—Integrated paper mills receive pulp 
chiefly from their own mills. Other paper mills purchase pulp 
from market suppliers. Pulp, by itself and without further treat- 
ment, is unsuited to the manufacture of most papers. Mechanical 
treatment, termed beating and refining, is given to the fibres to 
shorten them, to improve their felting qualities by fraying their 
outside walls, and to improve the strength of the paper. These 
processes of mechanical treatment and chemical addition consti- 
tute stock preparation. In this operation, sizing agents, pigments, 
colours, and other materials may 
be added, depending on the end 
use of the paper. 

Beating.—Paper manufacture 
may be considered as beginning 
in the beater room. The beater 
(fig. 3) is a machine fundamen- 
tally the same as the washer, but 
more carefully designed and built. 
It consists of a tank containing 
a heavy roll that revolves against 
a bedplate. The roll is capable of being set very accurately with 
respect to the bedplate, since the progressive adjustment of the 
roll position is the key to good beating. A beater may hold from 
300 to 3,000 Ib. of stock, a common size being about 24 ft. long, 
12 ft. wide, with ends of semicircular shape, and about 34 ft. deep. 
A centre partition provides a continuous channel. 

Pulp is put into the beater and water is added to facilitate cir- 
culation of the mass between the roll and bedplate. As the beat- 
ing proceeds, the revolving roll is gradually lowered until it is 
riding full weight on the fibres between it and the bed-plate. This 
action splits and mashes the fibres, creating hairlike fibrils and 
causing them to absorb water and become slimy. The beaten 
fibres will then drain more slowly on the paper-machine wire and 
bond together more readily as more water is removed and the wet 
web is pressed. Much of the beating action results from the rub- 
bing of fibre on fibre. Long fibres will be cut to some extent. 

Other types of beaters have been developed, but all follow the 
same principle and have the same function. Although beaters are 
widely employed, they are being replaced by continuous refiners 
in stock preparation. 

Refining.—The purpose of refining is to brush out knots or clus- 
ters of fibres and to cut the fibres to more uniform lengths. Fur- 
ther conditioning may occur to increase the area of fibre surface, 
which is a factor in making fibres adhere to each other. Refining 
equipment is characterized by the principle of close-clearance 
action on the fibres and treatment by continuous flow. 

The material entering the refiner is automatically regulated to 
a uniform consistency by an instrument that controls the amount 
of water added as the stock is pumped from the beater chest. 


METAL BLADES 


METAL STRIPS SET IN WOOD 
FROM R. N. SHREVE, “THE CHEMICAL PROCESS 


BY PERMISSION OF MC- 
INC. 


INDUSTRIES," 1986, 
GRAW-HILL BOOK CO., 


FIG. 3.—OPERATION OF A BEATER 
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Refiners operate on the principle of one set of bars or knives. 
passing another set at a controlled distance and at high sp 
The two distinct types are: (1) a conical plug with bars on 
surface revolving in a shell, with corresponding bars on the 

surface; and (2) two disks, of which one or both rotate and whic 
are grooved with sharp-edged ridges. In the first type the ply 
is accurately centred in the shell, and the machine is given à pre 
liminary run with a slurry of sand to grind the bars to a perfe І 
fit. In operation the plug is pushed іп or drawn out by g 
gearing (which may be automatically controlled) to regulate il 
degree of rubbing and cutting of the fibre. The stock is fed ing 
the small end at a constant rate and emerges at the large end of 
the machine. It flows from there to the machine chest, of which 
there are two if the paper machine makes a variety of grades of 
colours, since it takes time to prepare for the switch-over when the 
first run is finished. 1 

Chemical Addition—Paper can be made from cellulose fibra 
alone, but many properties are lacking in such a paper, and it would 
be entirely unsuitable for a large range of uses for which papers 
needed. Мапу of these properties are supplied by chemical ad 
dition, largely in the stock-preparation process. While the selec 
tion of the proper fibres for a given paper is important, nonfibrow | 
materials added to the stock supply the required properties not | 
inherent in paper made from fibres.alone, such as (1) size and 
aluminum sulfate to give resistance to water penetration; (2) cet 
tain resins to give wet strength properties; (3) fillers to enhanc 
the opacity and brightness of paper; (4) pigments and dyes t| 
give colour; (5) deflocculants to reduce the tendency of fibres 0 
agglomerate; and (6) other additives to increase the tensile 
strength, absorbency, softness, and filler-retention properties. 

Chemical additives may be added to the paper stock in the 
beater, or in the chests, or added continuously at almost any point 
in the processing operation, including the headbox on the papt 
machine or after the paper is formed in the press section, S 
tub, or calender water box. 

Paper Machines.—Paper is made from the processed stock t 
the paper machine, one type being the Fourdrinier machine, Li 
vented in France by Louis Robert in 1799 and commercialized fit 
years later in England. Various modifications of the Fourdrinitt 
machine have been developed over the years. The cylinder b 
chine, another type, was invented by John Dickinson of Germat 
town, Pa., in 1809. Я 

Fourdrinier Machine—Papers varying in weight from lig 


weight tissue to 16-point test liner (one point is 1:900. inch and 


used to express thickness) are made on the Fourdrinier m 
(fig. 4). For descriptive purposes, the machine may be du 3 
into four sections: (1) the wet end; (2) the press section; 
the drier section; and (4) the calender section. Int MI 
the stock flows from a headbox through a sluice to the top wi 
moving endless belt of wire cloth (the Fourdrinier wire). i 


FELT-DRYING BLANKETS 
STOCK INLET 
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DANDY ROLL 


FINEMESH BRONZE SCREEN ^ SUÓTIONROLL — WATERMARKING 
FROM п. N. SHREVE, "THE CHEMICAL PROCESS INDUSTRIES," 1956, BY PERM! 
HILL BOOK CO., INC. 

FIG. 4.—ESSENTIAL OPERATIONS OF A FOURDRINIER PAPER 
CHINE 
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a web of paper is formed as the water is removed from the fi 0 
water mixture by drainage and by suction boxes. her re 
tion usually comprises two or more press rolls to furtl ai Г 
water іп the formed web and to impart surface chatat E 
both sides of the paper. The wet web is carried through of s 
by felts. The drier section includes two or more Wr ds é 
heated cylinders, and the paper is held close to the heal i 
by means of canvas drier felts. In the fourth section us! di i 
are from one to three calender stacks, with a reel d calend J 
ing the paper into a roll as it leaves the machine. 
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AY COURTESY OF GAIR COMPANY CANADA LIMITED 


FIG. 5,—WET END OF CYLINDER-TYPE BOARD MACHINE SHOWING VATS, 
FELTS, AND PRESSES SQUEEZING WATER OUT OF PAPER 


smooth the paper and impart the desired finish or gloss to the 
surface. The paper may be further finished in a separate opera- 
tion using a supercalender. The Harper and the Yankee (ma- 
chine-glazed) paper machines are modifications of the Fourdrinier. 

Cylinder Machine —The cylinder machine (fig. 5) differs from 
the Fourdrinier mainly in the method of forming the continuous 
paper web. This is accomplished by the use of wire-covered cylin- 
ders or molds that rotate in a vat containing a dilute stock suspen- 
sion, As the water drains through and passes out at the ends of 
the cylinders, the fibres are formed on the wire. The wet web is 
couched off the cylinder onto a felt that is pressed against the 
cylinder by a couch roll, A cylinder machine may possess one 
or several cylinders, each of which can be supplied with the same 


or different kinds of stock. А cylinder machine offers a wide 
Variation in thickness or weight of the finished paper, as well as 
variation in the composition of the stock used in the different 
layers of the sheet, 

Paper machines, sometimes more than three stories high, can 


۲ соц > 
ГОР THECGREAT LAKES APER [cons LTO: 
FIG. 6.—oNE OF THE WORLD'S LARGEST PAPER MACHINES, 
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fabricate paper over 30 ft. wide at speeds up to 2,500 ft. per min- 
ute or more. Some Fourdrinier machines are designed to run more 
than 3,000 ft. per minute. Cylinder machines operate at a much 
slower speed, 10 to 15 ft. per minute when heavy paperboard is 
made. 

Special Paper Machines.—Special machines are required for 
many pulp and paper products, from light tissue to heavy building 
boards. These machines are adaptations of the basic Fourdrinier 
and cylinder designs. A high-speed machine (2,500 to 3,000 ft. 
per minute) has a short Fourdrinier wire and a so-called Yankee 
drier, 12 to 14 ft. in diameter. A transfer attachment picks the 
paper from the wire and presses it against the polished surface of 
the drier until dry; then it peels off, like a handkerchief dried on 
glass. The Yankee drier is also used in making other tissues, light 
wrappings, and crepe papers. Creping is done by a “doctor” that 
scrapes the paper off before it is quite dry and wrinkles it in do- 
ing so. 

For building and insulating boards up to an inch or more in 
thickness, both Fourdrinier and cylinder-type machines are used. 
One of the latter has two vacuum-equipped cylinders; the 
Fourdrinier type has high deckle boards and special suction units. 
In these machines the sheet is gradually pressed between two felts 
or two wires to the desired thickness and cut into slabs. The cut- 
ter moves across diagonally to compensate for the forward move- 
ment of the board and to produce square ends. The boards are 
then fed successively by a “tipple” to different decks of an eight- 
deck drier and carried through it on chain-driven rollers. A typi- 
cal board drier is more than 500 ft. long, with five zones at increas- 
ing temperatures. The board must be heated gradually to the 
point where moisture left in the centre will migrate to the over- 
dried surface layers and give a uniformly dry product. Hard- 
board, such as Masonite, is pressed and dried at the same time be- 
tween the plates of a hydraulic press. Board sheets are then 
trimmed to standard sizes and wrapped. 

Finishing Operations.—Newsprint, much book and magazine 
paper, and many wrapping papers and boards need only to be 
wrapped, if ordered in rolls, when they come off the paper ma- 
chine, Other papers require further finishing or special treatment, 
some of which is done by the converter. For example, a very 
smooth surface on printing papers is obtained by passing the web 
through a supercalender. This machine is similar to the paper- 
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machine calender, but alternate rolls are made of circles of paper 
compressed to a dense hard mass and ground to a true cylinder. 
The special surface on writing papers is produced by building a 
stack of alternate sheets of paper and sheets of linen, crash, rip- 
pled cardboard, etc., with sheets of zinc at intervals and passing 
the “form” back and forth several times between rolls that exert 
a pressure of 60 to 80 tons. 

Another type of finish is the impression made by the embossing 
machine, which has two rolls; one has the pattern embossed on 
it, and the other may have a matching pattern engraved on its 
surface, or it may be a roll of softer material that will take the 
indentation. To get sheets thicker than can be produced on the 
paper machine, or sheets of varying qualities or colours, pasting 
or laminating is employed. Web pasters will laminate up to six 
sheets for wallboards, asphalted products, moisture-proof kraft 
lining paper, etc. 

Most important of the special processes is the coating of paper 
for fine printing (fig. 7). The purpose is to fill the small depres- 
sions caused by irregularities in size of fibres or formation of the 
sheet and to give a surface of homogeneous material and structure 
that can be finished to almost perfect smoothness by the super- 
calenders. A mixture of clay or other white mineral matter, 


BY COURTESY OF HOWARD SMITH PAPER MILLS LIMITED; PHOTOGRAPH, ARNOTT & ROGERS 


FIG. 7.—COATING UNIT BETWEEN DRYERS, MAKING MACHINE-COATED MAGA- 
ZINE PAPER 


casein or other adhesive, and dyes is spread smoothly on one or 
both sides of the paper. 

One-side coating is applied by an applicator roll and is then 
smoothed by brushes of finest badger hair. Two-side coating is 
obtained by passing the web through a bath or between a pair 
of applicator rolls and then between four to ten pairs of brushes. 
Single-coated paper is dried in loops or festoons on a conveyor or 
over rollers, in either case passing through a drying chamber. 
Double-coated paper must be floated on hot air to set the coating 
before it contacts other support. Certain grades and weights of 
paper can be coated in the paper-machine drier, by locating an 
applicator unit about two-thirds of the way down the length of 
the drier, where the paper is sufficiently moist to permit penetra- 
tion of the clay through the sheet. This is necessary in order to 
get equal smoothness on both surfaces. В 

Somewhat akin to machine coating is the ‘sizing of paper with 
glue. Glue, or surface, sizing is obtained by passing the paper 
through a size tub, where press rolls squeeze out the excess. The 
paper is made stronger; it is resistant to spreading of ink; and 
fibres are not picked up by a writing pen. Paper is waxed in a 
somewhat similar way by passing the web through a bath of 
molten wax, then over a chilling roll to harden the wax. 

See also PAPER PRODUCTS. 


BIBLIOGRAPHY American Paper and Pulp Association, The Dic- 
tionary of Paper, 2nd ed. (1951), An Everyday Wonder—Paper, Most 
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Used, Most Useful (1959) ; R. A. Hayward, Paper—The Lifebloog 
Civilization (1942) ; T. F. Carter, The Invention of Printing in Ch 0 
and its Spread Westward (1931); D. Hunter, Papermaking—the a 
tory and Technique of an Ancient Craft, 2nd ed. (1947); K, W. Brit 
Handbook of Pulp and Paper Technology (1964); C. Е. Libby (ed 

Pulp and Paper Science and Technology, 2 vol. (1962); rs 
Forest Products Industries, The Story of Pulp and Paper (1959); 
J. P. Casey, Pulp and Paper, 3 vol., 2nd ed. rev. (1960); T. Grant 
Cellulose Pulp and Allied Products, rev. ed. (1958) ; J. N. Sight 
Pulp and Paper Manufacture, 4 vol. (1950-55) ; J. H. Ainsworth, Pare 
—the Fifth Wonder, 2nd ed. rev. (1959). (7. L. Pa; J. NS) 

PAPER MONEY: see AsSIGNATS; BANKING; Сп 
Money; Quantity THEORY OF Money. 1 

PAPER PRODUCTS. Until the mid-1800s, products mai 
of paper were relatively few; paper was used basically as a шеш 
of recording communications. Even the common envelope wg 
unknown prior to 1841. During the Industrial Revolution of ly 
19th century, paper became much more abundant because of the 
discovery of methods by which the fibres of wood could be iso 
lated and purified by chemical means. Since then, paper has bez 
converted into articles for almost innumerable purposes. 

In 1850 paper bags were made for the first time, entirely by 
hand; the earliest automatic bag-making machine was built in 1876, 
By 1894 automatic machines for making paper boxes were in 
general use, marking the beginning of the paper-packaging indus 
try. Corrugated fibre containers came into use in 1903, gradually 
replacing wooden boxes, and three years later the first paper mik 
cartons were made. By 1910 the wrapping of bread in prin 
paper was widespread in the United States, and fruit was bein 
wrapped in paper for shipment. 

Developments in the packaging field since the 1930s have beet 
the chief reason for the elevation of the paper industry to fill 
place among the industries of the United States. New or modifed 
paper containers were developed, and new packaging materials wert 
made available. 

Paper is exceedingly versatile and economical to use. It 
be designed to provide such qualities as high wet strength mi 
resistance to impact or tear, water vapour, certain gases; [| 
grease, molds, tarnish, flame, insects, rodents, and сото. 
Paper is suited for packaging food products because it is паше) 
nontoxic, odourless, and tasteless. 

Coating for Paper Products.—Paraffin is used in the tret 
ment of paper cups, dishes, cartons, wrappings, and many oti 
products. Wax produces films that are hard and glossy, поша) 
and water resistant. Paper treated with blends of microcrystalit 
wax and paraffin wax has increased oil and water-vapour ui 
and heat-sealing property. It is suitable for packaging butt 
lard, cookies, and other fat-containing foods, including 
foods. (See PETROLEUM WAXES.) so ril 

Solvent coating of paper involves the use of film-forming. К 
such as nitrocellulose, ethylcellulose, the polyvinyls, polyethy d 
and rubber compounds. These coated papers find use as a 
tive wrappers, food wrappers, and bottle-cap linings. DU 
on the coating material, they may be water resistant, watery 
resistant, grease resistant, alkali resistant, and heat еш { 

Extruded coatings have made possible the use of E 24 
plastic resins, especially polyethylene, on the surface c 
Polyethylene-coated papers have chemical, tear, and pu 
sistance; heat sealability; and gas, moisture, and grease m 
as well as durability on folding. They are odourless el 
gives structura 
printing. 
perties 
quired; for instance, in the case of the small sugar enveia “att 
polyethylene coating is only 0.25 mil. or 4 Ib. | 
Plastic exterior coatings also provide better printing : gu 
product protection for folding cartons. In addition а p? 
polyethylene coatings permit gluing a plastic-coated sur 
uncoated surface on commercial gluing equipment. 5 m 

In the latex form, polyvinylidene chloride is used 5 6 
for paper and its products where outstanding resistance 
vapour, grease, and gas is important. are W 

Paper Packaging.—The basic packaging papers aa 
glassine, vegetable parchment, waxed paper, and tissue. 
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binations of treatments and the use of coatings and support ma- 
terials provide a widely diversified group of papers. Kraft paper, 
in one form or another, is used in connection with nearly every 
important product. 

A product of increasing importance in the paper industry is 
the composite or foil can, in which the major portion is composed 
of kraft paper. In the motor-oil market alone, the use of foil 
instead of metal containers offers great savings in shipping costs 
because of the reduction in weight. 

The set-up paper box industry has increased in volume, largely 
due to prepackaging by department stores and specialty stores. 
Merchandising techniques of the self-service supermarket have 
resulted in a growing usage of paper materials for packaging dairy 
products, fruit juices, frozen foods, etc. Some containers are de- 
signed to withstand oven heat, so that the contents may be warmed 
before serving. 

Paper bags, which have the advantage of flexibility, can be made 
in various dimensions and of almost any grade of paper that can 
be treated for protective purposes. The multiwall bag and the 
fibre drum are standard paper containers for dry, free-flowing in- 
dustrial products. Made in large sizes, paper bags and cartons 
are used to enclose mattresses, furniture, and even automobiles. 
Flexible paper wrapping has been developed for the outside stor- 
age of lumber. Shipping bananas in cartons reduces losses due to 
tot and damage. Citrus fruits and lettuce can be shipped with 
little damage and considerable economy in paperboard containers. 

Corrugated boxes are used instead of wooden containers for 
shipment of such household furnishings as rugs and refrigerators. 
This type of container is also employed in place of wooden kegs 
for nails, nuts, and bolts. A coating on kraft paper has led to va- 
pour-phase-inhibitor packaging for prevention of corrosion of iron 
ae without the application of grease. (See also PACKAG- 
ING, 

Other Paper Products.—Much of the growth experienced by 
the paper industry has been achieved for the following reasons: 
(1) Paper is an inexpensive and convenient substitute for textiles 
in such products as cement and fertilizer bags, potato bags, flour 
And feed sacks, rug backings, waste collection bags, mail sacks, 
Underwear, disposable raincoats, and swimming suits. (2) Paper 
can be substituted for wood, glass, and other materials to reduce 
Weight, danger of breakage, etc. (3) Cleanliness and comfort are 
increased by use of disposable paper products such as tissues, nap- 
kins, towels, diapers, hospital pads, bed sheets, and eating utensils. 
(4) Paper products are useful adjuncts in industrial products such 
ү шша filters, base material for plastic sheets, insulation in 
eo equipment, and for concrete forms, tarpaulin coverings, 


beatles made from wood pulp is used for paper-bound books, 
рр» and magazines, stationery, posters, wrapping paper, 
wee labels, stencils, envelopes, and for the paper and tape 
writi or teletype machines. Rag pulps are used in producing fine 
dr ng papers such as bond paper, and for bank notes, currency, 
awing paper, blotting paper, and computing machine paper. 
Ea Pulp provides fine grades of paper for cigarettes and carbon 
a When coated on one side with abrasive material, papers 
sides Sandpaper or tanning paper. Gummed papers are used for 
ers, labels, postage stamps, and various types of adhesive 
due P Res cloths are used for draperies, lamp shades, dusting 
Papers able coverings, book bindings, and wallets. Technical 
i ai s made from many different types of fibres, depending on 
ormul use. О and air filters for engines are made of specially 
ia] ted paper, Rubber-content papers protect rockets. Spe- 
тарз insulate power transmission lines and transformers. 
She and shoes contain treated paper. 
also PAPER MANUFACTURE. 
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“Polyethylene Extrusion Coating—How Is It Doing? Where Is It Go- 
ing?” Tappi, vol. 44, no. 9:149A-151A (Sept. 1961) ; Modern Packag- 
ing, Mod. Packag. Encycl. (1962) ; C. G. Morse, "A Look at the Future 
in the Packaging Industry," Tappi, vol. 44, no. 6:24A, 26A, 28A, 30A, 
32A (June 1961) ; O. D. Mosher, “What Are Plastics Doing to the Pa- 
per Industry," Tappi, vol. 45, no. 5:206А-209А (May 1962); B. Slatin, 
“Economic Position of the Paper Industry," Tappi, vol. 45, no. 12:10A, 
12A, 14A, 16A (Dec. 1962). See also Modern Packaging (monthly). 
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PAPHLAGONIA, an ancient district of Asia Minor, situated 
on the Black Sea between Bithynia, Pontus, and Galatia, roughly 
bounded by the Halys (Kizil Irmak) River on the east and the 
Billaeus (Filyos Cayi) on the west. Although the Paphlagonians 
played scarcely any part in history, they were one of the most 
ancient nations of Asia Minor; the Paphlagonian chieftain Pylae- 
menes figures in the /liad. They were among the peoples con- 
quered by Croesus, and they sent a contingent to the army of 
Xerxes in 480 в.с. Paphlagonia formally submitted in 333 to 
Alexander the Great, and after his death was assigned to Eumenes. 
It continued, however, to be governed by native princes until it 
was absorbed by the encroaching power of the kings of Pontus. 
They became masters of the greater part of Paphlagonia as early 
as the reign of Mithradates II (302-266 в.с.), but it was not until 
that of Pharnaces I that Sinope (modern Sinop) fell into their 
hands (183 m.c.). From that time the whole province was in- 
corporated with the kingdom of Pontus until the defeat of 
Mithradates VI (g.v.) in 65 в.с. Pompey united the coast dis- 
tricts of Paphlagonia with the province of Bithynia, but left the 
interior of the country under the native princes until the dynasty 
became extinct, when the remainder of Paphlagonia was incor- 
porated in the province of Galatia (c. 6 B.c.), Several of these 
rulers appear to have borne the name of Pylaemenes, as a token 
that they claimed descent from the Homeric Pylaemenes. Under 
the later Roman Empire Paphlagonia became a separate province 
jn the 4th century A.D. 

Paphlagonia was a rugged mountainous country, but it included 
fertile plains by the coast of the Black Sea, where the olive 
could be grown. It was celebrated for its horses, and sheep were 
also bred in the district. The mountains were clothed with dense 
forests, conspicuous for the quantity of boxwood they furnished. 
The coasts were from an early period occupied by Greek colonies, 
among which the flourishing city of Sinope, founded from Miletus 
in the 7th century B.C., was preeminent. The most considerable 
towns of the interior were Gangra (modern Cankiri), in ancient 
times the capital of the Paphlagonian kings, afterward called Ger- 
manicopolis, situated near the frontier of Galatia; and Pom- 
peiopolis (Taskopru), in the valley of the Amnias (Gok Irmak, 
a tributary of the Halys), near which were extensive mines of 
the mineral called by Strabo samdarake (realgar), which was 
largely exported from Sinope. 

PAPHOS, the name of a modern town and administrative 
district (pop. [1960]: town 9,083; district 58,159) and of two 
ancient cities on the west coast of Cyprus. The older ancient 
city (Greek Palaipaphos) was at modern Kouklia, about 26 mi. 
(42 km.) W of Limassol and a mile inland, near the left bank of 
the Dhiarrizos River. New Paphos, which had already super- 
seded Old Paphos in Roman times, was 10 mi. (15 km.) farther 
west, at the other end of a fertile coast plain, and 1 mi. (2 km.) 
S of modern Ktima; New Paphos and Ktima together form mod- 
ern Paphos. 

Paphos was traditionally founded either by the Arcadian 
Agapenor, returning from the Trojan War, or by his reputed con- 
temporary Cinyras; the historical Cinyradae were kings of Paphos 
until its final conquest by Ptolemy I of Egypt (294) and con- 
tinued to act as high priests afterward. The town certainly dates 
back to the Mycenaean settlement in Cyprus (14th century в.с.) 
and had a king Eteander among the subjects of Esarhaddon of 
Assyria in 672. In Hellenic times the kingdom of Paphos was 
second only to Salamis in extent and influence. It took part in 
the Ionian revolt (498-493), during which the Persians besieged 
and captured it; the siege works have been discovered by excava- 


tion. 
Paphos owed its ancient fame to the cult of the *Paphian god- 
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dess,” a fertility goddess associated with sacred doves and probably 
temple prostitution. The Greeks identified her with Aphrodite 
and localized at Paphos the legend of her birth from the sea foam 
(Greek aphros). She was worshiped in a temple in the central 
aisle of which stood a conical stone; a stone at present in the 
Cyprus Museum, Nicosia, may be the original. The site was 
excavated by British expeditions in 1888 and again from 1950 
onward. After the foundation of New Paphos and the Roman oc- 
cupation of Cyprus (58 в.с.), the importance of the old town de- 
clined rapidly. Though restored by Augustus and renamed Sebaste 
after the great earthquake of 15 B.c., and visited in state by Titus 
in A.D. 69, it was ruinous and deserted by the 4th century A.D. 

New Paphos became the administrative capital of the whole 
island in Ptolemaic and Roman days, as well as the head of one 
of the four Roman districts. It was at Paphos that St. Paul con- 
verted the Roman proconsul Sergius Paulus. In A.D. 960 it was 
attacked and destroyed by the Saracens. The site shows a Roman 
theatre, amphitheatre, rock tombs, part of the city wall, the moles 
of the Roman harbour, an early Byzantine castle, and a ruined 
Latin cathedral. See also Cyprus. 

BribLr0GRAPHY,—M. R. James et al., “Excavations in Cyprus, 1887— 
88,” in Journal of Hellenic Studies, ix, pp. 147 ff., esp. 175 ff. (1888) ; 
C. Blinkenberg, Le Temple de Paphos (1924); R. Gunnis, Historic 
Cyprus, pp. 138 ff., 285 ff. (1936) ; Sir George Hill, A History of Cyprus, 
vol. i, esp. ch. 4 (1940). 

IAS or Hreraporis (fl. late 1st century or early 2nd 
century A.D.), one of the Apostolic Fathers (q.v.), was probably a 
bishop among the Christians of Hierapolis (a crossroads town in 
western Asia Minor). 

His significance lies in the surviving fragments of what he wrote. 
He is also important because of the kind of Christianity he repre- 
sents, rather different from that of the major writers of his time 
(Clement, Ignatius) and closer to the Shepherd of Hermas. 

The fragments of his five books of Exegeses of the Dominical 
Oracles provide valuable testimony not only to Christian tradi- 
tion in his time and earlier but also to the Jewish Christianity of 
which he was a prominent representative. The precise meaning 
of “dominical oracles” is uncertain, but they were probably Old 
Testament prophecies which, like much of the rest of the Old 
Testament, Papias interpreted in relation to Jesus Christ. Ac- 
cording to Anastasius of Sinai (7th century), Papias referred the 
creation story to Christ and the church and interpreted paradise 
as equivalent to the church. It would appear that in his view 
Christ came to restore the order which was lost when the angels 
disobeyed God and fell (in the Septuagint, Gen: 6:1). Such 
speculations, according to J. Daniélou, are Jewish-Christian. 

Eusebius of Caesarea (4th century), who had read Papias’ 
work, says that from oral tradition Papias related “certain strange 
parables of the Saviour and teachings of his, and some other mat- 
ters of a rather mythical character.” What Eusebius found most 
objectionable was Papias’ idea about the Kingdom of God on 
earth, but he was not especially enthusiastic about Papias’ story 
that Justus Barsabbas (Acts 1:23) drank poison without ill effects 
or about his account of a woman “accused of many sins before 
the Lord” (perhaps John 7:53-8:11?). Eusebius did not men- 
tion, but would not have liked, the macabre details about the 
death of Judas (cf. Acts 1:18) quoted from Papias by Apollinarius 
of Laodicea (late 4th century). Presumably Papias’ purpose in 
making these statements was to show that Gospel prophecies were 
literally fulfilled (cf. Mark 16:18, a text known to 2nd-century 
Christians); for this reason, according to Georgius Hamartolus 
(George the Monk, or the Sinner; 9th century), he said that “John 
was slain by the Jews,” in fulfillment of Mark 10:39 (Matt. 20: 
23). 

а most unintelligent (in Eusebius’ view) of Papias’ state- 
ments were concerned with millenarian doctrines. Irenaeus (late 
2nd century) explicitly quotes what Papias said about the miracu- 
lous productivity of the earth and the harmony of animals with 
one another and with men in the age to come; only Judas expressed 
doubts about this prediction made by the Lord. Even in the 7th 
century men remembered Papias as teaching that “there will be 

enjoyment of foods in the resurrection” (Maximus Confessor). 
Papias’ views are practically identical with those found in Jewish 
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apocalyptic writings, notably II Baruch (29:4-6; 2nd centi 

Papias was not, however, a representative of a purely Je » 
Christian tradition; the culture in which he lived was one in wig 
Jewish and Greek ideas had flowed together, as may be seen fry 
the fragments concerning oral tradition and the origins of th 
Gospels of Matthew and Mark. (These are preserved, as mj й 
be expected, by Eusebius.) "Unlike the many, I took pleasure 
not in those who spoke the most, but in those who taught the 
truth; not those who recalled the commands of others, but those 
who delivered the commands given by the Lord to faith, coming - 
from the Truth himself.” He describes his investigations in regard 
to sayings of the Lord's disciples—in a way that does not malt 
quite clear how he learned about them but does show that he ws 
close to "the elder John.” From this (or another) elder he learned 
that Mark’s treatise (presumably the Gospel) was based on the 
teaching of Peter about Christ, though it was not written “n 
order" (chronological or literary). This statement seems to de 
fend Mark against criticism based either on Luke or, more prob 
ably, on John (whose order is rather different from Mark’), 
Of Matthew, Papias said that he “compiled the oracles in the He 
brew language [or, a Hebrew dialect]; but everyone translated 
them as he was able.” Неге he seems to be criticizing a Grek 
version of Matthew’s oracles. Unfortunately it is not certain tht 
by the collection of oracles he means the Gospel. 

Papias’ statements about the Gospels are thus rather enigmallt, 
and they have led to a great deal of controversy. According ti 
Eusebius he used both I John and I Peter, but it is not known hoy 
Eusebius knew this, Papias’ relation to the Gospel of John 
described in the Anti-Marcionite Prologue but without a high d 
gree of credibility. His work was obviously a treasure of еШ 
Christian literature—now buried. 

Bisri0cRAPHY.—F. Н. Colson, *Taxei in Papias," Journal of Theolog- 
cal Studies, vol. xiv, pp. 62 ff. (1913); F. Wotke in Pauly-Wisson- 
Kroll, Real-Encyclopüdie der classischen Altertumswissenschaft, vi 
xviii, 2, 966 ff.; J. Daniélou, Théologie du Judéo-Christianisme, pass 
(1958) ; K. Beyschlag, *Herkunft und Eigenart der Papiasfragmenlt 
Texte und Untersuchungen, vol. Ixxix, pp. 268 ff. (1961) (radical 
stimulating). Ob j (R. 0 0Й 

APIER-MACHE is repulped paper that has been 
with glue or paste and is capable of being molded. ! | 

The art of making articles of papier-máché, beautifully det 
orated in Oriental motifs and handsomely lacquered, was E 
the East centuries before its introduction in Europe. n 
paper products were first made in France in the early part 0 t 
18th century, probably to utilize used paper and avoid comp 
waste of a costly material, Interest in papier-maché spre: ‘a 
other countries and before the close of the century German 
English manufacture rivaled French production in quantity " 
quality. Frederick the Great established a papier-máché fad 
in Berlin in 1765. ч i BY 

Various paper materials came to be known as раріег-шіфё М 
a process originating with Henry Clay of Birmingham, rer 
1772, sheets of a specially prepared paper were covered wil г 
and then pasted together until a desired thickness of B 
reached. This material could be pressure-molded into а E ші 
of useful articles, notably trays and panels for furnitur f 
coaches. It later provided the stock from which yg 
button blanks were stamped. Another type was ceramic pap 
mâché, consisting of pulped paper mixed with glue, тоз, 50% 
oil, and lead acetate; from it could be made such pre adt 
picture frames, figurines, and ornamental moldings. St тебїї 
type that served аз a fine molding material was made by j 
dried paper pulp to powder and mixing it with paste 
amount of potash. ind and ae 

Although the papier-máché industry declined during iue t 
the second half of the 19th century, the substance COP 
have many uses, An application that remained impor рїї 
use of papier-máché in matrices from which stereo M devi 
plates are cast, The paper mold, when curved in a cas! p 
produced curved plates that made printing from Tou 
practicable. Papier-máché also continued to be used in ШШ. je 
facture of toys, masks, model scenic materials, and SE. L y) 
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PAPIN, DENIS (1647-c. 1712), French physicist, and in- 
ventor of a device that was the forerunner of the autoclave (q.v.), 
was born at Blois on Aug. 22, 1647. Papin acted as assistant 
to Christiaan Huygens in his experiments with the air pump. 
Later he went to London and assisted Robert Boyle. He intro- 
duced a number of improvements in the air pump and invented the 
condensing pump. In 1679 he invented his steam digester, a 
closed vessel with a tightly fitting lid in which water was heated. 
Because the steam was prevented from escaping, a high pressure 
was generated, causing the boiling point of the water to rise con- 
siderably. A safety valve of his invention guarded against exces- 
sive rise of pressure. 

In 1684 Papin received from the Royal Society an appointment 
as temporary curator of experiments, with a small salary. In 
this capacity he carried on numerous and varied investigations 
in hydraulics (Phil. Trans., 1685, etc.). In Nov. 1687 he was ap- 
pointed to the chair of mathematics in the University of Marburg, 
and there he remained until 1696, when he removed to Kassel. In 
1705 G. W. Leibniz sent him a sketch of T. Savery’s steam engine 
for raising water, and this stimulated him to further work, which 
resulted in his Ars nova ad aquam. ignis adminiculo efficacissime 
elevandam (1707). In 1707 Papin returned to London where he 
died in obscurity, probably early in 1712. 

Many of Papin’s writings were collected by himself into a 
Fasciculus dissertationum (1695), of which he published also a 
translation into French, Recueil de diverses pièces touchant 
quelques nouvelles machines (1695). His correspondence with 
Leibniz and Huygens, along with a biography by Ernst Gerland, 
was published as Leibuizens und Huygens Briefwechsel mit Papin, 
nebst der Biographie Papins (1881). 

See A. L. Todd, “Original High Pressure Cook,” American Mercury, 
vol. 87 (Aug. 1958). 

PAPINEAU, LOUIS JOSEPH (1786-1871), Canadian 
politician, the eloquent and fiery exponent of the rights of French 
Canadians in the period preceding the Rebellion of 1837, was born 
at Montreal on Oct. 7, 1786. The son of Joseph Papineau, a no- 
tary and member of the Legislative Assembly of Lower Canada 
(Quebec), he was elected to the assembly in 1808 and in 1815 
became its speaker, a position which he occupied almost continu- 
ously until 1837. He came to be regarded as the leader of the 
French-Canadian people in their long struggle against the gover- 
nors of Lower Canada and the English-dominated executive and 
legislative councils, Papineau inspired the Ninety-Two Resolu- 
tions, a resounding statement of French-Canadian grievances, 
passed by the assembly in 1834. In March 1837 the governor, 
Lord Gosford, was authorized to reject the demands of the as- 
sembly and to appropriate provincial revenues without the assem- 
уз consent, In the movement of protest that followed, Papineau 
made inflammatory speeches, although it is doubtful whether he 
actually desired armed rebellion. At the commencement of hos- 
ше at St. Denis on the night of Nov. 22-23, 1837, Papineau 
а the patriote force led by Wolfred Nelson and escaped 
i е United States. He lived in Paris from 1839 until amnesty 

‘$ granted, and he returned to Canada in 1845. 

* sat in the Legislative Assembly of the Province of Canada 
Ё n and Lower Canada had been united in 1841, with a single 
E representing Canada West and Canada East) from 1848 
Bleed i ut never regained his former dominance, having been dis- 
{ori ates LaF ontaine as leader of the French-Canadian ma- 
Ex € inspired the group of young French Canadians who 

m the Rouge Party, a forerunner of the Liberal Party in 

Т ec. He died at Montebello, Que., on Sept. 24, 1871. 

Diela PEY —L, O. David, Les Deux Papineau (1896) ; Alfred D. 
; t apineau-Cartier (1904) ; E. Circé-Côté, Papineau, son In- 


7 
Fon (2924): К. Rumilly, Papineau (1934); Mason Wade, The 


Р adians 1760-1945 (1955). (D. C. C. M) 
TA INI, GIOVANNI (pseudonym Granratco) (1881- 
fic)’, Italian writer and critic who helped to open Italian 
Te to foreign influences, was born in Florence, Jan. 9, 
(1903) © founded the reviews Leonardo, with G. Prezzolini 

› and Lacerba, with А. Soffici (1913), and contributed to 
0ce. Professedly an iconoclast, he demolished many estab- 
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lished reputations in his books, Crepuscolo dei filosofi (1906) and 
Stroncature (1916). His autobiographical Un uomo finito (1912; 
Eng. trans., A Man—Finished, 1924), and his stories, 7} Tragico 
quotidiano (1906) and Parole e sangue (1912), seem now unin- 
teresting, and his poems, Cento pagine di poesia (1920) and Pane 
e vino (1926), mediocre, but his criticism has had lasting influence. 
An atheist, he was converted in 1919 and became a Roman 
Catholic, and his Storia di Cristo (1921, Eng. trans., The Story of 
Christ, 1923) achieved immense success. He died at Florence, 
July 7, 1956. 

See G. Prezzolini, Discorso su Giovanni Papini (1915); A. Viviani, 
Gian Falco (1934). (F. Dr.) 

PAPINIAN (Акмплиз PAPINIANUS) (c. А.р. 140-212), one 
of the last of the great Roman jurists, probably came from 
Emessa, Syr., and may have been a pupil of Q. Cervidius Scaevola. 
Having served under Marcus Aurelius, he became (203-205) 
praefectus praetorio under Lucius Septimius Severus. He was 
killed on the orders of Caracalla (g.v.) in the slaughter of sup- 
porters of Geta—according to legend, for his refusal to justify 
Caracalla’s fratricide. 

The greatest of the Severine jurists, Papinian shows apprecia- 
tion of the practical needs of life and leans to the equitable solution 
of problems. It is indeed the lofty moral tone of his views which 
explains Papinian’s prestige in the Christian Empire, for in crea- 
tive power he does not really compare with the great earlier figures 
Labeo and Julian. 

His principal works were collections of cases—Quaestiones (37 
books) and Responsa (19 books); but he also wrote Definitiones 
and monographs de Adulteriis and on aspects of municipal law. 
His style is precise and elegant. In the postclassical law schools, 
Papinian’s authority was definitive: third-year students were 
styled Papinianistae, his Responsa being the basis of their studies. 
The Law of Citations (a.D. 426), regulating the forensic use of 
juristic literature, gave special prominence to Papinian’s views. 

BIBLIOGRAPHY.—E. Otto, Papinianus, seu de vita, studiis, scriptis, 
moribus et morte Aemilii Papiniani (1718) ; E. Costa, Papiniano, 4 vol., 
esp. vol. 1 (1894-99); W. Kunkel, Herkunft und soziale Stellung der 
rümischen Juristen, pp. 224 ff. (1952). (J. А. C. T.) 

PAPIRIUS, LUCIUS (called Cursor, “runner”; apparently 
a family name, although Roman tradition made him a great run- 
ner; 4th century B.c.), Roman general, five times consul and 
twice dictator. In 325 в.с. he was appointed dictator to carry on 
the Second Samnite War. After the disaster of the Caudine Forks 
(q.v.; 321), Cursor captured Luceria, where a colony was founded. 
In 309, when the Samnites rose once more, Cursor was appointed 
dictator for the second time, and is credited by Livy with a decisive 
victory at Longula. His son of the same name, also a distinguished 
general, fought in the Third Samnite War (293) and captured 
Tarentum (272). 

PAPPATACI FEVER (PHLEBOTOMUS FEVER, THREE-DAy 
FEVER, SAND-FLy FEVER) is an acute, infectious, febrile disease 
caused by a virus and producing temporary incapacitation. It is 
transmitted by the bloodsucking female sand fly, Phlebotomus 
papatasii, and is prevalent in the moist subtropical countries of the 
eastern hemisphere lying between latitude 20° and 45° N, particu- 
larly around the Mediterranean Sea, in the Middle East, and in 
parts of India. It breaks out in epidemic form during the summer 
season following the breeding of this species of fly, but the reser- 
voir for the virus between epidemics is unknown. The sand fly 
becomes infected as a result of biting an infected person when the 
virus is circulating in the patient's blood; i.e., from 48 hours before 
until 24 hours after the onset of fever. The virus then requires 
seven to ten days to incubate, after which the sand fly remains 
infected for life. 

Pathogenesis and Symptomatology.—Man becomes in- 
fected from the bites of infected female sand flies. Using human 
adults of both sexes and different racial groups as volunteers, A. B. 
Sabin, C. B. Philip, and J. R. Paul (1944) obtained 95% infection 
following skin exposure to infected Phlebotomus papatasi. The 
virus multiplies and becomes widely disseminated throughout the 
body, and within two and one-half to five days after exposure there 
is suddenly a feeling of lassitude, abdominal distress, and dizziness, 
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followed within one day by a chilly sensation and a rapid rise in 
temperature during the next 24 to 48 hours to 102°-104.5° F 
(38.8°-40.3° C). As in dengue, there are severe frontal headache 
and postorbital pain, intense muscular and joint pains, and a flushed 
appearance of the face but no true rash or subsequent desquama- 
tion. During the first day of fever there is an accelerated pulse. 
-Usually after two days the temperature slowly returns to normal; 
only rarely is there a second episode of fever. Following the feb- 
tile period there is great fatigue and weakness, accompanied by 
slow pulse and frequently subnormal blood pressure. Convales- 
cence may require a few days or several weeks. 

Prognosis is always favourable. The average case is consider- 
ably less severe than in dengue. Diagnosis is based on the clinical 
manifestations, the geographical area in which the disease occurs, 
the prevalence of Phlebotomus papatasii, and the epidemic devel- 
opment of the disease. More specifically, although there is no 
change in the total number of white blood corpuscles, there is an 
increase in the proportion of immature neutrophilic forms. Treat- 
ment is entirely symptomatic. 

Prevention.—Sand flies breed in vegetation within a few hun- 
dred feet of human habitations. These breeding places are difficult 
to discover, hence larvicidal control is impractical. The blood- 
sucking females feed only from sunset to sunrise and only at 
ground level, so that sleeping above the ground floor provides 
moderately good protection. Ordinary mosquito netting and 
screening are useless, since unfed female flies can pass through 
18-mesh squares. Insect repellents, such as dimethyl phthalate, 
when applied to exposed skin, will keep sand flies away for a few 
hours, but the use of DDT sprays on verandas, on screens, around 
doors and windows, and within habitations will readily kill all 
adult sand flies that alight on the sprayed surfaces. With this pro- 
cedure an epidemic can be rapidly terminated. See also SAND 
Fry. (E. C. F.) 

PAPPENHEIM, GOTTFRIED HEINRICH, Grar zu 
(1594—1632), German cavalry commander conspicuous in the first 
half of the Thirty Years’ War (q.v.), was born on May 29, 1594, 
at Treuchtlingen, the seat of a junior branch of a family that had 
the hereditary right to perform the ceremonial functions of arch- 
marshal of the Holy Roman Empire. Originally a Lutheran and 
destined for a diplomatic career, he studied law at the universities 
of Altdorf and Tübingen, but changed his profession and his re- 
ligion and became a soldier. Serving with the Catholic League 
headed by the elector Maximilian I of Bavaria, he showed himself 
to be a tempestuous cavalry officer, always charging ahead of his 
men and frequently wounded, a refractory subordinate, ruthless 
and brutal even by contemporary standards, but idolized by his 
regiment of cuirassiers, known as the Pappenheimers, whose col- 
опе] he became іп 1623. Не fought in the Bohemian War of 1620 
and against Ernst von Mansfeld in 1621-22. After service with 
the Spaniards in Lombardy and the Grisons (1623-26), he was 
recalled by Maximilian to quell the rising of the Upper Austrian 
peasants against their Catholic oppressors. This he achieved with 
inhuman ferocity (November 1626). In the Danish War he con- 
quered Wolfenbiittel (1627) and expected to be enfeoffed with 
the duchy of Brunswick-Wolfenbiittel, but received only elevation 
to the rank of imperial count (1628). The storming of Magdeburg 
(May 20, 1631) was chiefly due to Pappenheim’s undaunted cour- 
age, which he also displayed, though without success, in the first 
of the Battles of Breitenfeld. He showed great skill in covering 
Tilly’s retreat and in executing independent operations against the 
Swedes in northwestern Germany. Early in November 1632 
Wallenstein sent Pappenheim, by this time an imperial field mar- 
shal, toward Westphalia and the lower Rhine, but recalled him to 
Saxony on the eve of the Battle of Lützen (g.v.). Mortally 
wounded almost immediately after his arrival, Pappenheim died 
a day later, on Nov. 17, 1632, in Leipzig. (S. H. S.) 

PAPPUS OF ALEXANDRIA, Greek geometer, flourished 
about A.D. 320, as inferred from references to a solar eclipse in his 
commentary to Ptolemy's Almagest. 

The great work of Pappus, written about A.D. 340 in eight books 
and entitled Collection, survives only in an incomplete form, the 
first book being lost, and the rest having suffered considerably. 
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He also wrote commentaries on the Analemma of Diodorus 

Ptolemy’s Almagest, on his Planisphaerium and Harmonica inla 
Euclid’s Elements. Citations from the commentary on the P 
ments are made by Proclus and others, while fragments of th 
portion relating to book x survive in the Arabic. Suidas also men. 
tions geographical works. Г 


T 


The characteristics of Pappus' Collection are that it cond 


an account, systematically arranged, of the most important тезү, 
obtained by his predecessors; and, secondly, notes explanatory 
of, or extending, previous discoveries. These discoveries form, jj 
fact, a text upon which Pappus enlarged discursively. Very Fa 


able are the systematic introductions to the various books, whid - 


set forth clearly in outline the contents and the general scop 
of the subjects to be treated. From these introductions it is cle 
that the style of Pappus’ writing is excellent and even elegant whey 
free from the shackles of mathematical terminology. 

Tt can only be guessed that the lost book i was concerned wilh 
arithmetic. The whole of book ii (the existing fragment begins 
in the middle of the 14th proposition) related to a system of con 


tinued multiplication coupled with the expression of large num - 


bers in terms of so-called tetrads (powers of 10,000) due to Арі. 
lonius of Perga. 

Book iii, clearly introduced as beginning a new subject, conta 
problems in plane and solid geometry. It includes sections; (I) 
On the famous problem of finding two mean proportionals betwee 
two given lines, to which Hippocrates of Chios had reduced the 
problem of duplicating the cube. Pappus gave several solution 
of this problem, including his own, and also a method of approt: 
mating continually to a solution, the significance of which № 
apparently failed to appreciate. (2) On the arithmetic, geomeltit 
and harmonic means between two straight lines, and the problem 
of representing all three in one and the same geometrical figut. 
This serves as an introduction to a general theory of means? 
which Pappus distinguished ten kinds with examples. (3) б! 
curious problem suggested by Euclid, i, 21. (4) On the inscribint 
of each of the five regular polyhedra in a sphere. 

Of book iv the title and preface have been 
purpose has to be gathered from the book itself. 
is the well-known generalization of Euclid, i, 47; then follow viti 
ous theorems on the circle, leading up to the problem of the co 
struction of a circle that circumscribes three given circles ше 
ing each other two and two. This and several other propositi 
on contact (e.g., cases of circles touching one another and b à 
in the figure made of three semicircles; known as shoema! i 
knife) form the first division of the book. Pappus tured 
to a consideration of certain properties of Archimedes spiri 
conchoid of Nicomedes, and the curve discovered by Hippits d 
Elis about 430 в.с., and known by the name quadratrix. Bu 
tion 30 describes the construction of a curve of double e 
called by Pappus the helix on a sphere, a construction ШШ 
to that of Archimedes’ spiral in a plane. The area of the id 
included between this curve and its base is found by the t i 
method of exhaustion equivalent to integration. The fc 
book treats of the trisection of any angle, and the solution ti ‘i 
general problems of the same kind by means of the quadra i 
spiral. In one solution of the former problem is the first re ii 
use of the property of a conic (a hyperbola) with reference 
focus and directrix (see CURVES, SPECIAL). : Jar po 

In book v (after an interesting preface concerning regu [1 
gons, and containing remarks upon the hexagona 
cells of honeycombs) Pappus addressed himself to t di 
of the areas of different plane figures which all pes d 
perimeter (following Zenodorus’ treatise on this subject tid 
the volumes of different solid figures which all па y 
superficial area; and, lastly, to a comparison of the 
solids. 


yh 
Incidentally Pappus described the 13 other b " 
bounded by equilateral and equiangular but no w 


lost, so that һ 
At the Берт 


t similar ро 
discovered by Archimedes, and found, by a method rec 
of Archimedes; the surface and volume of a sphere. 
According to the preface, book vi is intended {0 
culties occurring in Theodosius’ “Little Astronomy. 
ingly comments on the Sphaerica of Theodosius, 
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Sphere of Autolycus, Theodosius’ book On Days and Nights, the 
treatise of Aristarchus On the Sizes and Distances of the Sun and 
Moon, and Euclid’s Optics and Phaenomena. 

The preface of book vii explains the terms analysis and syn- 
thesis, and the distinction between theorem and problem. Pappus 
then enumerated works of Euclid, Apollonius, Aristaeus and 
Eratosthenes (33 books in all) with the lemmas necessary for their 
elucidation. With the mention of the Porisms of Euclid is an ac- 
count of the relation of porism to theorem and problem. In the 
same preface are included the famous problem of Pappus, which 
formed the basis for René Descartes’s Géométrie; and the theo- 
rems which were rediscovered by and named after Paul Guldin 
(1577-1643), but appear to have been discovered by Pappus him- 
self, Book vii contains also (1), under the head of the de deter- 
minata sectione of Apollonius, lemmas which, closely examined, 
are seen to be cases of the involution of six points; (2) important 
lemmas on the Porisms of Euclid (see Portsms); (3) a lemma 
upon the Surface-Loci of Euclid which gives a complete proof 
of the focus-directrix property of the three conic sections. 

Lastly, book viii treats principally of mechanics, the properties 
of the centre of gravity, and some mechanical powers. Inter- 
spersed are some questions of pure geometry. Proposition 14 
shows how to draw an ellipse through five given points. 

Through an Arabic translation, made about A.D. 915 in Baghdad, 
а commentary of Pappus on the theory of irrational quantities, as 
presented in book x of Euclid's Elements, has survived. The main 
interest of the commentary consists in the great number of re- 
marks about the historical development of the theory of irrationals 
from Theaetetus to Apollonius. From a purely mathematical view- 
point it must be said that Pappus nowhere went beyond an elabo- 
rate formal classification of irrational quantities. 

_ Asis known from book vi of the Collection Pappus was also 
interested in astronomy, which indeed was considered as part of 
mathematics in antiquity. It is certain that Pappus wrote a large 
commentary on at least the first six, perhaps on all 13 books of the 
Almagest. Preserved are only the commentaries to the lunar the- 
ory in books у and vi, the first of which was published in Basel 
(1538), both in a modern edition by A. Rome (1931). Again, the 
main importance of this work lies in its occasional historical ref- 
or de main text is an extremely pedantic exposition of 
MM % on only rarely going beyond the obvious. 
the Collection of Pappus the best edition is that of F. Hultsch, 
ү appi Alexandrini collectiones quae supersunt . . . (1876-78). 
ü French translation by P. Ver Eecke was published in 2 vol. 
M Previously the entire Collection had been published only 
pud Latin translation. (with commentary) by Commandinus 
ü 88 et seg.), The commentary to Euclid x was published by 
i ne and W. Thomson, Arabic text with English translation 
Commentary (1930); the Greek text of the commentary to 
= Almagest, books v and vi, is given in vol. i of Rome, “Com- 
entaires de Pappus et de Théon d’Alexandrie sur l'Almagest," 
a е Testi, vol. 54 (1931). The extensive introduction to the 
€t Work also contains the determination of the date of Pappus. 
(9 REY —G, Loria, Le scienze esatte nell’ antica Grecia 
RN - L. Heath, History of Greek Mathematics, 2 vol. (1921); 
: Newman (ed.), The World of Mathematics, d yaa LAN 
(T. L. H.; O. B. N. 
ШЕ ЧА, а name for the whole island of New Guinea, also 
3 E New Guinea, and known as Territory of Papua. 
UINEA. 
"si AN, a term used to describe: (1) persons of European 
Ud as distinct from native, born in the Australian territory 
tig nt (formerly British New Guinea, 1888-1906); (2) an 
loy); uut (according to the original use of Papuan, see be- 
lj A b the languages of the island of New Guinea, except those 
ossessips dà coastal peoples around the eastern tip an oa 
h 1n the south to Colli 4 bay in the north, and by 
epee coastal Raps faethe esc dont the northern coast, 
ie Hn in West (previously Netherlands) New Guinea. — 
branch UE of these latter groups belong to the Melanesian 
ages 9f the Austronesian or Malayo-Polynesian family of lan- 
* The several hundred Papuan languages of New Guinea, 
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now called non-Melanesian, were thought to be unrelated to one 
another, though having some structural features in common. Re- 
search, however, shows that these include several quite large groups 
of related languages (see PAPUAN LANGUAGES). 

Papuan (Malay papuwah, "frizzly" or "woolly-haired") was 
first applied by early navigators to the natives of New Guinea and 
adjacent islands. It is in this sense that the word Papuan will be 
used for the remainder of this discussion. А. R. Wallace (The 
Malay Archipelago, 1869) described the Papuan as having a face 
at once compressed and projecting, with protuberant and over- 
hanging brows, large and prominent mouth, and a large nose, the 
apex of which is elongated downward, the ridge thick and the 
nostrils large. He saw the skin colour as varying from a dusky 
brown to a deep, sooty brown, but not as darkly pigmented as that 
of some Negroes. The legs seemed long and thin, but the striking 
feature was the harsh, dry, frizzly hair growing in little tufts or 
curls to a considerable length and forming a compact frizzled mop. 

The Papuans are of medium height on the coasts, but tend to 
be short in the high inland regions and they are mostly longheaded; 
they are regarded as the basic population of New Guinea, of the 
islands west of it as far as Flores and Halmahera (Djailolo) and 
of the Melanesian chain in the north and east. The actual popu- 
lation picture, however, is complex. There are Australoid indi- 
cations, pygmy groups and variations of average height in dif- 
ferent regions. Further, the isolating and strikingly varied nature 
of the environment (e.g., islands, mountain ranges, torrential 
rivers, lowlands, highlands) have provided conditions for the 
preservation of variations and mutations. Differences in average 
heights and in skin colour could have arisen in this way. Skin 
colour varies in different regions and also in any one region (from 
dark brown to reddish white). Blood-group analysis points to two 
immigrant races (but no hint of any Asian source) and also to 
distinct enclaves in isolated parts, e.g., the existence of the Kuku- 
kuku people in the mountain region north of Kerema and west- 
southwest of Lae, illustrates the complexity. Their blood pattern 
is unlike any other so far found in New Guinea and their lan- 
guage is unrelated to the highland and other languages. (See also 
AUSTRALIA, COMMONWEALTH oF: The People; NEw GUINEA.) 

Melanesia (“black islands") was so called because early ob- 
servers considered the islanders black. Differences among the 
Papuans have arisen through natural genetic changes and inter- 
breeding with later groups, mainly proto-Polynesian. Some 
Melanesian groups occupied the coastal fringe of the eastern tip 
of New Guinea and mixed with the Papuans, forming the so-called 
shorter Papuo-Melanesian type. The latter's head is less high and 
not so consistently dolichocephalic as the Papuan’s, the brow 
ridges less prominent, the forehead commonly rounded and not re- 
treating, the nose smaller, skin colour lightish yellow to dark 
bronze, and hair sometimes curly to wavy. 

Except in a generalized and geographical sense, the terms Papuan 
and Melanesian must be used very cautiously when indicating ra- 
cial differences. Distinguishing roughly between these two groups, 
the population figures in 1962 for Papuans were 700,000 in West 
New Guinea and about 1,673,000 in the Australian territory. In 
addition, there were about 90,000 Papuo-Melanesians and Papuans 
from the eastern tip and adjacent islands, while the 230,000 na- 
tives of the Australian section of the Melanesian chain include 
many who speak non-Melanesian languages and are thought of as 
Papuan. 

Culture and Social Organization.—The culture of the in- 
digenous Papuans is varied and the literature on it has increased 
very greatly since the inauguration of planned research in the 
1920s. Only very few groups are nomadic; almost all are garden- 
ers, practising subsistence cultivation, the staple food varying 
according to regions: taro, sweet potato, yam, banana, or sago. 
Coastal peoples also rely on fishing (with nets, traps, hooks, spears, 
and bows and arrows). Hunting for marsupials and birds is im- 
portant in many regions. Pig-breeding for food and especially for 
ceremonial feasts and for trade is the most significant occupation 
in many parts; Papuans were sometimes called “the people of the 

ig.” 
Garden land, or in some cases its usufruct only, is the property 


292 


of individual families and is inherited in the male or female 
line according to the region. Some trees, such as casuarina in the 
highlands and coconut on the coast, may be the property of in- 
dividuals who do not own the land on which the trees grow. 
Gardening techniques vary from roughly clearing and burning a 
patch of forest and planting yams or other plants in holes, to 
the advanced system of the central highlands. There, mounds up 
to two feet high and from six to nine feet square or circular are 
dug all over and planted mainly with sweet potatoes. The paths 
in between serve as runways for the heavy rainwaters and thus 
prevent erosion, especially on the steep sides of mountains, Drain- 
ing ditches are also dug and from the air the gardens look like a 
checkerboard. Crops are harvested twice, after which cane grass 
is allowed to grow. Casuarinas are then planted around the gar- 
den fence (necessary to keep out pigs) and on reaching a height of 
20 ft. provide timber for fence and housebuilding. The grass is 
then burned and dug in, and the soil is again ready for use. In 
the meantime, other garden land is used. 

On the coast and the rising hinterland Papuans live in hamlets 
and villages, often on the crests of ridges and on hilltops (a de- 
fense precaution). The village system also characterizes the 
eastern valleys of the central highlands, but from the Chimbu to 
Wabag (west of Mt. Hagen), and in the central highlands of West 
New Guinea all the tribes live in homestead formation. Each 
man has a house in his garden for his wife or wives, daughters, 
and small sons, He may also have a separate house for himself 
and his older sons in his garden or somewhere on his clan’s land; 
or he may share a man’s house with relations and friends. A 
rectangular-shaped park provides a meeting place where dancing 
and feasts are held. 

Houses along the coast and on the rising hinterlands are usually 
built on piles whether over the water or not. Some are communal 
houses, up to 160 yd. long, where a whole clan, several clans, or 
even a whole village may live, each family having its own fire- 
place. There is usually a separate men’s longhouse in the vil- 
lage (or for a group of villages), which is also a club and ritual 
centre, The manhandling of the immense logs used in these build- 
ings and also in the similarly large ceremonial houses in the Sepik 
district, involves large-scale co-operation and organization. In the 
central highlands houses are not raised. The airtight low, thick 
walls, thatched roofs, small doors that are closed at night, and a 
fire in the midst provide the warmth necessary at altitudes of 
from 5,000 to 10,000 ft. Casuarina is the usual building material. 

Social organization includes the lineage and clan systems every- 
where, moiety division in some parts, and classificatory kinship as 
the basis of behaviour. Phratries and subclans are also present, 
particularly in the densely populated highlands. There is no chief- 
tainship, but leaders are men of “big name,” of personal influence 
and, in some tribes, of wealth. 

Totemism (q.v.) is reported from the south coast of Papua, but 
not from the Australian central highlands or the rising hinterlands, 
and its existence in West New Guinea is doubtful. Gardening 
magic is fairly general, as also is sorcery. Almost everywhere 
boys are initiated into the men’s secret cult, with the right to 
enter the houses in which secret symbols of spirits and ancestors 
are kept, and to take part in secret rites. Papuan mythology and 
ritual do not reveal any over-all cosmological and religious sys- 
tem, and differ thus from the Australian aboriginal situation. 

Papuans have a well-developed aptitude for trade. In the west- 
ern central highlands of Australian New Guinea an involved sys- 
tem of delayed exchange ends each cycle with a businesslike 
handing-over of goods, especially pigs, but also polished stone axes, 
pearl shells (traded in from the coast), and other articles. Com- 
pensation for deaths in war is made at the same time; but many 
articles are traded without ritual. Much ingenuity has been ap- 
plied in obtaining salt (from inland saline soakages) that is traded 
over long distances; pottery from the region of Port Moresby is 
extensively traded for sago from the region of the Gulf of Papua. 

Group dancing is common, but its swaying and quiet stepping 
lacks the vigorous ballet work of Australian aboriginal corroborees. 
Singing follows much the same soothing pattern, though some of 
the head-hunting songs are startling. Music is provided by artis- 
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tic hand drums, bamboo flutes, panpipes, and jew’s-harps, 
Administrative and Economic Development. pigy 

and head-hunting (q.v.), where previously practised, were almost 
put down in the 1960s; disputes are settled in courts, Administra. 
tion posts, mission stations, schools, hospitals and trade stores ate 
established in almost every tribal and subtribal region. Мей 
educational and agricultural officers include trained native pep 
sonnel, and leading natives are appointed as administration тер. 
sentatives in every suitable geographical unit. Many local com. 
cils, along the lines of municipal councils, and co-operative anj 
rural progress societies function successfully in the Australian ter. 
ritories. Many natives are independent cash-crop producers; ё, 
of coffee, passion fruit and сорга. Native representatives are M 
pointed to the legislative councils of the territories. A native 
Papuan was consecrated a bishop of the Church of England in 
1960. From May 1963 the administration of West New Guina 
(West Irian) was transferred to Indonesia. See also MELanesu, 
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PAPUAN LANGUAGES are the languages spoken in Net 
Guinea and in some islands mostly in its vicinity. They show 
structure markedly different from that of the Malayo-P olynesin 
(i.e., Indonesian, Micronesian, Melanesian and Polynesian) m 
guages and of the Australian languages spoken by the indigens | 


population of Australia. The term “Papuan languages” В a 
mislead, because it gives the impression of the existence ie 
genetically related group of languages. In reality no facts H 
established which point to such. a relationship. The nu 
designated by the term “Papuan” are all widely divergent in Кы 
system, grammatical structure, and vocabulary. Some of ‘i 
have a highly developed verb system with elaborate d 
for person and gender, others show in their noun system tali 
tions between singular, dual, trial, and plural, structural, v 
which are absent in the Austronesian languages. In many ye { 
languages the object precedes the verb. But such traits are pr 
in some languages and absent from others and therefore © 
be used for a general characterization. age É 
In certain regions of New Guinea the diversity of Jangu! к 
bewildering. Neighbouring tribes seem to speak quite D I 
languages, Nevertheless, hasty conclusions must be avoidet: 
must be taken into account that—as is known in other me 
the world—this impression of diversity often diminishes 0 
disappears when language research progresses. 
This does not mean, however, that no genetic 
tween the Papuan languages have been established. Jn i vet! 
gions in New Guinea the Papuan languages are found to p 
similar in structure (e.g. in the so-called western а? m 
highlands); on north Halmahera it seems preferable, 4 и 
to Н. Van der Veen, to distinguish between differ (19) 
rather than between different languages. H. K. J. Gora some 
attempted to connect the north Halmahera dialects y en 
the Papuan languages of the Vogelkop peninsula to the 
Scientific knowledge of the Papuan languages 15 8° 
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slight. It has not even been possible to determine their exact num- 
ber and their location, but it may be safely assumed that they 
number about 300. This lack of knowledge is caused in the first 
place by the inaccessibility of the interior of New Guinea. First 
contacts were not made with several tribes until after World 
War II. Extensive parts of the interior are completely unknown. 
‘The number of linguists who have done fieldwork in New Guinea 
is exceedingly small. Most of the linguistic data are collected by 
missionaries, and for many languages translations of parts of the 
Bible or other religious literature form the only sources of infor- 
mation. Often these are not printed, but are only available in 
manuscript form. Only after World War II was linguistic research 
somewhat intensified. 
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Papuan languages are spoken: (1) in the interior of Portuguese 
Timor and on a few islands in its vicinity (Kisar, Alor); (2) in 
the northern part of Halmahera (in south Halmahera, Austro- 
nesian languages are spoken); (3) in the whole interior of New 
Guinea from west to east, as far as Goodenough bay and Orangerie 
bay, and also in many places on the coast; (4) in New Britain 
and New Ireland (Melanesian languages are also spoken there) ; 
(5) on some of the Solomon Islands (Bougainville and the west- 
em Solomons). 

1. Timor.—On Timor and adjacent islands the following Pàp- 
uan languages may be distinguished: in the interior of Timor: 
Makasai, Bunak, Waimaha and Kairui; on Kisar: Oirata; on 
Alor: no generally accepted name. 

2. North Halmahera.—According to Van der Veen (1915), 
ten clearly related dialects are spoken on north Halmahera: Ga- 
lela, Tobelo, Tobelo-Boéng, Tobelo-Dodinga, Modole, Tabaru, 
Sahu, Loda, Ternate, Tidore. 

3. New Guinea.—In the present state of knowledge it is im- 
possible to give a complete and reliable list of the languages spoken 
in New Guinea. Many languages are completely unknown. The 
existing surveys do not mention the same languages, and moreover 

same language is often called by different names. 

West: (formerly Netherlands) New Guinea.—Of the 48 lan- 
guages mentioned by A. Capell (1954), only the following are more 
Or less known by short grammars and word lists or both: Ayamaru, 
near Lake Ayamaru in the interior of the Vogelkop peninsula; 
Mansibaber, on the east side of the Vogelkop peninsula; Sentani, 
in the north near Lake Sentani, which is near Hollandia; Marind, 
nt Southeast coast near Merauke; Riantana; Ndom; Kimag- 
ama (these last three being spoken on Frederik Hendrik Island) ; 

JU, southwest of ‘Tanahmerah and on the upper Mapi river; 

moro, on the Mimika river; Ekari, near Lake Paniai and Lake 

gi; Moni, east of Lake Paniai: 
"od Territory of New Guinea.—In the trust territory, of the 
He anguages listed by Capell (1954), only the following have be- 
me more or less known: Arapesh on the north coast west of the 

5 river; Monumba and Ngaimbon on the north coast east of 
t river; Garus and Nobonob, also on the north coast north 
Dear үн апр; Bongu on the north coast south of Madang; Kate, 

Аел; Ono, in the Kalasa district. 

only pos of the 100 languages mentioned by Capell ( 1954), 
e following have been studied: Kiwai, spoken on Daru 
» Оп the coast opposite this island and on the Fly river delta; 
m. on the Fly river opposite Madiri; Kerewa, in the south- 
Part of the Kikori delta; Namau or Koriki, around Maipua, 
Tontin E delta; Orokolo, on the south coast east of Maipua; 
Fu Pi, on the south coast near the mouth of the Lakekamu river; 
Binand or Mafulu, near Mafulu, Wharton range, central division; 

v as in the region of the Gira and the Mambare rivers. | 
ae M Britain and New Ireland.—Of the six to eight 
Bainin, ie spoken on New Britain (according to Capell: 
and b Gaktai, Sulka, Tumuip, Idue and perhaps Bau 

е оцу "n only Baining is fairly well known. On New Ireland 
- Solo, apuan language is Panaras. 

Bougainyin Of the 13 Papuan languages, 9 are spoken on 
Ig d е. The remaining four are spoken on Vella Lavella 
Southeast of Bougainville, on Renonga, an island south of 
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New Georgia and on a few islands northwest of Guadalcanal 
(Russell Islands and Savo). Of these languages Rugara and 
Nasioi on Bougainville and Bilua on Vella Lavella Island are fairly 
well known. 
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PAPYROLOGY. The care, reading and interpretation of 
the papyri from Egypt is the science of papyrology. Included in 
this study also are writings upon other materials, such as potsherds, 
parchments, wooden and waxed tablets and stone, whether in the 
classical languages or in Egyptian demotic. The paleographical 
and technical skills of scholars trained in this area have also been 
directed toward similar documents found elsewhere in the Greco- 
Roman world. 

It was a revelation to classical scholars when, in the 19th cen- 
tury, Greek and occasionally Latin texts of every sort began to 
emerge in vast quantities from the dry sands along the Nile. 
Whether as individual papyrus sheets, as rolls or as booklike co- 
dices, they afforded a wealth of new information about the litera- 
ture and the civilization of Greece and Rome and especially about 
the Egypt of Hellenistic and Roman times. $ 

Discovery of Papyri.—Egypt.—The first papyrus toll to be 
brought to Europe was the so-called Charta Borgiana now in Na- 
ples. This account of compulsory labour upon an irrigation project 
in A.D. 192 was bought by a merchant in 1778; it is said that the 
villagers burned others when he would not buy them. In the 19th 
century, indifference gave way to à keen interest, as scholars real- 
ized the importance of the material. Papyri in varying states of 
disrepair were found by peasants in mounds at the desert’s edge, 
sites of ancient settlements. The papyri were found in rubbish 
heaps, tombs and houses in those parts of Egypt where there is 
little or no rain and occasionally in charred condition in lower 
Egypt also; they were bought eagerly by dealers, Important 
groups of documents came from Memphis and Saqqarah, a large 
fragment of Homer from Aswan, and a substantial manuscript of 
the little-known Attic orator Hyperides from Thebes. The an- 
cient Arsinoé (Al Fayyum, southwest of Cairo) yielded an enor- 
mous mass of papyri, partly in Arabic, which were bought by the 
Austrian archduke Rainer and taken to Vienna. 

After the Egyptologist Sir Flinders Petrie began to find Greek 
papyri in his excavations at Gurob (1889-90), the systematic 
search for them was undertaken by the Egypt Exploration fund, 
and the English papyrologists B. P. Grenfell and A. S. Hunt ex- 
cavated many sites. At Tebtunis (southern Al Fayyum) a ceme- 
tery of sacred crocodiles yielded wrappings made from used papy- 
rus documents of the Hellenistic period; 13 seasons of digging at 
Oxyrhynchus in middle Egypt (1896-1909) brought to light thou- 
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sands of texts including large numbers of previously unknown lit- 
erary works. This example was followed by scholars of other 
nationalities, French, German, Italian and American. Excava- 
tions have been undertaken by the University of Michigan in the 
northern Al Fayyum and by Achile Vogliano at Tebtunis and the 
near-by Medinet Madi. After 1920, a Société Egyptienne was es- 
tablished for the purchase of papyri, and the government has taken 
active steps to prevent loss or damage of papyri found accidentally 
or in clandestine excavations. 

Near East.—Finds in the near east also have been significant. 
A jar found by a peasant at Avroman (Kurdistan) about 1909 con- 
tained parchments of the Parthian period, three of which were 
preserved. All are contracts, two in Greek, one in Middle Persian 
(Pahlavi), At Doura-Europus on the middle Euphrates, system- 
atic excavations between 1921 and 1936 of the French Academy 
and Yale university revealed 155 documents, a few literary, the 
rest either legal papers or records of a Roman military unit. At 
Hafir al-Auja (Nessana) in southern Palestine, in a desert region, 
the ruins of two churches excavated in 1937 by the H. D. Colt 
expedition recovered nearly 200 literary and nonliterary papyri 
of the Byzantine period. After World War II, sensational dis- 
coveries of parchments and papyri were made first by Bedouins 
and then by archaeologists in caves west of the Dead sea, in the 
Wadi Qumran and the Wadi Murabbaat. (See Deap SEA 
SCROLLS.) 

Mediterranean.—A certain number of papyri have survived from 
antiquity in libraries. Some of these are literary; others, like the 
“Ravenna papyri," are high documents of church or state. Her- 
culaneum (Campania) has yielded charred rolls of literary pa- 
pyri. A find of 45 wooden tablets, sealed in a jar, containing 
business documents was made by peasants in 1928 at an unknown 
location on the frontier between Tunisia and Algeria. 

Study.—Collections.—The largest collection of papyri is that 
of the archduke Rainer in Vienna, amounting to well over 100,000 

` pieces, half of them in Arabic. Probably second in size is that 
of the Egyptian museum in Cairo, with those of the Berlin museum, 
the British museum and the Universities of Oxford and Michigan 
following in that order. Notable collections exist also in Flor- 
ence and Milan in Italy, Heidelberg in Germany, Strasbourg and 
Paris in France, Manchester in England and at Yale, Columbia 
and Princeton universities in the United States. In addition, there 
are many smaller groups of texts in private and public collections 
throughout the western world. 

Handling.—Papyri present special problems of cleaning and de- 
cipherment. They are normally found dirty, crumpled, stuck to- 
gether, ragged and full of holes. Charred papyri present particular 
difficulties. Hugo Ibscher of Berlin became an expert in opening, 
arranging and cleaning them, and his methods are followed by 
scholars and museum personnel. The papyri must be humidified, 
separated, sorted and washed with great care, and then stored be- 
tween sheets of blotting paper, glass or cellophane. Reading is 
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done with magnifying glass and a mirror to concentrate light 
the text, and is often aided by infrared photography, ча 

Publication—There is a generally uniform method of publi 
tion of papyri which greatly facilitates research. The mir 
first established by Grenfell and Hunt, consists of: (1) безш 
of a papyrus, its date and hand and general interest and im 1 
tance; (2) text and translation; (3) commentary, Publican 
of papyri are designated by the name of the collection (place of 
finding, the editor or other distinguishing feature) and accepted 
abbreviations are standard. Well in excess of 30,000 documents 
of all sorts have been published, less than 20% of those known ty 
exist. 

Literary Texts.—More than 2,500 manuscripts of Greek aj 
Roman literary works, principally papyri, are on record, They 
vary from tiny scraps to large rolls or codices and range in date 
from the 4th century B.C. to the 8th century A.D. Somewhat mor 
than half belong to texts known previously through medieval man. 
uscripts; their importance consists in the light they throw upon 
the history of these texts and upon the literacy of Greco-Roman 
Egypt. Homer's Iliad is much the commonest, with the Odyssey 
second. Demosthenes, Euripides, Hesiod, Isocrates, Plato, Thucyt: 

cs z ides, Aeschylus and Xenophtn 

m follow in that order, with may 
known Greek authors representel 
by at least one papyrus. b 
general, Egypt read the author 
whose survival through the mit 
dle ages was due, in the main, 0 
their ancient popularity. 1% 
papyrus texts of these works, 
however, have proved discou: 
ing to modern criticism, 806 
they show that medieval mun 
scripts do not represent a 8 
ancient tradition. 

About 45% of the litery 
papyri remain unidentified ш 
are classed only as epic, comedy, 
history or the like. Others be 
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his own poems by the 6th-century amateur Dioscorus to crudely 
written religious talismans and magical spells. Also noteworthy 
are works of literary criticisms, grammars and commentaries on 
classical writers, and the Acts of the Pagan Martyrs, accounts of 
trials of notables of Alexandria before various Roman emperors, 
as well as a complete school book (3rd century 8.c.). In science, 
medicine is best represented, but manuscripts dealing with chem- 
istry, mathematics, astronomy, botany, zoology and even cooking 
are not uncommon. 

Biblical Manuscripts —Papyrology has contributed remarkably 
to knowledge of the Bible. Finds both in Egypt and at the Wadi 
Qumran provide evidence for the Hebrew Old Testament and of its 
translation into Greek, back to the 2nd century B.c., before the 
establishment of the Masoretic text; and they support in some 
degree the theory that the standard Greek translation, the Sep- 
tuagint, was only one of several such translations in existence 
at that time. A fragment of the Gospel of John belongs to about 
Ар, 125 and shows that that work was composed at least as early 
as the end of the 1st century A.D. Seven biblical papyri belong 
certainly to the next century, and nearly 20 more to the 3rd. 
There are 66 such manuscripts known from Egypt, and the Dead 
sea documents have added many more. 

Judaism and Christianity —The caves of the Wadi Qumran have 
supplied numerous sacred writings of an Essene community of Jews 
of about A.D. 70, and the caves of the Wadi Murabbaat have 
yielded texts of a more orthodox sort from the time of the Bar- 
Cochba rebellion 65 years later. "These manuscripts are preserved 
and studied in Jerusalem in the Palestine museum and the Hebrew 
university, Egyptian papyri have brought to light many Greek 
texts of the early Church together with Coptic manuscripts of 
Gnosticism and Manichaeism. Notable are two fragments of the 
Sayings of Jesus from Oxyrhynchus in a papyrus of the 2nd or 
3rd century, which may go back to a tradition prior to the four 
canonical Gospels. Several apocryphal gospels have appeared, 
including one of unknown name dating about A.D. 150 which is an 
abbreviated synopsis of the four, A Greek fragment of Tatian’s 
Diatessaron was found at Doura. In the patristic field, two major 
works of Origen, part of the Against Celsus and a new text, Con- 
Versations with Heracleides, were found in 1941 in the Tura caves 
near Cairo, Information about the great persecution under 
the emperor Decius, about А.р. 250, is given by the nearly 50 
Certificates of pagan sacrifice found in Al Fayyum and at 
Oxyrhynchus; apparently inhabitants of Egypt, in one case 
fen a priestess of the crocodile god Petesuchos, were required 
to Sacrifice so as to prove that they were not Christians, 

Nonliterary Texts.— These 
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Zenon of Caunus at Philadelphia in Al Fayyum in the 3rd century 
B.C.; the Macedonian Ptolemaeus, a recluse in the Serapeum at 
Memphis in the 2nd century, в.с.; and Aurelius Isidorus at Karanis 
in Al Fayyum in the time of Diocletian and Constantine. Smaller 
archives exist, often scattered widely, and many isolated papyri. 

History.—These texts tend to reflect history rather than to 
record it, but they supplement and amplify knowledge in many 
ways. Little would be known of the internal history of Egypt 
under the Macedonians and Romans, of Doura under the Parthians 
and Romans, and of Nessana under the Byzantines and Arabs with- 
out them, and it is certain that the history of the Bar-Cochba rebel- 
lion must be rewritten in the light of the texts from the Wadi 
Murabbaat. The most specific contribution of the texts is in the 
field of chronology. A Doura parchment, for example, shows that 
the Parthians did not occupy that city until after 116 B.c., and the 
Karanis papyri show that the usurper Domitius Domitianus was 
recognized as emperor in Egypt between Aug. and Nov., A.D. 296. 
Two papyri of the Zeno archive from the winter and spring of 
253-252 B.c. report the journey of the princess Berenice to Syria 
to marry King Antiochus II, ending the Second Syrian War. More 
importantly, the texts throw light on the careers and personalities 
of such prominent persons as Tiberius Julius Alexander, Philo's 
nephew, governor of Egypt and a supporter of the future emperor 
Vespasian. Two edicts of Germanicus and a letter of Claudius to 
Alexandria are important additions to historical knowledge. Late 
papyri give welcome information on the policies of Egypt's rulers 
after the Arab conquest. 

Political Institutions.—The papyri have given a vivid and de- 
tailed picture of the administration of Egypt under the Macedo- 
nians, Romans and early Arab caliphs; the emphasis at all periods 
remains the same: finance. Already under the pharaohs, Egypt was 
famed as the land of a highly organized central bureaucracy man- 
aging a society divided into strict castes; and Ptolemaic kings, 
Roman emperors and Muslim conquerors continued the system 
with few changes. The economy was based on registry and control 
of labour and a detailed land survey. Each year the sowing was 
performed after the inundation according to.a vast plan originated 
in the villages, consolidated in the provinces and approved in the 
capital, Alexandria. The operation was closely supervised by 
special officials, who, as their instructions went; were to see that 
the plan was meticulously followed, but at the same time abuses 
were to be checked and everyone kept in good humour. A decree 
of Ptolemy II protected the native population of Palestine from 
private exploitation and required the registration of cattle. The 
great revenue laws papyrus of the same king lays down in minute 
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detail the operation of industry under a government monopoly 
and another law protected the Nile transport system from piracy 
and malfeasance. Dikes and canals were maintained by com- 
pulsory labour. Periodic royal indulgences promised better con- 
ditions for the taxpayers. Nevertheless, taxes were piled upon 
taxes, especially under the Romans, who added a census, a poll tax 
and a central land registry. Service in the army and police was a 
hereditary obligation, and only the few cities enjoyed some admin- 
istrative autonomy. In the later empire, new cities were created 
and required to assume responsibility for imperial taxation, a 
crushing burden on the propertied classes. 

Law.—Administrative law in Ptolemaic Egypt is well known 
from the type of documents mentioned in the preceding section, 
but the civil and criminal codes in the Hellenistic world can be re- 
covered only from the practice appearing in the documents. Royal 
courts existed in Egypt and at Doura, deciding private suits and 
complaints according to instructions issued by the king. In Egypt, 
at least, access to these courts was through a petition addressed 
to the king, but handled at the level of the provincial governor. 
The law of contracts, on the other hand, was based on customary 
usage depending in part on the status of the contracting parties. 
Greeks and Egyptians remained separate, at least in theory, and 
the practices of the former were affected by the city to which they 
belonged, in Egypt or perhaps elsewhere. Status, that is, was 
personal. Procedures were adopted, nevertheless, to make possi- 
ble desired commercial relationships, and something like general 
legal practice was worked out so that contracts would be valid 
everywhere. These contracts testify to a wide variety of transac- 
tions: sale and mortgage, rent and lease, loan and deposit, service 

. and apprenticeship, as well as the personal relationships, mar- 
riage, divorce, testamentary disposition and adoption. Consider- 
able interaction occurred between Greek and oriental practices. 
With the Roman conquest, this Hellenistic jus gentium encoun- 
tered an already highly developed Roman jus civile, and under the 
Roman administration there were legal documents of the first im- 
portance, a gnomon or manual of the administrator of the privy 
purse, extracts from the civil law of Alexandria, decisions of the 
emperor Lucius Septimius Severus and a fragmentary text of the 
decree of Caracalla extending citizenship to all the inhabitants of 
the empire (А.р. 212). Fragments of Gaius and Ulpian show that 
the Roman jurists were studied in Egypt. Jurisdiction was under 
the provincial governor who presumably issued a provincial edict 
for the guidance of all concerned. Local issues were settled by 
delegation to civil and military officials. 

Culture —In Egypt and, іп a small way, at Doura, the documents 
throw light on Hellenistic demographic and cultural phenomena, 
the spread of culture into the near east, following the conquests 
of Alexander the Great. They reveal who were the Greeks mi- 
grating into the new areas, where they settled and their way of 
life, their relations with the natives; and in reverse, how life in 
the orient was affected by the newcomers. There is no doubt 
that, following Alexander’s lead, many Iranians, Babylonians, 
Aramaeans and Egyptians continued to play a large part in gov- 
ernment, business and society, while learning Greek and Greek 
ways. A letter of the Zeno archive preserves the complaint of 
a Semite who charges discrimination “because I cannot pass as a 
Greek.” On the other hand, many Greeks married native women 
and generations of mixed blood followed the pioneers. This proc- 
ess can be traced through personal names. The immigrants wor- 
shiped native deities, sometimes calling them by Greek names. but 
were not readily admitted into the local priesthood. All worshiped 
the official gods as well as the kings of the ruling dynasties, a 
practice continued in the deification of the Roman emperors. The 
blend of Greek rationalism and oriental mysticism produced the 
great world religions of the empire: Mithraism, the worship of 
Isis and Osiris and Christianity. A similar blend appears in eco- 
nomic life also, although the social pattern, including such things 
as the family, entertainment, clubs, education, dress and food, 
remains largely Greek. Trade and commerce, banking and finance, 
may be followed in detail. Prices are preserved frequently enough 
to make possible some economic statistics. 

Language.—The documents provide an immense fund of mate- 
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rial for tracing the development of popular Greek over 1 

T : T 1,000 year, 
The same is true to a lesser extent of Latin and the Oriental lan. 
guages. In general, wide literacy, based upon a system of publie 
and private schools, is attested by the numerous finds of litera 
papyri, especially at Oxyrhynchus, and this served as а brake 
upon the tendency of the spoken language to change too rapid 
especially in a multilingual society. The process which e 
formed ancient Greek into modern Greek was well under way jy 
this period. Some personal letters of the later Roman period, {yy 
example, are hardly intelligible in terms of classical Greek, This 
Hellenistic Greek has been profitably used in the interpretation 
of the New Testament. 

In the field of paleography (q.0.); the papyri illustrate the deve. 
opment and history of both cursive writing and book hand, as wel 
as a system of punctuation. Accents appeared in manuscripts ў 
Greek authors, occasionally as early as the 2nd century Ар, The 
codex or book appeared as a successor to the roll at about the 
same time, and was used at first only for Christian texts. Purch 
ment was used for books (originally made up of papyrus дш) 
in late antiquity and became the normal material for such purpose 
in the middle ages. 
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PAPYRUS, the paper reed, Cyperus papyrus, in ancient KU 
cultivated in the delta of the Nile in Egypt, where it was used for 
various purposes, and especially as a writing material. Cyperus 
isa member of the sedge family (Cyperaceae), to which the bul- 
rushes also belong. (For botany of the plant, see CYPERACEAE.) 
Cyperus papyrus is now extinct in Lower Egypt but is found in 
ao me regions and in Ethiopia, as well as in Syria and in 

ered places in southern Europe. 

The first accurate description of the plant is given by the 
Greek philosopher-naturalist Theophrastus, who stated that it grew 
in shallows of two cubits (about three feet) or less, its main root 
being of the thickness of a man’s wrist and ten cubits in length. 
From this root, which lies horizontally, smaller roots push down 
a the mud, and the stem of the plant springs up to the height 
91 four cubits, being triangular and tapering in form. 

Theophrastus also enumerated the various uses to which the 
Papyrus plant was applied. Of the flower head nothing could be 
Made but garlands for the shrines of the gods, but the wood of the 
E was employed in the manufacture of different utensils as well 

or n ДЕ stem of the plant were made boats, sails, mats, 

, cords, and, above all, paper. 
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ples of the rolls themselves are extant, Papyri have often been 
found in tombs in Egypt, in the hands or swathed with the bodies 
of mummies. The ritual of the dead is most frequently the sub- 
ject. Besides the ritual and religious rolls, there are also ancient 
civil and literary documents, as well as papyri relating to sales 
of property, etc. Coptic papyri mainly contain biblical or re- 
ligious texts or monastic deeds. Papyrus was also known to the 
Assyrians, who called it “the reed of Egypt.” That the Greeks also 
used papyrus early in their history is proved by the reference 
of Herodotus to its introduction among the Ionian Greeks, who 
called it "skins," the material to which they had already been 
accustomed. In Athens it was doubtless in use for literary as well 
as for other purposes as early as the 5th century B.C. 

Papyrus also made its way into Italy, but at how early a period 
is not known. It may be presumed, however, that from the very 
first it was employed as the vehicle for Roman literature. During 
the period of the empire, the use of papyrus must have been ex- 
tensive, for it was not only required for the production of books 
but also was universally employed for domestic purposes, corre- 
spondence, and legal documents. So indispensable did it become 
that Pliny the Elder reports that in the reign of Tiberius, because 
of the scarcity and dearness of the material caused by a failure of 
the papyrus crop, there was a danger of the ordinary business 
of life being disrupted. 

Manufacturing Methods.— The account given by Pliny (Nat- 
ural History, xiii, 11-13) of the manufacture of paper from the 
papyrus plant should be taken strictly to refer to the process fol- 
lowed in his own time; but, with some differences in details, the 
same general method of treatment had doubtlessly been practised 
from time immemorial, His text, however, is so confused, both 
from obscurity of style and from corruptions in the manuscripts, 
that there is much difference of opinion as to the meaning of many 
words and phrases employed in his narrative, and to their appli- 
cation in particular points of detail. 

In one important particular, however, affecting the primary con- 
struction of the material, there can be no doubt. The stem was 
cut into longitudinal strips, those from the centre of the plant 
being the broadest and most valuable. The strips were laid side 
by side to the required width, thus forming a layer across which 
another layer of shorter strips was laid at right angles. The two 
layers thus "woven" formed a sheet, which was then soaked in 
water of the Nile. The mention of a particular water has caused 
trouble to the commentators. Some have supposed that certain 
chemical properties of Nile water acted as a glue or cement to 
cause the two layers to adhere; others, with more reason, that 
glutinous matter contained in the material itself was dissolved by 
the action of water, whether from the Nile or any other source; 
and still others read in Pliny’s words an implication that a paste 
was actually used. 

The sheet was finally hammered and dried in the sun. Any 
roughness was leveled by polishing with ivory or a smooth shell, 
But the material was also subject to other defects, such as mois- 
ture lurking between the layers, which might be detected by 
strokes of the mallet; spots or stains; and spongy strips, in which 
the ink would run and spoil the sheet. When such faults oc- 
curred, the papyrus had to be remade. 

To form a roll the several sheets were joined together with 
paste (glue being too hard), not more than 20 sheets to a roll, 
(There are, however, still extant rolls consisting of more than 
the prescribed number of sheets; perhaps the number was not 
constant in all times.) The roll (scapus) seems to have been a 
standard length of papyrus, as sold by the stationers. The best 
sheet formed the first or outside sheet of the roll, and the others 
were joined on in order of quality, so that the worst sheets were 
in the centre of the roll. This arrangement was adopted, not for 
the purpose of fraudulently selling bad material under cover of 
the better exterior, but in order that the outside of the roll should 
be composed of that which would best stand wear and tear. Be- 
sides, in case of the entire roll not being filled with the text, the 
unused and inferior sheets at the end could be better spared, and 
so might be cut off. 

Writing Material.—Eight different kinds of papyrus writing 
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material and their dimensions are also described by Pliny. The 
best quality, formed from the middle, and broadest, strips of the 
plant, was originally named charta hieratica, but afterward, in 
flattery of the emperor Augustus, it was called, after him, charta 
Augusta. The grades descended in quality and size to the charta 
emporetica, the common packing paper. A ninth grade was added 
in the reign of Claudius. 

The first sheet of a roll was named protokollon, the last eschato- 
kollion. Under the Romans, the former bore the name of the 
maker with the date and place of manufacture. It was the prac- 
tice to cut away the portion thus marked, but in case of legal docu- 
ments this mutilation was forbidden by the laws of Justinian. On 
the Arab conquest of Egypt in the 7th century, the manufacture 
was continued, and the protocols were marked at first, as it ap- 
pears, with inscriptions in both Greek and Arabic, later in Arabic 
only. (The study and interpretation of documents of papyri are 
treated in PAPYROLOGY.) 

Later Cultivation and Use.—Papyrus was cultivated and 
manufactured for writing material by the Arabs in Egypt down 
to the time when the growing manufacture of paper from plant 
fibres in the 8th and 9th centuries rendered papyrus unnecessary. 
(See PAPER MANUFACTURE.) It is not probable that papyrus was 
ever manufactured from the native plant anywhere but in Egypt. 
At Rome there was certainly some kind of industry in papyrus, but 
it seems probable that this was confined to the remaking of mate- 
rial imported into Italy. This second manufacture is thought to 
have been detrimental to the papyrus, as it would then have been 
in a dried condition requiring artificial aids, such as a more liberal 
use of gum or paste, in the process. 

As to cultivation of the plant in Europe, according to the Greek 
historian Strabo, the Romans obtained the papyrus plant from 
Lake Trasimeno and other lakes of Etruria, but. this statement is 
unsupported by any other ancient authority. At a later period, 
however, a type of papyrus was cultivated in Sicily, which has 
been identified with the Syrian variety (Cyperus syriacus), far 
exceeding in height the Egyptian plant and having a more drooping 
head. It grew in the east and south of the island, where it was 
introduced during the Arab occupation. It was seen in the 10th 
century by the Arab traveler Ibn Haukal in the neighbourhood of 
Palermo, where it throve luxuriantly in the pools of the Papireto, 
a stream to which it lent its name. From it, writing material was 
made for the sultan's use. But in the 13th century the local 
sources of papyrus began to fail, and in 1591 the drying up of the 
Papireto caused the extinction of the plant in that district. The 
plant is still to be seen at Syracuse, but it was probably introduced 
there at a later time and raised only as a curiosity, as there is no 
notice of it to be found previous to 1674. 

Even after the introduction of vellum (see PARCHMENT) as the 
ordinary vehicle for literature, papyrus still continued to some 
extent in use outside Egypt, and was not entirely superseded until 
a late date. It ceased, however, to be used for books sooner than 
for documents. In the Sth century, St. Augustine apologized for 
sending a letter written on vellum instead of the more usual sub- 
stance, papyrus. Of medieval literary Greek papyri, very few 
relics have survived, but documents of the 8th and 9th centuries 
have been discovered in Egypt. Medieval Latin manuscripts on 
papyrus in book form are still extant. The employment of the 
material in Italy for legal purposes is illustrated by the large num- 
ber of documents in Latin, preserved at Ravenna, that date from 
the 5th to the 10th century. In the papal chancery it was used 
at an early date, and as late as the 10th century papyrus was still 
preferred, to the exclusion of other materials, for papal deeds. Of 
the Merovingian period, there are still extant several 7th-century 
papyrus deeds; under Charlemagne and his successors it was not 
used, and by the 12th century the manufacture of papyrus had 
ceased entirely. 

See also references under “Papyrus” in the Index. 

X (E.M.T.; X) 

PARA, a northern state of Brazil, bounded on the north by 
British Guiana, Surinam, and the territory of Amapá, on the east 
by the Atlantic Ocean and the states of Maranháo and Goias, on 
the south by Mato Grosso, and on the west by Amazonas. Area, 
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474,896 sq.mi. (12,480,422 sq.km.); pop. (1960) 1,550,935, 7 
chief city and capital is Belém, pop. (1960) 359,088; other f 
portant towns include Santarém, Obidos and Bragança. 

The state of Pará lies along the Equator and is crossed byth 
main channel of the Amazon River. The climate is equatorial ; 
trary to popular impression, the temperatures are never so 
in central United States—a temperature of 100° has never | 
recorded. The average is about 78°, with a range between cold 
and warmest months of about 4°. Rainfall and humidity are his 
The year is divided into a very rainy season from January to 
and a season of less rain for the rest of the year. Wherever th 
is exposure to the easterly winds the humidity is compensa! 
and the climate is quite comfortable. Except for a few patd 
of savanna, most of the state is covered with a tropical rain 
or selva. 

An enormous amount of water pours into the ocean throu 
state of Para. The Amazon itself winds about on its floo 
leaving a maze of abandoned channels in the form of oxbow | 
and an intricate crescentic pattern of levees and swamps, 
like the lower Mississippi. At Obidos the floodplain is s 
a mile in width, but it opens out again downstream, Then 
of the floodplain are marked by valley bluffs—steep slopes wl 
rise abruptly about 150 to 200 ft. (30 to 61 m.) above the 
The floodplain—which is somewhat less than 10% of the t 
area of Pará—is inundated each year during high-water sta 
the country above the valley bluffs is never flooded. Th 
towns are located on the bluffs at places where the main ch 
of the river swings against the margin of the floodplain. 
Amazon receives the water of several great tributaries. From 
to east on the southern side are the Tapajóz, the Xingü, and’ 
Tocantins. No large tributaries reach the Amazon on the north 
side within Рага. At the mouth of the Amazon is Marajó | 
(qg.v.). It is 183 mi. (295 km.) long by 124 mi, (200 km.) й 
with an area of 15,444 sq.mi. (40,000 sq.km.). The northwesl 
part of the island is а part of the floodplain; but in the & 
south the island is made up of higher ground. The Tocanti 
vides most of the water in the Pará River, on the southern 
Marajó Island, while the main stream of the Amazon passes М 
north. The Рага River and the Amazon are connected by #0 
work of side channels. Lying across the mouth of the main see 
north of Marajó Island, are two smaller islands which, like e 
Marajó, stand above the floods. They extend in a soul 
northwest direction: Caviana is 48 mi, (77 km.) long and 
is 34 mi. (55 km.) long. 

The soils of much of Pará are not fertile. 
on the floodplain could yield abundant crops, i 
the settlers along the Amazon have never made much 1 
Beyond the valley bluffs where the land is never flooded and Y 
mud and silt are never deposited, the soil has for a long ume 
exposed to the action of percolating rain water. Water E 
into the soil carries the finer soil particles down far beyo 


reach of shallow-rooted crops; it also dissolves and carries 
The result 1s | 


compounds in 
can grow 


ns 


тһе alluvial mall 
especially ri 


techniques has never been successful. 
small clearing only for a year or so before shifting to ? 
ing; much of their food supply came from the rive! 
fish, turtles, and turtle eggs. 

The Amazon region was never very attr: 
settlers. Belém was founded in 1615, chiefly to 
pean nations from settling there. Jesuit mission: 
settlements upstream, as at Santarém in 1661. А 
colony of people from the southern United States, ti Ld and 
slaves they brought with them, settled near Santaren 
to plant cotton and sugarcane. The colony was p dd 
Between 1850 and 1910 there was a period of fevers) | 
workers went out into the forests to tap the rubber trees, th 
in large quantities was shipped out through Belem an in 
grew rapidly in size and importance. Production дой at! 
after 1910. Even the Ford plantations on the Тара)?” 
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technically бшгш pri to produce enough rubber for the 

of the Ford industries. 

- chief exports of Pará are gathered from the forest. They 
include Brazil nuts, medicinal plants, insecticides, and some rub- 
ber. Between Belém and Braganga there is a small farming area, 
producing cotton, cacao, manioc, sugarcane, rice, tobacco, and 
maize. New Japanese colonists along the Amazon are growing 
jute in increasing Lese The savannas of ee = 
used for the pasture of cattle. | E. J. 

PARA Crrv: see BELÉM. 

PARABLE, a form of illustration (Greek para-bole, a juxta- 
position for comparison) in all folk literature, especially Semitic. 
The Old Testament and the Talmud abound in parables, but the 
Christian west well-nigh restricts the term to those of Jesus. A 
parable pure in form offers a single point of comparison between 
an abstract declaration or demand and a vivid story or situation. 
Thus (the value of) the Kingdom of God is like (the value of) 
the one precious pearl for which a merchant sacrificed all he had 
(Matt. 13:45-46). 

A true parable is self-explanatory. But the author of the Gospel 
of Mark, reflecting one facet of early Christian opinion, regarded 
(some, not all?) parables as mysteries requiring detailed expla- 
nation (Mark 4:10-12; the mashal of the Old Testament was 
sometimes a riddle). Consequently he allegorized the Parable 
of the Sower, which originally taught: be no more perturbed at 
the varying receptivity of men than the sower is at that of soil, 
Considering it an allegory, he made it yield a whole series of 
parallels to details in the story. This tendency recurs in Matt. 
13:36-43 as compared with 13:24-30, though here “the enemy” 
is perhaps an allegorical element in the story itself. (КЕ. G.) 

PARABOLA, in geometry, is a conic section (g.v.). This 
curve may be obtained as the intersection of a circular cone, right 
or vena with a plane which is parallel to one element of that 
cone (see fig. 1). 

This curve, however, may be defined directly as a plane curve, 
without the help of space considerations, as follows: a parabola 
isthe path of a point which moves in the plane so as to remain 

4 equidistant from a fixed point Е 
(the focus) and a fixed line d 
(directrix) (see fig. 2). 

Let D denote the foot of the 
perpendicular from the focus F 
upon the directrix d. The mid- 
point О of the segment FD = p 
lies on the parabola, for O satis- 
point is cal fies the above definition; the 

F AH A led the vertex of the parabola. The perpendicular to 

f ¢ vertex O is the tangent at О to the parabola. Н 
1 on the indefinite line DF a point E is taken on the same side 
inb. Hs focus F, the perpendicular to-DF at E contains two 
inlersecti the parabola which may be located as the points of 
and ED is а of that line with the circle having F for centre 

lus. 
and ae Points M, M” are symmetrical with respect to line DF, 
the axis xq xs i said to be the axis of symmetry, or, briefly, 
rabola. 
mee erhendicular to the axis DOF of parabola at the focus F 
s Parabola in two points P, P^ such that FP = FP’ = FD. 

Š ien PP’ is said to be the latus rectum of the parabola. 
the таан Е moves farther and farther away on the axis in 

Кау, H 2 DOF, the segment MM" increases in length indefi- 
Point of Te the parabola is an open curve of infinite extent. No 
tla at O стента esc ras of the tangent to the parab- 
ү ains the directrix. 
ordinates. O is taken as the origin of a rectangular system of co- 
Vertex O. ai DF as the x-axis, the tangent to the curve at 

y. jg be the y-axis; the equation of the curve will 
Curve bx, where 2р = DF is said to be the parameter of the 


(ра 
Taine, 


FIG. 1—cIRCULAR CONE PARABOLA 


Ind Я 

indeed, Co-ordinates of points F, D are respectively (p/2, O), 
» and if co-ordinates of point M are (x, y), then 
= 0/2 + x, FM? = ME? FE? = у? + (x — Р/2)?. 
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Now QM = FM, by definition, hence (p/2 +x)? = y? + 
(x — p/2)?, which, after simplification, gives the stated result. 
The properties of the parabola obtained by construction may 
readily be verified using this equation, 
Books dealing with conic sections contain many properties of 
the parabola. Some examples are: 


1. The two tangents drawn to a parabola from a point on its directrix 
are perpendicular to each other; the line joining their points of contact 
passes through the focus. 

2. The normal » at a point M of the parabola bisects the angle 
formed by the focal radius FM of M and the parallel through M to 
the axis of the curve (see fig. 2). 


The latter proposition has an interesting and important optical 
interpretation, as follows: if a ray of light FM. emanates from a 
source placed at the focus F of a parabola, its reflection in the 
curve at the point M travels in 
the direction parallel to the axis 
of the parabola. 

This property is one of the 
many practical applications of 
the parabola (see PARABOLOID). 
The cables of suspension bridges 
take on a parabolic shape. A 
cannon ball or a ball thrown by 
hand would have for its trajec- 
tory an arc of a parabola except 
for air resistance. The graph 
of a quadratic polynomial, y = 
ax? + bx + c, is a parabola. 

The path of a point moving in 
the plane so that the ratio of 
its distance to a fixed point F 
(focus) and a fixed line d (direc- 
M trix) has a fixed value e is either 

FIG, 2,—PARABOLA an ellipse (q.v.) or a hyperbola 

(q.v.) according as the value of 

eis smaller than unity or exceeds unity. In the case of the parabola 

the two distances involved are equal to each other, hence their 

ratio е is exactly equal to unity. Thus as focus F and directrix d 

are kept fixed and e is given a number of different values, it 

yields a series of ellipses as long as those values of e are smaller 

than unity and a series of hyperbolas for the values of e greater 

than unity. The parabola thus becomes the curve of transition, 
or the connecting link between the two sets, with e — 1. 

The focus-directrix definition for all three varieties of conics 
was known to the ancients. It is to be found in the mathematical 
Collection of Pappus (c. A.D. 340) and is quite likely due to Euclid 
(c. 300 n.c.). 

In the light of this definition the parabola may be said to be 
an elongated ellipse whose second focus, second vertex and centre 
all coincide with the point at infinity of the axis of the parabola. 
Many properties of the parabola may then be derived from those 
of the ellipse. 

Thus the reflective property of the parabola mentioned before 
is a modification of a property of the ellipse, namely, a ray of 
light emanating from a source placed at a focus of an ellipse is 
reflected by the curve in such a manner that the reflected ray 
passes through the second focus. On the other hand the parabola 
may be said to touch the line at infinity at the infinite point of 
its axis. The parabola is thus a special case of the hyperbola 
whose two points of intersection with the line at infinity are dis- 
tinct. See also Curves, SPECIAL; and references under “Parabola” 
in the Index. 1 (N: А, Cr.) 

PARABOLOID, in geometry, is a quadric surface having no 
centre of symmetry (see SURFACES). 

Consider two perpendicular planes in which are located two 
parabolas A,B having a common vertex and a common axis d. 

1. The two parabolas A,B open in the same direction (see fig. 1). 
If a variable ellipse E whose plane is perpendicular to the axis 
d moves so that the ends of its major and minor axes lie on A 
and B, respectively, the surface generated by E is an elliptic pa- 
raboloid. The planes of A and B are planes of symmetry; the 
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common vertex and common axis d are the vertex and the axis of 
the elliptic paraboloid. 

If A and B are congruent, ellipse E becomes a circle and the 
paraboloid is a paraboloid of rev- z 
olution; ie. one that may be 
generated by revolving either of 
the parabolas A,B about its axis. 
The focus of the revolving parab- 
ola is the focus of the parabo- 
loid, which serves to make para- 
bolic mirrors, used in headlights. 
Because of the reflective prop- 
erty of the parabola (g.v.), such 
a mirror reflects the rays of light 
emanating from a source placed 
at its focus into rays parallel to 
the axis of the mirror. y 

The canonical equation of 
the elliptic paraboloid is x*/a + 
y2/b = z; for the paraboloid of revolution it is a = b. 

2. The two parabolas A,B open in opposite directions. If one 
of the parabolas, say A, remains fixed and B moves rigidly while 
its plane remains parallel to itself and the vertex of B remains on 
A, the surface generated by B is a hyperbolic paraboloid (see 
fig.2). It may also be generated 
by a variable straight line which 
is parallel to a fixed plane and 
intersects two fixed skew lines, 
neither of them parallel to the 
fixed plane. Through any point 
of a hyperbolic paraboloid two 
straight lines may be drawn 
which, throughout their lengths, 
lie on the surface. It is thus a 
doubly ruled quadric surface 
with the equation x?/a — y?/b 
= z, with ab > О. If a = b the hyperbolic paraboloid is said 
to be equilateral, with an equation that may also be put in the 
form: 2 xy = a?z. (N. A. Cr.) 

PARACELSUS (Tueopurastus BOMBASTUS VON HOHEN- 
HEIM) (c. 1490-1541), physician and alchemist, who established 
the role of chemistry in medicine, was born near Einsiedeln in the 
canton Schwyz in Switzerland. The epithet Paracelsus was prob- 
ably his own invention and was meant to denote his superiority to 
Celsus. Paracelsus studied at the University of Basel and then 
with J. Trithemius, abbot of Sponheim, but he soon departed to the 
mines in Tirol where he became absorbed in the mechanical diffi- 
culties of mining, in the nature of minerals, and in the diseases of 
miners. 

On his return to Basel in 1526, Paracelsus lectured on medicine 
at the university. The lectures, in German rather than Latin, were 
preceded by a solemn burning of the works of Galen and Avicenna; 
they discredited past and contemporary medicine and set forth the 
lecturer’s own theories and methods of treating disease. His op- 
ponents pointed out that he possessed no degree and that there 
were serious defects in his system. The controversy came to a 
crisis through a dispute about fees and in 1529 Paracelsus resumed 
his wanderings. In 1541 Archbishop Ernst invited him to settle 
at Salzburg under his protection, and there he died on Sept. 24. 
The cause of his death is uncertain; his enemies asserted that he 
died in consequence of a drunken debauch, but others maintain 
that he was thrown down a steep incline by emissaries of jealous 
physicians and apothecaries. He was buried in the churchyard of 
St, Sebastian, and in 1752 a monument was erected to his memory. 

In his works Paracelsus shows a genuine desire to promote 
the progress of medicine, but it is questionable whether he intro- 
duced a single new truth. Fundamentally, his system is based 
on a visionary Neoplatonic philosophy in which the life of man 
is regarded as inseparable from that of the universe. For him, 
the scriptural limus terrae from which the body of man is cre- 
ated is in reality an extract of all beings previously created. It 
is primarily a compound of “salt,” “sulfur,” and “mercury,” the 


FIG. 1.— ELLIPTIC PARABOLOID 


FIG. 2.—HYPERBOLIC PARABOLOID 


PARACELSUS— PARACHUTE 


separation of these mystic elements in man being the cause 
sickness. The separation is due to the failure of the archaeus 
occult vital force which is situated in the stomach, to perform 
function of separating the useful from the poisonous, For x 
treatment of disease, Paracelsus introduced mineral baths, ma 
opium, mercury, lead, sulfur, iron, arsenic and copper sulfate ард 
of the pharmacopoeia, and popularized tinctures and alcoholic e 
tracts, Since man contains all elements and requires them for the 
curing of his diseases, the physician must know the physical sj. 
ences and alchemy; he must also know astronomy, for not only 
do the stars influence disease but man, like all terrestrial beings, 
is penetrated by the astral spirit; third, the physician must knoy 
theology, since, in addition to body and spirit, man has a thin 
factor, the soul, which was created by God, and to which the spiri 
serves as a kind of body. With Paracelsus’ lofty views of the 
true scope of medicine it is impossible to reconcile his ignorance, 
his superstition, and his erroneous observations, 

BisrrocRAPHY.—Franz Hartmann, Life of Paracelsus (1887); A. E 
Waite, The Hermetic and Alchemical Writings of Paracelsus, 2 үй, 
(1894); J. K. Proksch, Paracelsus als medizinischer Schriftsteller 
(1911) ; A. M. Stoddart, The Life of Paracelsus (1915) ; J. M. Stillman, 
Theophrastus Bombastus von Hohenheim Called Paracelsus (1920); 
Franz Spunda, Paracelsus (1925) ; Réné-Albert Lienard, Paracelse, 0 
vie, son oeuvre (1932); Idlefons Betschart, Theophrastus Paracel 
(1941) ; Henry E. Sigerist, Four Treatises of Theophrastus von Hohen 
heim, Called Paracelsus (1941); W. E. Peuckert, Theophrastus Par. 
celsus (1943) ; Basilio de Telepnef, Paracelsus (1945) ; Paul H. Kocher, 
“Paracelsan Medicine in England: the First Thirty Years (ca. 1810 
1600),” J. Hist. Med., 2:451 (1947) ; George Rosen, “Some Recent p 
ropean Publications Dealing with Paracelsus,” J. Hist. Med, 2,53) 
(1947). (F. L.A) 

PARACHOR, a characteristic of any substance; the value of 
this property is given by the value of the function My4O - d) 
where M is the molecular weight of the substance, y is the suria 
tension of the liquid in contact with its saturated vapour, 
D and d are the densities of the liquid and saturated vapour, rt 
spectively. The values of y, D and d are all to be measured й 
the same temperature. The term parachor was introduced bys 
Sugden (J. Chem. Soc., 1924). If the parachor of two liquids 
independent of temperature, the ratio of the parachors is the ratit 
of the molar volumes, M/D, of those liquids when both are deter: 
mined for the same surface tension, not at the same temperature 
Though the dimensions of the parachor are not those of the vo 
ume, the parachor is regarded as a molal volume corrected for tht 
forces of attraction between molecules; hence the name (Gr. Afi 
“by the side of”; chora, “space”), The parachor was found to 
an additive function of atomic and structural constants called 
Sugden “atomic and structural parachors.” He and his cole 
rators made many interesting applications of the function t0 
terminations of chemical constitution. The method is not Na | 
reliable. See also PHASE EQUILIBRIA. 

See S. Sugden, The Parachor and Valency, p. 30 et seq. (1930 ji 
Thomson in A. Weissberger, Physical Methods of Organic Chem 
2nd ed., vol. i, pp. 413-425 (1949). (G. W. W».; Т M 

PARACHUTE, an umbrellalike device that offers rests 
to the air and thus retards the rate of descent of à e 4 
or the speed of an airplane or missile. Parachutes are use i 
to enable persons to descend safely to the ground from à P 
flight. They can also be used to drop supplies, equipment, 
or other munitions. Parachutes are sometimes use 
the speed of a plane or missile as it comes in for à fast 
approaches its target; in this case the chute is securely 
to the plane or missile and acts as a brake. and 

Early Uses of Parachutes.—Louis Sébastien Len 
France is generally credited with being the first to pr ай 
the parachute principle іп 1783, when he made a jump 110 " Vin. 
tower. The idea had been anticipated by Leonardo а 
(1514), Fausto Veranzio (1595) and the Montgolfiet ah W 
(1779). Jean Pierre François Blanchard, a pioneer Put we 
loonist, in 1785 placed a.dog in a basket to which a Pag i 
attached and dropped it from a balloon high in the alr. айй 
claimed that he himself descended from a balloon !^ sp 
in 1793. in (176908 

Another French aeronaut André Jacques Garnerin 
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js credited with being the first to use a parachute regularly and 
successfully. His first public exhibition of parachuting was made 
in Paris, France, Oct. 22, 1797, when he successfully jumped from 
a height of more than 2,000 ft. He gave a similar exhibition in 
England on Sept. 21, 1802, when he jumped from a height of about 
8000 ft. His parachute was umbrella-shaped, made of white can- 
yas and approximately 23 ft. in diameter. Jordaki Kuparento, a 
Polish aeronaut, made a successful emergency descent by parachute 
in 1808 when his balloon caught fire at a considerable height. 

Transition to Modern Use.— The first successful use of a para- 
chute ina descent from a moving airplane was made in 1912 by 
Capt. Albert Berry at St. Louis, Мо. During 1913-14 there was 
much discussion concerning the practicability of using parachutes 
for escapes from airplanes, but by the time World War I started 
(1914), the question had not been satisfactorily decided. The 
primary reason for the indecision was the size of the parachutes 
then in common use; it was thought to be practically impossible 
fora pilot to clear the plane without fouling of the parachute or 
the suspension lines, At the. beginning of World War I, there- 
fore, parachutes were used only by observers in captive bal- 
loons, some of whom made seven or eight parachute descents daily. 
Parachutes were improved in Germany to the extent that German 
aviators used them extensively as life-saving devices in the last 
months of that war. The American first pursuit group from 
Sept. 26 to Nov. 11, 1918, brought down 11 enemy aircraft from 
which the pilots escaped by means of parachutes. 

The allies were debating the advisability of using parachutes 
when the Armistice was signed and in 1919 the seat pack type of 
parachute was adopted as regular airplane equipment by the U.S. 
amy. Although pilots were reluctant to use parachutes, they were 
eventually convinced of their value, and the first U.S. army order 
making it compulsory to wear them was issued by the adjutant 
general in 1922. Soon the British Royal Air Force adopted the 
US. type of parachute with its cushionlike pack. 

During the years following World War I, efforts in the techni- 
cal development of parachutes were also made in Italy, Germany 
ind the U.S.S.R., but the transition from chutes used in balloons 
‘0 those suitable for fast heavier-than-air craft was slow. There 
were many problems involved in developing a parachute suitable 
for use from fast-moving planes, but they were gradually solved. 

At the beginning of World War II the armies of all major coun- 
tries were well equipped with parachutes for various purposes. 
frog ШОР uses of parachutes were to enable men to escape 
i m disabled aircraft; to drop men and material for combat ac- 
AS 9r to drop supplies into inaccessible positions; to place 
үм їп enemy territory; to stabilize and retard aerial bombs, 
pun and torpedoes; and to slow aircraft during approach and 
ада, During World War II the possibilities of the use of 
Strong es for aerial warfare as well as for civilian use were 
fates indicated and successfully applied. The following is a 
ie review of the most remarkable incidents of parachute use 

we the war years, 

К artime Use of Parachutes.—Gen. William Mitchell (g.v.), 
tary ld, Air service, is credited with having been the first mili- 
шу a to declare publicly after World War I that air in- 
next var dena troops would play an important part in the 
With parach Ome experimental work was done under his direction 
tarly 1970s a troops (paratroops) and air-borne infantry, in the 
The » Out this work was temporarily abandoned in the U.S. 
of ad and Germany, however, did not neglect the training 
divisions abe The U.S.S.R., in practice war games, landed whole 
too, but hen by parachute. Germany experimented in this 
no publici » Jecause of the restrictions of the treaty of Versailles, 
uring ios given to the trials. y à А 
as Кш Winter of 1939-40, at the height of its campaign 
Mand, the U.S.S.R. used many paratroops as air infan- 
Ping them E these troops behind the Finnish lines and drop- 
Materia] p, Sether with machine guns, ammunition and other 
Great Bü Parachute, In April 1940 the Germans, at war with 
Paratroops wn and France, entered Norway by air, sea and land. 
time that hes used in this campaign with great success, the first 
ey had been so used by Germany. The Germans 
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landed men, machine guns, light artillery, food and ammunition 
successfully by parachute. In May 1940, German troops invaded 
the Netherlands, Belgium and Luxembourg, again using parachutes 
to good advantage. Glider troops, the so-called air infantry, par- 
ticipated in the air-borne invasions of the Netherlands and they, 
together with the paratroops, contributed to the speedy success 
of the Germans. Before the end of World War II parachutes were 
used by both sides for mass landings of men and matériel. 

Diversified use of parachutes requires a large number of spe- 
cially designed and developed types of parachutes. This tendency 
to use specialized types continued and was intensified after the 
war. A separate branch of aeronautical sciences developed to deal 
with all problems involved in the reduction of speed of moving 
objects through air by means of parachutelike devices. 

Man-Carrying Parachute.—As noted above, this type of para- 
chute consists of a canopy, suspension lines, chute pack, pilot para- 
chute and harness. The harness is a system of webbings laid upon 
the body of the wearer in such a way that the forces of the para- 
chute can be transmitted to the man without causing discomfort 
or injury at the instant of the parachute inflation. 

Attached to the harness is the parachute pack, which includes 
the parachute canopy, suspension lines and pilot parachute. The 
pack can be so arranged that the man sits on it, or it can be fas- 
tened to his back, or it can be fastened by means of snap hooks to 
the chest portion of the harness. 

The pack can be opened by means of a ripcord, which must be 
pulled by the man or by an automatic timing device, or by means 
of a static line fastened to the aircraft. The manual operation of 
pulling the ripcord is used for pilot escape; the static line system 
is uséd by paratroopers. After the pack is opened the pilot para- 
chute is ejected into the air stream where it quickly inflates and 
pulls the main parachute out of the pack. Modern man-carrying 
chutes are made of nylon with a specific weight of 1.1 oz. per square 
yard and a tensile strength of 40 Ib. per inch of width. The sus- 
pension lines are also made of nylon. 

The pilot-escape parachute has a diameter of 28 ft. and pro- 
vides sufficient drag to slow the rate of descent of a 200-Ib. man to 
approximately 20 ft. per second (f.p.s.). Parachutes for air-borne 
troops are usually somewhat larger; the U.S. army parachute for 
air-borne troops is 35 ft. in diameter and provides for the very 
heavily laden paratrooper about the same rate of descent. Chest 
type parachutes are usually about 24 ft. in diameter with an ap- 
proximate rate of descent of 25 f.p.s. for a 200-lb. load. The 
rate of descent of 20 f.p.s. is considered a safe sinking speed for 
untrained parachutists while 25 f.p.s. is acceptable for untrained 
men only under emergency conditions, For dropping cargo, para- 
chutes up to 100 ft. in diameter are used, and for very heavy equip- 
ment several parachutes are combined. 

How Parachutes Are Made.— The canopy of a flat parachute 
as described above is made of 24 or 28 triangular-shaped panels, 
each made of several small pieces of a fabric stitched together so 
that a tear would never become larger than the piece in which it 
originates. The individual pieces are sewn together to triangular 
gores in such a manner that the direction of the yarn of warp 
and filling intersect the centre line of the gore under an angle of 
45°, This measure increases the strength of the parachute. The 
gores are then sewn together to form a circular canopy with a 
small vent in the middle. The shroud lines are run through the 
seams that bind the panels together. Each shroud line runs from 
the D-ring by which it is attached to the harness, over the top 
of the canopy and down to another D-ring, which is also attached 
to the harness. In general, а 24-ft. canopy has 24 panels and 24 
shroud lines; the latter are brought down in four groups of six 
each. A 28-ft. canopy has 28 panels and 28 shroud lines, and the 
lines are brought down in four groups of seven each. The length 
of the lines below the periphery is usually equal to the diameter 
of the flat parachute canopy. 

The containers or pack covers are made of strong nylon. They 
are of different sizes and shapes, and are most ingeniously made 
to assure that the pilot chute is released first; that the canopy 
is smoothly pulled out by the pilot chute; and that the shroud 
lines do not become entangled. 
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BY COURTESY OF U.S, AIR FORCE 
FIG. 1, —PERSONNEL PARACHUTE 


Descending chutist and underside of T-10 chute used by U.S. air force, showing 
triangular-shaped panels 


The harness is a cleverly designed contrivance that attaches 
the parachute firmly and safely to the wearer. It may be released 
from the parachutist's body instantly in the event of a landing in 
high wind or in water. This quick-release feature is important 
because the parachutist may be severely injured or drowned if he 
is unable to free himself quickly from the parachute and is dragged 
over the ground or through the water. 

How Parachute Descents Are Made.—In the drag-off method, 
formerly widely used, the jumper crawled out of the cockpit onto 
the wing or fuselage, far enough so that his parachute would not 
be fouled by the tail assembly, and pulled the ripcord, allowing 
the drag of the filling canopy to draw him away from the plane. 
This procedure cannot be used in modern aircraft. In the free- 
fall method, which generally succeeded the drag-off method, the 
parachutist steps, falls, jumps or is ejected from the aircraft and 
the ripcord is pulled when he is clearly separated from the plane. 
When jumping from a high-speed aircraft, a definite time delay 
may be necessary in order to avoid exposure of the parachute to 
an airstream with too high a velocity. 

When mass jumps are made, as in the dropping of parachute 
troops, the parachute is usually pulled out of the pack automati- 
cally by a static line attached to the airplane. This line is suffi- 
ciently long to make sure that the parachutist is clear of the aircraft 
before his parachute opens. Between static lines and the para- 
chute is one weak link which finally breaks and thereby discon- 
nects the parachutist from the airplane. 

Opening Shock and Maneuverability.—The stretching of 
the suspension lines and of the canopy to the full length and the 
filling of the canopy occur more or less simultaneously. How- 
ever, the main portion of the inflation follows the stretching of 
the lines, During the filling a strong force, called the opening 
shock, is exerted upon the suspended man or the load. Opening 
shocks between 4,000 and 5,000 Ib. have to be expected at speeds of 
400 m.p.h. and at low altitudes. At speeds higher than 400 m.p.h. 
the opening shock may be so great that a man may be fatally in- 
jured or his parachute destroyed. It has also been found that up 
to 40,000-ft. altitude the opening shock of parachutes increases 
with altitude, and may be assumed that this also is true up to 
higher altitudes. The violence of the opening shock depends also 
on the type of parachute. The desire to reduce the violence of 
the opening shock has been a strong incentive for the design of 


improved types of parachutes. 
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A certain degree of maneuverability can be achieved with ey 
parachute; e.g., in order to glide to the left an experienced i 
chutist will pull down on the suspension lines on the lefth y 
side. The possibility of directing to a selected point is so k ч 
that in general, the armed services of the larger countries do; 
attempt to train their men in the art of chute maneuvers, Ee 
jumpers, however, acquire great skill in this matter and ye 
meets are held in which many nationally selected crews compe 
in target jumping. 

Parachute Evolution.—Up to the beginning of World War " 
practically all parachutes in use were of the solid, flat type, co A 
sisting of a more or less flat circular canopy made of solid cloth 
This type of parachute had certain undesirable features such ij 
high opening shock and an inherent tendency to oscillate or | 
In order to achieve a high degree of air resistance withou 
cessive opening shock and uncomfortable or dangerous os 
tions, extensive studies were conducted in wind tunnels and 
aerodynamic research facilities. The results of these efforts wert 
radically new types of parachutes, the ribbon parachute (19 i) 
and the guide surface parachute (1943), both of German о " 
Between these two extremes a number of in-between designs ca 
be found. i 

Solid, flat parachutes with medium porosity are all unstable) 
they either oscillate, glide or perform a combined motion, 
slot parachutes, which consist of concentrically arranged 
of cloth and open spaces are more stable than any flat par 
made out of solid cloth. The ribbon parachutes belong to 
same family, and their geometric porosity is of the same 0 
as that of ringslot parachutes; however, the individual units of 
material and open space are smaller, and the stability of ribbon 
parachutes is in general better than that of the ringslot parachutes 
Formed gore parachutes attempt to control parachute be 
by shaping the canopy. They are characterized by the dra 
skirt and are generally more stable than the comparable flat 
chutes with the same porosity. 1 

In the design of the guide surface chutes, the concept of pari- 
chute shaping has been carried considerably farther. They ati 
made of low-porosity cloth and have a conical surface at the lont 
portion of the canopy. Guide surface chutes are most stable l 
their class. They are specialized for stabilization of bombs, 
and torpedoes: (stabilization type); for the recovery of guo 
missiles and escape capsules (universal type); and for rescut 
men from high-speed aircraft (personnel type). 

Ejection Seats and Escape Capsules.—In high-speed ain 
it is very difficult, sometimes impossible, for the pilot to 
the disabled aircraft, The airplane may tumble or spin a! 
accelerations during such uncontrolled flight may make it im 
sible for the pilot to bail out. The high velocity air stream ™ 
press the pilot with so much force against a part of the ai) 
that he is unable to free himself. Furthermore, if the pilot 
be able to leave the aircraft the air stream would a 
him against the tail structure with great force. To meet this p 
lem, high-speed military and research aircraft are equipl 
cartridge-actuated ejection seats. Я ей 

Under normal flight conditions an ejection seat is used i 
regular pilot’s seat. In an emergency the seat is ejec 
the aircraft structure by means of a cylinder and piston û 
ment actuated by the explosion of.a small charge of pro 
The pilot is literally blown out of the airplane. During be d 
of ejection the pilot has an upward velocity of арро 
60 ft. per second, which is usually sufficient to clear an 
tail structure of the aircraft. The ejection seats have $a 
ber of safety arrangements that prevent arms and 
violently moved by the air stream. In seats without 
cautions dislocation of joints or bone fractures have 
(See fig. 2.) 

During the ejection 
and his parachute is connected to his 
mains inactive until the pilot is separa’ 
by the opening of the lap belt. When the seat and th 
drifted far enough apart, the parachute is automate 
and the pilot descends in normal fashion. The instant 


the pilot is held in the seat by a lapi 
harness. e jection 

е ; 
ted from ae pilot 
ally 0 
f the? 


ing of the lap belt and the open- 
ing of the parachute is carefully 
timed in order to avoid excessive 
opening Si оскѕ and also to allow 
the bail-out altitude to be as low 
as possible, 

The use of ejection seats is 
limited to high subsonic, tran- 
sonic and low supersonic speeds 
since the high velocity air stream 
imposes unacceptable decelera- 
tion of the pilot in the ejection 
seat, In addition, the air blast 
may tear away protective hel- 
mets, oxygen masks and garments 
and thereby jeopardize the pilot’s 
life, For the protection of a sin- 
gle pilot or a crew of. two, pilot 
escape capsules have been pro- 
posed, These capsules are a part 
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FIG. 2.—PILOT EJECTION SEAT FOR 
JET FIGHTER PLANE 
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ribbon parachute. The recovery of missiles is now a well-estab- 
lished practice, The recovery of capsules which are ejected from 
satellites or space vehicles and which may contain instruments or 
living beings is a further extension of the technique of missile 
recovery methods. 

Care of Parachutes.—The life of a man depends upon the 
quality, freshness and packing of each parachute manufactured 
or repacked, Parachutes not regularly used should be unpacked, 
inspected, dried out and repacked periodically. Air-conditioned 
and practically dustproof sheds have been designed for this pur- 
pose. 

Each man-carrying parachute carries information as to the date 
on which it was last inspected, dried and packed, together with 
the name of the inspector. Parachutes made out of nylon or other 
synthetic material are taken out of personal use after they reach 
a certain age, because the physical properties of these materials 
deteriorate with time regardless of use. (H. G. He.) 

Sport Parachuting.—The two criteria of sport parachuting 
are style during free fall—the period after exit from the aircraft 
and before the opening of the parachute—and accuracy in landing. 


of the aircraft structure, usually the cabin or cockpit, and in case By spreading and arching his body a parachutist can hold a stable 
of emergency they are separated from the air frame. 

Properly designed pilot capsules appear to be suitable for es- 
capes from supersonic and hypersonic aircraft as well as for space 
vehicles, During the descent, two or three parachutes are used 
to stabilize and to decelerate the capsule. 

Landing-Brake Parachutes.—Parachutes of this type serve 
to reduce the speed of an aircraft during its landing approach and 
to shorten its landing run. This method was a standard procedure 
in the landing of German troops transported in glider airplanes 
during World War II and after the war it was widely used for 
military aircraft. Ringslot or ribbon parachutes are used for this 


purpose, 


Because of a favourable flow pattern surrounding the para- 
chute, landing-brake parachutes are deflected upwardly and do 
hot touch the ground until the aircraft speed is almost zero at 
which time the parachute partially collapses and glides over the 


ground. (See fig. 3.) 


In some cases a small parachute is used during the landing ap- 
proach and a larger one to reduce the landing run. In general, 
ls parachute used during the approach must be small enough to 
T the aircraft to remain air-borne and able to climb again. 

is requirement is necessary because the pilot may wish to dis- 
one the landing maneuver and fly another approach. 
ee Aircraft and Missile Recovery Parachutes.—A 
us er of small, pilotless airplanes used for target practice can 
h covered after their fuel is expended or after they are hit 
У а projectile. As some of these targets fly at high subsonic 


Speed 
tems 


i has been necessary to develop intricate parachute sys- 
Or initial deceleration and final landing. These parachute 


Systems have not been developed for the recovery of manned 


ürcraft in sı 
Posals, 


pite of numerous patent applications and other pro- 


aa the development of missiles it is sometimes highly desira- 
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d recover entire missiles, because the recovery of a missile 
m Dor function satisfactorily is very essential since it 
le E sation of the cause of malfunction. The first 
© Of a missile recovery came in 1943 when the German 
sile, during its flight test program, was recovered by a 


A 600- 


position during descent in free fall, or he can make turns, loops, 
and barrel rolls, and increase or decrease his rate of descent. By 
combining these techniques a parachutist may catch up to another 
parachutist during free fall and actually pass a baton for a free 
fall relay event. 

Sport parachutes that give the parachutist control of his direc- 
tion and a horizontal speed of close to 10 m.p.h. have permitted 
improved standards of accuracy in landing. Distance is measured 
from the exact centre of the crosslike target to the point of im- 
pact of the parachutist. 

Sport parachutes have large holes that permit the air to escape 
and drive the parachute in the direction opposite the hole, much 
like a low-power jet engine. The parachutes may be rotated by a 
light pull on a control knob that regulates the direction of the 
escaping air. The curved surface of the parachute moving through 
the air gives lift like an airplane wing. This lift effect greatly 
reduces the landing shock. 

A device called the sleeve that controls the deployment of the 
parachute canopy is perhaps the main technological development 
behind the growth of sport parachuting. The sleeve is a three- 
way safety factor. It draws the parachutist upright during de- 
ployment and thereby virtually eliminates the opening shock. It 
controls the canopy during deployment and makes it impossible 

“for a man to wrap up in the parachute while it opens. The sleeve 
also lessens the possibility that the canopy will remain closed by 
removing the pilot chute pressure from the apex of the canopy 
during the opening. 

An outgrowth of informal competition for accuracy, sport para- 
chuting came into its own at the first world championship meet 
in Yugoslavia in 1951 with five countries participating under the 
sponsorship of the Federation Aeronautique Internationale, World 
championship meets are held every two years. The U.S. was 
represented for the first time in 1954 when Fred Mason took 21st 
place in the second world championship meet at St. Yan, in France. 

The first U.S. sport parachuting team competed in 1956 in the 
third world championship meet in Moscow, U.S.S.R. The first 
two sport parachuting centres in the United States were created 
in 1959 at Orange, Mass., and Hemet, Calif. 

Improved equipment and techniques created an amazing safety 
record for the sport. The Telsan technique of parachuting in- 
struction permits persons who have never before seen a parachute 
to make a static line jump, during which the parachute opens 
automatically, after only four hours of instruction. In France, 
100,000 student jumps were made without a fatality. Strict inter- 
national regulations condemn unsafe practices. Sport parachut- 
ists are required to open their parachutes at a safe altitude of 
2,200 ft. 

The sport of parachute jumping is governed in each country 
by the parachute branch of the national aero club. In the United 
States the official body is the Parachute Club of America, a branch 
of the National Aeronautic association. (J. A. L) 
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,PARADISE (from Old Persian pairidaeze [pairi, “around,” 
dix, “mold”], signifying an enclosed area, particularly a royal park 
or hunting ground) was first used in its Hebrew form in the Old 
Testament (S. of Sol. 4:13; Eccles. 2:5; Neh. 2:8) to mean the 
sort of enclosure suggested by the Persian word. In the Greek 
translation of the Hebrew Scripture, however, “paradise” (Gr. 
paradeisos) was employed to designate also the Garden of Eden 
(Gen. 2:8), the original, blissful abode of man on earth (see 
Epen). In later Jewish writings it further became the name for a 
heavenly realm, understood as the archetype of the earthly Eden. 
This heavenly paradise was pictured as a place of rest and refresh- 
ment in which the righteous dead enjoy the glorious presence of 
God. It was in this sense of a heavenly realm that the word was 
used in the New Testament (Luke 23:43; II Cor. 12:3; Rev. 2:7). 

Some belief in a paradise either as an original or a final state 
of bliss and abundance is probably to be found universally in man’s 
religions, Among many primitive peoples there is the idea of a 
fuller life beyond the grave, a land in which there will be an ab- 
sence of pain and suffering and a complete satisfaction of bodily 
desires. A final state of bliss is variously conceived of in the higher 
religions as, for example, a heavenly afterlife (Islam, Christianity) 
or union with the divine (Hinduism) or an eternal condition of 
peace and changelessness (Buddhism). Accounts of a primordial 
earthly paradise in the higher religions range from that (as in 
Judaism, Christianity, and Islam) of a garden of life to that (as in 
Buddhism and Hinduism) of a golden age of human society at the 
beginning of each great cosmic cycle of existence. Among primi- 
tive peoples the belief in an original, earthly paradise is often that 
of a time when heaven and earth were very close together or ac- 
tually touching, and men and the gods had free and happy asso- 
ciation. In both primitive and higher religions the primordial 
paradise is frequently pictured as being at the centre of the earth, 
the point from which the universe originally spread out in the proc- 
ess of creation, and as being a place in which man neither toiled, 
suffered, nor died, and in which he had abundant life. Indeed, all 
accounts of that first paradise speak of an ideal humanity enjoy- 
ing spiritual and physical plenitude in a far distant, but not forgot- 
ten, time—"in the beginning." 

See also HEAVEN. 

BisLroomaPHY.—"Cosmology and Cosmogony" and "Blest, Abode 
of the" in the Encyclopaedia of Religion and Ethics; C. V. Pilcher, 
The Hereafter in Jewish and Christian Thought (1940); M. Eliade, 
The Myth of the Eternal Return (1955). (H. P. S.) 

PARADISI (Paranes), PIETRO DOMENICO (c. 1710- 
1791), Italian composer, harpsichordist, and singing teacher, was 
born at Naples about 1710. (The form of his name, Paradies, by 
which he is generally known, may be French or perhaps Ger- 
man.) Nothing is known of his early life. In 1738 his opera 
Alessandro in Persia was produced at Lucca, and the serenata Л 
decreto del fato was produced at Venice in 1740. By 1747 he was 
in London, where he produced his opera Fetonte and gave singing 
and harpsichord lessons. In 1754 he issued a set of 12 Sonate di 
gravicembalo, some of which are among the classics of Italian 
harpsichord music. He also composed several operatic works, 
symphonies, and organ concertos. Little is known of his later life; 
he left England sometime after 1750 and is said to have died in 
Venice on Aug. 25, 1791. (Cs. Сн.) 

PARAFFIN HYDROCARBONS (ALKANES). Paraffin 
(alkane) is the generic name given to the saturated hydrocarbons 
having the general formula C,Ho,,*. The paraffins are major 
constituents of natural gas and petroleum. Paraffins containing 
fewer than 5 carbon atoms per molecule are gaseous at room tem- 
perature, those having 5 to 15 carbon atoms are usually liquids, 
and the straight-chain paraffins having more than 15 carbon atoms 
per molecule are solids, Branched-chain paraffins with five to 
eight carbon atoms per molecule have a much higher octane num- 
ber than straight-chain paraffins and, therefore, they are the more 
desirable constituents of gasoline (petrol). 

The hydrocarbons are not miscible with water; they are 
soluble in absolute alcohol, ether, and acetone. All paraffins are 


colourless. 
Synthesis.—Paraffins can be prepared as follows: (1) Hydro- 
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genation of olefins in the presence of catalysts such as ni 
platinum. (2) Transformation of alkyl halides into alkyl 
nesium halides (Grignard reagents), which are then d a 
with water or dilute mineral acids. (3) Reduction of keton 
means of amalgamated zinc and hydrochloric acid (Clemen 
reduction) or with hydrazine and sodium ethoxide (Wolff-Kishne 
reduction). (4) Reduction of an alkyl halide by means of suth 
reagents as lithium aluminum hydride (LiAIH,), sodium and 
alcohol, hydrogen and platinum, etc. (5) Dehydroxymethylatigy 
of primary alcohols by reaction under pressure with hydrogen in 
the presence of a nickel catalyst at 150°-225° C (302°-437° F); 
methane and water are formed as by-products. (6) Reaction of 
alkyl halides with metallic sodium (Wurtz synthesis); the yid 
of the desired paraffins are sometimes, however, very low. (7) Re 
duction of carbon monoxide with hydrogen at 200°-250° C and 
at atmospheric pressure in the presence of a catalyst consisting of 
cobalt, thoria, and kieselguhr (Fischer-Tropsch Synthesis), This 
process, which yields a mixture of straight-chain paraffins, was used | 
in Germany during World War II for the production of gasolin 
and lubricating oils. | 

Reactions.—The paraffins are resistant to the action of aqueos _ 
solutions of acids, alkalies, and oxidizing agents at room temper: 
ture, This inertness gave rise to the name “paraffin” (Lat. parum, 
little; айт, akin). 

Thermal and Catalytic Cracking.—At a sufficiently ligi 
temperature paraffüns decompose to lower paraffins, olefins, a 
hydrogen. Propane at 600° C decomposes as follows: 

i 


CH:CH:CH;—> CH:= CH; + CH, 
ethylene methane 
CH;CH;CH;— CH;CH = СН, + H: 
propylene 


Ethylene and methane are the principal products. Parafins d 
higher molecular weight, on cracking, form hydrogen and а m - 
plex mixture of olefins and lower-boiling paraffins. 
In the presence of a silica-alumina catalyst at 500*-580* 0 
paraffins decompose to form a complex mixture composed 
of branched-chain paraffins and olefins. This method is 
commercially for making high-octane gasoline. 4 
Isomerization.—In the presence of catalysts such as aluminis 
chloride-hydrogen chloride, m-butane is reversibly isome! 
isobutane. The isomerization occurs at about 80°-125° С 
a pressure of 3 to 10 atm. 


CH; 


CH;CH;CH;CHs; c CHAAHCHs | 

The isomerization of hydrocarbons containing five or SIX [ud 
atoms per molecule is carried out under 10-30 atmospheres 0 
sure in the presence of hydrogen and a platinum-alumina a 
containing some halides. б 

Oxidation and Chlorination.— Paraffins in the pal 
oxygen or strong oxidizing agents at high temperatures 
complete oxidation to carbon dioxide and water. 


сна ETE 1 9, 5nCO; + (n + HO 


presence of air, a partial oxidation of paraffins is feasibl d КЕЛ 
plex mixture of oxygenated compounds consi 
ketones, aldehydes, and acids results from 50 
The chlorination of paraffins occurs at 250° | 
temperatures if induced by light or organic peroxi гөө shot 
rination reaction yields a mixture of chlorinated hy! 
CH,CH,CH.CHICHÁ 


CH. CHCICHs 
CH,CH;CH;CH;CH; + Ch (enc CHCICHS CBS 4 
the 


nitric acid in 


Nitric Acid.—Paraffins react with 
radical): 


phase to form nitroparafüns (R = paraffin 


RHE HONO O Con NO, + HO 


EE 


E : scs 
The reaction is accompanied by the scission of carbon-carbon 
ds, In the nitration of propane, for example, not only 1- and 
opane (CHsCH,CH,NO. and CH;CHNO,CHs) are 
, but also nitroethane (CHgCH,NO.) and nitromethane 
(СНО). 
ро Dioxide and Chlorine.—Paraffins form sulfonyl chlo- 
rides by reacting with sulfur dioxide and chlorine in the presence 
of light or organic peroxides. 
RH+ SO: + СЫ“ 50,0 E HCI 
The products thus obtained from paraffins with 12 to 16 carbon 
atoms per molecule can be transformed into sulfonates that are 
yaluable as detergents and wetting agents. 

Addition of Carbenes.—Carbene or substituted carbenes 
which are formed by photochemical or thermal decomposition of 
the corresponding diazo compounds add to paraffins: 

RE cH tt RCH EN: 
light 


L 
RH +N:CHCOOR' E 


—RCH2COOR! + № 


Alkylation of Paraffins.—Thermal—Paraffins such as pro- 
pine, butane, and isobutane react with olefins at elevated tem- 
peratures and pressures to form addition products. 


CH; 500° С CH; 
290 atm. 
CH;—CH—CH; + CHa= СН, — — — CH;—C—CH;—CHs 
isobutane ethylene | 
CH; 
2,2-dimethylbutane 


Catalytic. —Isobutane reacts catalytically with olefins of lower 
molecular weight, The catalysts most commonly used are alu- 
minum chloride-hydrogen chloride, hydrogen fluoride, and con- 
Centrated sulfuric acid. The catalytic alkylation proceeds at 0° 
[035° C and at pressures of 2 to 10 atm. 


CH; Нс iR pedi 


CHi-CH—CH; + CH; - СН, CH; CH; 
isobutane ethylene 2,3-dimethylbutane 


CH—-CH-CH, + CH,—CH = CH—CH; H:S0, or HF 
7 2-btitkns à 035" С Нь 


АІСІ,.НСІ 
35°С 


з 


The Outstanding application of this reaction is the production 

h-octane gasoline; it was in wide use during World War II. 

ydrogenation.—Paraffins with two to five carbon atoms 

ри molecule undergo dehydrogenation to olefins when brought 
Contact with a suitable catalyst at atmospheric pressure. 


CHCHCH,CH, Cr,0;.Ah0, ^ CH,CH- CHCH; + Hs 
butane eC 2-butene 


шае апі hydrocarbons of higher molecular weight undergo 


Mrogenation to aromatic hydrocarbons, 


CH; 
CHSCH.CH,CH: 
SAREE cro. ag, y + 
г Мв 


е romatization of paraffins has a wide commercial use. 


ДЫ YDROCARBON : General Structure, See also separate entries 
Propane of the paraffin hydrocarbons mentioned; “ыг 
PARA Bs 
Inge AGONTTE, an uncommon rock-forming mineral be- 
rained pe, Mica group. It is commonly found as very fine- 
Чоро, Y scales in dense masses; single crystals are 
optically f Y rare. It is colourless and cannot be distinguished 
schists ny muscovite (g.v.). Paragonite usually occurs in 
К kyanite, chloritoid, and staurolite. 


и 
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It is found at Fenestrella, Italy; Alpe Sponda, Switz.; and 
Chester, Pa. A sodium mica, the chemical composition is close 
to NaAl,(AISis)0;9(OH)» with some K substituting for Na; Li, 
Fe*? and Mg for the first Al; and Si for the second Al. Three 
polymorphs are recognized. Paragonite and fluoroparagonite have 
been synthesized. For further discussion see Mica, (Н. S. NS 


" 

PARAGUANA PENINSULA, extending northward from 
Falcón state in northwestern Venezuela, lies between the Carib- 
bean and the Gulf of Venezuela. Politically, it is a part of Falcón 
(q.v.) ; Coro, capital of the state, lies at the base of the isthmus. 
The peninsula is arid and of little use for agriculture. Lagoons 
line the coast. Population is sparse. Besides oil operations, the 
main activities are grazing of goats, fishing for mackerel, shrimp, 
shark and tuna and diving for pearls. Important petroleum pipe- 
lines have been built from the oil fields on the east side of Lake 
Maracaibo (q.v.) to terminals on the west side of the peninsula, 
where several companies have large oil refineries. 

At Amuay terminal, the harbour has been dredged to 41 ft. to 
handle tankers up to 47,000 tons, and four 1,100-ft. piers have 
been constructed for handling large tankers. A new international 
port has been built at Guaranao bay on the western side of the 
peninsula and large ships can be accommodated. 

Guaranao is one of the best sheltered and deepest bays on the 
peninsula, This port has grown in importance with completion 
of the hard-surface highways from Coro to Barquisimeto and 
from Coro to Maracaibo, Pueblo Nuevo is the principal settle- 
ment. (L. WE.) 


z 
PARAGUARI, a department of southern Paraguay, Area 
3,187 sq.mi. (8,255 sq.km.). Pop. (1962) 204,220. It is drained 
by the Tebicuary, tributary of the Paraguay river, and by Lake 
Ypoá (Laguna Vera), Paraguay’s largest lake. The northern area 
of the department contains part of the forested Asuncién prong 
of the Brazilian plateau, The southern districts are rich agricul- 
tural lowlands producing tropical subsistence and cash crops. 
Population is well distributed. There are many processing and 
marketing centres and the department is served by the main 
Asunción-Villarrica railway, which passes through the capital, 
Paraguarí, and by the Asunción-Encarnación highway. Caapucü 
is the principal centre of the south of the department and near it 
are important iron ore resources. (G. J. B.) 
PARAGUARI, capital of the department of the same name 
in southern Paraguay, lies 45 mi. (72 km.) SE of Asunción. It 
is the trading centre of the fertile and active agricultural region 


` which slopes southward and westward from the Paraguayan exten- 


sion of the Brazilian plateau to the Paraguay river. Pop, (1960 
est.) 5,040. It is connected with Asunción by road and rail, with 
Villarrica by the Central Paraguayan railway and with Encarna- 
cién by a new trunk road. 

Cotton, tobacco, sugar, oranges, rice, maize and hides are among 
the products which it handles or produces, Ceramic works, tan- 
neries and food-processing plants are located in the area, Essence 
of petitgrain, a base for perfume from bitter orange leaves, is an 
important product. 

Originally a Jesuit mission, the city was formally organized in 
1775 by Agustin Fernando de Pinedo, In 1811, when Paraguay 
decided not to join with the Argentine colonies in their revolt 
against Spain, Paraguarí was the scene of an important battle 
in which the Argentines under Manuel Belgrano were repulsed 
and Paraguay's independence was secured. It is the headquarters 
of Paraguay’s artillery regiment and school. Santo Tomás grot- 
toes, on a hill near the city, are noted for their hieroglyphic in- 
scriptions, presumably the work of early indigenous peoples, The 
75-ft. (23 m.) long cavern is a centre of Good е Lacan a 

4B: 

PARAGUAY, a republic in the south central part of South 
America. Area 157,047 sq.mi. (406,752 sq.km.). Pop. (1962) 
1,816,890. Paraguay is bounded on the northeast by Brazil, on the 
northwest by Bolivia, and on the south, west and east by Argentina, 
No part of the country lies within 600 mi. (965 km.) of the ocean, 
and this landlocked situation distinguishes and conditions Para- 
guay’s economic and political life. 
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This article is divided into the following sections and subsec- 
tions: 
I. Physical Geography 
1. Physiography and Geology 
2. Climate 
3. Vegetation 
4. Animal Life 
. Geographical Regions 
1. Central Region 
2. Eastern Region 
3. The Chaco 
. The People 
History 
. Population 
. Administration and Social Conditions 
. The Economy 
1. Production and Trade 
2. Finance 
3. Communications 
I. PHYSICAL GEOGRAPHY 


With an area of 157,047 sq.mi., Paraguay is almost as large as 
California. It straddles the Tropic of Capricorn, its northern part 
lying in the south tropical zone in the heart of South America. Its 
name is said to have derived from the Guaraní Indian word 
pararaguay, meaning “a place with a great river," which describes 
the country well. Rivers form most of the country's boundaries 
and are still its principal, most convenient, and most pleasant means 
of commercial transportation, despite airline service, the construc- 
tion of some modern highways in recent decades, and the earlier 
construction of the railroad from Asunción to Encarnación, 

In the east, and along part of its southern edge, Paraguay is 
bounded by the Alto (Upper) Paraná River, which separates it 
from Brazil and Argentina. At the country's southwestern corner, 
where this river is joined by the Paraguay River, the Alto Paraná 
becomes the Paraná and turns southward to carry much of the 
country's commerce to Argentina and the Atlantic Ocean. The 
Paraguay River rises far in the north, in the Mato Grosso region of 
Brazil, forms part of Paraguay's border with Brazil for about 100 
mi. (161 km.), then cuts Paraguay roughly into its two main parts 
—the Oriental (East) and Occidental (West)—for another 200 ті. 
(322 km.), and finally forms the border with Argentina for another 
150 mi. (241 km.). At Asunción it receives the Pilcomayo from 
the west, a sluggish river, not commercially navigable, which forms 
a part of Paraguay's border with Argentina. In the north, eastern 
Paraguay is separated from Brazil by the Apa River, flowing into 


the Paraguay from the east. 
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PRINCIPAL CITIES AND PHYSICAL FEATURES OF PARAGUAY 
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1. Physiography and Geology.—The eastern third of the 
country, ranging in altitude from 1,000 to 2,000 ft. (305 to 610m) 
isa westward extension of the geologically old Brazilian plateau d 
crystalline rocks, which are there covered almost everywhere with 
thick layers of red sandstone into which lavas and other volcanic 
rocks have intruded. However, along a line running roughly north. 
ward from Encarnación, this ancient plateau formation dips down 
across a fairly well defined cuesta, or escarpment, to be co 
as far west as the Paraguay River, by alluvial soils. In 
places the latter are interrupted by exposed “peninsulas” of ty 
old crystalline rock formations, which are weathered, gently 
rounded, and not very high. 

The cuesta divides the watersheds as well as physical formation, 
Tributary streams flowing westward into the Paraguay are mostly 
navigable by small boats and flow across open and fertile country, 
with some large marshy areas in the south. Those flowing вані 
into the Paraná traverse more rugged, forested country and are not 
navigable; the Alto Paraná itself is too rough above Епсатайй 
to serve as a major waterway; its few "ports" are maintained by 
individual companies for loading mate and lumber. 

To the west of the Paraguay River lies the so-called Chaw 
Boreal, which is Paraguay’s portion of the Gran Chaco, a name de 
rived from the Quechuan Indian word chuco, meaning hunting - 
ground. The Chaco Boreal, 91,800 sq.mi. (237,800 sq.km.) in er 
tent, is uniformly flat and variously covered with dense jun 
growth, grasslands, isolated forest stands, palm groves, and swampy 
lowlands. It is thought to have been at one time the bed of a 
ancient sea, later filled with unconsolidated sands and clays brought 
down by rivers from the eroding Andes, The rivers in the region, 
of which the largest is the Pilcomayo, are sluggish and not тау 
ble, and much of the country is subject to flooding. 

2. Climate.—Except in some parts of the Chaco, Paraguay’ 
climate, largely subtropical, is noted for its general pleasantness 
During the summer months, from October through March, tempė 
atures generally range from 26° to 33° C (80° to 90? F), vil 
some hotter spells, though often broken by strong winds that miy 
cause sudden drops of 30°. In winter, April through September 
the temperature range is between 15°-26° C (60° and 80°F 
Rainfall is highest on the Parana plateau at the Brazilian bor 
where it averages about 80 in. (31 cm.) per year. It diminish 
toward the west. At Asunción, annual rainfall is about 52 in. (Û 
cm.), fairly well distributed throughout the year. In the Chal 
west of the Paraguay River, the average amount per year inm 
32 in. (13 cm.); there, too, the high rate of evaporation and 
porosity of the soil cause periodic droughts that may 0 ten, 
followed by floods. 

3. Vegetation.—The eastern part of Paraguay is largely of 
ered by semideciduous forests, especially in the river valleys. | 
trees are mostly hardwoods, ‘Including such indigenous be 
as urunday, cedron, curupay, and lapacho. The lack of so! "m 
is a handicap, though there are enough light woods to fi ДУ], 
heavy woods in rafts down the Рагапа to the Argentine mat tom 

West of the cuesta, to the Paraguay River, the country I5 C. 
by well-watered, luxuriant grasses, interspersed by forest ОШ 
on the uplands and by gallery forests along the river бош 
extensive marshy parts of this region are covered by tal P 
between gallery forests. ott 

In the sporadically forested Chaco, largely in the easter ad 
along the Paraguay River, are scattered stands of quebracho, " 
red tree which yields a tanning extract shipped in large a 
to Great Britain and the U.S. The rest of the Chaco isa 
scrub thorn trees and dwarf shrubs, with giant cacti in 
arid west. CAE jg the ™ 

Medical herbs, shrubs and trees (the latter including c do 
todo, with some of the properties of quinine), are in pro tosi 
are exploited by European firms, as are also dyewoo ly 
extent. The famous mate (g.v.), or Paraguay tea, 4 andit! 
paraguariensis), occurs in the northeast in a wild state; 
southwest under cultivation. f 

4. Animal Life.—Among the animals nati 
the jaguar, quite abundant in the Chaco and known а 
dangerous large wild boar, the water hog or carpi 
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cho, Y 


the armadillo and the anteater. There are many tropical 
birds such as the ibis, heron, toucan, black duck, doves, partridges, 
and parakeets and parrots. Insect life is extensive and large ant- 


hills are often seen. 
П. GEOGRAPHICAL REGIONS 


‘Two lines, extending roughly north and south, divide Paraguay 
into its three main geographical regions. One is the cuesta running 
north from the vicinity of Encarnacion, and the other is the Para- 

y River. The central region, lying between the two, is by far 
the most important and is the area in which live all but about 
100,000 of the country's 1,816,890 inhabitants. 

1. Central Region.—From the viewpoint of human geography, 
this central region is again divided into three parts, the central, the 
south, and the north. sy central part extends eastward from 
Asuncién, about 100 mi. (161 km.), to Paraguay’s second city, 
Villarrica, About 50 mi. (80 km.) wide, this is the “core area" of 
Paraguay. It is the region where settlement by whites first began, 
where the first land titles were established and the first towns and 
cities were located. Most of Paraguay’s urban centres, ranches, 
farms, and orange groves are located in this belt, which is served 
by the railroad from Encarnación and by the relatively modern 
Marshal Estigarribia Highway. The country's few manufacturing 
industries are located almost exclusively in Asunción and Villarrica. 

South of the core area is the Misiones territory, which contains 
some of Paraguay's richest soils, though also some large swamps. 
This puo held by Jesuit missionaries, who gathered Indians 
around them to live peaceful, religious, communal lives around 
Settlements called reducciones, and who also militantly excluded 
Spanish settlers and at times even travelers. When the Jesuits 
were expelled in 1767, most of their reducciones fell into ruins, 
oe A notably Villarrica and Encarnación, grew into cities. 

uring the 20th century, systematic efforts were made, through 
governmental programs and road construction, to attract immi- 
Btant-settlers, largely from Germany, to this part of Paraguay. 
у north of the central core area is scenic and fertile, 

€ primitive and sparsely populated. Most of its towns and 
л lie on the Paraguay River, in part because that is the 
commercial artery and in part because it is the centre of the 

0 industry. An exception is the town of Pedro Juan 

0, on B Brazilian border at the northeastern corner, 

ба major effort is under way to attract settlers through an 

ARM development DE 

. Eastern Region.—Large parts of this rugged plateau country 
are densely forested and inhabited only by scattered Indian tribes 
‘hd wild animals, Settlements along the Alto Paraná River consist 
de ны commercial holdings for lumbering or the pro- 

Chaco.—West of the Paraguay River lies the wilderness 
the at Chaco. Largely uninhabited, it is of economic value to 
ntry principally because of the rich stands of quebracho 

d eastern part, A number of narrow-gauge industrial 

ii voe Írom points on the main river inland, for the pur- 

luti auling out quebracho logs. Five industrial plants for the 
Wang ao from the quebracho wood have in recent years 

oP, Shed at various river ports. Л 
Каа Chaco’s total population is about 65,000 or ap- 
Posed in оаа MEM oe miles, ne is Ard 

h easure of Indians and pioneering ranchers. 

Sxception isa colony of Mennonites occupying a tract of 2,100 
by ofl a Sqkm.). Attracted from North America and Europe 
tion from ice freedom, virtual self-rule, permanent exemp- 
taxation m tary service, and generous concessions in matters of 

› ‘hese intensely religious people grow cotton and other 
hid ely opening the Chaco for uses other than 
2 ; and the extraction of quebracho. 
aqq Petroleum is known to exist in the Paraguayan Chaco, 
Dresent it is too remote for exploitation. (E. P. Ha.) 


Ш. THE PEOPLE 


mgt Рава people are a fairly homogeneous ethnic stock 
Tesulted from intermixture between the indigenous 
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Guarani Indians and their Spanish conquerors. This mestizo type 
is predominantly Indian, for there were relatively few Spanish 
colonists compared with the large Indian population. About 40,000 
Indians inhabit the forests of northeastern Paraguay and the west- 
ern Chaco, К 

There have been many immigrant groups, but in total numbers 
they have contributed little to the racial makeup of Paraguay. ‘The 
most numerous have been Germans, Spaniards, and Italians, but 
groups of Japanese have settled in the Alto-Parana basin, and Aus- 
tralians in the Villarrica area. Most have been assimilated, but 
this is less true of four Mennonite and Hutterite colonies, mainly 
of German-speaking refugees, which were established in the period 
1927-47 in the Chaco and northeast of Asunción, They are exam- 
ples of pacifist, self-supporting communities which have survived 
many tribulations with persistence and faith, aided by generous 
concessions from the Paraguayan government. 

The nation’s loss of people has been greater than the gain, and 
it is estimated that at least half a million Paraguayans live in 
Argentina and Brazil, where they have been either driven by politi- 
cal persecution or attracted by greater economic opportunities, 

The indigenous Tupi-Guaraní tongue is spoken by most people 
outside the capital, but Spanish is the official language and is more 
commonly spoken in Asunción. There is, however, a considerable 
modern literature in Guaraní, and no South American country is as 
bilingual as Paraguay. The problem of instructing Guaraní-speak- 
ing children in a school system based on the Spanish language in- 
creases the educational difficulties of the nation. 

Although Roman Catholicism is the established religion of the 
country, the constitution permits the practice of other religions 
and denominations, and there are about 25,000 Protestants. "There 
is a close connection between Church and state. The president 
must be a Roman Catholic; the archbishop of Asunción and the 
bishops of Villarrica and Concepción (the three dioceses) must be 
Paraguayans; and their appointments must be ratified by the state. 
The archbishop is also ex officio a member of the council of state. 
Many of the clergy belong to religious orders, the Salesians and 
Franciscans being especially numerous. 

Three-quarters of the people live outside the capital and the 
four provincial towns of Encarnación, Concepción, Coronel Oviedo, 
and Villarrica. The way of life, therefore, is predominantly rural, 
with families maintaining themselves by subsistence farming, pas- 
toralism and forestry. Living conditions are primitive, illiteracy 
widespread, and social, economic, and cultural life still largely 
feudal in character. Yet Paraguayan isolation has resulted in the 
development of a strong cultural and political nationality, 

Some aspects of peasant belief and family life are Guaraní in 
tradition, as are also some items of material culture, such as the 
child's hammock, a wooden mortar, and maté drinking; but more 
important is the preservation of the political, military, economic, 
and religious institutions of the Spanish colonial culture that have 
fused themselves onto the language and customs of the Guaraní 
communities, 


IV. HISTORY 


Indian tribes speaking the Guaraní language had occupied the 
region between the Paraguay and Paraná rivers long before the ar- 
rival of Europeans in the area. They were seminomadic peoples 
practising agriculture, hunting, and fishing in a naturally well- 
endowed land. In the 15th century raiders from the poorer Gran 
Chaco region made frequent attacks upon them. The Guarani in 
retaliation crossed the Paraguay River, subdued their enemies, and 
carried the conflict into the margins of the Inca Empire, They 
were, therefore, the natural allies of the early European explorers 
who were seeking short routes to the mineral wealth of Peru. Alejo 
Garcia, making his way from the Brazilian coast in 1524, and 
Sebastian Cabot, sailing up the Parana in 1526, were the earliest 
of these pioneers to reach the area, but the first colonial settle- 
ments were established by Domingo Martínez de Irala in the pe- 
riod 1536-56. With Asunción as his principal base he laid the 
foundations of Paraguay and made it the centre of Spanish power 
in southeastern South America. From it were founded such cities 
as Santa Fé, Corrientes, and Buenos Aires, and not until the es- 
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DAVIS PRATT—RAPHO GUILLUMETTE 
GOVERNMENT PALACE IN ASUNCION, THE CAPITAL OF PARAGUAY. BUILT 
BY FRANCISCO SOLANO LOPEZ IN THE LATE 1860'S, THIS BUILDING NOW 
HOUSES THE ADMINISTRATIVE OFFICES OF THE GOVERNMENT 


tablishment of the viceroyalty of La Plata in 1776 did Asunción 
become a dependent city of its offspring, Buenos Aires. Trala’s 
colonization policy involved the delimitation of the boundary with 
Brazil by a line of forts against Portuguese expansion, the founda- 
tion of villages, the reduction of the Guarani to provide food, 
labour, and soldiers, and extensive Guaraní-Spanish intermarriage 
that supplied the characteristic Paraguayan mestizo population. 
Rapidly a national and fairly homogeneous amalgam of Indian and 
Spanish cultures came into being. 

From early in the 17th century, for more than 150 years, Jesuit 
communal missions in the Alto Paraná and Uruguay basins of 
southeastern Paraguay governed the lives of 100,000 Indians in 32 
reducciones. These were centres of conversion, agricultural and 
pastoral production, manufacturing and trade, which served also as 
strategic outposts against Portuguese expansion from southern 
Brazil. Isolated from the heart of Paraguay, which centred on 
Asunción, the missions became an autonomous military, political, 
and economic "state within a state" which increasingly excited the 
envy of the Spanish landowners in the Asunción area. In the pe- 
tiod 1721-35 the latter waged a struggle to overthrow the Jesuit 
monopoly of Indian trade. Unaided, the reducciones had to defend 
themselves also against slave raiders from Sáo Paulo and, in 1754- 
57, à combined Spanish-Portuguese attack designed to enforce a 
territorial partition of the mission settlements. Defiance of such 
powerful groups paved the way for the expulsion of the Jesuits in 
1767. The reducciones were abandoned; the Indians were absorbed 
either by the landed estates or the jungle; the settlements fell into 
ruin; economic activity ceased; and little permanent result sur- 
vived of this period of Paraguayan history. 

As the power of Buenos Aires grew, the leaders of Paraguay re- 
sented the decline in their province’s significance, and, although 
they had early challenged Spanish authority, they refused to ac- 
cept the declaration of Argentine independence in 1810 as applying 
to Paraguay. Nor could an Argentine army under Gen. Manuel 
Belgrano enforce Paraguayan acceptance, Later, however, when 
the Spanish governor of Paraguay sought Portuguese assistance to 
defend the colony against further attacks from Buenos Aires, he 
underestimated the national spirit of the Paraguayans. They 
promptly deposed him and declared their independence on May 14, 
1811. 

‘After a short period of anarchy, Rodriguez Francia, 
called by the Indians *E] Supremo," set up à dictatorship which 
he maintained from 1814 to1840. During this period he sealed off 
Paraguay from the outside world and created an isolation based on 
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ignorance and complete obedience to his rule. He forbade 

tion and immigration, and maintained neither diplomatic € 
mercial contacts with foreign countries. Using this poli e. 
means of checking the expansionist ambitions of pus 
Brazil and foreign economic penetration, he also secured ji = 
peace by curbing the power of the Church, of political Ries 
of education; all potential sources of opposition to him, "M 
vent the necessity for external trade he encouraged self-suf 
introducing new crops, the development of hand industries, andi 
establishment of a sound economic basis for the nation; Тш» 
lationist policy also helped to preserve the homogeneous charade 
of the Paraguayan people and to strengthen their spirit of s 
reliant independence. 

Two more dictators followed, Carlos Antonio López (1844) 
and his son Francisco Solano López (1862-70). . Francia’s isi 
tionism was abandoned; education was extended; and the niis 
was opened up for trade and development by foreign technidis 
and immigrants. Friction increased, however, with Paraguay's tt 
powerful neighbours, Argentina and Brazil. Argentina's didt 
Juan Manuel de Rosas largely thwarted Paraguayan efforts to tral 
by imposing an economic blockade, and a dispute also began om 
Paraguay’s northern boundary. Aware of his country’s peril @ 
elder López strengthened the army, which his ambitious son sa 
found ample opportunities to use. Trained by Germans and se 
plied with European equipment, it became à formidable force wilt 
Argentina and Brazil thought would be used to extend the termite 
of Paraguay. The Paraguayans similarly feared the designs d 
Buenos Aires and Rio de Janeiro. The increasing dominationi 
Uruguay by Brazil sparked off the war. Lépez attacked Brasil at 
in so doing violated Argentine territory. The Triple Alliance d 
Brazil, Argentina, and Uruguay followed. Paraguay was in 
but army and citizens fought a tenacious defensive war from 1% 
to 1870, which ended in the death of López and more than halle 
Paraguay's people. Brazil ‘annexed territory north of 
River, and Argentina part of the Chaco south of the Pilcamp 
and the salient of the Misiones territory between the Parani si 
Uruguay rivers. Paraguay was devastated and occupied 
eign troops for six years, and its national survival was 
only of the mutual rivalries of Brazil and Argentina. Econom 
covery was inevitably a slow process, and the chaotic 
prevailing did little to encourage immigrants to rebuild the 
Political clashes, coups d'état, and civil wars succeeded one 
although the constitution of 1870 in theory regulated the gn? 
ment of the country until 1940. Two parties, the Colorado M 
the Liberales, emerged, but palace revolutions and military 
vention decided their fortunes more often than the ia 
Paraguayan writers participated actively in political ie m 
forms of literature had a political complexion. J. S. Godoi r 
M. Domínguez, M. Gondra, F. R. Moreno, J. E OL т 
the brothers Eligio and Eusebio Ayala were the lending s 
letters in the golden age of Paraguayan literature which Pint 
at the turn of the 19th century. During World war 1 " 
was neutral, and there was some economic expansion. por 
also saw the growth of a reform movement which grew in 
as the worst effects of the world economic depression hc 

Simultaneously, increasing tension over the western "e 


with Paraguay's neighbour Bolivia reached an acute 5 JE 
vast and thinly peopled Chaco was coveted by both М A 
Bolivia as a means of securing a river exit to the Atlantic, 
guay in the hope of developing the region's possible pet no 
sources. Both countries began constructing forts early ci 
century, and sporadic skirmishes over many years dev dc 
war during the period 1932-35. The military skill of e 
guayan leader Col. José Félix Estigarribia an! 
bands finally won control of the Chaco, but at heavy 
and wealth. The peace of 1938, arranged by ipt 
Chile, Peru, Uruguay, and the United States, gave Ра) раб 
of the disputed territory and Bolivia ап outlet t9 the 
River via Puerto Suarez. itar 

The Chaco War not only increased the area and ше 
of Paraguay but permitted the rise of the first importan 
to introduce progressive institutions. Col. Rafael Ё 
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` gf a new party, which became known as the Febreristas, seized dency, Gavilán was handicapped by lack of m: for campaign 
m Feb. 17, 1936, and received wide support from many funds and also by the decision У азон а within the 
1 of Paraguay's population, By dictatorial methods lands Liberal and Febrerista parties to boycott the election. 
| distributed to ex-servicemen; a labour and social welfare ог- 
weigation was instituted; and (ће raw material and industrial re- V. POPULATION 
of Paraguay were nationalized. Suffering a temporary — The total population of Paraguay in 1962 was 1,816,890, The 
setback by army coups d'état, the reform movement to build a new eastern two-fifths of the country contains 95% of the total, the 
Paraguay continued with the election of the hero of the Chaco vast Chaco area being inhabited by only about 65,000 people, most 
War, Estigarribia, as president in 1939, and the promulgation of a of whom live on the eastern margins in the lands adjacent to the 
pew constitution in the following year. This gave congress greater Paraguay River. 
to support labour reforms but maintained the authority of The |, Asunción, with its major suburb, Lambaré, had а 
S strong executive, Estigarribia's plans to introduce a program of 305,160 in 1962, There are four provincial capitals, 
of state socialism, land reform, and economic modernization were each with a population of approximately 20,000. These are Con- 
«оде abruptly by his sudden death in an airplane accident, cepción, Villarrica, Coronel Oviedo, and Encarnación. Concepción 
Next governed by Gen. Higinio Morínigo, who disregarded the is the only large nucleus of settlement in the northern half of 
1040 constitution, Paraguay reverted to its traditional path of op- Жер Paraguay. Most Paraguayans live in а belt of territory 
p фу аюгшр, pe ( Сре rule, т Dre al 50 mi. in width stretching east and south from Asunción 
‘of civil liberties, and the dominance o army. In Morínigo's pulation partments 
ght years of rule the pattern of dependence on military stn а пы ЕА g2 
fo prevent political reform from overthrowing the 
power of the landowners was reestablished, and Paraguay's eco- 
omic dependence on Argentina was once more underlined, Mori- _ 
did conclude treaties of economic cooperation with Paraguay's 
neighbours, Brazil and Bolivia, encourage a modest industrial- 
tation of the country, and stimulate agricultural production. Dur- 
fog his regime the Inter-American Technical and Co-operative 
Service for Agriculture (known by its Spanish initials STICA) 
wader United States’ auspices carried out a program of agricultural 


n = А (San Juan Ваша) : 
educational and experimental demonstration which raised produc- сепи (Pilar). 
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lon, improved diet, and modernized farming equipment and 
р but did nothing to break the land monopoly of Paraguay's 
chy, 
_ Mounting opposition to Morínigo's dictatorship led to a general 7 
Mike in 1944, et this was followed by. E dut j^ the toward Encarnación via Coronel Oviedo and Villarrica, and served 
ferment, In 1947 the Liberales and Febreristas, supported by by the major railway system of the country, 
p the army, raised a major revolt at Concepcion and besieged The population of approximately $00,000 before the Paraguayan 
ción, Although the rebels for a time controlled much of the War (War of the Triple Alliance, 1865-70) was reduced. to. less 
Country, they were forced to disband when the government seized than half that number at the end of the conflict, only 13% of whom 
capital, Morinigo, faced with a split in the Colorado Party were men, The recovery in numbers and sex ratio wns slow, as 
quer the issue of punishment of the rebels, resigned the presidency the gain by immigration. was sporadic and slight, Political and 
1948, and a new series of coups d'état produced four presidents economic dislocation also caused a persistent current of emigration, 
Mort duration, including the distinguished writer and publisher and the Chaco War, 1932-35, was a further drain on numbers, 
Natalicio González. In 1949 Federico Chávez, the leader of With a fairly high birth rate and reductions in infant mortality, 
Colorados, took over control of the country. Under him Para- population increases by about 50,000 annually, 


became closely associated with the regime of Juan Perón in vy ADMINISTRATION AND SOCIAL CONDITIONS 


tina and its economic policies. The treaty of cooperation be- ў 
D" the two nations, signed in 1953, verd Кыра depen- Тһе constitution of 1940 provides the nation with strong execu- 


оп Argentina for food, transport, and trade, and provided for tive power, with the legislature occupying a subordinate role, 

| Argentine investment in. the ү с. " ein mineral Both the president. and bouse of representatives are elected. by 

Miources, Chávez also took steps to improve health andeducation direct suffrage for five-year periods, There is also an advisory 

tions, largely by means of а joint.commission for economic council of state whose members are appointed and dismissed by 

| ent under the U.S, Point Four program, but Paraguay still the president. Although in theory capable of a democratic inter- 

hee A one-party state in which opposition forces were held in pretation, the constitution has always been managed to ensure 

| k In May 1954 the head. of the Paraguayan army, Gen. the dominance of the Colorado Party, and elections have been 
| Ame Stroessner, seized power, and the coincident nature of totalitarian in character, 

| Ty and political power, which for so long bad dominated Administratively, the Paraguay River divides the nation into an 

Һыу, government, became undisguised. Stroessner's dicta. Oriental (eastern) and an Occidental (Chaco) section, The latter 

| р, continued by his “reelection” іп 1958, faced problems of із subdivided into three large departments, and the smaller but 

| йш depression, continued inflation and smouldering inter- more important eastern section into 13 departments, The subdivi- 

| wa, tition to its totalitarian character, Economic cooperation sions of the departments are known as partidos or rural districts, 

Argentina was intensified, and when Perón fell from power Each unit, including the capital, is under the direct control of the 

Stroessner gave him temporary asylum, central government, local government being nonexistent. Partidos 

мош developments in Brazil and Bolivia are tending to give are made up of a number of comporiias, usually with Guarani 

| кын оше partially to overcome its long-standing d SM, г the Sele М es units have a regional conscious- 

i i i transpo! - ness o . 

Stave been conchae Cae nancial by rm (ph Import pe mat taxes provide about one-third of the nation's 

& «ional elections that took place in Feb. 1963 Stroessner, revenue. They were once the principal source of governmental in- 

Bn ale of the Colorado Party, was reelected president by a соте, but profits and income taxes are now more important. . Cate- 

сощ.“ about eight to onc over the Liberal Partys Ernesto gories subject to these taxes are those involved in commerce, 

Pere all, election was the first in Paraguay in which women industry, finance, pastoral farming, and real estate, but arable farm- 

Зее to vote; it also marked the first time since 1939 that ing, the professions, public service, and manual labour аге exempt. 


Jans were offered more than one candidate for the presi- There is little indirect taxation. 
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BY COURTESY OF PAN AMERICAN UNION 
WORKMEN LOADING QUEBRACHO LOGS 


The extract obtained from the wood of the tree from the eastern Chaco Boreal region is one of Paraguay's chief exports 


Although the capital and larger towns have a large proportion of 
adequate housing and public services, living conditions in the rural 
areas, where most Paraguayans live, are for the most part primi- 
tive. Adobe huts roofed with reeds and with earthen floors house 
most of the workers. Water supply is derived from communal 
wells, and sewage systems are nonexistent. As there is much sub- 
sistence farming, money wages frequently have no significance, but 
the national income per capita averages about $84 per year. Skilled 
workers are in short supply as they can easily emigrate to Argen- 
tina where they can earn higher wages. Inadequate shelter in the 
winter months results in the Paraguayan’s susceptibility to influ- 
enza, pneumonia, and tuberculosis, which are the principal causes 
of death, There are about 500 physicians, but fewer than half of 
these provide the entire medical service for the whole nation out- 
side Asunción. Some hospitals have been set up in one or two 
provincial towns, but most facilities are concentrated in the capital. 
Voluntary organizations have started to work to end leprosy, and 
an inter-American cooperative service has begun to combat tuber- 
culosis. 

Social welfare legislation, fifst introduced in 1943 and extended 
in 1950, theoretically provides free medical attention; accident 
compensation; sickness, maternity, and funeral benefits; and old- 
age pensions. There is no unemployment insurance, but compen- 
sation for dismissal is a partial replacement. Trade unions are 
weak and strikes illegal. 

Justice is administered by a supreme court of three members and 
by judges and magistrates in local areas. All are appointees of 
the president, as are the comisarios, or police chiefs, who are the 
principal officials of the partidos. Almost as much is spent on the 
police services as on education. 

Primary education is compulsory and free, but there is inade- 
quate financial provision to make this possible. About 40% of the 
children do not attend school and, as a consequence, there is much 
illiteracy. Secondary education is supplied by the state colegios, 
by private schools in Asuncién, and by vocational and technical 
schools. Asunción university has more than 2,000 students, the 
faculties of medicine and law being the largest. 

Defense absorbs the greatest part of the budget, more than one- 
third of the total. Military service is compulsory for all Para- 
guayan men. Besides an efficient army there are national and ter- 
ritorial guards, a small air force, and river patrol gunboats. 


PARAGUAY 


уп. THE ECONOMY 

1. Production and Trade 
Most of Paraguay's people lively 
subsistence farming, pastoralism, 
and forestry, The economy i 
essentially a peasant one, eath 
chacra, or farm, growing suh 
crops as corn (maize), vegeta 
bles, sugarcane, and tobacco, anf 
keeping cows and poultry, Many 
farmers are squatters on land 
held by absentee landlords, an 
when the fertility of a plot ise. 
hausted the land is often aban. 
doned for a new clearing in the 
forest. Sometimes a farmer's in. 
come is supplemented by provid: 
ing labour on a ranch or selling 
surplus products in a nearly 
town. Methods and equipment 
are still largely primitive bt 
STICA, an experimental and ad 
visory service organized in 194i, 
has done much to improve ag 
cultural production, Cassa 
(manioc) and corn occupy № 
greatest acreage, but cotton, to 
bacco, and vegetable oils are the 
principal cash crops. Petitgraia 
oil, distilled from sour-orang 
leaves, is a specialty, and mall 
(Paraguayan tea) is grown mainly for domestic consumpti. 
Cattle raising is a traditional occupation, but some ranches art 
now being partially converted to cropland. Forest operations att 
widespread, and although most of the wood is cut for fuel, nei 
half of all Paraguay’s exports are forest products. These at 
mainly quebracho extract from the Chaco and cedar from the upp 
Parana forests. Exploitation is hindered by lack of modern tran 
port and equipment, but there is little reafforestation. 

The country is poor in mineral resources. Even the petrole 
potentialities of the Chaco have so far failed to materialize, й 
spite of several years of exploratory drilling. The һуйгоб 
power resources of the Parana are considerable but are distant mm 
population centres. Most electricity production is concentril 
in Asunción where wood and oil-burning thermoelectric plants pi 
vide power for Paraguay's limited industrial structure, There a 
factories manufacturing cotton textiles and consumer goods 
as shoes, cigarettes, rum, sugar, matches, and soap. Others 0% 
paring wood, petitgrain oil, quebracho extract, and meat for 
are located near supplies of raw materials. " 

Canned meat and meat products, wool and hides, апетай 
tract, timber, and cotton account for 85% of the exports, DU 
tive amounts of each vary considerably from year to year, " 
United States, Argentina, and Uruguay are Paraguay's main c 
tomers, and with the U.K. and Western Germany supply $^. 
75% of the imports, which consist mainly of textiles, wheat 
plate, vehicles, machinery, petroleum, chemicals, and pa 

2. Finance.—The currency unit is the guaraní. Persiste 
flation has led to its repeated devaluation, and in the early 
the exchange rate was more than 120 per $1.00 US. 
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evitable in such a river-bounded state. 
cises the central banking functions of the nation, the сот 
banks being the Banco del Paraguay and Argentine, B 
British institutions, Exchange reserves are extremely 


agricultural development. 


United Kingdom have considerable investments in 


y in railways, land, and the quebracho, cattle, and meat in- 
3, Communications —The Central Paraguayan railway, from 
[+ ción to Encarnación, serving the most densely populated re- 
Е on and connecting with the Argentine network by river ferry at 
das, is the only main railroad system. Narrow-gauge lines 
‘serve the quebracho forest lands of the Chaco; the longest leaving 
‘the Paraguay River at Puerto Casado. Over much of eastern 
‘Paraguay roads are earth tracks, but a trunk road system is slowly 
being developed, especially east and south of the capital. Except 
for some strategic roads the Chaco is roadless. Nearly all external 
‘trade is carried by river steamers on the Parana and Paraguay, in- 
volving expensive transshipment of goods at Buenos Aires. Most 
‘of this traffic is in Argentine-owned boats, but Dutch and British 
cargo ships now connect Asunción directly with Europe. The 
capital, benefiting from its central position, has become an im- 
portant junction for international airlines. There is a government- 
operated telephone service, with external radiotelegraph connec- 
tions, 
See also references under “Paraguay” in the Index. (С. J. B.) 
— BinutocRAPHY.—G. Pendle, Paraguay: a Riverside Nation (1954) ; 
P. Raine, Paraguay (1956); H. G. Warren, Paraguay: an Informal 
History (1949) ; C. Baez, Historia diplomática del Paraguay (1932); 
P.H. Box, The Origins of the Paraguayan War (1930) ; A. Bray, Hom- 
‘bres y épocas del Paraguay (1943) ; J. C. Chaves, El supremo dictador 
1942) ; R. B. Cunninghame Graham, Portrait of a Dictator, Francisco 
lano López (Paraguay 1865-70) (1933); C. Lugón, La République 
communiste chrétienne des Guaranis (1949) ; J, B. Pastor, Estigarribia, 
tt soldado del Chaco (1943) ; J. Stefanich, El Paraguay nuevo (1943) ; 
P. M. Ynsfran, The Epic of the Chaco (1950); M. Domínguez, El- 
alma de la тага (1946); J. N. González, Proceso y formación de la 
Paraguaya (1938) ; A. E. Krause, Mennonite Settlement in the 
Paraguayan Chaco (1952); E. R. and H. S. Service, Tabati: Para- 
[ayan Town (1954) ; I. L. Henderson, Paraguay: Economic and Com- 
mercial Conditions (1952) ; R. Н. Porter, Crop Development in Para- 
му (1948); E. С. Reichard, The Forest Resources of Paraguay. 
E MERO statistics are summarized annually in Britan- 
e Year. 
PARAGUAYAN WAR (1864-1870), a conflict that pitted 
ll, Argentina, and Uruguay against landlocked Paraguay. The 
War had three principal roots: (1) long-standing disputes between 
Several countries over their boundaries and rights to naviga- 
on the great rivers of the region; (2) the meddling of each 
i in the internal politics of its neighbours, particularly in 
'action-torn Uruguay; and (3) the ambition of the Paraguayan 
cool Francisco Solano López (q.v.), to extend his own and his 
on's fame and power, 
пи, initial acts of war included a Brazilian attack in August 
Чоп Uruguay; the Paraguayan seizure of a Brazilian river ves- 
in November 1364; the attack by López on the Mato Grosso 
Tegion of Brazil in December 1864; and a second attack by López, 
is One on the Argentine province of Corrientes in April 1865 
; D Argentine government had refused his formal request for 
OM, to cross Argentine territory in order to attack Uruguay. 
Alliance ae, j Me joined Brazil and Argentina in the Triple 
araguay, 
om „army, numbering perhaps 50,000, was probably the 
gest in Latin America, and in addition Paraguay was shielded 
Bend and Paraguay rivers. At the confluence of those 
vitro е powerful Paraguayan fortress, Humaitá. López lost 
val T in his first attacks against the Triple Alliance, and in 
de ton fought in June 1865 he lost control of the Paraná 
Jana dv rivers as far north as Humaitá. But not until 
Hur, 1869, after a bloody siege resulted in the capture of 


| c Were the allies able to conquer Asunción, the Paraguayan 


1 P edition to the fierce resistance of the Paraguayan soldiers, 
Den attack had been slowed by disunity, defective command, 
Conditions j, In January 1868, partly because of pressing political 
him, the jn Buenos Aires and partly because victory had escaped 
timed o, tine general and president, Bartolomé Mitre, had 


de Carias os allied ground command to the Brazilian Marquis 
amy ang Whose forces by then comprised the bulk of the attacking 
W navy, The Paraguayan people suffered desperately dur- 

at, not only from the enemy but from malnutrition, dis- 
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ease, and the fearful domination of López, who ordered uncounted 
numbers of his countrymen tortured and killed in his savage effort 
to drive them to victory. 

Prior to the fall of Asunción, López and the remnant of his army, 
mostly boys and old men, retreated northward, In March 1870 
the allies succeeded in defeating and killing him. 

For the allies, the principal result of the peace treaty (June 1870) 
was the acquisition by Argentina and Brazil of a total of approxi- 
mately 55,000 sq.mi. of territory, including, for Argentina, much 
of the present Misiones region and part of the Chaco lying be- 
tween the Bermejo and Pilcomayo rivers. Brazil occupied Para- 
guay until 1876, but the large reparations which the latter had 
agreed to make were never paid by the devastated nation. The 
greatest price which Paraguay paid was the manhood of the nation: 
of perhaps 250,000 male inhabitants of Paraguay prior to the war, 
only 28,000 remained in 1871. 

See P. H. Box, The Origins of the Paraguayan War (1927) ; H. G. 
Warren, Paraguay, an Informal History (1949). (T. F. McG.) 

PARAGUAY RIVER (Port. Кто Paracuat), chief tributary 
of the Paraná, rises in the Brazilian state of Mato Grosso on the 
south slope of the Serra dos Parecis and flows southwest and then 
south for a total of 1,584 mi. (2,549 km.). It is an important 
artery of the Plate river system serving the interior of South 
America. 

See PLATA, Rio DE LA. 

PARAÍBA, a state of northeast Brazil, bounded on the north 
by Rio Grande do Norte, on the east by the Atlantic, on the south 
by Pernambuco, and on the west by Ceará. Area 21,765 sqmi, 
(56,371 sq.km.). Pop. (1960) 2,018,023. The chief city and 
capital is João Pessoa (q.v.) with its port Cabedelo. Other im- 
portant towns are Campina Grande, Cajazeiras, and Patos. 

Climate and original vegetation divide Paraíba into two con- 
trasted areas. Along the coast and inland as far as Campina Grande 
is an area that receives rain each year and was once covered by 
dense forest. West of Campina Grande is the land of uncertain 
rainfall, semiarid at best, which was once covered by a deciduous, 
thorny, scrub woodland called caatinga, In the zone of the caatinga 
there are only small "islands" of abundant rains and forests on the 
tops of the higher mountains. There is no coastal plain, but be- 
hind a zone of coastal mesas (taboleiros) there is a hilly upland 
known as the Borborema which occupies most of the eastern part 
of the state, Farther inland Paraiba shares with Ceará the broad 
plains with erosion remnants. 

Originally settled in 1584 as the captaincy of Itamaracá, Paraiba 
shared in the sugarcane wealth of that period, It still produces 
some sugar, but cotton, sisal, oiticica oil, goat skins, and minerals 
are more important, The clearing of the backlands (sertão) has 
produced severe floods and droughts, so that settlement in the 
caatinga is dependent on irrigation, The federal government built 
a number of reservoirs, but because of the hilly land, irrigated 
crops are raised only around the margins of the lakes. Old spell- 
ings of the name of the state are Parahyba, Parahiba, or Parahyba 
do Norte. (Р.Е. J.) 

PARAKEET: see PARROT. 

PARALDEHYDE (also called paracetaldehyde and paralde- 
hydum), a colourless liquid of disagreeable taste and pungent 
odour, used in medicine as a hypnotic and sedative and in chemistry 
as a stafting material in the manufacture of organic chemicals, 
When administered as a medicine, it is largely excreted by the lungs 
and gives an unpleasant odour to the breath. It is produced for 
commerce by polymerizing acetaldehyde with a trace of sulfuric 
acid; with the concentrated acid this reaction is accompanied by 
the generation of considerable heat. The resulting liquid is neu- 
tralized with calcium carbonate and purified by fractional distilla- 
tion. Paraldehyde, which has the formula CgHj20;, boils at 
124? C and melts at 12.5? C. 

See also ALDEHYDES AND KETONES. 

PARALIPOMENON, BOOKS OF: see CHRONICLES, 
Books OF THE. 

PARALLAX is the difference in direction of an object caused 
by a change in the position of the observer. This method is used 
in astronomy as the direct way of measuring the distance of a 
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celestial body. At the level of theory, the measurement of the 
distance to an inaccessible point is an elementary exercise in geom- 
etry. From a known baseline with known base angles, the apex 
angle can be arrived at through geometrical proof. This apex angle 
is the parallax, When the parallax is known, the two sides of the 
triangle formed by two set points of observation and the object 
can be calculated. Though this seems straightforward, it is never- 
theless difficult when applied to the delicate problem of determin- 
ing celestial distances because the baseline must be sufficiently 
long enough to provide the geometrical construction of triangles 
that will allow precise measurement. 

The parallaxes of the sun and the moon are defined as the 
difference in direction as seen 
from the observer and from the 
earth's centre. In fig. 1 let O 
be the observer on the surface 
of the earth, E the centre of 
the earth and M the position of 
the moon; then the angle OME 
is the parallax. This varies with 
the altitude of the moon. If the 
moon is directly overhead, the 
parallax is zero, and it is greatest 
when the body is at the horizon, 
when z equals 90°. At an angu- 

lar distance z from Z we find from 
Pei MACHACTIC the triangle OME that sin p = 

a/rsinz. When z = 90°, ѕіп р = 
a/r and this value is called the horizontal parallax or briefly, the 
parallax. For all bodies except the moon, p is so small that it 
does not differ appreciably from sin p and it is usually expressed 
in angular measure. 

A further refinement is required because of the spheroidal figure 
of the earth and the numerical values generally given are those of 
the equatorial horizontal parallax. 

Lunar Parallax.—The moon, being by far the nearest of the 
celestial bodies, was the first to 
have its parallax determined. A 
Hipparchus (150 в.с.) determined | 
the moon’s parallax to be 58’ = 
or at a distance of approximately 


59 times the earth’s equatorial к 
radius as compared with the mod- ~ 
ern value of 60.2 times. FIG, 2.—MEASUREMENT OF PARAL- 


Parallax of the moon is directly LAX BY OBSERVATIONS FROM А 
determined from observations NORTHERN AND A SOUTHERN OB- 
(see fig. 2) made at two places SERVATORT 
such as G, Greenwich, Eng., and C, the Cape of Good Hope, which 
are nearly on the same meridian. Angles 2; and z» are observed 
and other data are obtained from the latitude of the observatories 
and the known size and shape of the earth. In practice, stars are 
observed in positions near the moon to eliminate uncertainties of 
refraction and instrumental errors. In this way T. Henderson 
obtained a value of 57’2”.3 for the moon’s equatorial horizontal 
parallax in 1837. From a series of observations of a small lunar 
crater (1905-10) the value 57/2".5 was found. J 

A second method rests on a comparison of the force of gravity 
at the earth’s surface with its value at the moon. If M and m are 
considered the masses of the earth and moon, r the mean distance, 
P the sidereal period of revolution of the moon about the earth and 
k the constant of gravitation, M + m = 4z?kr3/P? where т = 
3.14. Also, g, the value of gravity at the earth’s surface, deter- 
mined accurately from pendulum observations = kM/a?. Hence 


ауе 4 M а 
(2) = SM + m'gP* 

As the quantities оп the right-hand side are known with great 
accuracy, a/r is accurately determined as 502]. 

Solar Parallax. Trigonometrical Methods.—In accord- 
ance with the law of gravitation the relative distances of the 
planets are known, and tables of their positions and movements 
take the distance of the sun from the earth as the unit of length. 


The measurement of the distance or parallax of any one oj 
planets will determine the value of this unit. The smaller the dis. 
tance of the planet, the larger the parallactic displacements tobe 
measured, with a corresponding increase in accuracy of the deter. 
mined parallax. The most favourable conditions are therefor 
provided by the observation, near the time of Opposition, of 
planets approaching close to the earth. The determination can b 
based either on simultaneous or nearly simultaneous observation 
from two different places on the earth’s surface; or on observa 
tions made after sunset and before sunrise at the same place, 
when the displacement of the place of observation produced by 
the rotation of the earth provides the baseline for the measur. 
ments. 

The first reasonably accurate determination of the sun's paral. 
lax was made in 1672 from observations of Mars at Cayenne, 
French Guiana, and Paris, France, where a value of 9".5 was ob 
tained. Venus can approach nearer to the earth than Mars can, 
but it is then between the sun and the earth. Edmund Halley in 
1679 therefore suggested the utilization of the transits of Vens 
across the sun’s disc. The transits of 1761 and 1769 were exten. 
sively observed by astronomers dispatched to various parts of the 
world, but the results were disappointing because of the impo 
sibility of determining with sufficient precision the times of the 
planet’s ingress and egress. The transits of 1874 and 1882 wer 
widely observed for the same purpose, but it proved impossible i 
secure uniformity of judgment on the part of the observers, an 
the results fell far short of expectations. 

In 1877 Sir David Gill made an expedition to Ascension Island 
and observed the opposition of Mars, using a heliometer to mets 
ure the distance of the planet from neighbouring stars, making [2 
servations after sunset and before sunrise. A value of 87.78 wis 
deduced. The successful result of this series of observations led 
Gill to make an elaborate series of heliometer observations of the 
small planets, Victoria, Iris and Sappho, in 1888-89; the starlike 
images of these small planets are favourable for accurate measutt 
ment. The resulting value of the solar parallax was 8.80. — 

In 1898 the small planet Eros was discovered; it has an orti 
so elliptical that at its nearest approach Eros comes within K 
15,000,000 mi. of the earth. The opposition of 1901 (when 
least distance was less than 30,000,000 mi.) was extensively û 
served at many observatories and gave a value for the solar 
lax of 87.804. A more favourable opposition occurred in a 
when the least distance was only 16,000,000 mi. From Wes 
tions made photographically at observatories in both henii i 
Sir Harold Spencer Jones derived a solar parallax of HEH 
0”.001. This parallax corresponds to a distance of 93,005, i 

Methods Depending on Velocity of Light.—The an 
the velocity of light has been determined with very high p i 
and may be utilized in several different ways. A direct me 3 
the converse of the procedure of Ole Roemer in the discove 
the velocity of light; i.e., to use the light equation, or time 
by the light to reach us at the varying distances of To "m 
accuracy is hardly obtainable in this way. A second meth | 
means of the constant of aberration which gives the d 
velocity of the earth in its orbit to the velocity of yr s 
ration produces an annual term of amplitude 20" in the n 
of all stars its amount has been determined in mum at 
Observations made at Greenwich in the years 1911 to n 
the value 207.489 + 07,003 leading to the value 8” 79 cad 
for solar parallax. This method is not free from the susp 
systematic error. А 

The velocities of stars toward or from the earth : xi 
from spectroscopic observations. By choosing bot ] 
orbital motion of the earth is carrying it toward oF 1 [1 
the velocity of the earth in its orbit may be obtaine > 
way the solar parallax was found from observations à r 

f Good Hope to be 8”.802 + ”.004. ett 
°" Gravitational Methods.—In the theory of the moon | 
а term of period one month known аз the parallactic а mas 
The coefficient of the term contains the ratio of a сойо 
the sun and moon аз a factor. The large size of t tatio 
makes it of value. From ‘the discussion of occ 
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stars from 1672 to 1908, Spencer Jones found the value 
1057.023 + 07.033 for this term giving for the solar parallax 
87,796 + 07.004. 

The ratio of the mass of the earth + moon to that of the sun 
may be determined from the disturbing action of the earth -+ moon 
on the elliptic motion of the planets. The ratio of the moon’s 
mass to that of the earth is 1/81.53, and thus the ratio of the 
earth's mass to that of the sun is found. In а manher similar to 
that described above for the moon’s parallax the solar parallax 
is then derived. From an exhaustive discussion of the perturba- 
tions of the planet Eros from its discovery in 1898 up to and in- 
cluding the favourable opposition of 1931, Eugene Rabe made a 
very accurate determination of the solar parallax as 8".7984 + 


Parallax.—The stars are too distant for any differ- 


ence of position to be perceptible from two places on the earth's 
surface; but as the earth revolves 93,000,000 mi. from the sun, 
stars are seen from widely different viewpoints during the year. 


The effect. 


on their positions is called annual parallax, defined as 


the difference in position of a star as seen from the earth and sun. 
Its amount and direction varies with the time of year, and its 
maximum is a/r where a is the radius of the earth’s orbit and r the 
distance of the star (fig. 3). The quantity is very small and 
never reaches 1/206,265 in radian 


or 1” in 


Unsuccessful attempts to mea- 
Sure the parallax of a star were 
made continuously after the ac- 
Ceptance of the Copernican sys- 
tem, including one by James 


Sexagesimal measure. ORBIT OF EARTH 


Bradley which led to the discov- FI; 3:: 87SLLAR PARALLAX, 

ery of aberration (see ABERRATION [or Ілснт]) and by Sir Wil- 

liam Herschel which led to the discovery of binary stars. The first 

Successful results were obtained in 1838 when the parallax of œ 
ntauri was announced by Henderson, a Lyrae by Friedrich von 


Struve and 


61 Cygni by F. W. Bessel. For his observations Bessel 


еї the heliometer. He found the parallactic shifts of 61 Cygni 
relative to two neighbouring stars which from their magnitude and 
mu proper motions were judged to be so distant that no paral- 
lactic effect could be perceived. With instruments of this kind 
ving small object glasses of not more than 4 or 6 in. and focal 
ngths of a few feet, research on stellar parallax was carried on 


to the end 


of the 19th century and the parallaxes determined of 


Approximately 75 of the brightest stars and those showing the 
"gest proper motion, 

The introduction of photography at the beginning of the 20th 
fentury simplified the problem, and a number of observatories 


gaged in 
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the work and determined the parallaxes of many stars 
accuracy. Two observational conditions have to be 


ed: (1) the telescope must be in the same position for ob- 
ons at different times of the year; (2) by some means (¢.g., 


shutter with a suitable slit) the photographic image 


© star observed must be made equal to that of the stars 
Whose position it is compared. In practice, a few photo- 


taken when the star is on the meridian shortly after 


at one period of the year and shortly before sunrise at 
T Period. As the stars’ positions change as a result of 
Proper motion, a minimum of three epochs is required, but 
Possibility of systematic errors makes it desirable to extend 
n over a larger number of epochs. With 25 photo- 
3 Spread over five epochs, the parallax of a star is obtained 
Of the he error of less than +0”.010, although the diameter 
ty d graphic disc of the star is seldom less than 2".0. The 
ish, Lion of observatories in the northern and southern 
eres resulted in the determination of the parallaxes of 


Stars, about equally divided between stars north and 
е equator. These include most of the stars brighter 


Suggested and many fainter stars whosê comparative nearness is 


€ unit 


and 


® 


by their Proper motions, 


in which stellar distances are expressed by astronomers 


Stance of a star whose parallax is 1”. This is called a 


15 equal to 206,265 times the earth's distance from 


the sun or approximately 19,000,000,000,000 mi. One parsec is 
equal to 3.26 light years. 

The star with the largest known stellar parallax 07.76, is œ 
Centauri. Fifty-six stars are known within a distance of 10 parsecs 
from the sun. These stars include the bright stars a Centauri, 
Sirius, Procyon and Altair, but the majority are faint telescopic 
objects. While 30 stars are single, 20 belong to double-star sys- 
tems and 6 are grouped into 2 triple systems, of which o Centauri 
is опе. 

For the more distant stars, trigonometrical methods are in- 
applicable, but the parallax can be derived from the apparent 
magnitude of the star, if there are any means of knowing the 
absolute magnitude of the star; i.e., the magnitude the star would 
have at the standard distance of ten parsecs. For Cepheid varia- 
bles this can be inferred with considerable accuracy from their 
periods, and for many stars a reasonable guess can be made from 
the spectral type and proper motion. The formula connect- 
ing absolute magnitude and apparent magnitude with parallax is 
M = m + 5 + 5logz and expresses the condition that the light 
received from a star varies inversely as the square of the dis- 
tance. 

Spectroscopic Parallaxes.—The spectra of nearly all stars can 
be grouped into a small number of classes, which form a continu- 
ous sequence varying with the effective (surface) temperatures 
of the stars. The Henry Draper classification, using the letters 
O-B-A-F-G-K-M, is generally adopted, usually in combination 
with a decimal subdivision for refined work. 

Empirical studies show that the spectra of the stars also include 
important clues to their true luminosities. A. Maury noticed that 
stars of the same spectral class often had marked differences in 
line sharpness; E. Hertzsprung found that the sharp-lined stars 
were intrinsically brighter than the broader lined objects. In 
1914, W. S. Adams and A. Kohlschütter established the spectro- 
scopic differences between giant and dwarf stars of the same 
spectral type and laid the foundation for the determination of 
spectroscopic parallaxes. These differences, depending upon the 
intrinsic brightness of the star, allow an estimate of its absolute 
magnitude, and the parallax can then be deduced by means of 
the formula given above. This method has been applied exten- 
sively to most of the brighter stars in the northern hemisphere, 
using stars of known parallax as standards. 

In An Atlas of Stellar Spectra (1943) W. W. Morgan, P. C. 
Keenan and E. Kellman at the Yerkes observatory set up a two- 
dimensional classification system of stellar spectra which was 
universally adopted and greatly improved the accuracy of spectro- 
scopic parallaxes. The Yerkes system of classification assigns a 
precise system of Draper classes and five luminosity classes, using 
the Roman numerals I to V, dividing the stars into supergiants, 
bright giants, subgiants and dwarf stars, dependent upon intrinsic 
brightness, as determined from the spectral lines most sensitive 
to this property. These luminosity classes are then calibrated 
in terms of absolute magnitude. While for the dwarf stars the 
calibration of absolute magnitude can be obtained directly by 
the trigonometric method, the calibration of the other classes 
must be established indirectly on the basis of distances obtained 
from statistical methods. 

Dynainical Parallaxes.—If the relative orbit of a visual bi- 
nary system is known, the following relation connects the com- 
bined mass, M, of the two stars expressed in the sun’s mass as unit, 
the orbital period, P, expressed in years, the semimajor axis of the 
relative orbit, a, expressed in seconds of arc and the parallax p: 

Ф = a/ NMP’. 
Both а апа Р are known but not М; it will be noted that an error 
in the value of M gives rise to a much smaller error in р. Thus, for 
instance, increasing M by a factor of 8 only halves the value of p. 
The value of p obtained by assuming the combined mass to be 
equal to the mass of the sun is called the hypothetical parallax. 

In many visual pairs the complete orbit has not been observed. 
If s denotes the apparent distance in seconds of arc, w the rela- 
tive motion in seconds of arc per year, a hypothetical parallax can 
be derived from the formula 
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А Ву use of the relationship between mass and luminosity of a star, 
it is possible, knowing the spectral type of the star, to derive a 
correcting factor which will give a more accurate value of the 
parallax. Parallaxes so determined are called dynamical paral- 
laxes. Details are given in The Masses of the Stars by H. N. 
Russell and Charlotte E. Moore (1940), which lists the dynamical 
parallaxes of 166 binaries with determined orbits and of 2,363 pairs 
showing relative motion. 

Average Parallaxes.—The solar system is moving through 
space with a velocity of 19.5 km./sec., carrying it four times the 
earth’s distance from the sun in one year. This produces a general 
drift in the angular movement of the stars away from the apex or 
point in the sky to which the movement is directed. Were the 
stars at rest, this would give a ready means of determining their 
individual distances. As the stars are all moving, the method gives 
the average distance of a group of stars examined, on the assump- 
tion that their peculiar motions are eliminated. In this way the 
mean parallaxes of stars of successive apparent magnitudes of 
different galactic latitudes and of different spectral types are ob- 
tained. Thus the mean parallax of 5th magnitude stars (i.e., of 
stars just visible to the naked eye) is 0".018; and of the 10th mag- 
nitude stars (i.e., of stars giving т-у of their light) is 07.0027. 

As spectroscopic observations have given the mean peculiar ve- 
locities of stars of different types, the average proper motions per- 
pendicular to the direction of the solar motion may also be used 
as a criterion of parallax. There is great diversity in the parallaxes 
of individual stars included in these mean values. 

See also references under "Parallax" in the Index. 

(F. D.; Н. S. Js.; К. A. Sp.) 

PARALYSIS (Parsv), a medical term usually implying the 
loss or impairment of voluntary muscular power. This article 
deals with paralysis from organic disease, including injuries; for 
paralysis from psychiatric causes, see HYSTERIA. 

The different forms of paralysis arising from organic disease 
can be understood best in terms of the site of the impairment of 
function within the parts of the body responsible for voluntary 
movement. There follows therefore, first, a general account of 
the anatomy of the motor system, and then a survey of some of 
the more common diseases that affect parts of this system. 

The Motor System.—This system includes certain parts of 
the nervous system and the bodily musculature. Although the 
anatomy of the muscles is relatively uniform, and their function is 
more or less apparent from observation of the body in action, 
the motor portions of the nervous system are concealed and an- 
atomically complex. The pathway over which nerve impulses 
governing volitional movement must pass consists of two main 
components, an upper and a lower. The upper has its origin in 
the giant pyramidal nerve cells: of the precentral convolution 
of each hemisphere of the brain. These nerve cells, or neurons, 
give rise to long processes (nerve fibres) that descend to end 
in relation to the neurons of the lower component, located in the 
brain stem and spinal cord. The long descending fibres of the 
upper motor neurons are collected together in compact bundles 
known as the pyramidal tracts. The spinal portion of the lower 
component of the motor pathway consists of neurons located in 
the anterior columns or horns of gray matter that extend through- 
out the length of the spinal cord. The nerve fibres that originate 
from these anterior horn cells emerge from the spinal cord in the 
ventral roots and are distributed to the muscles of the trunk, neck, 
and limbs by the spinal nerves. The neurons of the brain stem, 
or bulbar portion of the lower component, are arranged in ana- 
tomically and functionally distinct collections, or nuclei, and give 
rise to nerve fibres that are distributed by the motor cranial nerves 
to the ocular muscles and the muscles of the jaws, face, palate, 
pharynx, vocal cords, and tongue. Nerve impulses governing vol- 
untary movement originate in upper motor neurons, are trans- 
mitted from these to lower motor neurons, and thence to muscles. 
Although this concept of a motor system consisting of three ele- 
ments—upper and lower motor neuron and muscle—is somewhat 
artificial, it is most useful in the differential diagnosis of the wide 
variety of diseases that produce paralysis. 
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The most important anatomical factors that determine the 
tent and distribution of paralysis from diseases of the nervous M 
tem are the relationships of the neural pathways to each other 
to the two sides of the body. The two components of the neun] 
pathway are bilaterally symmetrical. With few exceptions, lowe 
motor neurons innervate muscles on their own side of the 
The relationship between upper and lower motor neurons, hog 
ever, is more complex. Most of the fibres of each pyramidal taq 
that enter the spinal cord undergo a massive crossing at the lower 
end of the brain stem, known as the pyramidal decussation, qj 
terminate, therefore, in relation to anterior horn cells of the 
posite side. For this reason, the motor outflow to the limbs @ 
one side of the body originates from the opposite side of the brain 
On the other hand, the motor nuclei on each side of the lower bris 
stem, or bulb, that innervate the muscles responsible for chewing 
speaking, and swallowing receive upper motor nerve fibres derived 
from both pyramidal tracts. Some of the motor neurons in the 
brain stem, however, such as those that innervate the lower facal 
muscles, do not have bilateral pyramidal connections, but, like 
the anterior horn cells of the spinal cord, receive upper motot 
nerve fibres chiefly or solely from the opposite pyramidal trit. 
(The neural mechanisms that control eye movements form a spè 
cial case because of their great complexity.) 

The pyramidal tracts extend from the cerebral cortex to th 
lower end of the spinal cord, and their extraordinary length alone 
is an important factor in the frequency with which they m 
affected by disease. The distribution of paralysis resulting Їй 
disease of the pyramidal tracts is accounted for by the side and 
level affected and by the peculiarities of their connections wh 
the system of lower motor neurons. A lesion implicating tht 
pyramidal tract in one hemisphere of the brain, for example, rt 
sults in hemiplegia (i.e., paralysis of the muscles of the lower face, 
arm, and leg) on the opposite side. There is little or no disturb 
ance in speaking, chewing, or swallowing, since the muscles гёр 
sible for these functions are innervated from bulbar nuclei шү 
bilateral pyramidal connections. It is as if a factor of safety 
the form of a double mechanism were provided for the vital fwe 
tion of swallowing. For the same reason, although the corner 
the mouth on the affected side of the body droops from paral 
of the lower facial muscles, there is little or no weakness In 
of the upper part of the face, which wrinkle the forehead 
close the eye. On the other hand, disease of both pyramidal tr 
above the level of the bulb produces not only bilateral hemipleg 
but also difficulty. in speaking, chewing, and swallowing from 
ness or paralysis of the muscles of the jaws, palate, p 
vocal cords, and tongue. This is known as pseudobulbar 4 
The term “bulbar palsy” refers to paralysis of these muscles ^ A 
disease of the corresponding lower motor neurons, either w! 
the bulb itself, as in bulbar poliomyelitis, or affecting their 
eral processes, as in some forms of polyneuritis. 1 he 

Throughout most of their descent within each cerebral vi 
sphere, the pyramidal tracts of the right and left sides are 
separated from each other. In the brain stem and sp! oth И 
however, they are confined within a small space, and d 
likely to be damaged even by asymmetrically placed lesio! A 
the level affected is in the brain stem, or high in the sp) ‘cals 
all four limbs will be weak,, while a lesion below the cervi " 
ments of the cord will produce paralysis of both legs (parap и 

Aside from the extent and distribution of paralysi c off 
other associated signs and symptoms that depend on W pini 
three elements of the motor system is diseased. WI det 
is a result of damage to upper motor neurons, for ers We 
an associated increase in the tone of the muscles invo M her ГА 
is manifested by stiffness, or spasticity, and by an ша {Ёё 
activity of the tendon reflexes. This is a determ! j 
ability as well as a clue to diagnosis, for weakness ап 
do not necessàrily parallel one another in degree, ps s 
major source of disability in a mildly weakened ad 
spasticity. In hemiplegia, the spasticity is usual У lef 
antigravity muscles and contributes to the typical he body d 
ture and gait, with the upper limb held close to the 
shoulder and flexed at the elbow, wrist, and fingers, 


ed in rigid extension at the knee, 
paralysis arises from disease of lower motor neurons or of 
les, the tone of the affected muscles is decreased, and the 
reflexes are diminished or abolished. Paralysis of this kind 
i known as flaccid paralysis in contrast with the spastic paralysis 
upper motor neuron disease. Two further attributes of lower 
neuron paralysis are: (1) wasting, or atrophy, of the weak- 
ed muscles and (2) fasciculations. Atrophy is also a more or 
regular accompaniment of primary muscular diseases. Al- 
acertain degree of wasting of muscle mass from disuse may 
in long-standing, severe paralysis from pyramidal tract dis- 
ease, this never reaches the proportions possible in lower motor 
and muscle disorders. Fasciculations are spontaneous 
‘twitchings, or contractions, of small groups of muscle bundles vis- 
as a rippling play of activity in muscles beneath the skin. 
"They are almost exclusively a sign of lower motor neuron disease 
andare most prone to occur in slowly developing lesions that affect 
‘the cell bodies of motor neurons within the brain stem or spinal 
cord rather than their peripheral processes. They are sometimes 
‘seen, however, in health, especially after muscular exertion and 
inelderly persons, for reasons that are unknown. 
Опе other characteristic of the lower motor neuron has impor- 
‘tant clinical implications—the capacity of its peripheral process 
lo regenerate, provided the cell body is intact. This is true of all 
herve fibres, both motor and sensory, that lie outside the central 
nervous system. Paralysis from peripheral nerve affections, such 
au injury or neuritis, therefore, is not necessarily permanent, This 
_@расйу to regenerate is not a property of central nerve fibres, 
and destructive processes within the central nervous system pro- 
- gie irreversible results, (See also BRAIN; NERVE; Nervous Sys- 
; Nerve CONDUCTION; SPINAL Corp; SYNAPSE.) 
ases that Produce Paralysis.—Most of the commonly 
tered diseases that produce paralysis can be divided into 
‘Wo main groups depending on whether they (1) entail structural 
‘Micrations in nervous or muscular tissue or (2) lead to metabolic 
E ances in neuromuscular function. 
Of the diseases that produce destructive changes in the motor 
System, some act in a systematic way and affect one of its three 
ents more or less extensively and exclusively. More often, 
wever, one element or neighbouring portions of two of the three 
1 ts are involved over a limited extent by a single focal lesion. 
| The most common cause of hemiplegia is damage to the pyram- 
AM. асі in one hemisphere of the brain from obstruction 
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clot or thrombosis) or rupture (cerebral hemorrhage) of 
major cerebral artery. (See STROKE; THROMBOSIS AND EM- 
E Brain tumour is another but less common cause о 
a legia, In contrast with the apoplectic onset of hemiplegia 
„cular origin, hemiplegia from a brain tumour develops and 
Ed in Severity gradually over a period of weeks or months. 
Bar im of its nature, when the lesion is in the left hemisphere 
a t-handed person, the resulting right hemiplegia is often 
` an one of the various forms of aphasia (see SPEECH 


"Bites Aphasia). 
D pn hemiplegia with pseudobulbar palsy results from dif- 
bral a 


teral brain disease such as occurs at times in severe cere- 
Кетер Sclerosis or cerebral vascular syphilis, The terms 
ш belay ” and “spastic diplegia" refer to bilateral hemiplegia 
DT 8 from prenatal developmental brain defects or from in- 
0 the brain at birth. ‘The bilateral hemiplegia of cerebral 
May or may not be associated with mental retardation, in- 
in Movements (as in choreoathetosis), and convulsive sei- 
Th conn Combination, (See also CEREBRAL PALSY.) 
Vascular MN with the brain, the spinal cord is rarely the site of 
ef obstruction ог hemorrhage. The more common causes 
of the ¢ to the pyramidal tracts in the cord include deformities 
ê he TU column from bone and joint disease and from injury 
a Bink With fracture and dislocation, spinal cord tumours, and 
diseases A zi Poorly understood inflammatory and degenerative 
the E the spinal cord such as myelitis, multiple sclerosis, and 
E one Changes often associated with pernicious anemia, Per- 
фар Of the most common causes of slowly progressive spastic 
1 “sia in persons of middle age or older is degenerative arthri- 
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tis of the spine with protrusion of an intervertebral disk cartilage 
into the lower cervical portion of the spinal canal. (See also 
SPINE, DISEASES AND DISABILITIES OF; MULTIPLE Scterosts; AR- 
THRITIS.) 

Of the diseases that attack lower motor neurons and result in 
flaccid paralysis with muscular wasting, the most common are po- 
liomyelitis and polyneuritis, the former affecting the cell bodies of 
bulbar and spinal motor neurons, the latter their peripheral proc- 
esses, Bell's palsy is a peripheral neuritis of unknown cause af- 
fecting a single nerve trunk—the facial nerve—and resulting in 
paralysis of all the muscles of one side of the face. It is usually 
rapid in onset; on the affected side the facial lines are smoothed 
out, the forehead cannot be wrinkled or the eye closed, and the 
corner of the mouth droops. It is therefore easily distinguished 
from the lower facial weakness of a cerebral lesion (with which it 
is nevertheless sometimes confused and interpreted as a “stroke’’). 
Bell’s palsy is a benign condition, and in the majority of cases re- 
covery occurs, though it may take many months. (See also Po- 
LIOMYELITIS; NEURITIS.) 

Amyotrophic lateral sclerosis (q.v.) is a rare, chronic, progres- 
sive disease of the nervous system of unknown cause in which there 
is a remarkably systematic and extensive degeneration of both 
components of the motor pathway, resulting in a combination of 
bulbar and pseudobulbar palsy, widespread weakness with atrophy 
and fasciculations, and increased tendon reflexes, 

Diseases that result in paralysis through primary changes in 
muscle tissue are fewer and far less common than those of the 
nervous system. Of the few conditions belonging in this category, 
progressive muscular dystrophy is the only,one that is apparently 
confined to the muscles, This is a familial, hereditary disease 
characterized by slowly progressive, symmetrical muscular weak- 
ness and wasting. ‘Typically, the muscles of the pelvic and shoul- 
der girdles and those of the proximal portions of the limbs are the 
earliest and most severely affected.. There are several different 
forms of the disease. One variety has its onset before puberty, 
is more common in boys, and usually progresses to severe disabil- 
ity within a few years. It is known as pseudohypertrophic muscu- 
lar dystrophy because in the early stages there is often a false ap- 
pearance of excessive muscular development, particularly in the 
calves, from the deposition of fat and fibrous connective tissue 
among the degenerating muscle fibres. The other types of dys- 
trophy differ less from each other than from the pseudohyper- 
trophic type. In general, they begin in adolescence or young adult 
life, and the two sexes are about equally affected, The progress 
of these other forms is very slow, especially when the onset occurs 
after the age of 20, and life expectancy, therefore, is not neces- 
sarily shortened, nor is severe disability inevitable. Pseudohyper- 
trophy is rare. (See also MUSCLES, DISEASES OF.) 

Muscular weakness without structural alteration in nerve or 
muscle tissue may be a symptom of disturbances in metabolism 
arising from a wide variety of causes, some relatively well under- 
stood, others unknown. Among such conditions are included a 
number of diseases of the endocrine glands, certain intoxications, 
and several metabolic defects of unknown origin. Weakness, at 
times reaching severe proportions, is a more or less regularly ob- 
served feature of hyperthyroidism and of both adrenal cortical 
hyperfunction ( Cushing's syndrome) and hypofunction (Addison's 
disease). Among the intoxications that produce muscular paraly- 
sis of this kind are botulism, poisoning from certain snake venoms, 
and tick paralysis, The latter is a rapidly developing generalized 
paralysis resulting from a toxin elaborated by a species of wood 
tick; the condition may be fatal in from two to five days unless 
the tick is discovered and removed from the skin. 

The most common example of a metabolic disorder in neuro- 
muscular function of unknown cause is the disease known as myas- 
thenia gravis. In this condition there is muscular weakness, with- 
out atrophy, which may be mild or severe and either generalized or 
restricted to a few muscle groups, Some of the muscles innervated 
by cranial nerves are affected in almost every case. The weakness 
of myasthenia gravis results from a remarkably localized defect in 
the chemical processes involved in the transmission of impulses 
from motor nerve endings to muscle fibres, Although the cause of 


316 


this defect and its precise nature are unknown, several drugs are 
known to facilitate the transmission of impulses from nerve to 
muscle. One of these, neostigmine, proved to benefit most pa- 
tients, but it is not a cure since it does not correct the basic, un- 
known defect. See Nervous SYSTEM, DISEASES OF; PARKINSON- 
1sM; see also references under “Paralysis” in the Index. 
ВївїлобкАРИҮ.—Н. D. Bowman (ed.), Proceedings of the Third Con- 
ference of the Muscular Dystrophy Associations of America (1955); 
W. R. Brain, Diseases of the Nervous System, 6th ed. (1962); J. N. 
Walton and R. D. Adams, Polymyositis (1958); R. D. Adams, D. 
Denny-Brown, and C. M. Pearson, Diseases of Muscle, 2nd ed. (1962). 


(S. Sx.) 

PARALYSIS AGITANS: see PARKINSONISM. 

PARAMAGNETISM is the kind of magnetism associated 
with a weak attractive force between magnetized bodies. If a 
body is repelled by the poles of a magnet (e.g., a strong electro- 
magnet) it is diamagnetic (see DIAMAGNETISM). If the body (like 
iron) is attracted strongly, the phenomenon is called ferromagnet- 
ism (q.v.), a kind of magnetism of great practical importance. 
If the substance is attracted weakly it is paramagnetic. 

The first comprehensive investigation of paramagnetism was be- 
gun in 1845 by Michael Faraday. It is known now that most of 
the elements and many compounds are paramagnetic. Most of 
the compounds containing iron, palladium, platinum, and the rare- 
earth elements have strong paramagnetism; this is attributed to 
incomplete electron shells in the atoms, which behave as small 
permanent magnets that have a slight tendency to become parallel 
to an applied magnetic field. The heat motions of the atoms op- 
pose the alignment of the atomic moments by the magnetic field; 
consequently the paramagnetism becomes weaker at higher tem- 
peratures. 

Substances of another class, including the alkali metals such as 
sodium and potassium, have weak paramagnetism; this is inde- 
pendent of temperature and is a function of the free conducting 
electrons of the metal. 

The magnetic susceptibility per atom of most weakly paramag- 
netic substances is 10 to 100 X 1076 (i.e., 10 to 100 millionths) ; 
that of strongly paramagnetic substances 100 to 10,000 X 1075 
(i.e., 100 to 10,000 millionths) ; while a representative diamagnetic 
susceptibility is —10 X 107° (i.e., minus 10 millionths). Ferro- 
magnetic materials in which the atomic moments have a strong 
tendency to become parallel have enormously larger susceptibili- 
ties, ranging from about 1 to 10° (;.e., from 1 to 1,000,000). See 
also MAGNETISM; NUCLEAR MOMENTS; ELECTRON PARAMAGNETIC 
RESONANCE. _ (R. M. B.) 

PARAMANUJIT, PrıNce (1791-1852), prince patriarch of 
the Siamese Buddhist Church and a prolific writer on patriotic 
and moralistic themes in verse and prose, was born in 1791, the 
son of King Rama I. As Prince Vasukri, he entered a monastery 
as novice in 1805. He became abbot of Wat Pra Jetubon and was 
later created Krom Somdec-pra Paramanujit, prince patriarch of 
the church. He died on Dec. 9, 1852. ] 

Paramanujit’s masterpiece is the Talengpüi, a heroic epic of the 
struggle of King Naresvara of Ayutthaya to liberate his country 
from Burmese rule and of his famous single combat with the crown 
prince of Burma in 1590. Its tone is patriotic but never chauvinis- 
tic and the Burmese are depicted in a chivalrous and sympathetic 
manner. His concluding section of the Samudaghos, a folktale 
adapted from the collection called the Paññasajātaka which had 
been left unfinished since the 18th century, is distinguished for the 
beauty of its descriptive passages. His diction is dignified and 
heroic. Another widely read work, the “Exhortation of Krishna 
to Her Sister,” is an example of Buddhist moralist poetry. His 
prose, e.g., the Pathomasombodhi, is equally valued for its elo- 
quence and descriptive power. He also contributed to the collec- 
tion of literary inscriptions on stone at Wat Pra Jetubon under the 
patronage of King Rama III, by writing classic models of Siamese 
poetry which still remain, Notwithstanding the monastic and celi- 
bate seclusion of his adult life, Prince Paramanujit was а versatile 
writer with liberal ideas. (D. N. K. B. P.) 

PARAMARIBO, the capital and only large town of Surinam, 
or Dutch Guiana (see Surinam), stands 17 mi. (27 km.) from the 
Atlantic Ocean on the left bank of the Suriname River, which is 
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there tidal and nearly one mile broad and 18 ft. deep. Po ( 
110,867. The growth of its population has been especial js 
since World War II (74,337 in 1950). Paramaribo is bj 
a shingle reef forming a plateau about 16 ft. above the A 
low water. Access from the sea is limited by a bar which al : 
a depth of about 20 ft. Except for a few 18th-century bid 
buildings and some modern ones in brick or concrete, the city 
wholly built of wood. It has a handsome Government Homing 
Botanic Gardens. The broad streets are laid out in a grid pattem 
ие canals and substantial public buildings recall the Nethe 
ls. 

The town is built on the site of an Indian village which became 
a French settlement about 1640 and was made the capital of the 
English colonization organized by Lord Willoughby in c. 1650, Thy 
18th-century Ft. Zeelandia lies nearby to seaward. (G. Ix) 

PARAMECIUM. In bodies of fresh water throughout the 
world—especially in quiet ponds having some decaying organ 
matter—may be found paramecia, free-living microscopic one 
celled animals (Protozoa; q.v.) roughly slipper-shaped and com 
pletely covered with short, fine hairlike filaments or cilia (q4). 
They belong to the genus Paramecium, which, along with other 
similarly ciliated protozoans, is included in the holotrichous grow 
of the class Ciliata. 

Paramecium includes at least eight well-defined species, Ш 
of which can easily be cultivated in the laboratory in а nutr 
tive broth or infusion made by boiling hay or dried powdered ltt 
tuce in distilled water. The different species vary in size bit 
most are slightly larger than the period at the end of this sentent. 
Certain species such as Paramecium caudatum are gracefully 
streamlined and elongate and are frequently referred to as th 
slipper-shaped animalcules (see fig. 1). Others, such as Parane 
cium bursaria, resemble a foot imprint. 

Structure and Function- 
Depending on the species, pite 
mecia are rounded or obli] 
truncated (squared off) at the ae 
terior end and somewhat рой! 
cone-shaped or rounded at 
posterior end. On the ventri t 
oral surface а depression ® 
groove (oral groove) 
obliquely back from the blunt i 
terior to about one half the 
length. The posterior end of. 
oral groove leads into à d 
ventral opening, the cell mi i 
Leading from the mouth it! 
nally is a short S-shaped e 
cal cavity called the gullet, W 
: is widest near sd mou 

hth PUT. { tapers posteriorly. 
& fid AE snae the pellicle, D 
the entire body, including 
oral groove; it bears lengt ei 
rows of cilia. 
firm protoplasm 


directly beneath the pellicle and encloses the inner, taii 
The endoplasm cont? 1) 


> = 
Bees 


BY COURTESY OF RALPH WICHTERMAN 

FIG. 1.—LIVING PARAMECIUM CAU- 
DATUM PHOTOGRAPHED ALONGSIDE 
A HUMAN HAIR 


tion of the protoplasm (endoplasm). 1 See E 
ules, food vacuoles and crystals of different sizes. ved в 
Cilia are of fairly uniform length except at the ee di oli 


where they are longer and less active than elsewhere. 
arises from a small spherical body (basal granule or 
embedded in the ectoplasm. These basal granules are ye 
self-reproducing units which are connected to each 0 ic 

tremely fine fibrils. Cilia beat in a wavelike thy td 
serving to propel the animal through the water and to p. 
The animal is able to reverse its ciliary activity and M 

ward as well as forward. Those cilia lining the oral g00 ў 
a current of water containing food organisms (usualy ааб 
into the mouth, down the gullet and into a formin£ foo 
‘After the food vacuole is full of water and food materia" 
ole breaks away from the gullet, passes into the endop' 


Ü 
th on circulated within the body by the streaming of protoplasm 
‘(cyclosis). “The food in the vacuoles is acted upon by enzymes 
creted by the animal and is converted into more protoplasm. 
adig material is retained in the food vacuoles and is passed 
out of the body at the anus, located in a region near the posterior 
‘end of the gullet. The anus is seen only when the animal is in the 
process of passing out undigested material. 
` În the ectoplasm is a layer of thickly set, spindle-shaped bodies 
(trichocysts) which are placed at right angles tothe body surface. 
Extrusion of the trichocysts may be evoked by different kinds of 
stimuli—chemical, electrical and mechanical. Upon stimulation, 
the trichocysts are extruded very quickly, usually within several 
milliseconds, Some may be partly extruded and attached to the 
Ше others may be fully thrown out, free and needlelike, six 
to ten times the length of resting unextruded ones::, The function 
of trichocysts is unknown. Originally believed to be a defense 
reaction, their extrusion now appears to represent a reaction to 


uy. - 
All species of paramecium contain two, occasionally three, con- 
tractile vacuoles located close to the surface away from the mouth 
(aboral surface) and nearer the ends of the body. These vacuoles 
collapse alternately and each empties its liquid contents to the 
outside of the body through a small роге. In canal-fed vacuoles 
anumber of small canals radiate from the vacuole and empty into 
itas seen in Р. caudatum. Their function is primarily to regulate 
thewater content within the animal. Since the expelled water may 
also contain some nitrogenous or waste products of metabolism, 
contractile vacuoles. would be considered excretory structures 
Cells of other animals characteristically possess one nucleus, but 
dm m kinds of nuclei are present: a large ellipsoidal 
ronucleus and one or more small micronuclei which are gen- 
erally close to or impressed against the macronucleus. The para- 
cannot live without its macronucleus but can survive 
Without the micronuclei. ‘The macronucleus is the centre of all 
metabolic activities and, like the micronucleus, possesses genes 
Which are the bearers of hereditary characteristics. In the various 
рење, the micronucleus plays ап active part in heredity; 
is this nucleus which gives rise to new macronuclei. 
90 таноо озса type of i 
Production paramecia is binary fission: one fully grown anima 
divides into two daughters with the result that there may be two, 
or more generations а дау. The micronuclei undergo mitosis 
bcm mitosis in other animal cells, the nuclear membrane does 
Жөн down during the process. As with other cells during 
‚ each daughter in a paramecium receives an equal set of 
stis po In binary fission, the macronucleus elongates, con- 
; then divides directly into two, one passing to each daughter 
p E Ent ve ae daughter а зае itself 
and cytoplasmic material of the parent to grow 
an adult, 
odin: conj Hue undergo "A REA ج‎ T ae 
Н ation, autogamy (discovered by W. F. er 
p а суорат (discovered by R; Wichterman in 1939). 
ugat a Cross-fertilization ) is characterized by the temporary 
and да animals and involves micronuclear divisions, ex- 
any (sef-fertilo of micronuclear elements (see below). , Autog- 
niin pen) involves similar micronuclear divisions but 
dividual Б E animals without the co-operation of another in- 
conjugation ay (another type of self-fertilization) resembles 
едг ee, that two animals join together but do not undergo 
exchange— má i 
ks 'aitogamy mime ш are similar to those which oc- 
ugation. 
те gf ТУРе.—Те two paramecia joined in conjugation are 
ден sexes a, identical in structure—no difference which might 
Sonneborn i are noticeable, However, the discovery by T. M. 
Sime but, 3 1937 of paramecia which are morphologically the 
definite mahi ysiologically different made it clear that there are 
, s types. With this discovery it became possible to 
from, one is рах of pure lines of paramecia, those derived 
ithe absence o ne by simple fission alone (clones) and 
all sexual processes. 
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ANTERIOR: 


‘CONTRACTILE VACUOLE: 


MICRONUCLEUS 


MACRONUCLEUS. 


GULLET 


ANUS. 


POSTERIOR 
BY COURTESY OF RALPH WICHTERMAN. 

FIG. 2,—PARAMECIUM CAUDATUM: 
VENTRAL VIEW, GREATLY MAGNIFIED 


(LEFT) LATERAL VIEW AND (RIGHT) 


In a clonal culture, all the progeny as a result of this uniparental 
reproduction are of a given mating type. Upon mixing together 
animals from two different clones, the animals either mate or do 
not mate. If they are of opposite mating type, paramecia may 
clump or agglutinate into large masses. From these masses emerge 
pairs of joined individuals that enter into and complete conjuga- 
tion, And by using special methods it is possible to show that each 
member of a pair in conjugation is from an opposite mating type. 
By extensive experimental mixing (two paramecia at a time) of all 
possible combinations of clones of paramecia that were isolated 
from nature, it was possible to determine many different mating 
types which have been placed in larger specific groups called varie- 
ties. Animals of opposite mating type within a variety will mate 
and conjugate when mixed, but paramecia of one variety ordinarily 
will not mate with those of other varieties. Opposite mating types 
have been discovered in most species of paramecium and in other 
ciliate Protozoa. Details of the systems of mating types and va- 
rieties for the different species are quite complex. 

Besides being useful for general study and teaching purposes, 
paramecium has proved to be an important. research organism 
widely employed in cytogenetics, nutrition, serology, radiation 
biology and many other fields of biology. Particularly interesting 
are the so-called "killer" races of paramecia, which illustrate one 
of the best known examples of cytoplasmic inheritance (see HE- 
REDITY: Cytoplasmic Heredity). 

See R. Wichterman, Biology of Paramecium (1953); G. H. Beale, 
Genetics of Paramecium aurelia (1954). (R. Wi.) 

PARAMOUNT, a city of Los Angeles county, Calif., U.S., 
just east of Los Angeles and abutting Long Beach on the south. 
"The site was once a part of the Nieto Spanish land grant. As the 
first settlement, under the Cooperative Colony Trust company 
(1866-67), it was called Clearwater and began as a dairy centre. 
In 1891-92 the southern portion of the Clearwater community 
created a separate town called Hynes, which, subsequently be- 
came the collecting and distributing centre of a large hay business. 
In 1949, the two communities were consolidated as Paramount, 
which was certified as a city in 1957. Industries (aluminum awn- 
ings, furniture, plastics, machine shops, resins) moved into the 
area and replaced much of the original dairying. The city has been 
governed from its inception by a council of five citizens who select 
a mayor and vice-mayor and appoint a city manager, other admin- 
istrators and commissioners. For comparative population figures 
see table in CALIFORNIA: Population. (H. P. Jo.) 
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PARANA, a state in the south of Brazil, bounded north by 
São Paulo, northwest by Mato Grosso, west by Paraguay and Ar- 
gentina, east by the Atlantic, and south by Santa Catarina. Pop. 
(1950) 2,115,547, (1960) 4,277,763; area 77,048 sq.mi. (199,- 
555 sq.km.). Paraná is in the temperate zone, except for a small 
segment in the extreme north, and the state in general has a health- 
ful climate. A well-drained rolling plateau sloping gradually west 
to the Rio Paraná constitutes the greater part of the region. Most 
of the settled portions of the state are located between 2,000 and 
3,000 ft. above sea level. The narrow belt of tropical rain forest 
which presents a screen of dense growth along the Brazilian coast 
to about 30° S is found between the escarpment and the seacoast. 
Throughout the state there is uniform and ample precipitation. 
Natural vegetation consists mainly of semideciduous forest, inter- 
mittent prairie grassland, and the frost-resistant pine forests at 
higher elevations. 

The stands of Paraná pine (Araucaria brasiliana) represent the 
largest and best softwood forests in South America. The plains in 
the western part of the state contain important tracts of Лех 
paraguayensis, the tree whose leaves are used for maté (or herva- 
maté), Lumber and maté are the principal exports of Parana. 
Other items of commercial importance grown there at various al- 
titudes include coffee, cereals, cotton, potatoes, and livestock. The 
state has two railroads which provide a serviceable system. One, 
the trunk line from Sao Paulo to Rio Grande do Sul, crosses the 
eastern portion of the state; it has branches east to Curitiba and 
Paranaguá and north to Ourinhos. The other, in the north, ex- 
tends from Mandaguari to Ourinhos and Sao Paulo. Important 
rivers are the Paranapanema, the Ivaí, Pequiri, Chopin, and the 
Tguassü. The territory of Iguassü, provided for in the federal con- 
stitution of 1937 and created by decree law in 1943, was abolished 
in 1946 and its area incorporated into the state of Paraná. 

Northwestern Paraná, developed chiefly by Paraná Plantations 
Ltd., a British company organized in 1925, is one of Brazil's latest 
zones of pioneer settlement and the far west extension of the cof- 
fee frontier. Exceptionally fertile soils, favourable climatic and 
terrain features, and satisfactory transportation facilities make this 
a valuable area. Londrina (pop. [1960] 74,110), a modern city, 
is the commercial, political, and cultural centre of this zone. 

The racial composition of Paraná tends to be heterogeneous since 
in addition to the Latin races represented, there are Germans and 
Slavic peoples, the latter being notably Poles, Russians, Ukrainians, 
and Ruthenians. The Japanese population is considerable and 
continues to grow. 

Curitiba, the capital (pop. [1960] 344,560 [city]), lying at 
2,979 ft. elevation, has an average annual temiperature of about 
62° F. Commercially it is important as a centre for the maté trade 
and to a lesser extent for coffee and Paraná pine. Other cities in- 
clude Ponta Grossa, Paranaguá, and Cornélio Procópio. 

Paraná was settled in the 17th century by bandeirantes (pros- 
pectors) following the discovery of gold near Curitiba in 1645. 
The region was a district of Sáo Paulo from 1668 until 1853 when 
it was created a province of the empire. Paraná became a state of 
the federal union in 1889. (7.1. TR.) 

PARANA, Argentine city and capital of the province of Entre 
Rios, is located on the east bank of the Paraná River, 240 mi. NW 
of Buenos Aires (365 mi. by navigable channel). Pop. (1947) 
84,153; (1960) 111,258. The climate is mild (mean annual tem- 
perature 66° F) with adequate rainfall for crops and grazing. 
The gently rolling hills are admirably suited as vast grazing tracts 
for cattle; sheep and horses and the raising of corn and flax. The 
city was founded in the late 16th century with the name of Bajada 
by Spanish settlers from Santa Fé. During the 19th century it 
served as provincial capital except for the period 1854-82 when 
Concepción on the Uruguay River was declared the capital. From 
1852 to 1862, while Buenos Aires was separated from the Argentine 
confederation, Paraná became the residence of the national au- 
thorities. Because of flood danger the city is situated on high 
ground 2 mi. from the riverbank but it is closely connected with 
the port of Bajada Grande by railroad and highway. Although this 
port is classified as a seaport, only oceangoing vessels of less than 
12-ft. draft can ascend the channel. Several ferry services con- 


PARANÁ—PARANOID REACTIONS 


nect Paraná with the city of Santa Fé on the opposite bark, 
The eastern part of the province and the cities alo 
Uruguay River are linked to the capital by a provincial ni 
road net. Air communication is facilitated by a municipal ай 
PARANAQUE, a small municipality of Rizal cee 
zon, Republic of the Philippines, on Manila bay south of Май, 
although it is politically separate from Manila it is part of ty 
metropolitan urban area. Pop. (1948) 28,884; (1960) 61,80, 
In 1948 nearly 300 small farms still produced rice and vegetable 
crops, but a decade later most of these had become urban аа 
or were included in the expanded Manila International Airy 
established at Nichols field, former U.S. air base. 
Parafiaque has long been famous for its fine hand embroideries 
a continuing household industry. (J. E. Sx) 
PARANA RIVER forms, with its tributaries, the larger 
the two river systems that empty into the Rio de la Plata estuan, 
An important commercial artery, the Paraná rises on the platen 
of southeast central Brazil and generally flows south for 1,827 ni. 
to join the Uruguay River. See PLATA, RÍO DE LA. 
PARANOID REACTIONS. Under this term are includ 
paranoia and paranoid states. The word paranoia was used by tt 
ancient Greeks, apparently in much the same sense as the moden 
popular term insanity. Since then it has had a variety of meat 
ings. Toward the end of the 19th century it came to meni 
delusional psychosis, in which the delusions develop slowly inlot 
complex, intricate and logically ‘elaborated system, without bib 
lucination and without general personality disorganization, Sum 
times the fixed delusional system, which may be grandis 
persecutory or erotic, is more or less encapsulated, thus leain 
the rest of the personality relatively intact. Though a great mur 
patients with paranoia have to be hospitalized, some do not, atl 
among these an occasional one succeeds in building up a followit 
of persons who believe him to be a genius or inspired. Той 
the term paranoia is reserved for all rare, extreme cases of сто 
fixed and highly systematized delusions. All the rest are 
paranoid states; i.e. states resembling paranoia but less 8 
Paranoid states are relatively common psychotic disorders, chit 
acterized by persistent delusions and by behaviour and emoti 
responses that are consistent with the delusional ideas. } 
nations are absent; and there is no general personality es 
zation, such as that commonly seen in schizophrenia. 
states may develop gradually or appear suddenly; they may 
main chronic or clear up. Complete recovery is not rare, alth 
of course, if a person has always been distrustful before his 
he is likely to remain distrustful afterward. The delusioni 
paranoid states are usually delusions of persecution, and to 
this article will devote most of its attention. Шу! 
Persecutory Paranoid State.—Individual susceptibility 
paranoid developments varies greatly. The person most 2 
able to a persecutory paranoid state is the tense, insecure, 
picious person who has little basic trust in other persons, W cuit 
always found it difficult to confide in others, tends to be ий 
usually has few close friends and is addicted to solitary rum! #1 
These characteristics are sometimes hidden behind а it is! 
superficial sociability and talkativeness. Above all, Wr 
rigidity about such a person's thinking which becomes ^ 
vious when he is under emotional stress. This may on et 
pression of certainty and self-assurance, but actually 1 ¢ 
upon profound insecurity, upon a need to be dogmatic 
an inability to tolerate suspended judgment. 
The insecure, distrustful, solitary person find h 
something that needs watching. Characteristically, he k 
understand motivation well, either in others or in him 1 
cause of this he easily misinterprets what others do us 
fails to recognize hostile overtones in his own e with 
when they are obvious to others. An ambitious person ue p 
noid trends, for example, may push ahead withou! i Y 
for others’ feelings, which he does not understand, ie шй 
come deeply hurt or enraged when others oppose him domi $ 
A passive person, similarly, may unconsciously invite pA 


or encroachment by others, and then react with angry 


ds his world ws 
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fright when it comes. A common result of all this is that a per- 
with these personality trends unintentionally creates an atmos- 
of tension around himself, even when he is relatively well. 
© Selj-Reference—A chief contributing factor to this atmosphere 
of tension is the tendency to self-reference; i.e., to misinterpret 
remarks, gestures and acts of others as intentional slights or as 
signs of derision and contempt, directed at the hypersensitive 
vrson, It is normal, of course, to assume occasionally that criti- 
ism, contempt or derision is directed at oneself when actually 
jtisnot, But the average person is able to shrug it off, after a 
brief period of resentment, or to challenge it, and thus find out 
his error of interpretation. The person who can neither shake off 
his hurt feelings nor correct his mistakes of self-reference is in 
more than average danger of developing delusions. 

Self-reference becomes paranoid delusion when a person per- 
sists in believing that he is the target of hostile actions or insinua- 
tions, aimed at him by some enemy or band of enemies, when this 
isactually not the case. The identifying marks of delusional con- 
viction are (1) readiness to accept the flimsiest evidence in sup- 
port of the belief, and (2) inability to entertain seriously any 
evidence that contradicts it. It is this biased selection of avail- 
able evidence that gives to paranoid development its appearance 
Of irresistible progression. 

Paranoid self-reference is never a purely random matter; it 
always has some kind of pattern. The patient is always selectively 
hypersensitive to certain kinds of implied threat, to certain kinds 
of situations and personalities. This selectivity actually corre- 
sponds to the patient’s own pattern of fears, wishes, guilt, weak- 
nesses and frustrations. The persecution he anticipates may be 
Sexual in character, it may be a direct assault or it may be some 
threat to his freedom, reputation or security. The immediate 
effect of increased delusions of self-reference is to increase the 
patient's vigilance, to make him look for possible clues as to what 
seems to be going on around him, and to make him prepare to, de- 
lend himself or to counterattack. 

Precipitating Factors.—Paranoid states often develop so gradu- 
ally that, on looking back, it is not possible to be sure just when 
mere suspicion changed into delusional conviction, Even when 

onset seems abrupt, in retrospect it often can be seen that 
the onset actually was preceded by a rising tide of anxiety and 
trust that finally got out of control and broke out as delusional 

f. The commonest precipitating factors are temptation and 
шоп, Temptation to commit or to fantasy some forbidden 
abi He or erotic action may arouse primitive impulses and intoler- 
€ guilt, Frustration also can arouse intolerable guilt because 

‘ed it stimulates, The frustration may come from ac- 

E ure and humiliation, from feelings of intense rivalry and 
"m Ww or ona th loss of a major source of gratification. There 
Nee Ga or imagined rebuff, neglect or hostile treatment by 
b ES [Анар also comes when youth begins to disappear 
Ried " 5, or when the person is incapacitated, isolated or 
Salus or о спогосоварцр downgrading, as in losing his job, 

sige patient gets rid of his intolerable sense of guilt 

ies Jouasonscious mechanisms of denial and projection. He 
By SAND hostile or erotic impulses and projects them 

E у А РНЕ them to other persons. Projection is rarely 
alleged e Ор, Usually the patient unwittingly selects as the 
ri ers of his own impulses and his own guilt, persons 

eio rresponding minimal unconscious trends. These 
of the renee and sees as dominant, conscious characteristics 
tient, oe a he accuses. Someone who actually dislikes the pa- 
a major ipie; someone who may not even realize it, is selected 

E HS and tormentor—even as à potential murderer; 

inimal a the same sex, who is fond of the patient or who has 
frightening ieee homosexual trends, becomes for the patient a 

58 exual threat. 

a Course-—The clinical course of a paranoid develop- 

impulses, di * as follows, The stimulation of erotic and hostile 
ts in s eee or indirectly through frustration or temptation, 
to exte, igh level of anxiety. This anxiety the patient ascribes 


al danger of attack; but actually it signals internal dan- 
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ger from poorly repressed impulses. It seems to him that things 
around him have somehow changed, and he tries to understand 
what is happening. He becomes increasingly uneasy and vigilant, 
scrutinizing his environment with growing suspicion and distrust. 
In trying to understand his situation, he does what he has always 
done: he observes silently, looks for hidden meanings and watches 
Íor clues in the little things others say and do, their gestures and 
facial expressions, their tone of voice, their smiles and frowns, 

Unfortunately, a person who is already convinced that some- 
thing strange is going on around him, or that he is in personal dan- 
ger, always can find confirmation of his suspicions and fears if he 
looks hard enough. The anxious paranoid person may begin by 
noticing little things. His personal effects may seem to him to 
have been disturbed, as though someone had been rummaging 
through them, perhaps looking for evidence of some kind. The 
feeling he has is vague but uncomfortable. When he cannot find 
something that he himself may have misplaced, he concludes that 
someone must have deliberately taken it or moved it to annoy 
him or make him look stupid. If he finds a book upside down he 
may interpret it as a sign that someone is testing his intelligence 
(to see if he can notice things) or is casting a derisive slur on him 
by indicating that he cannot even read. 

As the patient notices such details it seems to him clearer and 
clearer that he is the victim of some plot, that he has been singled 
out for some reason to be persecuted. Self-reference becomes 
still more intense, Strangers in the street seem to be talking 
about him or laughing at. him and they signal to each other about 
him by gestures. He feels watched and followed and he sees 
signs that his movements are being reported. A magazine seems 
purposely left open at a certain page so that a story, picture or 
advertisement will communicate something to him, or will further 
anger or arouse.him. Some patients are convinced that their 
telephone wires are being tapped or that microphones are hidden 
in the walls, If the process progresses, the patient begins to hear 
specific references to him on radio and television, in the cinema 
and at sermons. This apparent publicity frightens and angers him 
further, 

When apparent persecution reaches this degree of intensity and 
complexity it is natural to assume an organized source, The search 
for some unifying explanation leads many paranoid patients to 
conclude that the "plot" is being engineered by certain. specific 
persons, some of them actual persons who can be pointed out, 
some of them imaginary. Such an imagined community of alleged 
conspirators is called a paranoid pseudo-community, 105 make-up 
often follows the familiar patterns of mystery stories, ‘The pa- 
tient may speak of criminals, gangsters, dope rings and spy rings, 
of political, racial and religious haters. He may complain of 
plots at work to deprive him of job, reputation or life, or of enemy 
neighbours who are trying to ruin him and drive him from his 
home. 

Abnormal as it is, this organized delusion of a hostile pseudo- 
community has certain immediate advantages for the patient. It 
substitutes a definite, known delusional danger for a vague un- 
known one, and most human beings find known dangers easier to 
endure, It is also easier to prepare oneself to meet a specific 
known danger than to meet a diffuse threat, And, finally, the 
hostile pseudo-community seems real enough to the paranoid pa- 
tient for him to be able to make it the target of his hostility. Now 
he can discharge some of his unmanageable aggression directly by 
combating the supposed band of persecutors. His destructive im- 
pulses, instead of disorganizing him as they easily might, are 
turned outward against his imaginary enemies. This does not 
solve his problems by any means, but for the time it does pre- 
serve him from personality disorganization. 

Persecutory paranoid illnesses have more than one possible out- 
come, A great many patients, even those with well-marked delu- 
sions, regain their premorbid level completely; they become 
clinically well, Others remain chronically delusional. Some of 
these seem merely morose, suspicious and resentful, concealing 
their delusions behind complaints of never getting a square deal 
or behind assertions that the world is full of hatred and immoral- 
ity. Some chronically paranoid persons suffer occasional out- 
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bursts of hostility that make others fear them or avoid them. 
Some spend a great deal of energy and money in pressing an end- 
less succession of lawsuits (litigious paranoia), which are really 
attempts to combat an unconscious sense of guilt by forcing courts 
to demonstrate the litigant’s innocence, ‘at the same time punish- 
ing the persons he accuses in place of himself. 

Occasionally a paranoid person explodes into action, either flee- 
ing from his alleged persecutors or attacking them. In either case 
the explosive action is inappropriate to the real social context, 
since the plot and the persecutors are imaginary. As a rule, so- 
ciety takes steps, vigorous or even violent, to interfere with the 
flight or the attack. The patient then feels that his worst fears 
are being confirmed, that he is at last actually being attacked. 

Therapy.—In persecutory paranoid reactions the primary thera- 
peutic aims are a reduction in anxiety and the re-establishment 
of genuine communication. Excessive anxiety lies behind exces- 
sive paranoid projection; and the delusions themselves are only 
products and indirect expressions of these more basic processes. 
Tf anxiety and projection subside, the patient becomes able to 
communicate profitably. His greatest need then is for someone 
in whom he can confide safely. Friends, relatives and others have 

. by this time already tried reassurance, argument, reasoning and 
demonstration without success. 

To be able to meet a paranoid patient's needs, the therapist 
must be a neutral person, one who is not driven by his own anxiety 
to offer too much reassurance, to belittle the patient's fears or to 
argue with him. If the patient can form a relationship with a 
neutral therapist who does not take sides, but listens with ap- 
propriate considerateness and respect, the generalized paranoid 
suspicion may give way to a specific trust. If this occurs, it 
may then become possible to work through some of the ramifica- 
tions and origins of the paranoid illness, and the patient may 
modify or replace his pseudo-community with something ap- 
proaching the real community. 

Other Paranoid States.—In addition to the common persecu- 
tory type of paranoid reaction, four others deserve mention: (1) 
delusional jealousy; (2) erotic delusions; (3) paranoid grandios- 
ity; and (4) folie à deux. 

Delusional Jealousy.—Even normal jealousy is made up of an 
irrational mixture of anger toward both the beloved and the rival, 
of sorrow and of a painful loss of self-esteem. Delusional jealousy 
goes further, exhibiting some of the definitely paranoid character- 
istics present in persecutory delusions. There is, for example, 
hypersensitivity to even the most minute evidence confirming the 
patient's suspicions, and unreasonable resistance to all contra- 
dictory evidence. The patient watches intently for signs that he is 
right, as if he wants to be. In some cases it is obvious to an 
observer that he has an unconscious attachment for his rival, and 
that he identifies with his beloved. Primitive defensive opera- 
tions of denial and projection are basic to all delusional jealousy. 

Erotic Delusions—These are fixed beliefs that one is loved 
sexually by another person who is indicating his affection through 
innumerable little signs. The alleged lover is usually of the op- 
posite sex, and is often someone prominent in politics or in the 
field of public speech or entertainment. Prominent persons often 
receive letters and telephone calls expressing erotic delusions, 
and occasionally are accosted at public meetings by a paranoid 
person who makes an avowal and expects an acknowledgment. 
Such action on the part of the patient may lead the person who is 
the focus of the delusion to complain to the police. The erotic 
delusions are sometimes manifestations of self-love which is denied 
and projected onto another person. Sometimes the erotic delu- 
sion is a defensive maneuver which replaces the denied uncon- 
scious real homosexual trends with a more acceptable delusional 
heterosexual attachment. It is to the last-mentioned defensive 
maneuver that Freud's classical formulation refers: denial, “I 
don’t love him,” and delusional substitution, “I love her because 
she loves me." Some persons with erotic delusions suffer also 
from personality disorganization, and belong rather to the schizo- 
phrenic group than to the more organized paranoid reactions. 

Paranoid Grandiosity.—This is much less common than delu- 
sions of persecution, and when it occurs the paranoid illness is 
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usually more severe. Unlike the grandiose delusions in mania 
in schizophrenia, paranoid grandiosity tends to be well-organi 
relatively stable and persistent. The complexity of delusi 
conviction varies from rather simple beliefs in one's alleged tal 
attractiveness or inspiration to highly complex, systematized by. 
liefs that one is a great prophet, author, poet, inventor or scientig 
The latter extreme belongs to classical paranoia. Very rarely doy 
a patient with paranoid grandiosity actually contribute som 
useful to the social environment. Моге often he joins sony 
fanatical movement in current vogue, in this way succeeding su. 
times in sublimating his excessive zeal and saving himself fp, 
further illness. 

Folie à Deux.—This name is given to an interesting develop. 
ment in which a dominant psychotic person induces a delusi, 
usually persecutory, іп a dependent, submissive person. If the ly 
are separated, the dependent member of the pair usually тешу 
rather quickly. As a rule, the two members have been living f 
a long time in close contact. The commonest combinations at 
two sisters, husband and wife, mother and child, in that orde, 
The preponderance of women and children seems related to a rdi. 
tionship of dominance and submission between the one who it 
duces the delusion and the one who adopts it. Cases of folied dew 
in which personality disorganization occurs are considered to te 
schizophrenic. In these, the outlook for recovery of the dependet. 
member after separation is also good. 

See also PSYCHIATRY; PSYCHOTHERAPY; PSYCHOSES; Pa. 
CHOLOGY, ABNORMAL; SCHIZOPHRENIA. 

BrsrrocnaPHY.—N. Cameron, “The Paranoid Pseudo-community Re 
visited,” Amer. J. Sociol., 65:52 (1959) and “Paranoid Conditions ti! 
Paranoia,” American Handbook of Psychiatry (1959) ; N. Cameron atl 
A. Magaret, Behavior Pathology, pp. 372-413 (1951) ; S, Freud, "Fu. 
ther Remarks on the Defense Neuro-psychoses,” Collected Papers, vi. 
pp. 155-182 (1924), “Psychoanalytic Notes upon an Autobiogral 
Account of a Case of Paranoia (Dementia Paranoides),” St 
Ed., vol. xii, pp. 1-82 (1958) and “Some Neurotic ‘Mechanism if 
Jealousy, Paranoia and Homosexuality,” Standard Ed., vol. el 
221-232 (1955); A. Gralnick, “Folie à deux: The Psychosis of i 
sociation,” Psychiat. Quart., 16:230 (1942) ; S. Jelliffe, “A Summary 
the Origins, Transformations and Present-Day "Trends of the Pu 
Concept,” Med. Rec., N.Y., 83:599 (1913); H. Klein and W. Ho! 
*Psychosexual Factors in the Paranoid Phenomena," Amer. J. Psy 
105:697 (1949) ; R. Knight, “Relationship of Latent Homose 
the Mechanism of Paranoid Delusions,” Bull. Menninger Ce 
(1940); L. Ovesey, “Pseudohomosexuality, the Paranoy M 
and Paranoia,” Psychiatry, 18:163 (1955) ; R. Waelder, “The S 
of Paranoid Ideas," Int. J. Psycho-Anal., 32:167 (1951), (NA CY " 

PARAPET, a dwarf wall or heavy railing around the edge 
a roof, balcony, terrace, stairway, etc., either to prevent m 
behind it from falling over or to shelter them from attack 
the outside. Thus battlements (q.v.) are merely one form O 
fensive parapet arranged to allow those within to dice 
siles without exposing themselves. In many cases roof and 
parapets are only continuations of the wall below, but 0 w] 
instances they are projected forward beyond the face 0 
and carried upon brackets or a molded cornice. T 

Parapets, during the classic ages, were often forme y 
slabs of marble pierced with holes, forming a pattern 0 ad 
and diagonals; an example still exists in the ruins of the m " 
Tiberius on the Palatine hill at Rome. Parapets d piii 
patterns were also used and are indicated in extant wal d "T 
in Pompeii. English late Gothic parapets frequently ‘ i pit 
battlement form. During the Renaissance, the use ur ie 
trade largely superseded the parapet, but in north 1d ИР 
transitional early Renaissance styles offer many examp 
tastically scrolled and pierced parapets. 

PARAPSYCHOLOGY, the study of allege 
human abilities such as, for example, telepathy, clai 
precognition. A modern offspring of older interests ID °F ш 
and psychical research, parapsychology genera 
perimental tests of extrasensory perception Я psyd 
yond the range of known sensory processes) an i: {he 
(PK: а synonym for the older term telekinesis, 1 4 
ments of different objects are held to be influence! 


about them). е 4 iefs 
The modern period of interest in these ancient belie! 
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dated from the formation of the Society for Psychical Research 
in London (1882). Experimental tests with such methods as card 
guessing were introduced by the end of the 19th century by C. 
Richet and further quantified at Stanford University by J. E. 
Coover (1917). After 1930, the best-known work was that of 
J. B. Rhine at Duke University (the affiliation was severed in 
1965) where the parapsychology laboratory produced work that 
received major attention; experiments were carried out there as 
outlined below. However, considerable experimental research has 
originated elsewhere; in addition to the efforts supported by the 
London and U.S. societies for psychical research, there is the work 
of W. Н. Тепһае in the University of Utrecht, Neth., and of 
М. Ryzl at Prague, Czech. In Leningrad a state-supported labo- 
ratory for telepathic research has been established under L. L. 
Vasilyev. 

Tests of Paranormal Ability.—A special (Zener) deck of 
25 cards, each bearing one symbol in the form of a cross, circle, 
star, wavy lines, or a square, is used to give a probability of 5 
correct guesses out of 25 as the symbols are turned up to view. 
Rhine and others obtained results that are unlikely to have oc- 
curred (both higher and lower accuracy) through guessing alone; 
both types of statistically significant results have been offered as 
evidence for the paranormal effect. 

Telepathy.—The tests for telepathy represent an attempt to 
verify so-called thought transference. In the pure-telepathy test 
one person (the agent or sender) simply thinks of a random order 
of the five ESP symbols while another (the receiver or percipient) 
tries to determine the order on which the agent is concentrating. 
Tn the general ESP test the sender concentrates on the face of 
one Zener card at a time while the receiver attempts to think 
of the symbol; and so on through the deck. 

In the two methods above, the sender and receiver are usually 
zs room. In the distance-telepathy test participants are 

arated by several rooms or by a greater distance. A few ex- 
periments showed statistically significant departures from chance 
Success with a separation of many miles. 

Clairvoyance —Clairvoyance is defined as knowledge of infor- 
mation not necessarily known to any other person, obtained in- 
dependently of ordinary channels of perceiving or reasoning. In 
ical clairvoyance tests the subject seeks the order in which 
mu occur in a shuflled deck. In the open-matching test the 
[e symbols are shown and the subject tries to match each 
Шш. card in the deck with the proper symbol. The blind- 

Ing test is identical except that the key symbols are face 
and their position is unknown, 
P E card-calling test is conducted by guessing the symbol 

Bd ор card of a shuffled ESP deck, removing that card still 
5 Eu ind so on. In the pack-calling test the subject makes 

ws utive calls directed at a shuffled ESP deck. Usually the 
in front of the subject, but sometimes is not in the same 


acopnilion.—The hypothesis of precognition assumes super- 
percipi, knowledge of future events. When cards are used, the 
ient tries to call the future order of cards just before the 
poma shuffled mechanically. In another procedure each card is 
ted to the sender two or three seconds after the receiver 
8 his guess. When dice are used, the subject decides 
jace or combination of faces is to appear most frequently. 
C6 ате then tossed enough times by the subject or by 
joc for statistical verification of the prediction made by the 
п нен — In PK (so-called mind-over-matter) tests, the 
i inne by thinking or willing to influence hand-cast or 
cally thrown dice. Another variation involves wishing for 

Wn objects to land in specified areas. 
of ESP or difficulty in determining whether the concepts 
etimes i are applicable in tests of infrahuman animals. 
Under the E: of these hypothetical abilities are lumped together 
distingui, frau psi phenomena, because of the difficulty in clearly 

ERA ing among them. 

Shacklet mental Results—High-scoring subjects such as 
On and Stewart (reported by S. G. Soal) are rare, and 
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their performances would scarcely impress the casual observer as 
spectacular (averaging about 74 correct card guesses when 5 
would be expected by chance). Nevertheless, there have been 
reports of such subjects who can, at least for a year or two, 
succeed fairly consistently in making more correct guesses than 
could readily be attributed to lucky coincidences. In these cases 
the odds are many millions to one against an explanation in terms 
of chance, In experiments on psychokinesis no experimenter seems 
to have discovered similar persisting subjects. 

Sources of Error.—The data reported from parapsychological 
experiments have been subjected to continual critical comment. 
Criticism essentially is directed at questioning the adequacy of 
these data as evidence for the actual existence of what are called 
psi phenomena. 

Sensory Cues.—Human behaviour is known to. be modified by 
faint sounds, weak visual stimuli, subliminal odours and so on, 
of which the subject may be unaware (e.g., see SUGGESTION). 
These phenomena appear to have been responsible for some of 
the so-called significant scores in telepathy and clairvoyance ex- 
periments. For example, some of the early sets of ESP cards 
were so printed that the symbol on the face of the card could be 
read from the back if the reflected light entered the eye at an 
angle of about 60°. Experiments in which all participants are in 
the same room also permit such normal factors as minimal audi- 
tory communication to operate. These defects in procedure per- 
sisted for many years after the early reports in the 1930s. 

Habits of Thinking —It is well known that people do not call 
the ESP symbols randomly; instead, during the experiments they 
tend to form habits in which the same sequence of symbols is 
repeated, If the target and call series are both products of human 
thinking, apparently significant results can arise in the complete 
absence of paranormal communication. The target series in ESP 
or PK tests must be determined either by. machine. shuffling, 
electronic-randomizing device, or (as became common after the 
1940s) by the use of an appropriate table of random numbers 
(see RANDOMIZATION). 

Recording Practices—In many parapsychological techniques, 
the experimenter also serves as the recorder of data; expectancy 
of successes, excitement, and divided attention can produce er- 
roneous records, When human recorders are used, one obvious 
safeguard is to have agent and percipient, with their respective 
observers, in different rooms. In any case, separate records of 
target and call series should be routine in every experiment, It is 
undesirable for the experimenter to act as agent himself, unless 
another observer records his calls. Electrical or photographic 
recording devices have shown that experimenters who favour para- 
normal claims tend to record more correct responses (hits) than 
actually occur; those of adverse bias tend to misrecord in favour 
of misses. 

When the preferable machine-recording techniques are not 
practical, control subjects should be used to prevent the 
recorder from knowing who, for example, is trying for ESP and 
who is not. People are not objective recording devices, as the 
history of error in experimental psychology and in psychical re- 
search amply testifies; the effects of observer bias are so widely 
known that double-blind designs, where the recorder of data is 
kept unaware of the underlying experimental conditions, is be- 
coming standard procedure in much behavioural and medical re- 
search. 

Statistical Methods; Experimental Design.—The early critical 
comment directed at ESP experiments particularly had to do with 
the designation of the theoretical probability of success. It is 
now commonly agreed that statistical methods used in such re- 
search, if properly applied, can adequately test the hypothesis of 
chance expectancy. However, if enough individuals are tested, 
apparently significant scores can be expected to occur by chance. 
Similarly, with sufficient testing, a single subject can have a run 
of luck, as happens regularly in gambling. The selection of such 
instances, or arbitrary stopping when favourable results are ob- 
tained, is misleading. The striking early ESP reports and the first 
PK data from the Duke University laboratory consisted largely 
of positive findings. Some of the initial controversy was among 
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parapsychologists themselves; British psychical researchers, for 
whom the finding of a so-called sensitive (a paranormal person) 
was a rare event, were faced with the report of an incredibly large 
number of sensitives from the Duke laboratory. Obviously, all 
data (positive and negative) should be reported to avoid mislead- 
ing conclusions. 

The criticism has been made (even by parapsychologists) that 
the early reports of so many successful subjects arose from in- 
adequate experimental controls. Application of such basic prin- 
ciples of design as control groups, and avoidance of experimenter 
error, is not yet general practice; although an assessment of data 
collected since the first Duke reports clearly demonstrated a tend- 
ency for improved design. But the most serious difficulty is that 
there is no way of determining whether a given statistically sig- 
nificant result is paranormal or not. Scientific insight essentially 
rests on the isolation of some reasonably invariant relationship, 
a regular effect evoked by the manipulation of a given variable. 
In general, the predicted effect of a given variable constitutes the 
basic hypothesis about which an experimental design is structured. 
The ESP hypothesis assumes that, with all known factors con- 
trolled, scores deviating from chance are due to ESP. 

This dependency for proof upon a statistical probability model 
from which a causal basis is inferred has been sharply criticized, 
as has been much behavioural research (L. Hogben). One source 
of the well-established scientists’ disdain for some of the data in 
behavioural research and for their antagonism to ESP rests on 
this issue; i.e., the failure to isolate variables that show predict- 
able effects and the growing tendency to resort to statistical in- 
ferences. In the search for invariant relationships, the sine gua 
non is replication; i.e., results should be repeatable and predict- 
able. The answer has been that ESP is evanescent in nature; but 
this cannot deny that inadequate test designs generally have failed 
to distinguish between possible ESP and runs of luck. 

Fraud.—Although not strictly an error in experimentation, the 
question of fraud has intruded in this area. The history of psy- 
chical research is permeated with cases of unscrupulous people; 
e.g., those who, for monetary considerations, played on some of 
the deepest of human motives concerned with survival after death. 
Evidence of such actions rarely becomes public, although criminal 
prosecutions of allegedly fraudulent mediums occur in Great Brit- 
ain, In the U.S., practice as a medium (except for entertainment) 
is itself illegal. Charges of fraud have also been made in para- 
psychology—a commonly groundless denigration of many sincere 
individuals pursuing a path not generally popular in scientific cir- 
cles; nonetheless, opportunities for fraud are present. Fraud 
rarely is a problem in conventional scientific practice outside of 
parapsychology because the acceptance of reported results depends 
on competent replication by other investigators. Morality is thus 
maintained by functional practice. However, since ESP results 
lack replication, there have been demands for fraudproof experi- 
ments (G. R. Price). In the middle 1950s, Soal, author of the 
Shackleton-Stewart tests, was engaged in what was perhaps his 
last major effort in this field. As reported later, two extremely high- 
scoring Welsh cousins were observed to have signaled each other 
during some of the card calls (Soal and H. T. Bowden) ; inde- 
pendent examination demonstrated experimental weaknesses in 
this particular study. Some of the most frequently quoted data 
offered in support of ESP have been criticized because the tests 
were made under conditions that permitted of fraud (C. E. M. 
Hansel, J. F. Nicol). It can be anticipated that fraud will remain 
an issue until replication of reported findings becomes common. 

Recent Trends.—Critics of the early technics induced a pro- 
gressive tightening of test conditions. With the separation of 
Rhine’s parapsychology laboratory from Duke University, no new 
high-scoring subjects had been reported in the U.S. since the early 
dramatic successes. G. Murphy, long associated with psychical 
research, has remarked on the progressive decline in successful 
experimentation in general in this field, including spontaneous and 
mediumistic effects as well as quantitative data (quoted in Girden, 
1962). Experimental testing continued in the 1960s at some edu- 
cational institutions, and by individuals working on their own or 
supported by interested societies. Considerable effort has been 
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directed to determining the role of personality variables and 
in psi upon test scores. Investigations of the possible eff 
hypnosis and drugs have been carried out; some studies basal 4 
nonhuman subjects. ыі 

During the mid-1960s there was increased concern with the 
quantitative aspects of psychical research such as spon Ed 
phenomena. Mediumistic investigations also appeared to have j 
creased, particularly in Great Britain and continental сша 
although much less publicly than at the end of the 19th cent 
In any case, the lack of trustworthy quantitative data 
hampered the development of theoretical formulations in the fili 
of parapsychology. 

Parapsychology in Contemporary Science.—For most pro. 
fessional scientists, parapsychology is of little interest; very fey 
are acquainted with the research, most of which appears in jou 
with which they are not familiar. The great majority of Us 
psychologists do not accept psi as fact. Within the parapsycholog. 
cal movement itself criteria for establishing the validity of pan. 
normal phenomena are in dispute. For some, the conviction i 
based on spontaneous cases (e.g., paranormal cognition appearing 
in the course of daily life); they remain unconvinced by the labo 
ratory tests. Others are convinced by ESP data but reject Pk 
reports; and so on. 

Many scientists remain unimpressed by and are even scomfi 
of the statistical methodology of parapsychology. Another seriou 
difficulty for many scientists is the almost complete lack of ay 
plausible theoretical account of underlying processes. Conen 
about these problems was shown by parapsychologists in inttr 
views conducted by E. Girden; some expressed the wish for ct 
sistently high-scoring subjects, while others exhibited a need fort 
satisfying theoretical framework. For U.S. psychologists (Yit 
are generally monistic in approach) the challenge of ESP is largely 
metaphysical in that the alleged phenomena seem to challenge 
ern psychophysiological views. The British, on the other hand 
demonstrate less hesitancy in considering dualistic theories i 
“mind” and body. 7 

Philosophical critics have pointed out the dilemma involved i 
the view that a future event can influence the present; scien 
tend to reject such an idea out of hand. Until data become cun 
pelling, scientists are unlikely to accept purported evidence 
side the established scientific mainstream. The rejection is 
inforced by objections to violating the basic rules of the scien 
method. The situation is unlikely to change unless independen 
verifiable findings are offered that meet the criteria of empiria! 
rigour, a view not confined to skeptics and critics. Murphy hif 
self has commented that the real beginning of a science 
parapsychology must await the appearance of а repeatable # 
periment (quoted in Girden, 1962). 

In the view of one eminent philosopher, 
the British psychical research group, there will b 
“unless and until someone hits upon methods of indus 
normal powers in ordinary persons and sustaining o 
after at a high level for some considerable time.” (C. D. үй 
Lectures on Psychical Research, Humanities Press Inc., Ne 
N.Y., 1962.) Some insightful believers in paranormal рон g 
that the findings are still erratic only because the underly 
ditions are still unknown, requiring an essentially explorat! 
tentative approach at this stage. For many, however „д 
now available are conclusive and paranormal phenomena of 
established. This raises the ancillary problem of the E ove 
belief in general and the psychology of scientific co” 


former president d 
Ш be no pro 


1 
Scientific » 


Proc. Amer, Philos. Soc, 96:535-539 (1952) ; J. Е; V 


ments in Psychical Research (1917) ; E. Girden, “A Хелд 0 
kinesis (PK),” Psychol. Bull., 59:3. 529-531 OR J py PI 
Challenge of Psychical д 71962 C a 
Per 
Nature, 184: 1515-16 (1959 
“A Controversy over Charges 0! 
86-129 (1961); L. Hogben, Stati 
(ed.), The Case for and Against 


up with the Joneses,” Tomorrow Magazine, 1:58-66 (1960) ; 
"Price, "Science and the Supernatural,” Science, 122:359-367 
); С. Richet, Thirty Years of Psychical Research (1923); J. B. 
| Bxtra-Sensory Perception (1934); J. B. Rhine et al., Extra- 

Perception After Sixty Years (1940) ; S. С. Soal and Е. Bate- 
man, / odern Experiments in Telepathy (1954); 5. G. Soal ahd Н. T. 
Bowden, The Mind Readers (1959) ; С. E. W. Wolstenholme and E. C. 
P. Mil 1 


(1055 


(eds.), Ciba Foundation Symposium оп Extrasensory Per- 
1956); C. D. Broad, Lectures on Psychical Research (1962) ; 
“Н. Thouless, Experimental Psychical Research (1963). See also 
ional Journal of Parapsychology; Journal of the American 
y for Psychical Research; Proceedings of the Society for Psy- 

¢ il Research. (P. E. M.; Ер. б.) 


"PARASCHOS, ACHILLES (1838-1895), Greek poet, born 
at Nauplia in the Peloponnese on March 6, 1838, was the central 
of the Greek romantic school of poetry in its second and last 
(с. 1850-80). His models were Alfred de Musset, Victor 
Hugo, and Lord Byron, but he fell far short of their achievement. 
His manner is unrestrained and his language grandiloquent, owing 
much to the Phanariote poets, whose tradition he continued (see 
GREEK LITERATURE). He touched on all the usual romantic sub- 
jects, but love and patriotism were his favourites. In his numer- 
ous lyrics he made use of both katharevousa, the “refined” Greek, 
inherited from the Byzantine scholars, and the demotic, the spoken 
coma but his vocabulary remained as limited as his ideas. Per- 
‚по other modern Greek poet was more admired by his con- 
К His poems were published in Greek іп two volumes 
881, 1904). 
— Paraschos died at Athens on Jan. 26, 1895. 
See C. A. Trypanis, Medieval and Modern Greek SUA AY j 
4 (Cx. А. T. 
PARASELENE (Mock Moon), a bright spot on a lunar 
halo resembling the moon, appearing at the intersection of the 
‘inner halo and the parhelic circle. 
Haro, 
PARASITOLOGY deals with parasites and with the nature 
of parasitism and its effects on both the parasite and host. Broadly 
m ned, a parasite is an organism that lives for all or part of its 
MP (ectoparasite ) or in, (endoparasite) another living organism 
(host) from which it derives some benefit such as food, shelter, or 
protection, In general, however, the concept is restricted to those 
associations in which the organisms differ in size—the parasite be- 
p» smaller and the host the larger. 
Arasitism is common in nature; most animals and plants har- 
Ur parasites of some sort. Parasites, may even invade other 
К» а condition that is termed hyperparasitism and is com- 
M among parasitic insects, parasitic crustaceans, and parasitic 
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Parasites that produce damage to their hosts are called patho- 
gens, and the condition resulting from the damage constitutes dis- 
cw Ina broad sense, every disease produced by a microorganism 

rus, bacterium, rickettsia, spirochete, fungus, or animal para- 
Considered a parasitic disease, but conventionally parasitic 
on are restricted to morbid states resulting from animal para- 


Diseases caused by animal parasites may, for convenience, be 
4s those caused by protozoans, the microscopic forms 

the xi consisting of a single cell that performs all the functions of 
anim, Eel body, and those caused by metazoans, the multicelled 
als in which the cells and tissues are specialized in function. 
pel. the bacteria, viruses, and fungi parasitic on man and 
erinari are studied by bacteriologists, medical scientists, and vet- 
ty plant v the bacteria and fungi parasitic on plants are studied 
E pathologists; and parasites of animals are studied by z0- 
ет edical and veterinary scientists, and parasitologists. 
Sites, У, microbiologists are concerned with all types of para- 


E information on parasitology will be found in many other 

€5; for example, BACTERIA; BroLocy; BIRD: Parasites; CAT- 
-ürasites of Cattle; ECOLOGY; ENTOMOLOGY; FUNGUS IN- 

Pon IMMUNITY AND IMMUNIZATION; PLANT DISEASES; 

TRY AND POULTRY Farmine: Diseases and Parasites of Poul- 

| HEEP: Parasites; Tropical MEDICINE; ZOOLOGY: Animal 
elationships, 
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In addition, individual parasitic diseases, parasitic agents, and 
groups of these subjects are discussed in separate articles; for 
example, ARTHROPODA; FLATWORM ; FLUKE; FUNGI; HoOKWORM ; 
MALARIA; Mycorniza; Protozoa; ROUNDWORM; TAPEWORM; 
VIRUSES. 

i This article is divided into the following sections and subsec- 
ons: 


I. General Aspects of Parasitism 
1. Types of Parasitism 
2. Distribution, Characteristics, and Examples of Parasites 
. Life Cycles of Parasites 
. Morphology of Parasites 
. Metabolism of Parasites 
. Host-Endoparasite Relationships 
. Host-Ectoparasite Relationships 
. Mutualistic Host-Parasite Relationships 
9, Population Ecology 
10, Prevention of Disease 
11. Chemotherapy 
II. Parasitism in Plants 
III. Parasitism in Man and Animals 
1. Types of Parasitic Damage 
2, Influence of Strain Differences 
3. Immunity 
4. Hosts 
A. Protozoan Agents of Disease 
1. Rhizopods 
2. Ciliates 
3, Flagellates 
4. Sporozoans 
B. Metazoan Agents of Disease 
. Roundworms 
. Gordian Worms 
. Flukes 
. Tapeworms 
. Spiny-Headed Worms 
‚ Leeches 


1. GENERAL ASPECTS OF PARASITISM 


Parasitism is largely concerned with securing food and is one 
manifestation of the universal nutritional interdependence of liv- 
ing organisms. Most animals are directly dependent on the bodies 
of plants or other animals for food, and all living organisms are 
eventually dependent on other living organisms for essential com- 
ponents of their protoplasm, In general, parasites obtain their 
food directly from the tissues, waste products, or partially digested 
food within the host. 

1. Types of Parasitism.—Parasitism probably arose chiefly 
through three kinds of food habits, and its probable evolution can 
be indicated among modern species. The first of these habits is 
that of saprophytism or saprozoism; i.e., plants and animals, re- 
spectively, living on dead plants and animals, This habit may 
have led to the establishment of certain species within body cavi- 
ties, such as the intestine, and finally to a true invasion of the body 
tissues. 

A progressive series of such species may be seen in: (1) the free- 
living putrefactive bacteria living on decaying matter; (2) the 
putrefactive organisms living in the lower intestine of animals; 
(3) the tetanus organism, which is so poorly invasive that it lives 
on necrotic tissue resulting from injury and produces its ill effects 
by a toxin that diffuses into the body; and, finally, (4) the true 
parasites, such as the typhoid bacillus, which establish themselves 
in the tissues. 

A second food habit leading to parasitism is represented by 
predacious animals that capture and devour living prey. There 
seems to be little difference between this mode of life by the free- 
living protozoans and the ingestion of the host's red blood cells 
by the parasitic amoeba Entamoeba histolytica, 

A third type of food habit giving rise to parasitism involves 
feeding upon the blood and other fluids of plants and animals, The 
common housefly, Musca domestica, for example, feeds on many 
liquid materials, including serous exudates and exuded blood. This 
genus has no piercing mouthparts for obtaining blood; however, 
other flies show the development, in graded series, of piercing 
mouthparts and bloodsucking habits, Many common ectopara- 
sites, such as fleas, lice, mites, and ticks, are bloodsucking. (See 
also Frea; FLY; Louse; Mite; TICK.) 
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_ Some typical ectoparasites have become more or less endopara- 
sites. Thus, the adult female of the jigger or chigoe flea, Tunga 
penetrans, burrows far enough into the skin of man or animals 
to cover most of its body, but extrudes eggs to the exterior. Sar- 
coptic mites, such as the itch mite of man, Sarcoptes scabiei, bur- 
row into the skin and make long tunnels in which they feed and 
complete their life cycle. Finally, certain mites crawl down the 
trachea and invade the lungs of seals and old world monkeys. 
These habits represent unequivocal endoparasitism. 

Many habits of free-living organisms may have led to or has- 
tened the development of the phenomenon of parasitism. The 
flies’ habit of laying their eggs or larvae in meat may easily have 
led to the deposition of larvae in wounds and in time to the larvae 
penetrating the skin and becoming true parasites, as in the myiasis- 
producing flies. A recently acquired habit of this type is seen in 
the important disease of sheep known as strike. It is produced by 
maggots from carrion-feeding flies that lay eggs in wool soiled by 
feces and urine. The maggots penetrate the flesh and are often 
fatal to the host. 

Some free-living animals are cryptozoic and hide in various 
passages and cavities of other animals to which they have access. 
In addition, biotic associations between free-living organisms grade 
into parasitism. Typically, the epiphytic plants grow on other 
plants without deriving food from them, as seen in orchids at- 
tached to trees. Similar epizoic animals are common. Various 
marine hydroids attach themselves to seaweeds without deriving 
any nutritive benefit. When epizoic animals attach themselves to 
mobile animals, the association may be termed phoresy, or phoresis. 
Epiphytic, epizoic, and phoretic associations grade into true para- 
sitism. Parasitism, therefore, cannot be sharply demarcated from 
many associations of free-living species, nor can the parasitic 
methods of obtaining food be separated unequivocally from the 
methods used by saprophytes, scavengers, and predators. 

Parasitism can, however, be roughly divided into three types. 
In commensalism the association is highly beneficial to the para- 
site but is of no consequence to the host. An example is seen in 
the nonpathogenic amoebae of the human intestine, which feed 
on intestinal debris and other material but which, as far as is 
known, neither help nor harm the host. Parenthetically, it should 
be noted that the term commensalism is used by some authors in 
a different sense; ie., to designate mutualism in an external part- 
nership, such as is seen in certain sea anemones attached to the 
hermit crab. In true parasitism the parasite is potentially harm- 
ful, since it feeds on tissues or materials of value to the host. In 
general, however, true parasites tend not to kill their hosts but to 
live in a more or less reciprocally adjusted balance with them. In 
mutualism, both host and parasite benefit from the association. 
The two partners in the association have become so highly adapted 
to each other that they are mutually dependent. The cellulose- 
digesting protozoans of certain wood-eating insects are examples 
of mutualism and will be considered below. (See also SYMBIOSIS.) 

2. Distribution, Characteristics, and Examples of Para- 
sites.—The parasitic mode of life is widely distributed through- 
out the plant and animal kingdoms, but parasites themselves are 
mainly lower plants and animals. Thus, most parasites are viruses, 
bacteria (including the spirochetes and rickettsias), fungi, proto- 
zoa, helminths, or arthropods. 

The viruses are characterized by their inability to grow outside 
living cells. Most of them are small enough to pass through filters 
that remove ordinary bacteria. They give rise to many diseases, 
such as smallpox, yellow fever, and poliomyelitis of man; rabies 
and foot-and-mouth disease of animals; wilt disease of caterpil- 
lars; and various diseases of plants. Parasitic bacteria likewise 
initiate various diseases in man, animals, and plants. In man, 
they cause such diseases as tuberculosis, leprosy, diphtheria, pneu- 
monia, enteric fever, tetanus, and plague. Spirochetes cause, 
among other diseases, syphilis, relapsing fever, and leptospirosis; 
and a rickettsia produces typhus fever. In addition, many sapro- 


phytic forms under unusual conditions may cause serious diseases. 


The entire class of fungi live on either dead or living organisms or 
Parasitic fungi cause smuts 


organic matter derived from them. c 
and rusts of cereals, mildews of grapes, and blights of potatoes. In 
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animals and man they produce such infections as ri е 
шы and coccidioidomycosis. as ringworm, agi. 
ong the parasitic protozoa are the causative 
malaria, amoebiasis, and African sleeping vicies ат of huma 
The helminths, or worm parasites, include the fluk 

h E es, tapeworms 
and nematodes. A few representative species of these are: amon 
the flukes, the blood fluke of man, Schistosoma haematobiuy 
(fig. 1), and the liver fluke of sheep, Fasciola hepatica, and of 
Clonorchis sinensis ; among the tapeworms, the beef аен 
man, Taenia saginata, and the larval stage of Echinococcus gran. 
losus, which produces hydatid disease in man, sheep, and pim; 
among the nematodes, various hookworms, such as Necator Ёз 
canus and Ancylostoma duodenale of man, and various filaria) 
worms of man, such as Wuchereria bancrofti. 

Many arthropods parasitize plants (e.g., scale insects) and ani 
mals (fleas, lice, etc.) as ectoparasites, and a few are endoparasites 
Large numbers of insects, such as the chalcid and ichneumon flies 
(Hymenoptera) and the tachinid flies (Diptera), feed internally op 
the eggs or larvae of insect hosts and ultimately cause the death 
of the hosts. These are called parasitoids. In addition to thee 
groups, numerous parasitic forms occur among the Crustacea, 
Coelenterata, Rotifera, Annelida, and Mollusca. Even the verte 
brates include phoretic forms such as the remoras, which attach 
themselves to sharks and other large fish and turtles by a sucking 
disc evolved from the spinous dorsal fin. 

Among the flowering plants, some obligate parasites, such ё 
mistletoe, are known as hemiparasites. They are autotrophic in 
that they manufacture their carbohydrates photosynthetically, bit 
they are dependent on their hosts for water, mineral nutrients, and 
certain organic materials. 

A parasite and its host are not necessarily of different species 
Degenerate males may parasitize normal females in an associal 
that is termed sexual parasitism. This type of association 0000 
as endoparasitism in the marine worm Bonellia. It is encoun 
as a form of hyperparasitism in the nematode Trichosomoides cris 
sicauda. The female of this species lives as a parasite in the bl 
der of the rat, and the degenerate male lives inside the uterus 
the female. Ectoparasitism occurs in certain of the angler 


such as Photocorynus spiniceps. The female carries the gre 
reduced male attached to her body. 

is true parasitism, because the mi 

tablishes an organic connection with | 
blood vessels of the female. What mig 
bé termed sexual phoresis is seen In ^ 
blood fluke Schistosoma haematobium ® 
which the smaller female is caret i 


athe 
VENTRAL 


SUCKER 
GyNecopHoRIC ^ ventral body-wall groove, the gyneco 
CANAI: canal, of the male (fig. 1). 


Parasitism frequently occurs ata юй 
level and thereby becomes 80 
sitism. Thus, some wasps, bees, (el 
have lost their worker castes. The Ji 
lized female enters the nest of sod 
sects; kills the host queen, and usu 
place. The size of parasites varies 
tremendous range. Among those ik yh 
infect man, the fish tapeworm, Di wit 
bothrium latum, is from 0.4 to n a i 
and from 10 to 30 ft. long, wher 
virus of foot-and-mouth disease, 


in. in diameter. 


3. Life Cycles of Parasites.—Complicated life ode E 
times involving more than one host, occur among the pr it 
especially among the viruses, fungi, protozoa, helminths, the 
sects. An example of a parasite that utilizes three hosts 5 
tapeworm. The adult tapeworm lives in the intestine O a) 
cat, fox, bear, or swine. Its eggs are discharged in large ag 
in the host's feces and undergo the following developm? jated 
able conditions occur: in fresh water, a free-swimming 9 ру 007 
bryo (coracidium) hatches from the egg; if swallowe ‘i 
several copepods, the coracidium develops 
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if the infected copepod is swallowed by a susceptible fish, the pro- 

oid in turn develops within the muscles into a plerocercoid. 
Man and other definitive hosts become infected from eating in- 
fected fish. h 

4, Morphology of —— т. bacteria and some 
parasitic protozoa, such as the parasitic amoebae, are similar 
morphologically to their free-living relatives, whereas other proto- 
zoa have lost structures (¢.g., a mouth in the astomatous ciliates) 
or gained organelles (e.g., an undulating membrane in the trypano- 
somes) supposedly as adaptations to the parasitic mode of life. 
Metazoan parasites, on the other hand, are usually markedly dif- 
ferent from their free-living relatives. The changes are often 

rative in nature and are associated with the fact that para- 
sites no longer have to do all the things their free-living relatives 
do, Organs of locomotion, such as wings, legs, and other append- 
ages, tend to disappear, and the alimentary canal may become less 
and less specialized or may disappear entirely, as in the tapeworm. 
On the other hand, organs associated with attachment to the host, 
especially in ectoparasites and parasites in the intestine, tend to 
become highly developed, and reproductive functions increase. 
Thus, enormous numbers of eggs are laid by parasitic worms, and 
larval stages of many worms reproduce asexually by budding. 

5. Metabolism of Parasites.—The habit of parasitism is some- 
limes transitory, sometimes optional, and at other times obligatory. 
‘There is considerable ground for accepting the popular theory that 
as organisms become more and more obligate in their parasitism 
they tend to lose abilities to synthesize essential materials for their 
protoplasm and, as a consequence, become more and more depen- 
dent on their hosts for these substances. 

The loss of metabolic activity is carried furthest in the viruses. 
The true viruses are obligate intracellular parasites; i.e., they re- 
produce only within a living cell. The living cells, however, may 
ден E orin tissue cultures. The simplest of the viruses 

sist only of nucleic acid and protein and are not living in the 

ordinary sense, but they can, in conjunction with the metabolic sys- 

ia un host, propagate themselves and behave as organized 
parasites. 

Sometimes the infected cell is killed by the virus; e.g., by the 

icteriophages and most of the disease-producing plant and animal 

he Vai other times, the infected cell is not noticeably harmed. 

] emperate, or latent, viruses after entering a cell become 
rta indistinguishable from the cell components and repro- 
he with them. The temperate phages may exist as prophages 

Hes pou equilibrium and appear to be incorporated into 

ic structure (chromosome?) of the host cell. Occasion- 
When the parasitic equilibrium is disturbed, the virus rapidly 
Teproduces and kills the host cell. Often a virus that is latent and 
fo Een one organism produces rd in tae 
, the virus paracrinkle, when it infects the King Ed- 
RUE E be detected only when the infected King Edward 
afted onto a susceptible potato stock. 
А ‘Endoparasite Relationships.—Every known para- 
Шей in its range of hosts and, within the range of suscep- 
is ts, is more or less restricted in its site of colonization and 
: E e reproduce, and survive. A part d we 
F attributable to purely ecological factors, which keep 
Уты and potential host eos ‘The protozoan parasite Trypan- 
бене, which causes African sleeping sickness in man, 
ory ем infect man outside Africa because its oblig- 
бйз m and vector, certain species of the fly Glossina, 
5 rica. 
ming effective contact between endoparasite and potential 
i ioehemical and physiological aspects of the host-parasite re- 
of post. fall into two main categories. These are: (1) factors 
‘ite invasiveness aimed at penetration of the host and main- 
innate Within the host, and (2) factors of host immunity, both 
tion and Acquired, that tend to prevent invasion and coloniza- 
Parasite f ¢ Parasite. Although invasiveness is associated with 
tionship aie and immunity with the host, the reciprocal rela- 
clear-cut “tween the two often makes it impossible to establish 
thenie  differentiations, Thus, certain hosts deficient in panto- 
do not suffer from malaría as do normal hosts. Assum- 
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ing that the parasites need this vitamin, the situation can be 
considered either as an athreptic host immunity (i.e., immunity 
resulting from nutrition conditions unfavourable for the parasite) 
or as a lack of virulence of the parasite resulting from its inability 
to synthesize the vitamin. 

The interplay of such diverse factors results in all degrees of 
parasitism between a given parasite and a potential host, At one 
extreme, there are unquestionably many cases of absolute innate 
immunity in which the parasite cannot make the initial invasion 
of the potential host. These may arise from any number of physi- 
cal or chemical barriers of the host or from some deficiency of the 
parasite. At the other extreme, there are a few cases, especially in 
experimental infections, in which the’ parasite invades and repro- 
duces at maximum capacity and, in addition, almost all its progeny 
survive. Such associations cannot last long, as they inevitably 
result in the death of both host and parasite. In fact, no host in- 
fected with any endoparasite or with most ectoparasites can con- 
tinue to survive in the absence of some mechanism limiting in- 
crease of the parasites. 

Most endoparasitism falls within an intermediate zone in which 
host immunity and parasite invasiveness hold each other in check. 
The net result is that neither the host nor all of the parasites are 
killed. Although these successful host-parasite relationships may 
appear static, they actually rest on a complex, shifting, dynamic 
balance between the factors of parasite invasiveness and host im- 
munity. Some of these factors will be considered below. 

The nonlethal type of host-parasite equilibrium would be ex- 
pected to have evolved through natural selection because of its 
survival value to the host and the parasite. It is hastened because 
once a parasite invades a specific host it becomes more or less iso- 
lated, just as free-living species become geographically isolated 
when they are segregated on islands or behind other ecological bar- 
riers. The effective isolation of a parasite generally increases as 
parasitism becomes obligatory and as it involves the entire life 
cycle of the parasite. In this sense the host becomes equivalent to 
the biotope of the free-living species. The biotope is peculiar, 
however, in that it involves a living organism that may respond 
specifically to the parasite. As a corollary, it is probably safe to 
assume that the longer a given parasite is associated with a host in 
geological time the less pathogenic it becomes. It does not follow, 
however, that because a parasite is nonpathogenic it must have 
been associated with its host for a long time. Experience indicates 
that first contacts may show all degrees of parasite virulence, 
Hence, a presently nonpathogenic parasite may never have been 
pathogenic. 

Invasiveness.-—Parasite invasiveness arises from the summation 
of a heterogeneous collection of factors involving specialized struc- 
tures and specific biochemical entities produced by the parasite. 
Frequently, however, a single factor may be eliminated without 
markedly modifying invasiveness, and, therefore, specific factors 
are often difficult to associate with a specific activity of a parasite. 
Among the more likely invasive factors are the following: 

1. The association of invasiveness by certain bacteria and their 
power to encapsulate has long been recognized. The best-known 
capsules are polysaccharide in nature, although some contain amino 
acids. The possession of a capsule inhibits phagocytosis of the 
organisms by leukocytes or prevents digestion after phagocytosis. 
Also, injection of capsular material, by inhibiting phagocytosis, 
may allow invasion by the ordinarily noninvasive unencapsulated 
organism. On the other hand, immunization with the capsular 
material gives rise to antibodies, as does infection, and protects 
against infection by the encapsulated organism. That the preven- 
tion of phagocytosis and digestion by leukocytes is the important 
factor is further indicated by the fact that an unencapsulated non- 
invasive organism becomes invasive if the host is deprived of its 
leukocytes. 

2. Toxins, which will be considered below in greater detail un- 
der Disease of the Host, probably increase invasiveness by break- 
ing down various physiological mechanisms involved in immunity. 

3. Leukocidins are produced by a number of bacteria and 
kill the circulating leukocytes, but their activity in increasing 
invasiveness, although likely, is obscure. 


" 
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4. The ability of most parasites to pass through the external 
barriers and to spread through the denser tissues is generally 
believed to be a matter more of enzymatic activity than of me- 
chanical force. The best known of the enzymes involved is 
hyaluronidase, or the “spreading factor,” which depolymerizes 
and hydrolyzes hyaluronic acid, one of the carbohydrate cement 
substances of connective tissue. Another enzyme, collagenase, 
may split collagen, the protein that occurs in connective tissue. 

5. Once antibodies have started to function, parasites are fre- 
quently able to overcome their effects either by producing new 
heritable antigens or by continuing to produce enough phenotypi- 
cally resistant individuals to keep the infection alive (see discus- 
sion of trypanosome infections and malaria, below). 

6. The requirements of parasites may be a limiting factor in in- 
vasiveness. The case of hosts deficient in pantothenic acid has 
already been mentioned as an advantage in certain malarias. A 
further instance is that of persons with the heterozygous trait for 
sickle-cell hemoglobin: they withstand infection from the malarial 
parasite Plasmodium falciparum much better than normal persons 

О. 

Localization of Parasites Within the Host.—Invasiveness is 
closely related to the elective localization of endoparasites in cer- 
tain cells, tissues, or organs within the host. Thus, among the 
fungi, the parasite of loose smut of wheat, Ustilago tritici, is local- 
ized in the embryo and growing points of the developing plant. 
For most of their development in man, the parasites of malaria 
live within red blood cells. Leishmania donovani, the parasite of 
human visceral leishmaniasis, or kala azar, lives in macrophages 
widely dispersed over the body. Adult hookworms of man are 
largely localized to the small intestine. Such predilections are 
almost certainly associated in part with the availability of suitable 
nutrients or specific enzyme systems that the parasite can utilize. 
Little is known about the fundamental mechanisms involved. 

Highly potent factors in invasiveness are the genetic mechanisms 
whereby parasites acquire new heritable characteristics that per- 
mit them to invade hosts previously immune to them or that 
allow them to become resistant to the immune factors the host 
acquires during the infection. All parasites have to a greater or 
lesser degree the power to mutate and produce heritable variations. 
Genetic variability is further increased by the constant mixing of 
different parental strains. 

Those bacteria and viruses that usually reproduce asexually 
may at times undergo sexual recombination and other processes 
of genetic change. Thus, the common enteric bacterium of man, 
Escherichia coli, mates not only with other strains of the same 
species but also with several species of the genus Shigella, a group 
of dysentery-producing bacteria, The offspring of the various 
matings show features of both parents. Genetic exchange can 
also occur between bacteria by transduction; i.e., genetic ma- 
terial from one host cell is transferred to another by a suitable 
virus. In some organisms, such as the pneumococcus, genetic ex- 
change by transformation occurs when the genetic material, de- 
oxyribonucleic acid, is isolated from one strain and added to an- 
other. Apparently, the donor deoxyribonucleic acid enters into 
the recipient cell and becomes incorporated into its genetic ap- 
paratus. Mating and genetic exchange are known to occur in the 
viruses, such as the virus that produces influenza in man. 

Disease of the Host.—Before discussing the parasitic produc- 
tion of disease in the host, it should be pointed out that some per- 
sons harbour parasites without having noticeable symptoms. Such 
a host, called a carrier, may unknowingly disseminate disease- 
producing organisms and thus present an important public health 
problem. 2 р 

Some, but by no means all, of the methods by which parasites 
injure or produce symptoms in the host are known. A few para- 
sites, particularly among the bacteria, elaborate poisons, so-called 
toxins, which induce antibodies known as antitoxins within the host. 
Examples of organisms producing true toxins are the diphtheria 
organism, the gas gangrene organism, and the streptococcus that 
causes scarlet fever. In addition to true soluble toxins, some- 
times called exotoxins, cell substances of certain parasites seem to 
be toxic but they are liberated only when the parasites break up. 
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These so-called endotoxins are difficult to distinguish from 
proteins of the parasites themselves. Many symptoms pr the 
by them may be the result of a hypersensitivity, similar to 
sensitivity to pollen in asthma and hay fever. th 

In addition to poisoning, many parasites destroy tissues or cells, 
This may cause anemia, necrosis, and other damage, and may lead 
to concurrent and intercurrent infections by other parasites, Fo 
example, the plasmodia that cause malaria destroy large numbers 
of the red blood cells in which they live and reproduce. They may | 
also agglutinate in small blood vessels of such organs as the bain 
The parasite of amoebic dysentery and the hookworm d 
intestinal mucosa and ingest blood cells. Some parasites als 
deprive their hosts of essential food materials and, in overw] 
infections, may compete with the host for essential metabolic sub. 
stances. 

Parasitic virulence depends upon toxigenicity and invasiveness, 
These may vary markedly. At one extreme, the free-living sapro 
phyte that produces botulism in man is rarely invasive and ordi 
narily produces no infection at all. It is classed as highly virulent, 
however, because in improperly canned foods it produces an ex: 
toxin that is highly poisonous when ingested. Only slightly mot 
invasive is the bacillus Clostridium tetani, which produces lockjav 
in man and is extremely toxigenic. It generally gains admission 
to tissues in deep, dirty wounds, where it is accompanied by 
common saprophytic bacteria and frequently by irritating chemi 
cals. Under such conditions, it germinates (which it cannot doin 
healthy tissue) and locally secretes a powerful toxin that diffuses 
into the body and produces the disease symptoms. 

At the other extreme, the virulent parasite Plasmodium [alie 
arum is extremely invasive and practically nontoxigenic. Thi 
parasite seems to produce no significantly active toxin bulis 
so invasive that the majority of the red blood cells in a 
infection may be parasitized just before the host dies. When the 
parasite is nontoxigenic, a moderate invasiveness may be asso 
ciated with low virulence. The essentially nonpathogenic blood 
parasite of the rat, Trypanosoma lewisi, is moderately invisit 

(see below) but rarely produces symptoms except in very жй 
һозїз. a 
Reactions of the Host-—The host resists infection by тї 
both passively and:actively against the invasion and proliferatiot 
of the parasite. These capacities to react are collectively termê 
immunity. Immunity may be innate (i.¢., а natural characte | 
tic of the host) or acquired as the result of infection or immuniai 
procedure. 

Upon initial contact of a parasite with an animal host and | 
fore acquired immunity develops, factors of innate immunity ¥ 
erate, The unbroken skin and the outward flow of mucus, Wi 
etc., act as mechanical barriers to an initial invasion. After M 
mechanical barriers have been passed, many factors of 
act together to make the nonimmunized host an unsuitable me 
for a given parasite. 

When infective stages or odcysts of ci 
to nonsusceptible hosts, they often go through the i 1 
tract without hatching or liberating their merozoites. У 
seems probable that the oócysts are unable to hatch in ae 
tive juices of the nonsusceptible host. In other пой 
hosts, certain properties of the blood may be inimical to di ne 
site. The resistance of man to many trypanosomes ple М! 
animals in Africa is almost certainly in part attributa! h 1 
trypanocidal property of normal human. serum. ‘Thus, 
human serum is a potent curative agent for many of he 
somes of animals, but it does not harm the commones 4 
some, Trypanosoma gambiense, which produces sleeping 
or African trypanosomiasis, of man. Interestingly е 
does not harm another trypanosome, Trypanosoma " pi 
(which produces a sleeping sickness in man and which Mi | 
an animal strain partially adapted to life in man), unless” о 
has undergone several passages in animals. In plants, 
munity may be associated with the action of so-calle 
substances. А 

As would be expected, innate immunity is; 
genetically determined. This has been put to р 
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development of resistant strains of plants and breeds of animals. 
In addition, small animals with desired degrees of susceptibility 
to certain parasitic organisms have been developed for laboratory 
ting. 

vate the course of an infection in man or vertebrate animals, 
acquired immunity appears and owes its highly specific character 
to antigen-antibody reactions. Any given antigen (usually a pro- 
tein) from a parasite induces the formation of a spectrum of anti- 
bodies by the host. Generally, these antibodies react specifically 
with the antigen that stimulated their production and react to 
varying degrees with antigens of related chemical structure. Anti- 
bodies are named according to how they react with the antigen 
or what effect they produce on the parasite. As a consequence, a 
single antibody may have several names. In some plant infections, 
acquired immunity has been described, but it is not associated with 
antibodies. 

Antibodies fall into two groups: antitoxic and antiparasitic. 
The latter term can be further subdivided into antibacterial, anti- 
fungal, etc. When a parasite secretes a toxin, the resulting anti- 
body or antitoxin that neutralizes the toxin may account for all 
or practically all of the acquired immunity. Whether or not a 
parasite secretes a toxin, each of its body proteins may stimulate 
an antibody, which in turn may produce antiparasitic effects, de- 
pending upon the position of the antigen in the parasite. Thus, 
when the antigen is associated with some locomotor organ of the 
parasite, such as the flagella, an antibody acting as an agglutinin 
may agglutinate the organism. When the antigen is on the surface 
of the parasite, the antibody, acting as a lysin in conjunction with 
complement, a normal component of serum, may lyse the parasite 
(їе. injure the cell so that essential cellular constituents are lost) 
or, acting as an opsonin, may sensitize the parasite so that it is 
more easily eaten (i.e., phagocytized). ‘When the antigen is a 
soluble material extruded from the parasite, the antibody acting 
зза precipitin may react with soluble parasitic materials to form 
Precipitates. Precipitins are particularly common in metazoan in- 
fections and probably are involved in certain types of hypersensi- 
tivity that speed up the walling off of parasites by producing in- 
flammation, 

Both antibody and nonspecific factors of immunity in an animal 
host are associated with phagocytosis by cells of the blood and 
Connective tissue, Some cells, particularly the polymorphonuclear 
leukocytes of the blood and the macrophages of the connective 
tissue, phagocytize small organisms and various debris resulting 
from the destruction of host tissue. Macrophages, together with 
fibroblasts and endothelial cells, also form encapsulating connec- 
live tissue around large parasites or other material too large to be 
Phngocytized. In addition, many cells of the blood and connec- 
ni tissue possess embryonic (i.e., mesenchymal) potencies to 
bin into other cells. This characteristic permits them to as- 
Bun ап important role in the regeneration of destroyed con- 
не tissue and in the formation of new phagocytes: The ac- 
de эы Involved in removing parasites and repairing injuries are 
tion E aa with the process of inflammation. Inflamma- 
ш i К ich is often evident superficially by a reddening and swell- 
р the Skin, is a complicated reaction involving edema and 
و‎ together with the migration, transformation, and 
fni A of certain cells of the blood and connective tissue. At the 
ae of a parasite with its host, the parasite generally 
аб or less rapidly through the tissues of the host, and 
tively “ati with its mobilization of phagocytic cells is compara- 
sile with . At a second, third, or later contact of the same para- 
йш} the host, specific antibodies, such¥as precipitins and 
Sante localize the parasite or its noxious materials, and 

A als make the parasites more susceptible to phagocytosis. 

: so INFLAMMATION; PHAGOCYTOSIS.) А 
in the interplay of antibody and cellular factors is clearly seen 
dics] p pression of many bacterial infections by opsonin-in- 
malari.. стар ; such suppression has been studied in detail in 
and еге gglutinins also assist in localizing various organisms 

504 У Probably aid in phagocytosis. 

s immunity to Nippostrongylus muris, the small, hook- 
Ке nematode (roundworm) of the rat, illustrates the direct 
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LUNGS AND INTESTINE OF NORMAL AND IMMUNE RATS AFTER INFECTION WITH MIPFOSTRONGYLUS 
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FIG. 2.—А LARVA OF NIPPOSTRONGYLUS MURIS IN THE SKIN OF AN IMMUNE 
RAT, X 165 


Antibody has immobilized the larva and reacted with larval antigens to form a 
сар of precipitate over the larva's mouth and masses of precipitate in its Intes- 
tine. Inflammatory processes have resulted in the formation of a granulomatous 
nodule around the larva 


antiparasitic action of antibodies acting as precipitins with the 
secondary cooperation of inflammatory cells. Eggs of this nema- 
tode are passed out of an infected host with the feces and develop 
into infective larvae after about a week. The infective larvae 
may then penetrate the skin of nonimmune rats. There they feed 
and develop for about 20 hours, until they migrate via the blood 
stream and reach the lungs. In the lungs, they further feed and 
develop and then migrate to the mouth. After being swallowed, 
they reach the intestine between the second and third day. There 
they feed by piercing the intestinal mucosa. They develop to 
sexual maturity by about the end of the first week and lay large 
numbers of eggs, but many worms are expelled from the gut after 
another week as a result of the development of acquired immunity. 
It is mainly associated with antibodies that are produced by the 
host in response to the secretions and excretions that pass from 
the mouth, anus, and excretory pore of the worm and antigens 
liberated at the time of molting. During superinfections, these 
precipitins cause precipitates to form at all orifices and throughout 
the gut of the parasite. The larvae are stunted and more or less 
immobilized by antibodies, probably as a secondary result of the 
precipitate formation. Furthermore, intense antigen-antibody re- 
actions in the tissues produce tissue damage and set up inflamma- 
tion, which in turn results in the formation of nodules around the 
immobilized parasites (fig. 2). Some worms die in these nodules 
and the disintegrating worms are removed by macrophages. 
Others may escape from the nodules and resume their migration 
but they are stunted and immobilized to the extent that they 
cannot withstand peristalsis and are forced out of the rat's gut. 
The females, if they reach the intestine, lay fewer eggs than 
normally. 

Certain of the pathogenic trypanosomes, such as Trypanosoma 
equiperdum, T. brucei, and T. gambiense, reproduce at a constant 
rate іп a series of experimental hosts and increase in number es- 
sentially logarithmically in mice and sometimes in rats until death 
occurs (see control mouse in fig. 3). In such infections there seems 
to be no evidence of antibody formation. In other hosts, such 
as the guinea pig, the parasitemia periodically decreases as a re- 
sult of the production of typical trypanolysins. Lysins rarely 
eradicate the infection, however, because after each trypanolytic 
crisis, a few trypanosomes are resistant, continue to reproduce, 
and repopulate the blood stream (see experimental mouse in fig. 
3). 

A unique antibody mechanism specifically inhibits growth and 
reproduction in the Trypanosoma lewisi group of nonpathogenic 
trypanosomes. Trypanosoma lewisi undergoes reproduction by 
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DAY OF TRYPANOSOME INFECTION 
REDRAWN FROM W, H, TALIAFERRO-AND T. L. JOHNSON, "ZONE PHENOMENA IN VIVO TRYPANOLYSIS 
AND THE THERAPEUTIC VALUE OF TRYPANOLYTIC SERA," "JOURNAL OF PREVENTIVE MEDICINE"; 
DY COURTESY OF THE UNIVERSITY OF CHICAGO PRESS 
FIG. 3.—ANTIBODY-INDUCED LYSIS IN AN INFECTION WITH TRYPANOSOMA 


EQUINUM 
After the trypanosomes had largely disappeared because of a lysin formed in the 
guinea pig, its serum was injected intraperitoneally to induce a similar population 
decrease in a mouse, which nevertheless suffered a fatal relapse 

division only in the first part of its infection and thereafter re- 
mains in the blood in the nonreproducing adult form (fig. 4). 
This seemingly inherent life cycle results from the formation by 
the host of an antibody, ablastin, which inhibits reproduction of 
the parasites without exerting any apparent effect on their general 
vitality, mobility, or infectivity. Biochemical investigations indi- 
cate that the inhibited parasites are prevented from synthesizing 
nucleic acids and protein, and their carbohydrate metabolism is 
changed from an assimilative type to one of maintenance. Non- 
reproducing trypanosomes: may persist up to a year but may be 
destroyed in batches periodically by specific lysins. Trypanosomes 
that are resistant to lysins, however, do not repopulate the blood 
because they cannot reproduce in the presence of ablastin. Ablas- 
tin-resistant organisms have not as yet been found. 

7. Host-Ectoparasite Relationships.—The ectoparasite is ob- 
viously less closely associated with its host than is the endopara- 
site. Nevertheless, there is a high degree of host specificity in 
ectoparasitism based on an interplay of invasive factors of the 
parasite and immune reactions of the host. 

An interesting situation is seen in the unionid clams. The lar- 
val stages of these mollusks, known as glochidia, are expelled in 
large masses into the water and fix themselves to various parts of 
fish. Because of the respiratory currents produced by the fish, 
many find their way to and attach themselves to the gills. This 
attachment is effected by a closing of the valves and is reinforced 
by hooks or spines in some species. The host epidermis responds 
by growing over and completely covering the parasite. Each en- 
closed glochidium then undergoes a complete metamorphosis into 
a young mussel, which breaks out of its cyst and falls to the bot- 
tom of the sea to begin its growth into an adult clam. The 
glochidia require a specific fish host for normal development. 
When they attach themselves to other species of fish, innate im- 
munity operates to cause the sloughing off of the parasite before 
metamorphosis is complete. In addition, under experimental con- 
ditions, repeated infestations result in an acquired immunity that 
also causes the glochidia to be sloughed off prematurely. This 
antiparasitic action is associated with a lytic antibody in the serum. 

Ticks are firmly attached by their mouth parts, which are in- 
serted into the skin. Immunologically, they behave in the same 
manner as a nematode worm that lives in the intestine and pierces 
the mucosa to feed. During feeding, both inject antigens, which 
stimulate the formation of antiparasitic antibodies. It has been 
shown that guinea pigs acquire an immunity to ticks. ‘In immune 
animals, fewer ticks attach themselves and, of those that do, many 
are prevented from engorging themselves and some die. This im- 
munity can be passively transferred to nonimmune (i.e., normal) 
animals by injecting blood serum from immune animals. 

The female of the dipterous fly Cordylobia anthropophaga 
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deposits its eggs, preferably, in sand. The first-stage larva 
rows into the skin of man or animals and after attaining the 
stage drops to the ground and pupates. The infected area of 
skin looks like a boil. Heavy infestation of these ma 
guinea pigs results in a high degree of acquired immunity iav H 
antibodies affect the larvae in much the same way as has beg 
described for the larvae of Nippostrongylus muris, 
precipitates are formed throughout the gut and at the ends of the 
larvae, and the maggots eventually die before they complete ther 
development. 

8. Mutualistic Host-Parasite Relationships.—In true n. 
tualism, where both host and parasite are benefited, an 
invasion may have survival value for the host as well as for ty 
parasite. A remarkable example is seen in certain termites who 
intestines contain a teeming menagerie of protozoa, mostly flag). 
lates. Experimental studies by L. R. Cleveland, К. E. Hung. 
and others indicate that from the termites the flagellates тейи 
shelter, an optimal oxygen tension, wood particles finely enou 
divided to be eaten, and utilizable nitrogenous materials, 
flagellates in turn furnish their host with various degradation pi. 
ucts of cellulose that can be utilized metabolically by the hot 
Even in these ideal host-parasite relationships there must be som 
mechanism for preventing an unlimited increase in the parasit 
population. Three phases of flagellate infection have been rtt. 
nized in the case of Termopsis angusticollis: (1) infection oft 
recently molted termite followed by a period of rapid flagelli 
multiplication; (2) a long period between molts when терй 
tion and death of the flagellates are low or practically nil; w 
(3) the end of the infection during molting when the flagellate 
are eliminated or die, It has been suggested that the lack of 1# 
production between molts and the rapid reproduction. just at 
molting is associated with the availability of nitrogenous mal i 
necessary for protozoan growth. The restraint of the 
during the intermolting periods by a lack of nitrogenous font 
would represent an athreptic immunity. 

Molting may have other profound effects on the protozoan pi 
ner in these mutualistic associations. Thus, in Cryptocercus pn 
tulatus, one of the wood-feeding roaches, molting is asso 
with sexual cycles in several of the flagellates of its hind gut. 
sexual behaviour of the flagellates varies but is appar 
duced by a molting hormone secreted by the prothoracic glands 
the roach. 
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site population resulting from the interaction of parasite vit 
and host immunity, whereas the second considers (m 
relation. that is established when host and parasite рор! 
interact in a specific time period. ing de 
Certain blood-induced malarias are ideal for studying Н 
result of the interplay of host immunity and parasite P " 
on the parasite population. In the malarial infection of ™ 
with Plasmodium brasilianum, the parasites are more or 


distributed in the red blood cells and can, therefore, be 
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` py means of frequent blood samples without injuring the host. 
“The asexual parasites reproduce synchronously (i.e., they develop 
almost simultaneously ) and ordinarily take three days to grow 
and segment into approximately ten merozoites (fig. 5). This se- 
се permits а remarkably accurate determination of the rate of 
uction. 

"Thus, the length of this cycle together with statistical counts 
of the number of progeny (merozoites) formed at each segmenta- 
tion give an absolute measure of the rate of reproduction that is 
independent of the number of organisms destroyed (fig. 5, 


MIDPOINT (ARROW) AND DURATION (BAR) OF SEGMENTATION. 
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Merotoites produced” shows the number of progeny formed at each segmentation. 

НМ n of parasites in the blood indicates what proportions of the progeny 
extracorpuscularly and intracorpuscularly, and what proportion survived 
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smerozoites. produced"). Examination of fig. 5 indicates that 
population curve during the first four segmentations of the 
Parasite in this particular infection rises and falls in a regular 
Steplike fashion and is the net result of the rate of reproduction 
A one brood of parasites minus its death rate. Analysis of this 
tve indicates that only three of the ten merozoites produced 
ral Segmenter live, while four die during segmentation and three 
ting growth, 

Sag? in the population of parasites between the 13th and 
nt lay (fig. 5) is apparently composed of two phases. The 
М Part of the drop is the expected intracorpuscular death of 

шм, whereas the second precipitous decrease results from 

Halt evidences of acquired immunity. During this so-called 

cycle’ жүн reproduction is markedly deranged. The asexual 
ise lengthened, the number of merozoites produced is de- 
Aged WS many of the circulating parasites are markedly dam- 
mal НЕ in a few days, however, the surviving parasites become 
Merozoit Appearance and almost produce their normal quota of 
y i Interestingly, though not cogent to the present dis- 
two breui nes rearrange themselves after the crisis into 
al 5 instead of one brood, each with a typical three-day 

Кее (see arrows in fig, 5). For a long time there is а 

ic po of only one parasite per segmenter with a resultant 
ating p ation. The surviving parasites are resistant to the cir- 

EX bodies that produced the crisis. This resistance, how- 
i Жс and is not inherited because most of the para- 
istant ШШЕ to be susceptible at each segmentation and no 

ously Strain arises as in the trypanosome infections noted pre- 
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populations and parasites comprise a branch of medicine (see 
EPIDEMIOLOGY). The epidemiological effects of parasites on sub- 
human host populations have been studied by entomologists and 
ecologists (see Ecoroov: Interactions of Populations). This type 
of study is exemplified by the work of T. Park on the interspecies 
competition of two flour beetles, Tribolium confusum and T. 
castaneum, as influenced by parasitism with the sporozoan Adelina 
tribolii. Each parasitized host species studied individually even- 
tually reaches an equilibrium under certain standard environmental 
conditions. Of the two species, however, T. castaneum is much 
more susceptible to the parasite and the population of the host 
markedly decreases and then recovers about the 300th day: When 
the two beetles and the parasite were studied together over a four- 
year period, one host species always became extinct and the sur- 
viving one asssumed a population trend statistically identical to 
that found in the particular parasitized species when studied indi- 
vidually. The same species, however, did not always survive when 
various environmental conditions were modified. 

10. Prevention of Disease.—Innate immunity has been used 
by plant pathologists to great advantage in controlling plant dis- 
eases. Strains of economic plants that are specifically resistant 
to certain infectious diseases are deliberately bred. 

Artificially produced acquired immunity has been highly success- 
ful in controlling some viral and bacterial diseases of man and 
animals. It can be produced passively by the injection of serum 
from an immunized animal (or man) or actively by the injection 
of parts of or entire dead organisms, Passive immunity is acquired 
almost immediately but lasts only a short time. When quick 
acquisition is not important, active immunity is employed because 
it is much more enduring and is generally stronger. Antitetanic 
serum is frequently administered as soon as possible after deep 
wounds to prevent the possible occurrence of lockjaw. Toxoid, a 
preparation of toxin that has lost its toxicity but retains its anti- 
genicity, is widely used to protect against diphtheria, A vaccine 
of killed bacteria produces an artificial immunity against typhoid 
fever. Attenuated strains of viruses induce artificial active im- 
munization against such viral diseases of man as smallpox, rabies, 
and yellow fever. (See also IMMUNITY AND IMMUNIZATION} 
Toxin; VACCINATION.) 

Until 1957, attempts to immunize against most protozoan and 
helminth infections were on the whole disappointing. In 1957, 
a team of investigators at the University of Glasgow Veterinary 
School began the testing of an artificial vaccine for immunizing 
cattle against the lungworm Dictyocaulus viviparus. "This vaccine 
consisted of worm larvae attenuated by X or y radiation to the 
extent that they did not produce serious effects on the host but 
could still give off antigens in sufficient quantities to immunize the 
host, ‘These results led to the development of a commercially 
produced vaccine. Vaccines for other worm parasites are still 
being sought. 

Many diseases can be controlled by preventing contact between 
the invading organism and its host. Diseases such as tuberculosis, 
diphtheria, measles, scarlet fever, whooping cough, mumps, colds, 
and related respiratory infections are spread by discharges from 
the mouth and nose. Such infectious discharges may be directly 
transmitted to uninfected persons by kissing and by contaminated 
eating and drinking utensils, or may be transmitted indirectly as 
droplets dispersed in the air by coughing and sneezing. These 
methods of transmission are difficult to control. 

Other diseases are transmitted from man to man by intestinal 
discharges. Among these are typhoid fever, cholera, and amoebic 
dysentery. The organisms of these diseases are generally acquired 
through water, milk, or food that have been contaminated with 
the feces of infected persons. At times, the disease organisms are 
mechanically transmitted by houseflies and other insects that carry 
the fecal material to human food or drink. Some diseases have 
been successfully controlled by isolating sick persons and carriers, 
properly disposing of fecal material, purifying water, and pas- 
teurizing milk. 

Many parasites are transmitted by insects and other arthropods, 
either mechanically or after they develop in the body of the vector. 
Certain diseases in this category have been checked with remarka- 
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ble success by controlling the arthropod host. Thus, Texas fever 
in cattle has been eradicated in many areas by dipping the cattle 
and thereby destroying the adult ticks. 

Urban epidemic yellow fever has been temporarily largely elimi- 
nated from the western hemisphere by controlling the mosquito 
Aédes aegypti, but vaccination is becoming increasingly important 
in control. Malaria has been eliminated in certain areas by an 
attack on anopheline mosquitoes. 

11. Chemotherapy.—The number of drugs that cure or sup- 
press parasitic diseases of man and animals is increasing. Since 
1910, when Paul Ehrlich prepared arsphenamine (Salvarsan, q.v.), 
and especially since the 1940s, more and more have been synthe- 
sized or, in the case of the antibiotics, formed in controlled cul- 
tures of microorganisms. A few of the most important remedies 
will be mentioned here. (Others are noted in section III, subsec- 
tions on agents of disease.) 

Emetine, the alkaloid that occurs in the ipecac root, is helpful 
against amoebic dysentery. Tetrachloroethylene , successfully 
eradicates hookworm. Quinine from cinchona bark, which was 
discovered by the South American Indians, is still used for ma- 
laria, but is supplemented by synthetic compounds such as prima- 
quine, chloroquine, and pyrimethamine, Several arsenicals and 
other synthetic compounds are effective against trypanosomes that 
produce diseases of man and animals in Africa. Penicillin, broad- 
spectrum antibiotics such as the tetracyclines, and some arsenicals 
are used to treat the spirochete diseases, such as relapsing fever 
and syphilis. 

Sulfonamides and particularly the antibiotics cure a wide range 
of bacterial infections. Certain antibiotics are effective against 
the rickettsial diseases, but none so far is satisfactory against any 
virus except the group, probably closely related to the bacteria, 
that produces psittacosis, lymphogranuloma venereum, and. tra- 
choma. Penicillin, the first successfully developed antibiotic with 
low toxicity and high effectiveness, is supplemented by strepto- 
mycin, chlortetracycline (Aureomycin), oxytetracycline (Terra- 
mycin), and others. 

The genetic versatility of parasites in overcoming the action 
of antibodies is also frequently encountered in drug and antibiotic 
treatment. In work on the arsenicals, which were the first drugs 
developed against the trypanosomes, arsenic-resistant strains of 
parasites were noted.  Sulfonamide- and antibiotic-resistant 
strains of bacteria also are encountered. A remarkable situation 
occurs occasionally, Certain mutant strains of bacteria have been 
found to be both streptomycin-resistant and streptomycin-de- 
pendent. They grow sparsely in culture media ideal for the parent 
stock or in animals, but luxuriantly in media to which the anti- 
biotic is added or in animals treated with it. See also ANTIBIOTICS; 
CHEMOTHERAPY; SULFONAMIDES. (W. H. T.) 
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The parasitic habit is found in widely differing plant groups, 
from the simplest bacteria to trees such as the much-valued san- 
dalwoods. It is very common among the bacteria and the fungi. 
In man, bacteria cause tuberculosis, abscesses; gangrene, and 
many other diseases, while in plants they give rise to leaf spots, 
blights, wilts, soft rots, cankers, and galls, or tumours. Because 
of some resemblances to cancer tissue in human beings, the tu- 
mours of crown gall, induced by Agrobacterium tumefaciens, have 
been widely studied. Most parasitic fungi inhabit other plants, in- 
cluding algae, but a few parasitize nematodes, insects, crustaceans, 
fish, and the higher animals. The dead bodies of houseflies, sur- 
rounded by a whitish halo of spores, may often be seen fixed to 
the glass of unused windows in the fall, victims of Entomophthora 
muscae. Another fungus of this group is very destructive to grass- 
hoppers. Fish, especially if injured in any way, may be attacked 
by Saprolegnia parasitica or related water molds, and man is sub- 
ject to such well-known disorders as ringworm of the scalp and 
“athlete’s foot,” which are caused by parasitic fungi. Fungus 
parasites of higher plants cause many types of diseases, including 
blights, rusts, smuts, mildews, root rots, and tree decays, that are 
of great economic importance because of the damage they do to 


crops and timber. 
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Relatively few seed plants are parasites, but the fey jj 
very interesting forms. АП are parasitic on other plants 
being limited to specific hosts and others with a wide host. 
The parasitism may be either partial, as in the common 
mistletoes, or complete or nearly so, as in dodder, The br d 
rapes, parasitic on roots of many plants, are totally dependen 
on their hosts for organic foods, although they develop TOOLS fy 
the uptake of water and dissolved minerals. 

Some. plants, exemplified by the sandalwood tree and th 
brightly tipped Indian paintbrush (Castilleja), contain chlorophyi 
and develop roots, but they maintain a root connection witha 
host plant. In these cases the actual parasitism is minor, {y 
if the host connection is severed the plants are able to liye fy 
several months. Conversely, partial parasites, especially mist), 
toes, may occasionally exist for years embedded in the host in; 
wholly parasitic state, without external green shoots, Cases jp 
which parasites аге in turn parasitized are not uncommon, di 
between fungi, or between a fungus and a parasitic higher plant 

Parasitism is often accompanied by a reduction in plant pari, 
a simplification that has reached an extreme in species of tropiql 
Rafflesia, in which the only external part is the flower. Thi 
springs from undifferentiated filaments in the roots of the hoi 
(species of Cissus), (W. W. Мк, ; W. H.T) 


III. PARASITISM IN MAN AND ANIMALS 


1. Types of Parasitic Damage.— The damage to a host thil 
results from the presence of animal parasites may Бе classifieds 
traumatic, lytic, obstructive, loss of nutriment, intoxicative, alle. 
genic, and proliferative. In addition, lesions produced by animi 
parasites may allow bacteria and other pathogens to enter the ti 
sues and set up supervening diseases. 

Traumatic-—This consists in the tearing of cells and tissues ol 
of their normal state and relationship to one another, as whet! 
tapeworm or a hookworm in its attachment damages the ir 
testinal mucosa, or when eggs, larvae, and adult worms шїї! 
through tissues, producing microscopic or macroscopic me 
injury. 

Lytic.—This is the digestion of cells and tissues by ешп 
secreted by the parasite and is illustrated by the action 0 
pathogenic amoeba Entamoeba histolytica or by the larvae of 
blood fluke as they enter the skin and make a pathway into 


cutaneous blood vessels. n 
Obstructive.—A mass of the giant intestinal roundworm {ил 
lumbricoides, or a 25-ft. length of tangled tapeworm (е4 il 
saginata) may produce massive obstruction in the intestinal t 
or a single large worm may obstruct the common bile duct (é 
Ascaris), a ureter (Dioctophyme renale), or a bronchus (the 
Limnatis nilotica). С иш 
Loss of Nutriment.—Most parasites live in locations Wi я 
host where they have ready access to predigested food, or they) 
nutritive substance from the tissues. Many microscopic 5 ain 
even in large numbers, cause no appreciable nutritional a 
the host, but others, such as the larger tapeworms, pu. i 
burden, particularly if the nutritional threshold of ii M 
already critical. Moreover, hookworms may suck bloo 
the intestinal blood capillaries in amounts sufficient (0 
anemia. "E" 
Intoxicative.—The metabolic products of the parasite, 
secretions and excretions, cause localized and generit 
tion of the host’s tissues, with resultant toxic manifesta 1 
worst of these products are the bacterial exotoxin’: reaction! 
Allergenic.—This is essentially a host sensitization if 
proteins and other substances elaborated by the paras i 
evidenced by the chills and fever of malaria tollo v eee 
lease of the plasmodia into the blood plasma, and by 
reaction in many of the helminthic infections. 
Proliferative.—1n some parasitic diseases, 
colitis, there is practically no tissue reaction to t es 
the other hand, in visceral leishmaniasis, causec рун ulated” 
Leishmania donovani, macrophage production 15 А тор 
degree where it embarrasses normal production © D Qu 
red blood corpuscles.. In helminthic infections Suc 


Jariasis, schistosomiasis, and clonorchiasis, host tissue prolifera- 
so extensive as to cause growths that seriously reduce nor- 
ion of tissues and organs. 
Influence of Strain Differences.—The disease process 
mot only with respect to the species of pathogenic micro- 
m but also according to the pathogenicity of a particular 
strain of the parasite for the particular host. Thus, Entamoeba 
diistolytica, always an actual or potential tissue invader, may pro- 
duce no detectable symptoms in one person who may temporarily 
be considered as an asymptomatic carrier, while another person 
to the same strain may develop acute dysentery or amoe- 
‘ic liver abscess. This difference results from variations in the 
dose of inoculum of the same strain (.e., number of organisms), 
from enhancement in the pathogenicity of the amoeba by serial 
, from differences in tolerance between the two hosts, or 
intrinsic differences in pathogenicity. Another striking ex- 
is that of the vivax malaria encountered by U.S. and Aus- 
troops in parts of New Guinea during 1943-45. This strain 
proved to be much more pathogenic than the strains previously 
encountered elsewhere in malarious areas, as demonstrated by the 
severity of the clinical manifestations, the tendency to repeated 
relapse, and resistance to chemotherapy that had proved effective 
in the treatment of other strains of vivax malaria. 

3. Immunity.—In general, there is neither racial nor age 
immunity to parasitic infections, yet there are notable exceptions. 
Negroes are essentially resistant to certain strains of vivax malaria 
that produce serious symptoms in Caucasians, but they are as 
susceptible as whites to quartan malaria, Again, there is some 
Suggestion that small children are more likely to acquire Giardia 
lamblia infection than are their elders, and the same is true of 
infection with the dwarf tapeworm (Hymenolepis nana). And 
there is evidence that prolonged exposure to infections of certain 
Eus E in varying degrees of immunity, that in some cases 

y be substantial—though the immunity is to the infecting strain 

and E not extend appreciably to other strains of the same 
Species of parasite. This phenomenon is especially striking in 
some of the viral and bacterial diseases. 

4, Hosts.—In some parasitic diseases man is the only known 
satisfactory host of the pathogen. This holds true for the four 
Species of plasmodia that produce human malaria; for the flagel- 
late protozoan that causes Rhodesian, or East African, trypano- 
Somiasis; for the hookworm Ancylostoma duodenale; and for 

blood fluke Schistosoma haematobium, In other instances 
estic and wild animals are as susceptible as is man. Examples 
are found i Entamoeba histolytica, which parasitizes monkeys, 
‚ and rats as readily as it does man; Leishmania donovani, 

for Which the Chinese and golden hamsters are highly susceptible; 

"ypanosoma cruzi of tropical America, of which the mammalian 
xr oir hosts are legion; and Schistosoma japonicum, which is 

lective for dogs, cats, hogs, cattle, sheep, goats, horses, and many 

of rodents in endemic areas. Ina few known instances (for 
“ample, with Ascaris lumbricoides of man and the pig and 
лилдер nana of man, the rat, and the mouse), the parasites 
the different hosts are morphologically indistinguishable, 
respective hosts are highly refractory to cross infection. 
Ec that within recent biological time immunological 

d Очы һауе been developed. Still other parasites that 
sine y are found in man commonly occur in domestic or wild 
. The situation here results from differences in habits and 

of ш degrees of exposure to infection; it is not one 


A. Protozoan AGENTS OF DISEASE 


eign, tior classes of Protozoa (g.v.) include the rhizopods, 
1 Rj agellates, and sporozoans. i 

plasm, pods.—The rhizopods move by extending their ecto- 
naked The forms of greatest human interest are the amoebae, 
cies Protoplasts that divide by binary fission and in several spe- 
ve an encysted stage. Among the parasitic species a com- 
multiplie cycle consists in (1) the trophozoite, the growing and 
that me form; (2) the precyst (a rounded-up trophozoite 
evacuated all its undigested foods); (3) the cyst, which 
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has a thin, tough wall and serves as the source of infection for the 
next host; (4) the metacyst, or recently excysted multinucleate 
trophozoite; and (5) the metacystic trophozoite, which initiates 
the new infection. Six species of amoebae may live in man; viz., 
Entamoeba histolytica, the only amoeba known to produce dis- 
ease in man by tissue invasion; E. gingivalis; E. coli; Endolimax 
nana; Iodamoeba bütschlii; and Dientamoeba fragilis, E. gingi- 
valis and Dientamoeba fragilis apparently have only a trophozoite 
stage. E. gingivalis lives along the gingival margins of the gums, 
especially in unhygienic mouths, but there is no substantial evi- 
dence that it is responsible for diseased conditions of the mouth. 
It is probably transmitted by droplet spray or by kissing. 

The other five species inhabit the large bowel and the distal- 
most portion of the small bowel. Except for E. histolytica they 
are lumen parasites and with the possible additional exception of 
D. fragilis produce no detectable pathology. 

Entamoeba histolytica is a tissue parasite, entering the intes- 
tinal mucosa at separate pinpoint sites and typically penetrating 
by lysis down into the submucosa, where the lesions tend to de- 
velop radially, at times extending into the muscular coats and in 
rare cases producing perforation. Frequently there is subsurface 
tunneling, so that the mucosal blood supply is cut off and an in- 
dolent ulcer develops or denudation occurs. Erosion of small 
blood vessels produces hemorrhage, so that dysentery is fre- 
quently, although by no means always, an accompaniment of the 
infection. The lesions develop first and most commonly in the 
caecal and in the sigmoidorectal areas, although at times the entire 
large bowel may be ulcerated. The appearance of the individual 
lesion as seen through a proctoscope, the cellular elements in the 
stool, the normal blood picture, and the lack of prostrating symp- 
toms all serve to differentiate intestinal amoebiasis from acute 
bacillary dysentery (e.g. shigellosis). At times the amoebae get 
into mesenteric venules and are carried to the liver, where they 
may colonize and cause amoebic hepatitis or liver abscess; or they 
may reach the lungs, brain, and other organs and tissues and pro- 
duce lesions. 

Amoebiasis is practically worldwide in its distribution. Sur- 
veys in Canada, southern Argentina, and Sweden indicate its pres- 
ence and clinical importance in cool temperate regions, Never- 
theless, it is usually more prevalent and the symptoms are more 
pronounced in warm climates. Possibly as much as 10% of the 
earth’s population harbours Æ. histolytica, although a much smaller 
percentage suffers from clinical amoebiasis. The infection. is 
transmitted by water, food and food handlers, flies, and person- 
to-person contact. Control of amoebiasis and possible ultimate 
eradication depend on attacking these sources of exposure. Diag- 
nosis of amoebiasis depends specifically on recovery and recogni- 
tion of E. histolytica in the patient's stools or tissues. (See also 
AMOEBA; DYSENTERY.) 

2. Ciliates.—The ciliates have an ectodermal covering of many 
short, hairlike structures called cilia. Only one species, Balantid- 
ium coli, parasitizes man, with resultant diarrhea or dysentery 
that at times is even more severe than that produced by Æ. histoly- 
lica. lt is typically an infection of warm climates, where hogs 
and monkeys are reservoirs. 

3. Flagellates.— The flagellated protozoans possess one or 
more long flagella, which are threadlike extensions of their ecto- 
plasm. The common intestinal flagellates of man are Giardia 
lamblia, Chilomastix mesnili, and Trichomonas hominis, all of 
which are lumen parasites. None of these is primarily pathogenic, 
although at times Giardia produces an irritation of the duodenum 
with attendant mucous diarrhea. It may be controlled by admin- 
istration of quinacrine hydrochloride (Atabrine, or Mepacrine). 
Trichomonas vaginalis is frequently associated with vaginitis and 
at times causes a vaginal discharge. 

Six species of extraintestinal flagellate Protozoa produce human 
disease; namely, Leishmania donovani, causing kala azar, or vis- 
ceral leishmaniasis; L. tropica, causing cutaneous leishmaniasis; 
L. braziliensis, causing mucocutaneous leishmaniasis; Trypano- 
soma gambiense and T. rhodesiense, causing African trypano- 
somiasis, or sleeping sickness; and T. cruzi, causing American 
trypanosomiasis, or Chagas’ disease. 
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s The three species of Leishmania are transmitted by blood-suck- 
ing gnats belonging to the genus Phlebotomus; the African trypano- 
somes are spread by species of Glossina (tsetse flies) ; and T. crusi 
is carried by species of hemophagous bugs (Triatoma, Panstrongy- 
lus,etc.). Visceral leishmaniasis produces a profound increase in 
the macrophages, with compensatory reduction in neutrophils and 
anemia. There are enlarged liver and spleen, engorged bone mar- 
row, edema, an undulant type of fever, and high susceptibility to 
supervening bronchopneumonia, dysentery, and, in children, gan- 
grenous inflammation of the mucosa of the mouth. This disease 
is particularly prevalent among children in China and Mediter- 
ranean countries. (See also LEISHMANIASIS.) 

į The trypanosomiases of Africa first develop as a bloodstream 
infection, then involve the lymph nodes, especially those of the 
posterior cervical triangle of the neck, and, in the Gambian infec- 
tion, the central nervous system ("sleeping sickness” stage). The 
parasites never enter tissue cells but by their metabolites produce 
profound systemic intoxication and cellular inflammation. The 
Rhodesian type is fulminating, and, unless effective chemotherapy 
is administered early, the patient invariably succumbs before 
the parasites enter the central nervous system. 

American trypanosomiasis, commonly referred to as Chagas’ 
disease, has an initial lesion at or near the site where the organisms 
are discharged in the bug’s feces and are rubbed into the skin or 
mucous membrane. ‘This is frequently at the outer canthus of 
the eye or angle of the mouth. The parasites first multiply in 
macrophages within the superficial lymph nodes, then are dissemi- 
nated in the flagellate stage through the blood stream to the spleen, 
liver, bone marrow, myocardium, thyroid gland, adrenal gland, 
and brain. In each of these organs the parasites become intracel- 
lular leishmania-type bodies and multiply, producing proliferative 
and necrotic damage, (See also TRYPANOSOMIASIS.) 

4. Sporozoans.—In the sporozoans, asexual development 
(schizogony) alternates with sexual generation (gametogony and 
sporogony). The only sporozoan parasites of the human digestive 
tract are Isospora belli and І. hominis. They are endemic in 
the southwest Pacific region and South America, and require no 
intermediate host. The parasite invades the epithelial layer of 
the lower portion of the small intestine and possibly the caecum, 
causing considerable tissue damage and producing an exhausting 
diarrhea. (See also Coccipiosrs.) 

The most important tropical disease is malaria, which is pro- 
duced by four sporozoan parasites, Plasmodium vivax, causing 
vivax malaria (so-called benign tertian malaria); P. malariae, 
causing quartan malaria; P. falciparum, causing falciparum malaria 
(tropical, estivo-autumnal, subtertian, or malignant tertian ma- 
laria) ; and P. ovale, causing ovale tertian malaria. Vivax malaria 
is widely distributed throughout the tropical and temperate zones; 
quartan malaria is a relatively minor disease except in isolated 
focuses and in tropical Africa; falciparum malaria is a disease of 
the tropics and subtropics; and ovale malaria is confined mostly 
to central East Africa. All human strains of Plasmodium are 
transmitted by species of Anopheles mosquitoes. (See MALARIA.) 


B. METAzOAN AGENTS OF DISEASE 


The metazoa comprise a large number of phyla and include both 
invertebrate and vertebrate groups. Those that contain important 
disease-producing parasites are the helminths, or parasitic worms, 
and the arthropods, consisting of the insects and their allies. Ex- 
cept insofar as arthropods are involved as vectors in the transmis- 
sion of protozoans and helminths, this medically and economically 
important phylum is not considered here. (See ENTOMOLOGY.) 
Helminths are not a single assemblage of closely related species 
but belong to five separate phyla: Nematoda (roundworms) ; 
Nematomorpha (class Gordiacea, or gordian worms); Platy- 
helminthes (class Trematoda, or flukes, and class Cestoidea, or 
tapeworms); Acanthocephala (spiny-headed worms); and An- 
nelida (class Hirudinea, or leeches). : 

1. Roundworms.—The true roundworms constitute many 
thousands of species, of which the majority probably are free 
living, others are of considerable economic importance as para- 
sites of vegetables, grains, flower bulbs, and tubers, and still others 
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parasitize animals. They are typically cylindrical in shape w 
somewhat attenuated anterior end and a posterior end М 
tinctly pointed in the female and ventrally turned ог Ee 
male. There is a complete digestive tract, a body cavit m 
not lined with mesothelium, and an elaborate set of defin ti 
organs. The males are typically somewhat smaller than eed 
males; in a few species the male genitalia are parasitic in the i 
male body (j.e., syngonic), or males are wanting and the fen 
produce progeny by parthenogenesis. The females are usu 
egg-laying (oviparous) but in some species they deposit livin. 
young (larviparous). There are characteristically four lary) 
stages between egg and adult. 

By far the largest number of parasitic roundworms inhabit (y 
digestive tract. They may live free in the lumen (Ascaris), a 
tached by their heads to the mucosa (Enterobius vernicilri 
hookworms, Trichuris trichiura), embedded in the glands an 
stroma (Strongyloides stercoralis), or within tumours in the jp 
testinal wall (Oesophagostomum, Gnathostoma in cats, Spirocerm 
in dogs). The majority enter the body by being swallowed in 
the fully embryonated egg stage or as free infective-stage lari, 
but hookworms and Strongyloides actively penetrate the skin, 
Hookworms, Strongyloides, and Ascaris undergo an obligatoy 
migration through the lungs before they settle down and devel 
into adults in the intestinal tract. 

One type of nematode (Gongylonema) lives in the esophageal 
and buccal mucosa; another (Syngamus) is attached to the mutus 
membrane of the bronchi, trachea, or Eustachian tubes; still a 
other (Metastrongylus) inhabits the smaller bronchioles, and ot 
giant species ( Dioctophyma renale) inhabits the kidneys and other 
viscera of the abdomen. A very important group, the filariae lie 
in a variety of extraintestinal locations. These worms pr 
microscopic snakelike embryos, called microfilariae, which react 
blood vessels or interstitial tissues of the skin, are taken up 
sucking insects in which they mature into infective-stage lait, 
are then deposited by the insect on the skin of the definitive his, 
and actively enter its tissues to develop in several months | 
mature worms. The female Guinea worm, Dracunculus medint 
sis, upon becoming gravid, migrates from the viscera to the 
and produces a small blister, On contact with fresh water 
blister bursts, discharging many active larvae. If these are til 
by a little water flea, Cyclops, they develop and serve as a 
of infection for the next individual who drinks raw water 00 
taining the infected Cyclops. A few of the most important nea 
todes are described below. ү 

Intestinal Roundworms.—Ascaris lumbricoides, the lage Ur 
tinal roundworm of man, is about the size of a lead pencil. "n 
favourable conditions the fertile eggs, after being un 
the feces onto the soil, require two to three weeks to P ud 
Thereafter, if taken into the mouth and swallowed, the са 
in the duodenum; the larva then penetrates the gut wa en 
mesenteric venule or lymphatic vessel, and directly or 1m "m 
migrates to the lungs, where it breaks out of a capillary 4 wi 
an air sac, ascends the respiratory tree to the epiglottis, ui n 
lowed, and on reaching the small intestine develops into Е P 
worm. Although a single worm may at times produce у 
testinal symptoms, at other times hundreds of them may whet 

* 


However, " 
several worms are present, a careful check on the patient i 

will usually reveal that a few weeks previo 
vere, deep-seated “cold” or bronchopneumo! 
the period when the larvae were migrating through the lun. 
times this same type of pneumonitis develops during s df дий 
gration of Strongyloides and hookworm larvae. Eve 1.1 eil 
does not cause pneumonia, malnutrition, or acute 
trophe, it is frequently responsible for allergic m F dili? 
The infection is cosmopolitan, is especially comm. ania 
living in warm climates, and is propagated by fecal con, ratio 
of the soil. It may be efficiently treated by oral a | Ж 
sirup of piperazine citrate, but if children, as wel sen is 
not taught to practise personal hygiene, specific se xd 
less, since reinfection is bound to occur. (See also ods L 

Hookworms.—Hookworms are strongyloid nem 
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essing a well-developed buccal capsule; the capsule is armed with 
teeth or cutting plates and is used for attachment. The males 
have a copulatory bursa, an umbrellalike extension of the caudal 

ity. They are moderately stout, threadlike forms varying 
in length from about 8 to 16 mm. The species of special interest 
are Ancylostoma duodenale (human), A. braziliense (canine, fe- 
line and human), А. ceylanicum (canine and human), A. caninum 
(canine and feline), and Necator americanus (human). Species of 
Ancylostoma have two or three pairs of cutting teeth, and Necator 
"has paired cutting plates embedded in the buccal capsule, enabling 
the adult worms to become firmly anchored to the mucosa of the 
small intestine. 

By “ean DW E iu кейге; pens enzymes hook- 

worms di the tips of the intestinal villi and pump blood 
through their own intestines far in excess of their maximum nutri- 
tional needs. This produces loss of blood at each site of attach- 
ment, varying from 0.1 to nearly 1.0 ml. each day. Thus the 
daily blood loss from 25 worms will not exceed 25 ml., which is 
usually low enough for complete compensation. From 200 worms, 
the loss is about 200 ml., or an amount sufficient to cause anemia, 
rien since most hookworm patients also suffer from nutri- 
i deficiencies; while 500 to 1,000 worms will almost in- 
variably produce profound anemia, with associated severe pain 
in the epigastrium, diarrhea or tarry stools, loss of strength, dila- 
tation of the chambers of the heart, rough parchmentlike skin and 
lustreless hair, a fishlike stare, physical, mental and sexual retarda- 
tion, general dropsy, and frequently death. 

Frank hookworm disease may develop from a single exposure of 
the skin, usually of the bare feet, to a large number of infective- 
stage (filariform) larvae in the top layer of moist, sandy soil; or 
it may result from a number of lesser exposures. The loss of 
blood reduces the number, size, and hemoglobin content of the 
circulating red blood corpuscles, producing secondary anemia. 
However, if it continues for a long period of time or if the pa- 
tient has a constitutional tendency in’ that direction, a primary 
anemia may develop as a result of exhaustion of the blood-form- 

les, 

Specific treatment includes the administration of one of several 
anthelmintics (g.v.). After about 1935 tetrachloroethylene, which 
is efficient and safe, became the drug of choice. Nevertheless, 
itis relatively useless from a public health point of view to treat 
isolated patients. In heavily endemic areas mass therapy for all 
Infected persons is practised, accompanied by sanitary disposal of 

luman feces and by educational campaigns. In the southern 
United States intensive hookworm campaigns beginning about 
1915 resulted in eradication of the disease (Necator americanus 

ection) from a majority of the urban population, but heavy 
residual infection persisted in some rural sections of the Carolinas, 

rgia, Alabama, Mississippi, and eastern Texas. In the tropics, 
Mmi пон to malaria, continued to produce widespread sick- 

Unlike Ancylostoma duodenale and Necator americanus, which 
are exclusively parasites of man, A. brasiliense is a common 
3 inth of dogs, cats, and their wild relatives in warm climates; 

Probably never produces intestinal infection in man. The canine 

feline varieties do, however, cause human disease. The in- 
cane filariform larvae penetrate human skin, and, although un- 

e to enter the cutaneous blood vessels and migrate via the 
in ed the intestinal tract, they continue in serpiginous tunnels 

en of the skin, producing so-called “cutaneous 

Tien ie dom ss soc my 

tither parasitic or partly free-living; the latter type of life- 
Cycle is less en а е "iid jn sri moist « climates. 

Я 3 ү 

fect Drastic males have not been demonstrated in human in- 
ing abo, ‘The parasitic females are delicate filiform worms measur- 
ut 2 to 2.2mm. long by 0.03 to 0.075 mm. in greatest diame- 
Parthenon, live in the mucosa of the small intestine, reproducing 
Waly: Following an incubation period of about 28 
Eggs * emale lays several dozen eggs daily for several months. 
(thabditoi in the intestinal mucosa transform into first-stage 
d) larvae, which escape to the intestinal lumen, then 
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pass down and out of the bowel. When deposited on moist earth 
the larvae grow, molt, and metamorphose into infective (filari- 
form) larvae. On contact with human beings the larvae bore into 
the skin, enter the small blood vessels, journey to the lungs, and 
ascend to the epiglottis, where they emerge, are swallowed and so 
pass down the digestive tract to the duodenum. (In the moist 
tropics the larvae which are evacuated from the intestine may 
undergo one or more free-living generations on the soil, in which 
both males and females function. Eventually filariform larvae are 
produced and, following skin penetration, a new parasitic genera- 
tion is initiated.) An additional type of parasitic development 
occurs when rhabditoid larvae transform into filariform larvae 
within the bowel; they may cause autoinfection by penetrating 
the intestinal mucosa or perianal skin, then proceed to migrate 
via the lungs back to the intestinal mucosa. Chronic diarrhea is 
a common symptom of Strongyloides infection. Dithiazanine is 
= effective but poorly tolerated drug for treatment of this in- 
ection. 

Pinworm or Seatworm.—This cosmopolitan nematode, Entero- 
bius vermicularis, is more common in cool climates and is particu- 
larly prevalent in children who belong to large families or institu- 
tional groups. The worm has three lips at the anterior end. Males 
measure 2 to 5 mm. long by 0.1 to 0.2 mm. in maximum diameter 
and have a strongly curved posterior end, Females measure 8 to 
13 mm. long, with a maximum diameter of 0.3 to 0.5 mm., and 
have a sharply pointed posterior end. The worms live in the caecal 
region of the intestine, where they are loosely attached to the 
mucosa. Gravid females migrate down through the colon and out 
the anus to deposit almost fully embryonated eggs on the perianal 
and perineal skin. Each female lays about 11,000 eggs, then 
(usually) dies. When the mature eggs, carried in air currents, 
on clothing or other fomites, get into the mouth and are swal- 
lowed, they hatch in the small intestine. The small larvae pass 
down to the caecal region and mature into adults in 18 to 28 days. 
The most common and annoying symptom of pinworm infection 
is perianal pruritus. Piperazine hexahydrate, the drug of choice 
in E. vermicularis infection, is highly effective and well tolerated. 

Trichinae.—The trichina worm, Trichinella spiralis, is primarily 
a parasite of hogs and rats, although it is also parasitic in man, 
dogs, cats, bears, etc. All stages in the life cycle of this minute 
nematode occur in the same host, but to continue the cycle an 
uninfected host must eat the infected flesh of another. The 
trichinous flesh contains the encysted larvae. When man ingests 
infected pork that has not been heated to 137° F (about 58° C) 
or otherwise processed, the organisms excyst in the duodenum 
and immediately enter the mucosa, where males and females ma- 
ture in two to three days; they mate and the females begin dis- 
charging living young. These larvae enter intestinal venules or 
lymphatics and migrate into striated muscle, where they begin to 
encyst about the 20th day. Damage results from entry of the 
excysted larvae into the duodenal mucosa, migration of the larvae, 
and the distribution of their toxic by-products through the body, 
as well as the tissue reaction to the larvae, The first stage mimics 
acute food poisoning; the migratory stage is accompanied by 
acute muscular pain and frequently myocarditis suggestive of 
hypertension; and the intoxicative condition produces edema, 
especially around the eyes, as well as respiratory difficulties, The 
infection may be subclinical if the meat is lightly infected, but 
death may ensue if it is heavily parasitized. "There is no specific 
treatment. The source of human infection can be controlled by 
preventing hogs from eating garbage containing infected pork trim- 
mings. (See also TRICHINOSIS.) 

Filariae.—Bancroft's filaria (Wuchereria bancrofti) occurs 
throughout a broad band of the tropics, practically encircling the 
world. The threadlike parent worms live in subcutaneous and 
visceral lymphatic vessels and associated lymph nodes. Here the 
female worms give birth to delicate, elongated embryos provided 
with a sheath. They are actually the partially matured eggs that 
have stretched out so that they may travel through the lymphatics 
and blood capillaries. In most endemic areas these embryos, 
called the microfilariae, remain in the viscera except at night, when 
they surge through cutaneous blood vessels. However, in the 
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South Pacific islands the microfilariae migrate continuously 
through the peripheral circulation, The embryos are picked up 
by many species of mosquitoes of the genera Culex, Aedes, and 
Anopheles, in the thoracic muscles of which they undergo de- 
velopment and then migrate down the proboscis sheath and are 
discharged on the human skin when the mosquito alights to take 
a blood meal. The infective larvae burrow through the skin 
layers down to the peripheral lymphatics, gain entry to these ves- 
sels, and proceed to migrate through the lymphatic system. About 
12 months are required before the growing worms settle down 
and mate and the females begin to produce microfilariae. 

Among native populations in endemic areas exposure begins in 
early childhood, and 10 to 20 years may elapse before marked 
symptoms appear. In newcomers to an endemic area, however, 
dramatic manifestations of the disease occur within a few months, 
and may include acute attacks of lymphatic inflammation wherever 
the migrating adolescent worms are blocked by lymph nodes. 

Histopathological changes in Bancroft’s filariasis involve inflam- 
matory reactions, proliferation of the macrophages, and progres- 
sive obstruction of lymphatic channels by scar tissue, especially 
in the vicinity of adult worms. Advanced stages of the obstructive 
phases lead to elephantiasis which most frequently affects the leg, 
scrotum, arm, labia of the vulva, or mammae. 

Diagnosis is made by finding microfilariae in the circulating 
blood, by puncture or biopsy of the infected region, and, after 
calcification of the parent worms, by roentgenography. (See also 
FILARIASIS.) 

Another important filaria of the human lymphatics, Brugia 
malayi, is transmitted by species of Mansonia and Anopheles 
mosquitoes. Infection is prevalent in India and Indonesia. 

2. Gordian Worms.—The gordian worms, or “hair snakes,” 
are parasitic in the hemocelic cavity of grasshoppers during their 
larval and adolescent stage but escape from their hosts into fresh 
water to complete development, to mate, and to lay eggs. There 
are several reports of gordian worms having been vomited or 
otherwise voided by man. Such temporary “parasitism” may be 
the result of accidental swallowing of the worms in raw drinking 
water, but there is no evidence that the adults are ever truly para- 
sitic in habit. (See also NEMATOMORPHA.) 

3. Flukes.—Like other groups of the platyhelminths, the 
flukes, or trematodes, are more or less flattened, bilaterally sym- 
metrical invertebrates without true segmentation (e.g., metam- 
erism); also, they lack a body cavity. They differ from other 
platyhelminths in that they possess suckers for attachment. All 
trematodes are parasitic, and the great majority are hermaphro- 
ditic. The Monogenea are essentially ectoparasitic (i.e., living 
on the exterior of the host), the Aspidogastrea are in the process 
of developing an endoparasitic mode of life, and the Digenea are 
exclusively endoparasitic (ż.e., living within the host), The former 
two groups have a simple type of life cycle, consisting of egg, 
larva, and adult. The Digenea have a very complicated cycle: 
eggs are produced by the adult worms in the definitive host, reach 
water, and produce infection of appropriate species of mollusks 
(usually snails), in which they metamorphose and multiply, with 
the eventual escape of tailed larvae (the cercariae), which, in turn, 
directly or indirectly are the source of infection for the definitive 
host. Forms of particular interest are Fasciola hepatica (sheep 
liver fluke), Clonorchis sinensis (Chinese liver fluke), Paragonimus 
westermani (oriental lung fluke), and species of Schistosoma 
(blood flukes). (See also FLUKE.) 

Liver Flukes—Fasciola hepatica is a rather fleshy, broadly 
elliptical worm measuring up to 30 mm. in length by 13 mm, in 
breadth. It causes liver disease of sheep throughout extensive 
areas of the world, is frequently parasitic in other herbivorous 
mammals, and from time to time is diagnosed as a human para- 
site. The cercariae that escape from the snail host (species of 
Lymnaea) encyst on vegetation in moist meadows. When in- 
gested, the larvae escape from their cysts in the duodenum, mi- 
grate through the intestinal wall, peritoneal cavity, and Glisson’s 
capsule into the liver, and bore their way through to the larger 
bile ducts, where they develop into adults. En route through the 
liver parenchyma the young worms produce marked mechanical 
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and necrotic damage ("liver rot”), and in the biliary 
gall bladder they provoke proliferation of the epitheliy al 
fibrous encapsulation and pressure necrosis of the D 
resulting in cholecystitis and cholelithiasis, Occasional} 
worms, as they pass through the peritoneal cavity, mici te 
such locations as the abdominal wall, pleural cavity, or rir. 
Diagnosis is made by finding the microscopically large hne 
thin-shelled, operculate eggs in the feces or by aspiration in bile 
In sheep and cattle hexachloroethane is used to kill worms (ш 
have arrived in the biliary passages; in тап emetine hydro. 
chloride has proved to be moderately effective. Control entah 
destruction of the snail, as, for example, by treating smib 
inhabiting areas with solutions of copper sulfate or copper tar 
bonate, but care must be exercised not to poison sheep or othe 
grazing animals. 
Clonorchis sinensis, the Chinese liver fluke, which causes одор 
chiasis in man, is a delicate, transparent, lanceolate worm тёш. 
ing 10 to 25 mm. long by 3 to 5 mm. in breadth. It lives primary 
in the distalmost bile ducts toward the margins of the liver, bul 
in heavy infections the more proximal bile passages, gall bladde, 
and even the pancreatic duct may be parasitized. This infectia 
is indigenous to Japan, Korea, China, and Indochina, where al 
mammals that eat freshwater fish are exposed. Man is most com 
monly and most heavily infected in south China and Indochim, 
Minute eggs of this fluke, when evacuated in excreta of man al 
other hosts into ponds, slowly moving streams, and canals, at 
eaten by certain snails (Bulimus, Parafossarulus), in which й 
intramolluscan phase of the cycle develops. Cercariae discharge! 
from the snails penetrate under the scales of fishes into their fe 
where encystation occurs, Frankly raw fish or fish heated only 
on the surface, salted, smoked, dried, or preserved in wine € 
vinegar constitutes the sources of human infection, Upon bent 
swallowed, the young larvae escape from the cysts in the duodenut 
and migrate into the distal biliary ducts of the liver, where thi 
mature. The epithelium in the infected bile passages proliferates 
with fibrosis around the ducts and pressure necrosis of the 
parenchyma. Hepatic dysfunction and digestive disturbances i£ 
cur. Diagnosis is made by recovery of the typical minute oví 
eggs in the feces. Man may remain free of Clonorchis in en 
areas if the freshwater fish he eats is well cooked. Ы 
Lung Fluke.—Paragonimus westermani, the lung fluke, E 
small, fleshy worm measuring 7.5 to 12 mm. long by 4 to 6 më 
broad by 3.5 to 5 mm. thick. The adults live most fr 
in little fibrous pockets opening into the bronchioles, but the 
have been recovered from the abdominal viscera and wall, 
groin, and, not infrequently, the brain. The infection is € d 
in Japan, Korea, central and south China, Formosa, and some 
the islands of Indonesia, and it is also sparsely endemic 1n 
of. Africa, Venezuela, Colombia, Peru, and Ecuador. 
the infection results from eating raw soft tissues of fi nls 
crayfish (Astacus), elsewhere of fresh- or brackish-water 
Related species of Paragonimus have been reported from 
in south China, Korea, and Japan, and from crayfish-eating 
mals in the United States. 7, گا‎ 
Eggs of these flukes are coughed up and discharged in 8% 
or swallowed and evacuated in the feces. After the bap 
in fresh water the larvae penetrate certain snails (Semisut it 
Tarebia, Assiminea) where they multiply and from whi 
later escape as short-tailed. cercariae, which penetrate 
tissues of crayfishes and crabs, in which they encyst. Bagh: 
or crabs, when eaten frankly raw or preserved in brine 
wine, constitute the sources of human infection. Once 
the young worms are digested out of the crustacean issue wi 
and migrate through the intestinal wall, traverse the Pe it 
cavity, penetrate through the diaphragm into the pleu! 16, 
then enter the lungs and become localized near а bronchlo + m 
they mature and begin to lay eggs. The devious rout 
migration explains why the worms so frequently beco oderat 
in abnormal focuses, Pulmonary infection produces m "T 
severe local inflammatory reactions; frequently the 
causes coughing and the rupture of nearby blood vesse*: 
bloody sputum is relatively typical. Rupture of pulm 
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into the pleural cavity, with purulent effusion, occurs at times. 
In the abdomen the worms produce abscesses that may open into 
the intestinal tract or through the skin. The gravest damage ap- 

when the worms become lodged in the brain or its envelopes, 
with associated Jacksonian type of epilepsy. 

Diagnosis is most frequently made from sputum, which grossly 
appears peppered with minute particles of iron rust (the golden- 
brownish eggs) and is frequently blood-tinged; however, in about 
40% of patients the eggs are first recovered in the feces. Emetine 
hydrochloride is helpful. Bithional, first tested in 1961, is cura- 
tive. Because there are so many nonhuman definitive hosts of 
P. westermani, control is not particularly practical. Man may 
remain uninfected if the crayfishes and crabs he eats are thoroughly 
cooked. (See also FLUKE.) 

The species of Schistosoma and the disease they produce are 
treated separately under SCHISTOSOMIASIS. 

4, Tapeworms.—The tapeworms, or Cestoidea, usually con- 
sist of a chain of many individual organisms, each of which is 
comparable with a trematode. This chain (strobila) consists of 
1 scolex, provided with suckers and frequently with hooklets for 
attachment to the host's tissues; a “neck,” which is the region of 
growth of the individual organisms (proglottids); and proceed- 
ing distally a succession of immature, mature, and gravid proglot- 
tids intergrading one into another. Mature proglottids contain 
û full complement of sexual organs; gravid ones are postmature 
and are crowded with eggs. Each fully developed egg contains an 
embryo, which in most species of tapeworms is provided with six 
hooklets and is termed a hexacanth embryo. On hatching from 
the egg the embryo invades the tissues of the essential intermediate 
host and develops into a larva. In certain species a second larval 
stage in а second intermediate is required (e.g., in the fish tape- 
worm, Diphyllobothrium latum, and its relatives). The definitive 
host usually becomes infected from ingesting the larval host or its 
infected tissues, One notable exception is found in the dwarf tape- 
worm, Hymenolepis nana, which utilizes the same host for both 
its larval and adult stages. Tapeworms that produce disease in 
man include Hymenolepis nana, also called the dwarf tapeworm; 
Taenia solium, the pork tapeworm; Taenia saginata, the beef tape- 
worm; Echinococcus granulosus and Echinococcus multilocularis, 
the hydatid worms; and Diphyllobothrium latum, the broad, or 

, tapeworm, 

„Dwarf Tapeworm.—H ymenolepis nana and its biological varie- 
lies are parasites of man, rats, and mice, The worms аге only a 
few centimetres in length, Fully matured spherical, thin-shelled 
"005 are voided in the feces, When these eggs, directly or indi- 
Pis get to the mouth and are swallowed, they hatch in the 
liodenum and the hexacanth embryo invades a duodenal villus, 
neo it develops into a cercocystoid larva; i.e., a cysticeroid with 
ur Thereupon it emerges from the tissues, attaches itself by 
E Suckers and rostellar hooklets, and matures into a complete 
cep Man is normally infected only from human sources, rats 
infec | 'rom infection previously in rats, and mice only from mouse 
i ‘on. Н. nana is common in man in the southern United 
Fe m America, India, and Mediterranean countries. It is 
ds [rd prevalent in children. Light infections usually pro- 
may be е damage but occasionally in sensitized children there 
feats a profound systemic intoxication, with neurological mani- 
аы ions, including epilepsy. Heavy infections almost invariably 
Severe diarrhea and signs of systemic poisoning. Moreover, 

De val Considerable evidence suggesting that, where a large num- 
Fol Er is present, autoinfection (e.g., from anus to mouth or 
ада ау) occurs, H, nana is usually eliminated by the ad- 
Rene ‘on of quinacrine (Atabrine). Control of the disease in 
ospita]. or institutional group, as a children’s asylum or mental 
Men is difficult because of the problem of personal and group 
Pd Tapeworm.—Taenia solium is one of the large human tape- 
а ith a length of 2 to 7 m. (63 to 23 ft.) and somewhat 
United Sta 1,000 proglottids. It is relatively uncommon in the 
of Chine e and western Europe but frequently occurs in parts 
Progr j ia; and Latin America, Eggs may be shed by gravid 
within the intestine, but more frequently proglottids 
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break off from the strobila singly or in groups, are evacuated 
in the stool, and disintegrate on the ground. They are usually 
picked up by scavenger hogs; the eggs hatch in the animal’s 
duodenum, and the emerging embryos migrate through the tissues 
and settle down in the flesh. Here they develop in about three 
months into small, ovoidal, opalescent larvae, the cysticerci, When 
man consumes inadequately cooked pork, infection occurs. The 
adult worm causes a moderate nutritional drain on the host, re- 
sulting in diarrhea and dyspepsia, Absorption of the worm's by- 
products at times causes systemic intoxication, More serious, 
however, is the fact that man may serve in place of the hog as 
the larval host. When multiple cysticerci are present in the hu- 
man tissues, some are likely to lodge in the brain or its envelopes, 
with resultant neurological pathology, manifestations of Jack- 
sonian epilepsy, and eventual death. Specific treatment of all in- 
fections with intestinal Taenía soliwm should be carried out to 
reduce its ill effects and prevent human cysticercus infection, 
Quinacrine (Atabrine) is an effective drug for this purpose, Hogs 
should not be permitted access to human excreta, and all pork 
should be thoroughly cooked or frozen. 

Beef Tapeworm.—Taenia saginata, another large human tape- 
worm, often measures 5 to 6 m. (16 to 20 ft.) in length and de- 
velops more than 1,000 proglottids, Its life cycle parallels that of 
T. solium except that it utilizes cattle rather than hogs as larval 
hosts. Man is net subject to infection by the larval (cysticercus) 
stage. Chemotherapy is the same as for T. solium. 

Echinococcus.—Echinococeus granulosus is one of the few tape- 
worms parasitizing man in which the adult worm inhabits the in- 
testine of the dog, while man is one of several hosts for the larval 
stage. Moreover, the adult worm is minute, measuring only 3 to 6 
mm. in length and possessing at one time only one immature, one 
mature, and one or two gravid proglottids. In contrast, the larva, 
known as a hydatid cyst, may be as large as a football, Man ac- 
quires infection from contact with the feces of infected dogs. 
Exposure most frequently occurs in childhood. During the 18th 
century the inhabitants of Iceland had heavy infections, but the 
disease in man has been almost eliminated by the widespread adop- 
tion of good personal hygiene. Hydatid disease is prevalent in 
the human populations of Israel, Lebanon, Syria, north China, 
central and eastern Europe, Argentina, Uruguay, Chile, southern 
Australia, and Tasmania. The eggs of E. granulosus, when swal- 
lowed, hatch in the duodenum, and the emerging embryos pene- 
trate into the mesenteric venules. About 70% are filtered out in 
the liver, and lesser numbers reach other organs and tissues, in- 
cluding the lungs, brain, and the stroma of long bones. The cyst 
grows slowly but in five years may be as large as an orange or 
even a grapefruit. Internally there is a cavity filled with fluid, 
The wall consists of an inner germinative membrane, which pro- 
duces fertile daughter cysts that become free in the fluid-filled 
cavity; an intermediate friable, laminated coat; and an outer 
fibrous capsule, If the organism gains access to the inner structure 
of bones, it proceeds as an eroding stream, causing a weakening 
of the supporting structure and then fracture. A unilocular 
hydatid cyst causes disease as a result of pressure, by reason of 
its toxic metabolites, and, on accidental rupture, anaphylactic 
shock. ‘There is no medical treatment for hydatid cyst, but sur- 
gery is relatively satisfactory. Control consists in avoiding con- 
tamination of the mouth with dog's feces and, in endemic areas, 
killing infected dogs or periodically deworming them with arecoline 
hydrobromide. 

Echinococcus multilocularis produces a type of hydatid of the 
liver in which the germinal tissue is not circumscribed by a lami- 
nated membrane, resulting in alveolar enlargement that causes 
death. This infection is enzootic in Alaska, northern Canada, the 
U.S.S.R., and central Europe. Sledge dogs and foxes are definitive 
hosts, and native wild rodents are reservoirs of the hydatid stage, 
Human infection is relatively common in these areas, 

Fish Tapeworm.—Diphyllobothrium latum measures 3 to 10 m. 
(10 to 32 ft.) in length. It differs from the majority of Cestoidea 
in having a scolex that is spatulate, with a ventral and a dorsal 
sucking groove, and a patent uterine port in each mature proglot- 
tid, so that eggs are shed in an immature stage and require de- 


336 


velopment in fresh water. This worm occurs throughout a large 
part of the North Temperate Zone in the Eastern Hemisphere 
and is common in Canada and adjacent parts of Minnesota and 
Michigan. It seems not to be indigenous to any part of the tropics, 
but is present in the lake districts of Chile and Argentina. In ad- 
dition to man, dogs and sometimes bears harbour the parasite. 
When human or animal excreta containing eggs of D. latum are 
discharged into bodies of cool water, the eggs become fully ma- 
tured, a little cap separates from the rest of the egg shell, and a 
ciliated embryo swims out. This attracts the attention of water 
fleas, Diaptomus or Cyclops, which eat the active embryos. In- 
stead of being digested, the embryos bore through the gut wall 
of the water flea and transform into first-stage larvae (procer- 
coids). Then when a fish ingests the water fleas as food the larvae 
migrate into the musculature and become infective sparganum 
larvae. A smaller infected fish swallowed by a larger one trans- 
fers the infection to the latter. Man acquires the disease by eat- 
ing infected fish, D. latum may produce no appreciable harm to 
the human host; it may cause mild digestive inconvenience and a 
low-grade secondary anemia or, in persons with a constitutional 
tendency, it may precipitate pernicious anemia. Fortunately, 
however, eradication of the worm by anthelmintic treatment usu- 
ally restores the patient to the preinfection level of red blood cell 
production. Control of fish tapeworm infection depends on the 
thorough cooking of all fresh-water fish caught in endemic areas, 
but more specifically the elimination of all raw (i.e., untreated) 
human sewage from lakes and streams in which the fish breed. 
(See also TAPEWORM.) 

5. Spiny-Headed Worms.—The Acanthocephala, or spiny- 
headed worms, have been regarded by some zoologists as relatives 
of the Nematoda, by others as akin to the Cestoidea. It seems 
wise, however, to reserve for them a special phylum position. 
They are more or less flattened, sacculate forms having a pro- 
trusible proboscis almost invariably armed with spines. They 
lack a digestive tract, possess a body cavity not lined with meso- 
thelium, and have separate sexes. The best-known species are 
Macracanthorhynchus hirudinaceus and Moniliformis monili- 
formis, intestinal parasites respectively of the hog and of the rat. 
Both species have been reported only rarely from man. Infection 
is acquired from ingestion of beetles (the porcine form) and 
beetles or cockroaches (the rodent form) that serve as interme- 
diate hosts. (See also ACANTHOCEPHALA.) 

6. Leeches.—The Hirudinea, or leeches, are annelids and 
therefore are true segmented worms. They have a large sucker 
at the posterior end for attachment, a smaller sucker surrounding 
the mouth for feeding, and a digestive tract with 11 pairs of caeca 
that store blood sucked from their victims. Most leeches are 
aquatic and attach themselves to fishes, frogs, salamanders, and 
turtles, but some are terrestrial like the notorious Haemadipsa 
ceylonica of Ceylon, India, and Malaya, which may take blood 
from man or beast. Aquatic leeches, such as Limnatis nilotica of 
the North African coast and Bible lands, when taken into the 
mouth in unfiltered water, lodge in the throat, nasopharynx, larynx, 
upper esophagus, or trachea and cause congestion, excruciating 
pain, and at times death from suffocation. These leeches, like 
the medicinal species, Hirudo medicinalis, secrete hirudin from 
their buccal glands, which prevents the coagulation of blood for 
some time after the leech has become engorged and has aban- 
doned its feeding site. DDT dusted into clothing and boots has 
considerable repellent properties. Internal leech infestation is a 
condition requiring the attention of a skilled surgeon. See LEECH. 

See also references under “Parasitology” in the Index. 

(E. C. F.) 
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PARATHYROID GLANDS. The parathyroid glands e 
cur in all species from amphibia upward. In man they are tiny, 
brownish-red structures (approximately 6 X 4 X 2mm), шш 
situated behind the lateral thyroid lobes, two on each side. Hor 
ever, there may bê as few as two, and as many as eight parilly 
roids have been found, sometimes in atypical locations апуу 
in the deeper tissues of the neck or upper chest. Their embryo 
origin is from the third and fourth pharyngeal pouches. ee 
scopically they are made up of closely packed epithelial ¢ 
separated by thin fibrous bands; occasionally the cells are ir 
ranged in circles with an open centre (alveolar arrang 
which may contain a colloid material. M" 
In the latter half of the 19th century the parathyroid 
recognized to play an important physiological role when it 
came apparent that the convulsive seizures and death which som 
times followed experimental thyroid operations were due 
inadvertent removal of the parathyroid glands. In 1908 
relationship to calcium metabolism was discovered when ^. 
MacCallum and C. Voegtlin demonstrated that removal of 
structures was followed by a fall in the calcium concentra 
the blood serum, and that administration of calcium je 
vented or corrected the ill effects of the operation. , lod ill 
J. B. Collip developed a method of preparing و‎ qnin 
active extract of the parathyroid with which experiment 
could be tested. 1 ndsis™ 
The exact action of the internal secretion of these Ё al anit 
clear. It is believed that the parathyroid hormone plays 
portant role in stabilizing the calcium concentration af cali 
fluids—a very important function, since a lowering of t itabi 
ion concentration results in a condition of increase NU 
of nerves and muscles known as tetany, in Wi ich x 
muscular spasms, convulsions, and sometimes demen к, 
normal conditions a small drop in the calcium concentra 2 
body fluids results in increased activity of the parathyr о B 
which raises the calcium concentration by mobilizing 5 
skeletal calcium. 
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On the other hand, a rise in body fluid calcium oa atin 
above the normal is counteracted by a reduction 9 ait [1] 


secretion of parathyroid hormone, The internal se! y 
parathyroids also affects the metabolism of phosphor "i pate Ё 
of the hormone resulting in a lowering of inorganic P' 
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centration in the blood serum and an increased excretion of phos- 

phate in the urine. Reduced parathyroid function is accompanied 
a rise in the inorganic phosphate of the serum and a lessened 

urinary output of phosphate. Both overfunction and under- 
ction of the parathyroid glands produce important disease 

fun 

entities. 

See ENDOCRINE GLANDS; ENDOCRINOLOGY; HORMONES. 

(J. E. Hp.) 

PARATHYROID GLANDS, DISEASES OF, comprise 
hyperparathyroidism (production of excessive amounts of para- 
thyroid hormone) and hypoparathyroidism (underactivity of the 
glands). The symptoms they produce result from disturbances 
in metabolism of calcium and phosphorus which is regulated by the 
parathyroid glands (q.v.). 

The calcium in the body is confined for the most part (99%) 
to the bones and teeth and is excreted through the urine and feces. 
Under conditions of pregnancy and lactation it is excreted also 
through the placenta and breast. Since the amount in the body 
fluids is small and relatively constant, the difference between 
the calcium intake and output is represented by the calcium de- 
posited or withdrawn from the bony structure. ‘Ordinarily there 
isa constant movement of calcium between the blood and skeleton 
which is regulated by the difference between calcium intake and 
output. The normal level of blood calcium is 9-11 mg. per 100 
Ы Phosphorus is likewise found largely in the bones, Its blood 
level is 3-5 mg. per 100 ml., and it exists in both inorganic (as a 
mineral) and organic forms (combined with other compounds), 
so that the relationship between intake and output is not so di- 
tect as with calcium. 

Hyperparathyroidism.—Hyperparathyroidism is usually due 
toa tumour in one or more of the glands or to generalized over- 
activity of the parathyroid tissue. The characteristic features of 
the disease are elevation of the blood calcium level with lowering 
of the blood phosphorus level, together with increased excretion 
of both calcium and phosphorus in the urine. This condition re- 
sults in symptoms and signs of three types: (1) those due to bone 
disease, such as softening of the bones with collapse of the spinal 
Vertebrae or fracture of the long bones; (2) those due to kidney 
disease, such as the formation of kidney stones; (3) those due 
е the effect of the increase in blood calcium level per se, among 
them decreased neuromuscular excitability, fatigue, drowsiness, 
5 of appetite and constipation. The treatment is the removal 
E tumour or of most of the overactive parathyroid tissue, 
Define iem tendency for most of the disease process to be 

y healing. 

Hypoparathyroidism.—Hypoparathyroidism usually occurs 
AS û result of removal of excessive amounts of parathyroid tissue 
иц thyroid operations. It results in a low blood calcium and 
of ү blood phosphorus. The condition produces tetany, a state 
еар excitable neuromuscular activity with localized or gen- 
de ized muscular spasms or convulsions. The bones become more 
is гэ and cataracts form їп the lenses of the eyes. The treatment 
" Taise the blood calcium by a high calcium diet, by the admin- 
Bend n vitamin D or dihydrotachysterol by mouth or by the 

of parathyroid hormone. (Hy. F.) 
m ARATYPHOID FEVER: see TvPHOID AND PARATYPHOID 


PARATHYROID GLANDS—PARCHMENT 


E AVANE, a type of water kite which was developed dur- 
oyal N: War I by Lieut. (later Comdr.) C. D. Burney of the 
0 
^ bant body, towing frame, diverting plane, cutter, horizontal 
М ni tail fins, a rudder and a depth-control mechanism. 
ip’s ae the water plane diverts the paravane normal to the 
Paray: urse. The hydrostatically actuated rudder maintains the 
е at a preset depth. 
moored anes are employed primarily to protect ships against 
attached ta Towed on each side by means of a wire towrope 
their (ies a fitting at the forefoot of the ship, paravanes and 
Moorin, "on form a protective wedge which contacts the mine 
Cutter eflects it from the ship’s path and severs it with the 
stro) he mine then rises to the surface, where it may be 
Syed by gunfire, 
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avy as an antisubmarine and antimine weapon. It consists - 
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DIVERTING PLANE 
PARAVANE SHOWING DEPTH CONTROL MECHANISM 


Paravanes operate from 5 to 15 ft. below the depth of the keel. 
The area swept depends upon speed, length of the towrope and 
the type of paravane employed. The two-speed paravane, em- 
ployed in high-speed minesweeping during World War II, differed 
from the standard paravane by a speed adjustment feature which 
automatically shifted the angle of the diverting plane to either 
a high- or low-speed position, as determined by the speed of the 
paravane through the water. 

Depth Control Mechanism.—An important part of the para- 
vane is the depth control mechanism, consisting of a hydrostatic 
valve and a mercury oscillator. The hydrostatic valve is a rubber 
diaphragm held between the tail housing and the body, and con- 
nected at its centre to the valve rod which is linked to the rudder, 
A compressed spring opposes the hydrostatic pressure applied 
to the diaphragm. The desired operating depth is obtained by 
compressing the spring, thus moving the rudder to the diving posi- 
tion. Upon reaching the proper depth, hydrostatic pressure over- 
comes the spring and shifts the rudder, causing the paravane to 
rise. From this action the paravane follows a sinusoidal path 
through the water. At high speeds this motion becomes exces- 
sive; therefore, a damping device (mercury oscillator) is provided 
to reduce depth variation. The mercury oscillator consists of a 
column of mercury enclosed in a steel tube by a diaphragm at 
each end connected to the valve rod. When the paravane is in- 
clined by action of the hydrostatic valve, the column of mercury 
applies pressure to the appropriate diaphragm. This pressure is 
transmitted to the rudder through the valve rod to restore the 
paravane to the horizontal, In this manner the mercury oscillator 
anticipates the action of the hydrostatic valve and prevents ex- 
cessive changes in depth. 

Paravanes were used extensively during World Wars I and II 
both for bow protection and minesweeping, but by the second half 
of the 20th century they were rapidly becoming obsolescent. 

(R. T. C.) 

PARAZOA, the name sometimes used in zoology to denote 
the grade of organization represented by the sponges (g.v.), in 
contradistinction to Protozoa and Metazoa (qq.v.). 

PARBHANI, a town and district in the Aurangabad division 
of Maharashtra, India. The town, headquarters of the district, 
lies about 10 mi. S of the right bank of the Dudna River, a tribu- 
tary of the Godavari. Pop. (1961) 36,795. It is connected by 
rail with Aurangabad, 110 mi. NW, with Hyderabad, 231 mi. SE, 
and by another line with the south. 

PARBHANI DısTRICT is roughly triangular in shape, Area 4,853 
sq.mi. Pop. (1961) 1,206,236. Spurs of the Sahyadriparvat or 
Ajanta Range in the north, separated by the Purna, Dudna, and 
Godavari rivers, reach approximately halfway down the western 
part of the district; the Nirmal Range crosses the eastern part. 
The rest of the district is a plain, draining toward the southeast. 
Mean annual temperature is 27? C (80* F); average annual rain- 
fall is 35 in. The soil is partly black cotton soil and partly laterite. 
The valleys and the southeastern plain are cultivated; cotton is the 
chief crop, and millets, maize (corn), oilseeds, and fodder are also 
grown. Forest covers about 5% of the total area. Cotton ginning 
and pressing is the main industry of the district. (М. №. К.) 

PARCHMENT. Skins of certain animals, prepared by par- 
ticular methods, have supplied writing material on which has been 
inscribed the literature of centuries. The preparation of such 
skins, ina manner that gave the material the name it possesses to- 
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day (Gr. pergamene, Lat. charta pegamena, Fr. parchemin), was 
ARCAM attributed to Eumenes II of Pergamum (197-159 or 
nc). 

The principal improvement in the new manufacture was the 
dressing of the skins in such a way as to render them capable of 
receiving writing on both sides. The older methods probably 
treated only one side for the purpose, a practice that was sufficient 
in times when the roll was the ordinary form of book and when 
it was not customary to write on the back as well as on the face 
of the material. The invention of parchment, with its two sur- 
faces, ensured the development of the codex. (See also Book: 
Vellum. and the Codex: Vellum and. Parchment.) 

The animals whose skins were found appropriate for the manu- 
facture of the new parchment were chiefly sheep, goats, and calves. 
But in the course of time there has arisen a distinction between 
the coarser and finer qualities of the material; and while parch- 
ment made from ordinary skins of sheep and goats continued to 
bear the name, the finer kinds of manufacture produced from the 
more delicate skins of the calf or kid, or of stillborn or newly born 
calves or lambs, came to be generally known as vellum. Since 
the skin codices of the Early and Middle Ages were for the most 
part composed of the finer kinds of material, it has become the 
custom to describe them as of vellum, although in some instances 
it would be more correct to call the material parchment. 

The ordinary modern process of preparing the skins is by wash- 
ing, liming, unhairing, scraping, washing a second time, stretching 
evenly on a frame, scraping a second time and paring down in- 
equalities, dusting with sifted chalk, and rubbing with pumice. 
Similar methods must have been employed from the first. 

The comparatively large number of ancient and medieval manu- 
scripts that have survived provide sóme knowledge of the varieties 
of the material in different periods and in different countries. It 
is known from references in Roman authors that parchment or 
vellum was entering into competition with papyrus as a writing 
material as early as the 2nd century A.D., though at that time it 
was probably not so skilfully prepared as to be a dangerous rival. 
But the surviving examples of the 3rd and 4th centuries show that 
a rapid improvement must almost at once have been effected, for 
the vellum of that age is generally of a thin and delicate texture, 
firm and crisp, smooth and glossy. ‘There was always a difference 
in colour between the surface of the skin from which the hair had 
been removed and the surface next to the flesh of the animal, the 
latter being whiter. This difference is generally more noticeable 
in the older examples, those of a later period having usually been 
treated more thoroughly with chalk and pumice. To obviate any 
unsightly contrast, it was customary, when making up the quires 
for a volume, to lay hairside next to hairside and fleshside to flesh- 
side, so that, no matter where the codex was opened, the tint of the 
open pages should be uniform. 

As a rule, the vellum of early manuscripts, down to and includ- 
ing the 6th century, is of good quality and well prepared. After 
this, a greater amount of inferior material came into the market 
as demand increased. The manufacture necessarily varied in dif- 
ferent countries. In Ireland and England the early vellum is 
usually of a stouter quality than that of other countries. In Italy 
and Greece and in the European countries generally bordering on 
the Mediterranean, a highly polished surface came into favour in 
the Middle Ages; the hardness of the material resisted absorption 
with the result that there was a tendency for ink and paint to 
flake off, On the other hand, in Western Europe a soft pliant vel- 
lum was in vogue for the better manuscripts from the 12th century 
onward. In the Italian Renaissance a material of extreme white- 
ness was developed. 

Examples of uterine vellum, prepared from stillborn or newly 
born young, are found in choice volumes. A remarkable instance 
of a codex composed of this delicate substance is the Additional 
Manuscript 23935, of the 18th and 14th centuries, in the British 
Museum, which is made up of as many as 579 leaves without being 
a volume of abnormal bulk. 

Vellum of a sumptuous character was employed to add splendour 
to specially choice codices of the early Middle Ages. The art of 
dyeing the material with a rich purple colour was practised both 
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in Constantinople and in Rome; and, at least as far back ч 
3rd century, manuscripts, generally of the Scriptures, were 
duced in silver and gold on the precious stained vellum; this 
tice was denounced as a useless luxury by St. Jerome in 2 
known passage in his preface to the Book of Job. A 
number of early examples still survive, in a more or less perl 
condition; these include the manuscript of the Gospels in the OY 
Latin Version at Verona of the 4th or 5th century; the celebrate 
codex of Genesis in the National Library at Vienna; the 
Manuscript and the Patmos Manuscript of the Gospels in Grech 
the Gothic Gospels of Ulfilas at Uppsala, Swed., and others ofthe 
6th century, besides a few somewhat later specimens, | In the te. 
vival of learning under Charlemagne a further encouragement yy 
given to the production of such codices; but soon afterward the 
art of purple-staining appears to have been lost or abandoned, 4 
last trace of it is found in a few instances of stained vellum leayg 
inserted for ornament in manuscripts of the period of the Кеш 
sance. 

See also ILLUMINATED MANUSCRIPTS. (E. M. T) 

PARDO BAZAN, EMILIA, Convesa DE (1851-194), 
Spanish writer of novels adapting naturalism to traditional Spar 
ish realism, and of critical works which made foreign liter 
movements known in Spain, was born at Corunna (La Coruña) o 
Sept. 16, 1851. She early attained celebrity as a writer, and tu 
a leading part in literary polemics. In 1916 she was accorded the 
distinction—unusual for a woman—of a chair of literature at Me 
drid. She died there on May 12, 1921. 

She did much to familiarize the Spanish public with foreign litet 
ary trends, notably in the essays entitled La cuestión palpitantt 
(1882-83), in which she championed naturalism. Hers, however 
was a naturalism stripped of its materialistic philosophical bas 
and scientific pretensions, and many saw in it merely reaffirmatia 
of Spanish realism. She strove to put her theories into practice 
Un viaje de novios (1881), La tribuna (1883), Insolación (1880), 
and Morriña (1889; English translation H omesickness, 1801 
Her greatest achievements in this vein are Los Pazos de 
(1886) and its sequel, La madre naturaleza (1887), which show 
social and moral degeneracy of the Galician squirearchy and 
brutishness of the peasantry against a beautiful natural 
ground of sinister, corrupting potency. Her later novels 
Una cristiana (1890; English translation A Christian Wome 
1891), La quimera (1905), La sirena negra (1908), Dulce 
(1911)—reveal a turning away from naturalism and an em 1 
on Christian idealism, but they are artistically less satisfying. 
though by no means a purely regional writer, she is most s! 
when dealing with her native Galicia. She also wrote many 
plished short stories. " 

BrsrrocnAPRY.—ÓObras completas, 43 vol. (1891-1926) + туй, ү 
48) ; Short Stories, ed. by A. Shapiro and F. J. Hurley (199991 jn 
zález López, E. Pardo Bazán, novelista de Galicia (1944); В.Ш) 
Villasante, Vida y obra (1962). СЕ 

PARDON, the release from guilt or the remission of 
ment by an authoritative body. In criminal law the bat 
don is generally exercised by the chief executive officer of m 
So in England pardons are granted by the crown, In "m qt, 
States by the president, and in the states of the US. by ا‎ " 
nors. They may be granted also, however, by the legisla ai 
this is not uncommon in the form of an act of indemnity, i 
of pardon, anticipatory or retrospective, for acts а р 
public interest that might be illegal and the subject 
cution. gai 

In England the pardon was formerly made under the cipi # | 
but now a sign manual warrant countersigned by 4 bye at 
retary of state is effective. In practice the GOV 
advice of the home secretary with respect to Engien m 
and on the advice of the secretary of state for Scot E үш 
spect to that country. As а result of the 17th-century t dei 
tween crown and Parliament, the crown is by statu c top 
of its power to pardon for the offense of sending @ a py ү 
outside the kingdom and in the case of an impeac ch): 
ment (3 Charles II, ch. 2 and 12, and 13 William 11 * se 

A pardon may be full or conditional. It is conditi А 
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effectiveness depends on the fulfillment of a condition by the of- 

fender, usually the serving of a lesser substituted punishment, 

asin the commutation of the death sentence. The effect of a full 

don, where the punishment is unconditionally remitted, is un- 

dear in some jurisdictions and has given rise to difficulties. In 

nd it is said that the effect of a full pardon is to clear the 

from all infamy and to remove all disqualifications and 

other obloquy attending on a conviction. So it has been held that 

` a pardoned person may maintain an action for defamation against 
anyone who thereafter refers to him as a convict. 

Jn the United States the matter is much less clear in spite of a 
pronouncement by the supreme court that a pardon blots out guilt 
and makes the offender “аз innocent as if he had never committed 
the offense" (Ex Parte Garland 4 Wall. 333,380 [1866]). Some 
states have held that a pardon does not remove the disqualification 
from office resulting from a conviction and that the pardoned of- 
fender may still be refused a licence to engage in a business or 
profession, In 1941 a New York court held that a pardoned con- 
viction may count as a previous Offense for the purpose of sen- 
tencing the offender under a habitual criminal statute (People ex 
rel. Prisament v. Brophy 287 N.Y. 132). Several states provide 
expressly against this. 

The difficulty stems from the lack of any differentiation between 
pardons granted for reasons of clemency and those granted from 
1 belief in the accused’s innocence. New York attempted to solve 
this dilemma by providing that where a governor's pardon is based 
ona finding of innocence the court must upon motion set aside the 
judgment of conviction (New York Laws 1946, c. 60), but this 
solution presents the constitutional difficulty of being construed 
4s executive interference with the independence of the courts. 

Another problem is presented by the question of compensating 
the person who has served all or part of his sentence and is then 
pardoned on the ground of innocence. In England there is no 
right of compensation, though a small ex gratia payment is com- 
monly made. In the United States the federal jurisdiction gives a 
tight of suit in the court of claims for compensation up to a maxi- 
mum of $5,000, A few states give similar rights with similar ceil- 
ings, and New York gives a right of compensation without a fixed 
maximum. In the remaining states, which offer no right of com- 
Eun à special statute would be necessary in each case to give 

58, 

Continental European and Latin-American countries generally 

ve detailed statutory provisions governing the law of pardon and 
providing for compensation in proper cases. 

The granting of a pardon is a matter between the offender and 

State and has no adverse effect on any civil actions that might 
brought against the one pardoned. See also PAROLE; PROBA- 


A Weihofen, “The Effect of a Pardon,” University of Pennsyl- 
w Review, 88:177 (1939); R. C. Donnelly, “Unconvicting the 
hocent," Vanderbilt Law Review, 6:20 (1952). (G. B. J. H.) 
Si Аар UBICE, a town'in East Bohemian kraj (region), 
бе oslovakia, lies at the confluence of the Elbe and Chrudimka 

а, 104 km. (65 mi.) E of Prague by rail. Pop. (1961) 54,746. 
of th ате some fine buildings (mainly 16th century) in the old part 
* town; these include the Namesti Vilema z Pernstejna, a big 
е Containing some old houses, the castle (Zamek Pernstejn- 
Y) and the old walls (Zelena brana). Kuneticka Castle is 4 mi. 
ject The surrounding countryside is extremely fertile, although sub- 
to recurrent drought. 

ardubice is а local grain market and there are several sugar fac- 
*5 and breweries, Machinery, rubber, and building materials 
at a actured, The chemical industry is one of the country’s 
War 1 portant, and oil refineries have been developed since World 
ragu, y, Hê town is an important railway junction on the Brno- 

Pane” (Н. G. 5.) 
by RE, AMBROISE (1510-1590), French surgeon, ranked 
John aia historian F. H. Garrison as one of the three (with 
Noted * nter and Lord Lister) greatest surgeons of all time, is 
BETY, a, s contributions to surgery in general, to military sur- 
015.19 (0 the aseptic care of wounds. He was born at Laval 
» and, as a rustic barber's apprentice, went to Paris in 1529 


ше 
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at the age of 19 to work at the Hótel Dieu, probably the world's 
oldest hospital. His lack of scholarly training forced him to write 
in his native tongue, rather than in Latin, and thus he was ridi- 
culed by his more educated but less practically schooled confréres. 
The campaigns in Italy from 1536 to 1545 gave him a great ex- 
perience in military surgery and led to the classic La Méthode de 
traicter les playes fuetes par les arquebuses et aultres bastons à 
feu (Paris, 1545 and 1552). He became surgeon to Henry II, 
Francis II, Charles IX (who is said to have protected him, a 
Huguenot, during the Massacre of St. Bartholemew's Day by hid- 
ing him in his bedchamber), and also to Henry III. 

Much of surgery in the day of Paré was wound surgery, and 
much of that was war wound surgery. While use of the ligature 
in tying arteries for the-control of hemorrhage had been introduced 
earlier, it was Paré who first put his technique on a firm, syste- 
matic, and practical basis. This contribution, however, is over- 
shadowed by his disruption of the false doctrine of Renaissance 
surgery that gunshot wounds, because of their supposedly poison- 
ous nature, should be routinely cauterized with boiling oil. Tt is 
said that one night in camp, Paré's supply of burning oil gave out 
and that he was quick to notice that the wounds treated without 
the oil did better than those treated with it. 

The statement of Paré most often quoted is his reply when he 
was congratulated on the outcome of a successful case, "Je le 
pansay, Dieu le guarit" (“I treated him, God cured him"). This 
is inscribed on his statue and reflects the humility of one who, 
although of humble origin, attained the position of the greatest 
surgeon of his day, "nor yet lost the common touch.” He died 
at Paris on Dec. 20, 1590. 

BisLrocRAPHY.—]. Е. Malgaigne, Oeuvres complètes d'Ambroise 
Paré, 3 vol. (1840) ; Stephen Paget, Ambroise Paré and His Times: 
1510-1590 (1899); Francis R. Packard (ed.), Life and Times of Am- 
broise Paré (1926) ; Fielding H. Garrison, An Introduction to the His- 
tory of Medicine, 4th ed. (1929) ; Carlos d'Eschevannes, La Vie d'Am- 
broise Paré (1930) ; Leon Michelet, La Vie d'Ambroise Paré (chirurgien 
du Roy, ecrivain) (1930) ; Geoffrey Keynes, The Apologie and Trea- 
tise of Ambroise Paré: Containing the Voyages Made into Divers 
Places with Many of His Writings upon Surgery Mn» we’) 

PAREJA, JUAN DE (called кл, Escravo) (c. 1608-0 1670), 
Spanish painter, native of Seville, was a mulatto. The legend that 
he was Velazquez’ slave has been discredited by a letter. from Se- 
ville dated May 12, 1630, asking permission to go to Madrid to 
continue his studies as a painter with his brother, Later, he prob- 
ably became Velázquez” assistant and accompanied him on his sec- 
ond visit to Italy (1649-51), where Velázquez painted his portrait 
(Longford Castle, Wiltshire), said to have been exhibited in the 
Pantheon to the admiration of all the painters in Rome. According 
to early writers, Pareja painted portraits in the manner of Veláz- 
quez, but his only known portrait, of José Rates (private collection, 
Granada), is a crude reflection of Velazquez’ style. From other 
works, Pareja appears to have been a mediocre follower of the 
Madrid school. The “Calling of St. Matthew" (1661; Prado mu- 
seum, Madrid) contains a self-portrait based on the portrait by 
Velázquez that made Pareja famous. (E. Hs.) 

PARENTS AND TEACHERS, NATIONAL CON- 
GRESS OF, commonly known as the PTA, was founded in the 
United States on Feb. 17, 1897, as the National Congress of 
Mothers. Membership was later broadened to include teachers, 
fathers, and other citizens. The organization had enrolled about 
1,500,000 persons by 1930, Since that time membership has, on 
the average, doubled each decade, numbering something over 12,- 
000,000 in the 1960s, when there were 52 state branches, including 
the District of Columbia branch and the European Congress of 
American Parents and Teachers, and about 47,000 local PTA's, 

The stated purposes of the National Congress are to promote 
the welfare of children and youth in home, school, church, and 
community; to raise the standards of home life; to secure adequate 
laws for the care and protection of children and youth; to bring 
into closer relation the home and the school, that parents and 
teachers may cooperate intelligently in the training of the child; 
and to develop between educators and the general public such 
united efforts as will secure for every child the highest advantages 
in physical, mental, social, and spiritual education. 


340 


The National Congress is concerned with the educational, social, 
and economic well-being of children, including legislation affecting 
their welfare, as, for example, laws regulating child labour; en- 
vironmental factors such as radio, television, motion pictures, pub- 
lished materials, recreation, and safety education; federal agencies 
in education, health, juvenile protection, and homemaking; and 
aye of international understanding and peace among na- 

ions. 

The National Congress’ statement of basic policies that govern 
the national organization and all its divisions, state and local, af- 
firms that the organization shall be educational, nonsectarian, non- 
commercial, and nonpartisan; that it shall seek neither to direct 
the administrative activities of the schools nor to control their 
policies; and that it shall not enter into membership with other 
organizations except such national and international organizations 
as may be approved by the National Board of Managers. Within 
this framework local organizations have a large measure of au- 
tonomy. The Congress has, however, made its position known on 
a broad framework of issues of wide concern, such as federal aid 
for education, parents’ responsibility for spiritual education, and 
the necessity of raising the standards of the mass media; also on 
the need for school libraries, preventive programs against juvenile 
delinquency, special services for disadvantaged children, adequate 
fluoridation of community water supplies, teachers’ salaries and 
standards of employment, community use of school buildings and 
facilities, and the strengthening of teacher preparation. 

Publications include The PTA Magazine; The National PTA 
Bulletin; manuals designed to help local organizations; and other 
publications on children’s emotional health, moral and spiritual 
guidance, home-school relations, and other subjects of special con- 
cern to parents and teachers. (J. Mo.) 

PARESIS: see VENEREAL DISEASES: Neurosyphilis. 

PARETO, VILFREDO (1848-1923), Italian economist and 
sociologist who, like Leon Walras (q.v.), made extensive use of 
mathematics in analyzing economic problems. He was born on 
July 15, 1848, in Paris, where his father, a Genoese nobleman and 
member of Mazzini’s party, had been obliged to emigrate because 
of his revolutionary activities. The Paretos returned to Italy in 
1858 under the political amnesty of that year. After his gradua- 
tion from the University of Turin, where he studied mathematics 
and physics, Pareto became an engineer and later a director of an 
Italian railway and was also employed by a large iron works. Re- 
siding in Florence, he found time and inspiration not only to write 
many valuable periodical articles on economic subjects, applying 
therein his mathematical training, but also to study the classics, 
philosophy, and politics and thus equip himself to deal critically 
with sociological and humanitarian questions. Chosen to succeed 
Leon Walras in the chair of political economy at the University of 
Lausanne, Switz., in 1893, Pareto carried on Walras's now famous 
mathematical approach to political economy, sharpening the lat- 
ter's exposition, introducing concrete matter, distinguishing the 
role of abstract reasoning from that of empirical inquiry, and 
analyzing economic systems upon monopolistic and collectivist as 
well as upon competitive assumptions. 

Pareto's first work, Cours d'Économie Politique (1896-97), in- 
cluded, besides its sometimes original mathematical formulation 
of economic principles, his famous but much criticized law of in- 
come distribution. In his compact Manuale d'economia politica 
(1906), with its splendid mathematical appendix, he further de- 
veloped his pure theory of economics and his analysis of ophe- 
limity (power to give satisfaction) ; he also introduced "curves 
of indifference," analytical instruments that did not become popu- 
lar until the 1930s. In 1911 he contributed a concise “Economie 
Mathématique” to the Encyclopédie des Sciences Mathématiques. 

Realizing that there existed many concrete problems that could 
not be solved by economics, since it dealt only with logical, want- 
satisfying action, Pareto turned to sociology, publishing in 1916 
what he considered his greatest work, Trattato di Sociologia gen- 
erale (later published in English as Mind and Society). Herein 
are developed ideas foreshadowed in his economic writings, in his 
critique of socialism, Les systémes socialistes (1902-03), and in 
Le Myte vertuiste et la littérature immorale (1911)—ideas that 
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appear also in Fatti e teorie (1920) and Trasformazioni 
democrazia (1921). In the Trattato he inquired into the 
and bases of individual and social action, the methodology of 
nomics and sociology, and the degree to which physical. n 

6 ө кш 
methods are applicable in the study of man’s behaviour, He dy 
tinguished ideal or social ends from the individual wants of 
nomics, thereby contributing importantly to the analysis of - 
fare.” He also developed a cyclical theory of social change and 
sociological case for protectionism. Pareto died in (aedes 
Aug. 20, 1923. 

, Вівлосварну — Pareto's work is treated in Revue d'économie 
tique, 59:517-652. (1949) and in Giornale degli economisti, 64-0) 
(1924), with bibliography. See also Umberto Ricci, Tre Economii 
Italiani (1939); Talcott Parsons, The Structure of Social Acim 
(1937); Joseph Schumpeter, Ten Great Economists from Man ё 
Keynes (1951). (J.J 8) 

PARGA, a seaport in the nomos (department) of Préven 
southern Epirus, Greece, on the Ionian Sea, 16 mi. SSE of Igo 
menítsa. Pop. (1961) 1,586. Parga has a rock-built citadel ands 
harbour formed by a mole which the Venetians constructed й 
1572. The site of the ancient Toryne may lie a short distan 
to the west; Parga was probably moved to its present location 
the late 14th century. Under Venetian protection from 1i 
the inhabitants maintained their municipal independence and cam 
mercial prosperity down to the destruction of the Venetian Re 
public in 1797, despite repeated Turkish attacks. The attempt 
of Ali, pasha of Janina (Ioánnina), to make himself master of li 
place were thwarted, partly by the presence of a French garri 
in the citadel from 1807 and partly by the Pargiotes themselves 
who were anxious to join the Ionian Republic (see Ionian le 
LANDS). In 1814 they expelled the French garrison and accel 
British protection; but the British government in 1815 det 
to go back to the Russo-Turkish Convention of 1800 by whit 
Parga was to be surrendered to Turkey, though no mosque LI 
be built or Muslim to settle there. 

Rather than submit to Ali, the Pargiotes decided to forsake thet 
country; and in 1819 the majority migrated to the Ionian 
The Turkish government was constrained to pay them 
£150,000 compensation. A few families returned after Alis 
(1822); Turks, Albanians, and Greeks from the neighboring 0 
tryside also settled there. Parga was taken by the Greeks in à 
First Balkan War and annexed to Greece with most of Epiri 
1913. 

See Archduke Ludwig Salvator, Parga (1907), Versuch einer Ù 
schichte von Parga (1908). rele 

PARHELION (Моск Sux), a spot on а solar halo an 
at various angles near the sun. The most brilliant are sit aii 
the intersections of the inner halo and the parhelic circle, d 
particularly brilliant when the sun is setting. They are call 
refraction through a pair of alternate faces of a vertical ] 
When the sun is on the horizon the rays fall from um i 
section of the prisms and the parhelia are therefore not on y 
inner halo but also on the parhelic circle. The different 
the angle of minimum deviation for differently coloured rays 
rise to most effective colourings. See HALO. . 

PARIA, GULF OF, an inlet of the Atlantic beo n 
the Venezuelan mainland and the western coast of Trini insi 
separated from the Atlantic by the southwestern: р rom 
Trinidad and the large delta of the Orinoco River and f 
Caribbean Sea by the long, mountainous Paria Peninsula 
zuela. It is about 100 mi. east-west and about 40 mi. nor 
Entrance is made from the Atlantic through 4 loin 
Serpent's Mouth, and from the Caribbean through al d for 
island-strewn strait, Dragon's Mouth. The gulf is use 
ping petroleum. (Venezuela, Trinidad), iron ore the 
bauxite, and general cargo. Port-of-Spain, Trinidad RD! 


aiyan, the name of. 
ts of low statur 


(q.v.) of the Indian subcontinent, whom Mi 


b 0 
named Harijan. The term pariah embraces many i 
called clean caste 
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of widely varying degrees of status deriving from dietary habits, 
occupational association with polluting materials, or disapproved 
customs such as widow marriage. The disabilities under which the 
lowest caste groups suffer have been a source of embarrassment to 
the government of India since independence in 1947, mainly be- 
cuse statutory devices to improve their lot shatter against the 
bastions of Hindu belief. Ideas about purity and pollution still 
permeated so many aspects of Hindu life in the 1960s that much 
efort and time would be required to eradicate the notion of un- 
touchability from Hindu thinking. See also Caste (INDIAN). 

See H. N. C. Stevenson, “Status Evaluation in the Hindu Caste Sys- 
tem,” Journal of the Royal Anthropological Institute, vol. 84 (1954) ; 
§ Fuchs, The Children of Hari (1950); J. Н. Hutton, Caste in India, 
Ath ed. (1963) ; G. D. Bereman, “Caste and Community Development," 
Human Organization, vol. 22, pp. 83-89 (1963) ; B. Saraswati, “Caste, 
Craft and Change," Man in India, vol. 43, pp. ans (D 

PARIAN CHRONICLE, This document, inscribed on 
marble in the Attic Greek dialect, was an outline of Greek history 
from the reign of Cecrops, legendary king of Athens, down to the 
archonship of Diognetus at Athens (264/263 B.c.). The years are 
reckoned backward from the archonship of Diognetus, and further 
specified by the kings or by the archons of Athens; e.g., “From 
the year [400/399] when the Greeks who went up with Cyrus 
returned and Socrates the philosopher died at the age of seventy, 
137 years; Laches was archon at Athens.” 

1 Ai mpi of the chronicle has given much attention to the 
festivals, and to poetry and music; he has recorded the dates of 
the establishment of festivals, of the introduction of various kinds 
of poetry, the births and deaths of the poets, and of their victories 
in contests of poetic skill. He shows little interest in constitutional 
bun and records few. battles, The Theban victory at Leuctra 
included, but the battles of Cnidus and Naxos are omitted. One 
large fragment was bought at Smyrna in the early 17th century 
and is now with the Arundel marbles in the Ashmolean Museum, 
Eu. another large fragment, found on Paros in 1897, is now 
е Paros useum. 
Pw бурген with notes see М, N. Tod, Selection of Greek His- 
ions, vol. ii, pp. 308 ff. (1948). (R. Mx.) 
PARIMA, SIERRA (Port. Serra Parma) is the tabular 
es iat surmounts the Guiana Highlands (q.v.) along the 
$0 er between Brazil and Venezuela. It runs for approximately 

i а NNW to SSE along the divide between the headwaters 

‘are io Branco and the head of the Orinoco (40). At its 

À oen end it connects with the Serra Pacaraima (q.v.), which 

ә a P surface form and geologic structure. " 25 is 

PARINI, GIUSEPPE (1729-1799), Italian poet and moral- 

Стоте as "the Pope or the Boileau of Italy,” was born 

| A in Brianza, on May 22 or 23, 1729, the son of a silk 

Baal; 5 а boy he was sent to Milan and educated by the 

p " (1740-52). Alcune poesie di Ripano Eupilino (1752) 

Каса admittance to intellectual circles. He entered the 

a ia dei Trasformati (1753), took holy orders (1754), and 

Ө) ye tutor in the household of Duke Gabrio Serbelloni (1754— 
| E. s Parini edited the Gazzetta di Milano ; then, for about 
“Speak ¢ taught the humanities in the Palatine schools and the 
(6) [5 After the creation of the Cisalpine Republic 
97 he worked for three unhappy years in the municipality, 
mq i is best known for Z} Giorno, a satire in four parts—Mat- 
_ [© (1763), Mezzogiorno (1765), V. and Notte (1801)— 

in which, with exo e ), Vespro, : life of 
а б exquisite irony, he presents a day in the life o 
Кобул. е ng, nobleman and reveals the superficiality and 
h ар of the life of fashion. The Odi (1757-95), about 20 
o" m deal with civil, social, and personal themes, and are 

ко he classics of Italian poetry. His other works include 
in Alba (1771)—a libretto set by Mozart—and various 


1 discourses: Dialogo sopra la nobiltà (1757) and I principi 


with bibliog PHY.—L. Caretti (ed.), Poesie e Prose (1951), a selection 
4v raphy; G. Mazzoni (ed.), Opere (1925) ; E. Bellorini (ed.), 
Ol. (1913-29) ; F, de Sanctis, “G. Parini,” in Nuovi saggi critici 
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(1879) ; С. Carducci, Opere, vol. xvi, xvii, I1 Parini maggiore and П 
Parini minore (1937) ; D. Petrini, La poesia e l'arte di G. Parini (1930) ; 
С. Natali, Giuseppe Parini (1982). (D. M. Wr.) 


PARIS, also called ALexanpros ("defender"), son of Priam 
and Hecuba (qg.v.). Before Paris’ birth Hecuba dreamed that 
she gave birth to a firebrand which set fire to Troy, and the dream 
was interpreted as warning the Trojans about her child, The baby, 
then, was exposed immediately upon birth, However, a bear 
nursed it or shepherds found it; Paris was raised as a shepherd, 
unknown to his parents, Аз a young man he entered a boxing con- 
test at a Trojan festival, defeated Priam's other sons, and his 
identity became revealed. Priam received him home again, 

As shepherd, Paris delivers the "judgment" which forms so 
popular a theme of ancient art. Rejecting offers of kingly power 
from Hera and military might from Athena, he awards the “apple 
of discord” (see Eris) to Aphrodite. According to her promise, 
Aphrodite helps Paris win the most beautiful woman alive, seduc- 
ing Helen, When Paris refuses to restore Helen and the Trojans 
support him, the Greeks set out for the Trojan War. During the 
war, Homer assigns Paris a secondary role: a good warrior, but 
inferior to his brother Hector and to the Greek leaders whom he 
faces. Symbolically, Menelaus defeats Paris in single combat, but 
Aphrodite rescues him and the war continues. Hector, the oppo- 
site of Paris, an innocent victim of Paris’ marital irresponsibility, 
must return to Troy, urge his brother to leave Helen and fight. 

Near the end of the war, Paris shoots the arrow which, by 
Apollo's help, hits a vulnerable spot and causes Achilles’ death, 
Paris himself, soon after, receives a fatal wound from Philoctetes’ 
arrow, A later story tells how Oenone, once the beloved of Paris, 
and abandoned for Helen, could have cured the wound but refused. 
Paris died and Oenone killed herself. (WM. S. A.) 

PARIS, COMTES DE. In Merovingian France the counts 
of Paris were officials appointed by the kings to administer the 
pagus or district of Paris (q.v.). The first Carolingian kings like- 
wise appointed men whom they could trust as counts. For most 
of Charles II the Bald's reign, however, the real power in France 
north of the Loire belonged to the magnate Robert the Strong (d. 
866) ; and in the 880s Robert's son Eudes (q.v.) was count of Paris 
which he defended heroically against the Norman invaders. On be- 
coming king of France himself in 888, Eudes transferred the 
countship to his brother, who retained it during the Carolingian 
Restoration (898-922) and finally became king in turn as Robert I 
(q.v.). Robert's son Hugh (q.v.) the Great was likewise count of 
Paris; and his son Hugh (q.v,) Capet succeeded him as count be- 
fore winning the royal crown in 987, Hugh Capet assigned the 
countship of Paris to Bouchard the Old, count of Vendóme and 
Corbeil; but after Bouchard's retirement (c, 1005) the countship 
reverted to the royal domain, and the use of the title lapsed, 

The title of comte de Paris was revived under the July Mon- 
archy (1830-48) for the eldest son of King Louis Philippe's heir 
apparent: namely for Lovis PHILIPPE ALBERT, born on Aug. 24, 
1838, son of Ferdinand, duc d'Orléans (see Bourson: Table IV). 
His father’s death (1842) made the child heir to Louis Philippe's 
throne; on the revolution of 1848 he was taken into exile in Eng- 
land; Louis Philippe's death (1850) made him head of the house 
of Orléans, He and his brother Robert, duc de Chartres, served 
as volunteers under the Federal Gen, С. B. McClellan in the 
American Civil War in 1861-62. Back in England, the comte 
married his cousin, Isabelle d'Orléans-Montpensier, in 1864. After 
the downfall of Napoleon III (1870) he returned to France as a 
private person. At Frohsdorf, in Austria, he recognized the right 
of the comte de Chambord (g.v.) to the French crown (August 
1873); but this Legitimist-Orleanist entente broke down in 1875. 
When the comte de Chambord died (1883), most French Royalists 
acknowledged the comte de Paris; but the success of his Paris 
reception celebrating his daughter Marie Amélie's marriage in 
Lisbon to the future Carlos I of Portugal provoked the republi- 
can government to pass the law of June 1886 expelling the heads 
of all formerly sovereign houses from France, The comte retired 
to England, and when General Boulanger (q.v.) failed in his mach- 
inations all hopes of an early restoration were extinguished. The 
comte de Paris died at Stow House, Twickenham, on Sept. 8, 1894. 
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Besides political manifestos, he left a work on English trade unions 
(1869) and a history of the American Civil War (1874-90). 

HENRI, comte de Paris, was born at Nouvion-en-Thiérache, 
Aisne, on July 5, 1908, the son of Jean, duc de Guise (see Bour- 
BON: Table IV). 'The death of the former comte's son Louis 
Philippe Robert, duc d'Orléans, in 1926 made the duc de Guise 
head of the house, whereupon he had to leave France; and his 
death, at Larache in Spanish Morocco on Aug. 27, 1940, made the 
comte de Paris head. The comte meanwhile had married his 
third cousin, Isabelle d'Orléans-Braganza in 1931, but had disap- 
pointed extremists by the democratic character of his monarchism. 
On the outbreak of World War II he had served for some months 
in the Foreign Legion under a pseudonym. The repeal of the law 
of June 1886 in June 1950 enabled him to return to France. 

PARIS, (BRUNO PAULIN) GASTON (1839-1903), 
French scholar, one of the founders of the modern science of 
philology, was born at Avenay (Marne), Aug. 9, 1839; Educated 
at Bonn (1856-57), Göttingen (1857-58), and the École des 
Chartres (1858-61), he specialized in language and medieval lit- 
erature. He was appointed to the École des Hautes Études (1868) 
and succeeded his father in the chair of medieval French literature 
at the Collége de France (1872), becoming director in 1895. 

He was elected to the Académie des Inscriptions (1876) and 
to the Académie Française (1896). He died at Cannes on March 6, 
1903. He helped found and direct the Revue critique (1866) 
and the Romania (1872) and made notable contributions to these 
periodicals, to the Journal des savants and to the Histoire littéraire 
de la France. By his high standards, vast erudition, and excep- 
tionally retentive mind, he established principles of exact re- 
search which won him many disciples and still dominate work in 
philology and medieval studies. His numerous writings, listed by 
J. Bédier and M. Roques in Bibliographie des travaux de Gaston 
Paris (1904), include: Le Róle de l'accent latin dans la langue 
francaise (1862); Les Plus Anciens Monuments de la langue fran- 
çaise (1875); La Littérature française au moyen âge (1888 et 
seq.); and Francois Villon (1910). (F. J. WE.) 

PARIS, MATTHEW (d: 1259), English monk and chroni- 
cler, is known only through his voluminous writings, which consti- 
tute one of the most important sources of knowledge of European 
events between 1235 and 1259. He was admitted a monk at St. 
Albans in the year 1217, and іп 1248 he was sent to Norway to re- 
form the Benedictine monastery of St. Benet Holm on the Island 
of Nidarholm. Apart from this mission and occasional visits to the 
royal court at Westminster, Winchester, and elsewhere, he re- 
mained at St. Albans, assiduously recording contemporary events. 
His Chronica majora incorporates Roger Wendover's Flores histo- 
riarum and continues it from 1235 to 1259; His other chronicles— 
the Historia Anglorum, the Flores historiarum (formerly attrib- 
uted to the fictitious *Matthew of Westminster" and not to be 
confused with Roger Wendover's work), and the Abbreviatio 
chronicorum—are all abridged from his Chronica majora but con- 
tain some additional matter. Matthew also wrote a history of his 
own house, the Gesta abbatum monasterii Sancti Albani, which, 
like the Chronica majora, embodies the work of a predecessor and 
which he prefaced with the lives of the two King Offas. Autograph 
manuscripts of all these works survive. Matthew also wrote lives 
of Saint Alban, Edward the Confessor, Thomas Becket, and Ed- 
mund Rich, in Anglo-Norman verse, and of Stephen Langton and 
Edmund Rich, in Latin prose. 

As a chronicler, Matthew is noteworthy for his detailed knowl- 
edge of events all over Europe; for his use of information obtained 
from the leading figures of his day, such as Henry III and Earl 
Richard of Cornwall, both of whom he knew well; for the large 
number of documents which he included either in his chronicle or 
in an appendix to it; the Liber additamentorum ; and for the out- 
spoken expression of his prejudices against, in particular, the king, 
the foreign favourites at court and the papacy. Matthew's chron- 
icle, however, must be used with caution, for he is frequently care- 
less; he sometimes tampers with the texts of the documents he 
transcribes, or wilfully misrepresents the facts; and his violent 
prejudices colour his whole work. 1t is partly because of this 
that he gives us à more vivid and readable picture of his age 
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than any other medieval English chronicler. Matthew was also 
artist of considerable skill and, besides inserting a number of j; 
line-and-wash drawings in the margins of his historical manuscri | 
he illustrated his Anglo-Norman verse saints' lives. In the B 
of cartography, his remarkable maps of England and Palestine 
his famous illustrated itinerary from London to Apulia ee 
important place. In addition he is the earliest source for Engi 
heraldry: about 130 shields are depicted in his manuscripts 
of them with correct heraldic descriptions. do 

BrsLIocRAPHY.—The chief editions of Paris' major works are by HR 
Luard, Matthaei Parisiensis chronica majora, “Rolls Series,” ПЕ 
(1872-83), Flores historiarum, “Rolls Series,” 3 vol, (1890), “La 
de Seint Aedward le Rei,” in Lives of Edward the Confessor, “Йу 
Series,” pp. 1-157 (1858) ; Sir F. Madden, Matthaei Parisiensis hi 
anglorum, “Rolls Series,” 3 vol. (1866-69); W. Wats, Vitae пола 
offarum . . . et viginti trium abbatum Sancti Albani (1639) ; W, Wi. 
lace, The Life of St. Edmund of Canterbury, pp. 543-588 (1893); В.М. 
kinson, Vie de Seint Auban (1876) ; W. R. L. Lowe and E, F, J 
Illustrations to the Life of St. Alban, Trinity College, Dublin, MS E| 
40 (1924); А. T. Baker, “La Vie de Saint Edmond," Romania, vol, N 
рр. 332-381 (1929) ; M. R. James, “The Drawings of Matthew py 
in Walpole. Society, vol. xiv (1926); J. P. Gilson, Four Maps of Gri 
Britain Designed by Matthew Paris About A.D, 1250 (1928), Forade 
tailed bibliography of Matthew Paris studies see R. Vaughan, Matthew 
Paris (1958). (R. V) 

PARIS, the capital of France, is situated on the Seine Riv, 
375 km. (233 mi.) upstream from its entry into the English Chay 
nel, on latitude 48°50’14” N and longitude 2^20/14" Е. The ly 
itself (Ville de Paris) occupies a central position in the rich agriil 
tural country of the Paris Basin (see FRANCE) and covers an trt 
of approximately 105 sq.km. (41 sq.mi.). With its outer suburti 
and satellite towns it came to occupy the whole of the Seine й 
partement and spread into the Seine-et-Oise and ‘Seine-et-Marne 
départements, In 1964 the French government took measures O 
reform the administration of the whole Paris area: the Seine ai 
Seine-et-Oise départements were to be replaced by seven new dé 
partements (see Administration, below) and these with Seine 
Marne département were to form the Paris administrative 
economic region (Région Parisienne). 

This article contains the following sections and subsections! | 
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1, PHYSICAL CHARACTERISTICS AND CLIMATE 
The immediate topographical characteristics of the city's sur- 
exercised an influence on its early development, Near 
the site of the ancient settlement the plateaus of Beauce, Brie, 
and Valois converged upon the Seine Valley. To the south the re- 
lief of the hills was moderate (45 to 60 m.; 150 to 200 ft.), but 
these hills approached close to the river, a fact which tended to 
hamper the expansion of the city’s Left Bank, though to the west 
a floodplain did facilitate development. Today, the city area on 
this bank amounts to slightly more than one-third of the whole. 
On the Right Bank a semicircle of heights (reaching about 106 m.; 
350 ft), stretching from the Seine at what is now Charonne, 
wheeled from east to west through present-day Ménilmontant, 
Belleville, Montmartre, and Chaillot to Passy, to constitute at 
first the boundary of the river. A change in course, however, 
created a bordering meander plain, which offered the city a better 
opportunity for expansion when it began to push out its foothold 
on the banks, The northern heights are breached on either side 
of Montmartre and gave at an early time easy communications to 
the north. (See further Communications, below.) 

The Paris zone has a temperate maritime type of climate with 
warm summers and not too rigorous winters. Prevailing winds 
blow from the southwest, but are varied in winter and spring by 
northeasterly or easterly ones, which bring periods of cold dry 
weather, sometimes of long duration, The mean temperature of 
Paris itself is about 10.25° C (50.5° F), that for February being 
25°C (36.5° F) and that for July 18.5? C (65.5° F). Frost occurs 
roughly on half the nights between December and February, and 
snow falls about 15 days in tbe year. The zone is one of the driest 
in France, and rainfall is fairly evenly distributed though some- 
what heavier in summer and autumn; the average yearly fall is 
about 550 mm. (21 in.). 


IL. HISTORY 


d Lutetia and Gallo-Roman Paris—Paris, in prehistoric 
limes, was on an island, the modern fle de la Cité, standing in 
the marshes of the Seine River at the intersection between that 
great natural highway and a land route which diametrically tra- 
versed the surrounding circle of hills. This lard route, the line 
of which is represented by the Rue Saint-Martin on the Right 
Bank of the Seine and the Rue Saint-Jacques on’ the Left, served 
lo connect the Low Countries and the mouth of the Rhine in the 
Northeast with Orléans and the Loire Valley in the south, Later, 
two wooden bridges, where the Pont Notre-Dame and the Petit- 
ont now stand, carried the line of the road across the island from 
the opposite banks. The island was a natural stronghold and a 
Settlement was in existence there by the end of the 3rd century B.C. 
1 by a name which the Romans reproduced as Lutetia, it be- 
опей to à Gallic tribe, the Parisii, who controlled the local com- 
Merce in tin from the British Isles. In the 1st century в.с. the 
is Were a small autonomous community whose prosperity is 
AIHER by the remarkably high quality of their gold coins. 
tun Caesar describes (in his Commentaries) the burning of 
1 tia, by the Gauls themselves, in 52 B.c., during his Gallic War. 
"s the 1st century A.D. Lutetia grew up again, but now as а 
or "e lown, Whereas the original site had been chosen primarily 
efensive purposes (the island was then about half the size of 
tome Ше and was menaced by flood), the peace imposed by 
Sein pans encouraged development on the Left Bank of the 
^/0h the Montagne Sainte-Geneviève, beginning probably at 
stral of the slopes and spreading down toward the river. The 
ri - Streets and the public buildings in this locale were char- 
Stically Roman, including a forum (Rue Soufflot), three 
(one in the Rue Gay-Lussac, one on the site of the Collège 
(here One on that of the Musée de Cluny), an amphitheatre 
ike ed Arènes, off the Rue Monge), a theatre (beneath the 
lev aint-Louis, near the junction of the Rue Racine with the 
E Saint-Michel), and perhaps a circus. 
"i 15 time Lutetia was a town of middling importance. It was 
Parisi an Part of the civitas Parisiorum, or community. of the 
si, Which, though the smallest of the 26 civitates of the 
ce of Gallia Lugdunensis (see GAUL), was prosperous and 
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always independent of its neighbours. Lutetia experienced civil 
warfare at the end of the 2nd century and at the beginning of 
the 3rd, and barbarian invaders devastated the area between c. 
250 and 275. As the whole town on the Left Bank was burned, 
the inhabitants took refuge on the island, where they enclosed 
20 acres of the Cité within a wall, 73 ft. thick, built partly of 
stone from the ruined town, standing about 30 yd. from the water's 
edge, and having neither bastion nor tower. Bridges to either bank 
of the river still stood. Within the enclosure, there may have 
been a temple to the east and a governor's palace to the west. A 
milestone of the years 305-310 is the first record of the name 
Paris (Parisii) instead of Lutetia. 

Meanwhile Paris felt the first influence of Christianity. A 10th- 
century sacramentary cites St. Denis (Lat. Dionysius) as having 
been the first bishop of Paris c. A.D. 250. A graveyard excavated 
near the Carrefour des Gobelins shows that there was a Christian 
community in very early times on the banks of the Biévre (a left- 
bank tributary of the Seine) ; but it was probably under St. Marcel, 
the ninth bishop (c. 360-436), that the first Christian church, a 
wooden structure, was built on the island, 

2. The Merovingians.—By the end of the 5th century the 
Salian Franks under Clovis had conquered Paris and the rest of 
the kingdom of Syagrius. The conquerors not only fell under the 
influence of Roman culture but also were converted to Christianity. 
As later victories made Clovis master of nearly all Gaul, he moved 
his capital from the northeast to Paris, to be nearer his newly ac- 
quired territories. Several of his successors also made Paris their 
capital: Childebert in 511, Clotaire in 558, then Chilperic and 
Charibert, who fought for possession of it (in 583 Chilperic 
restored the Arénes). The Merovingians, however, did not take 
up permanent residence in Paris, which consequently played only 
a minor political role. 

At this time the Cité contained the king's palace, the bishop's 
palace, some churches, the prison, and shops. Some sizeable sub- 
urbs grew up again outside the wall, especially on the Left Bank, 
on the site of the former Gallo-Roman town. By the time of 
the sons of Clovis, there were six churches outside the walls, four 
on the Left Bank and two on the Right. At the summit of the 
Montagne Sainte-Geneviève, beside the tomb of Ste. Geneviève 
(remembered for her fortitude during the invasion of Paris by 
the Huns in the 5th century), Clovis began to build the Basilica 
of the Holy Apostles, intending it to house his own tomb; it later 
became the Church of Sainte-Geneviéve (where the Lycée Henri 
IV is now, behind the Panthéon). Childebert founded Saint- 
Vincent, which in 576 received the tomb of the bishop of Paris, 
St. Germain, and later became the Abbey of Saint-Germain-des- 
Prés. The two other left-bank churches were that of the former 
Christian hamlet on the Biévre, near St. Marcel's tomb, and the 
Church of Saint-Julien, near the Petit-Pont, where Gregory of 
Tours lived in 587. On the Right Bank, which was linked to the 
island by the Grand Pont (on the site of the modern Pont-au- 
Change, to the west of the old wooden bridge), the two new 
churches were Saint-Gervais and Saint-Laurent. Before the end 
of the Merovingian dynasty in the middle of the 8th century there 
were eight more churches: in the south, Saint-Séverin, Saints- 
Serge-et-Bacchus, Saint-Étienne-des-Grés, Saint-Symphorien-des- 
Vignes, Saint-Victor, and Saint-Pére; in the north, Saint-Germain- 
le-Rond (later Saint-Germain-l'Auxerrois) and Saint-Martin (later 
the Priory of Saint-Martin-des-Champs). The town seems to 
have enjoyed some prosperity; the existence of a Jewish and 
Oriental colony suggests active commerce, mainly along the water- 
way. s 

$ Carolingian and Robertian Paris.—Under the Carolingian 
sovereigns, kings of the Franks or Holy Roman emperors, who 
usually did not live there, Paris was of scarcely any political 
importance, Their local representative was the count (see PARIS, 
CowrEs DE), but the real administration was mainly in the 
hands of the bishop. The Vikings or Normans sacked the de- 
fenseless town on several occasions (845, 856-57, and 861). 
From 877, however, on the orders of the emperor Charles II the 
Bald, the Parisians began to restore the fortifications of the Cité. 
Bishop Gozlin and Count Eudes, son of Robert the Strong, were 
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able thus to withstand a siege by the Normans for more than a 
year (885-886); but the emperor Charles III the Fat was unable 
to halt the Norman drive toward Burgundy, and finally the West 
Frankish king Charles III the Simple, by the Treaty of Saint-Clair- 
sur-Epte (911) allowed the invaders to settle at a distance of 20 
leagues from the walls. 

In 888, meanwhile, after the deposition of Charles the Fat, 
Count Eudes, the hero of the recent siege, was elected king of 
the West Franks, the first king of the Robertian dynasty. After 
intermittent restorations of the Carolingians, the Capetian branch 
of the Robertians secured the crown for itself in permanence from 
987, when Hugh Capet was elected king. 

4, The Early Capetians.—As the Capetian monarchy grew 
more powerful, so Paris, its capital, grew in importance. At the 
end of the 10th century, the outskirts of the town were still com- 
plete ruins; but a new church, Saint-Jacques-de-la-Boucherie, had 
appeared on the Right Bank, foreshadowing the shift of develop- 
ment to the north, more marked in the following centuries. 

The population and the commerce of Paris increased with the 
gradual return of political stability and public order. The main- 
tenance of order was entrusted to a special representative of the 
king, the prévôt de Paris, first mentioned in 1050, who from the 
12th century onward had his fixed seat in the Chatelet (q.v.). In 
the 11th century the first guilds or corporations were formed, 
among them those of the butchers and of the marchands de l'eau, 
or river traders, who worked the Seine; on the Right Bank, near 
the Porte de Paris at the end of the Grand Pont, a mercantile 
quarter, known as Outre Grand Pont, grew up. Extending north- 
ward to Saint-Merri and eastward to Saint-Gervais and so includ- 
ing the market place on the Grève (i.e., "strand"; where the Hótel 
de Ville now stands), this quarter was soon surrounded by a ram- 
part; in Louis VI's reign (1108-37) the market was transferred 
to the site west of the Rue Saint-Denis where the Halles Centrales 
were to be till the third quarter of the 20th century. The Grand 
Pont was rebuilt, with stone abutments, probably early in the 12th 
century; from 1142 money changers had their shops init. In 1121 
Louis VI granted to the marchands de l'eau the right of levying 
a duty on boatloads of wine entering Paris; in 1170 Louis VII 
accorded them the monopoly of river traffic between Corbeil and 
Mantes. 

Paris spread rapidly along the lines of traffic from the gates: 
from the Porte de Paris, from the little archway of Saint-Merri, 
and from the Porte Baudoyer in the east. About 1080 the Priory 
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of Saint-Martin-des-Champs was serving as a parish church, 
two or three decades later the Chapel of Saint-Nicolas-des-Chic 
was made the church of this parish. The road to Saint-Denis ү | 
which the Rue Saint-Denis forms part, became. more im iol 
with the Lendit Fair held on it from the early 12th century, Th. 
leper hospital of Saint-Lazare (on the site of the later prison) | 
first mentioned in 1124. To the south, nearer to Louis VEs ney 
market, the Abbey of Saint-Magloire was in existence by шу 
and the Church of the Innocents by 1150. To the east, a vey | 
ancient chapel, around which a bourg or township had grown 
was replaced by the Church of Saint-Paul (on the corner of thy 
modern Rue Saint-Paul and the Rue Saint-Antoine), which wi 
a parish church by.1080.. About 100 years later a new centre of 
activity was created by the foundation of the Temple, south of 
the modern Place de la République: the Couture du Temple i 
mentioned in 1184, and the Ville Neuve du Temple came int 
existence in the following century. | 

Rural settlements gathered around churches and abbeys; fore 
ample, the village of La Villette-Saint-Ladre (later to become the 
district of Villette) rose on the land of the leper hospital in the | 
second half of the 12th century. As early as c. 1110 there wa | 
a bourg around Saint-Germain-l'Auxerrois; since this community 
as well as the church, depended on the bishop of Paris, it wi 
called Ville-l'Évéque. From the end of the 12th century, mot | 
over, there are records of a new bourg belonging to the bishop 
at the start of the road to Montmartre and within easy reach i 
the Halles and the Cemetery of the Innocents. 

On the Íle de la Cité, meanwhile, one of the great masterpiece 
of Gothic architecture, the Cathedral of Notre-Dame, was begu | 
in 1163, but not completed for 100 years. 

On the Left Bank, much of which was devoted to viticulture, 
the Bourg Saint-Germain, formed around the Abbey. of Saini 
Germain-des-Prés, is mentioned from 1159; there was also 
agglomeration of buildings around Sainte-Geneviéve. On the 
Bièvre stood the уШаде ої Saint-Médard; farther south а boit 
grew around the Church.of Saint-Marcel. The Abbey of Saint 
Victor, founded in 1113, near the modern Halle-aux-Vins, fo 
yet another nucleus of rural population; so also did the шї 
Notre-Dame-des-Champs, on the plateau adjacent to the cot 
tinuation of the Rue Saint-Jacques. Н 

5. Philip II Augustus and His Successors.—It was jn the 
reign of Philip II Augustus (d. 1223) that the ever-expanding Pate 
was organized as a unit; the king settled its limits by erecti 
ramparts, one on the Right 0 
(1190), and оп the Left (1210) 
In terms of modern {0р0 Р 
the. right-bank wall star i 
the west at, the end of the i 
des-Arts, reached the Rue Sa a 
Honoré opposite the Oratolrt, 
parallel to. the Rue Jean-Ja ji 
Rousseau as far А ue 
martre, passed along 8 
e Meroe to the Rue SN 
Martin, then bent, along е 
des Francs-Bourgeois P Rud 
the southern end of the сў 
Sévigné to cross the Rue sei 

i joined the 
Antoine and rejo go 
There were gates on the Sait 
Quai du Louvre, n 
Honoré, Rue Saint-Debs, 
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Temple, and Rue ji 
Outside this wall, 
ern end, was a de 
which. Philip Augustis aii 
“our tower of the m. pl 
precursor of the ur fr 
The left-bank wall sta 7 
the Seine in the east, n 
Rue des Fossés-S 


FROM AN ENGRAVING BY 


4 


РАКІЅ 


turned west around the Place du Panthéon, ran along the Rue 
Soufllot, and then followed a line slightly to the east of the 
Rue Monsieur-le-Prince, the Rue de l'Ancienne-Comédie, and 
ihe Rue Mazarine to the Seine at the Tour de Nesle, opposite the 
start of the right-bank wall. 

‘The king’s formal recognition of the University of Paris (q.v.), 
with its seat on the Montagne Sainte-Geneviéve, in 1200 was also 
arecognition of the division of Paris into three parts, correspond- 
ing to the natural division of the site: on the Right Bank was the 
mercantile quarter, the town or ville in the strict sense of the 
term; on the island was the Cité; on the Left Bank was the uni- 
versity. The church, on which the university depended, became 
particularly strong on the Left Bank: two new parishes, Saint- 
Cóme and Saint-André-des-Arts, were made out of the recently 
founded parish of Saint-Sulpice (c. 1215) ; Saint-Étienne-du-Mont 
(1222) and Saint-Nicolas-du-Chardonnet (1243) were founded; 
and various religious orders established themselves within the 
new wall: the Dominicans, or Jacobins, near the junction of 
the Rue Saint-Jacques and the modern Rue Soufflot (1219), 
the Cordeliers in the modern Rue de l'École-de-Médecine (1290), 
the Augustinian Friars on the Quai des Augustins (1293), and 
the Carmelites in the Place Maubert (1319). Outside the wall, the 
Carthusians settled in 1259 where the Avenue de l'Observatoire 
now is, Numerous colleges were also founded, including the Sor- 
bonne, named after Robert de Sorbon (1257). 

On the Right Bank within the new wall two new churches soon 
appeared, Saint-Honoré (1205) and Saint-Eustache (1223; rebuilt 
in the 1530s), but the chief new development was in commer- 
cial administrative organization. In 1204 Philip Augustus con: 
firmed the monopoly that the marchands de l’eau had obtained in 
1170; c 1220 their corporation began to undertake the role of a 
municipality. In Louis ІХ” reign, by 1260 at the latest, the mas- 
ter of this corporation was at the head of the municipal body, with 
the title of prévót des marchands, or provost of the merchants. 
His council, called the parloir aux bourgeois, had its seat at first 
near the Châtelet, but was moved in 1357 to the Maison-aux- 
Piliers, on the Grève. The enforcement of law, however, re- 
dens in the hands of the king's prévót de Paris (see above). 

1 ultimate sanction was the gibbet at Montfaucon, on the Buttes- 
pus far outside the wall to the northeast. 
„6. Charles V.—In the 14th century, under the first Valois 
р 8s, the development of Paris was arrested not only by the Black 
eath (1348-49), but also by the outbreak of the Hundred Years’ 
siii A by internal disturbances resulting from it. In 1356-58, 
m the dauphin Charles was regent of France for his captive 
on John Ir the Good, the municipality, led by the prévót des 
tide ine Etienne Marcel (q.v.), adopted a revolutionary atti- 
the gainst the royal authority. The regent, however, overcame 
; Sedition, On beginning his reign as Charles V (1364-80) the 
in ded himself to restoring the prosperity of Paris. On the 
ШЫ where Paris had outgrown the perimeter of Philip 
moder E harles built a new rampart (с. 1367-70), starting, in 
AS erms, at the Pont du Carrousel, running across the Place 
orte eel the Palais-Royal, and the Place des Victoires to the 
ofthe pint Denis and then veering southeastward to the end 
pind Saint-Antoine. It had six gates (Portes Saint-Honoré, 
Antoine) te, Saint-Denis, Saint-Martin, du Temple, and Saint- 
tress J Sees a was protected by a great 
» ille (g.v.). 

nut the new fortification embraced the Marais (marsh), 

id Chan? of the Temple. In the west it embraced the Louvre, 
to reside arles rebuilt as a magnificent palace, though he preferred 

ii bs own creation, the Hótel Saint-Paul, south of the 
ivedin E кеше Henceforth the kings of France no longer 
entirely t е old palace in the Cité, which was now given over almost 
init. 4 on parlement (q.v.) of Paris, already long established 
built, linking end of Charles’s reign the Pont Saint-Michel was 

icht p ДЕ the Cité with the Left Bank along the line of the 
; The 15) p Pont or Pont-au-Change. 

а period th Century.—Charles VI's reign (1380-1422) was 
of unrest. The revolt of the Maillotins (1382) against 


PPressive taxation was ruthlessly put down early in 1383, 
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and the municipal regime was then suspended till 1412. The 
dynastic and political vendetta between the Burgundian and the 
Armagnac factions (1407-35) had continual repercussions in 
Paris; in the course of it, the butchers and skinners, led by Simon 
Caboche, momentarily seized power there (1413). The resump- 
tion of the Hundred Years’ War by the English (1415) made 
matters worse. After a revolt of the Parisians (1418), the Bur- 
gundians occupied Paris; and the Anglo-Burgundian Alliance 
(1419) was followed by the installation of John Plantagenet, duke 
of Bedford, as regent of France for the English king Henry VI 
(1422). Whereas Charles VI had lived in his father’s Hôtel Saint- 
Paul, Bedford lived in the Hôtel des Tournelles, on the south- 
eastern edge of the Marais, which was to be the Paris residence 
of later kings till 1559. One feature of Charles VI’s reign was 
the construction of the Pont Notre-Dame (1413; on the site of 
the ae ancient wooden bridge from the island to the Right 
Bank). 

Joan of Arc failed to capture Paris (1429) (see Joan, SAINT). 
Only in 1436 did it fall to the forces of Charles VII, who re- 
entered it in person in 1437, Successive disturbances had reduced 
the population, but the Anglo-French truce of 1444 allowed 
Charles to begin restoring prosperity. The municipality was re- 
organized in 1450. During Louis XI’s reign (1461-83), notwith- 
standing the intellectual stagnation of the university, the Sorbonne 
in 1469 installed the first Parisian printing press. Churches were 
rehabilitated and new houses built; from 1480 splendid private 
mansions began to appear, such as the Hôtel de Sens and the 
Hétel de Cluny. 

8. The 16th Century.—The influence of the Italian Renais- 
sance on town architecture appeared in the new building for the 
chambre des comptes and in the reconstruction of the Pont Notre- 
Dame (1500-10) in Louis XII's reign. Under Francis I (1515- 
47) this influence grew stronger, finding notable expression in the 
new Hôtel de Ville. Furthermore, whereas from Charles УП» 
time the kings of France had been residing by preference in 
Touraine, Francis showed himself willing to make Paris the chief 
seat of royalty again. (See FRANCIS L) With this in mind he 
had extensive alterations made to the Louvre from 1528 onward. 
The new splendour of the monarchy, now well on its way toward 
absolute rule, was reflected in the capital of an increasingly cen- 
tralized state. The population increased and the town expanded 
again. Rigorous measures were taken to stamp out Protestantism, 
which first appeared in Paris during Francis I's reign. 

The culmination of the Renaissance in Paris came with Henry 
II, who made his solemn entry into the capital in 1549, In that 
year Jean Goujon completed his magnificent work on the statuary 
of the Fontaine des Innocents. The new impulse given to the 
building of mansions for the nobility and the bourgeoisie began 
to transform Paris from a medieval into a modern city. In 1548 
the Brothers of the Passion started performing secular plays at 
the Hótel de Bourgogne, in the Rue Frangaise, thus giving rise 
to the first theatre in Paris: in the 17th century, this Hótel de 
Bourgogne was to be famous for its troupe of actors. 

The definitive transfer of the royal residence from the Hétel 
des Tournelles to the Louvre took place after Henry II's death 
(1559). This move inaugurated the development of the western 
outskirts of Paris, hitherto rather neglected. Catherine de 
Médicis in 1564 began to build the Palace of the Tuileries, the 
gardens of which were soon to become a meeting place for elegant 
society. Classical taste was brilliantly exemplified by the Pont- 
Neuf, begun in 1577-78 but not completed till 1603. It was con- 
structed from the Right to the Left bank by way of the island, 
and was kept free of houses which were built on the other bridges. 

The Wars of Religion did not spare Paris: witness the outbreak 
of the Massacre of St. Bartholomew’s Day (1572); the Day of the 
Barricades (May 12, 1588), when the people rose for the Holy 
League against Henry III; and the Parisians’ long resistance to 
Henry IV, in the course of which the oligarchy of the Sixteen, 
representing the 16 districts of Paris, took control of the admin- 
istration for the League. Henry IV’s siege (May-August 1590) 
was unsuccessful, and it was only after Henry's conversion to 
Catholicism that Paris submitted to him (March 22, 1594). 


PHOTO BULLOZ 
THE PALACE OF THE TUILERIES IN THE REIGN OF LOUIS XIV (1638-1715). 
PÉRELLE 


9. Henry IV and Louis XIII.—Henry IV planned the Place 
Royale (now Place des Vosges), between the Marais and the Rue 
Saint-Antoine, and the Place Dauphine, on the island beside the 
Pont-Neuf, with the Quai de l'Horloge and the Quai des Orfévres 
north and south of it respectively. In his reign also the Louvre 
was linked to the Tuileries; the Hópital Saint-Louis (1607) was 
built for victims of the plague; and a supply of spring water 
(which had been brought to the Right Bank late in the 12th cen- 
tury) was carried over to the Cité. The Left Bank was not sup- 
plied with spring water till the following reign. 

In Louis XIII's reign (1610-43) Paris expanded further. On 
the Left Bank, outside the wall, the queen mother, Marie de 
Médicis, built the Luxembourg Palace (1615-27), with its spacious 
gardens; and along the Right Bank, west of the Tuileries, she laid 
out the Cours-la-Reine as a promenade for carriages (1616). 
While the Marais north of the Place Royale was being reclaimed 
and developed, two uninhabited islets east of the Cité were united 
to form the fle Saint-Louis, which was linked to the Right Bank 
by the Pont Marie and to the Left by the Pont de la Tournelle. 
On the western fringe of the town a quarter with straight streets 
was laid out north of the Cardinal de Richelieu’s new palace, the 
Palais-Cardinal (1624-36; later the Palais-Royal), which also had 
a magnificent garden; west of this there was more building off the 
continuation of the Rue Saint-Honoré. To embrace these new 
western suburbs a new fortification was erected, extending Charles 
V's rampart from the Porte Saint-Denis along the line of the 
modern Grands Boulevards to a point just east of the Place de la 
Madeleine and there turning south to join the Seine at the south- 
western corner of the Tuileries Gardens. The Palace of the 
Tuileries was connected with the Faubourg Saint-Germain by a 
wooden bridge, the Pont Royal (1632), spanning the Seine. On 
the Left Bank, far to the east, on the lower reaches of the Bièvre, 
the Jardin des Plantes was founded in 1635-36. 

10. Louis XIV.—For the Parisians, the Fronde (q.v.) was the 
major event of the first two decades of Louis XIV’s reign. From 
1661, when Louis started his personal rule upon Cardinal Mazarin’s 
death, Paris was dedicated to reflecting the glory of the monarch, 
even though he was early resolved to establish himself and the 
seat of his government at Versailles. For the planning of the new 
splendours of Paris, the greatest part of the credit must go to 
J. B. Colbert (q.v.), the king’s superintendent of buildings. 


The Louvre, work on which had been resumed in 1624, was com- 


pleted by Claude Perrault’s magnificent colonnade (1667-74). 
and sumptuously 


The Tuileries Palace was altered, completed, 21 im 
decorated; its gardens were transformed by André Le Nótre. Be- 
vond them, outside Paris, the tree-planted avenues of the Champs- 
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Elysées were laid out 

these were balanced, at Ht 0), 
site end of Paris, by the Cou jj 
Vincennes. No longer afraid of 
attack, Louis XIV and Colbert 
had the line of fortifications n. 
placed by a course of boulevard 
flanked by trees to form a walk 
(1670). In the north, the lin 

of the Grands Boulevards yy 
pierced by the Porte Saint-Denj 
(1672) and the Porte Saint 
Martin (1674), triumphal arch 
that are still admired, Othe | 
monuments were the Place ds | 
Victoires (1685-86) and th 
Place Vendôme (1699), ad 
with a statue of Louis XIV, 

On the Left Bank, the Collie 
des Quatre-Nations (1662-14; 
the modern Institut), endowi 
by Mazarin's will and open 0 
young men from four recul 
conquered countries, and th 
Hôtel des Invalides (1671-1) 
were a counterpart to the Lout 
and the Tuileries. Magnificent quays were constructed along th 
north side of the Faubourg Saint-Germain; in 1635 the Pont Roy 
was rebuilt in stone. To the south, where the fortifications d 
Philip Augustus were now obsolete, a course of boulevards like thi 
on the Right Bank was planned to run in a great arc from th 
Invalides to the Jardin des Plantes. Beyond this course, the 0b 
servatoire was built in 1667-72 and the Gobelins factory (lip 
estries) was organized in 1667. 

Paris had become very large; in 1702 the marquis ФАТ 
(Marc René de Voyer), who as lieutenant général de police wi 
the successor of the prévéts de Paris, raised the number of û 
tricts from 16 to 20 (15 on the Right Bank, 5 on the Left), Pas 
had nearly 600,000 inhabitants, and from the Left Bank mt 
suburbs were advancing toward the villages on the surro 
hills. 

11. The 18th Century.—During the 18th century f [d 
deal was done to improve and beautify Paris. Louis ХҮЗ!@ 
porary residence in the Tuileries during his younger days ё 
couraged development nearby, so that the Faubourg Saint-Hom 
expanded and became, like the Faubourg Saint-Germain, ah !! 
cratic quarter. The Rue Royale was begun in 1732, and the 
Louis XV (later Place de la Concorde) was laid out aroud! 
statue of the king set up in 1763. The construction of the И" 
church of the Madeleine was begun in 1764 at the end 0 
Rue Royale, and the Pont Louis XVI (Pont de la Concord ü 
begun in 1788. The garden of the Palais-Royal, around W 
duc d'Orléans built arcades in Louis XVI's reign, became rg 
of smart life. The Grands Boulevards now began to be ай 
with houses, including some fine mansions, and the es o 


i zi i tres an 
became a fashionable promenade with little thea Rue qud 


Taitbout in 
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he 
scattered around this outlying part. On the Left B E 
jt alot 


of laying out the southern course of boulevards an " 
with trees was continued, and houses were soon Nr. 
The École Militaire, with the Champ-de-Mars, dates, r 
Germain Soufflot built a new church (now the Pantheo! dit! 
Abbey of Sainte-Geneviève; and Saint-Sulpice, the Y 
which had been begun in the 1640s, was complete (187). 
Chátelet was demolished and replaced by а quay Mr 
Some of the houses on the bridges were razed in 17 ой 
however, remained until 1808. Water was supplied re ut 
by the two fire pumps of the brothers J. C. an A C imd 
and 1787), which were the precursors of steam-drive 


The wall of the fermiers généraux (farmers-general), built in the 
118% to facilitate the levying of octrois or duties on imports, 
` pore witness to the extension and to the unity of Paris. On the 
map this wall would run from the Étoile northeastward 
to the Place de Clichy and Villette, then southeastward to the 
Place de la sonal rd to the Étoile via Place Denfert- 
Rocherau and the Trocadero. 
-]2. The Revolution and Napoleon I—The French Revolu- 
tion of 1789, on the one hand, destroyed those vestiges of the sei- 
meutial system which had remained in Paris and, on the other, 
consolidated the status of Paris as the capital of a centralized 
France. Of the events of the Revolution which were Parisian 
it must suffice here to cite the storming of the Bastille (July 14, 
1789); the conveying of the king and of the National Constituent 
Assembly from Versailles to Paris (October) ; the establishment of 
the numerous clubs in the convents of the old religious orders, 
Jacobins, Cordeliers, and Feuillants (qq.v.); the insurrection that 
overthrew the monarchy (Aug. 10, 1792); the execution of the 
king in the Place de la Révolution, not yet named Place de la 
Concorde (Jan. 21, 1793); the most prolonged manifestation of 
the Terror (1793-94) ; and the series of coups d’état, from that of 
S Thermidor (1794) to that of 18 Brumaire (1799), which pre- 
[$us institution of the Consulate for Napoleon Bonaparte. 

00 FRENCH REVOLUTION; NAPOLEON I.) 

Under the Thermidorians and the Directory the Boulevard des 
Jtaliens became a resort of the fashionable and of the frivolous, 
Whereas the populace favoured the Boulevard du Temple. The 
first consul's installation of himself in the Tuileries resulted in the 
construction of the arcades of the Rue de Rivoli (1802), with 
adjoining streets named after his military victories. After the 
inauguration of the First Empire, Napoleon in 1806 ordered the 
triumphal arches of the Carrousel and of the Etoile to be erected; 
the latter, however, was completed only in 1836. The Madeleine 
Wis designed anew as a “Temple of Glory,” but it too was not 
completed until 1842. The Neoclassical style recalled imperial 
Rome, but at the same time great works of public utility served 
lo modernize Paris: the Bourse; new quays and bridges (Ponts- 
des-Arts, d'Iéna, d'Austerlitz, and Saint-Louis); the Canal de 

109 and the Canal Saint-Martin; numerous fountains (such 
äs the Fontaine du Palmier, on the site of the Chátelet; as well 
15 slaughterhouses, marketplaces, the Halle-aux-Vins, the ware- 

of Bercy, and the large cemeteries outside the town (for 

ince that of Père-Lachaise, inaugurated in 1804). 

13, The Restoration and the July Monarchy.—Industriali- 
tation, already in progress in the Napoleonic period, advanced 
rond under the Restoration (1814-30) and the July Monarchy 
En Gas lighting was introduced; omnibus services began 

; and Paris got its first railway, which ran to Le Pecq, near 
Germain-en-Laye, in 1837. New districts grew up on the 
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MCINTHE RIGAUD ART OF THE TUILERIES 
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THE SEINE FROM THE PONT ROYAL, LOOKING TOWARD THE PONT NEUF AND THE COLLEGE DES QUATRE- 
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outskirts of Paris: the quartier Francois I* at the western end of 
the Cours-la-Reine (from 1823), the quartier Notre-Dame-de- 
Lorette at the southern approaches to Montmartre (from 1824), 
and the quartier de l'Europe on the southwesternmost slopes of 
Montmartre (from 1826). More bridges appeared, and two 
notable monuments were set up: the column commemorating the 
Revolution in the Place de la Bastille (1830); and the Obelisk of 
Luxor in the Place de la Concorde (1836). 

Though the wall of the fermiers généraux was to remain the 
administrative boundary of Paris till 1859, it was decided in 1840 
to refortify the capital with a military wall of a much longer 
perimeter. Louis Philippe’s fortifications, completed in 1845, em- 
braced the surrounding hamlets of Vaugirard, Grenelle, Auteuil, 
Passy, Les Batignolles, Montmartre, Chapelle, Villette, Belleville, 
Charonne, and Bercy, together with the southern area of the Gobe- 
lins and the Observatoire. 

14. Napoleon III and Haussmann.—By the middle of the 
19th century there still remained areas of Paris which had not 
been improved substantially for hundreds of years; access from 
one centre to another and to the railway stations (now the effective 
gateways of Paris) was difficult; and overpopulation together with 
the social effects of rapid industrialization had brought squalor and 
conditions of misery which account in part for the dominant role 
played by Paris in the revolutions of 1830 and 1848. Napoleon 
III, emperor from 1852 to 1870, enjoined his prefect of the 
Seine, Baron Haussmann (q.v.), to remedy all this. 

Haussmann was the creator of modern Paris. A planner on the 
grand scale, he advocated straight arterial thoroughfares, sym- 
metry, and advantageous vistas. In meeting the call for hygiene 
and slum clearance he also tried to facilitate the free movement 
of troops into those districts which formerly had been the sources 
of insurrection. The west-east axis of Paris, from the Étoile to 
the Place de la Bastille and thence to the Place du Tróne or Place 
de la Nation, was made continuous by extending the Rue de 
Rivoli onward from Napoleon I's arcades to the Rue Saint- 
Antoine; and a new north-south axis was established with the 
Boulevards de Strasbourg, de Sébastopol, du Palais, and Saint- 
Michel, At the ends of the west-east axis, the radiation of roads 
from the Étoile was to be balanced by a similar radiation from 
the Place de la Nation; the Place Voltaire, midway between the 
Places de la Nation and de la République, was made the centre 
of a third great radiation, covering the whole of eastern Paris, In 
the centre of the town the system of the Grands Boulevards was 
supplemented by the Avenue de l'Opéra, the Rue Auber, the 
Boulevard Haussmann, and the Boulevard Malesherbes. On the 
Left Bank, the Boulevard Saint-Germain was made to correspond 
to the Grands Boulevards, with the Rue de Rennes crossing it on 
a line parallel to the Boulevard Saint-Michel. The Ponts National, 
de Solférino, and de l'Alma and the Viaduc d'Auteuil were con- 
structed. The Boulevards Ex- 
térieurs were made to follow the 
curve of the wall of the fermiers 
généraux. 

Among the architectural mon- 
uments of the Second Empire 
were: the Opéra; the additions to 
the wings of the forecourt of 
the Louvre; the pioneering “um- 
brella" in iron for the Halles 
Centrales; the Churches of La 
Trinité, Saint-Augustin, and 
Sainte-Clotilde; and the many 
public buildings on the fle de la 
Cité. Many squares were laid 
out on the English model. The 
Bois de Boulogne, the Bois de 
Vincennes, the Buttes-Chaumont, 
the Parc de Montsouris, and what 
remained of the Parc Monceau, 
after the laying out of the adja- 
cent boulevards, were developed 
as open spaces. 
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Haussmann’s taste, his theory of town planning, and his dis- 
regard for the historic value of any buildings or quarters that 
obstructed his projects are matters of controversy. His service 
to the water supply and sewage systems is incontestable. For 
domestic use, he brought the water of the Dhuis to the reservoir 
at Ménilmontant and the water of the Vanne to the reservoir at 
Montsouris; he also constructed the main drain with its terminal 
at Asnières. 

The brilliance and prosperity of Paris under Napoleon III were 
exemplified in the exhibitions held there in 1855 and 1867. 

15. The Third Republic and After.—The Franco-German 
War, which brought the fall of the Second Empire and the siege of 
Paris, was followed by the Commune (q.v.) of Paris, during which 
the Palace of the Tuileries was destroyed by fire. Under the 
Third Republic Haussmann's projects were continued. Further 
international exhibitions (1878, 1889, 1900, and 1937) were the 
occasions for the building of the Trocadéro (1878), the Eiffel 
Tower (1889), and the Grand and Petit Palais, with the Pont 
Alexandre III (1900); and for the reconstruction of the Troca- 
déro as the Palais de Chaillot (1937; later used occasionally for 
general assemblies of the United Nations). The Basilica of the 
Sacré-Coeur was built in Montmartre. The Métropolitain Rail- 
way was constructed, Commerce and industry annexed formerly 
residential districts, and the ever-expanding population overflowed 
the old limits of Paris, After World War I, Louis Philippe's forti- 
fications were abolished by a law of April 1919. 

During the German occupation of Paris (1940—44) in World 
War II the city suffered from some material privations. It was 
a centre for the activities of the Resistance, which culminated in 
the liberation of the city by the people, under the direction of the 
civil police, as Gen. Jacques Leclerc's troops approached. 

The 2,000th anniversary of Lutetia was celebrated in 1951. 
Meanwhile it had become apparent that the existing organization 
of Paris was no longer adequate to its needs, Overcrowding, 
difficulties of transport, and the traffic congestion called for new 
measures. The municipal council voted a master plan for the town 
(1959) and the government approved a plan for the organization 
and development of the Paris Region (1960). Moreover, in the 
field of administrative reform, the "district of the Paris region," 
created in 1959, was extended in 1961 to include the three départe- 
ments of Seine, Seine-et-Oise, and Seine-et-Marne (with an aggre- 
gate population of 8,500,000, or 20% of the population of France). 
Commercial and industrial decentralization, an accelerated pro- 
gram of housing, the renovation of decaying quarters, the provi- 
sion of more open spaces, and the settling of new communities 
outside Paris were envisaged. A new transport system including 
express trains on the Métropolitain as well as new auto routes and 
bypasses were planned. y , 

Between 1945 and 1959 more than 250,000 new housing units 
were constructed (about 60,000 in Paris and 190,000 in the subur- 
ban area) mostly round the periphery of the town grouped in huge 
blocks. One new quarter is situated near the Gare Montparnasse, 
another outside the old Paris at the Rondpoint de la Défense, 
across the Seine beyond Neuilly. Bold examples of modern archi- 
tecture for international organizations (UNESCO and NATO), for 
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the university, and for commercial enterprises alt 
ance of the more central areas. Mese Spp. 
For the great plan of reorganization of 1964 бе 
istration. see below, Aii. 
Ш. TOPOGRAPHY AND MONUMENTS 


1, General.—In considering the topography of the ci 
it is essential to remember the history of its develope 
above). The nucleus of the city lay on the fle de la Cité in ig 
Seine, and for many centuries this island provided protection { 
the seats of royal and ecclesiastical power. It is here, theref \ 
that the most ancient sites and some of the oldest architect] 
monuments of Paris or their remains are found. In addition, hoy. 
ever, ancient religious foundations were established both ml 
Right and Left banks, and around these sprang up small but grow 
ing communities which subsequently formed the core of lity 
quarters. The Left Bank opposite the Île de la Cité became al 
an early date the professional quarter through the establishment 
of places of study, such as colleges and convents. Scribes, book 
sellers, printers, etc., were attracted to those areas, The Right 
Bank, on the other hand, became the commercial and industri 
area of the city, with individual trades often tending to predomi 
nate in certain quarters. Thus, there was an early division of Part 
into three parts: the official and religious centre on the Tle deb 
Cité, the university on the Left Bank, and the "town" on the Right, 
Though modified with the passage of time, the basic characteris 
tics of each persisted. 

When eventually the kings transferred their residence to the 
Right Bank, moving in various centuries to differing spots not fat 
from the river, they attracted an aristocracy which erected 
temporarily fashionable districts, many of whose architectural fer 
tures survived though the areas themselves were largely adapted tt 
commercial uses or fell into a certain degree of squalor. To 
west sprang up newer quarters, but the area within the walls ws 
never completely built over, and open spaces gave opportunity At 
the bold replanning of Baron Haussmann. Haussmann's 30 
transformed the face of Paris and fashioned it into its preste 
pearance. The fundamental principles were: the creation of spt 
cious squares from which radiated broad avenues to various pt 
of the city; the transformation of the external fortifications 
a ring of surrounding boulevards; the construction of wide 
straight transversal thoroughfares; the addition in the west of me 
well-planned quarters; and the provision of open spaces 8 
parks and gardens. The result was to give the city in its man af 
lines, particularly in the west and centre, an appearance of imp! a 
sive beauty and sometimes grandeur and at the same time to a 
its internal communications easy. This effective РАШ vi 
trasts with the haphazard incorporation of existing suburbs 
the creation of the new ones beyond the city proper. — T 

The Paris area was subsequently divided into 20 arrondis ү 
(there had previously been 12). The first seven In numero ( 
roughly cover the three historic parts of old Paris, the б% 
town, and the university. (See Table.) E] 

2. The River.— The Seine itself, whose breadth (e sii 
it divides into two arms around the Ile de la Cité and the | 
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Louis) varies between 136 and 164 m. (446 and 540 ft.), forms 
one of the most attractive and useful highways of the capital. It 
sweeps in a pronounced loop of nearly eight miles from the Pont- 
National, its eastern limit within the city, to the Pont d’Auteuil 
in the west, passing in its course under 32 bridges. Of these the 
oldest is the Pont-Neuf (1578-1606) at the western tongue of the 
île de la Cité, with its equestrian statue of Henry IV. Other fa- 
mous bridges are the Pont d’Austerlitz, on which are inscribed the 
names of the principal officers who fell at Austerlitz, the Pont 
Alexandre III, the Pont du Carrousel, and the Pont de l'Alma, all 
noteworthy for their sculpture. 

The more easterly quays of the river, which is flanked by land- 
ing stages and towpaths, are used for handling merchandise sent 
to or brought from the north, east, and southeast by rail and 
canal, The river then divides around the ancient part of Paris, 
the Île de la Cité and the Île Saint-Louis, which was only exten- 
sively built on during the 17th century, The two islands are joined 
together by the Pont Saint-Louis (destroyed in 1939 and re- 
placed by a temporary structure). Their quays and those of the 
adjacent and immediately westerly banks were once lined with the 
shops of craftsmen—goldsmiths, watchmakers, etc.—but are now 
more usually occupied by traders or booksellers. The parapets of 
the river walls are filled with boxes for secondhand books, paint- 
ings, and prints; their tree-lined walks form a pleasant locality 
both for the bibliophile and the saunterer. The river quays are 
bordered by the Palais du Louvre and the Jardin des Tuileries to 
the north and various official buildings on the south. The river 
later begins to curve southwest with the Palais de Chaillot and the 
Trocadéro gardens on the Right Bank and the Eiffel Tower and the 
Champ de Mars on the Left and passes through the western sub- 
urbs, The quays constitute a downstream port for various kinds 
of river craft. There are huge floating swimming pools moored to 
the banks. Less conspicuous is the optimistic angler who reels his 
tod on the broad towpath below. 

3, The Right Bank.—On the Right or North Bank, roughly 
parallel to the river’s course, runs another central artery of Paris, 
the east-west thoroughfare planned by Haussmann. Beginning in 
the east at the Place de la Nation and running to the Place de la 
Bastille, this thoroughfare today coincides with the Rue du Fau- 
bourg Saint-Antoine. Both the Faubourg Saint-Antoine and the 
quarter of Sainte-Marguerite just to the north of it are working- 
Class districts in which are concentrated numerous small establish- 
ments specializing in such occupations as furniture making and 
Metalwork, On the riverside the area is chiefly devoted to the 
needs of traffic to and from the quays. From the Place de la Bas- 
till, where it intersects with a major north-south artery, the thor- 
Oughfare continues westward along the Rue Saint-Antoine and the 
magnificent colonnaded Rue de Rivoli in a long straight line to 

Place de la Concorde. North of the Rue Saint-Antoine lies the 
mont district of the Marais, formerly an area of high fashion but 
jM one of commerce and small industries, though retaining much 
н Е 17һ-сеп{игу architecture. Northwest of the Marais lies the 
аа of the Temple. The Rue de Rivoli cuts across a second 
de Ad artery formed by the Boulevards de Strasbourg and 
du Pala; opol on the Right Bank and continued by the Boulevards 
Bank), 5 (on the fle de la Cité) and Saint-Michel (on the Left 

3 ыр far from this intersection stand the Hotel de Ville and 

oli telet, The first part of the western half of the Rue de 
e. k pordered on the north by yet another former fashionable 
às the Hi ae of the Palais-Royal, now occupied by such buildings 
6 т ез, the Théátre Frangais (the Comédie Française), and 
centre anking establishments; farther west, it is also one of the 

a S of haute couture. On the south of the Rue de Rivoli are 

Ouvre and the Jardin des Tuileries. x 
Place ae ansversal westward thrust continues from the spacious 
Place d 18 Concorde along the tree-lined Champs-Élysées to the 

Mid toile, on to the extremity of Paris proper, the Porte 
tricts A T to the Rond-Point de la Defense. The western dis- 
celle) hà to the north (Faubourg Saint-Honoré, Monceau, Cour- 
teuil) im to the south along the now curving river (Passy and Au- 

ee areas of fashionable hotels, apartments, and residences. 
of the Place de la Concorde is the Place de la Madeleine, 
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a terminal point in the system of the Grands Boulevards, which 
strike northeastward from it (Boulevards de la Madeleine, des 
Capucines, des Italiens) to run eventually parallel to the Rue de 
Rivoli as far as the Place de la République (Boulevards Mont- 
martre, Poissonniére, Bonne-Nouvelle, Saint-Denis, Saint-Martin), 
after which they turn southward to join the main east-west axis at 
the Place de la Bastille (Boulevards du Temple, des Filles-du- 
Calvaire, Beaumarchais). 

The Théátre de l'Opéra, the masterpiece of Charles Garnier, 
just off the Boulevard des Capucines, was chosen as the nodal point 
of a new fashionable quarter by the 19th-century planners. From 
it broad tree-lined avenues were constructed to other centres, 
which in their turn were connected with points in the city's cir- 
cumference, thus joining up with an inner and an outer arc of 
boulevards and using the city gates as exits. The Avenue de 
l'Opéra itself runs southeast almost to the Louvre and the Tuileries, 
the Rue du Quatre-Septembre east toward the Bourse, the Boule- 
vard Haussmann west to the Place de l'Étoile, and the Rue La 
Fayette towards the Gares du Nord and de l'Est. These thorough- 
fares were supplemented by others. The area is now one of restau- 
rants and open cafes, smart shops, and also large stores, theatres, 
and cinemas, catering primarily to tourists. Toward the Place 
de la République the working-class Faubourg Saint-Martin begins, 
lying between the districts of the Temple and Villette. 

The arc of the outer districts on the Right Bank begins in the 
west with Batignolles, principally a middle-class residential area. 
Montmartre, to the east of it, is a varied area: there is the Mont- 
martre of night clubs and cabarets around the Place de Clichy and 
Place Pigalle; and the Montmartre of the poets and painters 
leavened with the workers of the Butte and the Tertre with their 
narrow, hilly, and picturesque streets, dominated by the white 
Basilica, of the Sacré-Coeur, Farther east, along the heights of the 
city, are the working-class districts of La Chapelle and La Villette, 
with Belleville to the southeast and, beyond it, Ménilmontant, in 
which there are industries, abattoirs, and warehouses. Through 
these outer districts runs an arc of inner boulevards that form lat- 
eral communications through the middle areas of Paris. 

4, The Left Bank.—The Left or South Bank has neither any 
vista so imposing as the Rue de Rivoli and the Champs-Elysées 
nor any system of avenues so impressive as the grand boulevards. 
But it contains many fine thoroughfares and is set out with 
the same arcs of inner and outer boulevards as the Right Bank, 
with probably a more adequate system of north-south routes. Its 
central north-south axis is the Boulevard Saint-Michel. This con- 
tinues the line of the Boulevard de Sébastopol (with which it is 
connected by the Boulevard du Palais across the Île de la Cité) 
as far south as Montparnasse, a quarter that was formerly the 
rival of Montmartre as a “village” for painters and artists but is 
now less favoured by them though it is still popular with tourists. 
To the east of the Boulevard Saint-Michel and spilling over to the 
west is the Quartier Latin, originally the site of the component 
places of study that became the University of Paris and still the 
seat of many faculties. Farther east lie the commercial and indus- 
trial districts along the eastern quays of the Left Bank. To the 
west of the Quartier Latin begins the Faubourg Saint-Germain, 
which was developed as a fashionable residential suburb during 
the 18th century and is full of noble mansions (many of which 
became official buildings) and monuments. Since World War II, 
many artists and literary people have lived in its eastern part, 
around the Church of Saint-Germain-des-Prés. Beyond lie the 
more open and modern areas of fine avenues and gardens, in which 
are the Hótel des Invalides, the Eiffel Tower, the École Militaire, 
and the UNESCO building. The east-west belt of outer southern 
districts, Les Gobelins, Petit-Montrouge, Plaisance, Vaugirard, 
and Grenelle, are less densely populated and somewhat more 
pleasant equivalents of the working-class areas of the north and 
northeast. 

5. Squares.—An essential feature in the planning of Paris was 
the utilization or adaptation of existing squares and the creation of 
new ones to serve as focal points in the system of boulevards and 
roads. Some mention of the more important squares will help to 
give a clearer picture of the general layout of the city. Some of 
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them deserve attention also from architectural or historical view- 
points. The northern east-west axis is marked by a succession of 
these squares. Almost at its terminal point in the extreme east is 
the Place de la Nation with its monument dedicated to the achieve- 
ments of the First Republic. Roads connect it to the eastern outer 
boulevards; through it runs the inner arc of northern boulevards; 
from it radiate various routes, northwest to the extensions of the 
grand boulevards and to the northern suburbs, south or southwest 
to the river. The next square of the east-west axis is the Place de 
la Bastille, originally the site of the ancient fortress of Charles V 
that was converted into the state prison and eventually destroyed 
by the revolutionary mob in 1789, In its centre rises the July 
Column, erected in memory of the victims of the 1830 Revolution. 
It, again, is the hub of a system similar to that of the previous 
place. Farther west along the east-west axis is the Place de l'Hótel 
de Ville and nearby the Place du Chátelet and gardens, at the point 
of its intersection with the north-south axis of the Boulevards de 
Sébastopol, du Palais, and Saint-Michel. At the end of the long 
Rue de Rivoli lies the Place de la Concorde, one of the largest and 
most impressive squares in the world, bounded on the north by 
buildings, the east by the Tuileries Gardens, the south by the Seine, 
and the west by the Champs-Elysées. In its centre is an obelisk, 
and around it are monuments representing the chief cities of 
France. There was set up the guillotine for Louis XVI, Marie 
Antoinette, Danton, Robespierre, and others. From the square, 
roads strike north to the grand boulevards and south to the river. 
Westward, the city’s artery continues along the Champs-Elysées to 
the Place de l'Étoile. This place contains the Arc de Triomphe 
(begun in 1806) under which lies the body of France’s Unknown 
Soldier; and from it radiate the spokes of numerous broad and 
beautiful avenues in all directions, making it the western counter- 
part of the Place de la Nation. 

Other squares, most of them important focal points, lie in the 
north centre. The Place de la Madeleine contains the large classi- 
cal Corinthian-pillared church of the same name. A little to the 
east lies the more secluded Place Vegdéme, with its column in 
memory of the Grande Armée, on which are bas-reliefs constructed 
from Austrian and Russian cannon captured at Austerlitz depict- 
ing the campaigns of 1805-07; it offers an example of excellent 
17th-century town planning and is now one of the centres of the 
luxury trade. The Place de l'Opéra, a little farther north, is the 
chief nodal point of the system of grand boulevards, from which 
stem the broad tree-lined, busy avenues leading to the more im- 
mediate city centres, many of which constitute the hubs of new 
networks. In the exterior suburbs the same use of squares is 
made; they serve as foci to connect the inner ring of boulevards 
with roads to the centre and with roads leading out of Paris. 

The squares of the Left Bank arc are less impressive and no- 
table. In the east, balancing the Places de la Nation and de la 
Bastille is the busy Place d'Italie, from which radiate arteries in 
all directions. The Place Denfert-Rochereau lies near the south- 
ern end of the north-south axis of which the Boulevard Saint- 
Michelis part. Farther west again, the planning of streets is dic- 
tated more by the extensive rectilinear gardens and enclosures of 
the Esplanade des Invalides and the Champ de Mars. 

6. Public Buildings.—The chambers of both houses of the 
French Parliament are situated some distance apart on the Left 
Bank of the river. The National Assembly or lower house is in the 
Palais Bourbon overlooking the river on the Quai d'Orsay and op- 
posite the Place de la Concorde. It is a mansion in classical style, 
with Corinthian columns, begun in 1722 by the dowager duchess 
of Bourbon and later extended by her grandson the prince of 
Condé. It became the property of the nation in 1790, and was 
readapted to serve as a seat of legislature. The Senate sits in the 
Palais du Luxembourg in the Jardin du Luxembourg on the west 
side of the Boulevard Saint-Michel. This palace was built between 
1615 and 1627 by Marie de Médicis. Turned into a prison at the 
outbreak of the Revolution, it became the seat of the Directory 
апа later, under the 19th-century monarchs, of the upper house of 
Parliament; its galleries contain the works of modern artists and 
of distinguished sculptors. The official residence of the president 
of the republic, the Palais de JÉlysée, in the Faubourg Saint- 
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Honoré, was built in 1718 and later acquired b: 
dour; many other famous people lived there, [E de Ponp, 

The headquarters of the municipal authorities is in the Hôtel 
Ville on the Right Bank opposite the fle de la Cité, The ori 14 
building, begun in 1533, was largely destroyed by the Comm 
in 1871; the present one was built in 1874-82 in French 
sance style with elaborate sculptures. Occupying most of the 
ern end of the fle de la Cité itself stands the Palais de Justice (ley 
courts). The site was occupied in Gallo-Roman times by a cited 
and later by the palace of the Merovingian and Capetian ki 
It was handed over to the parlement of Paris by Charles VIL hy 
was destroyed by successive fires so that little is left of the medie 
val buildings except the Sainte-Chapelle, the Conciergerie (the old 
prison in which Marie Antoinette was imprisoned), and some 1h. 
century halls and kitchens, The western end of the present build 
ings has a fine facade in the Greek style, on the Place Dauphin 
The northern side, overlooking the wider branch of the Seine, his 
four towers which partly date from the Capetian era; the Tourd 
I'Horloge at the eastern angle is reputed to contain the oldest pub 
lic clock (1370) in France. 

Preeminent among the public buildings, since it is the oldest er 
cept for Notre-Dame and the most impressive monument of th 
city, is the Palais du Louvre, which extends for about half a mlt 
between the Seine and the Rue de Rivoli. On its site was orig: 
nally a keep erected by Philip Augustus, which Charles V enlarge 
and made into a fortress, and which Francis I transformed intot 
palace. Under Francis and his successors portions of the wings to 
the south and west courtyard were built; these rank among lk 
finest examples of Renaissance architecture. The remaining bull 
ings of the courtyard date from Louis XIII and XIV. Them 
wings projecting westward, each consisting of two parallel gil 
leries with pavilions at intervals, were completed under Napoleon 
III (though the Grande Galerie and, at right angles to it, the pali 
ion of Henry IV, had been erected on the river front by Cather 
de Médicis and Henry IV). The adjacent Palace of the Tullo 
was begun by Catherine de Médicis, and Henry IV constructed | 
wing (rebuilt by Napoleon III), uniting it with the Grande Galent 
of the Louvre (a corresponding wing on the north side dates 
various periods of the 19th century). The Palace of the Tul 
was burned down by the Communards in 1871, except for 
minal Pavillon de Flore. The corresponding Pavillon de Marii 
was later rebuilt. The site of the destroyed palace, for three (9 
turies the residence of French monarchs, is now occupl 3 
Jardin des Tuileries. Just north of the Louvre is the sma! 
magnificent Palais-Royal, built in 1629-34 by Lemerciet ^ 
Richelieu and bequeathed by him to Louis XIII; the. Со 
Française is now housed in the Théâtre Français at its | ' 
western angle. Official bodies such as the Conseil d'État an 
Conseil Constitutionnel occupy the main building. n 

The Hótel des Invalides, on the Left Bank a little way My 
west, was founded by Louis XIV in 1670 as a retreat E = 
soldiers. It contains museums of military history. Wi ài 
courts are the parish church of Saint-Louis-des-Invali m. 
various marshals of France buried in its vaults, an the contr 
the central crypt of which is the tomb of Napoleon I. ed of 

The Panthéon is now a civil building. It is зше T 
Boulevard Saint-Michel, and was intended to replace ^ 
sanctuary of Sainte-Geneviève. Begun in 1764, it was S of gf 
during the Revolution and dedicated to the шеш rec 
Frenchmen. During the 19th century it was several me 
crated and resecularized. The Panthéon is an imp ened 3 
building in the form of a Greek cross, its facade à reset 
Corinthian pillars. Inside are pictures and mosaics n 
scenes of French history. 

The Palais de Chaillot was built in 1937 or or, a 
Trocadéro, on the Right Bank opposite the Eiffel Тона dl 
contains several museums and a vast underground t! Я i 

Since the end of World War II several monumen! 
have been put up which have given Paris som 
of the architecture of the mid-20th century. 
Militaire now rises the UNESCO building with 
the shape of a Y; it was planned by an internatio! 
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A pictorial sampling of the 
city's appearance: (left) book- 
stalls on the left bank of the 
Seine River opposite the ile 
de la Cité; (right) the ca- 
thedral Church of Notre-Dame 
situated on the Île de la Cité; 
(bottom left) Place de l'Opéra, 
one of the busiest centres of 
traffic in Paris, with part of 
the Théàtre de l'Opéra built 
from designs of Charles Gar- 
nier; (bottom tre) side- 
walk cafes and shops along the 
tree-lined Avenue des Champs- 
Elysées; (bottom right) toy 
sailing boats In a pool in the 
Jardin des Tuileries 
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(Left) The Place Vendóme with the 
Vendóme Column, built in the style 
of Trajan's Column at Rome. 
(Right) A view of the Eiffel Tower 
from the Palais de Chaillot in the 
Place du Trocadéro. (Below) The 
Louvre seen from the Jardin des 
Tuileries 
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and decorated by well-known artists. The Porte Dauphine, 
headquarters of NATO, with an A-shaped ground plan, is similarly 
result of international collaboration by architects, engineers, 
"and contractors from the 15 member countries of NATO. The 
most striking new building was built at the Rond-Point de la Dé- 
ense; it is the building of the C.N.LT. (Centre National des In- 
ic et des Techniques), intended for the most important tech- 
“pial exhibitions. It is triangular in ground plan and covered by 
ense vault resting on the three points of a triangle (which 
4 ing 21,000 sq.m. [25,000 sq.yd.] of ground surface repre- 
к largest pitch in the world for a thin reinforced concrete 

Wome), with three facades entirely made of glass. 
Ё Centres of Commerce.—The principal financial and com- 
mercial district is around La Bourse, a huge building modeled on 
the Temple of Vespasian a little way east of the Place de l'Opéra, 
Just east of the Palais-Royal is the Banque de France, founded in 
‘The slaughterhouses, cattleyards, and most of the markets be- 
mg to the municipality. The chief abattoirs are in La Villette 
| [X Marché aux Bestiaux) and in Vaugirard. The principal 
"market is the Halles Centrales (between the Palais-Royal and the 
E de Sébastopol), called by Zola the “bowels of Paris.” 
‘They were first established there by Philip Augustus. The modern 
Series of buildings (pavillons) was built between 1851 and 1868 and 
enlarged in 1936. The 12 pavillons cover more than eight acres, 
All types of food products are sold there: about 40,000 tons in 
850; more than 1,700,000 tons in 1962. The pavillons had long 
inadequate; in 1962 it was decided to move the fruit and 
m Ente to Rungis near Orly, and the meat market to La 
le in the northeast suburbs. At the western end of the 
Halles Centrales is the Bourse de Commerce; the centre for the 
of spirits, grain, oils, sugar, etc. The vast Halle aux Vins, for 
eison the Left Bank opposite the eastern end of the ile Saint- 
By of sconces ofthe unter. Cae blag | ike 

сез е ersity (s A 
Me other provision markets owned by the municipality in other 
larters of the city, as well as numerous flower, bird, and live- 
E and the “Flea Market” held daily near the Porte 
e ncourt. 

3 Special fairs or markets of ancient origin are still held every 
JE in the spring, in the Boulevard Richard Lenoir, the Ham 
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Fair; in the Place de la Nation, during Easter week, the Honey- 
bread Fair (pain d'épices). The picturesque Scrap-Iron Fair also 
takes place biannually on the Boulevard Richard Lenoir, first at 
the same time as the Ham Fair and second in the autumn, Others, 
like the Fair of the Throne and the Fair of Saint-Laurent, are 
composed of sideshows, such as are produced successively through- 
out the year either on the squares, on the boulevards, or at the 
gates of Paris. Important modern trade shows are: the Foire de 
Paris, founded in 1904 (which takes place in May at the Parc des 
Expositions at the Porte de Versailles) and the salons which were 
held in the Grand Palais but more recently in the CNIT: the Salon 
de l'Automobile (in October), the Salon des Arts Ménagers (Feb- 
ruary-March), and the Salon de l'Enfance. 

8. Hospitals.—Paris has about 25 principal hospitals and the 
urban region of Paris about 120 general and 13 psychiatric hos- 
pitals and others for the congenitally disabled, for children, and 
for the aged. Most of these hospitals depend on the general ad- 
ministration of the Assistance Publique in Paris, which has 37,000 
hospital beds and 10,500 beds in homes for old people. 

The Hótel-Dieu on the Íle de la Cité is the Paris hospital with 
the longest tradition (the generic name Aótel-Dieu was applied 
from the earliest times to hospitals in cathedral cities); an /iótel- 
Dieu near Notre-Dame is mentioned in 829, but since then there 
have been several demolitions and reconstructions; the present 
building dates from 1868. The Hospice des Quinze-Vingts, for the 
blind, founded by Louis IX in 1260, was moved in 1780 from the 
Faubourg Saint-Honoré to the Faubourg Saint-Antoine; its oph- 
thalmological clinic dates from 1880. Farther to the east, in the 
same faubourg, the Hópital Saint-Antoine occupies the former Ab- 
bey of Saint-Antoine-des-Champs, whose buildings were rebuilt 
about 1770. Near the Gare du Nord is the Hépital Lariboisiére, 
built on the former Enclos-Saint-Lazare between 1846 and 1853 
and still in the 1960s (with about 1,260 beds) one of the largest in 
Paris. In the former northeastern suburbs the Hópital Tenon has 
since 1878 risen on the heights of Ménilmontant, In the former 
northern suburbs the Hópital Bichat was installed in 1882 and re- 
built after 1928. The Hópital Saint-Louis, in the Faubourg Saint- 
Martin, founded by Henry IV for victims of the plague, now 
specializes in diseases of the skin and in syphilis and has a derma- 
tological, syphilographic, and surgical museum. The Hópital 
Beaujon at the end of the Boulevard Haussmann in the Faubourg 
Saint-Honoré was opened for 
foundlings in 1784 and converted 
into a gen hospital in 1795; 
the old buildings are no longer in 
use, having been replaced by 
magnificent new ones (1935) just 
outside Paris, in Clichy. The 
Hópital Bretonneau (1901) for 
children, in Montmartre, is also 
notable for its pleasing architec- 
ture, The major isolation hospi- 
tal is the Hópital Claude-Bernard 
(1905), the buildings of which 
extend from the old Porte d'Au- 
bervilliers to the Canal Saint- 
Denis in Villette (Buttes-Chau- 
mont). 

A large number of the major 
hospitals are on the Left Bank. 
La Salpétriére, a large establish- 
ment beyond the Jardin des 
Plantes and the Gare d'Austerlitz, 
was founded as a hospice for beg- 
gars in 1656 and then assigned to 
sick or fallen women, and is now 
a hospital specializing in mental 
diseases; it is associated with J. 
M. Charcot. Adjacent to it is La 
Pitié, founded for like purposes 
(near what is now the Jardin des 
Plantes) in 1612, converted to 
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powers of the Préfet also remain unchanged in nature or extent; 
in him are vested the public control of finance, education, high- 
ways, etc. He is appointed by the minister of the interior and is 
responsible to him. Supervision by the government will continue 
to be exercised over all local government, in keeping with cen- 
turies-old traditions. 

Police duties, however, are entrusted to the Préfet de police, 
whose new jurisdiction encompasses not only the Ville de Paris, 
but also the three suburban départements and’ will extend into 
the former Seine-et-Oise and the Seine-et-Marne départements 
(the latter also being part of the new Région Parisienne). 

To meet the long-felt need for a body to coordinate the economic 
and administrative activities of the local authorities, a first step 
was taken in 1961 by the creation of the District de Paris, group- 
ing together the 1,305 communes of the former Seine, Seine-et- 
Oise, and Seine-et-Marne départements, and further measures 
were taken in 1964 to establish the Paris Region (Région 
Parisienne), a community of more than 8,000,000 inhabitants. 

Justice —Courts of more or less local competence, sitting in each 
arrondissement, are the Tribunaux d'Instance de Paris, for the 
city’s arrondissements, which deal with the minor infractions in 
their areas. The Tribunal de Grande Instance de la Seine has 
jurisdiction throughout the whole département and is divided into 
27 chambers (15 civil, 10 correctional, the children’s court, and 
the pensions court). The Cour d'Appel de Paris hears appeals 
from the two courts just mentioned, in both civil and criminal cases; 
its jurisdiction extends over not only the whole former département 
of the Seine but also to 6 other adjoining départements; it com- 
prises 22 chambers, not including the court of assizes, formed 
of magistrates taken in turn from each of the chambers, to which 
is joined a popular jury, to judge criminal cases; it has its seat at 
the Palais de Justice. The Tribunal Administratif de Paris, which 
comprises six sections, sits provisionally opposite the Palais de 
Justice. The Tribunal de Police sits at the Palais de Justice. 

Besides these local courts, Paris is the seat of central judicatures 
for the whole of France. These are: for civil jurisdiction, the 
Cour de Cassation, sitting in the Palais de Justice; for administra- 
tive jurisdiction, the Conseil d'Etat, sitting in the Palais-Royal; 
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and the Cours des Comptes, with jurisdiction over the expendi 
of the public départements and the larger communes whi bs 
situated between the Place Vendóme and the Place de BONS х 
Other tribunals for arbitration of commercial, оаа 
professional disputes are: the Tribunal de Commerce de Ja Че: 
composed of prominent businessmen; and the Conseils des Pul 
hommes de la Seine, joint bodies of employers and workers 1 

Police.—Before 1800, the police in Paris essentially were wi 
to control the political activities of the citizens, though fici 
de paix were created in 1791. In 1800, the prefecture of polite 
was created, but public order was entrusted for some time toth 
gendarmerie, a military body, under the orders of the préjet à 
police. A hundred uniformed sergents de ville were appointed i 
1829. They became the 1,500 municipal guards in 1830 and ym 
renamed іп 1848 for a short time gardiens de Paris (nickname 
montagnards). In 1870, the force was known as gardiens deh 
paix. At the end of the century the police numbered 7,500 ay 
the bases of the present organization were being established, 

The jurisdiction of the préfet de police hitherto extended oy 
the whole Seine département. The police commissaires (wh 
in 92 commissariats for the quarters of Paris and the canton d 
the suburbs) fulfill the offices of municipal and of judiciary polit, 
The municipal police employ a corps of brigadiers and йт 
de Іа paix. Its main function is to maintain public order (in 
it is helped by the Garde Républicaine, a corps of gendarme 
specially allotted to Paris). It controls traffic (through lk 
gardiens de la paix of the compagnies des voitures), carries mi 
casualties in the policesecours vans, and arrests wrongdoers. li 
agents patrol on foot and use bicycles, motorcycles, and vans, Th 
judicial police, whose headquarters are on the Quai des Оёқ 
intervene when criminal investigation is required, More serius 
crimes and those difficult to solve are usually handled by th 
specialist services at headquarters; minor ones may be tec 
by the local commissaires who rank both as municipal and judi 
police. 

3. Communications.—Paris developed as the country’s @ 
standing centre of inland communications, both because of it 
geographical position and because of the policy of extreme @ 
tralization adopted by the state. Certain physical features 
in this development. The flat plateaus of Brie to the east 
Beauce to the south were easily covered by roads and EU 
railways. The hills farther to the east are traversed by the К 
Seine, Marne, Aisne, and Oise. To the west the plain of the 
is broad, and the land rises gradually to the hills of Perche 
eastern Normandy. 

Roads.—Since “the 17th century the nation’s roads hae he 
designed chiefly to converge on the capital from all br 
Measures to ease traffic congestion include the construc’ 
roads along many stretches of the quays at river bai 
peripheral motorway (36 km., or 22 mi., long) with unt di i 
tunnels, which, in the course of the 1960s, would encirc 
and give access to the south- and westbound motorways: 

(For internal thoroughfares see above, General.) oui 

Railways and Buses.—As with the roads, Paris 18 the И, 
ing hub of the national and continental system; а detour servi 
is often much better than relying upon cross county (i 
Main line stations in the capital are: the Gare du het 7 
de l'Est, the Gare de Lyon (serving the south and a the Û 
Gare d’Austerlitz (serving the southwest and Spain); а 
Montparnasse (serving the west and southwest), rer 
Saint-Lazare (serving Normandy). Each of these 5 


especially Saint-Lazare, are commuter terminals. pe 

Communications in Paris and its inner suburbs e ps 
by the R.A.T.P. (Régie Autonome des Transpo iq 
through the double network of the Métro (unde ; 
and the buses. The Métro runs mainly ш Je camel 
parts of certain lines run above ground on viaduc! porté ү 
use from 1900, at first with a single line from the iad (m 
cennes in the east to the Porte Maillot in the west. 
14 lines with a total length of 169 km. (105 mi.). d 9$ subi 
work covers 1,465 km. (870 mi.) over 52 urban ке 
lines, In addition there is a suburban railway De 
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Airports—Paris airport is, after London, the second largest in 
Europe. Since 1945 it has been a public concern. charged with 
organizing all the civil air transport in the Paris region: the inter- 
national airports of Orly (15 km. [9 mi.] S) and of Le Bourget 
(9.6 km. [6 mi.] N), the heliport of Paris-Issy, and about ten 
minoraerodromes. The equipment and buildings at Orly, installed 
during 1957-62, can handle 12,000 passengers daily. 

Waterways and the Port of Paris.—Paris is served by an excel- 
lent system of waterways. The lower Seine connects it with the 
channel coast. Its area is linked to northeastern France and Bel- 
sium through the Oise and to eastern France and Germany through 
the Marne. The upper Seine is connected by canal with the Rhône 
and so with the Mediterranean, Moreover, three canals supple- 
ment the rivers and provide places for ports within the immediate 
area in or about the city: the Saint-Denis Canal from a northern 
point on the Seine to Villette and the Saint-Martin Canal from 
Villette to a southern point obviate the journey along the large 
western loop of the Seine; and the Canal de l'Ourcq runs from 
Villette eastward to Meaux (thus short-circuiting the southward 
loops of the Marne) and then proceeds in a northward direction 
to link up with the Ourcq River itself. 

The economic life of Paris and its suburbs, since the beginning 
of the р century, has been closely associated with the Seine be- 
cause the river has always been the cheapest and safest means 
of transporting goods. Because of the network of waterways con- 
verging from all parts of the country, Paris has been and still is 
М ee inland port in France, handling about a quarter of 
Tance's inland water traffic. Its port possesses about 160 km. 
(100 mi.) of quays along the Seine and the Marne, and the 
Canals of Saint-Martin, Saint-Denis, and the Ourcq.. Besides the 
quais in the city and greater Paris, a port area was begun in 1926 
" a noe. з ac.), with 13 km. (8 mi.) of additional quays 

ennevilliers. Barges up to 1,500 tons could thus reach the 
edge of the great western industrial region without having to pass 
through the lock at Suresnes. By the early 1960s, five docks had 
ni constructed for this port and traffic through Gennevilliers in- 
teased from 35,000 tons in 1948 to over 1,600,000 tons іп 1962. 
tol putting the river to a greater use by making the 
1 eaport was conceived in the 18th century and taken up again 
pu 20th century ; subsequently work was begun on dredging a 
еер channel {о Те Havre. A channel 42 т. (14 ft.) deep now 
ists, capable of taking large barges (many self-propelled) and 
ho Small Oceangoing vessels of 300 to 500 tons from England, 
hA enelux countries, and Scandinavia dock only at the ports 
usterlitz and Gennevilliers, 
a Gardens, and Cemeteries.—In the centre of Paris 
Fi public gardens of the Tuileries, designed for Louis XIV 
her a enlarged when the palace of that name was destroyed. 
doit B uM Sd the Place de la Concorde m de 
valde and Pring p, УРО te bis on in. 
d | ез, A little westward is the Parc du Champ de Mars (laid out 

710), with the Eiffel Tower standing at one end by the river and 

" Troe Miliaire at the other. Across the river are the Jardins 
B e in front of the Palais de Chaillot. On the west of 
river [er Saint-Michel is the Jardin du Luxembourg, On the 
Jardin des oly southeast of the Halle aux Vins, lies the 
ins а ш шч early in the 17th century), e con- 
portant ТЕ of natural history, zoological gardens, and an im- 
houses, n of plants in nurseries, hothouses and green- 
(Mex dira ee us 
illette and Belleville is the Parc de - 
0 han ре larger open spaces are the Bois de Boulogne 
ОАО 
pee tol е hunting ground of the Valois ‚ given. 
[ M uv P Napoleon III in 1852; and the Bois mum 
о ia taedia Wem 
teries am 8 Ban , with its open-air 200. 
of Bo deli е Cimetiére Montparnasse ( including the graves 
Cimetière are Maupassant, Saint-Saéns, and Sainte-Beuve), the 
ме: Montmartre (including the graves of Heine, Stendhal, 
Gautier, Dumas fils, and the brothers Goncourt), and 
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VIEW OF THE EIFFEL TOWER (BACKGROUND) AND THE OBELISK OF LUXOR 
IN THE CENTRE OF THE PLACE DE LA CONCORDE, TAKEN FROM BEHIND ONE 
OF THE EIGHT STATUES ON THE SQUARE REPRESENTING MAJOR CITIES OF 
FRANCE 


the Cimitiére du Pére-Lachaise between Ménilmontant and the 
Place de la Nation (which contains the graves of Abelard and 
Heloise, Moliére, Balzac, Chopin, Rossini, and Wilde). 

5. Sports.—The principal sports of Paris are horse racing, foot- 
ball, cycling, and swimming. Race meetings are held at Auteuil 
and Longchamp in the Bois de Boulogne, at the more distant 
courses of Saint-Cloud, Vincennes, and Enghien, and at those, still 
more distant, of Chantilly and Le Tremblay. Association and 
rugby football take place at the Stade de Colombes (across the 
Seine, to the northwest), at the Parc des Princes, and at. other 
locations. The Parc des Princes is also the site of certain bicycle 
races. The Vélodrome d'Hiver, where races were once held, has 
been replaced by a provisional building at the Porte de Versailles, 
called the Palais des Sports. Motor racing takes; place. at 
Montlhéry, 25 km. (15.5 mi.) south of Paris; athletic sports at 
the Stade de Colombes, tennis at the Stade Roland-Garros. 

6. The Press.—The Paris press in the years after World War II 
suffered in its circulation from the increasing competition of the 
provincial newspapers. This drop was accelerated by the tendency 
of the public to make the press one object of their minor econo- 
mies, Several journals went out of circulation altogether. 'The 
chief Paris daily papers and their approximate circulation in 1963— 
64 were: France-Soir (1,250,000); Le Parisien Libéré (790,000) ; 
L'Aurore (450,000); Le Figaro (475,000) ; Le Monde (250,000) ; 
Paris-Jour (267,000) ; Paris-Presse (95,000); La Croix (110,000) ; 
and Combat (42,000). These reflected opinions from the right to 
the left centre, with Le Figaro and Le Monde representing non- 
party, moderate, and independent views. Communist papers were 
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аи (190,000) and Libération (95,000; ceased publication 
in 3 

7. Water Supply.—The growth of the city has been accom- 
panied by improvements in its water supply. The earliest water 
supply was initiated by the Romans, who built an aqueduct from 
Rungis into the city. Until the 19th century, domestic water was 
obtained chiefly from wells and from the Seine. A pump (called 
La Samaritaine) was built by Henry IV on the Pont-Neuf, and in 
the 17th century another was erected at Notre-Dame. Public 
fountains were supplied by the construction of other aqueducts. 
Early in the 19th century the newly constructed Canal de l'Ourcq 
served as an aqueduct, and others were constructed from neigh- 
bouring rivers. During the Second Empire the foundations of the 
present system were laid by the engineer Eugéne Belgrand. Earlier 
sources were used for public and industrial purposes, and purer 
domestic water was obtained by tapping the sources of distant 
streams, whose supplies were led to reservoirs in the higher sub- 
urbs. To supplement them with water from the Marne and from 
the Seine modern pumping and filtering stations were constructed 
(Saint-Maur and Ivry-sur-Seine). The total length of the water 
supply system is 3,200 km. (1,988 mi.; crude water and drinking 
water). 

8. Fuel, Power, and Urban Heating.—The first gasworks 
in Paris was built in 1819. Since 1949 distribution has been 
handled by the nationalized company Gaz de France (GDF). 
Paris and its suburbs are fed from three stations (La Plaine-Saint- 
Denis, Gennevilliers—Villeneuve-la-Garenne, and Alfortville) 
through a system originating in the coke works in Lorraine and, 
since 1956, by natural gas from Lacq (Basses-Pyrénées) which is 
stored underground at Beynes, near Versailles. The distribution 
network inside Paris covers more than 12,000 km. (7,455 mi.), 
72% of it going for domestic purposes and 28% to industry and 
trade. 5: S € 

Electricité de France (EDF) { 1 
is a nationalized service. Eleven 
large power stations on the out- 
skirts of Paris provide four- 
fifths of the consumption, the 
remainder being supplied by 
hydroelectric power from the 
Alps. Current is distributed by 
underground cables. Public and 
street lighting is provided almost 
entirely by electricity. The 
total light flux has more than 
tripled in 30 years. The chief 
monuments and fountains are 
floodlit. 

Urban heating, installed after 
1930, covers 13 arrondissements 
in а network of 65 km. (40 mi.). 
Steam is produced by three spe- 
cial heating plants (two in Paris 
and the third at Saint-Ouen), by 
the rubbish incinerators at Saint- 
Ouen and at Ivry, and by the 
electric power station at Ivry. 

9. Sanitation.—The city was 
slow in developing any adequate 
system of sanitation. Streets 
were not paved until the time of 
Philip Augustus, who also or- 
dered the inhabitants to trans- 
port their refuse outside the city 
walls. Streams rising in the sur- 
rounding heights were used as 
primitive sewers, and their pollu- 
tion gave rise to repeated infec- 
tion. Under Henry IV the first 
covered sewer was constructed um 
(1605), but later progress was "or Y 
slow: even in 1663 the city had 
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less than 3 km. (1.6 mi.) of underground drainage and 8 
mi.) of open canals. In 1737 Turgot undertook the work i 
proving the city’s sanitation. By 1800, however, unde TN 
sewers were only 26 km. (16 mi.) in length, and much wat 
drained into swamps and ponds within the city area. An Eri 
of cholera inspired a further development of various kinds 
drainage, particularly in the 1860s and 1870s under the pl : 
of Belgrand, who undertook extensive improvements coveri 
whole area. By 1878 a network of 620 km. (385 mi,) of sewen 
had been constructed, other accessories created, and the Sey 
freed from pollution. 

Since the beginning of the 20th century the sewage system by 
increased to 2,000 km. (about 1,250 mi.), a large part of the way 
water from Paris being diverted to sewage farms in the norb 
western suburbs (Achéres). After World War I, a system f _ 
purification of waste water was developed to help prevent th 
increase in sewage farms. The program was initiated about I| 
its principal achievements being the overflow from Sév t 
Achères, extending into Paris as far as the Pont de l'Alma (1918 
[12 mi.], the longest in Europe) and the first section of the Achte 
plant. In Paris the sewers serve also as conduits for gas and wile 
pipes, telephone and telegraph wires, etc. 

Street cleaning in Paris is undertaken by special motor уйа 
and sweepers. Half the household waste is taken away dilly f 
dust carts, or unloaded on tips in certain outlying districts; th 
rest is burned in factories at Ivry, Saint-Ouen, and Кота 
which provide the steam used for urban heating (see above) ші 
electricity. 

10. Industry.—Paris is not only by far the most import - 
administrative and cultural city of France but also its leading 
dustrial and commercial city. Though it is not situated near touf 
sources of mineral wealth, it possesses considerable sources id 
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labour, which was initially turned to a variety of luxury and 
secondary. шш, Күр M трасе, E M and 
early in the century the resources 0! northern 
eoalfields idm more accessible, and the city began to develop 
heavier industries; ¢.g., engineering and chemicals. The outer 
ers, which had grown rapidly during the middle decades of 
the century under the impetus of this industrialization and had 
been incorporated within the municipality itself, proved insufficient 
lo contain the new industries. Thus, Paris rapidly overflowed 
beyond encircling heights which were its natural boundaries to 
become greater Paris, During the 20th century there was an in- 
creasing tendency for new industries to be concentrated in the 
outer districts and in the, satellite towns, to which, moreover, 
the heavier industries were inclined to migrate. 

Manufacturing industries predominate in the Paris region. 
Among the most highly developed are: the automobile industry, 
which accounts: for 64% of French production in this field; 
electrical industries, which employ more than half the total ef- 
fective labour force in the country; chemical and pharmaceutical 
industries; and food industries. The greater Paris area also pro- 
duces three-quarters of the French motion pictures, Finally, the 
subsoil of the Paris region provides an abundance of certain build- 
ing materials: 15% of the cement, 25% of the sand, and 70% of 
the gypsum produced in. France. 

The chief industry of the city itself is that which caters to the 
tourist trade—hotels, restaurants, and entertainment. Foreign 
tourists numbered 1,700,000 in 1959. А second type of industry 
is the manufacture of luxury articles demanding highly skilled 
workmanship and capable of being produced in small establish- 
ments or even within the home. These luxury articles include 
precious metalware, leather articles, gloves, china, and haute 
D. бае occupations are usually concentrated within the 
tentral arrondissements as for example in the Faubourg Saint- 
Honoré and around the Place Vendéme. In addition, the outlying 
arrondissements often specialize in particular trades such as furni- 
та E the Place de la Bastille, heavier Жын 

i Marais and Temple quarters, tanning in the southeast, shoe- 
Making at Belleville, and a variety of lighter industries, such as 
pat of precision tools, optical instruments, radio ever te 

office equipment, in other arrondissements. Printing and pub- 
hing are found in the Quartier Latin and the Rue Réaumur. A 
г proportion of the Paris population is also concerned with the 
Manufacture and sale of food, liquor, and other commodities 
ws PR the country or abroad, l 
¢ 20th century the development of Paris took place mainly 
the lines of communication. Industries are especially con- 
vnnd in the northern suburbs, Gennevilliers, Saint-Ouen, 
few up became of te Sut Dole Cana. Sut Dens (саў 

of the Saint-Denis Canal. = „v. 
his heavy industries producing locomotives and rolling stock and 

тя Он angie is du also era cd рө 26 

~ equipment and chemical by-products. Saint-Ouen 
Par, ited and lighter trades, Aubervilliers (g.v.) and 
шан ct on the production of both heavy and light 

jas At Pantin are large flour mills. Aircraft are built at 

" js Minor industries in the area include the manufac- 

glass and pottery. In the west and northwest industrial 
op = has been chiefly along the Valley of the Seine. The 
itr 1¢ centre of the motor and aircraft industries, including 
Works Sree at Grenelle within Paris itself and the Renault 
Seine fois каша aber ус iae ш 
pu uresnes (opposite the Bois de 
raters, are armament factories, heavy engineering works, 
i eas Plants. Among these industrial areas, however, are 
"m енд suburbs such as Neuilly-sur-Seine, Nanterre, 
Plat smalle S. The southeastern suburbs duplicate on a фе. 
и T scale those of the Seine Valley in the west. To the 
i Southwest along the valley of the Bièvre River are tan- 
i works, breweries, and tobacco factories, but these 
are mainly residential. The main film studios are at 
Mir Joinville-le-Pont, and Epinay-sur-Seine. The eastern 
Are relatively untouched by industrialization and remain 
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largely a residential area. After 1955 authority for further in- 
dustrial construction, and after 1960 for office building, had to 
be obtained at ministry level, in order to encourage decentraliza- 
tion and to curb the growth of greater Paris, 

See also references under “Paris” in the Index. 

Binciocrarny.—General; All the major publishers of guide books 
issue up-to-date works on Paris. To supplement these consult; R. 
Héron de Villefosse, Histoire de Paris (1950); A. H. Brodrick (ed.), 
Paris (1950), Greater Paris and the Ile-de-France (1952) ; P. Lavedan, 
Histoire de Paris (1960); J. Cocteau, Paris tel qu'on l'aime (1950) ; 
I Hillairet, Evocation du Vieux Paris (1951-54) ; P. Lefrancois, Paris 

travers les siècles (1950-56) ; G. Pillet, Paris 1960 (1961) ; L'avenir de 
Paris (1961); R. Minguet, Paris et l'hexagone français (1962); P, 
George and P. Randet, La région parisienne (1963) ; J. Bastié, Paris en 
Van 2000 (1964); L'Annuaire statistique abrégé de la région parisienne 
(1961); La Conjoncture économique dans le département, quarterly 
bulletin pub, by Préfecture de la Seine; the official Annuaire statistique 
de la de Paris, issued by the Service de la Statistique Municipale. 

History: General histories include M. Poéte, Une Vie de cité, Paris 
++ «3 vol. (1924); A. Dauzat and F, Bournon, Paris et ses environs 
(1925); L. Brossolette, Paris et sa région .. . (1934); М. Н. Raval, 
Histoire de Paris (1941); R. Héron de Villefosse, Histoire de Paris 
(1944) and Paris, 2,000 ans d'histoire (1948) ; P. Lavedan, Les Grands 
Créateurs de Paris (1951), Histoire de Paris (1960). For special pe- 
riods see P, M, Duval, Paris antique, des origines au ПІ“ siècle (1961) ; 
А. Friedmann, Paris .. . du Moyen Age à la Révolution (1959) ; P. 
Champion, Paris au temps de la Renaissance (1936), Paris au temps 
des guerres de religion (1938) ; L. Lanzac de Laborie, Paris sous Na- 
poléon, 8 vol. (1905-13) ; C. Simon, Paris de 1800 à 1900 (1900); L. 
Chevalier, La Formation de la population parisienne au ХІХ siècle 
(1950); С, M. Lameyre, Haussmann, "préfet. de Paris" (1958); Н, 
Sellier, A. Brugzeman and M. Poéte, Paris pendant la guerre (1926). 
See also the series Bibliothéque d'histoire de Paris (from 1909) and the 
periodical publications of the Société de l'Histoire de Paris et de lhe 
de France (from 1874) and of the Fédération des Sociétés Historiques 
et Archéologiques de Paris et de l'lle de France (from 1949), 

(J. D. L.j Н, рк S-R.; X) 

PARIS, the commercial and industrial centre for much of 
northeast Texas, U.S., and seat of Lamar county, located 100 mi. 
NE of Dallas, It was settled in 1841, incorporated as a town 
in 1874, and chaftered in 1905, The city was replanned after a 
disastrous fire in 1916, Paris Junior college (municipally owned) 
was founded in 1924, Manufactures include lamps, furniture, 
boilers, business forms, garments, crates, vinegar, stock feed, cot- 
tonseed oil, and dairy products. Paris is also a shipping point for 
cotton, grain, and livestock, 

For comparative population figures see table in Texas: Popu- 
lation, (C. A. W.) 

PARIS, CONFERENCE OF, the conference for framing 
the treaties which ended World War I, held in Paris in 1919-20, 


PRELIMINARIES 


The Pre-Armistice Agreement.—Germany faced complete 
defeat and unconditional surrender when, one after the other, its 
allies—Bulgaria, Turkey, and Austria-Hungary—broke under the 
strain of war in September and October 1918 and sought terms 
with the enemy, Germany saw its best chance in overtures to the 
president of the United States, whose speeches during months past 
had underlined the principles necessary to the restoration and 
preservation of world peace (see FOURTEEN POINTS). Accord- 
ingly, on Oct. 4 the German government dispatched a note to 
Woodrow Wilson through the Swiss government requesting an 
armistice. 

In reply, President Wilson laid down the stipulations to be com- 
plied with before negotiations for peace could be opened: (1) 
Germany must accept without qualification the principles of the 
Fourteen Points, leaving for discussion only the practical details 
of their application; (2) the German armies must be withdrawn 
from all territories of the Allies under the direction of the Allied 
military authorities; (3) Germany must cease all illegal and in- 
human practices and abandon unlimited submarine warfare; (4) 
the German nation must free itself of the arbitrary government 
which had conducted the war. Gen. Erich Ludendorff resigned 
rather than accede to those conditions, but the civil government, 
although it protested against the charges of illegal and inhuman 
practices, dispatched a note on Oct. 20 accepting the stipulations 
of President Wilson as preliminary to the Armistice. Wilson then 
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presented the matter to the Allies. : The president had already sent 
Сон Edward М. House to Paris as U.S. representative FA the 

upreme War Council. He met the Allied leaders, David Lloyd 
George, Georges Clemenceau and Vittorio Orlando, to discuss, 
first, whether an armistice should be granted, and second, whether 
Germany's request that the Fourteen Points be used as the basis 
of peace should be accepted. 

President Wilson has been much criticized on the ground that he 
was responsible for too early a peace, and that had it not been 
for him terms would have been dictated in Berlin. This is far from 
the truth. The Allied council agreed to grant the Armistice on 
the recommendation of the military leaders; the Americans were 
in fact less eager than the French and the British for the cessation 
of hostilities. To be certain of Allied sentiment regarding the 
Armistice, House asked Marshal Ferdinand Foch directly whether 
or not from a purely military point of view he would prefer hos- 
tilities to cease on the terms proposed. Foch replied that, since 
the terms demanded of Germany were practically the same as 
those that would be demanded at Berlin, he was opposed to the 
useless sacrifice of even one more life. 

The Allied leaders were doubtful as to whether President Wil- 
son’s Fourteen Points should be taken as the basis of the peace, as 
Germany asked. Clemenceau, Lloyd George, Paul Hymans, and 
Orlando each raised objections. They finally agreed, however, 
upon the strong insistence of House, to accept the Fourteen Points 
with two reservations regarding the freedom of the seas and resto- 
ration of invaded territory. Acknowledging these reservations, 
Wilson on Nov. 5 communicated the reply of the Allies to the 
German government. This note is of vital importance. According 
to H. W. V. Temperley, “It constitutes the formal and written 
offer of the Allied and Associated States to conclude with Germany 
(a) an armistice convention and (b) a treaty of peace. . This offer, 
it is conceived, was accepted by Germany by the act of sending 
representatives, through military channels, to meet Marshal Foch 
for the purpose of arranging an armistice. By the acceptance of 
the offer a solemn Agreement was reached which served, both 
morally and legally, as the basis of the armistice convention and 
the treaty of peace.” (A History of the Peace Conference of 
Paris, vol. 1, p. 382, Oxford [1920].) 

The note of Nov. 5, in which Wilson stated that Marshal Foch 
would communicate the conditions of the Armistice, contained the 
text of the memorandum of observations by the Allied governments 
on the correspondence between President Wilson and Germany. 
In this memorandum those governments “declare their willingness 
to make peace with the government of Germany on the terms of 
peace laid down in the President's address of Jan. 8, 1918 (the 
Fourteen Points), and the principles of settlement enunciated in his 
subsequent Addresses," subject to two qualifications. These re- 
served complete liberty, as regards the “freedom of the seas,” and 
interpreted “restoration of invaded territory" as meaning that 
“compensation will be made by Germany for all damage done to 
the civilian population of the Allies and their property by the ag- 
gression of Germany by land, by sea and from the air." 

Both the Allied and Associated Powers and the Germans ac- 
cepted this pre-Armistice agreement as the basis of the peace. The 
protests of the German delegation against the Versailles treaty in 
May 1919 were based upon their allegation that the treaty was not 
in accord with the principles of the agreement. The Allied and 
Associated Powers, although they denied the validity of the al- 
legation, explicitly acknowledged the validity of the basis: ‘The 
Allied and Associated Powers are in complete accord with the 
German delegation in their insistence that the basis for the negotia- 
tion of the treaty of peace is to be found in the correspondence 
which immediately preceded the signing of the Armistice of Nov. 
11, 1918.” 

ORGANIZATION OF THE PEACE CONFERENCE 


Representatives of the Chief Allied Powers.—Representa- 
tives of the chief Allied and Associated Powers—France, Great 
Britain, Italy, Japan, and the United States—held consultations 
in December and the first plenary session of the peace conference 
did not take place until Jan. 18, 1919, President Wilson did 
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not reach Europe until Dec. 13, 1918. The British prime py 
ter, Lloyd George, was detained at home by the Political ed 
tainties of a general election until after the new vie oe 
portant to any negotiations was the participation of th : 
heads of governments that nothing definite could be анада 
til their arrival. In the meantime, the smaller powers vg 
been overrun by the armies of Germany had time to bes 
their governments and to send plenipotentiaries to the conf, 

The Council of Ten.—Upon the arrival of Lloyd ues 

С 1 yd George in Pai, 
a meeting of the Supreme War Council was held Jan, 12 at th 
Quai d'Orsay. France was represented-by Clemenceau ûj § 
Pichon, Great Britain by Lloyd George and A. J. Balfour, 1 
by Orlando and Baron Sidney Sonnino, the United States by Wi 
son and Robert Lansing. Though ostensibly an informal conves 
tion among plenipotentiaries of the four leading powers, the me), 
ing was the occasion of the significant decision to add only ly 
representatives of Japan to the Supreme Council and to едй 
all others from the major decisions of the peace conference, Thy 
the Supreme Council of the conference, or Council of Ten, spray 
from the Supreme War Council. 

Other Delegations.—Representatives of Belgium, Serbia, Ry 
mania, Greece, and the' other states—32 in all—which had fo 
against the Central Powers or had broken off diplomatic relati 
with them also came to Paris. Obviously it was impossible fi 
all to have an equal part in determining the conditions of put. 
To each, seats and a vote were allotted in the plenary sessions d 
the conference. Representatives of those states which hid ® 
mained neutral during the war, and yet had interests to safeguil 
or to advance at the peace conference, were permitted to ate 
only those sessions which were arranged for discussion of tht 
claims, whenever they were specially summoned by the five 
powers. It had been the intention of the latter at first to putt 
the same footing the new states which were rising from the 
of the Central Powers: Before the first plenary session, 
and Czechoslovakia were conceded representation at the 
ence; but Yugoslavia—inclüding Serbia, Montenegro; and 
South Slav provinces of Austria-Hungary—was not officially rei 
nized until the end of May, chiefly because of the opposition 
Italy. 

The Delegates.—Outstanding among the delegates from i 
smaller powers were Paul Hymans, foreign minister of Her 
Ignace Jan Paderewski, premier of Poland, and Roman Dni 
president of the Polish National committee in Paris; am 
Bratianu, premier of Rumania. For Serbia and the S 
came Nikola Pasic, Milenko Vesnic and Ante 
Eleutherios Venizelos came to speak for Greece. For minit 
slovakia came its premier, Karel Kramar and its foreign ке” 
Edvard Benes. The new kingdom of the Hejaz was 1 
by Emir Faisal. ind 

But there was considerable dispute before the бу jut 
powers finally assigned places in the conference to eat 


and Brazil; 
ina, Czech 

Poland, Greece, the Hejaz, Portugal, Rumania, and Siam; 

to New Zealand, Bolivia, Cuba, Ecuador, Guatemala, Ba" 

duras, Liberia, Nicaragua, Panama, Peru, and Urugu* p 

delegates were thus left out, but the panel system was 

that all powers could use their plenipotentiaries In ro 


desired. Representatives of the British dominion 
more than once shared in important docs a ie 


Council by reason of their membership in the ра! vers of # 
Empire. Other work was found for excess membe! 
delegations on commissions and subcommittees. Ў m 
When the plenary assembly of the conference A app? o 
time on Jan. 18 it proved to be only a body for t теше W 
actions that had already been determined in the Sup 
Clemenceau was elected president of the conference : 
general previously selected by the Supreme ошо МҮЛ, 
A drafting committee was approved, on X jer 
only representatives of the five chief powers. 


to protest against such rigid control by the five. But 
nd plenary session on Jan. 25 Clemenceau bluntly dis- 
objections with allusion to the 12,000,000 soldiers 
ve powers. 
istrative Work.—With this matter of authority arbi- 
ranged, the peace conference settled to the work of con- 
ucting a peace, Peacemaking, however, was not to be its sole 
It was obliged also to assume executive duties of tremendous 
consequence. · It was to direct the Allied Armistice Commission at 
Spa. It was to set up and control the Supreme Economic Council 
at Paris. ‘It had to maintain its own authority over Poland, Ger- 
many, Hungary, Czechoslovakia, and Rumania. The Supreme 
Council of the conference administered the Armistice by instruc- 
tions to Marshal Foch, who in turn forwarded them to the inter- 
national commission at Spa. The Allied members of the commis- 
i ently had no authority to make any decision beyond 
hi instructions, They had full power to explain and to stress 
Pria points in the Allied interpretation of the Armistice and, 
г personal intercourse, to prevail upon. ће! German representa- 
lives to accept the decisions of the Supreme Council at Paris. The 
matters that chiefly concerned the Armistice commission were: 
the withdrawal of German forces from the territory of the Allies 
and their demobilization ; the repatriation of prisoners interned in 
Germany; surrender by Germany of the required amounts of arms, 
airplanes, mercantile and agricultural machinery, and railroad 
Fe and the delivery of other commodities stipulated in 
t Armistice. 
Supreme Economic Council.—At the instance of President 
Bs Feb, ү [үре Council resolved to create a Su- 
ime Economic Council of five members from each. interested 
Power to advise the conference on the temporary economic mea- 
Sures necessary pending the completion of peace negotiations. 
‚А! its first meeting on Feb. 17 the Supreme Economic Council 
to co-ordinate the work of all the former war boards and 
oe as sections of its own organization. As a result, 
matters of and relief were placed under Herbert Hoover of 
United States as, director-general; matters of finance under 
Davis of the United States; the problems of communica- 
pori ultimately assigned to Brig. Gen. H. O. Mance of Great 
į raw materials to Louis Loucheur of France; problems of 
bes le to mance Bii of the United States; and shipping 
Kimball oke of Great Britain. 
, The Supreme Economic Council endeavoured to supply devas- 
I йа materials necessary for reconstruction and to re- 
dio. €conomic activity of those countries which were victims 
war It was especially concerned with the problem of re- 
| the famine-stricken areas of eastern Europe—a situation 
as dangerous to political stability and likely to encour- 
| gem of Bolshevism. It arranged the Brussels agreement 
o Witch Germany. was provided with foodstuffs, to carry out that 
Provision ^ she басе which pledged Шен оша) 
many in return for cash payments, It delegated to a su 
tite he special task » сл ай a n me 
m Ml nany occupier ied armies. carried on dir 
Pa iie with. the Apte finance. commission, studied the 
Hungary, s: abe Allied blocadas of ен pans end 
, irged the Supreme Council of the conference to rt 
pr blockades for the benefit of the peoples of other states near 
ота the blockade against Germany and serene the 
ў m systems of Austria, Hungary, and Poland. — 
duin. the Supreme. Economic Council under the efficient 
Commission com Robert Cecil, PPE ES ni s a Saher 
inister economic affairs until the a 
dame One of the most important international bodies 
sailles hag € Organization of Europe. After the Treaty of Ver- 
the Allies Ке рц, the council Uie p ve as agent for 
0 -. e last meeting was held in Feb. . 
tin ial Language and Publication.—Two preliminary ques- 
ji, ^. Procedure for a time. disturbed the plenipotentiaries at 
|, Vhat was to be the official language of the conference? 
French ang oceedings be made public? It was decided that 
and English texts, of equal authority, should be presented 
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in the treaty with Germany, which included the covenant, Ttalian 
texts, along with English and French, were presented in the Aus- 
trian, Hungarian, and Bulgarian treaties; and in all these the 
French version was declared to prevail in case of divergence. The 
languages of the enemy states were denied admission to the texts 
of the treaties. The decision was reached to withhold details of dis- 
be as much as possible until definite understandings had been 
secured. 


THE WORK OF THE PEACE CONFERENCE 


Problems in Eastern Europe.—The authority of the peace 
conference was menaced seriously by the hostility of Germany 
and also by the resistance of Rumania and the new governments 
of Poland and Czechoslovakia. Early in November 1918 hostilities 
had broken out between the Poles and the Ruthenians in east 
Galicia where Polish proprietors constituted a landed minority, 
and Ruthenian peasants—closely related to the Ukrainians in 
Russia—were a majority. During February 1919 an Allied mis- 
sion intervened, but the Ukrainian commander refused to accept 
the proposed truce. In March the Supreme Council of the peace 
conference arranged another truce with the Ukrainian commander, 
and on April 2 set up an inter-Allied commission at Paris to arrange 
the terms of an armistice concerning east Galicia. The Polish 
delegation rejected this armistice on the ground that Poland’s 
safety required military occupation of east Galicia. The Supreme 
Council sanctioned the Polish occupation. The status of east 
Galicia was left for later decision. (See POLAND: History.) 

To safeguard Poland on its western border, the peace conference 
imposed an obligation upon Germany that had not been stipulated 
in the Armistice. In Poznania the Poles rose against the German 
garrisons at the end of December 1918. In January the Supreme 
Council dispatched an inter-Allied commission to stop these hostili- 
ties and served notice of that intention upon Germany through 
Marshal Foch. Germany protested but accepted the provisional 
line of demarcation as laid down by the Allied Commission until 
the boundaries of Germany and Poland were determined by treaty. 
Germany also objected to the transport of Gen. Jozef Haller’s 
Polish army from France to Poland via Danzig on the ground 
that its presence would prejudice the ultimate disposition of Dan- 
zig. The conference forced Germany to admit the technical 
right of the Allies to use Danzig as such a port of entry to Poland, 
but allowed Germany to route Haller’s army via railway without 
touching Danzig. 

Still more vexatious to the peace conference, perhaps, was the 
situation that developed in Hungary after the establishment of a 
Bolshevik regime under Béla Kun and the conflict between Hun- 
gary and Rumania. (See HUNGARY: History.) Other matters to 
distract the Supreme Council of the peace conference from its 
major task of peacemaking were the sharp controversies between 
Czechoslovakia and Poland over Teschen and between Austria and 
Yugoslavia over Klagenfurt. The situation in Russia caused much 
discussion during the first days, Decision was reached on Jan. 22 
that all the Russian factions should be summoned into consulta- 
tion on the island of Prinkipo, in order to determine who was to 
be responsible for Russian interests at the peace conference. But 
nothing came of the effort. Neither the old tsarist order, the 
revolutionary government of Alexander Kerensky, nor the Bolshe- 
vik regime of Nicolai Lenin was represented at the peace con- 
ference. Nor were the new Baltic states—Finland, Estonia, 
Latvia, Lithuania—which were breaking away from the old Rus- 
sian empire. 

Special Commissions.—Among the special agents established 
to assist in making a peace were commissions оп: (1) responsibility 
for war and guarantees, with Robert Lansing of the United States 
as president and subcommittees on criminal acts, responsibility 
for war, responsibility for violation of laws and customs of war; 
(2) reparation for damage, with L. L. Klotz of France presiding 
and subcommittees on estimation of damages, financial capacity 
of the enemy, and means of payment and reparation; (3) interna- 
tional labour legislation, with Samuel Gompers of the United States 
presiding (see INTERNATIONAL LABOUR ORGANIZATION) ; (4) inter- 
national control of ports, waterways and railways, with Silvio 
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Crespi of Italy as president and subcommittees on transit and con- 
trol of routes of communication; (5) financial questions, with Ed- 
win Samuel Montagu of Great Britain presiding and subcommit- 
tees on financial problems preliminary to peace, on monetary 
questions, enemy debts, and so on; (6) economic questions, with 
Etienne Clémentel of France as president and subcommittees on 
permanent commercial relations, tariffs and customs, navigation, 
industrial property, and others; (7) aeronautics, with Colonel Dhé 
of France as president; (8) inter-Allied naval and military affairs, 
under the presidency of Marshal Foch; (9) the central commis- 
sion on territorial questions, over which André Tardieu of France 
presided, to coordinate the work of the committees and commis- 
sions examining the complex problems of Czechoslovakia, Poland, 
Rumania, Yugoslavia, Greece, Albania, Belgium, Denmark, the 
Saar territory, and Alsace-Lorraine. 

Tn all these agencies of the peace conference the five associated 
powers kept for themselves either the entire membership or at 
least a majority over the smaller powers. 

League of Nations Commission.—First and most important 
of all was the Commission on the League of Nations, chosen on 
Jan. 25 at the second plenary session of the conference upon the 
recommendation of the Supreme Council. The membership of 
this commission was drawn from the political leaders of 14 nations. 
Among them were Lord Robert Cecil and Gen. Jan Christiaan 
Smuts of the British Empire, Léon Bourgeois of France, Orlando 
of Italy, Hymans of Belgium, Venizelos of Greece, Vesnic of 
Serbia, Wilson and House of the United States. The commission 
met on Feb. 3, and after daily sessions in the Hétel Crillon (held 
at hours that did not conflict with the meetings of the Council of 
Ten) presented to the plenary session of the conference on Feb. 14 
the first draft of the covenant. The usual procedure at the con- 
ference of translating into French when English was used and 
into English when French was spoken lengthened the sittings two- 
fold and, though necessary, consumed much time. On the other 
hand, at the meetings of the commission to form the covenant for 
the League of Nations, interpreters, sitting by those who did not 
speak both languages, kept them informed in an undertone of the 
progress of the discussion. It was agreed by the commission to 
use as a basis for discussion the U.S. plan for the covenant pre- 
pared by Wilson and House, which had, by consent, been put into 
legal phraseology by Sir Cecil Hurst and David Hunter Miller, 
legal advisers respectively of the British and U.S. delegations. 
There were difficult problems to solve. The question of political 
equality and that of having a league with an army at its command 
to enforce its decisions, advocated by the Japanese and French 
respectively, caused acrimonious debates. 

The debate іп the plenary session—the one important discussion 
in that body throughout the period of the conference—resulted in 
approval of the principle of the covenant and brought forward 
various suggestions for amendment. President Wilson left on the 
following day for the United States. The covenant was revised by 
the commission and finally approved by the fifth plenary session 
of the conference on April 28, without change of a single word. 
The covenant specifically provided for safeguarding the Monroe 
Doctrine against actions by the League; it contained a clause to 
permit any state to withdraw upon giving notice of its intention 
two years in advance, The chief objection to the covenant raised 
in the United States was passed over. With the full support of 
President Wilson, article 10 was retained in the covenant. (See 
also LEAGUE ОЕ NATIONS.) 

Council of Four.—Four days after President Wilson left for 
the United States (Feb. 18), Clemenceau was shot by а fanatic. 
Although not dangerously wounded, he was confined to his home. 
House, who had been delegated to take Wilson’s place, came to 
meet him there and, with the return of Lloyd George from England, 
the same group was again formed which had worked with celerity 
and success during the Armistice proceedings. Thus the Council 
of Four took form. The Japanese plenipotentiary, Kimmochi 
Saionji, held to the policy of not participating when Japanese in- 
terests were not concerned, especially when the matters under dis- 
cussion pertained purely to a European problem. 

Upon Wilson’s return to Paris (March 14) he replaced House 


PARIS, CONFERENCE OF 


in these informal conferences. The four heads о! 

the Council of Ten. It was reduced to the five foe ala 
Whenever they desired, the four assumed the authority Nu 
as the Supreme Council of the peace conference and drew theta 
confer in private. The ministers of foreign affairs contin 
sit as a Council of Five, although they were concerned Ned 
with minor executive duties and other matters of routing 
while the four were still engrossed in negotiation with the 
calcitrant German delegation, the five went ahead with da 
of the terms to be given to Austria. The power of the peace ce 
ference had been drawn into the hands of four men, and the Il 
Orlando, found that final decision belonged really to the thre 
Clemenceau, Lloyd George, and Wilson. 

No one heard the arguments of the four except their interpre. 
Paul Mantoux, and later their secretary, Sir Maurice Hankey, yy 
kept the minutes of their discussions and drafted the resolut 
upon which they agreed. On occasion, experts were summoned t 
give data and technical advice. Inter-Allied commissions yee 
formed directly by the four and ordered to report to them, 

Claims of France and Poland.—When Wilson returned u 
Paris, the problem of meeting the claims of France, Italy, Belgian 
and Japan immediately became acute. The French asked in 
continued occupation by the Allies of the Rhineland and the bridge 
heads of Cologne, Coblenz, and Mainz, Unauthorized фт 
were made for the permanent separation from the reich of Germ 
territory on the left bank of the Rhine. France asked further fe 
complete sovereignty over the Saar territory as compensation f 
its own mines which had been deliberately ruined by the Gema 
forces. The French representatives pressed vehemently for “ie 
tegral reparation,” assessment’ of actual damages done by W 
enemy and exaction of the total amount in reparation. Frant 
supported Poland’s claim to complete sovereignty over Ding 
and the approaches to that city. 

Although at one time (April 7) President Wilson threatened! 
break off negotiations over these questions and return {0 
United States without finishing the task of peacemaking, O 
promises that he could accept were found one after another. 
scheme for a republic on the Rhine was repudiated, but agre" 
was reached that the left bank of the Rhine and a wide stih 
the right bank should be demilitarized and all fortifications ПЁ 
and that the Allies should maintain their joint military Occup i 
for 15 years. It was to be continued if France, in the rr 
the Allies, was not then sufficiently secured against an рг 
attack. The decision to prohibit union of Germany with A 
described by André Tardieu as one of Clemenceau's fundamen 5 
was inserted in the first draft of the German treaty IM May 
remained there in the definite text of June 28. pne 

As for the French claim to the Saar territory, the com d 
was reached that France should have full ownership 9 
mines but that, because of the 650,000 German inhabi 
ernment of the region should not be given to France ШШ 
put under the control of the League for 15 years. At t od 
that time, the inhabitants resident before this arrangemen! 
vote for one of three settlements: the status quo under nr 
union with France, or return to Germany. In case ше: ot 
return to Germany, France was to give back 
ceive compensation from Germany. , 1 

The problem of reparation was not effectively 80 think 
Council of Four. Many English and US: vi an y? 
Germany's exhaustion, the danger of making the е lank 
desperate and the mistaken policy of asking that а 
be signed and handed over for the Allies to fill in, urg! i 
many be cleared of charges for reparation by ра ified 
of whatever amount it could produce. The debate É 
the uncertainties of Germany's capacity to pay and t ch vi 
for which Germany might be held liable. The Fret gable to 
vailed. It was agreed that Germany should be he i 
to the limit of its capacity. The demands of Е Е 
French that pensions should be included in ш Я Е, ded 
were at first opposed by Wilson, but he finally Y 
REPARATIONS. rg 

The Hem over Danzig was broken by Lloyd Ge 


the mines 
ved wi 


Mi 
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and found a complicated compromise between Wilson’s 
th point that Poland should have free and secure access 
to the sea and British fears that a Germania irredenta might be 
. Danzig was to be a free city under the protection of the 
of Nations, but mwa to have access through Polish 
огу. to the Baltic Sea and virtual control over Danzig’s in- 
Eu: Within a week after President Wilson had threat- 
to leave the conference, these differences had been ironed 
out so well that the representatives of Germany were invited to 
appear at Versailles on April 25. 
Claims of Italy, Belgium, Yugoslavia, and Japan.—But 
` another crisis suddenly appeared.. The Italians threatened to with- 
daw from the conference unless their claims to Austro-Hungarian 
"territories were met before the Germans signed the treaty. 
` These claims were grounded upon promises given by France and 
Great Britain in the secret treaty of London (April 26, 1915). 
Orlando went further, however, to claim the city and port of 
Fiume (see RIJEKA) which had not been allotted to Italy by the 
secret treaty. In this case he argued for the principle of self-de- 
ише although he had opposed the application of that prin- 
to the German population in the Tirol south of the Brenner 
Pass. Wilson gave way to Orlando's contention to the extent of 
agreeing that Italy’s northern frontier should be extended to the 
ей E he resisted the Italian pretensions on the eastern 
of the Adriatic because they were advanced at the expense 
of Yugoslavia and Albania. Fiume had a large Croat population 
thd a purely Croat hinterland. It was the natural seaport of the 
| E m — ас to the east. Wilson rejected the 
‘Suggestion that Fiume should be given to Italy in exchange for the 
Italian renunciation of claims upon Dalmatia under the treaty of 
E сее 23 Wilson publicly declared his reasons for 
| ing Italian claims: Orlando and his foreign minister, Son- 
nino, left Paris for Rome, but returned when the conference de- 
termined to proceed with the German treaty. They reached Paris 
th May 7, а day too late for the sixth plenary session which ap- 
Proved the draft of the treaty, and only a few hours before it 
Е“ to the Germans at Versailles, The Italians were back 
the conference, but the question of the Adriatic was not set- 


Meanwhile the claims of Belgium, Yugoslavia, and Japan further 
Complicated the situation for the Council of Four. Paul Hymans 
| don April 29 to demand that, since Belgium had been first 

Suffer in the war, it should be first to receive compensation for 

Wir costs. It had been promised as much in the Armistice. He 

that Belgium be given a prior lien upon $500,000,000 of the 

| cash receipts from Germany and complete settlement of the 
| t Account within ten years. 

ventually the U.S. view prevailed—that Belgium's case was 

| ee all others, Belgium was practically assured pay- 

ме of its war costs by receiving a special issue of German bonds 

0oo on the cash receipts. Serbia immediately asked for 

000, but the Council of Four dismissed that claim sum- 


De Japanese issue, however, could not be settled so easily as the 
except or the Serbian claims. The Japanese representatives took 
oid be to the suggestion that the German area in Shantung 
tun handed back directly to the Chinese. Japan claimed 
the Allee ж several grounds, and a secret agreement in 1917 with 
ршен ng assured Japan that they would offer no objection to 
Mier claims in Shantung, although the United States had 
Mn, but 605107 to thé agreement., Wilson resisted the Japanese 
The Ttali nally accepted a compromise on April 30. 
ттун crisis was threatening to disrupt the conference, and 
lx УШ with Japan was more than ever necessary. It 
cent qi t that the Japanese would keep Kiaochow and its ad- 
in the District, with rights also to exploit the mines and railways 
Wir he stl but that Chinese sovereignty would be restored 
sus eua of Shantung "as soon as possible.” The 0.5, 
Japan CHER agate faith in the oral promise of the Japanese that 
Retain d eventually evacuate Shantung in favour of China and 
кашуы е only commercial concessions. The Chinese repre- 
| at the peace conference had no such faith. They re- 
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fused to sign the treaty with Germany, but they gained a place for 
China in the League of Nations by signing the subsequent treaty 
with Austria. 

TREATY OF VERSAILLES 


The draft of the treaty with Germany was handed to Germany's 
chief representative, Count Ulrich von Brockdorff-Rantzau, on 
May 7, 1919, at the Trianon, Without rising from his chair the 
German hurled sharp words at the representatives of the Allies for 
their dilatory methods. In the past six months, he declared, the 
blockade had caused the deaths of hundreds of thousands in Ger- 
many. "Think of that," he said, "when you speak of guilt and 
punishment." He and his countrymen would accept the liabilities 
to which they were committed by the Armistice, would share in 
restoring Belgium and the devastated areas of France. But they 
and their nation did not hope for a just peace. “We know,” he 
said, "the power of the hatred that we encounter here." 

German Objections.—The Germans protested that the Allied 
plan for reparations was too severe and that the treaty as a whole 
was inconsistent with the terms of the pre-Armistice agreement. 
The Allies rejected this imputation, and a movement for revision 
led by Lloyd George came to an end on June 13, The only conse- 
quence was that some concessions were made to Germany on 
minor points. The treaty was signed in the Hall of Mirrors at 
Versailles on June 28 (see VERSAILLES, TREATY OF). 

The Treaty of Versailles was ratified on July 9 by Germany, and 
by October Great Britain, France, Italy, and Japan also had rati- 
fied. The exchange of ratifications was delayed for two reasons. 
First, it was hoped that the Senate of the United States would 
ratify at least with reservations. Second, Germany was required 
to make amends for the destruction of its fleet in violation of the 
Armistice. 

On Nov. 19, 1919, the U.S. Senate failed to ratify; but on Jan. 
10, 1920, Germany finally signed a protocol to give compensation 
for scuttling the fleet, Then the exchange of ratifications was 
made at Paris between the European Allies and Germany, and on 
Jan, 16, 1920, the League of Nations was formally inaugurated, 

Other Treaties.—Aíter the Germans had signed the Treaty of 
Versailles on June 28, 1919, the peace conference turned to the 
problems of Austria (see SAINT-GERMAIN, TREATY oF), Hungary 
(see TRIANON, TREATY OF), Bulgaria (see NEUILLY, TREATY OF) 
and Turkey. 

Mandates.—The acceptance of the principle of mandates was 
one of the most far-reaching decisions of the conference, It was 
a new venture in the government of backward peoples and was 
destined to play a large part in the affairs of many nations. It 
provided an excuse and a method for taking over the German 
colonies by the several countries interested, The German colonial 
empire vanished overnight. . Its loss was one of the hardest blows 
which German pride suffered and was resented with passionate 
fervour. 

Until the Paris conference there had been no attempt to reach 
a general understanding or fixed policy between the more powerful 
civilized nations regarding the control or betterment of such states 
or territories. However, the system hitherto practised was ad- 
mittedly so bad that when the conference came to the disposition of 
the former German colonies there was general agreement that a 
more enlightened policy should be inaugurated, In furtherance of 
this desire art, 22 was incorporated in the covenant. of the League 
of Nations and a commission was appointed to sit in London during 
the summer of 1919 to prepare the terms of the mandates. Upon 
this commission were Lord Milner, who had as his adviser Lord 
Robert. Cecil; Henri Simon, French minister for the colonies; 
Viscount Chinda of Japan; Signor Marconi for Italy; and Colonel 
House for the United States, with George Louis Beer as adviser 
(see MANDATE). (E. M. H.; R. B. McC.) 


SUMMARY 


Few treaties of peace have been so severely criticized by both 
victor and vanquished as the Treaty of Versailles and the treaties 
subordinate to it. The first criticism is with regard to time and 
method. It has often been argued reasonably enough that the 
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conference should have begun earlier than the second half of 
January 1919 and that there should have been a preliminary 
peace which would have enabled Europe to begin the work of re- 
construction. But this argument ignores the difficulties which the 
Allied Powers had in organizing their delegations and preparing to 
meet the intricate questions which the exhausting efforts of war 
work had caused them to delay. Moreover, President Wilson had 
to face the biennial mid-term elections in November and would 
have found it difficult to be in Paris sooner, and so great was 
his prestige at that time that the conference would have been use- 
less without him. In Great Britain the prime minister judged it 
necessary to hold a general election, a step which has been much 
criticized, but this criticism overlooks the fact that the parliament 
in existence had exceeded its normal span by three years and had 
become in some respects unrepresentative. 

Tt has also been said that not enough forethought had been given 
to the methods of working the conference and that more should 
have been left to the professional diplomats of the Allied countries 
who would have worked more skilfully and speedily if left to them- 
selves, But the three dominant statesmen, Wilson, Lloyd George, 
and Clemenceau, were men of such outstanding personality and 
men with such a suspicion and contempt for conventional diplo- 
matic methods that they naturally expected and were expected by 
their countries to be in the centre of the peacemaking from the 
first. Their political power outweighed the diplomatic skill of their 
most experienced advisers. 

French opinion was not satisfied with the treaty, for it did not 
provide in a clear enough manner either the military security 
the French naturally desired or the material compensation for 
the destruction of so much of their country. The guarantee of 
security through the League of Nations covenant, incorporated in 
the treaty, was unconvincing to the French and smacked of misty 
Anglo-Saxon idealism. The pact which would have bound Great 
Britain and the United States to give military support to France 
foundered with the failure of the treaty to secure ratification in 
the U.S. Senate. On the other hand the French well understood 
that the Germans were unlikely to accept the treaty in spirit and 
were certain to resent its severe conditions. The judgment of 
Jacques Bainville that the treaty was "too harsh for its lenity" 
expressed very well French uneasiness. 

In Great Britain and the United States opinion began rapidly to 
turn against the treaty. In the United States this was a double 
reaction of the isolationists who could not accept the League of 
Nations and of many liberals who felt that Wilson had renounced 
his higher idealism in being party to such a severe document. In 
Great Britain opinion at first was favourable; only two English 
members of parliament voted in the commons against its ac- 
ceptance and the act of King George V in meeting Lloyd George 
personally at Victoria Station on his return from the conference 
was in tune with popular feeling. But already much Liberal and 
Labour opinion was anxious and indignant and had made itself 
felt. 

Later in the year this opinion was stimulated by one of the 
most effective political pamphlets of modern times, J. M. Keynes's 
The Economic Consequences of the Peace (1919). This book, 
which enjoyed at once great celebrity, painted a picture of the 
conference and of the peace which came to be accepted by most 
Liberals and Radicals in Britain and the United States although it 
was widely denounced at the time in Conservative organs. Its 
main purpose was to demonstrate that the provisions of the treaty 
with regard to reparations were absurd and cruel but more generally 
it poured scorn on the principal actors at the conference, the con- 
duct of the election in 1918, and the supposedly odious character 
of the new parliament. ч 

In the course of time Conservative opinion began to turn against 
the settlement, less on humanitarian and economic grounds than 
because it was “unrealistic.” Conservative opinion did not seri- 
ously accept the covenant of the League as a great boon. The 
passing of the old Austro-Hungarian Empire, now replaced by 
smaller and new states, was regretted without much reflection on 
the fact that the Austro-Hungarian Empire had disappeared by the 


time the hostilities had ceased in 1918. 


PARIS, CONFERENCE OF 


By insisting on including the full cost of the war as a bags 
reparations the British and French delegations had aroused 
tations which were not fulfilled. The Reparations Commi, 
which was charged with arranging the amount and manner of 
payments, was a source of much dispute between Britain 
France in postwar years and the collapse of the German сш 
added to the difficulties. A more moderate demand for айн 
sum might have been more successful. In time Keynes's critice 
of the economic consequences of the treaty came to be 
accepted although it was later challenged, notably by [е 
Etienne Mantoux, The Carthaginian Peace (1946), 

The attempt to base a European settlement on the principle di 
self-determination has also been vigorously assailed and many æ 
amples of unjust frontiers have been cited as revealing either fal 
or vindictiveness. In each instance a case can be made out [y 
the frontier lines chosen. But the severe limitation of the frontes 
of Hungary appeared unduly oppressive. The inclusion of th 
southern Tirol in Italy was a concession to the Italian claims of; 
strategic frontier and a defiance of national considerations, Te 
frontiers of Poland in the west were vigorously assailed; the sit 
which gave access to the sea, the so-called Polish corridor, beam 
especially notorious. Yet it was the violation of Poland's westi 
frontier by Germany which was the occasion of the British ші 
French declaration of war їп 1939. The Turkish treaty was 
verely attacked and probably with most reason. The extension 
the Greek kingdom into Thrace and into Asia Minor proved tole 
politically untenable and militarily indefensible and the reviving 
power of Turkey under Mustafa Kemal Ataturk enabled the Tut 
to return to Constantinople and to Smyrna. The British mi 
date for Palestine (which enabled the Jews to find a home in thet 
ancient land) attracted little attention at the time but later pt 
duced the gravest difficulties; by Jews, however, it is remember 
as the beginning of the new state of Israel. There is a ceria 
irony in the reflection that while the principle of self-determin 
was essentially a Liberal principle, the Liberals in Great B 
and elsewhere, with a few exceptions, were unable to greet its prie 
tical applications with approval; they were much influen 9 
fact that the treaty had been carried out by their political e 
and in an atmosphere of chauvinism and nationalistic excl 
repugnant to their taste and conscience. ees 

The view may be taken that the treaty was unsound in its gene 
principles, that it injured Germany too severely without 
ing guarantees against its future aggression. On the other | 
it may be held that the treaty was the best obtainable it 
circumstances and that the new frontiers of Europe, for 
difficulties which they presented, were more just to the ҮП 
peoples of Europe than the previous state of affairs which $^ 
Europe east of the Rhine under the control of three d 
pires—Germany, Austria, and Russia. What was defec : 
not the treaty itself but the will of the victors to enforce 
Bolshevik Revolution and the outbreak of class warfare 
countries presented problems which drew attention er 
national problems. The challenge of Marxist socialism 
a new form of counter-revolutionary demagogy whic # 
name of fascism ог naziism threatened um peace dicte d 
way which no one in 1919 could possibly have pre u^ 
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Bibliography of the Paris Peace Conference (1935); Е, m g 
and R. Butler (eds.), Documents on British Foreign Policy, n 
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ARIS, DECLARATION OF (1856) owes its origin to 

diametrically opposing views of Great Britain and France on 

carriage of property at sea at the time of the Crimean War. In 

France allowed enemy goods in neutral vessels to go free 
wt confiscated neutral goods in enemy vessels. Great Britain con- 
fscated enemy goods in neutral vessels but respected neutral goods 
jn enemy vessels. The situation was an impossible one for neu- 
imis, Accordingly, each power abandoned part of its own doc: 
rines and accepted part of its ally’s doctrines, This compromise 

was expressed in the Declaration of Paris, which stated four prin- 

" of international law: 

(1) Privateering (see PRIVATEER) continues to be illegal. (2) 
‘The neutral flag covers enemy's goods, with the exception of con- 
traband of war (see CONTRABAND). (3) Neutral goods, with the 
exception of contraband of war, are not liable to capture under 

the enemy's flag. (4) Blockades in order to be binding must be 
efective, ie., maintained by a force sufficient to prevent access 
to the coast of the enemy (see BLOCKADE). 

The declaration was signed by Austria, France, Great Britain, 
Prussia, Russia, Sardinia, and Turkey, and was soon acceded to by 
all the powers except Bolivia, Spain, United States, Uruguay, and 
Venezuela. Spain acceded in 1908. The United States withheld 
formal adherence on the ground that, not possessing a large navy, 
it was obliged to rely upon privateers in time of war, The U.S. 
government would not agree to give up the right to commission 
privateers unless the principle of the immunity of private property 
at sea was generally accepted, At the beginning of the American 
Civil War and again in the Spanish-American War of 1898 the 

- United States declared its adherence to the declaration for the 
duration of hostilities only, Spain in the latter war, while repudi- 
Ge any obligation to the declaration, announced that it would 
A similar course. 

During World War I the British Prize Court declared that it 
Would regard the declaration not only in the light of rules binding 
in the conduct of war but also as а recognized and acknowledged 

of the law of nations. The provisions regarding enemy goods 

Neutral ships became almost wholly nullified by a series of 
developments: the disappearance of the “Free List” (a list of 
foods that could not be declared contraband); the extension of 

term “contraband” to include all commodities of use, directly 
or indirectly, to the enemy in the conduct of the war; the pre- 

‘umption of hostile destination; and the application of the doc- 

"4 of continuous voyage. The provision for safeguarding neu- 

50005 was also rendered almost wholly nugatory by the German 

rine method of indiscriminate destruction, While the 
ha owner of goods on board an enemy vessel was entitled to 

Ve them restored or paid for when brought in for adjudication, 

ok the risk of all necessary acts of war. It was held by the 
ch and German Prize courts that in the case of lawful destruc- 
of an enemy merchant vessel, compensation for loss.of neutral 

Sods on board could not be claimed. Sinking at sight, without 

den Passengers and crew in a place of safety, although forbid- 

by the London Naval Treaty of 1930 (Art. 22) and the London 
tocol of 1936, was resorted to by the principal belligerents on 
Sides in World War II. (See Nürnberg judgments on Dönitz 
eder, International Military Tribunal, pp. 304, 308 [1946].) 
Provision concerning blockades was repeated in the, Declara- 

М London (1909) but “paper blockades"—those not made 

in p ships of the blockading power—were complained of 

є ar I. Conditions of war against enemy commerce had 

ding o that the Declaration of Paris had little applicability 

т after World War П. See also Economic ege ) 
(H. H. L. B.; Q. W. 
аз, TREATIES OF, When this term is used without 

0,1814 е refers either to the treaties signed at Paris оп May 

to the т on Nov, 20, 1815, at the end of the Napoleonic Wars, 

Man, eaty of March 30, 1856, that ended the Crimean War. 
They id other treaties and conventions have been signed at Paris. 
йе ware tr readily identified by their dates and by the names 
tin and j. hey ended. The treaty of Paris signed by Great Brit- 
Years’ ш. е on Feb. 10, 1763, for example, ended the Seven 

ar. Other notable examples are the treaty of alliance 
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between France and the United States signed at Paris on Feb. 6, 
1778; the treaty of Sept. 3, 1783, which ended the American Revo- 
lution; the treaty of Dec. 10, 1898, ending the Spanish-American 
War; and the treaties after World War II with Finland, Italy, 
Hungary, Rumania, and. Bulgaria. 

The treaties signed at various Parisian suburbs, such as Ver- 
sailles, in 1919 and 1920 at the end of World War I are sometimes 
referred to collectively as the treaties of Paris (see Parts, CoN- 
FERENCE OF). 

Treaties of 1814—15.—The treaties of Paris signed on May 30, 
1814, were between France on the one side and Austria, Great 
Britain, Portugal, Prussia, Russia and Sweden on the other, Spain 
made the same treaty with France on July 20, Napoleon had ab- 
dicated in April and the victors, even after nearly a quarter cen- 
tury of war, gave generous terms to France under the restored 
Bourbon dynasty. France was allowed to retain her boundaries 
of Jan. 1, 1792, keeping possession of the enclaves annexed in the 
early years of the revolution; the most substantial was the papal 
territory around Avignon. Outside this frontier, France kept some 
small territories of which the most important were the fortress of 
Landau and, in the southwest, Savoy. Most of the French colonies 
were given back to France, but Tobago and St. Lucia in the West 
Indies and the Ile-de-France (now Mauritius) and its dependen- 
cies in the Indian ocean were ceded to Great Britain; San Domingo 
went to Spain; and France recognized the British possession of 
Malta. France received most-favoured-nation trading rights in 
British India and her old fishing rights at Newfoundland and the 
Gulf of St. Lawrence. 

The first treaties dealt only in general terms with the disposal 
of the European territories taken from the French empire and 
ended with the provision that all of the powers engaged on either 
side in the war should send plenipotentiaries to Vienna to complete 
the arrangements. In “additional, separate, and secret articles,” 
however, France agreed to accept the principles to be determined 
at the Vienna conference by the allied powers, Austria, Great 
Britain, Prussia and Russia, The articles formed the basis for 
much of the subsequent treaty of Vienna, Other supplementary 
treaties dealt with the abolition’ of the slave trade, the expenses of 
prisoners of war and private claims against France. 

The second treaty (Nov. 20, 1815) and its dependent instru- 
ments were signed in an altogether different spirit. Napoleon had 
returned from Elba and had met with no resistance and with much 
welcome from the French. War was resumed and continued until 
Napoleon was defeated at Waterloo. The preamble of the treaty 
stated that the allied powers had preserved France and Europe 
from the disturbances with which they had been menaced by Na- 
poleon's last enterprise. They had decided, therefore, for the sake 
of future security to exact indemnities from France, partly in tere 
ritory and partly in money, The French frontier was changed 
from that of 1792 to that of Jan. 1, 1790. The enclaves remained 
French but a number of bits of territory along the Belgian border, 
the fortress of Landau, and Savoy were taken away. France had 
to pay an indemnity of 700,000,000 fr. and to support an army of 
occupation of 150,000 men for not more than five years nor less 
than three years. In supplementary treaties, the provisions for 
the settlement of public and private claims were more detailed 
and more severe than in the treaty of 1814. The treaty abolishing 
the slave trade was renewed and strengthened. 

On the same day, a treaty commonly known as the Quadruple 
Alliance was signed by Austria, Great Britain, Prussia, and Russia. 
The four powers declared their intention to enforce the treaties 
signed with France, to exclude the Bonaparte family from the 
throne and to continue their alliance after the military occupa- 
tion of France was ended. The sixth article stated that in order 
to facilitate and to secure the execution of the present treaty, the 
sovereigns or their ministers would meet at fixed periods to con- 
sider measures that might be useful for the repose and prosperity 
of nations and the peace of Europe. In accordance with this last. 
article the congresses of Aix-la-Chapelle (1818), Troppau (1820), 
Laibach (1821) and Verona (1822) were held (qq.v.). 

Treaty of 1856.—The treaty of 1856 dealt with problems that 
had not been included in the settlement of 1814-15: the Near East 
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and the influence of Russia in the Ottoman empire. The terms of 
the treaty were worked out at a congress that met in Paris from 
Feb. 25 to April 30 on principles that had been agreed on under 
Austrian mediation. The congress convened to make peace be- 
tween the belligerents of the Crimean War: Russia on the one side, 
France, Great Britain, Sardinia-Piedmont, and Turkey on the 
other. Austria, which had maintained formal neutrality during 
the war but had leaned toward the western powers, was represented 
throughout the congress; Prussia was invited to attend to help 
revise certain existing treaties. 

As the principal occasion for the.war against Russia had been 
the protection of Turkey, the treaty gave special attention to this 
problem. Turkey was for the first time formally admitted into 
the system of the public law of Europe and the other powers 
agreed to respect and to guarantee her independence and terri- 
torial integrity. In turn, the Sultan promised to improve the con- 
dition of his subjects without distinction of religion or race. The 
Black sea was neutralized: its ports and waters were opened to 
merchant ships of all nations but were closed to all warships, and 
its shores were to be forever without fortifications or naval bases. 
The Danube river was opened to free navigation and an interna- 
tional commission was created to regulate this апа to keep the 
channel free of obstacles, Russia was removed from direct con- 
tact with the delta of the river by the cession of part of Bessara- 
bia to Moldavia. The principalities of Moldavia and Walachia 
(later joined as Rumania) were reorganized as autonomous states 
under the suzerainty of the Sultan. 

An additional convention reaffirmed the “ancient rule” that the 
Straits of the Bosporus and Dardanelles were closed to all foreign 
warships while Turkey was at peace. A declaration on the mari- 
time law of war, which was generally accepted as international law, 
abolished privateering; declared that enemy goods, except contra- 
band, were protected by a neutral flag; that neutral goods, except 
contraband, were not subject to capture even on enemy ships; 
and required that blockade, to be effective, must be maintained by 
a force sufficient really to prevent access to the enemy coast. See 
EASTERN QUESTION; PARIS, DECLARATION OF; see also references 
under “Paris, Treaties of" in the Index. 

BIBLIOGRAPHY Sir Edward Hertslet, The Мар of Europe by Treaty, 
vols. i and ii. (1873) ; Е. А. Simpson, Louis Napoleon and the Recovery 
of France, 1848-1856, ch. 10 (1923); Harold Nicolson, The Congress 
of Vienna, ch. 6, 14 (1946); C. K. Webster, The Foreign Policy of 
Castlereagh, 1815-1822 (1925), The Foreign Policy of Castlereagh, 1813- 
1815 (1931). (L. D..Sr.; W. A. P.) 

PARIS, UNIVERSITY OF. The University of Paris had 
its beginnings in the 12th century. Like most other medieval uni- 
versities, it was a kind of corporate company including both pro- 
fessors and students. Before it came into existence, the already 
famous Paris schools were divided into two categories: the École 
de Notre Dame, dependent on the chapter (see CATHEDRAL: De- 
velopment in the Middle Ages) of the cathedral, which was ad- 
ministered by the chancellor of Notre Dame; and the abbey 
schools, which were organized in famous ecclesiastical institu- 
tions, of which the most celebrated were those of Sainte-Geneviéve 
and Saint-Victor. 5 

The chancellor of Notre Dame sought to control all education 
within his jurisdiction, Thus he alone bestowed the licentia do- 
cendi ; i.e., the right of teaching. Professors and students opposed 
this and tried to gain autonomy so as to organize education in their 
own way. Among other things, they wanted all who showed ade- 
quate. intellectual ability to have the right to teach, and they 
therefore joined in a conjuratio, a community of professors and 
students, which was given the name of universitas, and sought the 
docs protection. (See UNIVERSITY for complementary accounts 
of origin and subsequent history.) Я в 

А i date of birth cannot be assigned to the university. 
However, in 1200 King Philip 11 Augustus granted the university 
authorities certain privileges, and in 1208 Pope Innocent III per- 
mitted them to frame regulations; in 1215 the papal legate Robert 
de Courcon presented them with a statute. (The word d 
was used for the first time in 1219.) A bull of 1231 defined the 
relations between the university and the bishop, to the disadvan- 


tage of the latter. 


PARIS, UNIVERSITY OF 


Like the schools that preceded it in the 12th century, the 
versity continued to attract the most celebrated professo 
Europe, who were ecclesiastics as were the students (ыз, à 
Freedom from episcopal jurisdiction, with direct answerabiliy i 
Rome, widened the scope of the curriculum and allowed тше 
papal control of its orthodoxy, which was further increased ly 
the entry of the mendicant orders—Dominicans and Franc 
both began teaching during the 1220s. Their intrusion Provoke 
discontent, for they claimed all the privileges of membership of 
the university but refused to acknowledge its authority, and ly 
subsequent conflict, which also involved the controversies betwen 
the Averroists and the moderate Aristotelians, became acute in, 
1250. (See AvERROISM, LATIN.) As a result of the power y. 
quired by the friars, secular theological students were virtually à 
prived of the chance of appointment as professors, and, after si 
utes passed by the secular masters against the mendicants a 
compelling all masters to take an oath of obedience had bw 
disobeyed, the masters in 1254 addressed an open letter again 
the friars to the prelates of Christendom. Louis IX and the cout 
influenced by the king’s confessor, himself a friar, supported th 
mendicants; Pope Innocent IV supported the secular masters, by 
on his death (1254), Alexander IV revoked the bull by which 
had withdrawn the mendicants’ privileges, and in April 1255} 
sued his bull Quasi lignum vitae, ordering the university to ada 
the friars to all privileges. 

The secular masters dissolved the university, and the quand 
became involved with their simultaneous attempt to procure tu 
demnation of the fanatical Franciscan writings of the Fraticl 
and especially of Gerard of Borgo San Donnino's Introductris 
ad evangelium eternum, published in Paris in 1254, as an introd 
tion to the works of Abbot Joachim (q.v.) of Floris. Tn rel 
tion, Guillaume de St. Amour (1202-72), a theologian and I 
of the seculars, had written his Des Périls des derniers teh 
(1256), identifying the friars with “the ungodly men” who wt 
to foretell the coming of Antichrist. The king was persuaded i 
submit Guillaume’s book to the pope, but the university 
the subsequent papal excommunication and banishment e 
laume by appointing him their proctor at the trial. In 12511 
papal court condemned the book but did not declare it y 
Guillaume refused to accept its judgment and, АПОУ 
petitioned the pope for permission to recall him, he was ba 
to his estates in Franche-Comté, where he died. M i 
quarrel between the secular masters and the mendis p 
settled by the pope in favour of the mendicants, an i 
Quasi lignum vitae had been accepted by the secular ri 
spite their protest that to them it was a “lignum mortis i 
mendicant orders thenceforward taught without hindran us 

At the end of the 13th century and during the 14th d 
University of Paris was the most celebrated E pe 
all Christendom, particularly in theological studies. vesti 
famous professors were the great schoolmen St. At 
Albert the Great (Albertus Magnus), and St. TE niis 
(See ScHoLasticism.) Students poured in from a st i 
the international character of education, deeply Chri anys 
spiration, was never more in evidence than in M facili 
masters had grouped themselves into four faculties: hr d 
arts where the trivium (grammar, puri vs beet 

uadrivium (arithmetic, geometry, astronomy, ш 
Guat together with scientific, literary, and genira di е facil 
faculty of theology, the most famous of the facu et 
of law (canon law); and the faculty of medicine. e their 0. 
students were divided into four “nations” according Aic 
French (for students of Latin race), Picard (inclu 
loons), Norman (with Bretons), and English ( 
mans and Swedes and after 1436 mats vie vet 
dean was elected as head of each faculty, ч 
faculty of arts was the nominal ei d univers! i. 
title of rector: Many colleges were built to act” j 
dents; one which was to be the best-known in latet Y 
founded in the middle of the 13th century cm aways 
de Sorbon and was called the Sorbonne (this " 
name of a building only, but has been confuse 
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itself, which is partly accommodated there). Mont- 
te-Geneviève became the district of studies, the Latin Quarter. 
` The University of Paris spoke for orthodoxy and its pronounce- 
had great influence. During the Great Schism (1378-1417) 
‘outlined the various solutions capable of bringing the church 
crisis to an end and generally upheld the conciliar theory (see 
COUNCIL: Conciliar Theory); its professors were Pierre d'Ailly 
ands: de Gerson (qq.v.). The university also took part in 
or example, during the quarrel between the Armagnacs 
and the Burgundians (at the beginning of the 15th century), it 
upheld the cause of the duke of Burgundy, John the Fearless. 
Such activities somewhat detracted from its prestige. In addi- 
tion, education founded essentially on scholastic dialectic became 
rigidly fixed, As a result, the university made little contribution 
to the humanism of the Renaissance, in inis of the presence of 
as great а scholar as Jacques Lefèvre d'Étaples (g.v.). Finall; 
Pics by the conflicts arising out 4 the Reformation. “i 
The university’s reluctance to accept advanced theories ex- 
plained its critical situation at the end of the 16th century. Its 
resources had become impoverished after the wars of religion, its 
ee re and its discipline relaxed; and academic studies 
abandoned by a generation more attracted by martial 
glory. The kings therefore undertook reforms. In 1598 Henry IV 
promulgated new statutes which specified the functions of teach- 
trs, reinforced discipline, and established new programs. Cardinal 
Richelieu further clarified these rules and proceeded with the con- 
struction of colleges. The new Sorbonne was completed in 1627 
on its present site and Richelieu wished to be buried in the chapel, 
on stone of which he laid in 1635. The statutes of 1598 
Were in operation throughout the 17th and 18th centuries. They 
E a solid foundation, and its members enjoyed 
| repute. ey took part in the quarrels of the Quietists, 
Jansenists, and Gallicans (for the professors were opposed to the 
Jesuits whose teaching flourished in many colleges, particularly 
that of Clermont, founded in 1611). In 1762 the colleges of the 
Lr e wore ES over by the university. 
The French Revolution aimed at sweeping away all institutions 
of the ancien. régime (and of the Roman Catholic Church) and at 
Teorganizing education; so the colleges and the four faculties of 
the university were abolished on Sept. 15, 1793. For 13 years they 
Were replaced by institutions of learning specializing in different 
he Polytechnic school, the Ecole Normale, the school of 
› and the museum. In 1806 Napoleon founded the Uni- 
versity E an administrative structure within which ai 
ПЕ units were regrouped and which was given the monopoly 
Ae throughout the country. Organized according to a 
MOM 17, 1808, it was subdivided into academies, each 
tained had à government-nominated rector at its head and con- 
à university consisting of the four classical faculties (law, 
ce, letters, medicine) and of various specialized institutes. 
55, within the Academy of Paris was the reconstituted Univer- 
of Paris, Among its several faculties were some which were 
while on rin the future (for example, that of theology in 1886), 
ers were to be created, for example, those of science and 
Norell’ е E оеша rea ا‎ su r^ the ante 
perieure, the Ecole des artes, an e Institu 
EN. Politiques. Teaching was secular; i.e., independent in 
At mi 5n itical or religious doctrine. Professors were co-opted, 
120 century (by which time. the University of France, as 
Ч body, had given place to the Ministére de 
faculties 9 Publique) the University of Paris included mainly the 
The Uni AW; medicine and pharmacy, science, and letters: ) 
tife a id of Paris renewed its fame asa preeminent scien- 
letture the ellectual centre. The most distinguished professors 
Students Y and there are more than 600 professorial chairs. 
i 885 numbered nearly 12,000; in the 1960s they ex- 
$5 ,000. Students of both sexes come from all parts of 
Prom the territories of French-speaking Africa, and from 
considerable. countries. The university curriculum underwent 
of law. iti е changes. The faculties of letters, of the sciences, and 
Sig is true, were in the second half of the 20th century still 
Same degrees and setting the same examinations as 
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previously (for the baccalauréat, for the licence, and for the doc- 
torat); but other faculties had an entirely different structure. A 
student of medicine, for instance, proceeded directly to his doc- 
torate without any, intervening change of status; students: of 
pharmacy or at the various institutes took their own special di- 
plomas; and the old examinations were being progressively super- 
seded by competitions. These developments, however, were not 
restricted to the University of Paris. They reflected, rather; the 
tendency of higher education in France in calling for a radical re- 
form that would affect the range of studies and the methods of in- 
struction. 

Breriocrarny.—H. Denifle and A. Chatelain (eds.), Chartularii Uni- 
versitatis Parisiensis (1889-1940) ; L. Halphen et al., Aspects de l'Uni- 
versité de Paris (1949) ; S. D'Irsay, Histoire des universités francaises et 
étrangéres des origines à nos jours (1933) ; A. Luchaire, L'Université de 
Paris sous Philippe-Auguste (1899) ; A. Garcia Robles, La Sorbona ayer 
y hoy (1943) ; H. R. Rashdall, The Universities of Europe in the Middle 


Ages, rev. ed. by F. M. Powicke and Е, B. Emden, vol. 1 (1936). 
(M. Pac.) 


PARISH, from the Greek paroikia, is the technical word for 
the unit through which the Christian church does its pastoral work. 
It was first used in this sense in the 2nd century Ар. Today a 
parish is a subunit of a diocese. But in, the early church the unit, 
called a parish, was the whole body of Christians in a city of the 
Roman Empire under the bishop. The bishop stood in the same 
relationship to the Christians of the whole city as does a parish 
priest today... Assisted by the other clergy he presided at all the 
services and did most of the preaching. Paroikia is used in the 
New Testament, where it means sojourning or temporary resi- 
dence, The parish in the early church was a body of people tem- 
porarily resident in an earthly city. Heaven was their real home. 
Christians in villages near a city were treated as part of the city 
parish. 

When in the 4th century Christianity in Western Europe spread 
to the countryside, Christians in important villages would be or- 
ganized into a unit with their own priest under the jurisdiction of 
the bishop of the city from which they had received the gospel. 
The unit was called a parish, These first country parishes re- 
mained few in number till the 8th century. They served large 
areas and their boundaries were ill-defined, 

In Anglo-Saxon England the first parish churches were founded 
in important administrative centres. They were called minsters, 
and subsequently old minsters, to distinguish them from the later 
village churches. In the Celtic church pastoral work was carried 
on from monasteries, whose clergy were both monks and parish 
priests; a monastery’s parish meant the lesser monasteries under 
its control. 

The existing parochial system in England and on the European 
continent was created between the 8th and 12th centuries, The 
payment of tithe, made obligatory on the European continent in 
the 8th and in England in the 10th century, had the result that a 
church’s parish meant the geographical area from which it received 
its tithe rather than the people in the area. Continental cities re- 
mained one parish under their bishop till the 11th century, The 
first to be divided into separate parishes were Cologne and Worms. 
Until the 11th century “parish” was used for both the whole area, 
a diocese, under the bishop, and the area served by a town or vil- 
lage church, a parish in the modern sense. Subsequently parishes 
became the unit of local civil administration and in rural areas of 
England are still the lowest unit of local government, ‘The increase 
in population during the 19th and 20th centuries necessitated the 
formation of many new parishes and the alteration of old bound- 
aries. 

Territorial parishes were created in North America in the 17th 
and 18th centuries. Maryland, where the Church of England was 
established, was divided by 1784 into 44 parishes, roughly four 
or five to a county. 

See also BENEFICE; DIOCESE; TITHE. (С. W. О. A.) 

PARISITE, a rare mineral, consisting of the cerium group of 
rare earths (cerium, lanthanum, didymium) and calcium fluocar- 
bonate. For many years the only known occurrence of the mineral 
was in the famous emerald mine at Muzo in the eastern Andes in 
Colombia found by J. J. Paris, who rediscovered the mine. . It has 
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been found in Norway, Italy and Madagascar, at Quincy, Mass., 
and in Montana. The composition of parisite is (CeF)sCa(CO;)3 
in which La and Di may replace varying portions of Ce. 1t is 
found only as crystals, which belong to the hexagonal system and 
usually have the form of acute double pyramids terminated by 
the basal planes; parallel to the basal plane there is a perfect cleav- 
age. The crystals are hair brown in colour and are translucent. 
Light which has traversed a crystal of parisite exhibits a charac- 
teristic absorption spectrum. (L: J. S; X.) 

‘PARITY, LAW OF CONSERVATION OF. The law of 
the conservation of parity states that in every physical process a 
certain characteristic of the physical system, called its parity, re- 
mains unchanged. The law belongs to the class of conservation 
laws (like that of energy) which are the most powerful principles 
of physics. The parity of a system, like its energy, is.a relatively 
abstract property. Unlike energy, parity has no meaning in classi- 
cal physics, and the law is thus not readily put into everyday lan- 
guage. But the basic concept of symmetry which underlies the 
law is old and familiar, and will be described in some detail below. 
(See also ENERGY: Conservation of Energy.) 

The conservation of parity was explicitly formulated in the early 
days of quantum mechanics by E. P. Wigner (q.v.) ; it became an 
intrinsic part of the theory. In the summer of 1956, Tsung-Dao 
Lee and Chen Ning Yang (qq.v.) of Columbia University and the 
Institute for Advanced Study, Princeton, suggested that the law, 
however well-verified in other parts of physics, might fail in cer- 
tain inherently slow decay processes of various fundamental par- 
ticles. A worldwide attack on the problem by many experimenters 
led to a full confirmation of the proposal of Lee and Yang. In 
such decay processes it was found that parity indeed is not con- 
served. Lee and Vang were jointly awarded the 1957 Nobel Prize 
for physics. 

Parity is the formal expression of the behaviour of the wave 
function of any' system when the spatial coordinates describing 
the system are inverted through the point at the origin; that is, the 
coordinatés x, y, and z, are sent into -х, -y, and -z. Such an 
atialytical transformation may be visualized by thinking of the re- 
lation between a right and a left hand or by viewing not the ob- 
ject directly but its optical image in an ordinary plane mirror. 
Since the time of T. Kant, at least, this distinction between object 
and image has concerned natural philosophy. Such a mirroring 
produces a counterpart to any given physical system; the full con- 
tent of the law of conservation of parity is simply that the mirrored 
system so produced is as fully physical as its original. The world 
of the looking glass is a possible real world—of course, it is an un- 
familiar one. In Lewis Carroll's Through the Looking-Glass, Alice 
first thought the looking-glass book was in a strange language, but 
it was a possible language. Only a particular historical sequence 
led to the form of our letters and the direction in which we read 
them on thé page. ‘It is the same for all artifacts; there can be no 
real distinction between’ object and mirror image. For each of 
them, a mirrored artifact is possible. Even in biology the off- 
centred heartbeat and the coiling direction of snail shells are mere 
accidents of history. “Mirrored organisms are perfectly possible, 
айд indeed occur. The asymmetry of’ chemical molecules lies 
deeper, but is no different (see STEREOCHEMISTRY). For every 
optically active form, its mirror counterpart is possible, and iden- 
tical in stability and function. The ubiquity, for example, of 
1-amino acids in nature is simply a historical fact; evolution might 
equally well have given us a living world made wholly with p-amino 
acids. 

But the &-decay of radioactive nuclei, and related processes, 
such as the decay of + and д mesons, can distinguish object from 
image. Experiment demonstrates that the emitted particles in 
such processes show a particular sense of spin direction around 
their directions of flight. The ordinary B-decay processes, emit- 
ting negative electrons, send out neutrinos all of which spin in the 
sense a left-handed screw would turn if advanced along the direc- 
tion of flight of the neutrino.. No stronger violation of the parity 
principle could be produced; the looking-glass B-decay process is 
reversed in neutrino spin sense, and unrealizable in our world. 
But such decay processes are intrinsically rare; in all specifically 
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nuclear processes and in mechanical and electromagnetic prow, 
which span all of the physical and chemical changes of dis 
life, the object and image are equally realizable in ud 
parity is fully conserved. Only in the slow decays, cid А 
so-called weak interactions, was the proposal of Lee ang 
found to describe the case (see FORCE). LN 
It is probable that even the distinction between objecta 
image allowed by the weak interactions would fail if the "i 
were rather more broadly interpreted. If the mirrored sy 
were not only spatially different, but if it were as Mess 
antimatter (substituting positron for electron, antinucleon form 
cleon, and so on throughout) the antimatter mirrored system nl 
become realizable. The looking-glass positron emission woy 
yield spin directions just like the ones we can observe, И 
ble that this more general mirroring in fact eliminates the apparg, 
distinction, and that what we see as the fundamental фей 
between our matter and antimatter is only an accidental featur 
of the grand evolution of matter in our cosmic neighbo 
But Alice could never enter the looking-glass world of 
on’ pain of annihilation! 
See also PARTICLES, ELEMENTARY; QUANTUM MECHA 
ANTIMATTER. | 
ВівілоскАРИҮ.-Н. Weyl, Symmetry (1952), Philosophy. of Heh 
matics and Natural Science (1949); P. Morrison, “Overthrow 
Parity,” Sci. Am. vol. 196 (1957); T, Y. Wu, “Laws of Con: 1 
Parity and Time Reversal,” 4m. J. Phys., vol. 26 (1958); CN 
Elementary Particles (1962); С. Feinberg and M. Goldhaber, “Т! 
Conservation Laws of Physics,” Sci. Am., vol. 209 (1963) . (P. Mo) | 
PARK, MUNGO (1771-1806?), Scottish explorer of th 
Niger, was born in Selkirkshire at Foulshiels on Sept. 10, ЇЙЇ 
He was apprenticed to a surgeon and through the good offices 
Sir Joseph Banks became assistant surgeon on an East Indiam 
Returning from his first voyage in 1793, he contributed a dest 
tion of eight new Sumatran fishes to the Transactions of thel 
nean Society. dni 
In 1794 Park offered his services to the African Association 
explore the Niger. On June 21, 1795, he reached the Gambit 
ascended that river 200 mi. to Pisania, a British trading ie 
On Dec. 2, he started for the unknown interior by crossing | 
upper Senegal Basin. The journey was full of difficulties. ® 
Ludamar he was imprisoned by an Arab chief for four mont 
he escaped alone on July 1, 1796, with nothing but his horse! 
a pocket compass. On July 21 he reached the long-sought М 
at Ségou. He followed the river downstream 80 ml. to te : 
he was obliged to turn back, being without means and utte à 
hausted. On his return journey he took a route more to il 
keeping close to the Niger as far as Bamako. He reac 
again on June 10, 1797. A detailed narrative of his ja sl 
els in the Interior of Africa, was published in 1799. j 
tremely popular at the time and is still regarded as a e id 
In 1799 Park married and settled at Foulshiels. Two ye 
he moved to Peebles, where he practised medicine. In 
of 1803 he was invited by the government to lead an "s 
tion to the Niger. Park accepted the offer, but ШП | 
expedition was delayed, so he went back to Foulshiels: " 
the acquaintance of Sir Walter Scott, who was then 
at Ashestiel. 
In September, Park was summoned to London ie Ga ybi 
new expedition. He sailed from T 


Portsmouth for tie 7, 
Jan. 31, 1805, having been given a captain's comm d bro 
the government expedition. Alexander À 
law, was second in command. | Having picke ү 
at Goree, Park began to ascend the Gambia with? 
40 Europeans. Only 11 of them were alive when bed to 
reached the Niger in August; the rest had succum 
dysentery, From Bamako the journe t на ۴ 
canoe. He received permission from the ruler o hec pated ® 
ceed and at Sansanding, a little below Ségou, Par With es 
journey down the still unknown part of the river. Л 

nions he set sail on Nov. 19, 1805. Р sti 
Коран wrote to his wife stating his intention ine 
anywhere until he reached the coast, where he be rd of HF 
about the end of January 1806. No more was he 
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until reports of disaster reached the settlements on the Gambia, 
Asa result of inquiries made on behalf of the British government 
it was established that Park and his company reached the rapids at 
Bussa, about 1,000 mi. below Sansanding. There they were at- 
tacked by hostile natives and Park was drowned, 

BIBLIOGRAPHY .—] Thomson, M: ungo Park and the Niger (1890), for 
a critical estimate. See also the biography, by J. Wishaw prefixed to 
Journal of a Mission into the Interior of Africa in 1805 (1815); H. B., 
The Life of EUM can E S. L. Gwynn, Mungo st trae 4 

est of the Niger 34). «S. 
MARK, ROBERT EZRA (1864-1944), U.S. sociologist, an 
authority on race relations, was born in Luzerne County, Pa., Feb. 
14, 1864, and graduated from the University of Michigan, Ann Ar- 
bor, in 1887. His experiences as a newspaper reporter and editor 
in Minneapolis, Minn., Chicago, Ill., and Detroit, Mich. (1887- 
98) led him to study the mechanisms of individual and social be- 
haviour with William James and Josiah Royce at Harvard Uni- 
versity and with Georg Simmel and Wilhelm Windelband at the 
University of Heidelberg, where he received his Ph.D. in 1904. 

Park was assistant in philosophy at Harvard, 1904-05, and later, 
while secretary to Booker T. Washington, devoted himself to the 
study of the Negro. He was a member of the sociological staff of 
the University of Chicago, 1913-33, and after his retirement 
taught and conducted research at Fisk University, Nashville, Tenn., 
1936-43. 

Park conceived of sociology as а natural science of human be- 
haviour. He defined its relations to other social sciences and 
developed its conceptual systems in terms of the processes of com- 
munication, ‘conflict, accommodation and interaction. He made 
û clear distinction, which he believed to be fundamental, between 
the ecological community as an aggregate of individuals charac- 
terized by symbiosis, the division of labour, and competitive co- 
Operation and society as an organization of persons through com- 
munication, socialization, and collective behaviour. These and 
other sociological concepts he regarded not as ends in themselves 
but às research instruments. 

With E. W. Burgess he wrote Introduction to the Science of 
Sociology (1921) which was influential in promoting empirical re- 
search, Among his other writings are The Immigrant Press and 
Its Control (1922); The City, Suggestions for the Study of the 
Urban Environment (1925); Race and Culture, collected papers, 
Volume 1 (1950) ; Human Communities, collected papers, volume 2 
(1952) ; Society, collected papers, volume 3 (1955). 

B Cooper, "Bibliography of Robert E. Park," Pylon, The 
versity Review of Race and Culture, аА ) 
E рав AND PLAYGROUND. The first parks were grants 
sits s lands for the enjoyment of people; modern parks are 
Modi ^ the people to themselves. They are paid for by public 
m Жат are planned in ап organized and functional way for the 
cen Tecreation of taxpayers. In the course of this develop- 
Far, ere have been many changes, increasing in number each 


v E parks of post-Renaissance times there were extensive 
FONT 5 rectilinear allées stretching between one vantage point and 
Cages " raised galleries and, in many cases, elaborate aviaries and 
lords, T wild beasts, attesting to the hunting proclivities of the 
Mesticat а the concept of the public park was somewhat do- 
ious Eun An area devoted simply to green landscape, a salu- 
Populated healthful breathing space as a relief from the densely 
Of vital i and industrialized city of the mid-19th century, became 
Park in En portance. Examples of this type park are Birkenhead 
Phand’s gland (1844) by Sir Joseph Paxton; Jean Charles Al- 
EL Diets de. Boulogne; Central park in New York city by 
y: th oa and С.- Vaux; Friedrich-Wilhelmsgarten in Ger- 
i Kobe € Botanic gardens in Melbourne, Aust.; and Akashi park 
he тарап, The design was generally romantic in character. 
ing and Bd Purpose was to provide for passive recreation—walk- 
scent ^ ng the air in agreeable and natural surroundings remi- 
Of the unspoiled country. 
tion for dune. differentiates modern parks is their accommoda- 
Count; Cüve recreation. Park areas differ greatly from country 
ТУ, and their designs reflect differences in climate, cultural 
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attitudes, social habits and pastimes. In the gardens of the Gen- 
eralife, a Spanish family may enjoy its holiday outing in a shaded 
bosque near a cool fountain, On an evening in Venice a procession 
with banners and torches may sweep into one of the little piazzas. 
In the Buttes-Chaumont in Paris little boys reach out from wooden 
horses on the merry-go-round to spear a brass ring. During the 
bright summer week-ends in Stockholm residents cultivate vege- 
tables in allotment gardens leased to them by the park depart- 
ment, In Israel, Iran and Pakistan, basketball, soccer and kabadei 
(a game like rugby) are played in parks; in Japan, volleyball, 
tennis and sumó (wrestling). Almost universally, there is recog- 


‘nition of the creative possibilities of leisure and of community 


responsibility to provide space and facilities for recreation. 

The facilities include outdoor theatres, zoos, concert shells, his- 
torical exhibits, concessions for dining and dancing, amusement 
areas, boating and areas for sports of all kinds such as fly-casting 
pools and skating rinks. There is always the danger that the origi- 
nal reason for creating the park, i.e., to bring a part of nature 
within reach of the city dweller, will be sacrificed to its specific 
recreational functions. It is difficult to keep the balance—the 
tempo of urban life is mounting and with it the requirements for 
intensive use. 

Another danger to the public park has been the automobile. 
With the tremendous growth in automobile traffic, and conse- 
quently increasing pressure from traffic authorities for more land, 
there has been hardly a major city that has not lost some sections 
of its parks to highways. There has been a growing awareness, 
particularly in Europe, that large-scale urban planning should be 
carried out in such a way that traffic functions are clearly separate 
and do not encroach on other spheres. In the United States also, 
there have been victories for the park user against the automobile; 
in San Francisco, the state freeway was halted at the city limits, 
and in New York, Washington square was closed to traffic alto- 
gether. 

]t is unfortunate that the word park has come to connote al- 
most exclusively the “romantic” style park or English garden of 
the 19th century, examples of which have been noted above. In 
truth, there are other traditions whose influence has been equally 
vital. How different from the Parisian Buttes-Chaumont, for in- 
stance, are the Tuilleries across the river. These were laid out 
under the supervision of Marie de Medici in the style of the Boboli 
gardens in Florence, Versailles, the Belvedere park in Vienna, the 
Vatican gardens in Rome, Hellbrun in Salzburg, Blenheim in En- 
gland, Drottningsholm in Sweden and Peterhof in the U.S.S.R.—all 
these parks arise originally from the Italian baroque tradition. 
They were not intended to be a foil or escape from the oppressive 
city, but rather to be its central dramatic focus—a display for the 
opulence of rulers, a piazza for the moving of great crowds, from 
the tournament and guild ceremonies of Florence in the 17th cen- 
tury to the formal pageantry of the court. It was in the baroque 
park that the handling, control and stimulation of crowds in the 
open air developed as one of the great arts of the urban designer. 

A third park tradition which has had world-wide influence is 
that of Islam. In Teheran, Marrakesh, Seville, Lahore and Delhi, 
this tradition is the dominant one and, as with all parks, developed 
according to the climate, social custom and religious ethos. The 
original Muslim idea was to think of the garden as a paradise, a 
symbol of the afterlife as an oasis of beauty blooming in the 
earthly desert. Water and the cypress are the two main elements, 
Within the park then is water, the symbol of purity, in the four- 
way river of paradise, and trees (above all the cypress, symbolizing 
life), surrounded by high walls to keep out the dry wind. Every- 
where, in keeping with Muslim belief, the design pattern is ab- 
stract rather than figurative. The fundamental idea creates its 
own specific technical skills; nowhere is there more artful use of 
irrigation for plants, of jets of water to cool the air, of orchards 
for shade, of colour to break up the sun’s glare or of the use of 
masonry patterns than in these Islamic gardens. 

The Taj Mahal in India dates from the 17th century, when by 
the testament of Shah Jahan this area of 20 ac. was to be main- 
tained as a public grounds in perpetuity, where the poor could walk 
and pick fruit. In China and Japan, a similar opening of the royal 
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precinct for public enjoyment, as with the Winter palace or the 
Katsura Imperial Villa gardens in Kyoto, has been a more recent 
development. The great religious shrines, however, have always 
resembled western parks. The Horimonji temple in Tokyo, the 
Mimeguri shrine, the great Buddhist temple at Ise and the Inner 
(Shint6) shrine at Mieshima are examples of an age-old garden 
tradition in which man is but “one of a thousand things” and where 
nature is presented. in an idealized and symbolic way as an object 
for contemplation and spiritual enjoyment. In their techniques 
of horticulture and in their use of stones, water and surface tex- 
tures, the gardens of the far east are of a high level. This eastern 
tradition had its effect on European park design in the 18th century 
and again in the 20th century, as in the grounds for the UNESCO 
building in Paris, designed by Isamu Noguchi. 


PLAYGROUNDS 


The playground is perhaps the most typical facility of the new 
park’s recreational function. There are active playground build- 
ing programs in almost all countries. The acquisition of lands, the 
most difficult of all problems, is approached in various ways. In 
London, for instance, laws have been enacted to permit conversion 
of ancient burial grounds in the city core to recreational use. In 
New York playground areas have been acquired in conjunction 
with traffic planning; playgrounds are often built as adjuncts to 
highway developments. 

There have been changes in the educational philosophy behind 
playgrounds and immense changes in their design and methods of 
construction. At the beginning of the century the originators of 
the playground movement in western Europe and the United States 
were preoccupied with problems of health and safety. Ample 
statistics demonstrated that higher rates of tuberculosis, traffic ac- 
cidents and delinquency occurred in areas without playground fa- 
cilities. The typical playground of that day was an outdoor 
gymnasium for body and character building through the develop- 
ment of athletic skills. 

These goals have not changed but others have been added; new 
categories of childhood experience have been taken into considera- 
tion. There has been, for instance, much attention given by psy- 
chologists, child development specialists and educators generally 
to the preschool child. New attitudes toward play, developed first 
in nursery schools, have liberalized thinking toward all outdoor 
play areas and resulted in the design of highly distinctive equip- 
ment for public areas often called "tot-lots." The effects of this 
new spirit are seen in an awareness of the child's own scale, in an 
appreciation of materials that can be used by the active child emo- 
tionally and socially as well as physically. Much has been done 
with objects that stimulate the child's innate skills of improvisa- 
tion. In addition to sand, water and simple building materials in 
abstract shapes, boats, trains, wagons and similar toys have been 
installed in playgrounds for children to use in dramatic play. 

While playgrounds in the United States tend to have structural 
and mechanical equipment, European playgrounds, particularly 
those in the Scandinavian countries usually have more informal 
and natural materials; e.g., the simple hardwood trees in Scandi- 
navian playgrounds; the “junk playgrounds” in Denmark where 
children are encouraged to do their building out of odds and ends 
with their own tools. This is also a characteristic of the new state 
nurseries in the U.S.S.R., of the English “adventure” playgrounds 
and those of the “Pro Juvente” movement in Switzerland, one 
example of which is the famous Robinson Crusoe playground in 
Zurich, In the Netherlands there has been an attempt to adapt 
portions of residential streets for use as playgrounds. 

Another influential development has been the amusement park 
or kiddie land, of which the most famous example is California’s 
Disneyland where the old fairy tales and nursery rhymes are 
brought to life and animated mechanically. Though the child par- 
ticipates only as a spectator, and therefore passively, these story- 
book playgrounds are genuinely popular. They have introduced 
new materials, particularly plastics with their bright colours and 
resilient textures, to the construction of playground equipment and 
have brought new gaiety and liveliness into the design. 

Indeed, design has become a major factor in the contemporary 
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playground. Formerly the area was. considered as an open 
be outfitted with standard equipment from the manufacturers. 
has now become a challenge to the landscape architect, the j 3 
trial designer and the sculptor. - Moller-Nielsen in Minis. 
Seebacher-Konzut in Vienna are two of the foremost desi 

this new play sculpture; in the U.S., the foremost landscape ard 
tects are Eckbo and Royston. Almost everywhere where they 
are new playgrounds, exciting and original work is being 
duced. " 


STANDARDS 


Park and playground standards vary from one country to» 
other not simply because parks and playgrounds are planned » 
relation to varying population densities and diverse physical ш 
cultural patterns. The idea of standards of any kind is a {шй 
recent one and an outgrowth of the prior notion that cities llus 
selves can be planned for the health and recreation of their citizens 
that is, in a rational way by responsible agencies with certain dé 
nite technical means at their disposal. 

In the layout of the new planned towns and cities, Chandigal 
in India, Kitimat in Alaska, Valingby in Sweden and Вазай 
Brazil, definite standards as to recreation space have been adhew! 
to. In Chandigarh, communities of from 8,000 to 20,000 lm. 
been planned within a J-mi. radius of the local community cenit 
or sports field, slightly less than a 15-min. walk, This age 
roughly with the standards of the other new towns. 

In older cities, city planning must have been well ема 
and effective over a relatively long period for standards to lm 
any validity. In Zurich, there are playfields and social cem 
serving well-defined neighbourhoods within an average walki 
distance of § mi. from each residence. This pattern is the reat 
of careful planning and a social outlook which is less in evident 
in cities where development is in the hands of the unc 
speculative builder. 

Standards throughout the United States and Canada have be 
perhaps the most widely publicized. The National Recreation® 
sociation (N.R.A.) recommends for neighbourhood plays 
from 3.25 to 6 ac. to serve a population of 2,000-6,000 or abet 
1 ac. for each 800 persons. The area should be located withit#® 
average of 4 mi. walking distance from each residence. Pli 
with recreation building should be from 12 to 20 ac. to serve sp 
ulation of 20,000 or about 1 ac. for each 800 persons; it " 
be located within J to 1 mi. walking distance. Standards set 
California committee for recreation park areas and facilities 
particular reference to high-density areas in Los Angeles) 
one playground serving a neighbourhood of from 2,000 to 
persons, at an average walking distance of 4 mi. Mf 
mended by the Canadian Federation of Mayors and Munici 
agree generally with those of the N.R.A. The figure e 
as the standard for total recreation space in cities ber pré 
include larger parks, conservation areas, 2005, botani 
and concert grounds) is 1 ac. to every 100 persons. 

According to the N.R.A. actual figures at mid-20th centur 
several U.S. cities are as follows: 500 

In Los Angeles, there is 1 ac. total park space for eart 
sons and 1 playground under year-round leadership (inclut 
lic school playgrounds) for each 11,000 persons. In 1 
there is 1 ac. total park space for each 200 persons p 
ground under active year-round leadership for eac 50, p 
In Seattle, there is 1 ac. total park space for each 160 pP 
1 playground for each 23,000 persons. 

New facilities constructed in the United cute wt 
of high standard, but there is still a long way to 8° dii "m 
is adequate for most urban populations. Perhaps стей 
couraging trend, particularly in western US., is ithe (such ® 
of the public school playground and its facilities 3d 
torium, gym and club rooms) as à community ani 
centre throughout the year. in E 

It is significant that in statistics published for er 
cities, in contrast to those for USS. cities, relative 2 
is placed on small neighbourhood playgrounds, SU c 
do not exist, but because they are provide! by 0! 
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smmental recreation agencies. In the newer urban sections 
ly, the common building type is the large and openly 
ned housing estate, in which play spaces for the younger 
r created as part of the original plan. ~ 
where social patterns are again different, younger 
play is oriented more to the family group than to the 
group. Also, the quality of play depends less on motor 
use of apparatus. There is consequently little provi- 
grounds of this type in the parks. 
é many other instances in which standards are almost 
ble. In Spain, for instance, the private sports club, or- 
r football, soccer, rowing and other activities, performs 
ovided elsewhere by the public authority; there is also 
tion of the “Репаз” or informal conversational club, in 
boulevard cafe becomes in a real sense a social centre. 
tries where the baroque design tradition predominates, 
in the Mediterranean countries, there is more spon- 
open social play and a sense of pageantry that makes 
squares and boulevards in immeasurable ways. 
ld War II, there was an almost world-wide dissemi- 
ygrounds and facilities of the western type. How- 
e has also been a growing appreciation of indigenous 
s such as folk music, gardening, wrestling or simply 
ftemplation of nature as in the oriental gardens. Indeed 
licit. in the word playground a dissociation from both 
vork that would be incomprehensible to'certain cultures 
к n by the march of industrialism.: In part, the recrea- 
vement has followed the industrial revolution, and has 
û sense an answer to certain problems and displacements 
ht not otherwise have been acute. See also Crry PLAN- 


bot Hamlin, Forms and Functions of 20th Century Architec- 
ch: 48-49 (1952), (R. B. Nr.) 
R, ALTON BROOKS (1852-1926), U.S. jurist and 
айс candidate for president in 1904, was born in Cortland, 
у 14,1852. He graduated from the Albany Law School 
nd began to practise law in Kingston, N.Y. After serving 
of Ulster County for several years he was appointed 
of the State Supreme Court їп 1885 to fill a vacancy and 
larly elected the next year. He was appointed to the New 
Irt of Appeals in 1889 and in 1897 was elected chief jus- 
the Court of Appeals by a large majority. 
hg the defeat of William: Jennings: Bryan in 1896 and 
emiocrats of the East, seeking a conservative candidate for 
nt in 1904, turned to Parker. Before the national con- 
"Parker held aloof from politics, for he did not want to 
his position as a judge. At the St. Louis convention 
3 cratic Party he was nominated on the first ballot. In 
М r election, however, he lost to the Republican can- 
lore Roosevelt, by a wider margin than Bryan had 
two preceding campaigns. Parker thereupon resumed 
of law in New York City, representing organized la- 
rtant cases and serving as counsel for the managers 
Impeachment of Соу. William Sulzer of New York in 1913. 
j New York City оп May 10, 1926. (Н.Е. Tr.) 
FRANCIS WAYLAND (1837-1902), U.S. edu- 
founder of what is commonly called the progressive edu- 
j 'ement, was born in Bedford; N.H., Oct. 9, 1837. Не 
to teach at age 16 and five years later (1858) became school 
fica in Carrolton, Ill. After service in the Union Army during 
Coi he resumed teaching until 1872: when he went to 
Petra ^ study the new educational practices pioneered by 
Siren; Herbart, and Froebel. 
main work was accomplished as school superintendent 
Mass., and as head of the Cook County Normal School 
' , Ul: His pedagogy was essentially progressive, advo- 
г self-expression, activity, and a humanized instruction that 
d Child's individuality and the teacher's artistry. (See 
Ssive Epucation.) Parker emphasized arts and crafts 
the correlation of subjects around a common core. 
was basically European, but Parker was no mere 
an era when principals were tsars in their schools, 
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Parker favoured the democratic process. ‘To encourage under- 
standing and cooperation, he convened his teachers in weekly dis- 
cussions and organized the first parent-teacher group in Chicago. 
The private progressive Francis W. Parker school in Chicago was 
named after him. Parker died on March 2, 1902. 

For Parker's views see his Talks on Teaching (1896) and Talks 
on Pedagogics (1894), 

See Adolphe E. Meyer, An Educational History of the American Peo- 
ple (1957). (A. E. M.) 

PARKER, SIR (HORATIO) GILBERT (1860-1932), 
Canadian-born politician and writer of popular adventure fiction 
and historical romance, was born at Camden East, Ont., Nov. 23, 
1860, He was educated at local schools, Ottawa Normal School 
and Trinity College, Toronto. In 1885 he went to Australia and 
traveled extensively in the South Seas; in 1889 he moved to Lon- 
don and soon became known for his skill in weaving spirited stories 
out of energetic action, vivid characters, and rich local colour. In 
politics he became a prominent imperialist and was a member of 
Parliament for Gravesend from 1900 to 1918. Knighted in 1902, 
he was made a baronet in 1915 and a privy councilor in 1916. He 
died in London, Sept. 6, 1932, but was buried in Belleville, Ont. 

Parker first made his mark as a writer with Pierre and His 
People (1892) and other dramatic tales of the Canadian northwest 
and of French Canada, The most widely read of his 33 volumes 
were The Seats of the Mighty (1896), a romance of the conquest 
of Quebec; The Battle of the Strong (1898), a historical tale of 
the Channel Islands during the Napoleonic Wars; The Right of 
Way (1901), a violent contemporary novel set in Quebec; and 
The Weavers (1907), a melodramatic story of imperialist intrigue 
in England and Egypt. His collected works were published in 23 
volumes (1912-1923). 

See С. F. Klinck and R. W. Watters, Canadian Anthology (1955), 

(G. H, Ro.) 


PARKER, HORATIO WILLIAM (1863-1919), U.S, com- 
poser, conductor, and teacher who helped establish the character 
of U.S. music at the beginning of the 20th century, was born at 
Auburndale, Mass., on Sept. 15, 1863. He studied with G, W. 
Chadwick in Boston and with J. G. Rheinberger in Munich, On 
his return to the U.S. he taught counterpoint at the National Con- 
servatory of Music, New York City, where he also came under the 
influence of its director, Antonin Dyorak, His reputation was 
established with his oratorio Hora Novissima (New York City, 
1893), and in 1894 he was appointed professor of music at Yale, 
forming the New Haven Symphony Orchestra there. He con- 
ducted his works in England and was made an honorary doctor of 
music at Cambridge in 1902. His works include two operas, Mona 
(New York City, 1912) and Fairyland (Los Angeles, 1915); choral 
works, including the ode Hymnos Andron, written for the bicen- 
tenary of Yale University, and the morality The Dream of Mary, 
for soloists, chorus, and orchestra; and many organ works and 
songs. His book Music and Public Entertainment (1911) deals 
with social aspects of music, He died at Cedarhurst, L.I, N.Y., 
on Dec, 18, 1919. 

See D. S. Smith, “A Study of Horatio Parker," The Musical Quar- 
terly (April 1930). 

PARKER, SIR HYDE, Barr. (1739-1807), British admiral 
who commanded the fleet at the Battle of Copenhagen (1801) and 
was the author of the signal to which Nelson turned his blind eye 
(see Newson, Horatio NELSON, Viscount). The second son of 
Vice-Admiral Sir Hyde Parker (1714-82), he entered the Navy at 
an early age, and became lieutenant in 1758. Five years later he 
became a post captain, and from 1766 served in the West Indies 
and in North American waters, particularly distinguishing himself 
in breaking the defences of the North River (N.V.) in 1776. His 
services on this occasion earned him a knighthood. In 1778 he 
was engaged in the Savannah expedition, and in 1780 his ship was 
wrecked on the ‘hostile Cuban coast. His men, however, en- 
trenched themselves, and were in the end brought off safely, Also 
in 1780 Parker served with his father at the Dogger Bank, and 
in the following year with Howe in the two actions in the Strait 
of Gibraltar. In 1793, having just become rear admiral, he 
served under Lord Hood at Toulon and in Corsica, and two years 
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later, asa vice-admiral, he took part, under Hotham, in the inde- 
cisive fleet actions of March 13 and July 13,1795. From 1796 to 
1800 he was in command at Jamaica. In 1801 he was appointed 
to command the fleet destined to break up the northern Armed 
Neutrality, with Nelson as his second-in-command, Copenhagen 
fell on April 2 to the fierce attack of Nelson’s squadron, Parker 
with the heavier ships taking little part. Subsequently Parker 
hesitated to advance up the Baltic, a decision which was severely 
criticized. In May he was recalled and Nelson succeeded him. 
He died on March 16, 1807. 

PARKER, MARTIN (с. 1600-с. 1652), English ballad writer 
whose best-known song “The King enjoyes his own again” (1645?) 
was a favourite with royalists and Jacobites in the 17th and 18th 
centuries. He may have been a London tavern keeper and ap- 
parently began publishing ballads about 1625. Many, with his 
signature or initials, are preserved in the British Museum, London. 

Parker was acknowledged by his contemporaries as the “рори- 
lar” poet laureate and by John Dryden as the best ballad writer of 
his time. His ballads were tuneful, topical, and often amusing: 
one, "Saylors for my Money,” inspired Thomas Campbell’s “Ye 
mariners of England." Parker died about 1652. 

BisLrocRAPHY.—H. E. Rollins (ed.), A Pepysian Garland 1595-1639 
(1922), and Cavalier and Puritan (1923); and “Martin Parker," in 
Modern Philology, xvi (1919) and xix (1921). 

PARKER, MATTHEW (1504-1575), archbishop of Can- 
terbury whose modest statesmanship during his primacy did much 
to establish and strengthen the moderate character of the Eliza- 
bethan church settlement, was born at Norwich on Aug. 6, 1504. 
He went to Corpus Christi College, Cambridge, in September 1520 
and became a fellow of the college on being ordained priest in 1527. 
He was in sympathy with the Cambridge Lutheran Reformers of 
the 1520s and went to Norwich to see Thomas Bilney of Trinity 
Hall burned for heresy in 1531. From 1535 to 1547 he was dean 
of a college of priests in Suffolk. In the reign of Henry VIII he 
was also chaplain to Anne Boleyn (1535), chaplain to the king 
(1538), and canon of Ely (1541). In 1544 he was elected master 
of Corpus, where he remained until his resignation, under Mary, 
in December 1553. He was the most notable master in the history 
of the college and helped to write statutes by which it was governed 
until 1861. He was vice-chancellor of the university in 1545 and 
again, under Edward VI, in 1549. He married in 1547; his wife, 
Margaret Harlestone, died in 1570. Parker's loyalty and generos- 
ity to Corpus and to Cambridge (especially after he became arch- 
bishop) are striking traits of his character. Under Edward VI he 
was also appointed dean of Lincoln (1552). Under Mary I, when 
many of his friends went into exile, he lived privately in England, 
working on such things as his English verse version of the Psalms 
(published c. 1567). 

Parker was consecrated archbishop on Dec. 17, 1559, 13 months 
after Elizabeth Y's accession and the death of Archbishop Reginald 
Pole. The validity of his consecration has been a point of contro- 
versy. Elizabeth's choice of Parker as archbishop was an indica- 
tion of the moderation of her church settlement. Next in impor- 
tance to that moderation, among Parker’s contributions to the 
Church of England, was his appeal to history and sound learning. 
At Lambeth Palace he organized the collecting of manuscripts 
from the dissolved monastic libraries; some of these he gave to the 
Cambridge University Library, but most (more than 430 volumes, 
including 40 Saxon manuscripts and the so-called Canterbury Gos- 
pels) to Corpus. Under his auspices were printed texts of me- 
dieval English historians such as Matthew Paris; translations of 
Saxon sermons; and a Saxon version of the four Gospels (1571), 
to prove (wrote John Foxe in the preface) “how the religion pres- 
ently taught in the church is no new reformation but rather a re- 
duction of the church to the state of old conformity.” With the 
same motive Parker compiled his own De antiquitate Britannicae 
ecclesiae (1572), “to note at what time Augustine my first prede- 
cessor came into this land, what religion he brought with him, 
and how it was continued.” As an author, then, he indulged in 
scholarly propaganda, not theological controversy. Д 

As archbishop, Parker supervised the revision of Cranmer's 42 
doctrinal articles of 1553: the Thirty-Nine Articles were printed 
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in 1563 and authorized in 1571. He also organized а 
lation of the Bible, himself translating Genesis, Matthew, ng 
Pauline Epistles; this Bishops’ Bible (1568) was official 
King James Version (1611). But the main theme tne 
primacy was the increasing conflict with the extremer ref 
in the Church of England (known from about 1565 as 

or Puritans). His rules for clerical conformity, called the 
vertisements,” were printed in March 1566, being based ө 
nances he had prepared a year earlier after a strong letter m 
Elizabeth (January 1565) about "unity, quietness and сопс" 
But Parker got little support and won few victories; not until 
Whitgift became archbishop in 1583 were the Puritans eff 
dealt with. Parker died at Lambeth on May 17, 1575, at theag 
71, apprehensive about the future of his church. His mottos 
presses his consolation and his sense of life as pilgrimage; “Т 
World Passes and the Desire of It.” 

BisrrocRAPHY.—Lives by John Josselin (1574), Jol 
1821), W. M. Kennedy vue ads K. Brook ЕЕ. BUS 
Perry, Under Four Tudors (1940). Also Parker's correspondence edi 
for the Parker Society by J. Bruce and T. T. Perowne (1853), anl 
archiepiscopal register published by №. H. Frere, 3 vol, (19941 
See also H. P. Stokes, Corpus Christi College (1898); Н: C. Poia 
Reformation and Reaction in Tudor Cambridge (1958) ; C. E. Wü. 
“The Dispersal of the Monastic Libraries," Transactions of the Cm 
bridge Bibliographical Society, vol, i, part iii (1951). (HC D 

PARKER, THEODORE (1810-1860), U.S. theologi 
preacher, and social reformer, influential in many phases of mi 
19th-century American life, was born at Lexington, Mas. # 
Aug. 24, 1810, the grandson of Capt. John Parker, who had lett 
Lexington minutemen. He is believed to be the source of Li 
formula: “government of the people, by the people, for the per 
ple.” 

After studies at the district school and the Lexington 
Parker became a schoolmaster at 17. He passed entrance ens. 
nations to Harvard College in 1830 but did not reside at 
until he began theological studies in 1834. Graduating in 18%! 
was ordained pastor of the Unitarian Church in West Roxbury 
following year. His journal from divinity-school days 
knowledge of 20 languages; despite: his tendency. to echo й 
opinions, he made independent use of German biblical 
and entertained doubts of some orthodox doctrines. 

On graduating, Parker began translating Wilhelm M. 
Wette’s Beitrüge zur Einleitung in das Alte Testament ( 
in 1843), His interest in "higher criticism" reflected his cott 
for a scientific methodology in religion which would make 
rational belief and bring about moral and ecclesiastic 
Though critical of popular religion, he appraised Christianity 
highest evolutionary development of universal and 8 wl 
ligion. By 1841 he had formulated his rationalistic views 
corporated them in a famous sermon on “The Transient m 
manent in Christianity." The following winter he elabo 
position in lectures published as A Discourse of Matters 
ing to Religion. Soon thereafter he resigned the West 
pastorate and was installed as minister of the Twenty» 
gregational Society of Boston. He continued to prea 
tianity reflecting an Enlightenment philosophy and to 
thodoxy as unenlightened and inhuman. à ith his 

Parker’s devotion to critical learning was linked Wi 
mate of America’s historic task, He believed that де 
rance and corrupt leadership required the advancement! jot 
lectual, moral, and religious education. 


are 


He took up ma 


questions—including temperance, prison reform, an 
women—and was fearless in his discussion of slavery: 
assisted the cause of fugitive slaves and supported Jo! 
the belief that this cause would precipitate mo 
Parker saw as inevitable, His influence in polit! 

modest, is evidenced by an immense correspondence, 


with public leaders of his day. in 
He became ill in 1857 and a violent lung hemor i 
1859 ended all public activity. He vainly soug! 


to Europe and died in Florence on May 10, es 
preacher, a critical theologian, and a social те! © : te 
often numbered among the transcendentalists, ш 


from romanticism through his rational, argumentative, 
tific interests. 
are collected in Theodore Parker's Works, 14 vol- 
0), edited by Frances P. Cobbe and published in 
о in the Centenary Edition, 15 volumes (1907-11), 
jd by the American Unitarian Association. A German 
|, Theodor Parkers Sàmmtliche Werke, five volumes (1854+ 
prepared by Johannes Ziethen and published in Leipzig. 
" my ~—Biographies include John Weiss's Life and Corre- 
ic Л Theodore Parker (1864), О. B. Frothingham's Theodore 
"m Biography (1874), J. W. Chadwick's Theodore Parker, 
nd Reformer (1900), and Henry Steele Commager's Theo- 
„ Yankee Crusader (1936; reissued 1960). Parker's religious 
phical position is discussed in J. E. Dirks's Critical Theolog 
i ¢ Parker (1948), Good discussions also appear in F, e 
m". he Legacy of the Liberal Spirit; Men and Movements in the 
Modern Thought (1943), Vernon L. Parrington's Main Cur- 
erican Thought (1939), and Herbert W, Schneider's A His- 
American Philosophy (1946). (J. E. Dr.) 
IKERSBURG, а city of West Virginia, U.S., and seat of 
mty, is located at the confluence of the Little Kanawha 
ivers about midway between Pittsburgh and Cincinnati; 
85 as Neal's Station on a land tract originally 
d by Alexander Parker, it was first chartered by Virginia 
id rechartered by West Virginia in 1863. 
is the marketing centre for a large agricultural and in- 
‘area in the mid-Ohio and Little Kanawha’ regions. Raw 
ls and natural: resources include oil, natural gas, sand, 
| clays, hardwoods, and brines, Around these a diversified 
f developed including oil well equipment, glass and porce- 
ducts, rayon, shovels, iron and steel, and chemicals, 
erhassett Island, once the property of Harman Blenner- 
ies just below the city. à 
parative population figures see table in WEST VIRGINIA! 
; (S. R. 5м.) 
ES, SIR HENRY (1815-1896), Australian statesman 
five times premier of New South Wales between 1872 and 
d was described as the father of Australian federation. 
"May 27, 1815, at Stoneleigh, Warwickshire, Eng., where 
was a small tenant farmer, Parkes had a hard upbring- 
no formal education. He began work at the age of eight 
Was apprenticed as an ivory turner at Birmingham, where 
he an active member of the Political Union. After unsuc- 
! starting in business on his own, Parkes decided to emi- 
Ao Australia. He arrived in Sydney with his wife in 1839. 
he was employed as an agricultural labourer; later he 
A shop where he carried on his trade as an ivory turner, 
I activity brought him into public notice: in 1848 he 
ointed one of two secretaries for the electoral campaign 
Lowe (later Viscount Sherbrooke). In 1850 he 
d the Empire, a newspaper which continued until 1858. 
4 leader in the movement against the reintroduction 
ot transportation and was in favour of fully representative 
ment. He was elected to the Legislative Council of New 
ales as a member for Sydney in 1854, Although he re- 
Seat eight times and often changed his constituency, 
"Was a member of every New South Wales Parliament be- 
A 1856 and 1895 and was a minister for 15 years. 
#1866 he introduced the Public Schools Act, which reflected 
Position to the control of education by religious organiza- 
W It became the foundation of the New South Wales educa- 
шы Мет, Не was always an advocate of free trade and in the 
ministries that he led between 1872 and 1887 he estab- 
New South Wales as а "free trade colony." In his fourth 
HY (January 1887-January 1889) he was also associated 
ures that placed public works and government railways 
ler basis and restricted Chinese immigration. 
ugh his support for Australian federation was not always 
9r unqualified, Parkes gave the movement strong sup- 
ing played a prominent part in the organization of the 
Се of state premiers in 1890, he presided over the subse- 
*deral Convention at Sydney in 1891 and was largely ге- 
Or the draft constitution that the convention accepted. 
last ministry he failed to retain the support of the 
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new Labor Party, on which his ministry was dependent, and in 
October 1891 he resigned as premier and was ousted as leader of 
the New South Wales free trade group by his rival, George Reid. 
He died in Sydney on April 27, 1896. 

Parkes, the most prominent figure in Australian politics of his 
time, consistently upheld radical and democratic principles and 
genuinely sought the welfare of Australia. He did not always 
press his views and aims with single-minded vigour, but the com- 
promises he made were always realistic and can hardly be said to 
have diminished his reputation, He wrote several volumes of 
verse and an autobiography, Fifty Years in the Making of Aus- 
tralian History (two volumes, 1892). 

See C. E. Lyne, Life of Sir Henry Parkes (1897), (J. F.C) 

PARK FOREST, a residential village in Cook County, 11 
mi. 8 of Chicago, in northeastern Illinois, U.S. Developed after 
World War II, Park Forest attracted widespread interest because 
its planners assumed responsibilities for all phases of community 
development, 

The builders designed the village primarily for middle-income 
families, to include rental and privately owned dwellings, as well 
as schools, churches, shopping centres, municipal services, and an 
industry park. Construction began in August 1947, From its in- 
corporation in 1949, the community has retained a village organi- 
zation with a trustee-manager form of municipal government. 
Commuters are served by railway and bus lines. For comparative 
population figures see table in ILLINOIS: Population, 

(Ax. C, H.) 

PARKINSONISM, also known as Parkinson's disease, shak- 
ing palsy, and paralysis agitans, is a relatively common chronic 
malady of the central nervous system that produces such striking 
symptoms that almost any observant person can recognize it at à 
glance, The stooped posture, the slowness of movement, the car- 
riage of the arms in front of the body, the short-stepped festinating 
gait, the fixity of facial expression, and the tremor of the hands 
are the characteristic signs. и 

The onset of the disease usually occurs in late adult life but it 
may begin as early as the third decade, The course is slowly 
progressive over 10 to 20 or more years. ‘The first symptom may 
be the scuffing of one foot in walking, a sense of heaviness of a 
limb, or a gentle tremor of one hand; the other symptoms follow 
in slow procession, The handwriting becomes small and this and 
other manual skills are gradually lost. Speech is poorly articulated 
and swallowing and chewing are laborious. Locomotion becomes 
increasingly difficult and ultimately the patient finds it an effort 
even to arise from bed or a chair or to walk; and there is a tend- 
ency to lose balance and to fall. In the advanced stages the patient 
is greatly handicapped in all voluntary movements though not as û 
rule paralyzed. An unexpected call for action may momentarily 
excite the patient to perform some movement with surprising 
facility. The senses and the intellect are not damaged. 

The cause of the disease is unknown, There is a slight tendency 
for more than one member of a family to be affected, The nerve 
cells in certain of the basa! ganglia of the brain (the substantia 
nigra, locus caeruleus, and the globus pallidus, and their afferent 
and efferent nerve connections) degenerate. The affected nerve 
Cells often contain a cytoplasmic inclusion body (Lewy body). 
In a closely related disease with almost identical symptoms, Że., 
postencephalitic parkinsonism, a virus is believed to attack the 
same parts of the brain. There is no specific therapy but several 
drugs, particularly those of the belladonna family, partially al- 
leviate the tremor and muscular rigidity. Several surgical opera- 
tions on the brain have been proposed to reduce tremor and ri- 
gidity. (R. D. A) 

Р. , FRANCIS (1823-1893), U.S. historian best 
known for his multivolume work France and England in North 
America, and sometimes called America’s greatest historian, was 
born in Boston, Mass., on Sept. 16, 1823, of an old New England 
family with an illustrious Puritan heritage, Following his admis- 
sion to Harvard College in 1840, he undertook an extensive read- 
ing program in literature and history under the guidance of the 
historian, Jared Sparks. Despite persistent illness, he entered law 
school after graduation from college and received his law degree 
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in 1846. As a historian, he showed a lawyer’s persistence in sifting 
facts and judiciously appraising evidence. 

In the spring of 1846 Parkman began a journey across the Great 
Plains that took him from Independence, Mo., westward along the 
Oregon Trail (q.0.). Pushing on beyond Ft. Laramie to the arid 
basin of the Medicine Bow River, he lived for a time with the 
Sioux; he returned to Independence by way of Bent's Fort and 
the Santa Fe Trail (g.v.). This journey, like his college expedi- 
tions through the woods of New England and Canada, left an 
indelible imprint on his historical writings. The Oregon Trail 
(1849), an account of his sojourn on the prairies, is a superb ad- 
venture story. His first historical work, History of the Con- 
spiracy of Pontiac (1851), a descriptive narrative of the En- 
glish conquest of Canada and the great Indian uprising of 1763-64, 
was in part the product of his ethnological observations on the 
plains. 

While these books were being written, Parkman suffered a severe 
crisis in his health, a combination of partial blindness and violent 
head pains. His marriage in 1850 to Catherine Scollay Bigelow 
marked the beginning of a brief period of recovery, but after she 
died in 1858, leaving him with two daughters, the attacks became 
more virulent. He managed, however, to publish his Pioneers of 
France in the New World (1865), chronologically the first volume 
of his great History. In the next 27 years, despite frequent 
periods of illness, Parkman finished his elaborate series by writing 
six additional histories: The Jesuits in North America (1867), 
La Salle and the Discovery of the Great West (1869), The Old 
Régime in Canada (1874), Count Frontenac and New France 
Under Louis XIV (1877), Montcalm and Wolfe (1884), and A 
Half-Century of Conflict (1892). Besides an autobiographical 
novel, Vassall Morton, and a number of magazine articles, he also 
wrote an attractive book on the cultivation of roses. He died at 
Jamaica Plain, Mass., on Nov. 8, 1893. 

The enduring fame of Parkman’s History is rooted in his pene- 
trating and accurate research, his literary skill, and his responsive- 
ness to the beauties of nature and the variables of human nature. 
He had the financial means to employ copyists who combed foreign 
archives for documentary material.and he visited the site of every 
significant episode in his narrative. He studied the primitive Sioux 
of the plains in order to write about the 17th-century Troquois, 
thus pioneering in comparative ethnology. * 

Parkman brought remarkable sympathy and understanding to 
his study of New France. The great Jesuit martyrs and his other 
heroes—La Salle, Frontenac, and Montcalm—stride through his 
pages in the spirit of their age. Using the techniques of the novel- 
ist, he created a living image of the past, for he believed historical 
writing was a romantic art. Economic, institutional, and political 
history were all woven into a dramatic fabric. He demonstrated 
that authentic history could be made as fascinating as a great 
novel, and this was probably his greatest achievement as a his- 
torian. 

BIBLIOGRAPHY .—SŞamuel Eliot Morison (ed.), The Parkman Reader 
(1955) ; Wilbur R. Jacobs (ed.), Letters of Francis Parkman, 2 vol. 
(1960) ; Howard Doughty, Francis Parkman (1962). (W.R. J.) 

PARK RIDGE, a residential city in Cook County, 13 mi. 
NW of Chicago, in northeastern Illinois, U.S, The town site 
developed around a brickyard founded by George Penny and 
Robert Meachem in 1854. Known first as Pennyville, then Brick- 
ton, the village was organized as a residential community and re- 
named Park Ridge in 1873, following the exhaustion of its clay 
deposits. Proximity to Chicago and location on the Chicago and 
North Western railway brought a steady growth without industry. 
It was incorporated as a city in 1910. The family home of John 
Alden Carpenter (g.v.), the U.S. composer, later became the city 
hall. Rapid expansion occurred after the 1940s with the suburban 
movement of business and the nearby construction of Chicago- 
O'Hare International Airport. In 1950 the city adopted a council- 
manager form of government. For comparative population figures 
see table in ILLINOIS: Population. 1 (AR. C. H.) 

PARLEMENT, the "sovereign" or "superior" court of judica- 
ture under the ancien régime in France. The word is derived from 
the verb parler, “to speak"; and originally, in France and in Eng- 
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land alike, it meant simply speech or dialogue. inr 
sense in the Chanson de Roland of the а 3 
being so used by Racine as late as the 17th. The latinized 
parlamentum and pallamentum date from the 13th cent; ; 
Origin.—It was an ancient tradition of the monarchy ш} 
that the king should consult with his council for purposes of 
ernment; and the early Capetian kings periodically convened thè 
principal vassals and the prelates of the kingdom to ‘sib 
with them on feudal and political matters in the curia regi 
king’s court. These gatherings took place at some great tea 
of the liturgical year and were held wherever the king mi 
residing. The king, however, was not only the political and mi 
tary head of the kingdom, but also the fount of all justice, so thy 
it was natural that the curia should be invited to take cogna 
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competence as judge, that competence was not formally defn 
and it was not compulsory to submit cases to him for judgme, 
nor was there at first any system of appeal in the modern sew. 
On the other hand political problems in the Middle Ages wm 
most often treated in the form of a judicial argument. 
Throughout the 12th century and in the first decades of th 
13th the curia regis grew in importance; and, besides the magnis 
participating in it, the records begin to mention consiliarii (К 
conseillers, councilors or counselors), who were evidently me 
bers of the king's permanent entourage, retained by him ali 
professional advisers. By a slow process, meanwhile, the judi 
sessions of the curia regis came to be differentiated from its mtt 
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(1226-70) these judicial sessions were being described as tif 
regis in parlamento, or parlement. A system of appeal also 9 
up, with the parlement hearing appeals against the judgments d 
baillis or seneschals; and cases concerning the royal towns 4? 
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mento, which moreover could serve politically to strengthen Ù 
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expressed the king’s law with incontestable authority. н 
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The king never acknowledged this claim; and whenever 4 
of this sort occurred the other members of the curia took 
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bers of the parlement, entitled, should they so wish, to 
and to vote on any matter. m 
Organization.—Louis IX had his curia in parlamento — 
in a special chambre aux plaids, or pleading chamber, Mes 
palace on the fle de la Cité in Paris (on the site of the 
Palais de Justice). This palace subsequently became the f 
of the parlement, though it was not formally declared s0 a 
IV’s reign. Sessions, which took place four times a year (ЇЇ 
IX's time, were reduced to two a year by the end of tl 
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to the middle of August. J 
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most ancient of which contains arréts of 1258, show е " 
the same councilors recurring from session to session, 4 
numbers vary. These men were professional jurists an m 
nated as magistri from 1268 onward. Later they es of 
“councilors of the king in his court of parlement. So (t 
were laymen (conseillers lais), some were ecclesiastics 
clercs), the latter fewer and fewer as time went on. ed bY 
The measure of specialization that had been achieve’ quilt 
ing the parlement from the curia regis soon provedi rel 
the amount of work to be done. The parlement ference 0 
divided itself into chambres. The first known fe a А 
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Vacant seats in the parlement in the later Middle Ages were sup- 
posed to be filled by election or co-optation; but from the end of 
the 15th century they were in practice being sold, and in 1522 
venality was formally recognized as regular by the institution of 
the Bureau des Parties Casuelles for dealing in offices. These sales 
were so profitable to the government that in 1554 the system of 
the semestre was introduced into the parlement of Paris, each of- 
fice being granted to two holders, who sat by turns every six 
months; but this was dropped in 1558, Attempts to abolish ve- 
nality (1560 and 1566) came to nothing; and in 1604 the “annual 
right" or paulette (devised by the financier Charles Paulet) was 
established, enabling officeholders to ensure the hereditability of 
their office by paying one-sixtieth of its purchase price every year. 
The office of premier president, however, could be acquired only 
by a nominee of the crown. 

Provincial Parlements.—Originally there was only one parle- 
ment, that of Paris, but later others were created for the provinces 
of the kingdom. Sometimes it might be desired to preserve to a 
newly annexed territory the sovereign jurisdiction which it had had 
under foreign rule; sometimes, when a great fief of the kingdom 
was reunited to the French crown, a parlement was established to 
take the place of its superior jurisdiction, from which, before re- 
union, the crown would have sought to institute a right of appeal to 
the parlement of Paris. There might however be an interval dur- 
ing which delegates from Paris would hold assizes in the province 
before a separate parlement was created, 

The first provincial parlement was that of Toulouse, for Lan- 
guedoc (1443), The others were those of Grenoble, for Dauphiné 
(1453); of Bordeaux, for Guienne (1462); of Dijon, for Burgundy 
(1477); of Rouen, for Normandy (1499, when the seat of the Nor- 
man exchequer was fixed, though it was not named a parlement till 
1515); of Aix, for Provence (1501-02); of Rennes, for Brittany 
(sessions alternating between Rennes and Nantes from 1554, fixed 
at Rennes from 1580); of Pau, for Navarre, that is to say for 
Béarn and Basse-Navarre (1620); of Metz, for the Three Bish- 
oprics and adjacent territories (see LORRAINE; 1633); of Tournai, 
for Flanders (1670; transferred to Douai after the loss of Tournai 
by France in 1709); of Besangon, for Franche-Comté (1676); of 
Trévoux, for Dombes (1762; merged with the parlement of Dijon 
in 1771); and of Nancy, for ducal Lorraine (1775). In addition 
to these, there were organs exercising the same functions in other 
provinces, but designated as “sovereign councils” or “superior 
councils,” not as parlements. 

The provincial parlements were organized on lines similar to 
that of Paris and claimed to possess equal powers. But the parle- 
ment of Paris had jurisdiction over nearly half of the kingdom, 

Powers and Pretensions.—The parlements had û practically 
legislative power insofar as they could promulgate arrêt de règle- 
ment, or decisions on previously uncertain points of law, which 
were of general application and of lasting validity as interpreta- 
tions of custom or of the statutes, They also had certain adminis- 
trative duties: the parlement of Paris, for example, was ultimately 
responsible for the town's highways and thoroughfares, for the 
control of building, for public decency, for sanitation, and for the 
food supply. 

The political pretensions of the parlements were based on the 
usage of having the king’s edicts and letters patent registered by 
them. This registration, introduced in the first half of the 14th 
century for practical convenience, became a routine for the 
promulgation of new measures; but from it there grew a right 
of remonstrance. Before registering a measure, the parlements 
“verified” it; Że., they examined it to see whether it conformed 
with the principles of law and justice and with the interests of 
king and kingdom ; and if it did not, they withheld registration and 
addressed remonstrances to the king. Apart from its concern with 
secular matters, the parlement regarded itself as the custodian both 
of the Catholic faith and of the rights of the Gallican Church 
and so was usually prompt to remonstrate not only against mea- 
sures of tolerance for heretics but also against papal bulls or 
concordats which the king might wish to accept but which the 
parlement regarded as encroachments on the Gallican liberties, 

Remonstrance was in fact a way of performing that duty of 
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in 1846. As a historian, he showed a lawyer's persistence in sifting 
facts and judiciously appraising evidence. 

In the spring of 1846 Parkman began a journey across the Great 
Plains that took him from Independence, Mo., westward along the 
Oregon Trail (g.v.). Pushing on beyond Ft. Laramie to the arid 
basin of the Medicine Bow River, he lived for a time with the 
Sioux; he returned to Independence by way of Bent's Fort and 
the Santa Fe Trail (q.v.). This journey, like his college expedi- 
tions through the woods of New England and Canada, left an 
indelible imprint on his historical writings. The Oregon Trail 
(1849), an account of his sojourn on the prairies, is a superb ad- 
venture story. His first historical work, History of the Con- 
spiracy of Pontiac (1851), a descriptive narrative of the En- 
glish conquest of Canada and the great Indian uprising of 1763-64, 
m^ in part the product of his ethnological observations on the 
plains, 

While these books were being written, Parkman suffered a severe 
crisis in his health, a combination of partial blindness and violent 
head pains. His marriage in 1850 to Catherine Scollay Bigelow 
marked the beginning of a brief period of recovery, but after she 
died in 1858, leaving him with two daughters, the attacks became 
more virulent. He managed, however, to publish his Pioneers of 
France in the New World (1865), chronologically the first volume 
of his great History. In the next 27 years, despite frequent 
periods of illness, Parkman finished his elaborate series by writing 
six additional histories: The Jesuits in North America (1867), 
La Salle and the Discovery of the Great West (1869), The Old 
Régime in Canada (1874), Count Frontenac and New France 
Under Louis XIV (1877), Montcalm and Wolfe (1884), and A 
Half-Century of Conflict (1892). Besides an autobiographical 
novel, Vassall Morton, and a number of magazine articles, he also 
wrote an attractive book on the cultivation of roses. He died at 
Jamaica Plain, Mass., on Nov. 8, 1893. 

The enduring fame of Parkman's History is rooted in his pene- 
trating and accurate research, his literary skill, and his responsive- 
ness to the beauties of nature and the variables of human nature. 
He had the financial means to employ copyists who combed foreign 
archives for documentary material and he visited the site of every 
significant episode in his narrative, He studied the primitive Sioux 
of the plains in order to write about the 17th-century Iroquois, 
thus pioneering in comparative ethnology. 

Parkman brought remarkable sympathy and understanding to 
his study of New France. The great Jesuit martyrs and his other 
heroes—La Salle, Frontenac, and Montcalm—stride through his 
pages in the spirit of their age. Using the techniques of the novel- 
ist, he created a living image of the past, for he believed historical 
writing was a romantic art. Economic, institutional, and political 
history were all woven into a dramatic fabric. He demonstrated 
that authentic history could be made as fascinating as a great 
novel, and this was probably his greatest achievement as a his- 
torian. 

BisriocRAPHY.—Samuel Eliot Morison (ed.), The Parkman Reader 
(1955) ; Wilbur R. Jacobs (ed.), Letters of Francis Parkman, 2 vol. 
(1960) ; Howard Doughty, Francis Parkman (1962). (W. R. J.) 

PARK RIDGE, a residential city in Cook County, 13 mi. 
NW of Chicago, in northeastern Illinois, U.S. The town site 
developed around a brickyard founded by George Penny and 
Robert Meachem in 1854. Known first as Pennyville, then Brick- 
ton, the village was organized as a residential community and re- 
named Park Ridge in 1873, following the exhaustion of its clay 
deposits. Proximity to Chicago and location on the Chicago and 
North Western railway brought a steady growth without industry, 
It was incorporated as a city in 1910. The family home of John 
Alden Carpenter (q.v.), the U.S. composer, later became the city 
hall. Rapid expansion occurred after the 1940s with the suburban 
movement of business and the nearby construction of Chicago- 
O'Hare International Airport. In 1950 the city adopted a council- 
manager form of government. For comparative population figures 
see table in ILLINOIS: Population. s (Ак. С. Н.) 

PARLEMENT, the “sovereign” or “superior” court of judica- 
ture under the ancien régime in France. The word is derived from 
the verb parler, "to speak"; and originally, in France and in Eng- 
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‘being so used by Racine as late as the 17th. The latin; 
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ined the core of the parlement. Judgment in cases such as 
those directly affecting the king's interest or the royal domain was 
reserved to it; and a peculiar procedure was followed in it. This 
procedure was known as oral, because originally parties and wit- 
nesses had been required to make their statements in person; but 
eventually the grand chambre admitted certain written documents. 
Even after the venality of offices in the parlement had become 
lawful, an order of seniority was maintained for the passing of 
councilors from the other chambers into the grand chambre. 

The chambre des enquétes was one of the earliest subdivisions. 
At first the enquéteurs (Lat. magistri inquestarum) or auditeurs 
had been an auxiliary staff of clerks whose function was to conduct 
the inquests ordered by the parlement itself. Later, when the sys- 
lem of appeal grew and when the parlement began to admit writ- 
ten evidence, the appel par écrit (appeal by writing) came into use 
beside the older procedure, and the parlement had to take cog- 
nizance of inquests. made under the jurisdiction of other courts. 
The enquéteurs then had to make an abstract of the written docu- 
ments and present a report on them. The next step was to allow 
the rapporteurs, who framed the reports, to judge the cases to- 
gether with a number of councilors of the parlement; and from 
1307 onward the chambre des enquétes was in being. Even so, for 
along time all cases brought before the parlement were still re- 
ceived in the first place by the grand chambre, which would then 
send some of them to the chambre des enquétes; and the grand 
chambre debated questions arising from the reports of the chambre 
des enquétes and gave effect to the latter’s decisions, which more- 
over it might revise. Gradually all these restrictions lapsed, till 
by the 16th century they were quite forgotten. Additional cham- 
bres des enquétes were created after the first one: from 1454 there 
were two such chambres, from 1568 there were five. In fact they 
did most of the work of the parlement. Their decisions were 
called jugés, as distinct from arrêts. 

The chambre des requétes had a very different function, In the 
tarly years of the 14th century some of the councilors were nomi- 
nated to receive and judge the requétes (petitions) on judicial 
Questions which had been presented to the king. This practice 
duly led to the formation of a chamber proper; but members of 
this chambre des requétes du palais must be distinguished from 
the maitres des requétes de l'hótel (masters of petitions of the 
king’s household). The latter were entitled to sit in the grand 
a and had a room of their own within the palace but be- 
Onged strictly to a separate body. under the direct control of the 
Chancellor, The business of the requétes in the parlement came 
to be limited to the civil suits of those privileged persons or cor- 
Porations to whom the king, by letters of committimus, had given 

right. of having their cases evoked from lesser jurisdictions. 

Second chambre des requétes was created in 1580. 
in "s chambre de la Tournelle (so named because it sat in a turret 
xi i palace) was the criminal chamber. Though it was not for- 

ay instituted till 1515, it was in being much earlier. It had no 
aaa lay councilors taking turns to serve in it (ec- 
td in * councilors could not participate in judgments that might 
Miei 5 eath sentence). The Tournelle civile, a chamber intro- 
3 uo deal with civil cases involving nothing worth more than 
^ Vres, functioned only from 1667 to 1691. ту 
af rhs de l'Édit (so named from the edicts of Poitiers 
Catholi antes, which successively established it), comprising 
Was in M and Huguenot councilors for affairs of Huguenot interest, 
eing from 1577 to 1585 and from 1598 to 1669. 
(m li (е de la marée was an administrative section, con- 
Е the supply of fish to Paris for days of abstinence. 
* presidents of the chambers were councilors entitled to con- 
dy ке and deliberations. Till the 1340s there were regu- 
tds two presidents of the grand chambre, one lay, one 
ps ical, but from 1345 it was determined that there should 
Cal ha кро, so that the balance between lay and ecclesiasti- 
bee apse; and gradually the number was increased to po 
tier p Presidents of the grand chambre, called présidents 
the premio 4056 Of their distinguishing headdress, the chief was 
the Ride President, who was second only to the chancellor in 
lal hierarchy, 
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Vacant seats in the parlement in the later Middle Ages were sup- 
posed to be filled by ëlection or co-optation; but from the end of 
the 15th century they were in practice being sold, and in 1522 
venality was formally recognized as regular by the institution of 
the Bureau des Parties Casuelles for dealing in offices. These sales 
were so profitable to the government that in 1554 the system of 
the semestre was introduced into the parlement of Paris, each of- 
fice being granted to two holders, who sat by turns every six 
months; but this was dropped in 1558. Attempts to abolish ve- 
nality (1560 and 1566) came to nothing; and in 1604 the “annual 
right” or paulette (devised by the financier Charles Paulet) was 
established, enabling officeholders to ensure the hereditability of 
their office by paying one-sixtieth of its purchase price every year. 
The office of premier president, however, could be acquired only 
by a nominee of the crown. 

Provincial Parlements.—Originally there was only one parle- 
ment, that of Paris, but later others were created for the provinces 
of the kingdom. Sometimes it might be desired to preserve to a 
newly annexed territory the sovereign jurisdiction which it had had 
under foreign rule; sometimes, when a great fief of the kingdom 
was reunited to the French crown, a parlement was established to 
take the place of its superior jurisdiction, from which, before re- 
union, the crown would have sought to institute a right of appeal to 
the parlement of Paris. There might however be an interval dur- 
ing which delegates from Paris would hold assizes in the province 
before a separate parlement was created. 

The first provincial parlement was that of Toulouse, for Lan- 
guedoc (1443). The others were those of Grenoble, for Dauphiné 
(1453) ; of Bordeaux, for Guienne (1462) ; of Dijon, for Burgundy 
(1477); of Rouen, for Normandy (1499, when the seat of the Nor- 
man exchequer was fixed, though it was not named a parlement till 
1515); of Aix, for Provence (1501-02); of Rennes, for Brittany 
(sessions alternating between Rennes and Nantes from 1554, fixed 
at Rennes from 1580); of Pau, for Navarre, that is to say for 
Béarn and Basse-Navarre (1620); of Metz, for the Three Bish- 
oprics and adjacent territories (see LORRAINE; 1633); of Tournai, 
for Flanders (1670; transferred to Douai after the loss of Tournai 
by France in 1709); of Besancon, for Franche-Comté (1676); of 
Trévoux, for Dombes (1762; merged with the parlement of Dijon 
jn 1771); and of Nancy, for ducal Lorraine (1775). In addition 
to these, there were organs exercising the same functions in other 
provinces, but designated as "sovereign councils" or "superior 
councils," not as parlements. 

The provincial parlements were organized on lines similar to 
that of Paris and claimed to possess equal powers. But the parle- 
ment of Paris had jurisdiction over nearly half of the kingdom. 

Powers and Pretensions.—The parlements had a practically 
legislative power insofar as they could promulgate arrét de régle- 
ment, or decisions on previously uncertain points of law, which 
were of general application and of lasting validity as interpreta- 
tions of custom or of the statutes. They also had certain adminis- 
trative duties: the parlement of Paris, for example, was ultimately 
responsible for the town’s highways and thoroughfares, for the 
control of building, for public decency, for sanitation, and for the 
food supply. 

The political pretensions of the parlements were based on the 
usage of having the king’s edicts and letters patent registered by 
them. This registration, introduced in the first half of the 14th 
century for practical convenience, became a routine for the 
promulgation of new measures; but from it there grew a right 
of remonstrance. Before registering a measure, the parlements 
“verified” it; że., they examined it to see whether it conformed 
with the principles of law and justice and with the interests of 
king and kingdom; and if it did not, they withheld registration and 
addressed remonstrances to the king. Apart from its concern with 
secular matters, the parlement regarded itself as the custodian both 
of the Catholic faith and of the rights of the Gallican Church 
and so was usually prompt to remonstrate not only against mea- 
sures of tolerance for heretics but also against papal bulls or 
concordats which the king might wish to accept but which the 
parlement regarded as encroachments on the Gallican liberties, 

Remonstrance was in fact a way of performing that duty of 
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counsel which more than one ordinance had expressly enjoined on 
the parlements. But to the royal government it came to appear as 
obstruction, When the king wished to force a parlement to regis- 
tration, he would either send a lettre de jussion, ordering it, or 
come in person, to hold a Jit de justice, at which his actual presence 
suspended any delegation of authority to the magistrates. 

The right of remonstrance, which was also enjoyed by other 
sovereign courts, such as the chambre des comptes and the cour des 
aides, enabled the parlements, in the latter centuries of the Mid- 
dle Ages, to exert a counterbalancing influence in relation to the 
royal power, though this influence was restricted and negative in- 
sofar as the courts had no right of initiative in political matters. 
With the troubles of the 16th century and of the first half of the 
17th a change came about. The parlements took up a course of 
systematic opposition, which reached a peak at the beginning of 
the Fronde (g.v.) in 1648. It was to prevent any more opposition 
that Louis XIV first set a time limit for remonstrances (ordinance 
of 1667), then prescribed that registration should always precede 
remonstrance (letters patent of 1673). No more remonstrances 
were made for the rest of the reign; but on Louis XIV’s death 
(1715) the parlement recovered its old right, primarily because 
its connivance was required in order to inaugurate the regency of 
the duc d'Orléans for Louis XV. Thenceforward the parlement 
of Paris resumed its role of opposition, challenging the government 
over financial matters and, especially, over the application of the 
bull Unigenitus (which it had hesitated to register in 1714) against 
the Jansenists. From Paris opposition spread to the provinces; 
and in the 1760s the quarrel of the Breton parlement against the 
royal government provided a sensational example, with La 
Chalotais and the duc d'Aiguillon (qq.v.) as protagonists. Acting 
in solidarity with the Bretons, the parlement of Paris provoked 
the coup d'état of the chancellor de Maupeou (g.v.) in 1770-71; 
but Maupeou's work was undone on the accession of Louis XVI 
(1774). 

The venality of offices had transformed the parlements into the 
reserve of a self-perpetuating caste. If an office was not passed 
from generation to generation of the same family, it was bought 
by some ambitious bourgeois who could thereby enter the noblesse 
de robe, or nobility of the judge's robe (red in the case of the 
parlementaires). The opposition of these men was motivated, to a 
large extent, by anxiety to maintain their own privileges; but it 
served to focus more general feelings of political and social dis- 
content. This discontent broke out in the French Revolution 
(q.v.), which swept the parlements into oblivion even before the 
destruction of the monarchy: by the Constituent Assembly's de- 
cree of Nov. 3, 1789, they were suspended and by that of Sept. 7, 
1790, they were abolished. 

For the parlements of 19th- and 20th-century France, where the 
word is used іп a sense like that of the English Parliament (q.v.), 
see FRANCE: History and Administration and Social Conditions. 
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du Parlement de Paris au XVIIIe siécle (1958). See further M. 
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PARLEY, PETER: see GOODRICH, SAMUEL GRISWOLD. 

PARLIAMENT, the name given originally to the legislature 
of England, which became successively the Parliament of Great 
Britain under the Union with Scotland Act (1707), the Parliament 
of the United Kingdom of Great Britain and Ireland under the 
Union with Ireland Act (1800) and the Parliament of the United 
Kingdom of Great Britain and Northern Ireland under the Royal 
and Parliamentary Titles Act (1927). The name was also ap- 
plied to the legislatures of Scotland and Ireland, abolished in 1707 
and 1800 respectively, and to that of Northern Ireland. 1t has 
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been extended to the legislatures of other independent 
within the British Commonwealth which were once Es z 
rule and is often used informally as the English mens 
local name for a foreign legislature. i 

In relation to the Parliament of the United Ki 
is often used loosely. In strict law the Web 
king (or queen regnant) in Parliament, i.e., the formal ki | 
the sovereign with the Lords spiritual and temporal in their 
and with the Commons standing at the bar. In practice the 
work of legislation is the preparatory work, the consideration 
the “bill” which, when assented to by the sovereign teda 
“act of Parliament." This consideration is given separately jı 
House of Lords and the Hoüse of Commons. Hence when ith 
said that “Parliament is sitting” what is meant is that the Hoy 
of Lords and the House of Commons are sitting. Because il ly 
19th century the House of Commons became predominant, i} 
possible to use “Parliament” to mean the House of Commis 
only. Thus, responsibility to “Parliament” means respo 
to the Commons. The term “member of Parliament" was org 
nally a loose expression for a knight or a burgess elected to Par 
ment; strictly speaking he is a member of the House of Common 

Moreover, the Parliament of England was not, and the Palb 
ment of the United Kingdom is not, exclusively a legislative 
The king (or queen) in Parliament is also the highest legal 
bunal for England and Wales, Scotland, and Northern Ireland, th 
"High Court of Parliament." This judicial work is, h 
done by the House of Lords, or a committee thereof, Hence m 
commonly speak of an appeal to the House of Lords whe f 
mean.an appeal to the king (or queen) in Parliament. 

The main divisions of this article are as follows: 
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a fusion 
1. Origins.—Modern parliaments arose through tion 0 
and the voting 0 


legislative and judicial functions 1 uti 

ply. In medieval times a parlement or partim edges seti 
a meeting of the king in council to which t ote (or bie 
moned for the consideration of pleas and pe 
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the king to redress grievances. Under the Norman kings the 


i were undifferentiated. At a sitting of the curia regis 

g or council), petitions might be considered and dis- 
Lof by what would be called a judicial determination, or by 
to a sheriff to see that right was done, or by a general 
is mich partook of the nature of legislation, The creation of 
ate courts for what would be called judicial business—the 
Court of Common Pleas, the Court of King’s Bench, the Court of 
xchequer, the courts of justices in eyre, and courts of justices 
assigned—left to the council in parliament (concilium regis ad 
borliamenta sua от in parliamento) the consideration of extralegal 
petitions, for instance, petitions that the law operated harshly, or 
that justice could not be obtained because of the influence of a 
ie baron, Where the order was, to use modern language, 
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egislative, its purpose was not to change the law but to improve 

since law was thought of not as legislation but as custom. 
Everybody knew what duties a tenant owed to his lord, or the 
lord owed to the king; but it might prove desirable formally to 
set out what rights lords of manors in general had to enclose the 
waste land of their manors, 

On the other hand, the word parliamentum might be applied to 
what was more usually described as a colloquium, a meeting of the 
Clergy, or the lords, or the representatives of counties or boroughs, 
or merchants, or any or all of them, Such a colloquium might be 
summoned, for instance, to discuss measures for dealing with raids 

4 by the Scots over the border, or the sending of an army to Gas- 
tony. More often the purpose was to obtain assent for the levying 
of an aid or customs duties. Usually the cause of the summons 
was not stated, except in general terms. For instance, knights and 

esses Were summoned to the parliament of 1275 by Edward I 
ad tractandum una cum magnatibus regni nostri de negotiis 
ejusdem regni (“to discuss with the magnates the affairs of the 
kingdom"), At that Parliament, the Statute of Westminster I was 
enacted with the assent of the archbishops, bishops, abbots, priors, 
tarls, barons, and the commonalty of the land; and the customs 
duties on wool, woolfells, and leather were granted to the king. 
former document, which is in Norman-French, uses the word 
porlement; and the latter, which is in Latin, uses parliamentum. 
1215 Was по innovation, for the statute says that it was Edward's 
‘first parliament general after his coronation,” showing that there 
been previous “parliaments” of this kind. 
Second sort of parliament," or colloquium, to which clergy, 
and commons, or some of them, were summoned ad tractan- 
Was usually also a meeting of the king’s council in Parliament. 
auth and petitions could therefore be heard and orders given by 

coll rity of the king in council. If the meeting was merely a 

oquium of the magnates, and there was not to be a meeting of 
ks шо in Parliament, the intention was clearly marked, at least 

DE Edward П. The writ issued was de tractatu habendo, and 

de veniendo ad parliamentum. If both functions were to be 
exercised, the "king's business,” i.e., the matters for which the 
tes and commons had been summoned, was taken before 
tots and petitions of subjects; and the magnates or the com- 
, Ot both, might be dismissed before the hearing of pleas 
om was completed, because the council was still in 

0. 

2, Composition of Early Parliaments.—This account of the 
‘pment of Parliament shows that it is not possible to say 
it began. It is, indeed, simply the curia regis of the Norman 

The first known use of the word parlement, in relation to 
issinply comes from the later years of Henry II: but parlement 
ing and is Parley, so that “parliament” could be used of any meet- 
of Court pa used of meetings of benchers of some of the Inns 
minster 1 1 Was, as stated, used officially in the Statute of West- 
1o far as Of 1275. The writs de veniendo ad parliamentum began, 

statue is known, under Edward I. The Parliament rolls and 
Fus rolls began in 1278, The Anglo-Saxon witan (q.v.) was 
of the Non colloquium of magnates, and the magnum concilium 
that Mn kings was much the same sort of assembly except 
be the PER Conquest the majority of baronial councilors would 
Court The. tenants in chief, bound by feudal law to attend his 
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and vills is also a Norman device, much developed by Henry II. 
The summoning of representatives of counties and boroughs to 
treat with the magnates began under Henry III; and Edward I's 
Parliament of 1295 was a “model” only in the sense that the idea 
of summoning two knights from each shire and two burgesses from 
each borough, which later became the rule, was then accepted. 
Edward I, though not an innovator, may be regarded as the king 
who first made extensive use of councils in Parliament afforced 
by the magnates and the representatives of counties and boroughs 
(see EDWARD I; ENGLisH History, The 13th Century). 

3. Separation of Council from Parliament.—The business 
of the council in parliament gradually diminished as remedies for 
wrongs or grievances became available elsewhere. The Court of 
Common Pleas may be said to have become distinct from the end 
(1216) of John's reign; the court coram rege (see QUEEN's BENCH, 
Covnr or) was distinct from the end of Henry IIT’s reign, though 
there was no formal separation from the council until the end of 
the 14th century; the Court of Exchequer was distinct from the 
end of the 13th century. Moreover, these courts dealt with an in- 
creasing range of wrongs, especially through the development of 
the writs of trespass and trespass on the case. A later development 
was the power of the chancellor to give a remedy for a wrong which 
could not be remedied at common law, At first this was done by 
reference from the council, but when petitioners discovered that 
the chancellor had such power they naturally petitioned him di- 
rect: in other words, if they thought the chancellor could remedy 
the grievances, they submitted a “bill in Chancery” instead of a 
“pill in Parliament.” By the beginning of the 15th century he had 
a recognized jurisdiction over cases which would, in the 13th cen- 
tury, have gone to the council in parliament. 

Even more important was the separation of the council from 
Parliament, which occurred during the 14th century. The council 
always was in every Parliament, and theoretically it is still there: 
but when parliaments were infrequent, the council, which might 
be a small body and need not be afforced by the lords and com- 
mons, necessarily dealt with minor grievances. The council be- 
came a definite body, and not merely a body summoned ad hoc, 
when during the minority ûf Richard IT councilors were sworn. 
By the end of the reign of Henry V "council" and "parliament" 
were different bodies. The council ceased to exercise any con- 
siderable jurisdiction under Henry VI, but it was revived under 
Edward IV and became a most effective judicial or quasi-judicial 
body under the Tudors and Stuarts, especially in the branch of the 
council known as the Court of Star Chamber. 

4. Growth of Legislative Functions.—This development in- 
volved a gradual diminution of the jurisdiction of the High Court 
of Parliament as a court, and there was a corresponding increase in 
the importance of its work as a legislature, This, too, was a 
gradual development, arising out of the fact that petitions were 
laid before the council in parliament. A petition always ends 
with a prayer for redress; the particular redress sought may be set 
out in detail; and if it requires a change or “improvement” in the 
law it may set out the actual text of the provision sought. This 
was known as “a bill in the form of an act”; and that is what a 
bill in Parliament still is, except that in most cases the bill is not 
a petition with a proposed law annexed but merely a proposed law. 

In the 13th century there was no rule that proposed laws should 
be referred to the lords and commons. Most of the laws from 
that century in the printed collections of statutes were never so 
referred. On the other hand, a change in the law, even an “im- 
provement,” was a serious matter because it affected customary 
and feudal rights. Hence, though the law could be made by the 
council, the bill might be referred to the lords and commons af- 
forcing the council in parliament. The petition might come from 
a private person, but as other means were found for redressing 
private grievances, petitions tended to come from bodies of per- 
sons or corporations, possibly persons representing or claiming 
to represent a county, or the clergy, or the merchants. As Par- 
liament became a more important body in the 14th century a dis- 
tinction grew up between ordinances (laws assented to by the 
king in council) and statutes (laws based on petitions assented to 
by the king in Parliament). Since the latter were entered on the 
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statute roll they enjoyed a high degree of authority. Moreover, 
Parliament became critical of legislation by ordinance and began 
to claim a right to be consulted. 

The most representative body in the country was, however, the 
Parliament itself, Petitions by the commons, or by the lords, or 
both, became common in the 14th century. In that century, and 
in the early years of the 15th century, the law was framed and 
enacted by the king in council; but later in the 15th century this 
was found inconvenient, and the petition, or bill in the form of an 
act, became common. If this was assented to by the king, with or 
without amendment, it became an act of Parliament. Complaints 
that changes were made by the council were common, and Henry V 
had to agree that nothing would be added to a commons petition. 
The commons insisted that they be assenters as well as petitioners. 
Under Henry VI it became regular practice for petitions or bills 
to be in the form of acts, whether they were initiated by private 
persons, or by the king in council, or by the lords or commons, and 
the assent of the lords and commons was required for the actual 
text. The bill was enacted by the king, by and with the advice 
and consent of the lords and commons, “and by the authority of 
the same.” The bill no longer needed to take the form of a peti- 
tion, except when it came from a private person, in which case it 
was a “private bill”; and a “private bill” is initiated by petition 
even today. A “public bill” is not; it is simply introduced by a 
member. 

5, Development of the Two Houses of Parliament.—The 
discussion of bills and grants by the lords and commons necessarily 
implied debate outside the formal sittings at which the king was 
present; and, though the groups of clergy, barons, knights, and 
burgesses sometimes sat separately, the practice developed of the 
archbishops, bishops, abbots, earls, and barons sitting in one cham- 
ber or “house” and the knights and burgesses sitting in another 
chamber or “house.” Strictly speaking there were and still are 
three "houses": the king and his council, including the judges; 
the Lords spiritual and temporal; and the Commons or knights and 
burgesses. Under the Lancastrian kings, however, the king was 
forced to take most if not all of his councilors from among the 
Lords; and under the Tudors it became the practice to find seats 
in the House of Commons for privy councilors who were not lords. 

Hence, when the king had explained to the Lords and Commons 
in Parliament assembled the reasons for their having been sum- 
moned (the “king’s speech"), the king, the judges, and such coun- 
cilors as were not lords left the chamber, the Commons went off 
to some more or less private place (in the 14th century first the 
refectory and then the chapter house of Westminster Abbey), and 
the Lords settled down to business in the Palace of Westminster. 
"The business of both Lords and Comnions was to consider the mat- 
ters referred to them by the king, to put into bills any petitions 
which any member laid before the House, to consider their com- 
mon grievances, if any, and to draft bills designed to remedy those 
grievances. 

_ In the House of Lords the chancellor presided as the king's 
deputy, though he was not allowed to speak unless he was a prelate 
or a temporal lord. The clerk of the parliaments helped with the 
drafting and kept whatever records were needed. In the House 
of Commons a speaker was elected to speak for the Commons when 
the king returned to Parliament and wanted answers to his ques- 
tions; he, and he alone, had the right to speak. How,and when 
the speaker became the chairman of the House of Commons is not 
known. He was presiding when the Commons’ journals began in 
1547, but there had been speakers at least since 1377 and some of 
them probably presided; but until the Commons had established 
themselves under the Tudors they left no'records. Until 1547 
there were only the records of the clerks of parliaments on the 
Parliament rolls, and they tell only what happened in the Lords' 
chamber. The Commons had a clerk (at least from 1363), the 
second clerk of the parliaments, and in due course he became the 
clerk of the House of Commons, but he kept no record until 1547. 
6. Increased Importance Under the Tudors.—The fact that 
the Lords’ journals began in 1509 and the Commons’ journals in 
1547 is significant. It shows the increasing importance of Parlia- 
ment under the Tudors, and especially under Henry VIII. All the 
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great changes effected by Henry VIII were carried out by acts if 
Parliament. It was still possible to make law by proclamatig 
or ordinance, but the Tudors were too wise to make frequent 
of this method, and too popular and conciliatory not to get from 
their parliaments most of what they wanted. James І was neither 
wise nor conciliatory, but Chief Justice Coke solved the Problem 
by declaring; contrary to all the facts of history, that legislation by 
proclamation was and always had been unlawful. 

Another innovation of Henry VIII was to keep parliaments jı 
being for years but to interrupt their proceedings and send them 
home until they were recalled. In other words, instead of declan 
ing a Parliament to be “dissolved,” so that new elections for knights 
and burgesses had to be held when he again needed a Parli 
he merely prorogued it, so that the same knights and burgess 
were recalled for a new session of the same Parliament. From the 
king’s point of view this had the advantage that he knew the mem 
bers and could rely on their support; but it also had the result that 
members became experienced in parliamentary business and thi 
the House of Commons developed both a formal procedure anf 
an esprit de corps. 

There was another reason for this developing esprit de corpi 
In the 13th and 14th centuries it was a burden for a county ort 
borough to send members to Parliament. Their expenses (fu 
traveling, and a daily wage for subsistence) had to be met by the 
county or borough. In the 15th century it became a privilege ly 
sit in Parliament because it was becoming an important body 
Scions of great houses and ambitious men welcomed the chanced! 
being sent to Westminster and were often prepared to waive tht 
expenses. There was consequently a tendency for the same pt 
sons to be returned to successive parliaments. When to this 
practice was added that of keeping a Parliament in being im 
several sessions, there developed a class of almost profession 
parliamentarians. Some would be used by the king to secure č 
sent to his measures; others would disagree with some of thit 
measures and encourage the House to reject them, though the ide 
of a “formed opposition” did not develop until the 18th centu 
and the phrase “his majesty’s opposition” comes from the 
years of the 19th century (so far as is known the phrase was fit 
used by John Cam Hobhouse, later Lord Broughton, as à joke i 
1826). у 

7. The Party System.—In a sense, parties began in the тер 
of James I and Charles І, in opposition to the king. ‘The disti 
tion between “Whig” and "Tory" (see WHIG AND Tory) best. 
however, over the agitation to exclude James, duke of York, {roa 
the throne because he was a papist. After the Revolution of 1 
the Whigs were those who supported the Protestant succ d 
toleration for Dissenters, and popular liberties. Neither they 
the independent country gentlemen, generally called Tories, к 
organized in parties. A prominent Whig peer, active in P® 
had his “connection,” whose members tended to vote the 
way, but the modern party system really began to develop. 
1783, when the younger Pitt led the Tories and Charles m 
Fox the Whigs. Effective power was passing from the king 
cabinet; peers and members of the House of Commons begt 
use the party label; and from 1830, when the Whigs took 
under Earl Grey, the two-party system became stricter 
ENGLISH History. 
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1. Origin and Powers.—English institutions Wer -Sin 
Scotland through the settlement. of Anglo-Norman bor eri 
Lowlands, particularly under David I (1124-53), but the ai n 
ment from curia regis to Parliament was slower and dive el 
that in England. The term “parliament” first appears 0 sgg 
ords in 1293; and, as in England, it was a meeting of the t 
council, which was also a colloquium. On the other banc; 4 
like the Parliament of England it was a court of law; T 
legislation, taxation, and the making of treaties e cow 
cised, until the end of the 17th century, by the gene% at 
consisting of prelates, earls, and barons. On occasions, m # 
burgesses also were summoned. From about 1531 the ijo 
vention" was generally used for a general council. The 
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ween a Parliament and a general council or convention appears 
tobe that the latter was a less formal body, summoned more easily 
and more fluctuating in its personnel. It was in fact an enlarged 

ivy council, From the 16th century, however, there was a closer 
approximation between a convention and a parliament; the former 
became in the 17th century a less formal parliament, 

The legislation passed by a convention was temporary, since 
legislative authority was vested in Parliament. The power to levy 
taxation which the convention possessed is, to an English lawyer, 
surprising. On the other hand, the kings of Scotland to a greater 
extent than the kings of England could “live of their own"; the 
Scottish Parliament, unlike the English Parliament, was under 
royal control and never became a centre of conflict between pre- 
rogative and private rights, though there were instances of the 
refusal of grants; above all, the Scots had not the large and po- 
tentially powerful “middle class” which Tudor prosperity had 
created in England and which dominated the English parliaments 
of James I and Charles I. It should be noted, however, that the 
business of a convention was strictly limited to the matters speci- 
fied in the royal letters of summons. It had no power of initiation. 

2, Composition.—The Parliament of Scotland consisted of the 
three estates of the realm (a formula adopted not from England 
but from France), namely the clergy, the tenants in chief of the 
crown, and the burgesses of the royal burghs. The clergy were 
the bishops, the abbots and priors, and the inferior clergy. After 
the Reformation in Scotland (1560), titular bishops sat in Parlia- 
ment until the restoration of the hierarchy by James VI in 1610; 
they were not present between 1639 and 1661, or after 1689. The 
abbots and priors sat as landowners and many were laymen; ac- 
cordingly they did not disappear at the Reformation. But the 
“commendators” (laymen who held in commendam) disappeared 
in 1640, The inferior clergy had disappeared by the 16th century, 
“сері for those who were royal officers. 

Tenants in chief of the crown of Scotland, like those of the 
(town of England, owed suit of court, but only the more important 
Were summoned personally. Generally, it seems, thosé so sum- 
moned were earls and barons—in Scottish terminology, the 
batons” being those tenants in chief who had the right to hold a 
Court. In 1426 legislation of James I, however, resulted in the 
‘ppointment of “lords of Parliament" who received individual 
Writs and were therefore distinguished from other barons and 
ip The lords of Parliament became hereditary, though the 
аи passed with the land. The other barons and lairds 
i э 9y an act of 1428, to be represented by commissioners of 

Ms, elected by the tenants in chief in the head court of each 
kis this act never took effect, and some barons and lairds at- 
шу the arliament throughout the 15th century. In the 16th cen- 
Wind: psu disappeared, and in 1587 the act of 1428 was 
should b ough the act did not specifically enact that the electors 

Шш ca freeholders, that rule was in fact adopted from 
valuation hey had, however, to be tenants in chief, and the 
extent, "n of 405. was determined by what was known as the “old 

; а Valuation made only on land held direct from the crown 
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d m increased as the coinage depreciated. Accordingly, 
ind th 'n the value of money did not, as it did in England, confer 


plated оа the franchise. An annual election was contem- 
бте) the lb the Restoration in 1660 (and in some cases be- 
Parliam, p Hlish practice of having an election only for a new 
E was followed. 
represented то evidence that, up to 1366, any royal burghs were 
Íg тереке. Parliament, though there were instances of their 
Presented in general council, In that year there is no 
їйрє » mmissioners for the royal burghs were in Parliament, 
Considered „cause (for the first time) the grant of supply was 
А 2 Parliament. Scotland thus had its “third estate”; 
tes S rase “three estates” soon became common. The three 
the lords Те not, as in England from the 15th century, the king, 
» and the commons, but the clergy, the lords and lairds, and 


€ by 
the шы a There was, however, a separate body representing 
Century) S, the convention of royal burghs (dating from the 14th 


ise the commissioners from burghs were in fact also 
Ves of the convention, which, in respect of parliamen- 
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tary functions, acted as a sort of “pressure group.” 

3. The Lords of the Articles.—The parliaments of Scotland 
were unicameral and the officers of state were always present. The 
separation into Privy Council, House of Lords, and House of Com- 
mons (which implied that active privy councilors were peers or 
elected members of the House of Commons) did not happen in 
Scotland. Moreover, the Scottish Parliament did much of its 
work by delegation to commissioners, who often functioned after 
the other members had gone home. One result of this process of 
delegation was that most of the judicial work went to the Court of 
Session, later to become (1535) the College of Justice. Another 
result was that much of the other work went to a commission or 
committee called the Lords of the Articles. In the 17th century it 
was under royal control and obtained the sole power of initiating 
business. The only function of Parliament was to receive and ap- 
prove the report of the Lords of the Articles. This procedure 
was abolished in 1690. 

The parliaments of Scotland were much less representative than 
the parliaments of England. The most truly representative body 
after the Reformation was the General Assembly of the Church of 
Scotland. Parliament was in competition with other bodies, the 
general councils and the conventions of the royal burghs. The 
great constitutional disputes of Scotland were, generally, outside 
Parliament. Parliament itself was virtually controlled, from the 
time of James III (d. 1488) if not from that of James I (d. 1437), 
by the Lords of the Articles. "Though in the later period of its 
history it began to look more like the Parliament of England, it 
never played the part in Scottish life which the English Parliament 
played in English life. Its abolition in 1707 was not so unpopular 
as to be impracticable, provided that Scotland obtained, as it did, 
other advantages from the Act of Union. See also ScoTLAND: 
History. 

Ill. THE PARLIAMENT OF IRELAND 


The Anglo-Norman settlement of the east and southeast of Ire- 
land enabled Edward I to begin the process of summoning parlia- 
ments on the English model, the first known Parliament of Ireland 
being that of 1297. The archbishops, bishops, abbots, priors, earls 
and barons, “and other chief persons of this land” were summoned 
severally; each of the sheriffs of the counties of Dublin, Louth, 
Kildare, Waterford, Tipperary, Cork, Limerick, Kerry, Connaught, 
and Roscommon, and the seneschals of the liberties of Meath, 
Wexford, Carlow, Kilkenny, and Ulster were directed to hold 
elections in his county court or liberty court and elect two honest 
and discreet knights. Burgesses were added in later parliaments. 

As a result of Poynings’ Laws (1494-95) the prior consent of 
the king in council was henceforward needed for legislation, and 
all acts required the assent of the king in council (see PovNINGS, 
Sm Epwarp). The Parliament of Ireland had, however, no 
jurisdiction over the “wild Irishry,” że., the parts of Treland that 
were not under British rule but were governed by tribal law, Thus 
only after the Cromwellian settlements was the Parliament of 
“Ireland” really the Parliament of all Ireland, Irishmen were not 
excluded; but initially the parliaments of Ireland were almost 
exclusively English because most of the landowners were English 
who not only elected Englishmen in the county courts but also 
dominated the boroughs. This also implied that, after the Refor- 
mation, the parliaments of Ireland tended to be Protestant, since 
most of the landowners conformed with the (Protestant) Church 
of Ireland, while most of the rest of the population, except in 
Ulster (where Presbyterianism was strong through Scottish im- 
migration) remained Catholic. 

Since the Roman Catholics had supported James II until his 
defeat at the Battle of the Boyne in 1690, the English Parliament 
in 1691 required every member of the Irish Parliament to make a 
declaration against transubstantiation, which in effect excluded 
Catholics from membership, though they still had the franchise 
until an act of the Irish Parliament in 1727 took it away. 

Tn the 17th century, the right of the English Parliament to legis- 
late for Ireland was challenged. In 1719 the Parliament of Great 
Britain passed an act declaring that the kingdom of Ireland was 
subordinate to the kingdom of Great Britain and that the Parlia- 
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ment of Great Britain “had, hath, and of right ought to have full 
power and authority to make laws and statutes of sufficient force 
and validity to bind the kingdom and the people of Ireland." The 
Anglo-Irish were, however, becoming more Irish than English, 
particularly because of the economic disabilities under which the 
Trish suffered. The American Revolution increased the economic 
difficulties and secured much sympathy in Ireland. The situation 
became so serious that the British Parliament removed the eco- 
nomic restrictions and, in 1782-83, repealed the act of 1719, An 
act of the Irish Parliament in 1782 virtually repealed Poynings’ 
Laws. Thus Ireland obtained an independent Parliament, though 
the government of Ireland was still responsible to the government 
of Great Britain. 

Economic conditions in Ireland did not improve much, and the 
French Revolution of 1789 strengthened revolutionary move- 
ments, Most of the disabilities of Roman Catholics had been 
removed in 1778 and 1782, and from 1793 they had the vote in 
theory, though it was not much use to them because of the narrow- 
ness of the unreformed franchise and because they could not sit in 
Parliament. By 1796 rebellion had broken out and there was grave 
danger of a French invasion. Pitt's solution to the Irish problem 
was the union of Great Britain and Ireland (1800), which was car- 
ried in the Irish Parliament by bribery. Pitt intended to provide 
for Roman Catholic representation also, but owing to George III's 
opposition this could not be carried until 1829. See also IRELAND: 
History. 


IV. THE PARLIAMENT OF NORTHERN IRELAND 


The agitation for the repeal of the Act of Union, which Daniel 
O'Connell began soon after he was elected to Parliament in 1828— 
29, ended in the rebellions of 1916 and 1919, The Government of 
Ireland Act (1920) was passed in the hope that it would settle 
the matter. Under it two parliaments were to be established, one 
for the six counties of Ulster, the Parliament of Northern Ireland, 
and the other for the rest of Ireland, the Parliament of Southern 
Ireland. The Sinn Fein Party, the party in rebellion, fought the 
election (1921), won every territorial seat, and then boycotted 
the Parliament of Southern Ireland, which accordingly never met. 
In December 1921 Southern Ireland became the Irish Free State, 
and in 1949 it became the Republic of Ireland. 

The Parliament of Northern Ireland, on the other hand, is a 
flourishing institution, a replica of the Parliament of the United 
Kingdom, in which Northern Ireland is also represented by 12 
members. Legally speaking, the Parliament of the United King- 
dom has full legislative power in Northern Ireland, but it does not 
exercise it within the limits of the powers delegated to the Parlia- 
ment of Northern Ireland, except in agreement with the govern- 
ment of Northern Ireland, e.g., where it is considered that the 
Government of Ireland Act needs amendment, or where common 
legislation is enacted so as to avoid a conflict of jurisdiction. See 
also IRELAND, NORTHERN. 


V. THE PARLIAMENT OF THE UNITED KINGDOM 


А, GENERAL CHARACTERISTICS 

1. Composition.—The persons summoned or elected to the 
Parliament of the United Kingdom are: (1) the archbishops of 
Canterbury and York, the bishops of London, Durham, and Win- 
chester, and 21 other bishops holding sees in England, in order 
of seniority as bishops; (2) all the dukes, marquesses, earls, 
viscounts, and barons in the peerages of England, Scotland, and 
the United Kingdom, including those men and women who hold 
life peerages; (3) the judges of the Supreme Court of Judicature 
Cie., the judges of the Court of Appeal and the High Court), the 
attorney general, and the solicitor general; and (4) the members 
elected for the several constituencies in the United Kingdom. The 
Lords spiritual and temporal, i.¢., groups (1) and (2), are the 
members of the House of Lords. The judges and law officers in 
group (3) sit in Paxliament when the sovereign is present, but do 
not otherwise sit unless their attendance is required by the House 
of Lords for the purpose of advising that House on a matter of 
law. The members in group (4) are the members of the House of 
Commons. The lord chancellor, if present, presides over the House 
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of Lords whether or not he is a lord spiritual or a lord ten 
but cannot speak unless he is. The sovereign, when present j 
д ر‎ yain a 
person, is attended by his principal officers of state; but, a 
from the lord chancellor, they do not sit in either House of Puri 
ment unless entitled as lords spiritual or temporal or as members 
of the House of Commons. In practice they are in fact so entith 
though there are occasional and temporary exceptions; the British 
system of responsible government depends for its operation on the 
presence in Parliament of the members of the government, 

Women may be elected to the House of Commons; and 
may sit in the House of Lords if they hold hereditary or life peg. 
ages in their own right. Peers of England, Scotland, or the United 
Kingdom may not be elected to the House of Commons, but Irish 
peers may. The minimum age for membership of both Houses 
21, 

2. Meetings of Parliament.—A Parliament is summoned bya 
proclamation issued by the sovereign. Thereupon writs of sum 
mons are issued to the Lords spiritual and temporal. Writs ae 
also issued to the returning officers of constituencies directing that 
elections be held for members of the House of Commons, 

A Parliament is not constituted unless the three estates of the 
realm, że., the sovereign, the Lords spiritual and temporal, ani 
the Commons, are all present. Hence the “great councils” com 
sisting of king and lords, sometimes summoned in medieval Ent. 
land, are now deemed not to have been parliaments—an important 
matter for those who claim “baronies by writ” on the ground thit 
their ancestors were summoned to and sat in Parliament, Simi 
larly, the “parliaments” summoned between the outbreak of the 
Civil War in 1642 and the restoration of Charles II in 1660 wet 
not parliaments, The sovereign may, however, appoint lords 
commissioners to act on his behalf in Parliament, and this is usually 
done, except that the “speech from the throne” at the beginning 
of each session is often read by the sovereign in person. More 
over the rule that a Parliament must consist of the three estál 
does not mean that the House of Lords and the House of Сот 
mons may not sit separately in their respective chambers 
is indeed the normal practice, though they may not do busines 
until the business of the session has been put before them in Par 
liament; nor may legislation be enacted save in Parliament. | 
liament consists of the sovereign on the throne, the Lords spirit 
and temporal on the benches, and the Commons at the bar: 
does not consist of the sovereign, the House of Lords and 
House of Commons, sitting separately. : 

On the day appointed, the members of the two Houses met 
their respective chambers. The lords commissioners appoint M 
the crown command the gentleman usher of the black rod to 
the Commons know that the lords commissioners dese d 
immediate attendance. The Commons attending at the bar, 
letters patent are read and the lord chancellor- indicates the sol 
ereign’s pleasure that a speaker be elected. The Commons 
draw and proceed to elect a speaker, while the Lords take the к 
Next day the lords commissioners again send for the Comm 
and the speaker-elect informs the lords commissioners 01 09 


tion. The lord chancellor having expressed the sovertit 8 
proval, the speaker claims for the Commons their ancient h wi 


doubted rights and privileges, which are confirmed by d 
chancellor, The speaker leads the Commons back to their 
ber, where they take the oath, о ith OF 
On the next day both houses meet again, this time a 
judges in the Lords. The sovereign (or the lords comms y 
being present and seated, the Commons are again sent I0 ^. у 
speech from the throne is read. Both Lords and Сш in 
now proceed to the business of considering the malt side 
speech; but, in order to show that grievances may 06 ‘ll for 
before those matters, each House formally “reads” a bi 
first time. А ай 
3. Business in Parliament.—Parliament, strictly sented it 
does not meet again until either there are bills to be press 
the royal assent or the sovereign desires to prorogue be. by v 
Parliament. The real work of Parliament is of course eri | 
House of Lords and the House of Commons, sitting mop 
the considering of bills, the voting of supplies, the арр 


eys voted, the questioning of ministers, the debate of 
lic policy, and so forth. But only in the loose, popu- 
“Parliament.” When bills are ready for the royal 
r, lords commissioners are again appointed, em- 
y the commission i assent to the bills named, and they 
dir seats in the Lords. The Commons having been sent 
ission is read and the title of each bill is read by 
‘of the crown. The clerk of the parliaments then an- 
е sovereign's assent in the appropriate form, as follows: 
E : od [Le 0] «ы ses bons 
te leur bénévolence, et ainsi le veult; (2) Any other 
ШЇ of а local bill: La Reyne [Le Roi] le veult; (3) Personal 
Soit fait comme il est désiré. In the unlikely event of the 
m wishing to refuse assent (it has not happened since 
Queen Anne refused her assent to a Scottish bill in 1707), the 
formula would be: La Reyne [Le Roi] s'avisera. 
- This system of granting or refusing assent in Parliament is а 
Eom and certainly is so among Commonwealth hon 
‘tries, It arises from the historical fact that a bill is a petition to 
the ign presented in Parliament by the Commons with 
‘the assent of the Lords, or by the Lords with the assent of the 
mons, The petition is in the form of an act, and when the 
E consents to that act, it is enacted “by the queen's [or 
108] most excellent majesty, by and with the advice and con- 
‘wnt of the Lords spiritual and temporal, and Commons [not the 
House of Lords and the House of Commons], in this present Par- 
lament assembled, and by the authority of the same.” In Canada, 
on the other hand, the sovereign legislates “by and with the ad- 
vice and consent of the Senate and the House of Commons"; 
ig similar in other Commonwealth countries. 
But even. in the United Kingdom, the Canadian formula better 
Eo EA reality, as distinct from the constitutional 
m. · legislation enacted by the sovereign in Parliament has 
= assented to by the House of Lords and the House of 
0 Since 1886, however, when the Liberal Party was 
evi ladstone's Home Rule proposals for Ireland, the House 
pem has been predominantly Conservative. Hence since that 
Ж Conservative legislation passed by the House of Commons 
been rejected by the House of Lords, whereas the Con- 
оа а veto on legislation proposed by a Liberal 
ly in the House of Commons; and, on occasions, it did not 
Mn to exercise it (e.g., against Gladstone's Home Rule Bill 
3 and Lloyd George's Finance Bill of 1909). The only 
PA Liberal government was to threaten to create enough 
liri (peers to give the Liberals a majority in the House of 
@ Апа precedent for such action had been set їп 1712, when 
j penne created 12 Tory peers, but the threat was used to pass 
| rm Bill of 1832, and it was used again in 1911 to pass ће 
filament Act which deprived the Conservative Lords of their 
€ Veto. The procedure contemplated by this act was used 
еш Act (1949) which amended the 1911 act and 
ТУ led the Lords’ powers. 


i the Acts of 1911 and 1949.—The Parliament acts of 


та 
ме 


1949 apply to all public bills except a bill containing 
vision to extend the maximum duration of Parliament. Dif- 

M provisions apply, however, to money bills and to other pub- 
Applied » “Money bill” has a precise definition which has been 
i n great strictness by successive speakers. In fact, it 
Cae Lloyd George’s Finance Bill of 1909 would not have 
"Hi Hle as a “money bill” if the act of 1911 had been in force. 
шй Ше, bill, having been passed by the House of Commons, 
"p to the House of Lords at least one month before 


tend of dem b 
| КК Session, is not passed by the House of Lords without 


s ae one month after it is so sent up to that House, 
be presen › unless the House of Commons direct to the contrary, 
а to the sovereign and become ап act of Parliament on 
Lords ha assent being signified, notwithstanding that the House of 
Ing ive Dot consented to the bill. 

Poen t of a public bill other than a money bill the act of 
amended by the act of 1949. In effect the act of 1911 

Me majority of the House of Commons to override the 
е House of Lords in two years. Under that provi- 
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sion the Government of Ireland Act and the Welsh Church Dis- 
establishment Act, both in 1914, and the Parliament Act in 1949, 
were passed into law, The act of 1949 reduced the period to one 
year, though the provisions of the act were not used by the Labour 
House of Commons’ majority of 1949-51, since the Conservative 
majority in the House of Lords refrained from pushing its oppo- 
sition so far that it had to be overridden. 

х One effect of the acts of 1911 and 1949 is the statutory recogni- 
tion of the “informal” procedure whereby each bill is read three 
times in the House of Commons and (except under the acts) three 
times in the House of Lords before being presented to the sover- 
eign in Parliament. Indeed, the procedure of the acts cannot be 
used unless there is a certificate from the speaker either that the 
bill is a money bill or that the provisions of the acts relating to 
public bills other than money bills have been complied with, The 
speaker's certificate is conclusive for all purposes and cannot be 
questioned in any court of law. 

The Legal Unchallengeability of Acts of Parliament—An act 
assented to by the sovereign in Parliament becomes a matter of 
public record. That record is conclusive as to what it says be- 
cause Parliament is still “the High Court of Parliament,” the high- 
est court in the United Kingdom. Hence unless the act contains an 
error on its face, i.e., shows that it did not receive the appropriate 
assents in Parliament, its validity cannot be challenged. All mod- 
ern statutes contain an appropriate enacting formula, indicating 
that the act in question has been enacted by the sovereign with 
the assent of Lords and Commons (or, where passed under the 
Parliament acts, of the Commons alone in accordance with those 
acts); and this is sufficient to make the acts unchallengeable. 
Some early statutes give no indication of the assent of Lords and 
Commons, but are presumed to have received that assent, Where, 
however, a statute refers to the assent of the Lords alone, it is not 
an act of Parliament; similarly, the “acts” of the Long Parliament 
or of the subsequent “parliaments” of the Interregnum, not bear- 
ing on their face the assertion that they were enacted by Charles I 
or Charles II, are invalid even if enrolled. 

This rule, that an act of Parliament which does not show an 
error on its face cannot be challenged, has given rise to the theory 
of the "sovereignty of Parliament." If this is only a formula for 
the rule stated in the previous paragraph, it is at worst a misuse 
of language. If, however, it means that because Parliament is 
"sovereign" it cannot bind itself, it may be misleading. It has 
yet to be decided that the rule in question, being a rule of the law 
and custom of Parliament, cannot like other rules be amended 
by act of Parliament. (See also SrATUTE LAW.) 

4. Duration of Parliament.—When Parliament has been con- 
stituted in accordance with a royal proclamation it remains in be- 
ing until it is dissolved. Formerly it could be dissolved only by 
another royal proclamation, or by the death of the sovereign who 
had summoned it. The famous Long Parliament of 1640 enacted 
in 1641, however, that that Parliament should not be dissolved 
except by act of Parliament. But neither its "dissolution" by a 
declaration of Oliver Cromwell and the council in 1653, nor its 
dissolution by its own act in March 1660 had any legal effect, since 
even the “act” was invalid, lacking the royal assent. The “Соп- 
vention" Parliament (April-December 1660), which invited 
Charles II to return as king, finally enacted the dissolution of the 
Long Parliament, though the Convention Parliament itself was 
not a lawful Parliament because it had not been summoned by 
the king. Its legality was sought to be assured by the passage of 
an act declaring it a legal Parliament; its proceedings were, more- 
over, confirmed by its successor, a Parliament summoned ( 1661) 
by the king’s writs. There was again legal difficulty in 1688 be- 
cause when James II “abdicated” there was no Parliament in be- 
ing. 

By the Triennial Act (1694) the length of a Parliament was 
limited to three years from the date on which it was directed to 
meet by the writs of summons. This did not prevent a Parliament 
from prolonging its own life by act of Parliament, which was in 
fact done in 1716 by the Septennial Act. That act was passed 
during the troubles caused by James the Old Pretender and it 
provided that the existing Parliament and all future parliaments 
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should last seven years unless sooner dissolved. The rule so en- 
acted remained in operation until 1911, when the maximum period 
was reduced by the Parliament Act to five years, The parlia- 
ments that were elected in 1910 and 1935 prolonged their lives by 
temporary acts, for one year at a time, until 1918 and 1945, 
respectively. 

The death of the sovereign does not now dissolve Parliament. 
In 1707 it was enacted that the Parliament in existence on the 
death of the sovereign should continue for six months, unless 
sooner dissolved. The limitation to six months was, however, re- 
moved by the Representation of the People Act (1867). Thus, 
every Parliament now remains in being for five years unless sooner 

. dissolved. In fact, it is always specifically dissolved by proclama- 
tion. After the Septennial Act it became the practice to dissolve 
after six years, so as to hold a general election at a period con- 
venient to the government; and on occasions there were earlier 
dissolutions, to enable the government in office to use the royal 
and “treasury” influence to strengthen itself. In the 19th cen- 
tury dissolutions were due sometimes to government defeats and 
sometimes to the anxiety of the party in power to “cash in” on a 
temporary popularity. 

Prorogation and Adjournment.—The fact that a Parliament is 
kept in being for some four years does not imply, however, that 
it is in session for the whole of that period, It can be prorogued 
by a commission, preceded by a proclamation, or by a proclama- 
tion alone. The prorogation discharges the Lords and Commons 
from service for the time being, but they may be summoned to 
meet again on a day fixed either by that proclamation or by a 
subsequent proclamation, Parliament used to be in session from 
January or February to July or August. Because of the press of 
business, however, it became more usual to summon Parliament to 
meet in October or November; and, because of the danger in the 
international situation during the 1930s the practice developed of 
avoiding a prorogation over the summer. Hence Parliament is 
now summoned in November and prorogued in the following Octo- 
ber or November when, after a very short interval, it is again sum- 
moned. 

Since neither House can sit during a prorogation, all business 
in both Houses is terminated. A bill must, for instance, start again 
in the next session, Either House can, however, provide for its 
own adjournment; and, though the periods of adjournment used 
to be short, the summer recess is now provided for not by proroga- 
tion but by adjournment, power being given to the lord chancellor 
and the speaker to summon their respective Houses if they are 
satisfied of the desirability of so doing. 

As has been said above, prorogation is effected either by a procla- 
mation, ie., without having a meeting of Parliament; or by com- 
mission and proclamation. The sovereign could prorogue in 
person, though this has not been done since 1854, Usually a com- 
mission is appointed, the speech from the throne being read by 
the lord chancellor, the Commons having been summoned from 
their chamber. When, in accordance with the proclamation, Par- 
liament meets again, the procedure is the same as at the opening 
of a new Parliament, save that there is not an election of a speaker 
nor is it necessary for Lords and Commons to take the oath. 

A dissolution is usually preceded by a prorogation, though this 
is not legally necessary and in any case the House of Commons is 
usually informed, before the prorogation, that it is the sovereign's 
intention to dissolve Parliament. 

5, Frequency of Parliaments.—Because of the “eleven years’ 
tyranny,” (1629-40) when Charles I ruled without a Parliament, 
the Long Parliament passed an act in 1641 providing that if a par- 
liament was not summoned by Sept. 10 in the third year next after 

' the last sitting of a Parliament, a Parliament should be summoned 
in accordance with the act. That is, if the Parliament had been 
prorogued or adjourned, it should be dissolved and writs should 
be issued by the lord chancellor without direction from the king; 
and if there was no Parliament, writs should similarly be issued 
for a new Parliament. The whole matter was regulated in great 
detail so as to make certain that, whatever happened, there should 
always be a meeting of Parliament after an interval of not more 
than three years. This act was repealed by the Triennial Act 
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(1664) as being “їп derogation of his Majesty's just rights 
prerogative inherent to the imperial crown of this realm," 
stead, it was merely provided that the sitting or holding of рий, 
ments should not be intermitted or discontinued above three 
at the most, The Triennial Act (1694) which provided for a dis 
solution every three years, also provided that there should Not be 
an intermission of more than three years; and in this respect the 
act is still in force. It is, however, no longer necessary, Since 
the parliaments immediately after the Revolution of 1688 want 
to abolish the standing army, they enacted the Mutiny Bill (ит 
called the Army and Air Force Bill) for one year at a time only 
though there were years in which no Mutiny Bill was passed 
Since in fact a standing army always has been necessary, thy 
practice has thus required an annual meeting of Parliament 
though the modern practice is to produce an Army and Air Fore 
Act only once in five years and to continue the Army and Ai 
Force by annual resolutions in between. Moreover, part of the 
taxation (generally the income tax) is continued only from уш 
to year, and expenditure has to be authorized and appropriated 
every year. 

In any case, political considerations now require frequent ий 
regular sittings. In effect, therefore, Parliament is almost com 
tinuously in session, and both Houses of Parliament meet for sm. 
eral days in each week, save for short adjournments at Christma 
Easter, and Whitsuntide and for a longer adjournment from 
August to October, subject to political exigencies. 

6. The Two Houses of Parliament.—The High Court of Par 
liament, like every court established. іп the Middle Ages, has it 
own system of law, generally known as the law and custom of Par 
liament, It is, in the main, a system of case law recorded in the 
Lords’ journals and the Commons’ journals, though there are alt 
decisions of the speakers (e.g., in relation to the refusal of motion 
and questions) recorded in volumes of precedents which are nt 
published but to which the speaker and the clerks-at-the-table hart 
access. A few acts of Parliament also regulate the two Hows 
and their relations with each other. Each House, too, has standi 
orders which continue, subject to alteration, from session to sessit 
and from Parliament to Parliament, and sessional orders which at 
adopted at the beginning of each session. The whole of this cor 
siderable body of law is summarized in Sir Thomas Erskine 
Treatise on the Law, Privileges, Proceedings and Usage of Pi 
ment (1st ed., 1844; 16th ed. by Sir Edward Fellowes and т.б. 
Cocks, 1957). ^ 

Speaking generally, there is no conflict between the law 
custom of Parliament, on the one hand, and the common lav, 
the other, There is conflict, however, in a few matters 0 
mentary privilege: and where there is such conflict nel Ы 
prevails over ће other, The Court of King’s (Queen's) Bench 
no power to keep either House of Parliament within its JU 
tion; and neither House of Parliament has power to overt 
common law by resolution. The Houses of Parliament @ 
courts of common law are, of course, bound by acts of Par 

The judicial functions of the High Court of Parliam 
performed by the House of Lords. These relate to (1) ut 
from all courts in the United Kingdom except ecclesiastical : 
prize courts, and the House of Commons, but subject to it 
tions laid down by acts of Parliament; (2) impeachment ort 
suit of the House of Commons; (3) until 1948 it also had Py 
to try peers accused of treason, felony, or misprision of s 
however, Parliament was not in session, the House of p 
as the Court of the Lord High Steward, and the peers Wer 
only of fact. uy 

The two Houses are courts of record and have power ж pat 
punish persons for breaches of their own privileges. 
leges are designed to maintain the authority, inde] 
dignity of the two Houses and began to develop in the em 
tury. The House of Lords relies upon its inherent author? 
since 1515 the speaker, after being confirmed in office by fo 
ereign at the beginning of a Parliament, has laid claim v" 
Commons “to their ancient and undoubted rights and pF 
which are thereupon confirmed. 7 ij 

The privileges are: (1) right of access to the sovereign 
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peer individually, and by the Commons through the 
such of their members as are privy councilors—in con- 
this privilege the speaker has a right of way down 

ing to Buckingham Palace, London) when attending 
n) freedom of peers and members from civil arrest 
d from 40 days before to 40 days after a meeting of 
} (3) freedom of speech in Parliament (confirmed by 
Rights, 1689); (4) the right to exclude strangers and 
forbid the publication of reports of debates (the latter now 
ed only in respect of “secret sessions” in wartime); (5) 
rivilege in respect of papers published by order of either 
‘confirmed by the Parliamentary Papers Act, 1840, after a 
ween the House of Commons and the Court of Queen’s 
case of Stockdale v: Hansard) ; (6) right of the Com- 
rder the issue of writs for the filling of vacancies, to en- 
ifications for sitting in Parliament and (until 1868) to 
ne disputed elections; and the corresponding right of the 
ords to determine the right of persons to sit in that 
; (7) right to the exclusive cognizance of matters arising 
the House; and (8) power to punish any person for breach 


of the last of these, conflicts sometimes arise between 
of Commons and’ the courts of common law. The 
always claimed power to determine the limits of its own 
‚ The courts, while recognizing all the above privileges, 
eir limits are cognizable at common law. Accordingly, 
commits a person to the clock tower for the breach of 
specified in the order of the House, the High Court 
der his release by habeas corpus if that court considers that 
no such privilege. Such conflicts are avoided, however, 
h is committed for contempt of the House, without the 
er specifying what the contempt was: for the courts recognize 
of the House to commit for contempt of itself. 


0f Elizabeth I it was possible for Sir Thomas Smith, 
epublica Anglorum (1583) is one of the earliest mono- 

0n constitutional law, to give equal weight to the judicial 
he legislative functions. Today the legislative functions are 
I More important, and they include the functions of voting 
posing taxation, and regulating the national expendi- 

are, however, part only of the general function of 
Hating, criticizing, and approving the actions of the government 
s being. The authority of that government rests upon 
majority in the House of Commons: but party majorities 
ually stable from one general election to another, and so the 
ary system enables the government to secure the support 
jority of the House of Commons, but subject to possible 
m from its own party and regular criticism from the parties 
iion," What is more, the government has the means for 
“ing itself, since most of its leading members are in the 
Commons and the rest in the House of Lords. 


B. Tur House or Commons 


Representation. The Commons is singular: in the Norman 
tg Middle Ages it was commune or communauté. It 
ly of subjects, excluding those who were summoned to 
by individual writs, It could attend Parliament only 
"tation, and representation was based on the units of 
ment, the shires and the boroughs. Each was repre- 
0 persons, irrespective of population, because popula- 
Was not represented. There was equal representation 
mmunity" in order to secure an adequate representa- 
1509 Whole community or commons. 1 
B Henry VIII came to the throne, 37 counties and 
hs were represented. The counties were the ancient 
of England, less the counties palatine of Chester and 
the county of Monmouth, Under Henry VIII the 
S of Chester and Monmouth were given two seats each 
] ‘atliament, and each of the Welsh counties was given 
Under Charles II the county of Durham was given 
0 far as England and Wales were concerned, there 
ег alteration until the Reform Act of 1832, save that 
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‘above respects the two Houses are courts of record. In. 
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in 1821 the borough of Grampound was disfranchised and the two 
seats thus released given to Yorkshire, which thus had four seats. 
By the Act of Union with Scotland in 1707, however, 30 county 
members were brought in for Scotland. Since there were then 34 
Scottish counties (Ross and Cromarty were not joined until 1889), 
8 counties had to be combined in pairs, By the Act of Union with 
Ireland in 1800, 64 county members were elected. 

The ancient boroughs were, for the most part, seaports, county 
towns, and fortified places that had received franchises or liberties 
by royal charter conferring special privileges. Since representa- 
tion was an onerous and expensive duty, however, many chartered 
boroughs had ceased to be parliamentary boroughs. The majority 
of those represented in the parliaments of Henry VIII were in the 
south, west, and east of England, where most of the thriving 
towns were to be found, though a borough continued to be repre- 
sented even if, as a town, it had virtually disappeared (e.g., Old 
Sarum). Since representation depended on a royal charter, how- 
ever, it was possible for the king to increase the number of bor- 
oughs so represented. Moreover the House of Commons claimed 
the right to decide whether a borough was entitled to representa- 
tion; and since the 15th century representation was becoming less 
and less of an onerous duty and more and more of a privilege. 
This arose because the nobility, especially the new nobility of the 
Tudors, gained prestige by being able to nominate their relatives, 
friends, and retainers to Parliament and the persons so nominated 
were usually willing to relieve the boroughs of all expense. Ac- 
cordingly, under the Tudors there was a rapid increase in borough 
representation. Of this increase of 148 borough members, 15 were 
due to legislation under Henry VIII bringing in Chester, Mon- 
mouth, and the Welsh boroughs; all the rest were due to royal 
charters, Under the Stuarts the recalcitrant Commons became 
critical of this exercise of the royal prerogative, and though James I 
created 11 new seats, only 2 were afterward created by charter, 
under Charles II. The city of Durham was given 2 seats by act 
of Parliament under Charles IT, and under James I and Charles I 
32 seats were created by the restoration of ancient privileges by 
the House of Commons. No borough seats were created between 
1688 and 1832, except by act of Parliament, and then only to give 
representation to Scotland and Ireland—though, as mentioned 
above, Grampound lost its 2 seats for corruption, Hence the 
membership of the House of Commons, grew, as shown in Table I. 


TABLE I.—House of Commons Membership, 1509-1830 


Year Counties Boroughs Total 
Death of Henry VIT (1509) . . . 74 222 296 
Death of Henry VIII (1547) . . . 90 251 E 
Death of Edward VI (1553) . . . 90 285 375 
Death of Магу I (1558) , . . . 90 308 398 
Death of Elizabeth I (1603) . . . 90 370 460 
Death of Charles IT (1685) PLE € 92 417 509 
Death of Anne (1714 MINA е 122 432 554 
Death of George LV (1830) ҮТЕРҮ 188 465 653 


To these must be added the universities of Cambridge and Oxford, 
enfranchised by royal charter under James I, and Trinity College, 
Dublin, enfranchised by the Act of Union with Ireland, Conse- 
quently the unreformed Parliament contained 658 members, 

The Reform Acts of 1832 did not change the total, but only the 
distribution. Wales was given 29 seats instead of 24, Scotland 53 
seats instead of 45, and Ireland 105 seats instead of 100. The 
great changes were made in England, where 56 boroughs were dis- 
franchised and the representation of 31 reduced from two to one 
(four to two in the case of the combined boroughs of Weymouth 
and Melcombe Regis). Forty-two English towns became new bor- 
oughs and 34 English counties received additional members. 
‘These changes were not intended to be revolutionary. What was 
sought was a better balance. The small boroughs were wholly or 
partially disfranchised on a population basis, though many small 
boroughs had their boundaries extended in order to continue their 
representation. Populous places like Birmingham, Leeds, Man- 
chester, and Sheffield were enfranchised. This decreased the num- 
ber of boroughs under aristocratic control and increased the rep- 
resentation of the “manufacturing interest”; but this was balanced 
by the increase in the number of county seats that benefited the 
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“landed interest." The principle of equality of representation for 
communities or areas was not given up because, though small bor- 
oughs had only one seat, no borough except London had more than 
two seats. Moreover the counties which had four seats (and York- 
shire which had six) were divided into two-member constituencies. 

The changes made in 1867-68 were few, and the great change 
was made in 1884—85, when the principle of representation ac- 
cording to population was accepted. Moreover the principle of 
the single-chamber constituency was accepted everywhere, except 
in the universities and in those boroughs which had two members 
both before and after 1884. There were redistributions, on the 
same principles, in 1918, 1945, 1949, and 1954, and there is now 
permanent provision for redistribution at intervals of 12-15 years, 
by commissions presided over by the speaker of the House of Com- 
mons, 

2. The Franchise.—Meanwhile the franchise had been chang- 
ing. In the 14th century the knights of the shire were elected in 
the county court: and, since nobody particularly wanted to under- 
take the duty, it was unnecessary to lay down qualifications for 
voting. Early in the 15th century, however, the convention de- 
veloped that it was an honour to be a knight of the shire, and 
accordingly it was enacted in 1430 that the right to vote should be 
vested in all persons who held freehold land of the clear annual 
value of 40s. This was, until 1832, the sole qualification for 
county elections, and it remained the basic qualification until 1918. 
Meanwhile the value of land, in terms of money, had risen enor- 
mously; but the ordinary villager or townsman was not thereby 
enfranchised because he usually held by copyhold or leasehold. 

In respect of the boroughs there. was no legislation until 1832, 
and the franchise was regulated by local custom. In some bor- 
oughs, like Preston and Westminster, it was very wide, and ex- 
tended to all inhabitant householders who had separate kitchens 
(“potwallopers,” who boiled their own pots) or who paid local 
taxes (“scot and lot") or even, in Preston, all persons without re- 
Striction. In other boroughs only the íreemen had the vote. 
Where the local guilds remained strong and provision was made for 
journeymen's apprentices to become freemen, this franchise might 
be widespread, as in Liverpool. Elsewhere, as in Cambridge, the 
creation of freemen was left to the corporation, whose members 
tended to keep the franchise close in order to control elections. In 
yet other boroughs the election was in the hands of the members 
of the corporation themselves. Finally, there were boroughs in 
which the franchise was vested in the owners of land held on 
burgage tenure. The notorious borough of Old Sarum, which had 
ceased to exist but continued to return two members, was in this 
category. It was bought by the Pitt family (i.e., they bought the 
burgage lands) and mortgaged to the treasury. It should be men- 
tioned, however, that in those boroughs that were cities or bor- 
oughs of counties, like Bristol and Norwich, the 40s. freeholders 
had the vote. 

It should be emphasized that, until 1884, contested elections 
were the exception. This was very largely due to the expense in- 
volved, Where there was anything like a popular franchise (i.e, 
in all the counties and about half the boroughs) the whole cost 
of the election, £.e., the fees of the officials concerned, the erection 
of the hustings, the cost of the polling booths, had to be met by 
the candidates. To this had to be added the cost of bringing elec- 
tors to the poll, which in the case of a county meant bringing them 
to the county town, and feeding and perhaps lodging them. Fur- 
ther, many electors were nonresident and had to be transported 
Írom their homes, perhaps in London (in the 19th century the 
party organizations bought railway tickets and charged the cost 
to the candidates). It was usual to employ bands, to distribute 
ribbons and other favours and to open the inns and taverns to the 
free and independent electors. Nor were other methods, such as 
bribery, abduction, or impersonation, always avoided. Charles 
Dickens’ famous election scene in Pickwick Papers was based on 
fact: and indeed ‘“Eatanswill” may have been the notoriously 
corrupt borough of Sudbury, which Dickens reported on at the 

general election of 1835. The cost of a hotly contested election 
could be anything from £10,000 to. £100,000. 
On the other hand, there was usually no contested election in a 
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corporation borough, or in a freeman borough with few f, 

or in a burgage borough where ore person owned most of 
burgages. Moreover, the modern idea of voting for party had 
developed, at least before 1800: Most people would vote, iim 
were a contest, for the squire's candidate, because that Was the 
proper thing to do. In the 19th century the reformers айй 
tenants voted for landlords, shopkeepers for their wealthy cy. 
tomers, employees for their employers, etc., because of fear d 
victimization: but this was to put the cart before the horse, ] 
was just as disloyal to vote against the squire as it would be for 
Yorkshireman to cheer for Lancashire іп a cricket match or for, 
trade unionist to bea “blackleg.” 

The result in a county election: was that, for instance, Sir Jams 
Lowther (created earl of Lonsdale їп 1784) could nominate tly 
members for Westmorland because the squires always supporte] 
his candidates and the freeholders supported their squires, Only 
where the great landowners contested for the “influence” (eg 
the Percys and the Greys in Northumberland) was there a cop 
tested election; and usually it was agreed to divide the seats, the 
Percys having one and the Greys the other. 

Most of the boroughs were similarly under “influence,” ep 
no decent person would dare to oppose the Churchill (or the friend 
of the Churchills) nominated by the duke of Marlborough iw 
Woodstock. Hence some boroughs were “owned” by great lant 
owners and many were “influenced” by them. Only in the "ope! 
boroughs, where potwallopers, scot and lot electors or frena 
were numerous, could there be a contested election, and then 
good deal of money was required. Electorates were реле) 
small even after 1832; and in Cambridge, for instance, Sam Longi 
paid cohort of 200 electors could win any election for the cand 
date who did a deal with Sam. 

In 1832 the £10 copyholder, the £10 leaseholder for 60 yan 
or of £50 for 20 years, and the tenant at will who paid £50 a ye 
rent, were enfranchised in the county and the £10 occupier inthe 
borough, The householder was enfranchised in the borough 1i 
1867 and in the county. in 1884. In 1832, too, the ancient fri 
chises were extinguished forthwith in the case of nonresidents 
after existing lives in other cases. (This meant that in som 
“open” boroughs like Liverpool working class electors wert! 
franchised.) | In 1918 only two qualifications were rec 
residence and the occupation of business premises of £10 im 
In 1948 the business premises qualification was abolished, i 
so were the 12 university seats (2 each for Oxford and Cambri 
and the “English universities,” one each for London, the ino 
sity of Wales, the Queen's University of Belfast. 3 for the ^ 
tish universities"; all but Oxford and Cambridge had Me 
representation between 1867 and 1928). Meanwhile wn 
30 or more were enfranchised in 1918 and women aged 21 07 
were enfranchised in 1928. Moreover, the secret ballot ha 
introduced in 1872 and a really effective Corrupt and Ше 
tices Act passed in 1883. 

The successive changes in the franchise have produced there? 


Taste II.—Growth of the Electorate of Great Britain 


| 

ү Electorate 48 РО | 

Total Population aged ulation | 

Year electorate 20 and over* of pops d ovet am 

| 

1831 438,000 10,207,000 m 

1832 720,784 10,207,000 9.0 
1864 1,130,372 13,051,816 164 

1868 2,231,030 13,625,658 180 | 
1883 2,955,190 16,426,233, 285 
1886 1,965,618 17,394,014 30.0 
1914 1,483,165 24,969,241 740. 
1921 1910811037 26.846.785 96.9 
1931 29,175,608 30,096,135 903 
1946 34,320,351 34,560,000 93.9 
1949 33,545,221 34,981,000 928 
1059 . 34,523,000 31,211,000 961. 

1964 : 35,003,000 36,372,000 me Lal 


rr T th 
*Persons under 21 have no vote, but separate population figures for 
are not available. 
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shown in Table II. There was, however, much duplice J), 
1918 and some duplication between 1918 and 1948, = * jut 
3. Business in the House of Commons.—The !0,. W 


the House of Commons in the 19th and 20th centuries 


on the principle that it is the function of the government to 

and of the opposition to oppose. The need to provide ade- 

te scope for both these activities has led to the development 
and also to the frequent modification of various procedures. Fa- 
cilities must. also be provided for Parliament to carry out its an- 
det role as the forum through which redress of grievances, 
whether public or individual, is to be sought; this includes the 
nising of matters regarded as of public urgency, on which mem- 
bers of the House consider that an immediate debate is essential. 
Functions of the Government.—Government involves both 
executive and legislative action.’ Parliament, primarily a legislative 
body, is not normally the vehicle for executive functions, but 
occasionally a minister may wish to make in Parliament a state- 
ment of policy (on a matter for which the government already 


` hasadequate legal powers). Не will then arrange for a question to 


beasked during the time set aside for questions, so that in answer- 

ing it he may make his pronouncement. | The main work of the 

government in Parliament is, however, the implementation of the 

E program on which it fought and won the last general 
tion, 

Public (Government) Bills.—Discussion and debate on govern- 
ment bills now takes up a vast amount of Parliamentary time, 
providing the main items on the House of Commons’ agenda 
„(called the “orders of the day"). This development is largely 
due to two characteristics of 20th-century political practice and 
theory, a major increase in centralized government and a belief in 
the necessity of a welfare state. Since 1906 the weight of public 
legislation has steadily increased; measures for social security, 
for the nationalization of industries and public services, and for à 
Wide range of administrative controls have jostled each other onto 
the statute book, In 1918 a cabinet committee, the future Legis- 
lation Committee, was set up in order to plan the program for 
every session of Parliament. 

The Three Readings of a Bill—The traditional procedure by 
Wich a bill must be read three times їп еасһ House of Parliament 
before it can receive the assent of that House dates from time 
о, but is based on the recognized need to allow members 
Wutely to investigate the principles which a bill embodies and 
fo ín ils of its provisions. The first reading of a bill is purely 

mmal; the Second reading provides the. occasion for debate on 
E cole involved. The bill then goes "into committee," 
i m is examined clause by clause. Most bills are now sent 
vith bills other of the standing committees (each set up to deal 
Birnen on one particular range of topics, and reflecting in their 

ae the respective strength of parties in the House) ; 
everted paye governments of the years 1951 to 1964, however, 

Ж ae earlier practice of forming committees of the whole 
acceptin ji chairman can usually keep debate within bounds by 
Motions E osure motions (“that the question be now put'—such 

кісі ust now normally be accepted without debate), and 
feat hace amendments, Very often there is an informal agree- 
wever Pen parties, whereby a timetable is laid down. | If, 
Decessary f е bill is both complicated and hotly contested, it is 

D Deme government to introduce into the House a “guile 

in 1881) on (closure clause by clause—a practice first adopted 
er the ich in effect imposes a timetable on the committee. 
ittee ег stage comes the report stage, when the com- 
Tents may be ack to the House; at this point further amend- 
Specific clause moved, which will involve further debate. of. the 
iter алое, 5 concerned, Finally the bill is read a third time, 
inci t debate on its principle, 

cial Measures — 1f. hi у T EETA 

es, and [, however, the bill contains any financi: 
olution peoxetument bills usually do, there has to be a financial 
Whole E IER of ways and means (i.e., a committee of 
cedure ig d the speaker being absent). The purpose of this 
"quiring the H safeguard the expenditure of public money, by 

е Proposals ouse to debate the financial implications of legisla- 

ellor of th The so-called budget statement made by the 
Series of nat exchequer annually in April is in fact a speech 

nancial ps. Ji al resolutions in committee of ways and nep 
dments olution to some extent restricts the scope o 
at the committee and report stages, since they may 
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not run contrary to it or seek to alter its provisions. By the oldest 
standing order of the House still in operation—dating from the 
time of Queen Anne—only the crown (i.e., in this context, the 
government) may introduce a financial resolution, The purpose 
of the rule is to prevent private members from distributing 
largesse to constituents. Any money the government expends it 
must also raise; but without this rule private members could 
propose and vote for expenditure but against taxation, thus de- 
pleting the treasury. 

Opposition and the Redress of Grievances.—Besides members 
of the majority party, on the whole anxious to hasten the passage of 
the government's measures and to support its policies, the House 
of Commons contains the members of the opposition, who seek to 
thwart the legislative program and embarrass the government 
in all possible ways. The opposition corporately, as well as in- 
dividual members or groups of members from any and every 
party, may also wish to bring to the House's notice matters of 
urgent public importance or to seek redress for the grievances of 
their constituents. Both these functions are important in any 
democracy, and the procedure of the House of Commons has to 
provide an adequate framework for their exercise. 

The legislative procedure outlined above shows that both the 
opposition and private members have the opportunity, in debate 
and in proposing amendments, to attack or to seek to modify the 
government's program. But in practice the rigidity of modern 
party discipline, whereby a member is obliged to vote as his 
party leaders dictate, makes it impossible for the opposition to 
secure the rejection of a government bill. All that is likely to be 
achieved is the modification by amendment of individual clauses 
of a bill. 

The greatest opportunity for attacking government policy and 
for raising issues on which the government may be thought to 
have been negligent are "question time" and the "debate on the 
adjournment.” The first important, non-formal business of the 
Parliamentary day, question time, held regularly since 1832, pro- 
vides the means by which ministers (and through them their gov- 
ernment departments) can to some extent be brought to account. 
Questions became so important a part of the technique of oppo- 
sition that in 1937 the Labour Party formed a central bureau 
through which all its members’ questions were to be channeled, in 
order to avoid overlapping, and to ensure the selection of the 
most vital and damaging questions. This period has now also be- 
come particularly important for members who, because of the 
exigencies of modern electoral procedures, find it necessary to 
demonstrate to their constituents that they are vocal and active. 
Because question time has become so popular with members, it 
has become necessary to limit to three per day the number of 
questions an individual member may ask. It has also been ar- 
ranged (since 1902) that questions requiring information only 
shall be answered in writing, thus taking up no parliamentary 
time, But because most questions have a debating and attacking 
value, framing a criticism or imparting discreditable information, 
they require an oral answer and for this purpose are “starred” 
(marked with an asterisk) when sent in, For the convenience of 
ministers questions are taken in groups, according to subject mat- 
ter. The practice of allowing supplementary questions to be asked 
by any member after the answer to the original question has been 
given provides additional opportunity for the opposition and pri- 
vate members to press their attacks. As there is no advance no- 
tice given of supplementary questions, the minister concerned has 
to make an impromptu answer. 

At the end of questions any member may move the adjournment 
of the House “for the purpose of discussing a definite matter of 
urgent public importance.” Interpretations of the phrase by suc- 
cessive speakers have limited its value; but there is no doubt 
that if any urgent matter of outstanding importance were raised— 
even if it related only to a serious injustice to a private citizen— 
the speaker would allow a debate. which would interrupt other 
business later in the day. A member may also raise a matter 
on the motion “that the House do adjourn” at the end of the day's 
business, and the last half hour before the House rises will then 
be devoted to debate on the topic he has introduced. As the 
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normal rule since 1945 has been that the main business of the 
day be completed at 10 р.м. (the *'ten-o'clock rule"), the debate 
on the adjournment usually takes place between 10 and 10:30 P.M. 
The *ten-o'clock rule" can, of course, be abrogated, as occurs 
when there is an all-night sitting, and the private member may 
therefore be unable to introduce his motion until the following 
morning. Moreover, so many members have matters to raise that 
it has become necessary to ration the use of this time either by 
the speaker's decision or by recourse to a ballot. Another method 
of raising a subject in Parliament is for a member to introduce a 
bill under the so-called “ten-minutes rule"; the bill has no chance 
of becoming law, but its sponsor in introducing it can bring a par- 
ticular cause to public notice. 

Private Members’ Bills.—Originally the number of private bills 
passed through Parliament equaled the number of public bills, as 
examination of the statute book shows. For instance, the ma- 
jority of the great land enclosure acts of the 18th century were 
private bills; The huge increase of public business—together with 
the growing assumption that most business is public business— 
has gradually reduced to an insignificant amount the ration of 
Parliamentary time available for consideration of private bills. 
Nevertheless, some small chance for private members' bills re- 
mains. In each Parliamentary session, up to about Easter, gov- 
ernment business has precedence on only four days out of a five- 
day week (thereafter it occupies the whole five days), Fridays in 
this period being set aside for private members’ bills. Again, 
however, the number of members wishing to introduce bills is so 
great that a ballot system has to be followed. Unless a member 
is successful in a ballot for priority for debate on one of an alter- 
nate series of Fridays, he cannot get his motion debated. Unless 
his bill was completely unopposed, in order to proceed further and 
get it passed he has then to be successful in a ballot for priority 
on the other Fridays in the series. In practice private members’ 
bills have little chance of succeeding unless the government is 
willing to provide them with extra time, as happened with Sydney 
Silverman’s bill for the abolition of the death penalty for murder 
(1965). (WF) 


C. THE HOUSE OF LORDS 


These complications do not concern the House of Lords. Few 
peers attend the normal debates and even an attendance of 200 is 
exceptional. The party controversy is much less fierce in the 
Lords than in the Commons. Above all there are no financial reso- 
lutions, estimates, supplementary estimates, or committee work on 
financial measures. Financial bills and financial clauses of general 
bills are considered to be matters within the exclusive cognizance 
of the House of Commons. This means that they may be de- 
bated but not amended by the House of Lords. In the case of a 
“money bill,” as defined by the Parliament Act of 1911, rejection 
by the House of Lords can be overruled. It follows that, though 
the procedure of the House of Lords is fundamentally the same as 
that of the House of Commons, it is free from restrictions intro- 
duced into the latter since 1800. The House of Lords usually sits 
for only three hours a day, three days a week. 


VI. OTHER PARLIAMENTS OF BRITISH ORIGIN 


The word “parliament” is usually restricted to the legislatures 
of independent countries and self-governing colonies within the 
Commonwealth of Nations, and to that of the Republic of South 
Africa, no longer a member of the Commonwealth. Other British 
colonies usually have a legislative council or a legislative assembly 
or both, though other names, like “state council,” are sometimes 
employed. ‘The legislatures of the Australian states are called 
“parliaments” because the constitutions of those states were not 
affected by the creation of the Commonwealth of Australia in 
1900. In Canada, however, the provincial legislatures are known 
as “legislatures”; and this precedent was followed for the state 
legislatures of India, the provincial legislatures of Pakistan (con- 
stitution of 1956, abrogated in 1958), and the state legislatures 
of the Federation of Malaya (since 1963 extended to become the 
Federation of Malaysia). 

The fundamental difference between the Parliament of the 
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United Kingdom and other parliaments is that the latter are y 
lated by written constitutions. The degree of regulation depends 
upon the amount of detail put into the constitution and the ease 
difficulty with which that constitution can be amended, In x 
case the outline of the composition is in the constitution, and jy 
every case there is some departure from the United Kingdon 
model. As we have seen, the Parliament of the United Kingdom 
consists in legal form of the king (or queen regnant), the 
spiritual and temporal, and the Commons, in Parliament assem. 
bled. The Parliament of Canada consists of the sovereign, the 
Senate, and the House of Commons; the Commonwealth Parlia 
ment of Australia consists of the sovereign, the Senate, and th 
House of Representatives; the Parliament of New Zealand соъ 
sists of the governor general and the House of Representatiys 
(this form survives from colonial practice); the Parliament of 
the Republic of South Africa consists of the state president, the 
Senate, and the House of Assembly; the Parliament of India co} 
sists of the president, the Council of States, and the House of the 
People; the parliaments of Pakistan and of Ghana consist of the 
president and the National Assembly; the Parliament of Ceylon 
consists of the sovereign (represented by the governor generil), 
the Senate, and the House of Representatives; the Parliament of 
the Federation of Malaya consisted, and that of the Federation of 
Malaysia consists, of the yang di-pertuan agong (the supreme head 
of the federation), the Senate, and the House of Representatives 
It will be seen that, allowing for the variations in the head of the 
state and in respect of a second chamber, the formulas are identi 
cal in principle and differ from the United Kingdom formula. The 
difference is not one of form only, since it may affect the validity 
of legislation, Legislation has in fact been declared invalid in 
South Africa, Pakistan (1947 constitution), and Ceylon, еса 
of defects of form. 

The "lower" house in the bicameral legislatures and the how 
in the unicameral legislatures are invariably based on direct elet 
tion on adult franchise. However, the principle of “опе perso, 
one vote, one value” is not universally accepted. In Canada a 
Australia it was considered necessary to provide a minimum rt? 
resentation for the smaller provinces and states and there # 
provision for multimember constituencies in Ceylon. Аю n 
Ceylon the governor general is empowered to appoint six men 
bers, again for the purpose of representing minorities. 

The greatest disparity, however, is in respect of the second 
chamber. New Zealand had one but abolished it by constitutio 
amendment in 1950 (taking effect on Jan. 1, 1951). Pakistan й 
its 1956 and 1962 constitutions decided not to have one. Cana 
has a Senate whose members are nominated for life by the govt, 
ment, while Australia, South Africa, and India have elected sec 
chambers. In Ceylon the Senate is half nominated by the pe 
nor general and half elected by the lower house, while in Malaysi 
28 members of the upper house are elected by the states " 
nominated by the yang di-pertuan agong. This is а matter alm 
of taste. Ina federation there is some case for making the st 
chamber the body representing the states or provinces, e 
United States, and there are traces of this American ine. 
in the constitutions of Australia, India, and Malaysia. T el 
tary constitution, on the other hand, there is something to st 
for indirect election and also something to be said for e u 
nomination the services of persons who would not be w! 
stand for election. to 

Other provisions inserted in all the constitutions e wt 
qualifications and disqualifications of members of 016 Ч ай 
houses. The details relating to franchise and election As m 
to be found in separate laws, capable of being amended Д sel 
ment, In some cases, however, following the precedes an int 
India in 1950, provision is made for the appointment 0 fot 
pendent election commission charged with responsibility, li 
conduct of elections. It is usual, too, to provide for wie " 
tion of constituencies by another independent commissi ull 

1. Legislative Powers.—Great diversity exists 1" Dur 
legislative powers. In those countries still under the dd © 
such powers come directly or indirectly from the co y 
the Parliament of the United Kingdom. In Ceylon t 


PARLIAMENT 


the crown, because Ceylon was partly a conquered and partly 
s ceded colony. Hence the constitution of Ceylon is in orders in 
council, put the legislative power was enlarged by the Inde- 
ence Act of 1947. In Malaysia the authority behind the 
constitution 1s complicated. On the establishment of the Federa- 
tion of Malaya an act of Parliament giving approval to an agree- 
ment between the crown and the Malayan rulers, the agreement 
itself, ordinances enacted by the federal legislature and the nine 
state legislatures, and an order in council in respect of Penang and 
Malacca all contributed to the constitution. In India and in 
Pakistan (1956 constitution) the constitutions were enacted by 
` constituent assemblies set up under the authority of the Indian 
dence Act (1947). In Canada, Australia, New Zealand, 
and South Africa the constitutions were acts of Parliament, but 
have been amended locally. 

Only in New Zealand and Ghana are the powers so conferred on 
Parliament unlimited—and the Ghana Parliament has obtained 
such powers by constitutional amendment. In South Africa there 
was no limitation except in respect of the “entrenched matters,” 
which required a two-thirds majority at a joint sitting of the two 
houses (see SOUTH AFRICA, REPUBLIC Or: Constitution). In 
Ceylon there is not only a special requirement in respect of con- 
situtional amendments, but also a provision intended to give pro- 
tection to religious and communal minorities (though it has not 
proved very effective owing to what may be a faulty interpreta- 
tion), In Canada the powers of constitutional amendment are 
limited (other amendments have still to be made by the Parlia- 
ment of the United Kingdom), and in Australia, India, Pakistan 
(1962), and Malaysia a special procedure has been prescribed, 

There are, too, limitations in Canada, Australia, India, Pakistan, 
E RUN Pr of the federal structure of their constitu- 
ions, In Canada there are two legislative lists, federal and pro- 
vincial, with the residue vested in th Canadian Keren ыбын 
Es is a short list of powers vested exclusively in the 

ec don and a longer list of powers exercised concurrently 

е Commonwealth and state parliaments, Commonwealth laws 
Prevailing where there is any conflict. In Pakistan there is an ex- 
sive list of federal powers and the residue is in the provinces. 
India and Malaysia (though with greater variation in the case of 
уза) follow the principle adopted in the Government of 
à Act (1935), whereby there are detailed federal, state (or 
provincial); and concurrent lists. Also, India and Malaysia have 
Provisions setting out “fundamental liberties” that operate as 
re on the legislative powers of their parliaments. The 
ind Ghan at in all the countries mentioned except New Zealand 
igh in the courts have power to declare legislation invalid, 
эше, е limitations аге small in South Africa and not very 
erable in Ceylon, Canada, Australia, and India have a vast 
Constitutional case law. 
кош: respects, the rales а 
Mother of x е belonging to, the Commonwealth folloy 
mented Ь р laments with considerable fidelity, which is ce- 
Y frequent meetings of speakers and by the Society of 
Weatthe-Table, TThe rules of procedure are founded on those 
байо in sr though sometimes at second remove. Those in 
ліз in oper ndia and Pakistan, for instance, derive from the 
hich in penton under the Government of India Act (1935) 
apply Кыл, from Westminster. Moreover, the rules 
| Е erently. Thus in Ceylon the “question hour hardly 
notice, Th oa Australia questions are “shot at” ministers without 
i ustralia and in New Zealand parliamentary proceed- 
“a broadcast. 
еј b аре of Parliament are normally limited to those pos- 
Шоп, are З British House of Commons but, subject to that limi- 
by ches © determined by legislation. In some cases, however, 
D de FEES in so far as they affect persons outside the 
t with by the courts of law. (W. L J.) 


VII. CONTINENTAL EUROPE 
A. Historica DEVELOPMENT 


n 4 age 
№ tion to the long and unbroken history of the British 
» those of other European countries have had in modern 
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times—with but few exceptions—a comparatively short and much 
more uncertain existence. Although parliamentary institutions 
have flourished in a number of smaller countries of the continent 
—in Scandinavia, the Netherlands, and Belgium, for instance—in 
larger countries such as Germany, France, and Italy they have 
faced severe problems. In these three countries parliaments have 
at various times given way before pressure for more autocratic 
forms of government; and, even since the reestablishment of par- 
liamentary institutions at the end of World War II, renewed dif- 
ficulties led in the Fifth French Republic (1958) to a reduction of 
Parliament’s powers and in Italy to a succession of weak and 
unstable governments, 

1. The Origins of Modern Parliaments.—Many of the diffi- 
culties encountered on the continent can be traced back to the long 
tradition of authoritarian government that prevailed under the 
absolute monarchies of the 16th, 17th, and 18th centuries, Under 
them medieval representative institutions (see ESTATES-GENERAL) 
either disappeared or grew effete and political power became con- 
centrated in a narrow circle of hereditary monarchs. The Swedish 
riksdag was a solitary exception, and even it was temporarily 
eclipsed from 1660 to 1718 under Charles XI and Charles XII and 
from 1772 to 1809 under Gustavus III and Gustavus IV. 

The decisive initial impulse toward modern forms of representa- 
tive government was given by the French Revolution and the 
Napoleonic Wars that followed it. It was then that the doctrine 
of popular sovereignty, formally proclaimed in the French consti- 
tution of 1791, first became an effective revolutionary watchword 
as a justification both for revolt against established monarchical 
rule and for aspirations toward national independence. In the 
century between 1815 and 1914 these ideas gradually won a wide 
measure of general acceptance and the establishment of national 
parliaments came to be regarded as a natural and essential corollary 
of national unity and independence. Most continental parliaments 
thus found themselves faced by the problem (in the new nation 
states) of governing what were essentially new political units. 
The difficulties which they encountered, exacerbated by the de- 
mands of militant nationalist movements, often proved too severe 
for countries unaccustomed to government by discussion and ma- 
jority decision rather than by force and authoritarian decree. 

Even in France, where national independence was not in ques- 
tion, the passions generated by the Revolution proved too great 
for those who sought in its early days to devise constitutions giv- 
ing sovereign power to an elected national assembly. Although 
their ideals were to exercise a lasting influence on the course of 
events throughout the 19th century, and their initial constitutional 
experiments gave parts of the Italian peninsula, the Netherlands, 
and Switzerland a first brief taste of modern forms of representa- 
tive institutions, it was perhaps the Napoleonic Wars, rather than 
the Revolution, that contributed most toward the creation of na- 
tional parliaments. During those wars the ancien régime in many 
parts of the continent received a shock from which it never fully 
recovered, Hopes of national independence were stimulated, and 
the way was paved for their eventual fulfillment. 

Although the majority of the rulers restored after 1815 rapidly 
reestablished absolute forms of government, it was significant 
that in France the restoration was accompanied by the granting 
of a constitutional charter. This assured equality before the law, 
and other basic freedoms, and created a bicameral Parliament con- 
sisting of a Chamber of Peers (modeled on the British House of 
Lords) together with an elective Chamber of Deputies. The fran- 
chise was a narrow one—not more than about 100,000 persons re- 
ceived the vote—and the king retained an exclusive right to ini- 
tiate legislation. The responsibility for legislative acts was, 
however, shared between the monarch and Parliament. In other 
words, the right of a partially elected parliamentary body to some 
participation in the processes of government was conceded. In 
comparison with the objectives of the early revolutionaries this 
was a meagre advance: nevertheless, as events were to show, con- 
stitutional government on these lines was to open new perspectives 
for popular participation. 

2. The Establishment of Constitutional Rule.—Already in 
1809 the new Swedish monarch Charles XIII had been forced to 
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. accept a constitution which, while resting heavily on past experi- 
ence, had borrowed from Montesquieu the principle of the separa- 
tion of powers. A few years later, in the newly created Kingdom 
of the Netherlands, the Fundamental Law of 1815 established a 
bicameral Parliament (the States-General) with an indirectly 
elected lower house and an upper house nominated by the king. 
Such limited experiments in constitutional rule established a frame- 
work within which, as the century progressed, political rights could 
be granted to an increasing number of people. The upper and 
property-owning middle classes were the first to benefit: it was 
pressure upon these essentially conservative ranks by newly en- 
riched professional and business groups that provided the main- 
spring of constitutional advance in western European countries in 
the period up to World War I. The 1830 Revolution in France was 
a characteristic example of this process. It was then that the 
bourgeoisie successfully revolted against the restored Bourbon 
monarchy, installed the Orleanist Louis Philippe, and obtained the 
abolition of the hereditary peerage and an enlargement of the 
franchise, Their success led to agitation for similar liberal devel- 
opments within a number of Swiss cantons (which resulted even- 
tually in the revision of the federal constitution in 1848), and to 
the revolt of the Belgians (since 1815 linked with the Dutch in the 
Kingdom of the Netherlands) who set up an independent state 
with a constitutional monarch and a bicameral Parliament. 

At the next major revolutionary outbreak in 1848 the hasty 
resort to the granting of constitutions by monarchs suddenly 
threatened by insurrection was further evidence of their growing 
—if still reluctant—acceptance of the need for some widening of 
the circle of political power. The statuto granted by Charles 
Albert of Piedmont (dated in February but promulgated in March 
1848) proved of particular importance. In the hands of Cavour 
it survived the stresses of the years in which Italian unity was 
forged to become the constitution of the new state. Within this 
framework the Parliament of the united kingdom became not only 
a symbol of national independence but also the most important 
single institution of its political life. 

Germany's experience on the other hand was significantly dif- 
ferent. Unification in this case was achieved under the aegis of 
an autocrat, Bismarck, to whom representative institutions were 
little more than a necessary piece of window dressing. In appear- 
ance the Reichstag of the German Empire (established in 1871) 
was a highly democratic body elected by universal male suffrage; 
in practice, however, its powers were slight and the emperor Wil- 
liam II made no secret of his scorn for its members whom he 
termed “a bunch of fools.” Within the constituent states of the 
German Empire the various princes also continued to exercise a 
large degree of personal power after having conceded the estab- 
lishment of parliamentary bodies. The promulgation in 1867 by 
Francis Joseph, the Habsburg emperor, of a series of fundamental 
laws for the dual monarchy (Austria-Hungary) similarly allowed 
him in fact a degree of power much greater than that exercised by 
either of the parliamentary bodies in Austria or Hungary. 

3. The Growth of Parliamentary Government.—In the 
German and Austrian empires constitutional rule did not lead to 
parliamentary government. Power continued to rest above all in 
the hands of the hereditary monarch or the person of his choice. 
Parliament was allowed to take part in the legislative process, to 
criticize, and to suggest—but not to have the decisive say in gov- 
ernment. 

The situation was quite different in France under the Third 
Republic, in Italy, and increasingly in a number of the smaller 
states in the western part of the continent. There it was Parlia- 
ment—and specifically the elected chamber—which came to exer- 
cise a dominant role, To continue in power cabinets were de- 
pendent on being able to secure a majority in the lower chamber, 
and the head of state exercised only occasionally a decisive influ- 
ence on the conduct of government. In the case of France par- 
liamentary government in this sense was written into the constitu- 
tion, one of the constitutional acts of 1875 declaring that ministers 
were responsible to Parliament. This was also true of Spain un- 

der the 1876 constitution. Italy and the Netherlands on the other 
hand were examples of states in which government by a cabinet re- 
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sponsible to Parliament rested on an evolving tradition rather thay 
formal written guarantees. 

The pace of this development toward parliamentary зирге 
and the factors which promoted it, differed a good deal frome 
try to country, In France, for instance, it was the Strength of thy 
revolutionary tradition and the military defeat of Napoleon Ша 
1870 that proved decisive, while in Italy the fact that the Savoy 
monarchs needed the support of the liberals in the face of the 
Vatican’s hostility to the new state, and were willing to place the 
confidence in Cavour's successors was of the greatest importance. 
Underlying both these developments—and the resistance to thes 
in the German and Austro-Hungarian empires—were, уу у, 
more fundamental factors arising from the economic and юш 
composition of the new states of continental Europe and the a. 
titude of the upper layers of society to the exercise of power, 

In both types of regime the contours of political life gradually 
changed toward the end of the 19th century as a result of an e 
larged electorate. In some cases, as in France (1848) and in Ger 
many (1871; 1867 in the North German Federation), adult may 
hood suffrage was achieved overnight. Elsewhere it came in stage, 
at a rapidly increasing pace in the latter years of the 19th andin 
the first decade of the 20th century. In Belgium, for instance, th 
vote was given to all males over 25 in 1893 and was first exercised 
in 1894: in Italy in 1912 adult manhood suffrage (with some ree 
vations for those under 30) was admitted, the electorate being it 
creased as a consequence from about 2,900,000 to about 8,400001 
In 1919 a further electoral reform brought the figure to more thi 
10,000,000. With the growth of a mass electorate, which admitted 
to active political life illiterate peasants as well as the industril 
working classes, socialist party members began to make their a 
pearance in parliaments; liberal parties found their predominant 
challenged and the intensity of party organization increased. № 
longer the preserve of the wealthy and educated, the parliamer 
tary game had now to take into account the desires of the repe 
sentatives of new social groups and reconcile a wider cross #08 
of often strongly divergent interests. k 

In 1905 even the tsar, Nicholas II, who had hitherto resisted 
liberal pressure for a constitution and dismissed the idea of su 
moning a national assembly as "foolish dreams," reluctantly 
agreed, under extreme pressure from liberal and revolution] 
groups, to the calling of a Duma (g.v.). His aversion to any & 
pression of criticism of his regime prevented its development, 
ever, and the Revolution of 1917 engulfed not only the en 
dynasty but also hopes that a new regime might be modeled # 
Western constitutional and parliamentary experience. dé 

In the West itself, on the other hand, World War I mark i 
apogee of belief in parliamentary institutions. As a result ol! 
postwar settlement, parliamentary regimes were introduc 
Austria, Poland, Czechoslovakia, and the Baltic states: v cor 
many the Weimar Republic came into being equipped with iia 
stitution promulgated in August 1919 which was hailed at the 
as the most liberal and egalitarian of all constitutions. In i 
countries—Italy (1919), Denmark (1915), Sweden (1919), 
instance, there were substantial further extensions of the sul 
mainly by the enfranchisement of women. For а ME 
seemed that the war had made continental Europe safe 10 
liamentary democracy. ture # 

4. 20th-Century Problems.—Such hopes for the Шр 2 
parliamentary institutions soon proved ill-founded. T 
chaos which followed the end of World War I generates, yji 
Italy and Germany bitter social and political conflicts e 
governments resting on unstable parliamentary support Mw 
able to contain. In these two countries, in Spain, and in а еб 
of east European countries parliamentary rule proved uc jort. 
to the challenge of single-party dictatorship backed by anh git 
In Italy, Mussolini came to power in 1922 and rapidly 5 "m 
effective parliamentary rule by a Fascist regime; 
followed in Germany and established an even more ES 
tatorship through the Nazi Party. Their example gv. ents w 
number of other countries including France, to mover 
sought the replacement of parliamentary rule by dictato 
of government. 
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jd War II, which was fought by the Western powers to de- 
political freedom, had one major—and unforeseen—conse- 
Those parliamentary regimes of eastern Europe which 
survived the stresses of the interwar years were now engulfed 
the Soviet Army under whose aegis Communist regimes were 
ку established. In the West, on the other hand, the war did 
j lo a restoration of genuine parliamentary control in France, 
Federal Republic of Germany, and in Italy—though Spain 
Portugal retained autocratic regimes. In France the Consti- 
Act of October 1946 inaugurated the Fourth Republic 
bicameral Parliament designed to remedy the defects of its 
cessor which had collapsed in July 1940 under the weight of 
defeat. In Italy a majority in a referendum held in 1946 

d for a republic. As in France, a constituent assembly drew 
а new constitution, which was promulgated in December 1947 
came into force in January 1948. In West Germany the three 
ying powers (France, Britain, and the United States) them- 
es took the initial steps toward a revival of representative insti- 


lilutions were set up under the terms of the Basic Law of May 
the same year. 


(а series of severe problems both at home and in its threatened 
al possessions in Asia, the centre parties found it increasingly 
cult to sustain cabinets strong and stable enough to govern 
ely, Finally, faced since 1954 by the challenge of the 
erian revolt and the threat of a military coup, the Fourth 
public collapsed in May 1958. With the return to power of 
neral de Gaulle (June 1) and the establishment of the Fifth 
Rep iblic, the role of Parliament was substantially reduced. In 

ly there were also difficulties, though of a less dramatic kind. 
the largest party, the Christian Democrats, lost their abso- 
majority in Parliament in the elections of 1953 and were sub- 
ently deserted by their centre party allies. The formation 
1963 of a new governmental majority with the participation of 
lhe Nenni Socialists was strongly resisted by right-wing elements 
dnt party, and the resulting governmental weakness provoked 
‘NeW criticisms of the parliamentary regime itself, though its op- 
rents lacked a leader capable of proving a rallying point for 
fpposition, In Belgium and the Netherlands government con- 
dg to be delicately posed on parliamentary coalitions, but in 
countries as in Scandinavia the underlying strength of par- 
0 entary institutions was sufficient to sustain even prolonged 
t crises without serious difficulty. 


- B. CHARACTERISTICS OF CONTINENTAL 
PARLIAMENTARY INSTITUTIONS 


i i Кассага Features.—In view of the wide variety of con- 
in Which parliaments on the European continent have 
E itis not surprising that they have assumed a wide variety 
Н They have been introduced into both monarchical and 
Mites, dimes, and into confederal, federal, and unitary 
thamber Pee parliaments have been devised with single 
E! ist icameral, and multicameral characteristics. Examples 
m, Finl. type were to be found in the mid-20th century in Den- 
rine у and, and—in a modified form—in Norway where the 
E bo n elected as one body of 150 members, but divided it- 
ҺАЙ за ponent bodies, the odelsting (112 members) and 
4 ET 38 members). Bicameral parliaments predominated, 
amber: тте during the 19th century with more than two 
Жї prove i" under the First and Second French empires) did 
[ү Success, 
E кып and powers of second chambers was a peren- 
ider ek of debate. Originally most of them were conceived 
© bodies SUD constitutional regimes as essentially conserva- 
Peers, ro Р: for this reason were composed of hereditary or 
PT yal princes, great officers of state, and similar persons. 
ЕЛ 


1 
oe toward full parliamentary government made such bodies 


to dy of an anachronism, and it remained extremely diffi- 
Ve at a definition of their role that could be fully 
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reconciled with current doctrines of popular sovereignty, Unless 
second chambers were to be exact replicas of the lower chambers, 
some arbitrary selection had to be made of particular interests 
within the state for special representation. No satisfactory solu- 
tion of this dilemma was reached but the practical need for a re- 
visionary chamber brushed theoretical niceties aside, A number 
of countries—including France, Italy, Belgium, the Netherlands, 
and Sweden—converted their upper houses into forums in which 
representatives of local government units had a preponderant part, 
though with varying practical results. In France under both the 
Fourth and Fifth republics agricultural interests tended to pre- 
dominate, while in Italy the Senate—largely because of the failure 
to create the regions which its members were intended under the 
constitution to represent—became merely a slightly paler, and 
older (senators had to be 40, deputies 25 years old), version of the 
lower chamber, In that country discussion soon began again about 
its reform. 

In all cases the upper houses continued to be smaller than the 
lower chambers—the Italian Senate having 315 members, the 
French Senate 274, the Belgian Senate 183, the Swedish First 
Chamber 151, and that of the Netherlands 75. Major political 
power rapidly came to be exercised by the lower houses, though 
the Swedish system retained a formal equality between the two— 
all bills, for instance, being considered by joint committees of the 
two houses. Direct elections by universal suffrage came to be 
universally accepted for the lower chambers, with the single ex- 
ception of the exclusion of women from Swiss federal elections. 
Most countries adopted 21 as the qualifying age for electors. In 
general the size of the lower chambers reflected the comparative 
size of the countries concerned: Luxembourg's Chamber of Depu- 
ties had 52 members, the Netherlands’ Second Chamber 150, while 
in the Federal Republic of Germany and Italy the lower houses 
each had more than 500 members, as did France until Algerian rep- 
resentation was ended in 1962. The duration of the various legisla- 
tures varied between four years (Federal Republic of Germany, 
Belgium, the Netherlands, and the Scandinavian countries) and 
five years (France and Italy). 

2. Electoral Factors.—The gradual and orderly assimilation 
of a mass electorate to the political life of the nation state was 
in many countries one of the major achievements of parliamentary 
government. In the closing years of the 19th century the extension 
of the suffrage led to the election of an increasing number of so- 
cialists who in most countries were gradually converted to an 
acceptance of the rules of the parliamentary game, ‘Their par- 
ticipation secured for representative institutions the support of 
large sections of the industrial working class, and at the end of 
World War II socialist. parties were playing an important part 
in many governmental coalitions. 

The widening of the suffrage did not always, however, contribute 
to the strengthening of parliamentary institutions, In France, 
where universal suffrage was suddenly achieved in 1848, it proved 
disastrous for the fortunes of the republicans who introduced it 
(see FRANCE: History), and in Italy the two sudden enlargements 
of the electorate in 1912 and 1919 radically altered the balance of 
political power in the country and contributed to a fatal weakening 
of the parliamentary system. In the mid-20th century the exis- 
tence of powerful Communist parties in these two countries was 
also a factor of weakness within their ‘parliamentary systems. 
Their presence sharpened political conflict, increased the strength 
of extreme right-wing forces, frequently delayed parliamentary 
business, and narrowed the area of choice for the formation of a 
parliamentary majority. Various attempts were made in both 
cases to restrict the number of Communists elected to Parliament, 
but with only limited success. 

The existence of strong organized parties fundamentally hostile 
to existing parliamentary institutions in a number of continental 
countries was one factor which distinguished their political life 
from that of Great Britain. So, too, did the much greater political 
fragmentation which continued to be a major characteristic of 
many of these countries. This arose partly out of a more doctri- 
naire attitude to politics, and partly from the existence of deep- 
seated economic, social, and religious cleavages in society, One 


399 


reflection of this diversity of in- 


PARLIAMENT 


TABLE IIT.— Details of Сотто 


terests that had to be reconciled туза 
thi i : H ame of Lower House 
within Parliament was the wide |... таарат Number of Members E C 
use on the European continent of How Elected Baw гей xecutive 
forms of proportional representa- Duron kia 
tion—moderated in some cases Senate Неше of Representatives Government response tp Ral 
by devices tending to favour the | i. 30 elected eed Se cu LL REPE dece members of one or other Ha 
1 i i Senato: lec! universal M , | 
larger parties. Various countries acere, to represent the vari-| — basis 
tried at different times to counter ous states Up to 3 years 
the difficulties that such systems ‘Sénat (Senate) | Chambre des représentants (Cham-| Ministers responsible to Igy 
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ber constituencies, the remain- Mie representation Parliament - 
ing seats being allocated b 
г ^ E : Sénat (Senate) Assemblée nationale (National| Ministers responsible to Pu 
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lists put forward for each Land. Elected indirectly by an electoral He peat either House 
The inherent difficulties of devis- | "°° Seal atid | e ој е Ay 5 pas EM dis 
ing systems satisfactory to all agin fgg? ys one fiim re 
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all parliaments with the exception House of Lords Finite шшен: ministers i | 
of that of the Netherlands. In | Great Britain Hereditary and life peers; not eie DY, MBPS each paves ed not et H 
most cases members sat by party elected ps lat оү House of which they 
n Up to 5 years years ol fous 
groups ranged from left to right, Up to 5 years members з 
though in Norway and Sweden offi deild (Upper House) nedri deild (Lower House) Mira corre emi 
members continued to sit in con- | osland Ale ang (80 members elected by proportional representation) | but not nce mt 
stituency groups. divides itself by electing 20 of its members to belong to the Upper | of Parliament. 
у House. The remainder comprise the Lower | 
Some traces of the influence 4 years 
of the doctrine of separation of Rajya Sabha (Council of States) | Lok Sabha (House of the People)| Council of ministers "ия 
powers were found in the exclu- NOs AEn Su 250 NUN Not more than 500 qum to (t E^ ther Hous M 
^ id nominated by president, о! 7 iti i ап 5] i 
sion of ministers from member- | India па аи Б ааа угалы О ет in shee) 
ship of Parliament in the Nether- oM pagent ee Up to 5 years they are m | 
lands and Norway. In other teu oue 
countries they were not obliged Senate y House of Commons Government is И co 
(as were ministers in Great Brit- 26 (2 ex officio) 32 Parliament "оде Hous de 
5 5 Ireland 12 elected every 4 years оп, Elected by majority vote in each| members © P put onl! | 
ain) to be members of one or Northern Proportional representation by| constituency by all over 21| appear in ^ 
other house, although in practice ous a Dorman ee ан, in their 
the great majority were. Simi- 


larly, in the legislative process 
itself, committees on the conti- 


in oe 
consideration to these bodies, the subsequent debate A @# 
house being based оп the report drawn up by the гарро qoi! 


committee's nominee who explained its findings (0 rg 
г SS bile 


nent tended to assume a more important political role than in 
Britain, In Italy under the post-World War II republican regime 
the entire legislative process including final approval for certain 


types of bills was allowed to take place in committee. This method Such committees tended to supersede the olde fi 

reduced pressure of business on plenary sessions. Specialized favoured by the Benelux countries by which each dra i? 

standing committees also were important in many countries, sev- given a preliminary scrutiny by all the me e py lot 
05е] 


eral of which followed French practice in sending bills for initial grouped іп a number of bureaux (or sections) С 
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Name of Upper House 
Number of Members 
How Elected 
Duration 


Name of Lower House 

How e d 
w, 

Duration 


Seanad éireann (Senate) Dáil tireann (House of Repre- 
0 sentatives) 


6 
Part nominated, part elected, to| 144 


represent various interests, by| Elected by those over 21 
reper ral college of ce O00 a 
Up to 5 years Up to 7 years 
Senato (Senate) Camera dei deputati (Chamber of 
Deputies) 


3 
Elected by all over 25 years 63 
6 years ا‎ by all over 21 years 


years 


Ministers responsible to both 


Relation to Executive 


Government responsible to th 
dail, A MT] e hot 
mos! n ters 
members of ‘the 44; 
be of the 


Houses. They may, but need| 
not, be members of one or other 
louse. They can sj in 
either and can be summoned 
to do so 


de. of Representatives 


Elected on universal suffrage 
3 years 


Government responsible to Par- 
liament tn 


Conseil d'élat (Council of State) | Chambre des députés (Chamber of| Government responsible to 
21 д Deputies) Chamber but ministers need 
Chosen for life by the sovereign наел F not be members. They have a 
lectes over 2 rs ht and di i 
Dey уса! кыре luty to appear in the 
Dewan Negara (Senate) Dewan Ra'ayat (House of Repre-| Government responsible to Par- 
50 1 4 а liament: там can speak in 
22 appointed by the yang di-| 159 M either House but only vote in. 
pertuan agong (head of state),| Elected by universal adult suf-| that of which they are members 
28 elected by state legislatures| — frage 
Up to 5 years or as decided. Up to 5 years or as decided. 
Eerste Kamer (First Chamber) Tweede Kamer (Second Chamber) | Government responsible to Par- 
75 DMA We 150 liament: ministers must not be 
Elected by the provincial diets | Elected by all over 23 years members of the States-General 
$ every 3 years Up to 4 years ther) 


a UD 


t: ministers must be 


members of the House 


Norway 


| 
| 


We of va 
км 
К 
ied 
8 


Ove) 


1 of 


House of Representatives 


312 

Elected by full adult suffrage in 
eastern and western Nigeria, 
by adult male suffrage in 
northern Nigeria 

5 years 


Tasting (Upper Chamber) QUE (Lower Chamber) 
The storting (150 members) is elected by all over 21 by proportional 


b 
representation, It then divides ftselé by election into the Zagting 
and odalsting j 


Senate 


44 
Nominated from all the regions 
5 years 


Government responsible to the 


Government responsible to Parr 
liament: ministers must sit in 
one or other House, 


the lower 1 


storting. Ministers may attend 
its meetings but may not vote 


Numbers vary 

Represents 12 sectional interests} 130 ^ 
Elected by direct vote 
4 years 


House of Representatives. 


Elected by universal adult suffrage 
Up to 5 years 


House of Assembly 


Senate 
5 170 
president Elected by white voters over 18 


11 nominated by state 


in council, 43 elected rOV-| cars, 4 members elected by 
inces (1 of heey elec Cd D bipe Coloured voters (as for 
Cape Coloured voters on a} Senate) and 6 members directly 


property and literacy qualifica-| by white voters in South West. 
lion), white voters over 18| 
'ears 


Africa. 
yi Up to 5 years 
Up to 5 years 


ES 
Comprises ministers and officials and 

representatives of various interests 
3 years 


Persia kammaren (First Chamber) Ais hammaren (Second Cham- 


Indirectly elected: } annually,| 233 
bı inci di: Elected by all 
уу provincial Landstings sayeth nar 
4 years 


over 21 years, by 
representation 


4 years 
National Assembl, Ministers are responsible to the 
oo Y president; ey eld not 
(75 from East and 75 from West members of the National 
Pakistan, 6 seats for жеш), Assembly 
Elected indirectly by all over 21 
Duration not fixed 
(Corporative Chamber) Assembleia nacional (National | Government responsible only to 
Assembly) president 


а ت فم‎ ш 
Government responsible to the 


س بب ج ا 
Government not responsible to‏ 
Cortes‏ 


re, س‎ ll Masc 
Government responsible to riks 


House: minister must be 


Ministers must command the 
confidence of the House of 
Assembly and are appointed. 
by the president from members 
or ipective memi of 
Parl t 


dag. Mi 
members of one 
House and сап apy 

but not vote uni 

mem! 
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of parliamentary approval of an 
annual budget remained of cardi- 
nal importance. 

4. Political Role.— The effec- 
tiveness of parliamentary institu- 
tions, however, depended much 
less on the technical perfection 
of their rule of procedure than 
on their ability on the one hand 
to rally the mass of the popula- 
tion to the support of the political 
methods necessary for the sur- 
vival of Parliament, and on the 
other to create and sustain stable 
government. It is in these two 
respects that the experience of 
many continental countries di- 
verged so markedly from that of 
Great Britain. 

"The closest parallels with Brit- 
ish forms were to be found in the 
smaller states of the European 
northwest seaboard. The simi- 
larity of their institutional de- 
velopment may well have owed 
a great deal to the fact that these 
countries, like Britain, were pre- 
dominantly Protestant and mer- 
cantile in character. Their size 
may also have contributed to the 
strength of Parliament both on 
account of the relatively homo- 
geneous nature of their several 
societies, and also because they 
were not tempted in recent times 
to seek territorial expansion, Es- 
sentially pacific in their relations 
with their neighbours, they were 
spared many of the internal ten- 
sions that beset larger powers. 

There can be little doubt that 
in the rest of the continent the 
exacerbated nationalism of the 
late 19th and early 20th centuries 
generated political forces which 
were often inimical to parlia- 
mentary forms of government. 
This was particularly true in 
France, Germany, and Italy 
where nationalist. parties added a 
further source of division to so- 
cieties already characterized by 
deep-rooted economic, social, and 
religious tensions. In this way 
they increased the difficulty of 
reaching sufficient agreement in 
Parliament to sustain stable gov- 
ernment. In such cases Parlia- 
ment tended to be a mirror of 
unresolved conflict rather than a 
source of strong and effective 
rule. Coalition ministries, deli- 
cately balanced on the thin edge 
of uneasy compromise, neces- 
sarily meant that the power of 


Such ] 
consid: 


the body of new laws, and by the executive’s frequent 
ES forms of delegated legislation. Most parliaments 
YS of exercising a post factum power of ratifying or ге- 
legislative orders though the degree of such control 
erably from country to country. Methods of control 


™ment expenditure also varied in detail, but the principle 


ls i 
| Fond е were faced in the 20th century by a substantial 
і 


the executive was much weaker than in Great Britain—and that 
of Parliament correspondingly greater. Rule by the assembly, 
rather than cabinet government in the British sense, was a major 
characteristic of parliamentary practice on the continent. 

In such circumstances, one result was that permanent civil ser- 
vants tended to play a much more important role in government 
than in Britain. They were the real guardians of continuity in 
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policy, especially in the highly centralized French system of gov- 
ernment. Another result was that the activity of government, 
particularly in home affairs, was much more closely circumscribed 
than in Britain. Where an executive rested on a coalition of di- 
vergent political interests it was bound to be more cautious in its 
policies than a single-party government sure of its parliamentary 
majority. In some countries measures of reform were, for this 
reason, much more difficult to achieve than in Great Britain, and 
parliamentary politicians did not always avoid the reproach of 
being unduly sensitive to entrenched interests whose influence had 
been exerted backstage rather than in public, Suspicion that real 
power remained outside the effective control of elected parliamen- 
tarians certainly contributed to the support given to the Commu- 
nist Party in France and Italy by those who were persuaded that 
only a change of regime could bring a substantial improvement in 
their own material conditions. 

Nevertheless, and in spite of its many deficiencies, representa- 
tive government based on Parliament remained the ideal of most 
nations of western Europe. No other system had been devised 
that offered the same guarantees of responsible government and 
freedom of political life, and after the disastrous experience of 
20th-century dictatorship, even critics of parliamentary rule ac- 
cepted its major premises. 

5. A Parliament of Europe.—While efforts to improve the 
functioning of national parliaments continued, a new type of par- 
liamentary, activity developed in western Europe in the mid-20th 
century. This aimed at inserting parliamentary control in the new 
dimension of government that developed after World War II. 
It arose out of the increasingly close co-operation between states, 
and the number of intergovernmental and supranational organiza- 
tions that were set up with this purpose. Many of the decisions 
taken by governments in the field of military and economic policy 
were now reached in concert with their neighbours, and beyond 
the effective control of national parliaments. This was particu- 
larly true in the case of the three European Communities (Eu- 
ropean Coal and Steel Community, European Atomic Energy 
Community, and European Economic Community) in which the 
six member states surrendered some degree of national power to 
independent Community institutions. To reassert some degree 
of parliamentary criticism and control over such bodies a series 
of international assemblies was created. The first was the Consul- 
tative Assembly of the Council of Europe (1949), which was fol- 
lowed by smaller regional consultative assemblies—notably the 
Nordic Council (1953), the Assembly of Western European Union 
(1954), and the Benelux Consultative Interparliamentary Coun- 
cil (1957). The latest—an enlarged version of the original Com- 
mon Assembly (1952) of the European Coal and Steel Commu- 
nity—was the European Parliamentary Assembly (1958), now 
called the European Parliament. This was given a measure of 
supervision over the independent executives of the three Com- 
munities and a consultative role in legislation. Provision was made 
for its eventual election by direct suffrage, but the failure of 
member governments to agree about this in 1960 led to a con- 
centration on efforts designed first to increase its powers. It may 
well be that the major test for parliamentary institutions in west- 
ern Europe lies in this new sphere of government, as the states in 
that part of the world move toward economic integration and a 
real degree of political unity. 

See articles on the countries mentioned in this section; see also 
references under “Parliament” in the Index. (R. Pr.) 

BIBLIOGRAPHY.—For the parliaments of England, Scotland, and Ire- 
land see J. E. A. Jolliffe, The Constitutional History of Medieval Eng- 
land, 3rd ed. (1954) ; W. Stubbs (ed.), Select Charters, 9th ed., ed. by 
H. W. C. Davis (1913) ; E. C. Lodge and G. A. Thornton (eds.), Eng- 
lish Constitutional Documents, 1307-1485 (1935) ; J. R. Tanner (ed.), 
Tudor Constitutional Documents, 2nd ed. (1930) ; D. O. Sykes, Source 
Book of Constitutional History Since 1660 (1930); A. F. Pollard, The 
Evolution of Parliament, 2nd ed. (1926) ; R. S. Rait, The Parliaments 
of Scotland (1924) ; A. V. Dicey and К. S. Кай, Thoughts on the Union 
Between England and Scotland (1920); R. Dunlop, Ireland from the 
Earliest Times to the Present Day (1922) ; E. Curtis and R. B. Mc- 
Dowell (eds.), Irish Historical Documents, 1172-1922 (1943). 

For the Parliament of the United Kingdom see Sir William Anson, 
The Law and Custom of the Constitution, vol. i, Parliament, Sth ed., 
ed. by M. L. Gwyer (1922) ; Sir T. Erskine May, Treatise on the Law, 


PARLIAMENTARY LAW—PARMA 


Privileges, Proceedings and Usage of Parliament, 16th ed, ed, h 
Edward Fellowes and T. G. B. Cocks (1957) ; Lord Campion, 1 T 
duction to the Procedure of the House of Commons, 2nd ed, (ФИЛ: 
J. Redlich, The Procedure of the House of Commons, 3 vol. (90) 
Sir W. Ivor Jennings, Appeal to the People (1960), Parliament 2nd )i 
(1957) ; the publications of the Hansard Society. > 4nd ui, 
For other parliaments of British origin see Sir W. Ivor Jennings ang 
C. M. Young, Constitutional Laws of the Commonwealth, vol, į Th 
Monarchies, 3rd ed. (1957) ; Sir W. Ivor Jennings, The Constitution à 
Ceylon, 3rd ed. (1953); К. M. Dawson, The Government of C 
2nd ed. (1954); H. M. Clokie, Canadian Government and Politics 
(1944) ; L. F. Crisp, The Parliamentary Government of the Сотто. 
wealth of Australia, 2nd ed. (1954) ; W. A. Wynes, Legislative, Esp. 
tive and Judicial Powers in Australia, 2nd ed. (1956) ; H. J. May, Th 
South African Constitution, 3rd ed. (1955); W. H. Morris.] 
Parliament in India (1957) ; K. Callard, Pakistan: a Political Study 
(1957); K. J. Scott, The New Zealand Constitution (1962); S, A d 
Smith, The New Commonwealth and Its Constitutions (1964), 
For the parliaments of western European countries see А, L, Loy], 
Governments and Parties in Continental Europe (1896) ; Lord Campion 
and D. W. S. Lidderdale, European Parliamentary Procedure (1953); 
M. Duverger, Institutions politiques et droit constitutionnel, 6th ej 
(1962) ; L. Duguit, H. Monnier, and R. Bonnard, Les Constitution d 
les principales lois politiques de la France depuis 1789 (1952); E. Bly 
mont, Les Techniques parlementaires (1958) ; D. W. S. Lidderdal, 
The Parliament of France (1951); P. M. Williams and M. Harrison, 
De Gaulle’s Republic (1960) ; A. Mavrinac, Organisation and Procedun 
of the National Assembly of the Fifth French Republic (1960) ; F. Glum 
Das parlamentarische Regierungssystem in Deutschland, Grossbrita 
nien und Frankreich (1950) ; Sir S. King-Hall and R. К. Ullmann, Ger- 
man Parliaments (1954) ; J. F. Golay, The Founding of the Federal Ке 
public of Germany (1958) ; M. Mancini and U. Galeotti, Norme ed wl 
del Parlamento italiano (1887) ; D. Mack Smith, Italy: a Modern Hi- 
tory (1959); C. Piermani, Come funziona: il Parlamento italiane 
(1956) ; E. van Raalte, The Parliament of the Kingdom of the Nethe 
lands (1959); Е. W. Hástad, The Parliament of Sweden, Eng, trass 
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PARMA, chief town of the province of the same name s 
region of Emilia-Romagna, northern Italy, and the seat of a si 
opric, lies 91 km. (57 mi.) NW of Bologna by road. . Pop. (1 
143,155 (commune), The town is crossed by the Via wes 
by the Parma River, which separates the old part on the le ire 
from the new on the right. Tn the new part there are the re 
of a Roman theatre and amphitheatre. The imposing Romanesqt 
Cathedral, rebuilt after an earthquake in the 12th bu 
a transept, choir with apses, and a cupola; the front has ju 
of arches and a porch supported by two huge marble d 
work of Giovanni Bona, 1281). Works of art in the dd 
include La Deposizione (The Descent from the Cross), £i r^^ 
Benedetto Antelami (1178), and Correggio's magnifice vg 
zióne (Assumption) (1526-30). There are sculptures b та. 
and others of his school in the baptistery ( 1196 120 4 
Noteworthy also are the church of S. Giovanni Evange dé > 
nardino Zaccagni, 1494-1510), with facade and bos T 
early 17th century and a cupola with frescoes by Cd E eal 
arabesques by Michelangelo Anselmi; Sta. Maria del s ola vil 
(16th century), in the form of a Greek cross with а Й Т 
frescoes by Parmigianino (it was the burial place 0 


1% 
family); the Gothic churches of S. Francesco del Prato ( 


1462) and of the Carmine (1313-1460); the Leth ole 
astery of S. Paolo, with the Camera della Badessa ( Y (rst d 


Abbess) with frescoes by Correggio; the Old Hospita Annu 
tury), containing the state archives; the church of the aio (fe 
begun by Giovanni Fornovo,in 1566, and that of S. An 
dinando Bibiena, 1714). (best Li 

The Palazzo della Pilotta, residence of the Farnese air nid 
Giovanni Boscoli in 1583), was heavily damaged by uf den 
May 13, 1944. Init is the Pinacoteca, containing some f 
famous of Correggio's works and works by other W' " 
artists. The Teatro Farnese (G. B. Aleotti, tant 
after war damage; the Biblioteca Palatina has impor, 
scripts; and the Teatro Regio, built to the order of with s 
is sumptuously decorated. The ducal park, pue i sith 
contains the partly ruined Palazzo Ducale. The 


mded in the 11th century and reorganized in 1601 
geo I Farnese. Famous people born at Parma include 
«to Antelami, Correggio (Antonio Allegri), Parmigianino 

ola), and the conductor, Arturo Toscanini. The 
type-face designer Giambattista Bodoni worked and 


an important rail and road junction on the main routes 
Bologna. Its economy is mainly agricultural, its 
g largely associated with food products; Parmesan 
id famous. Alcohol, fertilizers, and glass are made; 
es, including the well-known Parma violet scent. 

by the Romans along the Via Emilia in 183 B.c., Parma 
nt as a road junction; its economy flourished and it 
an citizenship. Made an episcopal see in the 4th 
was destroyed by Theodoric, king of the Ostrogoths, 
їп the Middle Ages and was the seat of the public treasury, 
appellation Chrysopolis (“golden city"). After being 
id in the struggles between empire and papacy, Parma en- 
‘some decades of communal liberty, but then passed under a 
al lordships, such as the Da Correggio, and outsiders 
caligeri, the Estensi, and the Visconti, under whom its 
progressed. Created a duchy, it passed to the Farnese, 
to the Austrians, from whom it was taken by Napoleon. 
ongress of Vienna it was given to his wife, Marie Louise 
In 1831 it took part in the liberal risings; in 1861, 
tbiscite, it became part of united Italy. From 1875 the 
‘declared subject to the Holy See. During World War 
May 1944, it was extensively damaged by Allied bom- 
"(See also PARMA AND PIACENZA, DUCHIES OF.) 

CE has a population (1961) of 381,624 and an 
It includes the valleys of the Taro, the 
Agriculture and cattle breeding are well 
j there are thermal waters and deposits of methane and 
"Notable centres are Busseto (near which is Le Ron- 
Verdi's birthplace), Salsomaggiore (saline waters), 
0 Farnese), and Fidenza (Romanesque cathedral, 
; (M. T. A. N.) 

û city of Cuyahoga County, Ohio, U.S., immediately 
leveland (g.v.). Pop. (1960) 82,845. It has grown 
! the post-World War II period (for comparative popu- 
8 See table in Онто; Population). Although primarily 
community, Parma also has a large manufacture of 
le and truck components, several tool and die plants, and 
retail establishments. 


Î Its early residents of New England stock, as well as later 
5, Were content to remain a predominantly agricultural 
until 1912, when a small section seceded to form 
Heights, In 1924 the remainder of the township incorpo- 
das the Village of Parma. The village electorate defeated a 
Of annexation to Cleveland in 1931, choosing instead to 
on Jan. 1, 1932. (W. б. К.) 
AND PIACENZA, DUCHIES OF, Parma and 
А (77), with their dependent territories, were detached 
apal State by Pope Paul III on Aug. 19, 1545, and 
ito duchies for his son, Pier Luigi Farnese (d. 1547). 
s from the southwest by the Taro River, the new state 
lation was bounded northwest and north by Milanese 
lortheast by Gonzaga possessions; east by the duchy 
South by the upper Lunigiana (Pontremoli, etc.) ; and 
‘Possessions of the Genoese Republic. For Pier Luigi 
And his successors in the male line down to Antonio (d. 
ARNESE. 
Antonio left no legitimate issue, the two duchies passed 
to the eldest son of his niece Elizabetta Farnese (see 
Consort of Philip V of Spain), namely to the Spanish 
ante Don Carlos (later Charles III of Spain); but 
Carlos had made himself king of Naples, during the 
е Polish Succession, the duchies were transferred to the 
tgs by the preliminaries and Peace of Vienna 
. After the War of the Austrian Succession, how- 
of Aix-la-Chapelle (1748) assigned Parma and 
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named Greenbriar, Parma received township status . 
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Piacenza to Don Carlos' younger brother Philip, who then also 
received'the outlying duchy of Guastalla, a former Gonzaga pos- 
session. 

For the house of Bourbon-Parma see BoummoN: Table VI. 
Philip’s son Ferdinand succeeded to the three duchies in 1765, but 
Napoleon in 1801 prescribed that Ferdinand's son Louis should 
become king of Etruria instead of waiting to inherit them. Thus 
a French "administrator" ruled the duchies from Ferdinand's 
death (1802) till 1808, when they were formally annexed to the 
French Empire and organized as the Taro département. 

The Congress of Vienna in 1814 gave Parma, Piacenza, and Gua- 
stalla to Napoleon's consort, the Austrian archduchess Marie 
Louise (g.v.). Then the Treaty of Paris (1817) excluded Marie 
Louise's son, the duke of Reichstadt, from the succession and 
stipulated that on her death the three duchies should revert to the 
House of Bourbon-Parma, which was to hold Lucca meanwhile 
but was to cede Lucca to Tuscany on recovering the three duchies. 
In 1844, by the secret Treaty of Florence, anticipating the rever- 
sion, the future Charles II of Parma (Charles Louis of Lucca) 
promised Guastalla and Parma's territory east of the Enza River 
to Modena, in exchange for less valuable territory in northern 
Lunigiana to be ceded to him by Modena and by Tuscany. 

Marie Louise died in December 1847. The Bourbon dynasty 
was then restored to Parma and Piacenza; but Charles II went 
into exile during the Revolution of 1848 (Parma ahd Piacenza 
then voted for annexation to Sardinia-Piedmont) and abdicated 
in favour of his son Charles III in March 1849. Assassinated in 
March 1854, Charles III left the duchies to his infant son Robert, 
under the regency of his widow Louise of Bourbon-Berry, During 
the Franco-Sardinian War against Austria the regent transferred 
her powers on June 9, 1859, to a provisional government, which 
paved the way for the annexation of Parma and Piacenza to 
Sardinia-Piedmont in March 1860. 

ВівілдскАрнү —F. Giarelli, Storia di Piacenza (1889) ; Т, Bazzi and 
U. Benassi, Storia di Parma (1908) ; F. Bernini, Storia di nnd AM 

PARMENIDES, of Elea (Velia) in Italy, Greek philos- 
opher, whose application of logical analysis to metaphysical prob- 
lems was a profoundly original contribution to philosophy, is said 
by Diogenes Laértius to have been "in his prime" between 504 
and 500 s.c. and would thus seem to have been born с. 539. Plato 
indeed (Parmenides, 127 B) makes Socrates hear Parmenides when 
the latter was about 65 years of age, in which case he cannot have 
been born before 519; but in the absence of further evidence 
this may be regarded as one of Plato's anachronisms. At all events 
Parmenides was a contemporary of Heraclitus, Parmenides at- 
tached himself for a time to the aristocratic brotherhood which 
Pythagoras established at Crotona ; and this is in keeping with the 
mystical tone of his writing. The theological speculations of 
Xenophanes, who described God as one and unchanging, may well 
have suggested Parmenides’ doctrine about reality in general. 

The Poem.— Parmenides embodied his tenets in a short poem 
called Nature, of which about 160 lines have been preserved in 
the writings of Sextus Empiricus, Simplicius and others. It is 
traditionally divided into three parts—the “Proem,” “Truth” (the 
way of truth) and “Opinion” (the way of belief). 

The “Proem.”—In the *Proem" the poet describes his journey 
from darkness to light. Borne in a chariot, attended by the 
daughters of the sun, he reaches a temple sacred to an unnamed 
goddess (variously identified by the commentators with Nature, 
Wisdom, or Themis) by whom the rest of the poem is spoken. He 
must learn all things, she tells him, both truth, which is certain, 
and human opinions; for, though in human opinions there can 
be no “true faith,” they must be studied for what they are worth, 

“Truth” —There are three ways of research, and three ways 
only. Of these, one asserts “Jt is not, and there must be not- 
being.” This is utterly forbidden: what isî not cannot even be 
thought of. A second way to that of mortals without wisdom, who 
say of what is that “it is and is not,” “is the same and not the 
same.” In contrast to them the way of truth starts from the 
proposition “Jt is, and not-being is impossible.” 

What is is uncreated, for it cannot be derived either from 
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being or from not-being; it is imperishable, for it cannot pass 
into not-being; it is whole, indivisible, continuous (for nothing 
exists to break its continuity), homogeneous and unchangeable (for 
nothing else can exist or come into existence; it is perfect, for 
there is nothing which it can want; it never was, nor will be, but 
only is; it is evenly extended in every direction and therefore a 
sphere, exactly balanced; it is identical with the thought that 
recognizes it—thought means thinking “It is," and there is nothing 
apart from what is. 

As then what is is one, invariable and immutable, all plurality, 
variety and mutation belong to what is not. Whence it follows 
that all things which men suppose to be real, generation and de- 
struction, being and not-being, change of place, alteration of 
quality are no more than empty words. 

“Opinion.” —It remains in "Opinion" to describe the plurality 
of things, not as they are, for they are not, but as they appear. 
In the phenomenal world there are, it has been thought (and 
Parmenides accepts the theory, which appears to be of Pythagorean 
origin), two primary elements—namely, fire, which is gentle, thin, 
homogeneous, and night, which is dark, thick, heavy. These ele- 
ments are separate or different from each other, but self-identical 
and on an equal footing; all things are composed of them. The 
foundation for a cosmology thus being laid in dualism, the poem 
describes the generation of “earth and sun, and moon and air that 
is common to all, and the milky way, and farthest Olympus, and 
the glowing stars”; but the scanty fragments which have survived 
only show that Parmenides regarded the universe as a series of 
concentric bands composed of the two primary elements and of 
mixtures of them, the whole system being directed by an unnamed 
goddess established at its centre. Next came a theory of animal 
development, followed by a psychology, according to which like is 
known by like. For thought is identical (?) with the constitution 
of the elements (not “limbs”) in a man’s body; and if Parmenides 
is referring here to sensation, whose objects were mere appearances, 
knowledge of the one reality was probably identical with a plenum 
of light (fr. 16). “Thus according to opinion," Parmenides con- 
cludes, “were the things of our world generated, and are now, and 
shall hereafter grow and come to an end.” 

The Meaning of the Poem.—The understanding of the whole 
poem is beset with difficulties. The most important points are: 

(т) the meaning of the /? is of the way of truth; (2) the meaning 
of the identity between thought and its object; and (3) the re- 
lation of opinion to truth. 

т. The Ionian philosophers who preceded Parmenides had put 
the question “What is nature, or reality?” in physical terms. They 
had looked for some single stuff, such as water or air or some- 
thing indeterminate, which underlay the plurality and change that 
we observe. This was what really is, rather than comes to be as 
a mere process. Parmenides answered the same question by con- 
sidering, as a matter of purely abstract analysis, what it is for 
anything to “be.” He therefore unfolds a chain of implications 
involved in the assertion “It is." Тһе subject of the proposition 
is primarily impersonal (as in “It is freezing"), but it will also 
be reality itself or "being", just as "reality" means for us 
ambiguously both “what it is to be real" and “that which is real.” 
The implications appear in the form of properties which must be 
possessed by reality in the concrete. The method depends on 
treating anything besides “being” as not "being" and therefore 
sheer nothing. Thus reality is “complete,” for there is nothing 
else which it could be; and, because complete, it is “unchanging,” 
for change implies coming to possess a property which it does not 
yet have. 

2. By stressing the abstract or logical nature of the method, 
it is possible to reach the identity of thought and reality. Logical 
“being” is that which is found in thought, or (as the copula) in 
judgments; and this is the only universal kind of being, hence 
what really is. But while the translation of the relevant passages 

is doubtful, they all appear to be associated with the denial of 
not-being. So it may be that Parmenides means only that thought 
of reality cannot be anything over and above reality: "thinking" 
means “thought is” or "there is a thought." The psychology of 
“Opinion” would be an attempt to explain this. Simply to say that 
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Parmenides is a mystic and a kind of pantheist, who believes 
nature is conscious, is not to the point. For his position has tobe 
deduction from the way of truth. à 

3. The cosmology is said to be deceptive and concemed 
with appearances, but at the same time to be "unsurpassable 
mortal judgment.” Its dogmatic tone makes it quite improbabje 
that Parmenides meant it ironically or was describing a system 
which was not his own. It is not truth, because it concedes typ 
realities. All qualities are somehow aspects of these: for ing 
heat, life and knowledge are fire or light; cold, death and ignorance 
are night or darkness. But where it differs from Ionian physis 
is in substituting mixture of the elements for transmutation. For 
neither element can ever not be what it is. So much is concede 
to the way of truth, How unity and reality can ever give rise jy 
appearance and plurality is a problem which Parmenides does not 
finally answer. 

Influence.—His departure from the method of the Ionian phys 
ical philosophers made Parmenides the father of metaphysics, Be 
fore there was a technical name for metaphysics, Aristotle spoke 
of “the science of truth as it was introduced by the school of 
Anaxagoras and Parmenides" (Protrepticus, no. sb in R. R 
Walzer's ed. of the Fragments). But just because the new analysis 
of “reality” was so abstract, it could be used by widely differing 
thinkers. It suggested the properties of the atom to Leucippus and 
to Democritus. In his Parmenides and in his Sophist Plato de 
veloped it dialectically so as to account for the formal character 
istics of his own “Ideas.” The denial of "not-being" was used by 
the sophists to deny the logical possibility both of contradictin 
and of falsehood (since this is "saying the thing that is not’) 
‘The denial of motion led to Zeno’s paradoxes and to the theoretial 
problem of the continuum. А 

See ELEATIC SCHOOL; see also references under “Parmenides” 
in the Index. 

BriBLI0GRAPHY,—For ancient testimonies and fragments of On Nat 
see H. Ritter and L. Preller, Historia philosophiae graecae, 8th Ыы 
by E. Wellmann (1898); Н. Diels and W. Kranz, Fragmente der Yor 
sokratiker, vol. i, 7th ed. (1954); Eng. trans., with commentary 18 4 
Burnet, Early Greek Philosophy, 4th ed. (1930) and F. M. Cornh 
Plato and Parmenides (1939). See further K. Reinhardt, Parmenid 
und die Geschichte der griechischen. Philosophie (1916); G; Cal 
Studi sull eleatismo (1932), together with R. Mondolfo, “Note 
eleatismo,” in Problemi del pensiero antico (1936) ; O. Gigon, Der 0. 
sprung der griechischen Philosophie (1945) ; W. J. Verdenius, P d 
ides: some Comments on his Poem (1942) ; W. Jaeger, The Theolos} 
the Early Greek Philosophers (1947) ; H. Fraenkel, Dichtung 
losophie des frühen Griechentums (1951); and, for astronomy, » 
Heath, Aristarchus of Samos (1913). (A. C. Io) 

PARMENIO (с. 400-330 в.с.), son of Philotas, Мас 
general їп the service of Philip II and Alexander the Great, ^ 
ing the reign of Philip he obtained a great victory over the I к 
(356) ; he was one of the Macedonian delegates appointed to ¢ 
clude peace with Athens (346), and was sent with an m 
uphold Macedonian influence in Euboea (342). In 336 he Me 
with Amyntas and Attalus, his son-in-law, to Asia Minor to id 
preparations for the conquest of Asia. In the confusion that W 
lowed Philip's murder he declared for Alexander and helped 
murder Attalus. In 335 Alexander recalled him. Parmen® 
his second-in-command throughout the conquest of Persia зй 
commanded the left wing at the battles of Granicus, i a 
Gaugamela, at which last he was outmaneuvered by Май ae 
had to send to Alexander for help. When Alexander went 0n PT 
ward to Drangiana he left Parmenio behind in Media, to gu we 
communications; on the campaign Philotas, Parmenio $ ie 
charged with conspiracy, tried by the army and put to dea e 
guilt of Philotas or his father is uncertain; but Alexander 5 [^ 
ders to Parmenio’s subordinates to murder him at Ec 
tumn 330). 

PARMIGIANINO (ParmicrANo; GIROLA) intet 
MARIA MAZZOLA or MAZZUOLI) (1503-1540), Italian bus d$ 
was one of the first artists to react against Renaistt em 
cism, was born in Parma on Jan. 11, 1503. He erus ; 
by his two uncles who made him learn to draw "under i nev 
tion of excellent masters” (G. Vasari), He was probably. s 
pupil of Correggio, but there is no doubt that Cortese 
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ihe strongest single influence on his early development. This is 
apparent, for example, in his first important work, the “Mystic 
Marriage of St. Catherine" (c. 1521, Canonica di Bardi, near 
Parma), though that work already contains an element of asym- 
metry in its composition which foreshadows the later development 
of his personal style. About 1522-23 he executed two series of 
frescoes: one in the first two side chapels on the left in S. Giovanni 
Evangelista, Parma, contemporaneously with Correggio’s great 
work on the dome and pendentives of that church; and the other, 
representing the “Legend of Diana and Actaeon,” on the ceiling of 
atoom in the castle of Fontanellato just outside the city. The 
scheme of the latter decoration, with its children playing among an 
imitation pergola which is open to the sky and which forms lunettes 
below, recalls Correggio's work in the Camera di San Paolo in 
Parma itself, 

In 1524 Parmigianino moved to Rome, taking with him three 
specimens of his work to impress the pope, including the famous 
portrait which he had painted of himself reflected in a convex mir- 
ror on a convex panel (Kunsthistorisches museum, Vienna). His 
thief painting done in Rome, the large "Vision of St. Jerome" 
(National gallery, London), 
shows the influence of Michel- 
angelo, but it was rather, in Va- 
мг words, “the spirit of Raph- 
ael which passed into the body of 
Francesco” and which remained 
with him all his life; it was Raph- 
tel’s ideal beauty of form and 
feature, rather than Raphael- 
tque motives or compositions, 
Which he found sympathetic. 
While at work on the “Vision of 
Ў. Jerome" in 1527, he was in- 
(erupted by soldiers of the im- 
prial army taking part in the 
sack of Rome, and he left for 
Bologna, There he painted one 
of his masterpieces, the “Ма- 
donna With St. Margaret and 
Other Saints” (Bologna gallery), 
which shows a new fluency of 
linear rhythm and a new tech- 
nical virtuosity of handling. In 
1531 he returned to Parma, 
where he remained for the rest 
of his life, the principal works of 
this last period being the “Ma- 
donna dal Collo Lungo” (Uffizi 
eT шы and the fres- 

е vault preceding the 
Pus ЕЯ а della Steccata, 

E: sli € latter were to have 
chem Y part of a much larger 
ФК Б decoration in the р 
tion s p armigianino was extremely dilatory over their execu- 
He died "и КН eventually imprisoned for breaking his contract. 

"ig le ШЕ, 24, 1540, at Casalmaggiore, Cremona. 
briliant di Which he developed was the first and perhaps the most 
style epee QR of one of the two major aspects within the 
its " decor B às mannerism, that which might loosely be called 
been dd Ive” aspect (the other, the “expressionist, having 
involve a in Florence chiefly by Jacopo da Pontormo). This 
ШЫ ш against many of the principles of High Renais- 
bility and M its dependence on nature and its basis in sta- 

ie is АШУ of design. = 
тро anino’s works are distinguished by ambiguity of space 
by the on, by distortion and elongation of the human figure and 
буш t of what Vasari called “grace,” that is to say, а 
ast quality, Sensuous beauty beyond the beauty of nature. ane 
loin me 1s evident not only in Parmigianino's paintings, but 
State studi merous and sensitive drawings, which range from elab- 

es for compositions to slight sketches of genre subjects. 


BY COURTESY OF THE TRUSTEES OF THE NA- 
TIONAL GALLERY, LONDON 

“VISION OF JEROME" BY 
PARMIGIANINO, 1527. IN THE NA- 
TIONAL GALLERY, LONDON 
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He was perhaps the first Italian artist to practise etching (q.v.), 
and he was one of the most remarkable portrait painters of the 
century outside Venice. Some of his best portraits are in the 
Naples gallery, including the “Gian Galeazzo Sanvitale" (1524) and 
the so-called "Portrait of the Courtesan, Antea" (c, 1535-37). 

BipLiocnAPHY.—G. Vasari, Lives of the Painters, Eng. trans. by G. 
du С. de Vere, vol. v (1912-14); L. Fróhlich-Bum, Parmigianino 
(1921) ; S. J. Freedberg, Parmigianino: His Works in Painting (1950) ; 
А. E, Popham, The Drawings of Parmigianino (1953). (M. W. L. К.) 

PARMOOR, CHARLES ALFRED CRIPPS, ist Baron 
(1852-1941), English lawyer and statesman, a strenuous supporter 
of international cooperation for peace and a member of the first 
two Labour governments, was born at West Ilsley, Berkshire, on 
Oct. 3, 1852. Educated at Winchester and New College, Oxford, 
he was called to the bar by the Middle Temple in 1877 and became 
a queen's counsel in 1890. He became a bencher of his Inn in 1893 
and its treasurer in 1917. The basis of his successful legal prac- 
tice was ecclesiastical. He was appointed attorney general to the 
prince of Wales in 1895 and was reappointed in 1901 and 1912, 
He sat in the House of Commons as a Conservative between 1895 
and 1914. A strong high churchman, he was made vicar-general 
to the province of York in 1900 and was vicar-general of Canter- 
bury, 1902-24. In 1914 he was specially appointed a judicial 
member of the privy council and was raised to the peerage. After 
World War I Parmoor's interest in international order led him 
toward the Labour Party; and in the Labour governments of 1924 
and 1929-31 he was lord president of the council. In 1924 he rep- 
resented Great Britain at the assembly of the League of Nations. 
He died at Henley-on-Thames on June 30, 1941. His youngest son 
was Sir Stafford Cripps (q.v.). (R. J.) 

PARNAIBA, a port in the state of Piauf, Braz., on the right 
bank of the Parnaíba River, 9 mi. upstream from the Atlantic 
Ocean. Pop. (1960) 39,951. Founded in 1761, the town has 
served as the most important commercial centre for the river val- 
ley. The chief products shipped from Piauí through Parnaíba and 
its outport, Luís Correia, are carnauba wax, cotton, babassu oil, 
sugar, cattle, and hides. (P. E. J.) 

PARNASSIANS, a group of French poets, headed by Leconte 
de Lisle, and for a time by Théodore de Banville, who looked for 
impersonality, technical perfection, and pictorial qualities, and 
who derived their name from the anthology to which they con- 
tributed; Le Parnasse contemporain, edited by Xavier de Ricard 
and Catulle Mendés and published by Alphonse Lemerre (1866, 
1871,and 1876). They had become conscious of a common aim in 
La Revue fantaisiste (1861), likewise founded by Mendés, and 
some of their ideas had already been formulated by Leconte de 
Lisle in the preface to his Poèmes antiques ( 1852). The principal 
disciples were Joseph Albert Glatigny, Francois Coppée, Léon 
Dierx, and José-Maria de Heredia. Others, like Sully Prudhomme, 
adhered only to certain tenets. The Parnassians were opposed to 
the lyrical effusions and loose versification of romantics like Al- 
phonse de Lamartine and Alfred de Musset. They admired Victor 
Hugo’s Les Orientales (1829) for its colourfulness and virtuosity, 
and they considered that Théophile Gautier’s preface to Mademoi- 
selle de Maupin (1835), which expounded the theory of art for 
art’s sake, and his book of verse, Emaux et Camées (1852), pointed 
to a new conception of poetry. They extolled craftsmanship and 
were suspicious of inspiration. Much experimentation with metres 
and verse forms was carried on, particularly by Banville in Poésies 
complètes (1857) and Petit Traité de poésie francaise (1872). 
The sonnet, neglected by the romantics, again enjoyed a remarka- 
ble vogue. 

Political disillusionment after the 1848 Revolution and the 
coup d'état of 1851 led the Parnassians to turn away from con- 
temporary society toward exotic lands and past civilizations, nota- 
bly to ancient Greece (here they recognized André Chénier as a 
precursor) arid to India. Comparative mythology and the history 
of religions, epics, and sagas furnished erudite themes for poets 
imbued with the scientific spirit of the age; e.g., Leconte de Lisle’s 
Poàmes barbares (1862). The visual arts were “transposed” into 
poetry, and in this respect Heredia’s Les Trophées (1893) was a 
typical Parnassian work. But it marked the end of the movement, 
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for a new generation of poets, the Symbolists, were following 
Stéphane Mallarmé and Paul Verlaine, themselves Parnassians in 
their youth, who had broken away from precise description in 
search of an art of nuance and musical suggestion. 

ВівілоскАРНҮ. A. Cassagne, La Théorie de l'Art pour l'Art en 
France (1906; reprinted 1959); M. Souriau, Histoire du Parnasse 
(1929) ; P. Martino, Parnasse et symbolisme, Sth ed. (1938). 

(E. M. So.) 

PARNASSUS (Gr. Parnassés), a mountain in Greece, 8,061 
ft., in the south of Phocis (Fokís), rising north of Delphi. Parnas- 
sus was in ancient times a holy mountain, sacred to Dionysus and 
the Corycian nymphs, later also to Apollo. Its chief peaks were 
Tithorea and Lycorea (modern Liákoura). Two projecting cliffs, 
named the Phaedriades (“shining rocks"), frame the gorge in 
which the Castalian Spring flows out, and to the west of this, on à 
projecting shelf, is the site of the sanctuary of Apollo at Delphi. 
The Corycian Cave, a large two-chambered stalactite cave sacred 
in ancient times to the Nymphs and Pan, is on the plateau between 
Delphi (g.v.) and the summit. Roman poets began the process 
by which Parnassus has usurped the place of Mt. Helicon as home 
of the Muses, and the Castalian Spring has come to be represented 
as a source of poetic inspiration, Parnassus, a barren limestone 
mass, is usually ascended either from Delphi or from the village 
of Arákhova at its southern foot. 

PARNASSUS PLAYS, a series of three scholastic enter- 
tainments performed at St. John's college, Cambridge, between 
1597 and 1603. They are satirical in character and aim at setting 
forth the wretched state of scholars and the small respect paid 
to learning by the world at large, as exemplified in the adventures 
of two university men, Philomusus and Studioso. The first part, 
The Pilgrimage to Parnassus, describes allegorically their four 
years’, journey to Parnassus; i.e, their progress through the 
university course. The sequel The Returne From Parnassus, 
which deals with the adventures of the two students after the 
completion of their studies at the university, shows them dis- 
covering by bitter experience of how little pecuniary value their 
learning is. A further sequel, The Second Part of the Returne 
From Parnassus, or the Scourge of Simony, is a more ambitious, 
and from every point of view more interesting, production than the 
two earlier pieces. In it on pretense of discussing a recently pub- 
lished collection of extracts from contemporary poetry, John 
Bodenham's Bel-vedere (1600), one of the characters sums up a 
number of writers of the day, among them being Spenser, Henry 
Constable, Michael Drayton, John Davies, Marlowe, Jonson, 
Shakespeare and Thomas Nashe. 

Their author is unknown, but the plays have generally been re- 
garded as the work of a single writer—possibly John Day or one 
William Dodd (for a full discussion see A. W. Ward, A History 
of English Dramatic Literature to the Death of Queen Anne, ii, 
р. 640, note 2 [1875]). Thethree pieces were evidently performed 
at Christmas of different years, and allusions to contemporary af- 
fairs show that the first cannot have been earlier than 1598 nor 
the last later than 1602. 

BisLr0GRAPHY.— The only part of the trilogy which was in print at 
an early date was 2 Return, called simply The Returne From Parnassus: 
Or The Scourge of Simony (1606), two editions bearing the same date. 
This has been reprinted several times, the best separate edition being 
that of E. Arber (1880). Manuscript copies of all three plays were 
found among T. Hearne's papers in the, Bodleian library, Oxford, by 
W. D. Macray and were printed by him in 1886 (the last from one of 
the editions of 1606, collated with the manuscript). G. C. Moore Smith, 
“The Parnassus Plays," Modern Language Review, x (1915), gives a 
number of corrections of Macray's text. See also The Three Parnassus 
Plays, 1598-1601, ed. by J. B. Leishman (1949), and W. Lühr, Die drei 
Cambridger Spiele vom Parnass (1900). (R. B. McK.) 

PARNELL, CHARLES STEWART (1846-1891), ardent 
Irish nationalist and first president of the Home Rule party, was 
born at Avondale, County Wicklow, on June 27, 1846. The Parnell 
family were Protestant landowners of Cheshire origin, settled in 
Ireland since the late 17th century. Charles Stewart's great- 

grandfather, Sir John Parnell, chancellor of the Irish exchequer in 
Henry Grattan’s parliament (1782-1800), was an uncorrupted 
opponent of the Act of Union (1800). His mother was a daughter 
of Commodore Charles Stewart of the United States navy, a hero 
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of the War of 1812 whose pa 
had emigrated from Belfast by. 
fore the American Revolution 
The traditions and atmosphere of 
the home in which Parnell 
up were thus significantly diffe, 
ent from those of the Majority of 
the landowning class, They dig 
not, however, prevent Parnell 
parents from giving their sona 
education normal for his class, 
Не went to three English board. 
ing schools, where he seems (j 
have been unhappy, and to Mag. 
dalene college, Cambridge, when 
in 1869, after an undistinguished 
career, he was rusticated fora 
relatively minor breach of digi. 
pline, and decided not to retum. 
The Home Rule League and 
the Land League.—The In. 
land to which Parnell returned 
was in ferment (see IRELAND; 
History). Тһе execution of 
three Fenians, the “Manchester martyrs,” in Nov. 1867, hid 
aroused intense indignation, and the amnesty movement for Fenit 
prisoners was supported not only by the revolutionary Irish Re 
publican brotherhood (Fenians) but also by moderate “constitu 
tional” nationalists, and gave the impetus for the launching in 181 
of a new political group, the Home Rule league. In the generi 
election of 1874, 56 candidates pledged to the league—to autonomy 
for Ireland in purely local affairs—were successful, They formed 
nominally, a Home Rule party in parliament and were led, di 
nominally, by Isaac Butt (q.v.). They were socially conservalit 
deferential to the opinions of the Catholic hierarchy and, in ms 
cases, to the English Liberal whips. All appealed in some deg 
to the national sentiments of the electorate. 
Parnell, an eminently suitable Home Rule candidate, was elected 
as member for Meath in April 1875. Within two years he 
tinguished himself by his indifference to the opinion of the hot 
of commons and his sensitivity to Irish nationalist opinion. 
embraced the policy of obstructing English legislation to ur 
attention to Ireland's needs, and his handsome presence and Un 
manding personality gave him a powerful appeal. Butt disa 
these activities, thereby losing the support of Irish nationalist 
ion, which now looked to Parnell as a rising leader. In Sept! 
the Home Rule Confederation of Great Britain, largely Pak id 
by Fenians, elected Parnell its president in place of Butt, who 
ill and died soon afterward. Parnell had become, at the 48% 
the most conspicuous figure in Irish politics. j al a 
The year 1878 saw the beginning of a major agriculturi rik 
in Ireland, which seemed to threaten a repetition of the të E 
famine and mass evictions of the 1840s. To resist eviction 
make Irish landlordism unworkable, the Irish Land leae as 
founded in 1879 by Michael Davitt, a Fenian recently t 
from Dartmoor prison. The majority of the Home Ru ji 
condemned the league, as did the Catholic bishops. Parme oni 
tified himself with it and became its first president, thus р i 
the centre of the great “new departure” national mover 
which revolutionary devotion was combined with agra p 
tion, and was supported by the obstructionist tactics 0: the 
Section" in parliament, Soon after the general election 9 
Parnell was elected chairman of the Home Rule group H 1 
parliament. After the rejection by the house of lords «ps 
erate measure for Irish land reform, Parnell organized i g 
land agitation, for which he then won the support of the р M 
of "moderate" opinion. It was combined with рагіате ett 
struction on so large a scale that ultimately 36 Irish тет сЕ! 
suspended. At this time Parnell rejected a policy 0 
from parliament, put forward by the Land league. , h con 
The passage in 1881 of Gladstone’s Land act, whic ined, 
the principle that fair rents could be judicially determi 


NATIONAL GALLERY OF 


BY COURTESY OF THE 
IRELAND 


CHARLES STEWART PARNELL, FROM 
A PAINTING DONE IN 1892 BY SYDNEY 
PRIOR HALL 


es 
CEE 


EES 


PARNELL 


sented Parnell with a serious test of statesmanship, Its passage 
p unquestionably a great achievement for the Land league, but 
(he most active Land leaguers were not content and a split in the 
movement seemed likely. This Parnell avoided by pursuing a 

licy moderate in substance—testing the act by bringing selected 
ases before the land commission—but making speeches couched 
in violent language. As a result, probably in accordance with his 
wish, he was, on Oct. 13, 1881, lodged in Kilmainham jail, Dublin. 
This assured his continued popularity and absolved him of re- 
sponsibility for subsequent events. 

Parnell’s arrest was followed by the suppression of the Land 
league, and a winter of sporadic local terror. ‘Captain Moon- 
light” (the signature usually appended to written threats made 
against landlords and obnoxious tenants) had taken his place. In 
the spring of 1882, when Irish opinion had become exasperated, 
Parnell began negotiations for his release, conducted in the main 
through Capt. William O'Shea, a “moderate” Home Rule member, 
whose wife had been Parnell’s mistress since 1880 (see O'SHEA, 
WILLIAM HENRY and KATHARINE). The settlement reached, the 
"Kilmainham treaty," was not inconsistent with Parnell's previous 
political action. The tenants were to obtain substantial conces- 
sions and Parnell was to use all his influence to decrease further 
agitation, 

The murders, in Phoenix park, Dublin, of the chief secretary 
and the permanent undersecretary, which occurred within a few 
days of Parnell’s release (May 2, 1882), caused a general revulsion 
against terrorism and Parnell had little difficulty in bringing the 
nationalist movement again under firm discipline, subordinating 
the Irish National league (the successor to the Land league) to the 
Home Rule party in parliament. The Fenians lost much influence 
and agitation was brought under control. 

Parliamentary Maneuvers.—The “Kilmainham treaty” 
ended the revolutionary phase of the “new departure.” The re- 
sults of by-elections showed that Parnell’s leadership was unques- 
tioned, except in eastern Ulster, and, after the franchise reform of 
1884, it became apparent that Parnell was likely in the next parlia- 
ment to lead a party of between 80 and 90 members. With this 
Potential strength, which would give control of the balance of 
Power, Parnell became a force to be reckoned with. Two powerful 
groups set themselves to seek an arrangement with him. The first 
Of these, the Radicals, led by Joseph Chamberlain and Sir Charles 
Dilke, failed, mainly because Parnell saw the opportunity of an 
day with the Tories, more profitable, he believed, than 
ji ing offered by a mere section of the Liberal party. His con- 

Mptuous rejection of their overtures left a legacy of resentment. 
bus Tory advances led very quickly to a combination in which 
(June en Irish voted together to defeat the Liberal government 
possibili 85), In the period of Tory minority administration the 
the ities of legislation to satisfy the Home Rule demand were 
A inconclusively, In the election campaign that followed 
me Rule 1885), Parnell, having failed to get a satisfactory 
ory m E statement from Gladstone, issued the so-called "vote- 
“it m esto. Parnell's “pro-Tory” policy has been criticized 
б а оп the illusion of Tory benevolence. Parnell, how- 

tt b Caring in mind two important facts: the strategic fact 

itér ories, with their influence in the house of lords, were in 
that, as ноп to make their policies law, and the tactical fact 

e Irish he Liberals were the party most likely to win, it was in 
sults at to keep down their margin of victory. The re- 
еа out d however, that although the Irish could put the Lib- 
stances, the D. could not keep the Tories in. In these circum- 

¢ intentio, Ories immediately broke with them and announced 
iberals Sis 2 reintroducing coercion in Ireland, Parnellites and 
Stone took m together to bring down the government and Glad- 

ded о се on Feb, 1, 1886. For his continuation 1n office he 
ref n Irish support. 
lection, ake the curious and ominous episode of the Galway 
imberlaj ^rnell, under pressure from the O'Sheas and Joseph 
Уай, n, put forward Captain O'Shea as Home Rule candi- 
With the ough he had refused to take the pledge “to sit and vote 
lemptin oe The evidence suggests that Chamberlain was at- 
8 to undermine Parnell’s authority and split his party. If 


ct 
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so, he failed. A mutiny of a small faction was quelled and O’Shea 
was elected. 

Although Gladstone’s Home Rule proposals—involving a wide 
measure of autonomy—fell short of nationalist aspirations, Par- 
nell accepted them as a basis of settlement and enlisted public 
opinion in their support. The introduction of the bill, though it 
was later rejected by the commons on the second reading (June 
1886), was regarded as his personal triumph. When the Conserva- 
tive Lord Salisbury succeeded Gladstone as prime minister, Parnell 
withdrew to some extent from active political life. This was 
partly due to ill-health, but also to political reasons, With the 
Irish party firmly allied to the opposition, there was now no room 
for parliamentary obstruction. Parnell would neither challenge 
Gladstone’s leadership nor appear as his henchman. He also held 
aloof in Ireland from the ingenious rent-withholding combination 
known as the “plan of campaign,” devised by William O'Brien. 

Despite his relative inactivity, however, Parnell’s name was kept 
before the public through the misdirected efforts of his enemies. 
On April 18, 1887, The Times published a facsimile of a letter 
purporting to be written by Parnell condoning the murder of the 
undersecretary (Thomas Henry Burke) in Phoenix park in May 
1882. Parnell immediately denounced it as a forgery. Nearly two 
years later the forger, a journalist named Richard Pigott, collapsed 
under cross-examination before the commission established to in- 
vestigate the charges. Pigott’s suicide in Madrid soon afterward 
riveted public attention on Parnell, His already towering prestige 
in Ireland, recently increased by his firm and subtle handling of a 
potential crisis caused by a Holy office rescript (1888) condemning 
the “plan of campaign,” could receive only additional lustre from 
these events, while in the eyes of the English liberals he was trans- 
formed from a dubious ally into a hero and martyr. This brief 
period was the peak of Parnell’s career. 

Parnell’s Fall.—On Dec. 24, 1889, Captain O'Shea filed his 
petition for divorce, naming Parnell as corespondent. Although 
the relations between Parnell and Katharine O'Shea had been 
known to some members of the Irish party, nationalist Ireland in 
general took it that the proceedings represented another Unionist 
attempt to wreck Home Rule. This was given colour by the fact 
that O'Shea had given evidence in the Pigott case and was a fol- 
lower of Joseph Chamberlain. The theory that there were political 
motives behind the divorce proceedings is not necessarily false. 
The suit being undefended, the court returned a verdict against 
Parnell and Mrs. O'Shea on Nov. 17, 1890. 

The initial reaction of the Irish public was to uphold Parnell. 
In England, however, nonconformist opinion was so hostile that 
Gladstone wrote to John Morley that Parnell's continuance as 
leader of the Irish party would render his own leadership “almost 
a nullity.” The Irish parliamentary party found itself in an ago- 
nizing dilemma. Parnell was determined to hold the leadership 
and defy Gladstone. If the party upheld Parnell they would be 
destroying the Liberal alliance, and with it the hopes of Home Rule 
in their generation. If they rejected Parnell, they would be turn- 
ing against him at the bidding of an Englishman. After a long 
and emotional debate, during which Parnell used his powers as 
chairman in a resolutely partisan fashion, the majority rejected 
his leadership. A sizable minority remained with him. 

There followed a series of bitter electoral campaigns. The 
Catholic hierarchy, although slow to pronounce, now declared Par- 
nell morally unfit for leadership. His marriage to Mrs. O'Shea in 
June 1891 exacerbated Catholic opposition. He himself displayed 
feverish energy and increasing recklessness, directing his appeal 
more and more to the revolutionary elements. This appeal left a 
deep impression on the young but was rejected by the majority of 
the electors in three by-elections fought between Dec. 1890 and 
July 1891. When his principal ally, the nationalist Freeman’s 
Journal, fell to his enemies shortly after his marriage, his cause 
was clearly lost. He died at his wife’s home in Brighton on Oct. 6, 
1891, and was buried in Glasnevin cemetery, Dublin. The city, 
Parnellite to the end, gave him a magnificent funeral. 

Parnell’s achievement was that he took the question of self- 
government for Ireland out of the academic domain into that of 
practical politics. After the Cromwellian land settlement had been 
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disrupted by the “new departure,” and after one of the two great 
English parties had been brought to accept the principle of Home 
Rule, English authority in Ireland never again rested on so solid a 
foundation. His image in defeat had a powerful effect on the next 
generation, Both Sinn Fein and the Irish literary revivalists re- 
garded him as a hero and precursor. 

See IRELAND: History; see also references under “Parnell, 
Charles Stewart” in the Index. 

Brsriocrapay.—R. B. O'Brien, The Life of Charles Stewart Parnell, 
2 vol. (1898) ; C. C. O'Brien, Parnell and His Party, 1880-90 (1957) ; 
Е. S. L, Lyons, The Fall of Parnell, 1890-91 (1960). (С. C. O'B.) 

PARNELL, THOMAS (1679-1718), Anglo-Irish poet, who 
alone among Alexander Pope's associates could, like him, combine 
wit with lyrical pathos, was born in Dublin in 1679. In 1706 
he became archdeacon of Clogher and in 1716 vicar of Finglass. 
He contributed to the Spectator and the Guardian and was a 
member of the Scriblerus Club (see LITERATURE, SOCIETIES OF). 
In 1717 he published Homer's Battle of the Frogs and Mice. With 
the Remarks of Zoilus. To which Is prefixed, the Life of the Said 
Zoilus. His Poems on Several Occasions were published by Pope 
in 1722, after Parnell's death at Chester in 1718. He was buried 
at Chester on Oct. 24, 1718. 

"Though his best-known poem is "The Hermit," which was very 
popular in his own century, better than it are *A Fairy Tale in the 
Ancient English Style," a piece of medievalism which begins as 
mockery but becomes something more; *A Nightpiece on Death," 
which Oliver Goldsmith thought superior to Gray's Elegy Written 
in a Country Churchyard, and “An Elegy to an Old Beauty,” 
which includes the lines: 

While with’ring seasons in succession, here, 
Strip the gay gardens, and deform the year. 

His love songs and anacreontics show the grace and gaiety— 
what Pope esteemed as the "ease"—of the aristocratic lyrists of 
the previous century. In general Parnell wrote a highly artificial 
though imaginative language, but he could be colloquial, as in 
much of “Ап Elegy to an Old Beauty." 

See Poetical Works, ed. by G. Aitken (1894); Minor Poets of the 
Eighteenth Century, ed. by Н.ГА. Fausset (1930), contains all Parnell’s 
poems. (D. A. De.) 

PARNU (Pyarnu; Ger. PERNAU), the second seaport of 
Estonia (since 1940 the Estonian Soviet Socialist Republic, 
U.S.S.R.), lies on the left bank of the Parnu river, $mi. above its 
entrance into Parnu bay, the northern arm of the Gulf of Riga. 
Parnu is about 120 km. (75 mi.) S. of Tallinn by road. Pop. 
(1959) 36,100. The town has fish, timber, textile and motor in- 
dustries. Parnu is Estonia’s most popular seaside resort, noted 
for its mud baths. Founded on the right bank of the river in 
1251 by the bishop of Saaremaa (Swedish Ösel), Parnu was oc- 
cupied in succession by the Swedes, the Poles and the Teutonic 
Knights in the 16th century. After 1599 the Poles transferred 
the town to the left bank and in 1642 the Swedes, who had been 
in possession since 1617, strengthened it with fortifications. In 
1699-1710 the Swedish university, evacuated from Tartu on the 
advance of the Russians, was established there. In 1710 Parnu 
was taken by the Russians, who called it Pernov, and in 1918 it 
was included in independent Estonia. Soviet forces occupied it 
in 1940 and the Germans from 1941 to 1944, after which it again 
became part of the Soviet Union. ' (At. K.) 

PAROCHIAL EDUCATION, U.S. Many church par- 
ishes and other religious bodies in the United States maintain 
elementary and secondary schools that provide education based on 
sectarian principles and are separate from the public, or common, 
school system. Such schools for the children of members of a 
parish or congregation are supported principally by the voluntary 
offerings of the parishioners, augmented occasionally by modest 
fees; they are distinguished from public schools operated under 
the direction of school boards made up of local citizens and sup- 
ported by public taxes, and from private schools maintained by 
private individuals or groups and supported principally by tuition 
fees. 

The first schools in North America were established by religious 
groups. As early as 1606 Spanish Roman Catholic missionaries 
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opened a school in Saint Augustine, Fla. Subsequently the mig. 
sionaries who accompanied other expeditions established 

to educate the children of their comrades as well as the nati 
Later various Protestant religious groups seeking Dixi. 
worship emigrated to North America and established their oy 
schools. 

Through the 17th century church and state were closely allied 
in the American colonies as in Europe. With the increase in the 
18th century of nonconformist groups opposed to the control of 
education by the established churches, the colonies began to per 
mit different religious groups to conduct their own schools, Ту 
chief function of such schools was to educate the child in ty 
basic skills of reading, writing, number work, the practical arts, 
and the religious principles of the particular denomination spy. 
soring the school. 

The development of the U.S. public school began їп the 1th 
century, although in 1850, according to the census of that yea, 
many “public” schools still were supported largely by tuition and 
other fees. The church-conducted school was still common an 
in many places it was supported in part by public funds, In 
some states, certain types of public support continued into the 
20th century. A general policy developed through a series ûf 
state and federal supreme court decisions prohibited direct aid 
to church-controlled schools as unconstitutional, but permitted 
auxiliary aid, as for transportation, safety, health and welfare 
Some states provide such auxiliary aid. (For fuller discussion ol 
the historical development of public and parochial schools in re 
lation to the separation of church and state in the United States 
see EDUCATION, History or: National Systems: United Stale 
especially the sections Control of Education in Colonial Атей 
and Public Education in the Early National Period.) 

Parochial, or denominational, schools, classified as independent 
schools, also developed in Australia and New Zealand after su 
port from public funds was withdrawn when the state 
systems were established in the 1870s and 1880s. In some colt 
tries. that have denominational as well as undenominali 
schools, both types are principally supported by public funds 
as in England and Canada. 1 : 

Opponents of parochial education generally maintain that it 
serves to promote divisive elements in society. Further, V 
admitting that individual schools have provided excellent b 
cational programs, they point out that many parochial їйї 
tions have operated at standards well below those of the pi 
schools with poorly trained teachers and inadequate buil у 
facilities and programs. Some, too, have been critical of tet! 
books and other teaching materials that seem to present à 
point of view. Us 

In the second half of the 20th century about 14% of A 
children or about 6,500,000 attended private and parochial sc 
Approximately 9095 of these children attended schools 8р0 
by the Roman Catholic Church. t 

Roman Catholic Parochial Schools.—These schools АЁ 
ganized on a diocesan basis and are financed by the рї "m 
some areas, these schools serve the children of several pat 
or a district defined by the bishop. Such schools are call 
esan schools and are financed by the several parishes * 
and sometimes by diocesan funds. To educate children. 
particular problems or handicaps, many dioceses esta! lind 
maintain special schools for orphans, the deaf, the b ym 
speech defective, the emotionally disturbed or the me? 
tarded. 

The administration of the schools of a dioc 
responsibility of the bishop. This work is usua 
a priest, appointed by the bishop, who is given the fusci 
intendent of schools or secretary for education. ei 
closely parallel those of the chief school officer in ME m is 
system. -He is responsible for the organization а j 
of the schools of the diocese; selection of textbooks; or 
of courses of study; policies and practices of all the 5© 
enforcement of diocesan and state regulations. His ? 
thority are defined by the bishop. mbes 

Most dioceses have a school board made up of me 


pavit 


ese is the 


Пу delega 
"ile of sif 
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by the bishop. Usually this board has no administrative 
put acts in an advisory capacity to the bishop and his chief 


E Catholic schools teach the same subjects as the 
{с schools, but two important differences should be noted. In 
Catholic school, a course in Christian doctrine is included 
Mit ts the truths of faith and morals which are the teach- 
s of the Roman Catholic Church. Furthermore, all subjects 

‘jn the school program are based ultimately on religious truths. 
` The entire Ша is designed to help the child develop into 
` the likeness of Christ. 

“Both religious and laymen teach in the Catholic schools. The 
teachers belong to one of the many religious communi- 

tis and usually reside in a convent located near the school to 
which they are assigned. A modest salary is paid to the religious 
community for the support of each teacher. Lay teachers re- 
ive regular salaries, generally less than their colleagues in pri- 
vate or public education. All teachers must be prepared for this 
‘work and must meet standards established by the diocese and in 
some instances by the state. 

Oftentimes diocesan systems organize on a state-wide or re- 
gional basis in order to share certain educational advantages and 
| Кее E" 2и poem for the betterment of their teach- 

esa 0015. All diocesan systems are members of the Na- 

tional Catholic Educational association, a nation-wide organiza- 
_ tion established for the mutual benefit of all schools and teachers. 

The common interests of the Catholic bishops of the United States 

in education are represented by the department of education in 
E Кеше conference, (J. B. McD.) 

Protes ant Parochial Schools.—Wherever the Protestant 
Reformation spread, Lutherans, Calvinists and other Protestant 
groups founded schools to teach the principles of Christian faith 
and life. While these schools offered a general education, they 
Were founded and maintained because of religious convictions that 
1 complete pue must include religion and must develop a 

n world view. 

P irn development of the public-school system in the United 
in the 18th century many Protestant groups felt that the 
E Schools were adequately serving the purpose of general 
) em discontinued their schools. ` They decided that 
зра] ristian education could be provided by the Chris- 
home and by such church schools as the Sunday school, va- 
e Bible school, weekday classes and the Saturday school. 
Despite the development of public education, some parents 
чуй church bodies continued to believe that the most effec- 
lucational agency available for the Christian education of 
the Band youth was the parochial school. While supporting 
c school as the community effort in general education, 
Peer hia have founded, supported and patronized parochial 
| viding ү p of deep convictions as to the desirability of pro- 
E CES айе Sr 
stant groups that maintain parochial school sys- 
n» Lutheran bodies are by far the most active, with around 
00 children in Lutheran schools, Smaller school systems are 
: E * Seventt dy Adventists, the alea [ы of 
t 0015, the Protestant Episcopal Church, the Na- 
m oo of Christian Schools (evangelical), and the 
The ооо, Baptists, Methodists and Presbyterians. 
of à board rome of o Uv schools is in the o 
ation elected by the sponsoring groupe! 
fail congregation, association of congregations, or associa- 
operation viduals. This board selects a principal and in co- 
With him develops the policies that control the school 
sin. The clergy of the sponsoring groups have been active 
The E" all aspects of such school programs. 
Bo in Protestant schools are drawn both from de- 
dis teachers colleges and liberal arts colleges. In ad- 
Meeting the general requirements set for teachers at the 
need pud secondary levels, teachers in Protestant schools 
Christian Я and doctrine to achieve the objectives of 
on. : 
Protestant elementary and secondary schools strive to meet or 
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exceed the educational requirements of the several states, While 
the course of study for each grade is substantially the same as 
given in the public schools, Christianity is made the unifying and 
integrating factor in the educational program. (A. L. Mi.) 

Jewish Parochial Schools.—The Jewish Day school or “сот- 
plete” school (i.e., the Jewish parochial school) is an educational 
institution in which a combined program of Jewish and general 
studies is offered. There are four types of institutions that pro- 
vide intensive Jewish religious education as well as a complete 
course of study in general subject matter, These are the tal- 
mudic day school, the modern day school, the integrated day 
school and the Hebrew-English private school. 

The talmudic day school makes provision for the study of the 
Hebrew texts of the Pentateuch, major portions of the Prophets 
and Scriptures, including the Masoretic commentaries, and places 
great stress on teaching of the Talmud. The secular studies meet 
the requirements of the city and state authorities. The school 
day ranges from eight to ten hours. The Hebrew studies are given 
in the morning hours and the English in the afternoon, 

The modern day school stresses the study of Hebrew language, 
the Bible, Jewish history, prayers and selected portions from the 
Talmud. All instruction is in the Hebrew language. The secular 
subjects are given equal attention and equal time. The school 
day begins at nine and ends at four o’clock. 

The integrated day school aims to achieve a blending of instruc- 
tion in Judaism and secular subjects. To attain this end “both 
curricula are offered departmentally throughout the school day.” 
The pupil may begin the school day with the study of the Bible, 
go next to a lesson in arithmetic, then proceed to the reading of 
a Hebrew text, then to geography, and so on. 

The Hebrew-English private school emphasizes the study of 
general subjects and provides opportunities for Jewish learning 
for only five hours a week, It is a modern and progressive school 
which satisfies those parents who seek private instruction of a 
high calibre and who are eager to solve the problem of a two- 
school system. A number of day schools are also sponsored by 
Viddish-culture groups. The program of these schools differs from 
the modern day school in that Yiddish language and literature are 
included as basic subjects of instruction. 

The majority of day schools (8595) are sponsored by Orthodox 
groups. Some that fall in the category of modern day schools 
are conducted by Conservative and other groups. 

In 1935 there were 17 day schools with an enrollment of 4,600; 
by the 1960s enrollment in the United States and Canada had 
increased to more than 50,000 pupils in about 300 schools, almost. 
one-half of which were in New York city. The number of chil- 
dren in the day school constituted 8.596 of the total Jewish re- 
ligious school enrollment. The overwhelming majority of Jewish 
children attend the public schools and to these children Jewish 
education is supplementary to their general education, Most day 
schools conduct classes on the elementary level; only a few oper- 
ate high school departments. Torah Umesorah (National Society 
for Hebrew Day Schools) and the National Council for Torah 
Education help to establish day schools, place teachers and ad- 
ministrators, conduct seminars and workshops for educational 
personnel and publish Hebrew text materials, 

See also EDUCATION, History or; SCHOOL ADMINISTRATION; 
Roman CATHOLIC CHURCH: The Church in The Americas: North 
America: Education; and Education sections of articles on vari- 
ous countries. (Ju. P.) 

ВтвілоскАРНҮ.—М№ей G. McCluskey, Catholic Viewpoint on Educa- 
tion (1959) ; Catholic Universit of America, Commission on American 
Citizenship, Guiding Growth in Christian Social Living (1944-46) ; 
W. T. Kane, History of Education, rev. by J. J. O'Brien (1954) ; U.S. 
Government Printing Office, Misc. No. 28, The State and Nonpublic 
Schools (1958); R. A. Neuwien (ed.), Catholic Schools in Action 


(1966) H. Beck, Lutheran Elementary Schools in the United States 


(1939); Francis X. Curran, The Churches and the Schools (1954); 
Frank E. Gaebelein (ed.), Christian Education in a Democracy (1951) ; 
Cornelius Jaarsma, Fundamentals in Christian Education (1953); 
Allan Н. Jahsmann, What's Lutheran in Education (1960); Edwin H. 
Rian, Christianity and American Education (1949). 

Judah Pilch, Jewish Education Register and Directory (1959) ; A.M. 
Dushkin and U. Z. Engelman, Jewish Education in the U.S. (1960). 
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PARODY, the comic imitation of a serious manner, was in ‘The farmer he strode through the square farmyard 
its Greek origins “а song sung alongside another” (parodia). (Butter and eggs and a pound of cheese) 
It has, ho b tensi t ther f f art His last brew of ale was a trifle hard— 
" wever, by extension come to cover 0! ег forms Of а: The connexion of hich with the plat one й 


and even of social behaviour. Aristotle attributes the invention uit Se Ж ^ 
of parody to Hegemon of Thasos, whose imitation of The Battle Unique among Victorian parodists, Lewis Carroll Preserved jy 
of the Giants refers to the defeat of the Athenian expeditionary the amber of his mockery flies that would otherwise have perish 
force in Sicily. But the mock-Homeric Batrachomyomachia or long ago. Robert Southey’s “Old Man's Comforts” (the erg 
Battle of the Frogs and Mice, once attributed to Homer himself, for “You Are Old, Father William") and those verses of Isy 
is certainly much earlier. ‘The greatest of Greek parodists was Watts that gave rise to “How Doth the Little Crocodile” an 
undoubtedly Aristophanes, who imitated Aeschylus and Euripides. “ Tis the Voice of the Lobster,” are unknown to all but a smil 
His attack on Euripides in The Acharnians remains one of the fraction of those who know the parodies by heart. 
most penetrating and venomous criticisms by parody ever prac- The art of parody has been encouraged in the 20th century by 
tised by one great man on another. such periodicals as Punch, which has numbered two expert pate 

Parody, which flourished with all forms of light drama and dists, Sir Owen Seaman and E. V. Knox, among its editors, anf 
entertainment from Aristophanes to the modern revue, is distin- by other journals that have offered prizes for parodies on the 
guished from burlesque by the depth of its technical penetration, competition pages. The scope of parody has also been widens 
True parody mercilessly takes off all the tricks both of manner to take in the far more difficult task of parodying prose. At thi 
and thought of its victim, yet cannot be written without an almost Sir Max Beerbohm and Sir John Squire have been most successful 
loving appreciation of the work which it is ridiculing. At its best, Sir John Squire was also one of the finest verse parodists in the 
it is always an oblique form of criticism. years between World Wars I and 11; and his invention of the 

In England Shakespeare mimicked Christopher Marlowe’s high double-parody, whereby the sense of one poet is rendered in the 
dramatic style in the players’ scene in Hamlet, and was himself manner of another, has been the greatest modern innovation i 
parodied by John Marston, who wrote a travesty of Venus and the art. An example is his “If Gray had had to write his Elegy iî 
Adonis entitled The Metamorphosis of Pigmation’s Image. John the Cemetery of Spoon River instead of in that of Stoke Poges” 
Philips, in The Splendid Shilling, which attained great popularity one model for which was the Spoon River Anthology, (1915) ú 
on its publication in 1705, caught all the superficial epic manner- Edgar Lee Masters. Outstanding too among modern parodiss 
isms of Milton’s Paradise Lost, particularly in his warning to have been Sir Arthur Quiller-Couch, H. D. Traill, and б. H. Va 
debtors not to go abroad by day: lins, whose exercises in Milton’s and Tennyson’s style were a 


Beware, ye Debtors! when ye walk, beware, times unfortunately marred by references to the minor discom 
Be circumspect; oft with insidious ken forts of the wartime world in which he wrote. ғ 

The caitiff eyes your steps aloof, and oft Parody flourishes also in the United States and in Russia, whe 
Lies perdue, In a nook ог. долу, AYP, some contemporary poets enjoy mimicking each others style 


Alexander Pope wrote an excellent and indelicate parody of American poets of the 19th century presented. sitting targets W 
Chaucer, and Isaac Hawkins Browne (1705-60) made splendid a little school of American parodists, the chief of. whom was th 
fun of Pope; Swift, and others. The first collection of parodies to poet and translator Bayard Taylor. Poe, Whittier, and the Eit 
score a wide success was The Rejected Addresses (1812) of Horace lish Pre-Raphaelites were his chief victims. Bret Harte wot 
and James Smith, which took the form of dedicatory odes in the a good parody of Whittier, and himself provided models for bi 
manner of various contemporary poets, on the reopening of the fellow parodists. The versions of "Home Sweet Home” by 
Drury Lane Theatre in 1812: Scott, Byron, Southey, Wordsworth, Cuyler Bunner, in a variety of styles, also deserve to be remet 
and Coleridge were among the brothers’ victims, of whom none bered. Owing to the variety of accents of 19th-century imn 


came off worse than Coleridge, whose alleged musings began: grants, however, the individual characteristic of American pit 
My pensive public, wherefore look you sad? is the play on dialect. C. G. Leland parodied Heine and "e 
I had a grandmother, she kept a donkey in his Hans Breitmann’s Ballads in German-American, ane) 
To carry to the mart her crockery ware, Pidgin English Sing-Song he wrote a potted “Excelsior” M 
dud yhen thpt donkey ооа Aen the face, i chopped syllables of a Chinese laundryman. Among more m 
з doce RS SAE ESRD Xon EE S M AE and scientifc parodists Samuel Hoffenstein is outstanding іо 
and the Georgii 


The Ingoldsby Legends (1840-47) by R. H. Barham contain some carefully damaging versions of A. E. Housman 
straightforward parodies, but are more successful in travestying The New Yorker (founded 1925) is noted for its parody, & 
the exaggerations of the Gothic convention in slapdash punning of prose. See also biographies of writers of parody шел 
colloquialism than in catching the details of its style. Their au- ^ ВтвїлобкАрну.—О{ the many anthologies of parodies, фе AT 
thor, like his contemporary Thomas Hood, seems to have been by E be epee J кыраш (ed.), Apes pia P yi Den (189) 
temperament a foiled Romantic poet who expressed his. latent не, Pet ate ky таат CRE from C a 
yearning by means of mockery. Psychological ambivalence of Beerbohm and After (1960) ; Burling Lowrey (ed.), Twentieth ci 
this type perhaps goes to the making of every good parodist. Parody: American and British (1960). (Jo. МЕ 

While neither Hood nor Barham parodied particular poems, the | PARODY (IN MUSIC), a term used to describe a ш 
leading Victorian practitioners were generally more exact in their sance technique in which several voices of a preexistent Ж 
targets, The joint authors of the Bom Gaultier Ballads (1845), tion are creatively reworked to form а new composition, 8% 
Sir Theodore Martin and W. E. Aytoun, parodied the great poets parody Mass (missa parodia). This technique is not E di 
of their day, as did C. S. Calverley and J. K. Stephen, whose fused with (1) cantus firmus (q.v.), where a single line 0 A at 
favourite victims were Robert Browning and the Pre-Raphaelites. original (e.g., the tenor of a chanson) is employed, 01 d sibi 
Stephen's “Sincere Flattery of К. B." is almost mistakable for /rafactum, where the original music is merely provide 
original Browning, so closely does it observe his mannerisms, even substitute text (e.g., the secular song “Innsbruck ic ДО 
to his peculiarities of punctuation: lassen” of the early 16th century, later sung to 4 re 


Birthdays? yes in a general way; “O Welt, ich muss dich lassen"). j d 
For the most if not for the best of men: In the 15th and 16th centuries chansons, madrigals, ur ys 
ipee bom Gisupposed qna rem day: я were used as the basis for parody Masses. The Pi n quid 
VES RADO: QE eta ios usually known by the name of the model from which «gi 
Calverley's gibe at Browning’s The Ring and the Book is, by (e.g., example a), is characterized by the reorganization d di 
n, in 


contrast, only a surface imitation. Calverley has not the patience from several voices of the original compositio: 


of the true parodist. He too often forsakes oblique criticism successively or, as in example b, simultaneously. _ m. 
for direct. By the third verse of his Pre-Raphaelite “Ballad,” Parody in the more familiar sense of the word, f», is? 


indeed, he has already begun to speak in the first person: humour, has, in music, a restricted field of expression: 


PAROLE 


Philippe Caron 
(1ate 15th century) 


» 
chanson "Rosa playsant" 


Ex.b 


Jakob Obrecht 
(1452 -1505) 


because, unless th 
Our, jt ; n 
^ ìt is difficult to differentiate between the style of the 


е composer is concerned with a broad form of 
Paro, 
ning the object parodied. Parody is thus often indistin- 
Opera in Stans pastiche, as the oversubtle parody of 18th-century 
Patody are ae s Mavra. More successful examples of musical 
Blatingly y in musikalischer Spass of Mozart, concluding with 
the word Wrong notes; and the absurd repetitions in quick tempo of 
Amen” by the chorus in Berlioz's L’Enfance du Christ. 
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PAROLE is a form of supervised conditional liberty from 
prison granted prior to the expiration of sentence. ‘The term was 
derived from the French parole d’honneur, “word of honour,” 
and came to mean especially the pledge by a prisoner of war, in 
return for partial or conditional freedom, not to try to escape 
and not to bear arms against his captors: Asa form of correctional 
treatment parole is designed to enhance the protection of the 
community through the supervision and rehabilitation of selected 
offenders following their release from prison. Parole conditions 
define minimum standards of conduct, delimit freedom of move- 
ment, and require the parolee to report regularly to a parole offi- 
cer. Violation of the conditions of parole may constitute grounds 
for parole revocation and reincarceration. 

The modern use of parole as a correctional method stems from 
a change in penal philosophy from emphasis upon retribution and 
punishment to efforts at reform and rehabilitation. · Parole in re- 
lation to the treatment and rehabilitation of juvenile offenders is 
dealt with under BORSTAL System and RErogMATORY. (See also 
JUVENILE DELINQUENCY.) 

History.—In 1840 a form of parole was introduced by Alexan- 
der Maconochie at the famous British penal colony of Norfolk 
Island, east of Australia, and in 1853 Sir Walter Crofton initiated 
in Ireland an indeterminate sentence under which prisoners could 
earn conditional liberty (see Prison). Under Maconochie's plan 
tickets of leave (documents that could be issued to prisoners en- 
abling them to work for wages and choose their own employers) 
were awarded on the basis of a system of marks earned for good 
conduct, instead of on the basis of time served. 

A series of statutes enacted by New York in the United States 
and culminating in the opening of Elmira Reformatory in 1876 
marked the earliest significant development of an established 
parole system embodying indefinite sentences and. parole with 
parole supervision and a return to custody for violation of parole 
rules, Almost immediately other U.S. states began enacting parole 
laws, and by 1900 such statutes were in effect in nearly half the 
states. By 1922 the U.S. federal government and all but four 
states had enacted such laws, and by the second half of the 20th 
century parole had become an integral part of the penal and cor- 
rectional code of every state. Administration of these systems, in 
general, is by appointive parole boards with quasi-judicial func- 
tions including power to convene hearings and grant or deny 
parole, power to revoke parole and recommit offenders, and ad- 
ministrative functions relating to the establishment of parole con- 
ditions and the activities of field parole agents, 

Various forms of parole or conditional release from prison were 
adopted in the’majority of European and in many other countries 
of the world. As noted above, England can perhaps claim the 
longest history of such services though not until the 20th century 
did conditional release become general in Great Britain. Law re- 
forms in 1908 introduced rehabilitation concepts and the Criminal 
Justice Act of 1948 brought into being modern principles of re- 
lease under supervision and aftercare, The system is complex, but 
is under general surveillance of the secretary of state of the British 
Home Office. A central council coordinates the work of private 
prisoner aid and aftercare associations. There has been increased 
use of probation officers as supervisors and a gradual diminution 
in the use of the traditional voluntary social services for assistance 
to and supervision of those leaving penal institutions. 

Forms of parole were introduced in France in 1885 and in the 
Netherlands in 1886. Since 1946 the Ministry of Justice in France 
has established committees in each département to administer 

role, Private social agencies assist in the supervision of parolees. 
In the Netherlands parole has perhaps reached a higher level and 
is more extensively used than in most other continental coun- 
tries. Although the Ministry of Justice maintains general admin- 
istrative supervision, the strong tradition of private social work 
dominates the scene and parole supervision is largely adminis- 
tered by private rehabilitation agencies. 

Jn 1953 the Federal Republic of Germany through a series of 
criminal law amendments introduced parole. Administration is 
under the Ministry of Justice. 

In Denmark parole is widely used though the indeterminate sen- 
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tence is not known. Offenders are eligible for parole at the expira- 
tion of two-thirds of their sentence and supervision is conducted 
by private social agencies. 

Variations of parole and conditional release exist in Belgium, 
Portugal, Switzerland, Sweden, Australia, South Africa, Punjab 
(Pakistan), Argentina, Chile, Canada, and Mexico. Administra- 
tion is usually lodged with the Ministry of Justice, although in 
Mexico and South Africa the program is administered by the 
Ministry of Welfare. In a few countries parole is a function of 
the judiciary. 

Eligibility varies but in most countries what are termed common 
offenders are eligible for parole at the expiration of from one- 
half to two-thirds of the original sentence. Parole supervision 
ranges from little more than a periodic police check to intensive 
supervision by trained personnel. 

Administration of Parole.—As indicated in the examples 
cited above parole systems are administered by a designated of- 
ficial, as a prison or other government official; by a government 
ministry or agency; or by a special government agency, as a parole 
board. An effective parole system requires (1) public support re- 
flected in sentencing and parole laws and (2) the cooperative func- 
tioning of the parole authority and the authority that administers 
penal and correctional institutions, in systems in which these au- 
thorities are separate. 

Parole Boards.—Parole boards range from part-time nonpaid 
members to full-time paid officials. In the United States about 
20 states have full-time parole boards of three or more members 
usually appointed by the governor. The U.S. Board of Parole is 
comprised of eight full-time members appointed by the president. 

The responsibilities of a parole board are comparable to those 
ofa court. Since parole selection involves the evaluation of emo- 
tional, psychological, and social traits of offenders, board mem- 
bers need to have professional knowledge from such fields as so- 
cial work, psychology, sociology, law, criminology, education, and 
corrections, 

Parole Staf.—The parole authorities are served first of all by 
prison or correctional institution personnel who aid in the classi- 
fication and selection of prisoners for parole; f.e., inform the board 
as to prisoners’ eligibility (see below). This function is especially 
important in those systems that are based on indeterminate or 
flexible sentences. Whether conditional release is based upon а 
fixed proportion of sentence served or upon the decision of the 
parole authority within the limits of indeterminate sentences, 
parole authorities also are served by field parole agents who super- 
vise parolees in accordance with policies laid down by the parole 
authority. These parole agents, or parole officers, may be em- 
ployees of the parole authority or, more generally in the United 
States, of a state department of corrections or state department 
of public welfare. As previously indicated, in Great Britain there 
has been increasing use of probation officers; the general pattern 
in other countries is for field supervision of parolees to be provided 
by private social or rehabilitation agencies. 

Parole Eligibility.—Eligibility for parole is governed by stat- 
utes that provide either definite or indefinite sentences and define 
offenses for which parole may be used. In some jurisdictions 
eligibility for parole is prohibited by statute for offenders con- 
victed of such serious crimes as narcotics peddling, armed rob- 
bery, kidnapping, rape, or murder. Under the theory of indi- 
vidualized justice such statutes are often opposed on grounds that 
parole should not be arbitrarily denied any rehabilitated prisoner 
whose release would constitute no threat to the community. 

Statutes that provide definite prison terms for specific crimes 
make provision for parole eligibility upon cómpletion of a speci- 
fied fraction of the full term. Under the system of conditional 
release practised in England, for example, discharge is fixed by the 
earning of "remission"; no board or other authority can alter the 
earliest date of discharge, and that date will be effective unless 
the prisoner by bad conduct loses periods of his remission. The 
normal release is after two-thirds of the sentence has been served. 
In a very few cases, where а life sentence has been passed, there 
is consideration periodically of the prisoner's readiness for release, 
the decision being with the secretary of state. 
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Selection Under Indeterminate Sentence.—Under an inde 
minate sentence the term of imprisonment remains inde i 
within the maximum set and the parole authority determines vla 
the prisoner shall be eligible to apply for parole. In the United 
States a third of the states and the federal government have jy, 
corporated indeterminate sentencing in their criminal codes, 
dominant philosophy of this system is preparation of the pri 
for parole. Penal administrators and parole authorities are in gen. 
eral agreement on the principle that offenders who are eligible for 
parole should be released when it appears evident that they art 
ready for parole. Scientific selection for release on parole jg, 
joint undertaking of prison staff personnel, field parole officers, anj 
the parole authorities. In the United States each offender why 
applies for parole is screened, first. by the prison staff who evalu. 
ates his conduct, his attitudes, his participation in educational, 
recreational, religious, and employment programs; and second by 
the parole board which grants the individual offender a person) 
hearing. The parole hearing is usually scheduled after the board 
reviews reports of prison staff and has received a community eval 
ation report from the field parole officer of the community to 
which the prospective parolee may be returned. A place to live 
and a bona fide employment offer are usually minimum requie 
ments of the community parole plan. Following the formal hear 
ing the parole board grants or denies parole. In arriving at it 
decision the board is guided by such factors as nature of offense, 
prior criminal record, general personality and character trails 
employment record, marital status, family attachments, confine 
ment adjustment, present attitudes, and community prospec 
Thorough screening of this nature provides the parole board a sound 
basis for reserving the award of parole to those offenders МОй 
prior criminal records are less serious and who have demonstrated 
some capacity for responsible living. Critics of this approach cot 
tend that too much stress is placed upon the background of the 
offender. r 

Other Approaches—The American Law Institute in its Model 
Penal Code has approached the matter from a quasi-legal s 
point. The model code proposes that routine release on рї 
should be standard parole board policy unless there is immetislé 
evidence of undue risk to the community or other adverse effect 
attached to the offender's release. Advocates of this appro 
point out that the focus here is on the offender’s response tom 
stitutional treatment and his immediate attitude rather than pt 
occupation with his past behaviour patterns. fe 

Still others believe that all offenders who are released ff 
prison should be released under a form of conditional supervis 
prior to the final expiration of sentence as a community P 
tion measure. Я "T3 

In England, men released in the normal way having wi 
mission from ordinary imprisonment are usually released 4 3 
lutely; but some ordinary prisoners, and those who have se 6 
life sentences, sentences of corrective training or preven ү 
tention, or sentences of borstal training, are released condi jode 
and may be recalled in case of misconduct during the р 
tween release from the institution and the actual end of E 
for which they were originally sentenced. They are pan yn 
supervision, which is in the majority of cases carried 00 pi 
bation officers, and in case of noncooperation, or à d 
conditions of the release, the probation officer may 1%’ 
recall to the institution for further training; and the priso # 
decides whether this recommendation shall be acted e = 
United States some states and the federal government m 0 
tory conditional release procedures prior to full expiratio 
tences for offenders not selected for parole. А the oo 

Parole Supervision.—Parole supervision is based 0 cept j 
cept that the individual parolee has the capacity {0 (s cou 
and to change his behaviour. But the parolee may 1% y gd 
ing on such matters as continued vocational training, атр 0б 
placement, and adjustment to unexpected marital, oo j 
other personal or family problems. The skills of "E port t 
when applied through counseling and casework or ори “© 
ices can contribute much to the continuing rena 10 w 
fenders. Parole supervision varies in quality from little 
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perfunctory monthly reporting to skilled individual casework treat- 

i. Standard-setting organizations recommend that parole of- 
fers be college graduates with professional graduate training in 
social work. Officers serving the U.S. Board of Parole, for exam- 

аге required to have completed an A.B. or BS. degree plus 
{ко years of graduate training in a school of social work or two 

rs of full time social welfare or correctional experience. 

The privilege. of parole carries with it obligations that must 
be met by the parolee. The obligations commonly referred to as 
conditions of parole and almost universally specified by parole 
authorities vary widely but usually relate to restrictions surround- 
ing the. parolee's freedom of movement and the setting of mini- 
mum standards of conduct. A frequent if not universal require- 
ment is the avoidance of association with other former convicts. 

These conditions are not ends in themselves but serve both as 
guides to the parolee and controls over his behaviour in the free 
community while he is on parole. Parolees tend to respond well 
tosuch concrete obligations when the latter are clearly stated and 
consistently interpreted. Given adequate administration and suf- 
ficient budgets to command competent staff with reasonable case 
loads, experience has shown that four out of five parolees will 
respond to constructive guidance and supervision by satisfactorily 
completing their paroles. 

BisuiognAPRY.—United Nations Department of Social Affairs, Parole 
and After-care (1954) ; Vernon C. Branham, and S. B. Kutash (eds.), 
Encyclopedia of Criminology (1949) ; G, I. Giardini, The Parole Proc- 
ess (1959); American Prison Association, Handbook on Pre-Release 
Preparation in Correctional Institutions (1950); F. A. Moran, “The 
Origins of Parole,” Yearbook, National Probation and Parole Associa- 
tion (1945) ; D. Dressler, Probation and Parole (1951) ; National Con- 
ference on Parole, 1956, Parole in Principle and Practice (1957) ; Helen 
Pigeon, Probation and Parole in Theory and Practice (1942); Paul 
Tappan, Crime, Justice and Correction (1960); Negley K. Teeters, 
World Penal Systems: a Survey (1944); R. G. Oswald, “Parole’s Po- 
ential,” American Journal of Correction (May-June 1958); К. F. 
Schuessler, “Parole Prediction: Its History and Status,” Journal of 
Criminal Law, Criminology and Police Science (Nov.-Dec. 1954); 
Journal of Criminal Law, Criminology, and Police Science, vol. 47, 
July 1956; Crime and Delinquency, Journal of the National Council 
* Crime and Delinquency (formerly УРРА Journal); Federal Prisons, 
ual Reports, U.S. Bureau of Prisons; Federal Probation, Adminis- 
trative Office of the U.S. Courts, (B. S. МЕ.) 

PAROS (mod. Gr. Páros), an island in the Aegean Sea, one 
Of the largest. of the Cyclades (Kikládhes), with a population in 
W961 of 7,830, It lies to the west of Naxos, from. which it is 
ша by а channel about 4 mi, wide. Its greatest length from 
peat to southwest is 13 mi., and its greatest breadth 10 mi. 

% formed of a single mountain 2,460 ft. high, sloping evenly 
Fe on all sides to a maritime plain, which is broadest on the 

T et and southwest sides. The island is composed of marble, 
i et and mica schist are to be found in a few places. The 
Hsia àros (Parikía), on a bay on the northwest of the island, 

“upies the site of the ancient capital. Its harbour admits small 
Mesh the entrance is dangerous. By the sea is a medieval 

uilt almost entirely of ancient remains, notably of a late 
m Tonic temple, , North of the town is the Delion sanc- 

3 pollo and Artemis, and to the south is a precinct of 

Aut Outside the town is the church of Panayia Katapoliani 
sientapiliani (Our Lady of the Hundred Doors). On the 
t ie 3 the island is the Bay of Naoussa (Ormos Naoüsis), а 

Ae arbour, Another good harbour is that of Dhrios on 
land of ДЫ Immediately to the southwest is the satellite ү 

mi, wid 'paros (Andiparos; ancient Oliaros), 8 mi. long an 

arian e, which is known for its stalactite caves. 1 
E ра, white and semitransparent, with coarse grain 

"obe S texture, was the chief source of wealth to c 

УНТАК оп the northern side of Mt. Магрезза (Mt. Elias 

ly hc, on fas). It was this marble, exported from the gerd 
Subterranean oe that was favoured for sculpture, It came тоа 
3% ише driven horizontally or descending into the 

t0 one of shoe these tunnels can still be seen. At the entrance 
At them is a bas-relief dedicated to Pan and the Nymphs. 
The Mel to work the marble have been made in modern times. 
economy depends on the production of wine, olive oil, 


fbs, and 


* and tobacco, 


0 
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History.—Paros shared the Early Bronze Age culture of the 
Cyclades (see AEGEAN CIVILIZATION), Traditionally it was colo- 
nized first by Arcadians, then Ionians. In the 7th century B.C. 
Parian colonies were sent to Thasos and to Parium on the Propon- 
tis (Sea of Marmara). Shortly before the Greco-Persian Wars 
Paros seems to have been a dependency of Naxos. In 490 Paros 
joined the Persians and sent a trireme to Marathon. In retalia- 
tion, its capital was unsuccessfully besieged by an Athenian fleet 
under Miltiades (g.v.). Paros also sided with Xerxes, but after 
the Battle of Artemisium its contingent remained in Kythnos 
(Kithnos). In the Delian League Paros paid the highest tribute 
of all the islands—18 talents, raised to 30 in 425-424. In 385 
the Parians, in association with Dionysius the Elder of Syracuse, 
founded a colony on the Adriatic island of Pharos (modern Hvar 
Island, Yugos.). Paros joined the Athenian Confederacy of 378 
B.C. Later the island lost political importance, passing with other 
Cycladic islands to the Ptolemies of Egypt, and thence to Roman 
rule. After the Latin conquest of Constantinople (1204), Paros 
became subject to Venice, becoming a duchy independent of the 
dukes of Naxos in 1389. In 1537 it was conquered by the Turks, 
and after the War of Greek Independence was annexed to Greece. 
Among the most interesting discoveries made in the island is the 
Parian Chronicle (q.v.). 

BIBLIOGRAPHY —A, Philippson, Die griechische Landschaften, vol, iv, 
pp. 119 ff. (1959); for excavations, О. Rubensohn, “Paros IL" in 
Mitteilungen des deutschen archaeologischen Instituts, athenische Ab- 
teilung, vol. xxvi; pp. 157 ff. (1901) and in Pauly-Wissowa, Real- 
Encyclopüdie der classischen Altertumswissenschaft, vol. xviii, 1781— 
1872 (1949). 

PARR, CATHERINE: see CATHERINE (Catherine Parr). 

PARR, THOMAS (d. 1635), a celebrated English centenarian 
known as “Old Parr,” is reputed to have been born in 1483, at 
Winnington, Shropshire. He is said to have threshed corn when 
130 years old. In 1635 his fame reached Thomas Howard, 14th 
earl of Arundel, a noted art and curiosity collector, who conveyed 
him to London where he was presented to Charles I and exhibited 
in the Queen's Head Tavern in the Strand. The change of air and 
diet soon affected him and he died in Arundel’s house in London 
on Nov. 14, 1635. He was buried in the south transept of West- 
minster Abbey, where the inscription reads: "Tho. Parr of ye 
County of Sallop. Borne in Ao 1483. He lived in ye reignes of 
Ten princes viz: К. Edw. 4. К. Ed. 5. K. Rich. 3. К. Hen. 7. 
K. Hen. 8. K. Edw. 6. Q. Ma. Q. Eliz. K. Ja. and K. Charles. 
Aged 152 yeares and was Buryed here novemb. 15. 1635." 

PARRAMATTA, a city of New South Wales, Austr., lies 
14 mi. W of Sydney by rail, at the head of the Parramatta River. 
Pop. (1961) 104,061. The oldest settlement in Australia except- 
ing Sydney, of which it is now virtually a suburb, Parramatta is a 
thriving commercial and industrial centre with a number of at- 
tractive residential areas, Buildings of historical interest include 
Experiment (Cottage, on the site of the original home of James 
Ruse (see below), and Elizabeth Farm House, built by John Mac- 
arthur, a pioneer of Merino sheep farming. The city has more 
than 1,000 ac. of parks, the chief being Parramatta National 
Park (245 ac.) containing swimming facilities. Industries include 
engineering, automobile assembly, flour milling, and textile manu- 
facturing. 79 

The site was discovered in 1788 by Arthur Phillip, the colony's 
first. governor, who founded the town in 1790 and set up his resi- 
dence there, Two years later he made the first land grant in Aus- 
tralia to James Ruse, a former convict whom he had settled there 
as an experiment. Parramatta was incorporated as a municipality 
in 1861 and proclaimed a city in 1938, its boundaries being ex- 
tended in 1948 to include Granville, Dundas, and Ermington- 
Rydalmere. (E. S. J), 

PARRATT, SIR WALTER (1841-1924), English organist 
and composer, was born at Huddersfield on Feb. 10, 1841. Taught 
by his father, Thomas Parratt, he became organist of Magdalen 
College, Oxford, in 1872 and in 1882 organist of St. George’s 
Chapel, Windsor. From 1908 to 1918 he was professor of music 
at Oxford University. As teacher of the organ at the Royal Col- 
lege of Music, London, from 1883 to 1923, he exerted a great 
influence by his understanding of the works of J. S. Bach. By 
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insisting on accuracy of phrasing and simple registration Parratt 
helped restore the original style to the works of Bach. He was 
knighted in 1892. He died at Windsor on March 27, 1924. 

See D.F. Tovey and С. Parratt, Walter Parratt: Master of the Music 
(1941). (H. Rv.) 

PARRHASIUS (f. 4th century в.с.), of Ephesus, one of the 
greatest painters of Greece. He settled in Athens and may be 
ranked among the Attic artists. He was certainly distinguished 
as a painter before 399 в.с. He is said to have been interested in 
the study of proportion. Many of his drawings on wood and 
parchment were preserved and highly valued by later painters 
for purposes of study. His picture of Theseus adorned the Capi- 
tol in Rome. His other works are chiefly mythological groups. 
A picture of the Demos, the personified People of Athens, is 
famous. 

PARRINGTON, VERNON LOUIS (1871-1929), US. 
literary historian and teacher, who greatly influenced U.S. his- 
torical and literary thought, was born on Aug. 3, 1871, in Aurora, 
Ill., grew up in Emporia, Kan., and was educated at the College 
of Emporia and Harvard University. He taught English and mod- 
ern languages at the College of Emporia (1893-97), at the Uni- 
versity of Oklahoma (1897-1908) and at the University of Wash- 
ington, Seattle (1908-29). He died suddenly on June 16, 1929, 
at Winchcombe, Gloucestershire, while on a visit to England. 

Influenced by Morris and Ruskin, by the critical principles of 
Taine and the political program of the Populists, Parrington reap- 
praised U.S. literary history in Main Currents in American 
Thought, two volumes (1927), which won the Pulitzer Prize for 
history in 1928. A third volume with the subtitle Critical Realism 
in America, incomplete at his death, was published in 1930. Par- 
rington, a Jeffersonian liberal, objected to aestheticism and ped- 
antry, emphasized economic influences and defined literature as 
any writing successfully presenting important ideas or experiences. 
His work, notwithstanding objections to his political liberalism, 
his economic determinism and his summary literary judgments 
of such writers as Poe and Henry James, remains an important 
landmark in U.S. literary history. He also wrote The Connecticut 
Wits (1926) and Sinclair Lewis, Our Own Diogenes (1927). 

(E. H. E.) 

PARROT, a name applied generally to a large group of gaudy, 
raucous birds whose more than 300 species are placed in the fam- 
ily Psittacidae, order Psittaciformes. Parrots include the popular 
small pets, parakeets, lovebirds and budgerigars, as well as the 
larger macaws, Amazon parrots, lories, cockatoos and others. 
Known from ancient times, parrots have always been popular as 
cage birds because they are amusing, often affectionate, easy to 
keep and astonishingly imitative of many sounds, including human 
speech. Since the chief interest in them still lies in these traits, 
parrots as pets will be dealt with later at some length. Numerous 
flocking species of parrots feeding on fruit and grain can become a 
serious economic threat to agriculture and fruit raising, as has 
happened in Australia and New Zealand. On the other hand, they 
destroy many weed seeds. The export of parrots for cage birds 
is an important industry. 

Description and Natural History.—Parrots stand apart as 
a group and are well known to the ordinary observer by the follow- 
ing outstanding features. They have large heads and powerful 
bills, hawklike in the overhang of the upper mandible. The nostril 
is set in a fleshy cere at the base of the upper mandible, where the 
latter is hinged to the skull. This hinge, or its equivalent, present 
in all birds to permit the raising of the upper bill, is nowhere so 
easily seen in operation as when a parrot uses its bill as a third 
foot in climbing. The sharp angle of attack of the jaw muscles 
on the bony elements closing the bill combine to produce one of 
the most powerful crushing mechanisms in nature. A tiny budgie 
can inflict a painful bite; a macaw can take off a finger. The 
parrot tongue is fleshy and cylindrical. The first and fourth toes 

are directed backward, a tree-climbing adaptation that permits 
these birds to grasp food, as if “by hand,” and carry it to the 
mouth, a somewhat amusing trait not found in other birds. 
Most species nest in tree holes, a few in ground holes. They 
usually mate for life and lay from 1 to 12 usually white eggs. The 


PARRHASIUS—PARROT 


eggs are incubated by one or both parents from 16 to 19 days j 
small species—nearly 30 in large species—following which d 
young emerge, usually blind and naked. The period of nest an 
is from two to three months, and the young are fed by тери. 
tion. This long period of parental care may be related to the |; 
brain size, which requires a longer period of development befor 
the young bird acquires motor patterns enabling it to care fo 
itself. This large brain is certainly associated with the parro 
remarkable ability to learn a complex sequence of tricks or yy 
astonishing vocabulary with the same ease. Many parrots liv 
extraordinarily long lives, often longer than 50 years. (Unauthey. 
ticated reports of upwards of 80 years have been made for son 
species of large parrots.) On the other hand smaller cage bird 
such as parakeets and budgerigars are “old-timers” at five yea 
(though some may of course live longer). * 

Most species of parrots are confined to the equatorial belt of 
the old and new world continents, the greatest variety occurring 
in the Australian region, This near confinement to the equator 
poses a problem for some zoogeographers. Those who subse 
to the Wegnerian hypothesis of continental drift have no difficulty, 
since they believe the present continents were once a single lind 
mass; but those who believe in the permanence of continents and 
oceans must assume that there was once a warm climate conne 
tion across the northern part of the old and new worlds, probably 
at Bering strait. The finding of fossil parrots and tropical vegeti- 
tion in Europe and even the Arctic supports this possibility bul 
not more recently than 60,000,000 to 100,000,000 years ago. 

On the other hand a few modern species have temperate rangs 
The parakeet, Platycercus erythrotis, lives in the Macquarie Is 
lands (lat. 55° S.) and the now extinct Carolina parakeet, Com 
ropsis carolinensis, ranged as far north as Ontario (lat. 45° N) 

New World Parrots.—The early explorers of the new world, 
beginning with Columbus, brought back to Europe astonishing tale 
of the bird life, particularly of the parrots, and before long living 
examples followed. 

Macaws.—The three-foot-long scarlet macaw (Ara macao) ш 
somewhat smaller red and green macaw (А. chloroptera), crushing 
with enormous bills the palm nuts man must crack with a hammer, 
still excite wonder. Together with the blue and yellow macaw (4 
ararauna) and the green macaw (A. militaris), these huge partis 
range from the Isthmus of Panama to the great interior rain {0 
ests of South America. A. militaris and A. macao even i: 
tropical Mexico. The hyacinthine macaw (Anodorhyneht 
hyacinthinus) is confined to swampy forests in interior Br 
where it lays its two eg& int 
hole in a bank. Species nowt 
B : ba, Jr 
tinct once lived on Cuba, 
maica, Isle of Pines, бшш 
and Martinique. Macaws й 
popular іп zoos, where they 
often exhibited outside of © 
on stands, to which tame 7 
viduals need not be chained. 
macaws share with the next git 
an ear-splitting shriek, m 
may make them difficult ре 

Amazon Parrots —The 2) : 
Amazon parrots (Amazoni ^. 

ize of a large РЁ 
about the size 01 à E 
predominantly grass ait 
yellow, but with adde Ti 
of red, blue and black. d 
are the best known paris 
American tropics—the үй 
talking birds. Some n i yl 
become affectionate ine thet 
ecstatically enjoy bs w 
heads scratched by à tet fit 
man friend, This is the og 
quently caricatured as * oj 
quired from an origin alty ft 
owner a vocabulary {00 
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HYACINTHINE MACAW (ANODORHYN- 
CHUS HYACINTHINUS) 


ety, There are about 
‘and subspecies ranging 
tropical Central and 
merica and the Caribbean 
"Familiar species in cap- .. 
tivity include the yellow-headed j 
and yellow-naped amazons (Am- '4 
шона ochrocephala), blue- 
drontedamazons (A. aestiva) and 
een-cheeked amazons (A. vir- 
iligena). 


Conures—A group of smaller 
of the Amazons, with 
about 45 species and subspecies, 
inclides the sharp-tailed conures 
(Aratinga), which combine red, 
een, yellow and blue in nu- 
Een patterns. The Jendaya 
шше (A. jendaya) of Brazil has 
the head and neck yellow, breast and rump vermilion and back, 
wings and tail bluish green. It is 12 in. long. 

The Carolina parakeet (Conuropsis carolinensis), now extinct, 
was а yellow-headed green conure, which was a real hazard to 
the fruit crop of early settlers in the forests of eastern United 
States. Still smaller are the five-inch American parrotlets 
(Forpus) of which there are about 19 greenish forms. These are 
tot tobe confused with dwarf parrots of which the orange-chinned, 
deep green Tovi (Brotogerys jugularis) is an example. This six- 
inch Mexican bird once glutted the American market as a spurious 
E Lovebirds, below). 

| Land Asian Parrots.—The first parrots known to 
civilization were apparently Indian parrots brought alive to Aris- 
ОЦЕ about 328. s.c. by his pupil Alexander the Great. African 
EE eed to Emperor Nero in A.D. 54 by an expedi- 
sen ind the source of the Nile. 

African Gray Parrots.—No doubt the African gray parrot 
(асг erithacus), which surpasses all other parrots in mimetic 
and tonal quality, was considered an amusing pet by the Romans 

Was imported in great numbers, the surplus becoming a table 
[m Both Sexes are ash gray with a red tail; there are a num- 

Of similar related forms in Africa and Madagascar. They are 

Jm feeding in flocks on fruits and nuts. Their two to 
ile eggs are laid in tree holes. 
алено Parakeets.—A great many species of parakeets oc- 
a huge flocks in the African and Malaysian areas. Very 
О cn cot heated: Е eri M 
eylon, with red-violet head and shoulders, a blac 
at а blue-and-yellow tail. In the Indo-Malaysian region 
ШТ group of very small, mainly green parakeets—the hang- 
Eun Ero suspended like bats and re- 
ers of leaves. 
"Lovebirds.—The true lovebirds (Agapornis) are confined 
Africa and Eis е true lovebirds | каро! е 
adagascar, about 14 species and subspecies. They 
Very small and green with a Mie black bar on the 
fection и сааса derives from the mutual af- 
Pairs display. 
ve аап Region Parrote Taking this region to include 
land, Nay C. ее, the Lesser Sundas east of Bali, New Zea- 
itis here Е edonia and the Solomons as well as Australia itself, 
SN ät the parrots reach their greatest diversity. There 
басе in New Guinea and 46 in Australia. 
ыо Lorikeets —A large group of species belong to the 
tongue is eae lories, pointed-tailed nectar feeders in which the 
V nectar ered with soft papillae or bristles, helpful in lapping 
legs Ог fruit juice. Опе of the most extensive in range is 
"ed under s, lory (Trichoglossus haematodus) with a purple head, 
Mays Parts and green back. - Lories are generally a little larger 
Do, but the brush-tongued lorikeets (Vini) are much 
below: th he lorikeet, y. margarethae, is green above and scarlet 
ems in eaters of a flock feeding on tropical red tree blos- 

About 15 olomons appear as blossoms themselves. There are 

> Behera of lories and lorikeets. New Zealand has two 
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species of large, brush-tongued lories. 

Australian Parakeets, Budgerigars, etc.—A large group of small 
Australian parrots with blunt tongues (an aid in extracting the 
meat from a cracked nut) includes the rosellas (Platycercus) and 
crested parakeets (Cyanoramphus). The former occurs in Aus- 
tralia and New Zealand, the latter in New Zealand and in the 
mountains of New Caledonia. The cockateel (Nymphicus hol- 
landicus) is a long-tailed, small Australian species, ash-gray with 
a yellow head and crest, often seen in pet shops, ‘The smallest 
parrot in the world is the pygmy parrot (Micropsitta), with six 
species ranging from the Solomons to New Guinea; it is smaller 
than a canary and has a spiny tail like a woodpecker. 

The Australian ‘budgerigar (Melopsittacus undulatus), also 
called shell, grass and zebra parakeet and (erroneously) lovebird, 
is one of the long-tailed grassland parakeets that travel in large 
flocks and feed on grain. The wild budgie is grass green with a 
yellow forehead, much barred with black and yellow above, and 
a blue tail; breeders have been successful in bringing out basic 
colours of blue and mauve. Budgerigars are popular pets because 
they are small, inexpensive and companionable, and develop ex- 
traordinary vocabularies. They are raised in great numbers by 
breeders. 

A peculiar little ground parrot (Pezoporus) of Australia nests 
on the ground and flushes in coveys like quail. 

Owl Parrots, Keds, etc.—New Zealand, long separated from all 
other land, has produced some unusual species, The nearly ex- 
tinct, large owl parrot or kakapo (Strigops habroptilus) is com- 
pletely flightless and lives in burrows, feeding on roots. 

The raven-sized kea (Nestor notabilis) is a nectar feeder in 
summer, but sometimes a sheep killer in winter, when it goes 
down into the valleys from its 
summer nesting grounds among f 
the rock crevices in the snow 
country at 6,000 feet, Taken to 
feeding on discarded sheep car- 
casses, some keas alight on and 
peck open the backs of living 
sheep to get at the soft fat about 
the kidneys. A related species, 
the kaka (AN. meridionalis), feeds 
on fruit, nectar and insects in the 
lowlands, and is prized as a pet. 
It travels in flocks except during 
the nesting season, when its four 
white eggs are laid in tree holes. 
The kea is dull green with an 
orange-red rump and underwing, 
the kaka olive brown, Species of 
keas formerly found on Norfolk 
and Phillip islands are extinct. 

Cockatoos.—The spectacular 
parrots of the Australian region 
are the cockatoos (Cacatua). 
They are large-billed species 
mainly white, square-tailed, and with long, erectile crests. Lead- 
beater's cockatoo (C. leadbeateri) is pink with a red, yellow and 
white crest. Other species are the rose-crested, sulfur-crested and 
bare-eyed cockatoos and the galah, found in various parts of the 
Australian region. 

The cockatoo’s nest is usually in a high tree hole in the tropical 
forest; the two white eggs are laid on wood chips. The young, 
which hatch naked and blind, are fed by the adults by regurgita- 
tion of partially digested food for about three months. Cockatoos 
often travel in immense flocks numbering many thousands, They 
make good pets and are found in all zoos. The giant black cocka- 
too (Calyptorhynchus magnificus) has naked cheeks that blush red 
under excitement. It spends its life in the New Guinea rain 
forests cracking hard candlenuts with its massive bill, then ex- 
tracting the meat with its wormlike tongue. 

Parrots as Pets.—Talking.—The best talkers are the African 
grays, but the Amazons are good, though inclined to be too harsh 
and noisy. Budgies may acquire amazing vocabularies, but their 
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voices are too tiny to carry the quality of the human voice. Teach- 
ing a parrot to talk requires perseverance. It is also essential 
that the parrot accept its owner as a companion; this association is 
encouraged if parrots are kept apart. Training should begin with 
one- or two-word phrases; these should be repeated frequently 
after the parrot has mastered them and passed on to other lessons. 
Unlike mammals, which learn by association entirely, parrots do 
not relate reward or punishment to the learning of a new phrase, 
so it is useless to offer a tidbit for each word learned. 

Care and Breeding—Karl Plath, former curator of birds at 
Brookfield zoo, near Chicago, gives the following advice on parrot 
care. A stainless steel cage is best. Sand or grit placed on the 
floor is swallowed by the birds to help in grinding food. Soft 
wood should be provided for chewing—a spool is ideal. If the 
cage is too small or the pet is lonely, the bird may pluck out its 
tail feathers or even its body feathers. 

The following seed mixture works well for almost all larger 
parrots, cockatoos and macaws: one part each of sunflower, hemp 
and millet seeds; two parts canary seed; one part peanuts. Fruit, 
nuts, greens and fresh water should be supplied regularly, Brush- 
tongued lories should be fed Mellin's food (evaporated milk and 
honey, a teaspoonful of each in a half cup of cold water) and also 
sweet fruit. Some lories will also take canary seed and sunflower 
seed. Baby parrots are fed a mixture of pablum, clear sugar 
sirup and a little mashed banana by a narrow wooden spoon three 
times daily, even when the parents feed them by regurgitation. 

The same diet as given for the larger parrots may be used for 
the smaller ones and for parakeets and budgerigars, except that 
peanuts should be replaced with whole oats and more millet seed. 

Captive budgies breed readily if provided with a box 6 X 6 in. 
wide and 8 in. deep; a macaw may nest in a wooden barrel or 
even a dog kennel. 

BIBLIOGRAPHY.—K. Plath et aL, Parrots Exclusively (1957); E. T. 
Gilliard, Living Birds of the World (1958); C. Feyerabend, The 
Budgerigar or Shell Parrakeet as a Talker (1943) ; The Duke of Bedford, 
Parrots and Parrot-like Birds (1954) ; Edward J. Boosey, Foreign Bird 
Keeping (1956) ; Henry Bates and Robert Busenbark, Parrots and Re- 
lated Birds (1959). (W. J. Be.) 

PARROT FISH (Parrot Wrasse), any of the marine fishes 
of the family Scaridae, in which the teeth of the jaws are fused 
together, forming a sharp-edged beak similar to that of a parrot. 
The principal genera are Scarus, Pseudoscarus, Odan, and 
Sparisama. They have large scales; nine spines and ten rays in 
the dorsal fin and two spines with eight rays in the anal fin. 

The dentition is remarkable. Using the sharp and hard beak, 
parrot fishes can bite off pieces of coral that contain fleshy polyps 
or cut off branches of rockweed. The process of pulverizing the 
food is performed by the pharyngeal, or throat, teeth, which are 
also fused, forming plates with broad masticatory surfaces. 

Nearly 100 species of parrot fishes are known from the tropical 
and subtropical parts of the Indo-Pacific and Atlantic oceans; 
like other coral-feeding fishes, they are scarce on the tropical west 
coasts of America and Africa. Beautiful colours, subject to great 
variations in the same species (and creating nomenclatorial 
confusion), prevail in this group, An unusual habit is found 
among certain parrot fishes: at night a mucous envelope is 
secreted in which the fish apparently resides till daybreak. The 
majority of parrot fishes are edible. Many attain a length of 
three feet. 

PARRY, SIR (CHARLES) HUBERT HASTINGS 
(1848-1918), English composer, writer, and teacher who helped 
to revive the creative spirit in English music at the end of the 19th 
century. Born at Bournemouth on Feb. 27, 1848, he studied at 
Eton, where he also took lessons in composition from Sir George 
Elvey. He obtained the degree of bachelor of music at Oxford 
University in 1867, before going into residence there. In the same 
year ће spent the summer studying at Stuttgart, Ger., with Henry 
Hugo Pierson, an English composer who had settled in Germany. 
Later he studied with Sterndale Bennett and G. A. Macíarren. 
It was, however, under the influence of the pianist Edward Dann- 
reuther that Parry's gifts developed, particularly as a composer 

of chamber music. Later he established his reputation as a 
composer of choral music. Here he showed a gift for spacious 
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choral writing and for massive effects that nevertheless maintain] 
a strong lyrical element, In 1880 his Scenes from Promethey 
Unbound was produced at the Gloucester Festival, the first of 
series of choral works that became characteristic of English p 
of the following generation. It was followed by the ode Blest hi 
of Sirens (1887), for chorus and orchestra, which became one of 
his best-known works, and the oratorios Judith (1888), Joh 
(1892), and King Saul (1894). Other successful works of Pany 
were his Songs of Farewell (1916-18) and his unison song Jerg 
lem (1916), a setting of words from William Blake's Milto 
which, during and after World War I, became almost a second 
national anthem. Не also wrote five symphonies, Symphonie 
Variations (1897), chorale preludes for organ, and many song 
Parry was appointed choragus of Oxford University in 194) 
and in the same year joined the staff of the Royal College of 
Music, London, He became director of the Royal College of 
Music in 1894 and professor of music at Oxford in 1900. Hi 
writings on music, which had much influence in their day, includ 
Studies of Great Composers (1886), The Evolution of the Art ij 
Music (1896), Johann Sebastian Bach (1909), and Style in Mus. 
cal Art (1911). He was knighted in 1898 and created a baronet 
in 1903. He died at Rustington, Sussex, on Oct. 7, 1918, 
See C. L. Graves, Hubert Parry, 2 vol. (1926). (H. Rv) 
PARRY, SIR WILLIAM EDWARD (1790-1855), Bn 
glish rear admiral and Arctic explorer who attempted to discover 
the Northwest Passage, was born in Bath on Dec. 19, 1790. At the 
age of 13 he entered the Royal Navy and in 1810 became li 
tenant in the “Alexandria” which was employed for three years in 
protecting the Spitsbergen whale fishery. He made many ast 
nomical observations in northern latitudes and published the r 
sults of his studies as Nautical Astronomy by Night (1816). Fron 
1813 to 1817 he served on the North American Station. | In 18i 
he commanded the "Alexander" during the Arctic expedition under 
Captain (afterward Sir) John Ross. This expedition returned 
without success, but the following year Parry obtained the did 
command of a new Arctic expedition, consisting of the “Gripe 
and “Hecla.” This expedition returned to England in Noverit 
1820 after a successful voyage (see ARCTIC, THE), having atu 
plished more than half the journey from Greenland to B 
Strait. Parry's Journal of a Voyage to Discover a Nod 
Passage appeared in 1821. In May 1821 Parry sailed with 0 
“Fury” and “Hecla” on a second expedition to discover à ue 
west Passage, but was compelled to return in October Bor | 
out achieving his purpose. Meanwhile he had in November 
been promoted to post rank, and shortly after his return ЎТ 
appointed acting hydrographer to the Navy. His Journal 
Second Voyage, etc., appeared in 1824. mM—— 
With the same ships he undertook a third expedition pu 
same quest in 1824, but was again unsuccessful, and the doi 
being wrecked, he returned home in October 1825 with а 1! 
ship’s company. Of this voyage he published an account 


In 1827 the admiralty sanctioned an attempt on the N 
from the northern shores of Spitsbergen, and PAT M 


82°45’ N latitude. His Narrative of the Attempt to 20 
North Pole, etc., appeared in 1827. He was knighted in 15 ry d 
became controller of the new department of steam mot 
the Navy, retiring in 1846, when he was appointed captain `s, 
intendent of Haslar Hospital, He became a rear admiral in 
and in 1853 a governor of Greenwich Hospital. 
Parry died on July 8, 1855. 
See Memoirs of Rear-Admiral Sir W. E. Parry . - - b 
Parry, 3rd ed. (1857). e 
PARSEC, the unit in which distances of stars am 
officially adopted by the International Astronomical RU of ot 
A parallax of one second of arc corresponds to à dist pi 
parsec. It is approximately 19 million million (1.9 X к 
or 3.26 light-years. See also PARALLAX: Stellar ar p 
PARSEES (Parsis), the followers in India of t eigo 
Zoroaster are descendants of Persian Zoroastrians W li ў 
to India to avoid religious persecution by the МЧ gg (ge 
name means “Persians.” They number a little over dia) p 
cluding 5,000 in Pakistan) living chiefly in Bombay 
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are me m 


wns and villages mostly to the north of Bombay, but also 
chi (Pakistan ) and Bangalore (Mysore, India). Although 
m a well-defined community. They rarely marry outside 
ymmunity and neither proselytize nor modify their religion 
| —Establishment in India.—The exact date of the Par- 
s migration is unknown. The sole historical document is the 
алон, a verse history written in Persian іп A.D, 1600, Ac- 
‘at Hormuz on the Persian Gulf, but finding themselves still 
persecuted they set sail for India, arriving in the 8th century. The 
both, They settled first at Diu in Kathiawar but soon moved 
Gujarat, where they remained for about 800 years as a small 
cultural community. t f 
“With the establishment of British trading posts at Surat and 
“altered radically, for they were in some ways more receptive of 
- Buropean influence than the Hindus or Muslims and they devel- 
the East India Company in 1668 and, since complete religious 
toleration was decreed soon afterward, the Parsees from Gujarat 
was largely due to their industry and ability as merchants. 
(See Bousav: History.) By the 19th century they were mani- 
had considerable success in heavy industries, particularly those 
“tonnected with railways and shipbuilding. 
fellow countrymen appears to have been almost completely severed 
until the end of the 15th century, when, in 1477, they sent an 
dalled Gabars by the Muslim overlords. Until 1768 letters 
e exchanged on matters of ritual and law; 17 of these letters 
Which the Parsee traditions were in conflict with the purer tradi- 
tions it i 
ons of the Gabars, the Parsees, in the 18th century, split into two 
the middle of the 19th century the Parsees have given the 
abars much material and moral support and have helped to win 
Ment, (See also GABAR.) 
20th Century.—In the 20th century the Parsee community has 
pal Of literacy in India (8095) and their mortality rate was 
half that of the rest of the country. Their birth rate fell 
ole it remained the same. (In practising birth control they 
fees One of the major tenets of their religion.) They were 
Em md families with large fortunes, their overall pros- 
stationary or tended to decline. 
The. à 
[nha for their wealth. They have founded and maintained 
› Schools, and other institutions, their liberality extending 
“What Anl well as to their own people. x 
А actors have promoted their commercial success and their 
rid àblest families survived the many centuries of hard- 
ce of always marrying within their own community rein- 
Ў н of natural selection. Furthermore, UU 
other i; ot dissuade them from enjoying worldly goods. An- 
j Important factor is that Zoroastrianism fosters a feeling of 
teat ae! fight the wicked. At all times the Parsee feels that 
“i A community are engaged in a vast enterprise which is 
hb of E S daily life and which is under the guardian- 
Parsee and just god. 


‘not, strictly speaking, a caste, since they are not Hindus, 
the influence of Hinduism, Islam, or Christianity. 
to the tradition embodied there, the Parsees initially set- 
ion may in fact have taken place as late as the 10th century, 
| al 
(here in the early 17th century, the Parsees’ circumstances 
а flair for commerce. Bombay came under the control of 
began to settle there. The expansion of the city in the 18th cen- 
festly a wealthy community, and from about 1850 onward they 
— Relations with the Gabars.—Contact of the Parsees with their 
Mission to the remaining Zoroastrians in Iran, a small 
Rivayats) have survived. As a result of these deliberations, in 
Ж on questions of ritual and calendar (see Sects, below). Since 
а more favourable social status from the Iranian govern- 
Much of its vitality, although in 1948 they still had the high- 
5% in the first half of the century, whereas for India as a 
Пу a beggarless community, but from about 1900, although 
Parsees have always been distinguished for their beneficence 
to others 
ШУ excellent qualities? Perhaps partly the fact that only the 
under Hindu and then Muslim domination, and also that their 
f 
Kin a 
Solidarity by virtue of its fundamental command to help 
опсегу with both the greatest forces in the universe and the 
| dress is not distinctive except for the dark brown or 
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maroon turban, or a cap of stiff material, something like the Euro- 
pean hat without any rim, which slopes backward from the top 
of the forehead. It is disrespectful to uncover in presence of 
an equal, much less of a superior. The priests wear a white turban 
and are wholly dressed in white. Men and women wear the sacred 
shirt, sudrah, and the girdle, kusti. Parsee women аге not se- 
cluded. 

Literature—Parsee texts are discussed in ZOROASTRIANISM. 
The Desatir (Arabic, pl. of dastur, “high priest’) is also worth 

* mentioning; this is a fraudulent document, probably of the 16th 
century, which purports to establish a certain Indo-Persian mysti- 
cism at the origin of Zoroastrianism. It is the only extant book 
among 23 works quoted in a 17th-century compilation called the 
Dabistan, made by the Sufi Muhsan-i-Fani, who incorporated ele- 
ments of Islamic and Hindu universalism. 

Zoroastrianism attracted the attention of European scholars in 
the 18th century. When A. H. Anquetil-Duperron visited the 
Parsees at Surat they expounded the Avesta to him according to 
the tradition maintained by the Gabars. Afterward he translated 
the work and it appeared for the first time in a European language 
in 1771, under the title Zend-Avesta, Ouvrageide Zoroastre, Euro- 
pean scholars, in clarifying the original form of the religion and 
in tracing its developments, have helped the Parsees to reestablish 
the foundations of their ancient faith. In particular, by stressing 
the fundamental monotheism of Zoroaster’s teaching, they have 
made it possible to refute the charge of dualism often made by 
Christian missionaries. 

Priesthood.—Priesthood is hereditary, but every candidate 
must also undergo one or two ceremonies of investiture, accord- 
ing to the grade he wishes to attain. After the first ceremony (the 
navar) he becomes a herbad (or ervad) who may perform bene- 
dictions, investitures of children and marriages but may play only 
a minor part in other ceremonies. The second investiture (the 
martab) confers the degree of mobad, which allows the priest to 
conduct the more important ceremonies, such as sacrifices and 
initiations, Above the herbads and mobads are the dasturs, high 
priests or "bishops." 

Sects.—The Parsee community split into two sects in the 18th 
century on a matter of calendar. The Qadimis (“Ancients”) 
adopted the computation of the Gabars, as well as their practice 
of bringing the sacred fires once a year to the main temple, a cere- 
mony since abandoned. ~The other Parsees call themselves 
Shahanshahees (“Imperials”). The two sects now coexist peace- 
fully and intermarry. A third and smaller sect is the Fasalis. 

Ritual.—Every Parsee child is initiated, at the age of seven, in 
a ceremony at which he is invested with the sudrah and the kusti. 
Five times a day (at sunrise, midday, in the afternoon, at dusk, 
and at midnight) a Parsee should recite set prayers in Avestan, 
Pahlavi, and Gujarati. Moreover he should pray (and untie and 
retie his kusti) on rising, when washing, eating, and relieving him- 
self, and in numerous particular circumstances. 

The most sacred ceremony of the Parsee ritual is the yasna, or 
sacrifice, essentially a recitation of a sacred text accompanied by 
an offering of haoma (sacred liquor) before the sacred fire, which 
is kept burning perpetually and held in great reverence. In the 
course of the ceremony all the Gathas are recited, The sacrifice 
is performed for the benefit of persons dead or alive. 

Funerary ceremonies include a recitation of the patet, or con- 
fession, in the name of the dead man; washing him with gomez - 
(bull's urine), which, as in many other ancient religions, is thought 
to have purifying qualities; and isolating him by drawing circles 
around him in the presence of a dog, whose gaze is thought to expel 
the druj Nasu (corpse-demon), druj of defilement. By the fourth 
morning the soul is supposed to have departed and the corpse is 
taken to a dakhma, or “tower of silence,” where, in the ancient 
fashion of the Medes, it is exposed to birds of prey. The bones 
are later swept into a central pit. The purpose of this practice is 
to avoid defiling earth, fire, or water; nowadays it tends to be dis- 
continued. 

Zoroastrians set great store in avoiding contact with dead mat- 
ter and all unclean objects. There are three ceremonies of puri- 
fication. The padyab, which consists of washing one’s face, hands, 
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and feet (if they are bare), is performed at sunrise, at meals, 
and after relieving oneself. The лайт is a ritual bath which is 
performed with a priest on important occasions such as investiture 
of the kusti, marriage, purification after childbirth, and in the last 
ten days of the year in honour of the dead. It includes rubbing 
the body with and drinking gomez. The bareshnum, reserved for 
corpse-bearers and candidates to priesthood, takes place on a spe- 
cially prepared ground with holes or marked spots for carrying 
away the impurity. The candidate is washed several times with 
water, sand, and gomez, under the gaze of a dog, and then seeks 
isolation for nine nights. 

Festivals.—The main dates of the Parsee year are the six 
seasonal feasts, or gahanbars, the last of which is known as 
Fravartigan, the days of the dead. Each gahanbar lasts five days, 
the last of which is the principal one. Benedictions and offerings 
are given, and the yasna may be performed. The consumption 
of the offerings is an essential feature of these celebrations, in 
which all the faithful are supposed to take part. Fravartigan falls 
on the last ten days of the year, which include the five intercalary 
days. Each family honours its dead with fires, frankincense, of- 
ferings and recitations of the Gathas. 

The first month of the year, Farvardin (March-April), is also 
named after the dead and consecrated to them. Each of the other 
months is similarly devoted to deities, to whom moreover a par- 
ticular day in the month is consecrated. The four most important 
are those in honour of Tir (Sirius), Mihr (Mithra), Spandarmad 
(the Earth) and Aban (the Waters). 

Ethics.—The precepts of Zoroastrian ethics, “good thoughts, 
good words, and good deeds,” have a twofold application. First, 
life must be maintained, an injunction to cultivate the land and to 
procreate; second, evil must be fought by combating the demons 
and whatever men or animals belong to them. Formerly con- 
sanguineous marriage, which probably developed from social rea- 
sons, was regarded as meritorious, but it has been abandoned. 
It is thought that after death the soul meets its conscience in the 
shape of a damsel or a hag, depending on the balance of good and 
evil thoughts, words, and deeds throughout his earthly life; and 
theoretically one’s destiny in the hereafter is determined by this 
balance. However some faults may be canceled out by confes- 
sion, with contrition and penance, or by the transfer of supereroga- 
tory merits; this constitutes a justification for the prayers and 
ceremonies for the dead, which are deemed efficacious of them- 
selves, regardless of the merits of those who perform or sponsor 
them. See also ZOROASTRIANISM. 

BIBLIOGRAPHY.—D, Menant, “Les Parsis,” Annales du Musée Guimet, 
vol, vii (1898), “Gabars” and “Parsees,” Encyclopaedia of Religion and 
Ethics, ed. by J. Hastings, vol. vi and ix (1913 and 1917) ; D. F. Karaka, 
History of the Parsees (1884) ; К. N. Sirvai, Gujerat Parsis from the 
Earliest Times (1899) ; S. F. Desai, A Community at the Cross-Road 
(1948); J. J. Modi, Religious Ceremonies and Customs of the Parsees 
(1937) ; E. Huntington, Mainsprings of Civilisation (1945); J. Du- 
chesne-Guillemin, La Religion de l'Iran ancien (1962). (J. D.-G.) 

PARSLEY (Petroselinum crispum), a hardy, biennial herb 
of the carrot family (Umbelliferae), native to Mediterranean 
lands. One form is grown only 
for its cluster of dark-green, ten- 
der, curled, deeply cut or highly 
frilled leaves that develops the 
first season of growth. A second 
form called turnip-rooted, or 
Hamburg, parsley is grown for 
its large, white, parsniplike root. 
Both forms in the second season 
put up seed stalks two to six feet 
high, topped by compound umbels 
of small greenish-yellow flowers. 
The seeds are similar to those 
of carrot, but without spines. 
Parsley leaves were used by the 

ancient Greeks and Romans as 
a flavouring and garnish for 
foods, as they are used in Europe s. worace ucrartano co. 

and America in modern times. PARSLEY (PETROSELINUM CRISPUM) 
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` plant is a native of Europe: a wild form with a tough 


Turnip-rooted parsley is popular in Europe but little gry 
America. Parsley seedlings are small and weak; they emerg 
difficulty from heavy, crusty soils. (V. 
PARSNIP (Pastinaca sativa), a member of the Carro 
(Umbelliferae), cultivated since Roman times for its large, t 
ing, fleshy, white root, which has a distinctive flavo 


root is found in roadsides and waste places in England and 
out Europe and temperate Asia. It was introduced on the 
can continent early in the 17th century and has become exten 
naturalized in North America, especially in the Eastern 
and Canada and on the Pacific Coast, sometimes becom) 
troublesome weed. 

The parsnip seed is sown in the spring, thinly in rows abou 
and a half feet apart, and the plants thinned to stand ty 
three inches apart in the row. At the end of summer thes 
of the root consist largely of starch, but after the roots ай 
posed to temperature near freezing for a few weeks much 
starch changes to sugar, improving its eating quality. 
is quite hardy when left in the garden, being undamaged by 
freezing of the soil. (V. КЇ 


British engineer, best known for the invention of a steam. 
bearing his name, was born in London, June 13, 1854, fourt 
of the 3rd Earl of Rosse. Educated privately and at St, 
College, Cambridge, he entered the Armstrong Works at ЕЛ Ий 
1877. In 1884, having served for a year on the experimental 
of Messrs. Kitson, of Leeds, he entered into partnership: 
Messrs. Clarke, Chapman and Co., of Gateshead. On the di 
tion of the partnership in 1889, Parsons, whose invention û 
Parsons steam turbine was bringing him into considerable p 
nence, established his own works at Heaton, Newcastle upon] 
for the manufacture of steam turbines, dynamos, and other 
cal apparatus. Besides the chairmanship of C. A. Parson 
he occupied important positions on the directorate of vario 
trical supply and engineering companies. He was made a fell 
the Royal Society in 1898, was awarded the Royal Society’ 
ford Medal in 1902, was president of the Institute of Marine] 
neers, 1905-06 and of the British Association, 1919-20. HE 
created knight commander of the Bath in 1911 and given thet 
of Merit in 1927, a 

A collection of his own scientific papers and addresses ¥ 
lished posthumously in 1934. He died Feb. 11, 1931, at 
Jamaica, on board the “Duchess of Richmond.” 

See R. Appleyard, Charles Parsons, His Life and Work (19 | 

PARSONS, ELSIE WORTHINGTON CLEWS li 
donym Jonn MAIN) (1875-1941), U.S. sociologist and al 
pologist, best known for her studies of the Indians of the 
west, was born of a socially prominent family in New Yo 
Nov. 27,1875. She received a bachelor’s degree from Barnard 
lege in 1896 and then studied at Columbia University under J 
lin Giddings, receiving her master of arts in sociology 1 
and her Ph.D. in 1899, She taught sociology from 1899 
at Barnard. Her early works, such as The Family (19 
Old Fashioned Woman (1913), and Fear and Conventi 
(1914), reflect concern over restrictions imposed upon 
many cultures and periods. In 1900 she married Herbert 
attorney and U.S. congressman; six children were bort 
marriage. 

In 1915, as a result of a trip to the southwest where ё 
the anthropologists Franz Boas апа Р. Е. Goddard, she ld 
American Indian research and entered upon 25 years of file 
and writing that established her as an authority on the © 
tribes. Outstanding among her Pueblo writings м2 Ho 
volume work, Pueblo Indian Religion (1939), and “The ^ 
Clan Complex of the Pueblos,” in Essays in Anthropology t ў 
of А. І. Kroeber (1936). Нег interest іп all possible i 
upon the Pueblo peoples led her to investigations among 
Indians, and in Mexico, Peru, Ecuador, and the Caribbean, i 
Town of the Souls (1936) is one of the best-known PI? id 
her extensive Mexican researches. She also published k 
the field of folklore, including Negro folklore. 


PARSONS—PARTHENOGENESIS 


She served as president of the American Ethnological Society 
(1923-25), and was president of the American Anthropological 
Association at the time of her death on Dec. 19, 1941, in New 

City. 
w A Boas, “Elsie Clews Parsons,” in Science pue E i: 

PARSONS (PERSONS), ROBERT (1546-1610), English 
Jesuit who with Cardinal William Allen organized Catholic re- 
sistance to the Elizabethan Protestant regime, was born at Nether 
Slowey, Somerset, on June 24, 1546, of yeoman family. He was 
educated at Taunton School and St. Mary Hall, Oxford. In 1568 
he became a fellow of Balliol College, but in February 1574 was 
forced to resign because of his ill-concealed Catholic sympathies. 
He later defended himself in his Apologie in Defence of the Ec- 
dlesiastical Hierarchy (1602). On leaving Balliol, Parsons went 
to Louvain, where he became a Catholic, and in July 1575 entered 
the Society of Jesus in Rome. 

In 1580 Parsons was sent with Edmund Campion (q.v.) to 
England, arriving on June 12, 1580. The instructions given to 
him in Rome and his own conduct in England show that his mis- 
sion was nonpolitical. In little over a year he did much to orga- 
nize the Catholic resistance, preached, wrote books and pamphlets, 
challenged Protestant clergy to debate, and set up a secret print- 
Ing press, which was eventually seized. 

After Campion’s arrest (July 17, 1581) Parsons crossed to 
the continent to see William Allen and set up a printing press in 
Rouen, He was given the task of directing the Jesuit mission 
from abroad, In 1588 he was sent to Spain, where he spent nearly 
tine years and founded seminaries for the training of English 
priests at Valladolid, Seville, and Madrid. 

While Parsons favoured armed intervention as a means of re- 
storing Catholicism in England, the cardinal point of his policy 
was to wait, and, on the death of Queen Elizabeth, to press the 
claims of a Catholic successor. Parsons was author of many con- 
troversial works written with much incisiveness and vigour. His 
4 Christian Directorie ( 1585) established itself as a devotional 
чк» Catholics and Protestants, He died at the Eng- 

ege, Rome, on April 15, 1610. 

Jiaporarny—Persons’ “Memoirs,” Catholic Record Society, Lon- 
^ Publications, vol. 2 апа 4 (1905, 1907); L. Hicks, “Letters and 
ГУНИ a Ji Robert Persons (1578-1588),” in the same, vol. 39 
9 and’ 00 TEE Politics of English Catholics, The Month, vol. 
); R. Simpson, Edmund Campion, 2nd ie dem 

CN. 
nA RSONS, ROBERT (?-1570), one of the most distin- 
fü “ P nglish composers of church music of the mid-16th cen- 
oe born at Exeter, he was appointed gentleman of 
Treat доа m 1 trie He died by drowning in the River 

in i 

с contrapuntal writing often has very considerable 
> 3 and shows a virile and sometimes quite original treatment 
5 ан His best-known composition, “Pandolpho,” a song 
ower b Pent, is remarkable not only for its expressive 

ut also for its intense motivic ee св) 

Da. С. B. 
of ARTHENTUS or NicAEA (ApAMEA) (fl. 1st century B.C.) 
af the pa and grammarian, has justly been described as the “last 
carried one Captured in the third Mithridatic War and 
on of uo ^ taly, he became Virgil's teacher in Greek. His col- 
ved, sn ove stories made for the poet Cornelius Gallus has 
Arete, have fragments from two funeral poems, one on his wife 
Ot the same саде 10 light in papyri. Не also wrote an encomium 
hg of the e ady in three books. His poems were favourite read- 

See § Baan Tiberius and Hadrian. 

` Saselee, Parthenius, with Eng. trans., “Loeb ac x e ed 
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а RTHENOCISSUS, а genus of the grape family (Vita- 
(p. duding the Boston ivy and the Virginia creeper. 

tion in Aw NOGENESIS, an alternative to sexual reproduc- 
Yung. The the female (in rare cases the male) alone produces 
tion is toughout the animal and plant kingdoms sexual repro- 
sly ih a ripe egg borne by one organism (called vari- 
€ cell, ovum, macro- or megagamete, female gamete) is 
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usually stimulated to develop into a new organism after fertiliza- 
tion (g.v.) by a sperm (called also male cell, spermatozoon, micro- 
gamete, male gamete) (see REPRODUCTION). Parthenogenesis, 
or virgin birth, in the vast majority of cases involves the egg 
but not the sperm. In certain algae the male of the species is 
able to give rise to offspring without the female. Female 
parthenogenesis occurs naturally in many animals and plants and 
may be induced artificially or experimentally by man. 


NATURAL PARTHENOGENESIS 


Natural parthenogenesis is the exclusive method of reproduc- 
tion in some plant lice (aphids, g.v.), parasitic wasps and thrips in 
which males are unknown; it is an occasional method in some 
members of all the major groups of animals except vertebrates and 
echinoderms (starfish, etc.), In still other groups of plant lice, 
and in rotifers and water fleas (crustacean order Cladocera) 
parthenogenesis alternates with sexual reproduction, In honeybees 
(and other members of the order Hymenoptera), white flies (order 
Hemiptera) and some thrips (order Thysanoptera) any egg is ca- 
pable of developing parthenogenetically or after fertilization, the 
fertilized eggs are capable of producing females, the unfertilized 
eggs males, 

True parthenogenesis is frequent among certain algae and fungi 
but is rare among seed plants and has been demonstrated in only 
a few including dandelion (Taraxacum) and cat’s foot (Anten- 
naria). "There occur, however, various types of asexual reproduc- 
tion that superficially resemble parthenogenesis; these are gen- 
erally grouped under the term apogamy or apomixis, and include 
the production of adventitious embryos from tissue outside the 
egg. The process is very much like the production of plant bulb- 
lets externally. 

Reproductive Cycles.—In most rotifers, aphids and water fleas 
the fertilized eggs develop into females whose eggs in turn are 
parthenogenetic. In the rotifers any successive generation may 
include both parthenogenetic and sexual females. The parthe- 
nogenetic female produces large eggs, which remain unfertilized 
and yield either parthenogenetic or sexual females. The sexual 
female produces small eggs, which may develop without fertiliza- 
tion and yield males, or be fertilized, grow larger and yield females, 

In typical aphids several parthenogenetic generations follow 
the fertilized egg, which hatches in spring; during spring and sum- 
mer wingless or winged females or both are produced. As autumn 
approaches, sexual forms appear—males and egg-laying females— 
and mating takes place. (When the parthenogenetic females pro- 
duce sexual forms, sexual females are born mostly of winged 
mothers, males mostly of wingless mothers.) The fertilized eggs 
hatch the following spring and the cycle repeats. 

The water flea cycle is more flexible, In certain species any 
female may produce either female or male offspring by parthe- 
nogenesis, or eggs that require fertilization and yield females. 
In all these cycles environment influences the time or frequency 
of appearance of the sexual forms. 

Number of Chromosomes.—Important differences in parthe- 
nogenesis are related to the number of chromosomes in the de- 
veloping egg. In most higher animals, whose body (somatic) cells 
contain what is known as the diploid or normal number of chro- 
mosomes (¢.g., in man 46 chromosomes, 23 like pairs) the repro- 
ductive cells undergo two maturation divisions in one of which the 
like or homologous chromosomes (after pairing) separate without 
division. As a consequence of this reduction division the mature 
germ cells have half the somatic number of chromosomes. This 
number is termed haploid (e.g., in man 23 chromosomes, one of 
each of the like pairs). Some haploid eggs may develop parthe- 
nogenetically. More commonly, however, parthenogenetic eggs 
omit the reducing one of the two maturation divisions, and there- 
fore are diploid. In the bee the fertilized eggs are diploid, as are 
also the females (queens or workers), which develop from them; 
but the mature unfertilized eggs are haploid. If they remain un- 
fertilized they develop parthenogenetically to yield males (drones), 
which are haploid. When the drones produce spermatozoa, there 
is no further reduction of the chromosome number in these germ 
cells because only one set of chromosomes is present; at what 
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would be the reduction division all the chromosomes pass to one 
cell, and it is only from such cells that spermatozoa are derived. 
These males cells, like the eggs, are therefore haploid. 

In aphids both parthenogenetic and sexual females are diploid. 
Eggs of sexual females result from two maturation divisions, and 
are haploid; but in parthenogenetic females the reducing division 
is suppressed, and the eggs are diploid. These eggs produce fe- 
males, which are also diploid. The parthenogenetic eggs that de- 
velop into males eliminate only one whole chromosome in the 
maturation division, leaving the males with one less than the dip- 
loid number of chromosomes, In maturation of male germ cells 
there is an unequal division in which one cell receives the full 
haploid chromosome group, the other cell one less. Only the 
former cell produces a spermatozoon, so that male germ cells are 
haploid. 

In water fleas, females and males are strictly diploid. Parthe- 
nogenetic eggs mature by one division and are diploid; sexual eggs 
and spermatozoa result from two divisions and are haploid. 

Restoration of Diploid Chromosome Number.—In animals, 
even after a reduction division, the normal or diploid number of 
chromosomes may be restored in parthenogenesis by duplicating 
the chromosomes at the end of the reduction division; by fusion 
of the egg nucleus with the nucleus of the second polar body, the 
very small one of the two cells produced by the second division; 
or by fusion of two cleavage cells. In plants other ways of re- 
storing or maintaining diploidy are available because of the long 
haploid phase of the cycle. 

In animals the haploid phase is practically limited to the ma- 
ture germ cells, but in the lower plants such as fungi, algae, ferns, 
etc., a conspicuous haploid generation is evident. Even in many 
flowering plants the embryo sac, which functions in development 
of the embryo and seed, consists normally of eight haploid cells. 
Sometimes the embryo sac develops from an unreduced spore, 
and thus is diploid. The eggs in diploid embryo sacs are ordinarily 
parthenogenetic, since fertilizing them would increase the chro- 
mosome number in the next generation. Diploid embryo sacs may 
also arise not from spores but from some kind of somatic cell, 
a process known as apospory. The eggs in such embryo sacs need 
some way to avoid doubling their already double chromosome 
number, and omitting fertilization is the remedy. Sometimes the 
embryo is produced not from the egg but from some other embryo 
sac cell. This process, called apogamy, is like parthenogenesis in 
not involving fertilization, and prevents the doubling of chromo- 
some numbers. 

Relation to Hybridization and Evolution.—Often some 
of the offspring of a cross between species reproduce by partheno- 
genesis. In such species hybrids the chromosomes must usually 
be to some degree unmatched. This inequality interferes with 
their pairing in maturation. While failure of chromosome pairing 
can hardly be the cause of parthenogenesis, diploid parthenogenesis 
clearly furnishes a correction of the defect. Species crosses in 
plants have often been followed by a prompt doubling of the 
chromosomes, after which pairing can take place because like 
chromosomes have been provided by the doubling. Many new 
species have arisen in this way, possessing the number of chromo- 
somes of the two parent species combined. Doubling of chromo- 
somes also occurs independently of species crosses. As a result 
there are many species that are polyploid, i.e., possessed of a 
chromosome number higher than the diploid and a multiple of the 
basic haploid number present in some primitive species, Partheno- 
genesis occurs so much more frequently in polyploid species that 
there must be some causal relation between the two phenomena. 

In organisms that reproduce by parthenogenesis, evolution is 
restricted because, in the absence of chromosome pairing, recom- 
bination of characters does not occur. Ineffectiveness of selection 
within parthenogenetic lines of descent indicates that changes are 
rare, though if crossing over (exchange of fragments between 
homologous chromosomes) ever occurs, recombination of charac- 
ters is still possible, permitting a slow evolution. In species repro- 
ducing alternately by the parthenogenetic and sexual methods, 
parthenogenesis may be an evolutionary asset. When recombina- 
tion in the sexual period produces an individual that fits some 
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special niche in the environment, that individual need not stand 
alone in holding its place. By parthenogenesis it may prodi, 
hundreds of individuals having the same genetic constitution, sont 
of which, even after high accidental losses, may well survive, 
(A. Е. 5ш) 


ARTIFICIAL PARTHENOGENESIS 


Unfertilized eggs, under ordinary conditions, die within a rel. 
tively short time (one to several days, depending on the spede) 
after having been shed from the ovary. However, it has be 
found that in a great many species of animals unfertilized "ns 
may be incited to develop by means of treatment with certain sin. 
ple chemical or physical agents. This was initially discovered jp 
1886 by A. Tichomiroff, working with eggs of the silkworm moth, 
His results, however, attracted very little attention, presumably 
because the occurrence of natural parthenogenesis in the same 
species obscured the special significance of his work. In 1% 
1900 T. H. Morgan and A. D. Mead showed that. developmen, 
could be initiated in unfertilized eggs of marine animals (s 
urchins and worms) by treatment with certain salt solutions or hy- 
pertonic (concentrated) sea water, and Jacques Loeb in 1900 fri 
demonstrated that normal larvae could be obtained by such mean 
Later, extensive investigations by many workers showed that in 
practically all the main groups of animals normal development cat 
be obtained by artificial activation of the unfertilized eggs, d 
though methods of treatment may vary considerably from ont 
species to another. From this it may be concluded that the eg 
of all species of animals are capable of development by ай 
parthenogenesis. 

Among plants artificial parthenogenesis has not received tht 
same attention as it has among animals. However, eggs of the 
marine rockweed (Fucus) have been induced to develop into nev 
plants by subjecting them to treatment with certain organic ad! 
Parthenocarpy or the “setting” of fruit without the usual develop 
ment of seed, i.e., without fertilization, should not be confusi 
with parthenogenesis, for in the former only the seedless її 
results and not an embryo or a new organism (see FRUIT; PLANTS 
AND PLANT SCIENCE: Plant Physiology: Growth). < 

Methods of Artificial Activation.—Marine invertebrate ai 
mals, particularly echinoderms, mollusks and worms, have 
most extensively used in experiments on artificial parthenog 
because they generally produce large quantities of eggs 
(1) easily obtained, since they are shed directly into the sea walt! 
or are readily removable from the animal, and (2) easily hal 
and cultured during their early development simply in sea Wilt 
However, many experiments have also been performed on eg 
of insects, fish, frogs, and mammals. One of the most interés 
features of the experiments is the great variety of mete 
treatment that have been found to be effective. Even in? jd 
species the eggs may be activated by any one of a number n 
verse agents. Thus, in the sea urchin Arbacia, activation bis a 
obtained by exposure of the eggs to increased acidity, 20 " 
alkalinity, neutral salt solutions (certain constituents of 5 sid 
ter), hypertonic (concentrated) or hypotonic (dilute) к m 
certain alkaloids, fat solvents, puncture with a fine nee yl 
cold, ultraviolet radiation and radium emanations. | While d 
these agents have been found to be equally effective, S 
them have given practically similar results, and differen 
reflect in part the failure of the investigator ti d í dud 
posure to employ with a particular agent. The eggs 0 to j 
species of animals generally differ in the kinds of agen aii 
they will best respond. Certain agents, such as heat fd 
acids, have been found to be effective in a number ig: 
species of animals, although with different optimum 
posure. 1 cons 
_ Loeb's original method of treatment of sea urchin ёё jit 
in exposure to a hypertonic solution. He later discov "i 
treatment that proved very effective in giving а pon WT. 
of normal development. This consisted in exposure 9 К; 
to a dilute solution of butyric acid in sea water follows 
min. by exposure to a solution of sodium chloride in SR 
about $hr. E. E. Just subsequently showed that a $08 
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with a somewhat stronger solution of sodium chloride for 10 min. 
or less gives equally good results. (Details of methods used with 

of various species of animals may be found in the references 
Isted in the bibliography.) 

Production of Normal Embryos and Adult Animals.— 
With appropriate artificial treatment the percentage of eggs that 
develop normally may be quite as high as that obtained by fertili- 
zation, This high degree of effectiveness has been obtained with 
eggs of several species of animals, particularly among the echino- 
derms and annelid worms, which have been extensively studied. 
Generally, the eggs have been reared only to the larval stage; how- 
ever, parthenogenetic sea urchins and starfish have been reared 
tothe adult condition. It is clear that when perfectly normal lar- 
vie are produced, the problem of obtaining the adults.is principally 
۾‎ matter of finding proper culture methods. 

In several species of higher animals, adults have been obtained 
by attificial parthenogenesis. Sexually mature adult moths as well 
as caterpillars have been obtained in large numbers from eggs of 
the silkworm moth after activation by heat and by acid. It has 
been reported that young carp can be obtained by activation of 
the eggs with male human saliva. Another report cites the rearing 
of shad to a practically full-grown condition after activation of the 
eggs, on an industrial scale, by means of a weak electric current. 
In frogs several dozen adults have been obtained by various in- 
vestigators using the method of puncturing the egg with a fine 
(about 0,005-millimetre diameter) glass or platinum needle. In 
mammals, Gregory Pincus (1939-40) reported the production of 
seven parthenogenetic rabbits. Six of these were obtained by ex- 
posing the eggs to heat or hypertonicity after they were taken from 
the mother’s body and then implanting them in the uterus of an- 
other prepared female rabbit. One rabbit was parthenogenetically 
produced by cold treatment of the eggs while they remained in 
the oviducts in the animal. This was accomplished by surgically 
exposing and cooling the oviduct, and its contained recently ovu- 
lated eggs, by means of cold water. 

, Number of Chromosomes,—The egg nucleus after the reduc- 
lion divisions contains a haploid (single) set of chromosomes, as 
does also the nucleus of the spermatozoon. Union of the egg nu- 
deus with the sperm nucleus in normal fertilization restores the 
diploid (double) chromosome number characteristic of all cells 
of the animal except the germ cells, (See CELL; FERTILIZA- 
TON) In artificial parthenogenesis, since the haploid set of chro- 
nosomes ordinarily contributed by the spermatozoon is absent, one 
Would expect only haploid individuals to develop. However, cyto- 
ка investigations have shown that, besides haploids, diploid 
А tyos also.occur. In fact, the only individuals that have been 
ared to or near the adult condition have turned out to be diploid. 
¢ haploid individuals generally die in an embryonic stage. 

> veral investigators have examined the fascinating problem of 
MENS in which artificially activated eggs spontaneously re- 
princ i chromosome number to diploid. This has been studied 
шй y in eggs of the frog, the silkworm and the marine 

Vite Worm Urechis, and a number of methods of regulation 
meiosis a revealed. Much is found to depend upon the stage of 
ready f reduction divisions) attained by the egg at the time it is 

"^ Or activation. In some animals, such as the sea urchins, 
cial Pu not ready for activation (either fertilization or arti- 
s com DISHES until they have extruded both polar bodies, 

di pleting the meiotic divisions. In fact they are not shed 
ther qi Ares until they have attained that stage. Eggs of 
бл] MENS 5, such as Urechis, are ready for activation at a stage 
activation Ў Carlier than the first polar division. In Urechis, after 

lute am Y brief treatment with hypotonic sea water or with 
and the BU many of the eggs fail to extrude the polar bodies 
Spindle кшн first polar spindle becomes the first cleavage 
the diploi d € two cells resulting from this first division each have 
ШИЛ chromosome number. Successive divisions occur 
the qp, 5 retaining the diploid number in all of the cells of 


Another 


ауе be type of behaviour is exhibited by eggs of Urechis that 


n given a somewhat prolonged treatment with dilute am- 
П these, the first or both the first and second meiotic 
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divisions occur submerged within the egg, and the corresponding 
polar bodies fail to be extruded. The egg nucleus then unites with 
one, two or three polar-body nuclei, depending upon how many 
have been left within the egg. Fusion with one polar-body nucleus 
provides a diploid nucleus for the first cleavage, which divides the 
egg into two cells, and the succeeding ordinary mitotic divisions 
would maintain the diploid condition. 

Another type of regulation to diploidy has been discovered in 
the frog. In this species the eggs have completed only the first 
meiotic division when they are ready for fertilization or artificial 
activation. Upon artificial activation by means of the puncture 
method, the great majority of the eggs complete their second 
meiotic division normally, and about 1% of them undergo cleavage 
and early development. Most of these cleave at the regular time 
and develop as haploids, but some exhibit a delay in cleavage and 
develop as diploids. The delay generally occurs at the first cleav- 
age, and during this time an extra division of the chromosomes 
(without cytoplasmic division) occurs, thus providing the diploid, 
number of chromosomes for the cells of the embryo and adult. 

A few diploids have also been obtained from eggs that exhibited 
no delay in cleavage but have evidently been regulated by means 
of one of the mechanisms described above for Urechis. In the silk- 
worm moth it has been found that regulation to diploidy can occur 
by doubling of the chromosomes at the first cleavage or at a later 
division stage, or by elimination of the reduction division, depend- 
ing upon the method of artificial activation employed. 

Sex.—The sex of individuals obtained by artificial activation 
will depend-upon the behaviour of the chromosomes, since they 
carry the primary sex-determining factors, Maleness or female- 
ness is determined by the ratio of the number of sex chromosomes 
to the number of sets of autosomes. Most species of animals, 
including man, belong to the so-called male-digametic type, in 
which the somatic cells of the males of the species have a single 
sex chromosome (X) and a diploid set of autosomes (2A) and the 
females have 2X 4- 2A. Birds, butterflies and moths and some 
fish belong to the female-digametic type, in which the somatic 
cells of the females have a single sex chromosome (termed Z 
in this type), the chromosome constitution being Z + 2A for the 
female and 2Z 4- 2A for the male. 

Animals of the male-digametic type produce only one kind of 
egg, and these have the haploid chromosome constitution X + A. 
Upon artificial activation and regulation to diploidy the constitu- 
tion would be 2X ++ 2A, which is that of the female. In animals 
of this type, then, it is to be expected that only females would be 
obtained from eggs that have been activated artificially. In accord 
with this, all the rabbits and most of the frogs raised to the stage 
at which their sex could be identified have been found to be fe- 
male. The new male frogs were obtained presumably as a result 
of overripeness of the eggs or because of sex-chromosome elimi- 
nation. 

Animals of the female-digametic type produce two kinds of eggs, 
one with and one without the Z chromosome. The former, upon 
regulation to diploidy by doubling of the chromosome number, 
would give a male (2Z + 2A) and the latter would give a “Һурег- 
female” (0 + 2A), which is a type that does not ordinarily develop 
very far. If the regulation to diploidy is accomplished by fusion 
of the egg nucleus with a polar-body nucleus, females as well as 
males would be expected, depending upon the constitution of the 
nuclei involved. Extensive investigations have been made) with 
eggs of the silkworm moth (which belongs to the female-digametic 
type) and these have shown the occurrence of both males and fe- 
males, the results depending upon the method of activation em- 
ployed and consequent method of regulation to diploidy. 

Thus, it may be seen that, in most species of animals, artificial 
parthenogenesis would produce only females, while in a relatively 
few species both sexes would be obtained. 

General Significance.—The experiments on artificial parthe- 
nogenesis have removed one mystical element from. the problem 
of the initiation of development of the egg by showing that, in 
many cases, relatively simple chemical or physical agents can be 
employed in place of the complex living spermatozoon. Stimu- 
lation of the egg cell is thus analogous to the stimulation of nerve, 
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muscle or gland cells, which are known to respond to a variety of 
nonspecific agents. Various theories have been advanced to ex- 
plain cell stimulation in general as well as artificial activation of 
eggs. One theory emphasized the role of calcium ions, the pres- 
ence of which is shown to be important to obtain activation by 
various agents. 

Special interest centres around the origin of the spindle and 
amphiaster, which comprise the essential mechanism for cell divi- 
sion (see CELL). In fertilization the amphiaster for the first 
cleavage arises from the sperm aster, which forms around the cen- 
tral body (centriole or centrosome) brought in by the middle 
piece of the spermatozoon. In artificial parthenogenesis it has 
been found that the original central body of the egg takes over 
this function in some species of animals, while in other species 
new central bodies (and asters) are brought into existence as a 
result of the treatment. The latter has been shown especially in 
experiments on parthenogenetic merogony. Since the central 
bodies are known to be of the same nature as chromosomal mate- 
rial, these experiments have indicated the possibility of a de novo 
formation of self-producing bodies, perhaps genes, from cytoplas- 
mic materials in the absence of a nucleus. 

See also references under *Parthenogenesis" in the Index. 

(A. Tv.; X.) 

Brsrr0cRAPHY.—R. Owen, Parthenogenesis (1869); A. Vandel, "La 

Parthénogénése," Encyclopédie Scientifique (1931); C. D. Darlington, 
Recent Advances in Cytology (1937) ; J. Loeb, Artificial Parthenogene- 
sis and Fertilization (1913) ; T. H. Morgan, Experimental Embryology 
(1927) ; A. Dalcq, Les bases physiologiques de la fécondation et de la 
parthénogénése (1928); B. Astaurov, "Artificial Parthenogenesis in the 
Silkworm,” Publications of the Academy of Sciences, U.S.S.R. (1940) ; 
A. Tyler, “Artificial Parthenogenesis,” Biol. Rev. (1941); E. Suoma- 
lainen, “Parthenogenesis in Animals,” Advances in Genetics, vol. 3, ed. 
by M. Demerec (1950). 
PARTHENON, the name generally given, since the 4th cen- 
tury B.c., to the chief temple of Athena on the Acropolis at Athens. 
The name is applied in the official inventories of the 5th and early 
4th centuries to one compartment of the temple, and this was 
probably its original meaning. It is certainly to be associated 
with the cult of Athena Parthenos, “the Virgin.” 

History —The most convenient position for a temple upon the 
rock platform of the Acropolis was occupied by the early temple 
of Athena, When, after Marathon, it was decided to supersede 
this by a more magnificent temple, it was necessary to provide a 
new site by means of a great substructure, which on its south side 
reaches down 40 ft. to the rock. The extant example is the chief 
among the, buildings with which Pericles adorned the Acropolis. 
Ictinus and Callicrates were architects under the general super- 
vision of the sculptor Phidias. Work began in 447 B.C., though 
the decision to build was made ten years earlier. The building it- 
self was completed by 438 в:с., when the gold and ivory statue of 
Athena was dedicated; work on the carvings and decoration con- 
tinued to 432 B.C. 

Except for repairs to the roof and interior after a fire in the 2nd 
century A.D., the Parthenon remained essentially intact until the 
5th century, when the colossal statue was removed and the temple 
transformed into a church dedicated to Hagia Sophia (the Holy 
Wisdom). 

In A.D. 662 it was dedicated to the Virgin Mother of God. The 
adaptation of the building as a church involved the alteration of 
the inner columns and the roof, the construction of an apse at the 
east end, the opening of doors between the cella and the chamber 
to the west and the cutting of windows in the upper part of the 
cella wall. ~The Turks, after the capture of Athens in 1458, trans- 
formed the Parthenon into a mosque without material change 
save for carrying up a campanile, built in the southwest angle to 
form a minaret. In this state it was described by Spon and 
Wheler in 1676 and the sculpture drawn by the artist Carrey, for 
the marquis de Nointel, in 1674. In the same year the building 
was visited by Francis Vernon, who left valuable, unpublished 
notes. A powder magazine located in the building blew up in 
the bombardment of the Acropolis (1687) by the Venetian gen- 
eral, Morosini, and the middle of the temple was ruined. Further 
damage was done to the sculptures by Morosini’s attempt to 

remove the horses of Athena from the west pediment. 


PARTHENON 


A small mosque was built iy 
the ruins, but nothing further of 
interest is recorded until the yig 

e 
of James Stuart (1751-53) 
Nicholas Revett (1751-54 116s. 
66), to whom we owe the bet 
drawings of the sculptures thy, 
remained. They were removedin 
1801-03 by Lord Elgin, on th 
authority of a firman, and subs. 
quently sold in 1816 to the Britis 
museum. Certain other 
tures from the Parthenon are jp 
the Louvre, in Copenhagen an 
elsewhere; many are still jp 
Athens. 

Description.—The temple 
signed by Ictinus measured 101.4 
by 228.14 ft. on the stylobalt 
(thus about 15 ft. shorter and 
| about 6 ft. wider than its incom 
pleted predecessor), and had f 
peripteron of 8 by 17 columns 
The cella, known as the hed 
tompedon naos, a name inherited 
from the archaic Hecatompedo, 
was divided into three aisles by 
two-story Doric colonnades, rt 
turned at the west end just be 
hind the great cult statue. TW 
only light came through the east doorway, and possibly filtera 
through marble tiles in the roof and ceiling. Behind the cella, but 
not connected with it, was a square chamber, officially called the 
Parthenon, entered from the west. The prodomos (i.e., the spate 
before the entrance of the cella) and opisthodomos (i.e., the rom 
at the rear of the cella), each faced by a portico of six columns, 
were enclosed by bronze gratings fixed between the columns, 
were thus adapted to contain valuable offerings and other treasure 
There are inventories on marble of the contents of these ш 
compartments of the temple. The opisthodomos, especially, w 
seem to have served as a treasury. : 

The Parthenon, which represents the peak of the Greek Dott 
order, embodies an extraordinary number of refinements 1% 
combine to give a plastic, sculptural appearance to the builang 
Among these may be mentioned: the upward curvature ae 
stylobate along the ends and sides and repeated in the entablatitt 
the inward inclination of the axes of the columns, with thëir 
cate, curving entasis as they diminish in diameter toward the m 
the thickening of the angle columns to counteract the nd 
being seen at certain angles against the sky; and the fact 
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scarcely а surface of the building is truly vertical, but sets in or 
out to give definition under simultaneous lighting conditions. 

‘The perfection and detail have led many modern critics to pro- 

ose various and often fantastic geometrical or mathematical 
systems of related sizes that could thus furnish an infallible rule 
of beauty. That so many different ones have been found to apply 
within relatively narrow limits is sufficient criticism of each. (See 
also ерни GREEK ARCHITECTURE; ORDER; TEMPLE Ав- 

CTURE. 

рине Over the outer colonnade the metopes, carved in 
high relief, represented: on the east, the battle of gods and giants; 
on the south, Greeks and centaurs; on the west, probably Greeks 
and Amazons. Those on the north are almost lost. The con- 
tinuous frieze around the top of the cella wall and above the 
hexastyle porticoes is one of several features that show the popu- 
larity of Ionic motifs in Sth-century Athens. It represents, in 
low relief, the Panathenaic procession, culminating on the east 
side, where two groups of seated gods flank a central panel in which 
appear the priest and priestess of Athena with three young at- 
tendants, to one of whom the priest confides a folded peplos. In 
the procession are, successively, the horsemen, chariot groups, 
citizens and offering bearers, the sacrificial sheep and cows and, 
lastly, the maidens of Athens, who appear in either flank of the 
eastern part of the frieze. The pediment groups, carved in the 
round, show, on the east, the birth of Athena, and on the west, 
her contest with Poseidon for the land of Attica. The entire work 
isa marvel of composition and clarity, which was further enhanced 
by colour and bronze accessories. Traces of colour are recorded 
in the frieze, and many details were added in bronze. The gold 
and ivory Athena, in the interior of the cella, was a masterpiece of 
Phidias. The goddess stood fully armed, with a Victory held in 
her right hand... Pausanias, a Roman traveler of the 2nd century 
AD, has left us a very full description, and the general aspect of 
the statue is known through several small-scale, inferior Roman 
copies, On the pedestal of the image was a representation of the 
birth of Pandora. 

The original was removed, possibly to Constantinople, in the 
Sth century A.D., when the Parthenon was made into a church. 
See also GREEK Art; and references under “Parthenon” in the 
Index. (R. St.) 

PARTHIA, an ancient land corresponding roughly to the 
modern province of Khurasan in Iran. Although the exact bound- 
ку of Parthia are not known, the greater part of the land was 
Үз һу the eastern. Elburz Mountain Range. To the north 
Pi б Mountains the present Iranian district of Gorgan and south- 
i urkmen S.S.R. were part of ancient Parthia, as well as the 

oe of the mountains to the central desert of Iran. 

situ first certain occurrence of the name is as Parthava in the 

Б Ш inscription (с. 520 в.с.) of Darius I. The etymology of 
HARS is uncertain, but it may be a tribal name. It has been 
Put (t that Parthava is only a dialectal variation of the name 
tory of dem ). Unfortunately, nothing is known of the his- 
tus) of eee as part of a satrapy (the 16th satrapy of Herodo- 
revolted е Achaemenid Empire. It was one of the “lands” which 

ed against Darius at the beginning of his reign. The father 
suppressa spes, who was in Parthia, presumably as governor, 
бап) the tevolt. Parthia was joined to Hyrcania (present 
ther a the time of Alexander the Great and the two remained 
satrapy д Province of the Seleucid Empire. The capital of the 
бет} ^e at Zadracarta (near the modern town of Gorgan, 
intus С Sterabad), according to Arrian (Anabasis, iii, 25) and 

fe, ш Rufus (Historiae Alexandri Magni, vi, 5, 22). 
Soter (166815 of Seleucus I (c. 312-281 в.с.) and Antiochus 
ша] Adi 280-262) the (A)parni nomads probably moved from 
tbe of the 1 into Parthia. The Parni were said to have been a 
(Strabo G nomadic confederation known to the Greeks as Dahae 

2 Е, 508 and 515). Тһе newcomers seem to 
settled ed the speech of the Parthians and were absorbed into 

is Population. J 
SI yı ^ adition that the first ruler of the Parthians, Arsa- 
who tevolte governor under Diodotus, king of the Bactrian Greeks, 
ed and fled westward from Bactria to establish his own 
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rule. This cannot be verified, but it would seem that the Seleucid 
governor of Parthia, Andragoras, revolted about 250 в.с. and 
struck his own coins, He was defeated by Arsaces sometime later 
(Justin, Epitoma. Historiarum Philippicarum, xli, 4, 7) and thus 
the kingdom of the Parthians was launched. The Arsacid dynasty 
traced their genealogy back to the Achaemenid Artaxerxes II (Ar- 
rian, AMI 1; George Syncellus, Chronographia, Bonn Corpus, 
p. 539). 

Arsaces I was succeeded by his brother Tiridates (c. 248-с. 211 
в:с.). The succession to the throne of a brother, followed by the 
brother's son, seems to have been not abnormal among the early 
Parthians, perhaps a tradition of their nomadic background. The 
expansion of the Parthian realm was slow and there were several 
setbacks. One occurred when Seleucus II marched against the 
Parthians c. 228 в.с. Tiridates retreated before him and Seleucus 
returned to Antioch because of troubles in Syria. Tiridates was 
followed by Artabanus I (also known as Arsaces, which became a 
generic name used by most Parthian kings). In his reign An- 
tiochus III invaded Iran c. 209 в.с. Antiochus fought a number 
of battles with the Parthians, after which the latter probably rec- 
ognized Seleucid suzerainty. It is not known how long this de- 
pendence lasted, but possibly until the defeat of Antiochus by the 
Romans at Magnesia (190/189 в.с.). (For the later history of 
the Parthians and table of Parthian kings see PERSIAN History: 
Parthian Empire.) 

The earliest capital of the Parthians was probably at Dara, 
founded by Arsaces (Justin, Epitoma, xli, 5), the site of which, 
near Abivard, has been identified by Soviet archaeologists, The 
town of Nisa, or Parthaunisa as Isidore of Charax calls it, was 
the necropolis of the early Parthian kings. It is possible that Nisa 
was the home town of Arsaces I. The sites of old and new Nisa 
have been excavated by archaeologists since World War II, and 
many ostraca with Parthian inscriptions, ivory rhytons and statues 
have been found. A later capital was Hecatompylos, probably 
near modern Damghan. 

With the expansion of the Parthians the original homeland of 
Parthyene, as it is called by Isidore of Charax, recedes into the 
background as the term “Parthia” comes to mean the Parthian 
Empire for the Romans. With the rise of the Sasanians the name 
“Parthia” for the province disappears. 

See also references under “Parthia” in the Index. 

BisrroonaPHy.—On the early history of the Parthians see J. Wolski, 
“The Decay of the Iranian Empire of the Seleucids and the Chronology 
of the Parthian Beginnings,” Berytus, vol. xii, pp. 35-52 (1956-58), 
and “L’Historicité d'Arsace Т°",” Historia, vol. viii, pp. 222-238 (1959). 
For a summary of archaeological work at Nisa see A. Mongait, Archae- 
ology in the U.S.S.R., Eng. trans. by D. Skvirsky, pp. EU 

PARTICLES, ELEMENTARY. Elementary particles are 
the fundamental constituents of matter and energy. As might be 
expected from this definition, the notion of an elementary particle 
has changed considerably with the growth of knowledge. Before 
the discoveries of the late 19th and early 20th centuries, atoms 
could be and sometimes were regarded as elementary particles, but 
the discovery of the electron and the structure of atoms led to a 
complete transformation of this view. In the half century follow- 
ing Ernest Rutherford’s discovery (1911) of the existence of atomic 
nuclei, ideas about elementary particles changed even more radi- 
cally. Good evidence was found for the existence of more than 
90 distinct elementary particles, and the quantum theory suggested 
new ways of describing them quantitatively. The significance of 
current ideas (in the 1960s) is best appreciated in the light of the 
historical development which this article reviews. See the articles 
Atom; ELECTRON; NUCLEUS; QUANTUM MECHANICS; and SPEC- 
TROscoPY for detailed accounts of the structure of atoms and nu- 
clei, matters which will only be mentioned here. 

Negative Electrons, Photons and Protons.—By the early 
1920s the following account of the structure of matter was cur- 
rent: matter is made of atoms. An atom consists of a positively 
charged nucleus with a cloud of negative electrons around it, The 
electron cloud is capable of existing in various states, and transi- 
tions between these states are accompanied by the emission or ab- 
sorption of photons (y), the elementary quanta of electromagnetic 
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radiation. The nucleus consists of protons (р) and neutrons (л) 
held together by powerful forces. This physical picture was not 
supported by a systematic quantitative theory, but the behaviour 
of the electron clouds could be semiquantitatively described by a 
combination of the classical theory of electricity and magnetism 
with the quantization rules of Albert Einstein and Niels Bohr. 

A far-reaching improvement in the theoretical situation resulted 
from discovery of the true quantum mechanics in 1926. Once the 
quantum mechanics of the electromagnetic field had been worked 
out (Paul Dirac, 1927) a quantitative theory of photon emission 
and absorption could be given, and it agreed very well with experi- 
ment, The first application of quantum mechanics to the atomic 
nucleus, the theory of a radioactivity (G. Gamow, R. Gurney and 
E. Condon, 1928), was also quite successful (see RADIOACTIVITY): 
These gratifying results were not inconsistent with the idea that 
electrons and protons could not be created or destroyed but could 
be bound together by electrical forces, as in atoms, or by some 
other forces, as in the nucleus. However, there were at least three 
indications that such a picture is incomplete, and each of these 
led to a decisive advance in understanding. 

First of all, there was the problem of N14, the nitrogen isotope 
of mass number 14. According to the ideas of nuclear structure 
already described, this nucleus should contain 14 protons and 7 
electrons, an odd number of particles. R. Kronig (1928) predicted 
from this a set of states for the nitrogen molecule which turned 
out to be in disagreement with experiment; an even number of 
particles in the nucleus seemed to be required. Second, there was 
a puzzling phenomenon in f radioactivity. Experiments showed 
that when an « particle is emitted from a radioactive nucleus, 
it has an energy which is the difference between the energies of 
the final and initial states of the nucleus. On the other hand, 
when f particles are emitted, they may have any energy less than 
the energy difference between the initial and final states of the 
nucleus, Apparently, energy is not conserved. The third indica- 
tion was a theoretical paradox. The first quantum-mechanical 
theory of the electron was nonrelativistic and did not take into 
account effects of the finite propagation velocity of light. In 1928 
Dirac introduced a relativistic theory of the electron which was 
successful in accounting for the spin of the electron and for the 
fine structure of the energy levels of hydrogen. Unfortunately, 
this theory also predicted the existence of states whose properties 
did not make sense, the so-called negative energy states. All at- 
tempts to amputate these negative energy states from the theory 
proved unsatisfactory. 

Neutrons, Neutrinos and Positrons.—The difficulty concern- 
ing N14 vanished with J. Chadwick’s discovery (1932) of the 
neutron (лп). A new picture of nuclear structure developed in 
which a nucleus of mass number A is conceived of as a system of 
A nucleons, nucleon being a generic term used to describe neutrons 
and protons. In particular, N!4 contains seven neutrons and seven 
protons, in agreement with the analysis of the light emitted by 
N14 molecules. (See MOLECULAR SPECTRA; NEUTRON.) 

To explain the apparent disappearance of energy in the 8 de- 
cay of nuclei, W. Pauli proposed (1931) the hypothesis that a 
neutral particle of small mass (usually taken to be zero) is emitted 
which carries off the missing energy. This particle, later named 
the neutrino (v), is quite difficult to detect because its interaction 
with matter is so weak. For a long time the main evidence for 
the existence of the neutrino was indirect. (Enrico Fermi’s suc- 
cessful theory of 8 radioactivity [1934] is a quantitative formu- 
lation of the neutrino hypothesis. In it, a neutron can transform 
into a proton while emitting an electron and a neutrino.) Experi- 
ments showed that the missing energy E was accompanied by a 
missing momentum p. To within experimental error these quanti- 
ties satisfied the equation E = cp, where c is the velocity of light. 
This is the relation expected according to the theory of relativity 
fora particle of rest mass zero. The first experiment in which a 
neutrino beam produced an observable effect was reported by 
F. Reines and C. Cowan in 1956. 

The third difficulty, that of the superfluous negative energy 
states in the Dirac theory, had a more involved history. In 1930 
Dirac made a bold proposal to put the negative energy states to 
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good use to explain the existence of the proton. He noted 
the Pauli exclusion principle (see QUANTUM MECHANICS: Electr 

Spin) forbids two electrons from occupying the same state. th 
then made the hypothesis that in vacuo all the negative d 
states predicted by his theory are occupied by electrons but thay 
the resulting charge distribution is unobservable. Thus a positive 
energy electron (e7) moving in the vacuum cannot jump intoa 
negative-energy state with the emission of a photon because thee 
is no negative-energy state which is not occupied. Furthermore, 
the removal of an electron from a negative-energy state would re 
sult in an observable “hole.” Dirac showed that a hole шй 
behave like a normal positive-energy particle of opposite charge 
(e+). However, his initial proposal to interpret the proton as this 
hole turned out to be unsatisfactory for two reasons, First, il 
was found that a hole in the sea of negative-energy electron 
would have to have the same mass as an ordinary electron, i 
disagreement with the observation that protons аге 1,836 tims 
heavier than electrons. Second, the hydrogen atom formed ofan 
electron and a hole would annihilate itself in a small fraction ûf 
a second, leaving nothing but photons. In 1931 Dirac concluded 
that if holes existed, they would describe a new positive partidi. 

About а year later the positive electron was discovered by C.D, 
Anderson and was named the positron. (А later proposal of usin 
the word “electron” as a generic term for positive and negativ 
electrons and “negaton” and “positon”: for the individual partides 
has not gained wide acceptance among physicists; therefore, the 
standard ambiguous usage in which electron is sometimes the 
generic term and sometimes means the negative electron is їй 
lowed in this article.) Dirac’s prediction was certainly one d 
the most spectacular achievements of theoretical physics, bent 
comparable with Hideki Yukawa's prediction of the existence d 
the meson, which is described later. 

Quantum Field Theory—It was later shown that Dind 
hole theory is essentially. equivalent to a theory in which electro 
and positrons appear symmetrically with positive energies only, 
that there is no unobservable sea of negative-energy elect 
states. The natural language for such a description was that 
the quantum theory of fields. Indeed, the same remark applies ® 
Fermi's theory of B disintegration, which described the int 
of nucleons, electrons and neutrinos also in terms of fields. 

The notion of particle has such a different status In the re 
tivistic quantum theory of fields and in the nonrelativistic thea 
of particles that it deserves an explicit discussion, even tho 
must be somewhat oversimplified. The main idea of field theo 
is that all particles of the theory appear as the quanta of 
field. For example, photons are the particles associated wil 
electromagnetic field, while electrons and positrons are the qui 
of a Dirac field. This appears to be a perfectly innocent re 
ment devoid of physical consequences, and indeed eT ў 
the additional requirement that the theory be relativistica Y 
variant according to the special theory of relativity 18 batt 
Then the remarkable result is found that if the particles 
interact at all it must also be possible for them to be ke 

annihilated. Thus, if electrons and photons are to e n 
by a relativistic field theory and interact at all, elect. 
creation and annihilation must be possible. The fact that p? 
creation and annihilation necessarily takes place in sum 
makes the definition of an elementary particle essentially m 
difficult. Even if in a given physical situation no actual р 
* creation is possible without violation of the laws of 
of energy and momentum, nevertheless the interaction ТӨР „ 
for pair creation and annihilation has indirect effects van 


polarizes it, and thus the electron may be thoug 
by a cloud of virtual photons and pairs. Under #0 
stances there are at least two possible ways (and act 
more) to define an electron: with its cloud (the d 
or without (the bare electron). The situation is even 
plicated in Fermi's theory of В decay, where à proton stron 
considered as sometimes existing as a neutron plus à 
a neutrino, 


neutrinos of Nuclear 9 Decay.—Another feature of 
75 theory also deserves mention, viz., the antineutrino (v). 
ыш developed his theory in strict analogy with electrodynamics 
‘that he had neutrinos as particles, and antineutrinos as antipar- 
just as in electrodynamics there are electrons as particles, 
itrons as antiparticles. E. Majorana in 1937 showed that 
was not necessary and that a theory of B decay could be made 
in which the neutrino was identical with its own antiparticlej as is 
, photon in electrodynamics. Although at first sight it might 
‘difficult to distinguish between these two theories, a distinc- 
% (in principle) possible as follows: In the theory involving 
antineutrinos the existence of the decay n — р + e^ + v implies 

{n+p 4-67 is possible, but not necessarily that v + n — 


implies the second and third since > is the same as 7 in the 

Majorana theory. 

- "Experimental and theoretical developments in the late 1950s led 
‘to great progress in understanding the neutrino and the antineu- 
tino, (There were certain changes in notation as well. It had 
become standard practice to call the particle emitted in neutron 
E ba. n—>p-+e--+ 7: This is a matter of con- 

ion.) R. Davis showed that the antineutrinos produced in 
nuclear reactors do not cause radioactivity in CI9*, This. was inter- 
preted to mean that there is indeed a neutrino as well as an anti- 
neutrino, Furthermore, it turned out that antineutrinos always 
have their spins directed along their direction of motion, whereas 
‘the neutrino's spin is always opposite to its direction of motion 
(M. Goldhaber and co-workers and others). To describe this lat- 
ter fact, a new theory, the so-called two-component theory, was 
(T.-D. Lee and C. N. Yang, A. Salam and L. Landau). 

‘(See also Nuctear Moments.) 
R a of Electrodynamics; Mesons.—In the preceding 
‘Account of the properties of the quantum theory of fields, an im- 
‘portant fact was ignored which had a strong influence on later de- 
‘VWlopments, viz., the divergences. This refers to the infinite or 
ambiguous answers to some simple physical questions which can 
beobtained from the equations of the theory. In quantum electro- 
Rina, these difficulties were almost universally attributed 
physical assumption underlying the theory, viz., that 
3 the electrons are point particles. It was well known that in 
classical theory of electrons difficulties of a similar type occur 
andare Overcome by attributing a spatial extension to the electron. 
К" theory, this spatial extension leads to modifications 
Intonly of the divergent quantities of the theory but also of the 
ке for which the point-electron theory predicts finite an- 
ANUS. Similar effects were expected in the quantum theory. 
AUS, for example, a breakdown in the theory was expected in the 
‘te E of the process in which an electron loses energy by 
ission of photons in a collision with a nucleus. When, in 
d ing between 1933 and 1936, preliminary evidence appeared 
ша 3 es in cosmic rays, with anomalously high penetrating 
f it Was tempting to explain them as electrons whose energy 
‘WMS sufficiently high that the predictions of quantum electro- 
$ 3 break down. This explanation was short-lived because 
uris айе experiments showed that there were two groups of 
{ ; one of which lost energy by radiation (as they should, 
Pim to the predictions of the quantum electrodynamics 
nti by H. Bethe and W. Heitler in 1934), while particles 
clusion B. group were far more penetrating. By 1937, the con- 


as inescapable. S. Neddermeyer, Anderson, J. Street - 


ri tevenson announced the discovery of a new particle, first 
hundred tion but later known as the meson, of mass several 
lad not p i 5 that of the electron. The laws of electrodynamics 
different о p down in the anticipated way at all but rather in a 
meson 27: they did not predict the existence and production 
i is. 
OR ated in electrodynamics, the discovery of the meson 
Had put 0 Бе а remarkable verification of ideas which Yukawa 
‘Shand jy T Ward nearly three years before in an attempt to under- 
fers fe. Origin of nuclear forces, (The term “nuclear forces” 
] those forces’ other than electrical forces which act be- 
nucleons [see Nucleus: Nuclear Structure and Nuclear 
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that v 
+e is possible, while in the Majorana theory the first decay _ 
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Forces].) Yukawa's ideas were based on an instructive analogy 
with the theory of electrical forces which will now be explained. 
Coulomb's law of electrostatics states that the force which two 
Charges e, and ey exert on one another when they are separated 
by a distance rj» is given by e;es/ri»?. There is an equally ac- 
curate, if somewhat less familiar, description of this force which 
attributes it to the exchange of photons between the two charges. 
The factor еуез in Coulomb's law then comes about because the 
ability of the first charge to emit and absorb photons is propor- 
tional to e; and that of the second charge is proportional to es. 
The value 1/r,5? proves to be a simple geometrical factor. 
Yukawa pointed out that if two particles, instead of emitting and 
absorbing massless photons, emitted and absorbed mesons of mass 
m s40, then the only essential change in the results is the replace- 
ment-of e, ез by £j, gz, two numbers which are measures of the 
ability of the particles to emit and absorb mesons, and the ap- 
pearance of a factor exp-r;s/(A/mc) in the force law, where 
В = 1,06 X 10727 erg sec. is Planck's constant divided by 27, and 
€ = 3.0 X 10! cm./sec. is the velocity of light. This latter fac- 
tor is important because it makes the force fall off much faster 
with increasing rj». Stated briefly, the forces which would arise 
from the exchange of mesons of mass m have a range which is 
approximately й/тс, a length which is called the Compton wave 
length of the meson. For m of the order of magnitude of a few 
hundred electron masses, k/mc is of the order of magnitude of 
10718 cm., which is that observed for nuclear forces. Although it 
was difficult to build Yukawa's ideas into a quantitative theory 
of nuclear forces, the ideas were accepted almost universally as 
giving a qualitative account of these forces. 

Yukawa also remarked that nuclear fj radioactivity could be 
accounted for if the meson were unstable against decay into an 
electron and a neutrino. The f decay of the neutron is then а 
two-step process. The neutron first emits a negative meson and 
becomes a proton. Then, the negative meson decays into an elec- 
tron and a neutrino, It was therefore a second success of the 
theory when in the late 1930s it was shown that mesons reaching 
sea level were less intense when they arrived at large angles with 
the vertical, even if the stopping effect of the atmosphere was 
taken into account. The phenomenon was interpreted as being a 
result of meson decay in flight from the region 50,000-100,000 ft. 
above sea level, where the mesons were presumably produced. 
The value of the half life of a meson derived from this experiment 
was a few millionths of a second. 

The mesons introduced by Yukawa were positively or negatively 
charged and of spin zero. (According to quantum mechanics, an 
elementary particle can have an intrinsic angular momentum or 
spin which is in magnitude some integer or half-odd integer meas- 
ured in units of л. Reference has been made to the spin of the 
electron, which is 4. Neutrons and protons also have spin 4, 
while photons have spin 1.) A theory which described the inter- 
action of spin-zero particles with the electromagnetic field had al- 
ready been published by Pauli and V. F. Weisskopf in 1934. The 
years between 1935 and World War II saw a turbulent develop- 
ment of meson theory for charged and neutral mesons of spin 1 
and spin 0. Probably one of the most significant developments of 
the period was the development by N. Kemmer of the charge 
symmetrical theory. In this theory, the interaction of nucleons 
with charged mesons is so related to their interaction with neutral 
mesons that the resulting nuclear forces are the same between 
proton and proton, proton and neutron, and neutron and neutron, 
Such nuclear forces are referred to as charge independent, and 
subsequent developments confirmed the idea that charge independ- 
ence is a basic symmetry property in nature. 

The basic divergence difficulties referred to previously in con- 
nection with electrodynamics turned out to be even more acute in 
meson theory because the dimensionless number g2/hc, which 
measures the strength of the meson-nucleon interaction, is much 
larger than the corresponding one in electrodynamics, e?/hc, which 
is approximately ły. (The constant g is called the coupling 
constant; it has the dimensions of electric charge and plays an 
important role in meson physics.) The simple approximation 
methods based on the smallness of e?/hc could scarcely be expected 
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to work in meson dynamics. Practically none of the quantitative 
calculations in meson theory undertaken during this period are of 
more than historical interest, since they were carried out in strict 
analogy to calculations in electrodynamics. On the other hand, 
the success of the electrodynamical calculations of the period 
deepened confidence in the essential validity of the theory. For 
example, J. Carlson and J. R. Oppenheimer and H. Bhabha’ and 
W. Heitler (1934) independently demonstrated how the cascade 
phenomenon of photons and electrons in cosmic rays could be inter- 
preted аз-а chain of events in which high-energy photons make 
pairs and the electrons of the pairs make photons in colliding with 
nuclei. 

The developments of this period illustrate a point which has not 
been emphasized in this summary account—the immensely fruitful 
connection between the theory of elementary particles and the 
study: of cosmic-ray phenomena, In the mid-1950s there were 
only eight elementary particles known which had not been identi- 
fied first in cosmic radiation (see Cosmic Rays: Particles Dis- 
covered in Secondary Rays). However, it also became clear about 
that time that the giant particle accelerator would eventually 
replace the cosmic-ray beam except for studies of very high- 
energy events. Of course, the cosmic rays retain their astro- 
physical and cosmological interest. 

Postwar Developments; т and y Mesons.—At the end of 
World War II physicists returned with renewed vigour to the 
problems which had been left unsolved before the war. One of the 
first significant developments (an apparently stunning blow to 
the Yukawa theory of mesons) was the experiment of M. Conversi, 
E. Pancini and О. Piccioni on meson absorption (1947). Accord- 
ing tó Yukawa's theory, negative mesons stopped in ordinary solid 
materials would be absorbed very rapidly by nuclei long before 
they could decay. The Conversi-Pancini-Piccioni experiment 
showed that for a nucleus with about ten protons, decay and ab- 
sorption were equally probable, a result disagreeing with the ab- 
sorption rate calculated from Yukawa's theory by a factor of 1012. 
Numerous suggestions of varying plausibility were made: to save 
the theory. The one which proved to be correct was the two- 
meson hypothesis of R. E. Marshak (1947): the mesons observed 
at sea level were not Yukawa mesons but were weakly interacting 
decay products of the true Yukawa particle, which. is produced 
copiously in nucleon-nucleon collisions high in the atmosphere. 
Shortly thereafter C. Lattes and co-workers turned a plausible 
explanation into an important discovery by publishing pictures of 
positive particles (т * mesons) which decayed into one positive 
particle (u^. meson) and one neutral particle (v) according to 
the scheme т* —> + v: Later cloud-chamber experiments by 
a number of workers (see CLOUD CHAMBERS) showed that the 
ut decays into an e* and two light neutral particles: gt — e* + 
v-4- v. 

The discovery of the т? meson was made using a specially pre- 
pared photographic emulsion sensitive to the passage of charged 
particles. These so-called nuclear emulsions proved to be one of 
the most powerful tools of that period in the search for elementary 
particles, Their use became a-highly refined art. (see Cosmic 
Rays: Methods of Detection). Two important later innovations 
were electron-sensitive emulsions and stripped emulsions. Elec- 
tron-sensitive emulsions are so sensitive that they record the 
tracks of all charged particles, even those of minimum ionization. 
The phrase "stripped. emulsions” refers to a technique for ex- 
posing emulsion in а more or less solid block and then putting it 
in layers on glass backing for processing and study. The discovery 
of the т* and the w* mesons was followed shortly by systematic 
studies of their negative counterparts, r7 and &-, by means of 
the nuclear disruptions or "stars" which they cause when absorbed 
in photographic emulsions. р 

In the decays of тапа и mesons (often called pions and muons), 
neutrinos have been indicated as the neutral reaction products. 
All ‘that actually was proved experimentally was that they are 
of small (but not necessarily zero) mass, zero charge and half- 
odd integer spin. Only in the 1960s was it shown that two different 
kinds of neutrino exist. -The next few paragraphs follow the his- 

tory of the period in which the two kinds were not distinguished. 
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The decay of the и meson into three particles naturally sug 
-a comparison with the neutron decay. A number of тун 
plored the possibility that а theory analogous to Еегтіз t Li 
of B decay could describe p-meson decay quantitatively, They oj. 
tained the remarkable result that the basic rate constant (Fern 
constant) is of the same order of magnitude as in nuclear B deca 
The discussion of the reaction L7 + p — n + v, which accounts 
for the absorption of u^ mesons by nuclei, led {оа similar соу 
clusion. The equality of these three Fermi constants led to speqy. 
lations about the! possibility of a universal Fermi interaction be. 
tween spins} particles. Ten years later (1956-58), after a seri 
of spectacular experiments оп -meson decay and 8 decay, it he 
came possible to single out a specific type of universal Fermi in 
teraction’ which has continued to pass every experimental tes 
(R. Marshak and Е. С. G. Sudarshan, К. Feynman and M. Gi. 
Mann). 

The successful operation of the synchro-cyclotron at Berkeley, 
Calif., in 1948 and of a. number of other particle accelerators al 
other places in subsequent years made possible a variety of experi 
ments with momentum-analyzed high-intensity beams of т meson, 
of which only a few will be mentioned. 

An analysis of the y radiation from a cyclotron target led. 
Björklund and collaborators in 1950 to the discovery of the 2 
meson. The y radiation was interpreted as resulting from th 
decay 79 — y +y: The existence of such a process had bem 
strongly indicated previously by cloud-chamber studies of cosmit 
rays. 

Experiments on the absorption of т mesons in hydrogen ledio 
a great deal of information about 7 and z^ mesons. W. Panofsky 
and collaborators (1951) observed the reactions: 

--Fp nv 

wo pon + т 

T +d—>2n 

T +d—-2n+y7 
The second reaction gave a value of 10 electron masses for the 
#7, т® mass difference. The third reaction showed that if the” 
meson has spin zero it is pseudoscalar. (In explanation of thi 
last term: there are two kinds of spin-zero mesons, which dife 
in their transformation properties under inversion of all sut 
co-ordinates, For one kind, the scalar, the third reactions n. 
possible for r7 mesons in the lowest orbit around a deuteron 0) 
For the other kind, the pseudoscalar; the third reactions por 
sible.) $ 

The spin of the т* meson was measured as Zero by des 

the rates of the inverse reactions ttd = p + p in experiments I 
D. Clark and co-workers and by К. Durbin’ and collaborato 
(1951). w 
Systematic measurements on the scattering of r mesons by " 
cleons were initiated by Fermi and associates, whose study 0 
angular distributions and'total cross sections of the reactions 


at + p—x* p (scattering) 
x + pz +p (scattering) h 
a+ p" + п (charge-exchange scattering) 


showed that there was a remarkable resonance in the psi 
meson scattering and.a lesser опе-їп the negative-meson ® 
ing. 

The availability of даќазої this kind together w! 
mation on the reactions y + p—>n-+a* and Y + wi ind 
furnished by’ workers at the California and Massachus "s 
tutes of technology, the University of Illinois and Corn E 
sity led to anew era in meson theory. Heroic efforts d 
to extract well-defined and physically sensible answers ёї 
the relativistic theory or from models which embodied > оў 
sential features of the relativistic theory. The result was P 


ith similar i 


be blamed on lack of: progress in understanding the nae sd 


the quantum field theory as later described. Possi d у 
important result of the analysis was the support "un co 
ne 


for the charge-symmetrical theory already mentio 
tion with the charge independence of nuclear forces: petore 
K Mesons, Hyperons and Antiprotons.—EVven 
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CHART 1.—THE LIGHT PARTICLES 


Mases are given in units Mev/c? = 1.8 X 10-2" g. Charges are in units of the 
ileotron charge; e = 4.80 x 10-10 electrostatic units. “Spins are in units of 
Planck's constant divided by 27: h = 1.06 X 10-27 erg sec. Masses and mean 
{ives have been rounded off 


discovery of the т meson, isolated cloud-chamber photographs had 
been made which were best interpreted as showing particles dis- 
tinct from those discussed so far. Two extremely clear events of 
this kind were found by G. Rochester and C. Butler in 1947. The 
pictured events were interpreted as the decays of two new parti- 
des, one neutral and one charged, which came to be known as V 
particles because of the characteristic appearance of their decays 
in a cloud chamber. Over a period of years further detailed 
studies, using both cloud chambers and photographic emulsions as 
particle detectors, showed that a number of different decay modes 
were involved. In some cases these modes were naturally ascribed 
loa single particle, in others they were not. 

The new particles were divisible into two classes: the K mesons, 
ja mass is between that of the т meson and the proton; and 
ү, whose mass is larger than that of the proton. In the 
ist category are particles that undergo these decays: 


К! (or Ke) + у- X: ad papa 


то L atl xtd at‏ اچب 
rt tam + то Sein‏ 
adhd at wo bd эи +»‏ 
me Һу фт? — ut HH ty‏ 
wit + WF ae tatty‏ 


E the second category are the A?, the X* and 3°, and the =~ 
¢ so-called “cascade” particle) and =° hyperons, which decay 


as follows: 

M pt ae IU 

A nt xf уо Ao + y 

E*— pt то Boos AP ae 

I ен E» лофе 
bye interesting and informative phenomenon connected with 
i ns was discovered by M. Danysz and J. Pniewski (1953)— 


1 PPerfragments, Thes 
j e ob- 
hae Nuclei formed of nucle- 
gether with a до hyperon, 


CHARGI REST MASS. 
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1,300 
1,200 


е $ 

Pu "d of hyperfragments tooo 
Bh it ҮШҮН not only on the E: 
iis e A^ hyperon and its 5 
à 101 with nucleons but also co 

д Structure of nuclei. 

Be pn lives of the K mes- 3 
above ra ушы described аю 
tose d тот about 1078 sec, Ж 
0 


a short tir Although these are 


Of everyday lite by the standards -ı ° E 
aby long yg, ч are exceed- CHART 2.—MESONS, THE STRONGLY 
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tem mt + p which gives the resonance in the scattering of т+ 
mesons by protons lasts about 10723 sec, This relative stability of 
the K mesons and of the hyperons is one of the basic facts which 
any theory of elementary particles has to explain. 

The question of how many different K particles there are re- 
mained unanswered for a number of years. An analysis by R. 
Dalitz of the energy distribution of the т mesons appearing in the 
reaction K * — r++ 7* + т indicated that a spin-zero pseu- 
doscalar K gave the best fit. Experiments on neutral K decay 
showed that the reaction K* — т + то occurs, which indicates 
that K* is not pseudoscalar. Nevertheless, the masses’ of the 
particles undergoing the decays seemed very close to the same. 
(This was referred to as the 7-0 puzzle, the three-pion mode of 
decay being denoted by 7 and the two-pion mode being denoted 
by 6.) The solution to the difficulty was suggested by Lee and 
Yang (1956). It had been assumed in the analysis of the decays 
that all the usual conservation laws of physics hold. Lee and Yang 
proposed that parity, the quantum number arising from the sym- 
metry of the laws of nature under reflections, is not conserved in 
the reactions. They further suggested that similar failures in the 
law of parity conservation might take place in other weak inter- 
actions, such as nuclear f decay. Their proposal for a test of this 
idea in nuclear В decay was triumphantly verified by C. S. Wu 
and co-workers (1957). Other experiments (R. Garwin and co- 
workers, and J. Friedman and V. Telegdi) showed that parity is 
not conserved in y-meson decay, and that the failure of the law of 
parity conservation is an essential feature of the weak interactions 
(see Table II). (See PARITY, Law or CONSERVATION OF.) 

The study of K mesons and hyperons was greatly aided by two 
research tools: accelerators capable of producing protons of en- 
ergies in the range of billions of electron volts; and the bubble 
chamber (see ACCELERATORS, PARTICLE; BUBBLE CHAMBER). 

Accelerators made available intense beams of the particles to be 
studied. In addition, the 6-Bev bevatron at the University of 
California at Berkeley made possible the discovery of the anti- 
proton (see Proton). In 1955 Emilio Segrè, Owen Chamberlain 
and co-workers published convincing evidence of the existence of 
that long-awaited elementary particle. The existence of the anti- 
proton requires the existence of the antineutron and a whole tribe 
of antihyperons. It opened an entire new field for experiment. 

The bubble chamber was invented by D. Glaser in 1952. It is 
a liquid-filled vessel which can be expanded periodically to the 
point where the liquid starts to boil. If a charged particle happens 
to pass through the liquid just as the boiling is about to begin, 
the bubbles form along the track of the particle. An advantage of 


‘the bubble chamber compared to the cloud chamber is that it con- 


tains much more matter for the same volume, therefore giving a 
much larger number of nuclear events per photograph. 
Renormalization; Dispersion Theory.—As has been men- 
tioned in connection with the discovery of mesons, divergences 
can appear in the answers given by electrodynamics to very sim- 
ple physical questions. In the late 1940s great progress in over- 
coming these difficulties was made by S. Tomonaga, J. Schwinger, 
R. Feynman, F. Dyson and others. Their contribution was two- 
fold. First, they reworked the formalism of electrodynamics, 
using methods which made calculation and insight much easier. 
Second, they showed that the divergences appearing in physical 
quantities were all direct or indirect consequences of two funda- 
mental divergences, those in the corrections to the mass and charge 
of the electron arising from its interaction with photons. If the 
corrected mass and charge were set equal to the observed mass 
and charge of the electron (a process called mass and charge re- 
normalization), all answers to physical questions become finite. 
Actually, much of this advance in theory was stimulated by two 
fundamental experimental discoveries: the anomalous gyromag- 
netic ratio of the electron and the Lamb shift. In experiments 
carried out in 1947, P. Kusch and H. Foley showed that the value 
of the electron’s spin magnetic moment was not eh/2mc (e is the 
charge on the electron, m is its mass, ¢ is the velocity of light 
and № is Planck’s constant divided by 27) as was predicted by 
Dirac’s 1928 theory of the electron but eh/2mc (1 + €), where € 
is à very small but nonzero quantity. (The quantity 2[1 + e] is 
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called the gyromagnetic ratio.) Later measurements (D. T. Wilkin- 
son and H. R. Crane, 1963) gave e = 0.001159622 + 0.000000027. 
At about the same time, W. E. Lamb, Jr., measured the position 
of the energy levels of hydrogen and found a shift from those 
predicted by Dirac’s 1928 theory. It had been known from the 
1930s that the hole theory predicted corrections to Dirac’s original 
values for both these quantities, but, unfortunately, divergent ones. 
The existence of these experiments was an enormous incentive to 
make some sense out of the predictions of the theory. After this 
had been done in a more or less ad hoc way for these particular 
experiments, it was extended to the general theory described above. 
The detailed comparison with experiment gave excellent agree- 
ment, For example 

_ «03286 


2 
T 


= 0.001159615 where a = е?/йс 


(Schwinger, 1947; R. Karplus and N. Kroll, 1950; C. Sommer- 
field and A. Petermann, 1957). 

The renormalization process was successfully extended from 
electrodynamics to meson theory by J. Ward, A. Salam and others 
(1951). They showed that renormalization of nucleon mass, 
meson mass, coupling constant (g) between nucleons and mesons, 
and a meson scattering constant would be sufficient to yield finite 
answers for all physical quantities. Unfortunately, it turned out 
that these results were of little practical value because the entire 
method was based on expansions of the quantities involved as a 
sum of terms proportional to the powers of g*/hc; for the large 
value of g?/hc necessary to describe т mesons it is doubtful 
whether the sum has a finite value. The situation is different in 
electrodynamics, where e?/hc is small, and the first few terms are 
a good approximation. 

The remarks of the preceding paragraph are indications of a gen- 
eral difficulty. The success of renormalization represented great 
progress in quantum field theory but it did not go far enough. It 
did not permit elimination of the manipulation of infinite quantities 
completely from physical calculations. In fact, it left open the 
question as to whether a quantum field theory could be formulated 
without any divergences at all. Frontal attacks on this problem 
made little progress in the 1950s. Instead most of the effort of 
theoretical physicists went into a development called dispersion 
theory, described below. 

The quantitative description of the collision of elementary par- 
ticles is in terms of scattering and production amplitudes. These 
are complex-valued functions of the parameters describing the col- 
lisions (energy of particles, angle through which they are scattered, 
and so оп). The square of the absolute value of the function gives 
the probability of the collision. Dispersion theory makes two 
kinds of assertions about such amplitudes. First, it makes the 
qualitative assertion that they are analytic functions (see FUNC- 
TION). This is a strong restriction on the kind of behaviour the 
function can have. Second, it makes quantitative assertions; e.g., 
that the real part of the function is equal to a certain integral trans- 
form of the imaginary part. Such an equation is usually called a 
dispersion relation because the first examples in physics occurred 
in the optics of dispersive media. In that case the function in 
question is the complex refractive index of the medium as a func- 
tion of frequency of light and the dispersion relation connects the 
real part of the refractive index with the imaginary part which is 
essentially the absorption coefficient of the medium. It was first 
shown by H. A. Kramers in 1927 that this relation is a consequence 
of the principle that signals cannot be propagated faster than the 
speed of light. К. Kronig (1946) suggested that similar relations 
ought to hold for the amplitudes describing collisions of particles. 
There were a number of attempts to carry out Kronig's suggestion, 
but it was M. L. Goldberger, Gell-Mann and W. Thirring (1954) 
who first succeeded in relating dispersion relations directly to quan- 
tum field theory. Within a few years dispersion relations had been 
found for a large number of collision processes. Although in its 
modern form it was sired by quantum field theory, dispersion 
theory soon developed a technique and an outlook independent of 
its starting point. From the middle 1950s on, most efforts at 
quantitative description of elementary-particle reactions were 
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worked out in the language of dispersion theory, 
Most dispersion relations contain quantities (the analytic m 
tinuations of amplitudes) that are not directly observable, Hoy. 
ever, there are dispersion relations that contain only obse; 
quantities. These provide valuable support for the ideas of & 
persion theory since they are in good agreement with experiment 
Strangeness Quantum Numbers; Resonances; Symmetry 
Groups for the Strongly Interacting Particles.—While diy 
persion theory aimed at a full quantitative description of eleme. 
tary particle collisions, there were other more phenomenological 
approaches to elementary-particle theory. A striking success ql 
this line was the introduction of a new quantum number, thy 
strangeness, to explain the relative stability of hyperons апі 
mesons and related regularities. Gell-Mann, K. Nishijima an 
A. Pais were associated with these developments. The strangens 
number is an integer (positive, negative, or zero) associated wih 
certain elementary particles according to Table I. The scheme 


TABLE I. Strangeness Quantum Numbers of the Long-Lived Stronjly 
Interacting Particles* 


-3 -2 -1 0 m 
аа ао НЕ 
к-, К° 


The antibaryons 7, m, A°, Z°, B+, Z°, E*, 0% should also be long-lived. 


assumes that neutral K mesons are associated in pairs, with tt 
Ко meson of strangeness —1 being the antiparticle of Ко whit 
is of strangeness +1. 

The assumption that strangeness is conserved implies that int 
collision of two nucleons or a nucleon and a т meson the strang 
ness of the K+ and Ко particles produced must, balance with thal 
of the particles of negative strangeness. For example, 122 
A? + К is possible but p+ p— X* + p is forbidden. Тш 
only associated production of hyperons and K mesons 1$ possil. 

The strangeness conservation law is not exact because K meson 
and hyperons decay into particles of zero strangeness, but at aralt 
characteristic of weak rather than strong interactions; ie, mtl 
lives of the order of magnitude 10—19 sec. are typical rather 
the 10723 sec, which might be expected from а strong decay: 

By the late 1950s it seemed that the experimental situation 
settled down and that the strongly interacting particles were pit 
cisely those listed in Table I (with the exception of t 
There were also several resonances such as the one In the 7 
system already mentioned above in connection with the wor E 
Fermi and co-workers, but such resonances were not generally | 
garded as elementary particles, At this point there began 4 
of experimental discoveries which made it clear that there if” 
whole family of such resonances. The viewpoint became WA 
spread that the resonances had no less claim to be elementary} 
ticles than the particles of Table I even though their meee 
are typically 1013 times shorter than those of such parti F. 
A9 апа X*. A typical, and the first, experiment leading 
resonance with strangeness different from Zero was 
M. H. Alston and co-workers (1961) who studied the 1# 

K + p54 Fr j к 
їп a hydrogen bubble chamber. They found а cor 
tween the energy of the т? and r7 that could only be щу yl 
in terms of the reaction K7 + p  Y4'* + тё шоа 
decays Ү,'= — A® + т. The full complexity of the? 
of resonances is evident from Charts 2 and 3. Note E 
tinction made above between mesons and hyperons hens 


mass less than that of the proton) has had to be aban 
d? and f? mesons have mass greater than the proton. er Yd 
As the spectrum of resonances gradually unfolde y for 

succession of attempts to provide a theoretical таер 
description. Тһе most successful of these as of ihe 1 
the so-called eightfold way of Gell-Mann and Y. Ne eae th 
There are two essential ideas involved. The first 15 Шаа 
mental strong interaction consists of а dominant рат 


symmetrical, a weaker part that is very symmetrical, 
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CHART 3.—B8ARYONS, THE STRONGLY INTERACTING PARTICLES OF MASS 
NUMBER +1, AND ANTIBARYONS, THOSE OF MASS NUMBER —1 


The notation used for baryon resonances has the lostopic spin as-subsoript and the 
9 as superscript. Where this leads to ambiguity one may append the mass, 


Thus the two Y? triplets are written Y? (1385) and Y; (1660) 


part that is less symmetrical. If the dominant part alone were 
present, all baryons would have the same mass and all mesons 
Would have the same mass, The weaker part of the basic inter- 
Action is less symmetrical, and its lack of symmetry results in the 
Lm of the baryons and hyperons into the observed mass spec- 
Tum. (The eightfold way has this idea in common with half a 
Ps previous theories that failed to account for the facts.) ‘The 
nd essential idea is that the symmetry is expressed in a very 
[н Way: there is a family of transformations that leave the 
(see did part of the strong interaction invariant and form a group 
8 Ыр called 503. SU; consists of all 3X 3 unitary ma- 
ids of determinant one. The weaker part of the strong inter- 

n has a Specific transformation law under SU3. 
Шү, two principal consequences of these assumptions are that 
ila Mass spectrum should be grouped into supermultiplets 
Or ete, ing 1, or 3, or 8 (whence the eightfold way), or 10, or 27, 
» Particles all of the same spin and parity, and that within the 
(Gem Pet the masses should be described by à simple formula 
ann, Okubo mass formula) depending on the isotopic spin 


ind К 
б ателе of the particles. Examples of supermultiplets_of 
Ko Res (octets) are the eight mesons т+, 7°, 7^, K*, Ко, 


, \ Ке, Ко, 
The rn and the eight baryons p+, n°, ЛО, SUP жола uU ET 
еар а likely candidate for a supermultiplet of ten particles 
ct) consisting of the four Nj particles, the three Yj, 


and . 
the two =» but the tenth particle of strangeness —3, later 


Filled the a= ? 
0 was missi ul: dicted that the 
Mass ; Was missing. The mass formula pre 
mud be about 1,680, - Consequently, its decay should be by 
S 
Q-—-[s--Z* 
K-+A° 
т +57 
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(It does not have enough mass to decay into K°-+ #7.) Since 
these reactions violate strangeness conservation, Q^ should be an 
addition to the list of long-lived particles. Its discovery in 1964 
at Brookhaven National Laboratory was a spectacular success for 
the eightfold way. 

Another major advance of 1964 was the discovery by J. Christen- 
son and co-workers that in the decay of neutral K mesons, proc- 
esses take place that violate the conservation of CP (this is the 
operation of inverting space coordinates followed by interchange 
of particle and antiparticle). This left as the only surviving can- 
didate for an exact inversion symmetry of nature, TCP, which in- 
volves in addition the reversal of the direction of motion. 

Conserved Currents; Intermediate Bosons; High-Energy 
Neutrino Physics.—An important notion that played a large role 
in the description of the strong interactions and their relations to 
the weak interactions is that of a conserved current. It was first 
used in this connection in the work of S. S. Gerstein and Y. B. 
Zeldovitch, and of Feynman and Gell-Mann who were trying to 
understand the finding that the coupling constant which determines 
the rate of decay of the д meson и — e + > + v is the same as the 
coupling constant for the decay of the neutron t> p + e^ +7. 
The problem is to explain how it is that the strong interactions 
(which affect the м and p in the latter reaction, but none of the par- 
ticles in the former) do not make the rate of the two reactions dif- 
ferent, The explanation given can be understood by analogy with 
the case of the charges of particles. That the charges of all elemen- 
tary particles are integer multiples of the same basic charge (even 
though some of the particles are strongly and some only weakly 
interacting) is a consequence of the conservation law of electric 
charge and current. Similarly, if the e^ and 7 in the decay of the 
neutron are coupled to a conserved current, the equality of the 
above-mentioned rates can be accounted for reasonably well. 

Once the important role played by conserved currents in strong 
and weak interactions was recognized it was natural to try to ex- 
tend the analogy further with electromagnetism. "The conserva- 
tion law of electric charge and current is associated with the exist- ` 
ence of a field describing the photon. Are these analogous fields 
and particles associated with the other conserved currents? Such 
objects are customarily called intermediate bosons, and a major 
preoccupation of the mid-1960s was the search for experimental 
indications of their existence or nonexistence. 

With the advent in the early 1960s of the great proton accelera- 
tors at the CERN laboratory in Geneva, Switz., and in Brookhaven, 
N.Y., a whole new class of experiments became possible; ex- 
periments with high-energy neutrinos, This led to the impor- 
tant discovery that the neutrinos resulting from the decay of the 
meson cannot produce the reaction v + p— n -- e*. Thus 
one was forced to distinguish between v, and v,. Both are particles 
of mass zero and spin J with their spins directed opposite to their 
velocities. On the other hand the antiparticles 7, and P, have 
spins directed along their velocities. These statements about the 
relative direction of spin and velocity are summarized in the no- 
tation: v, and v, have helicity —1, 7, and y, have helicity +1 (see 
Chart 1.) The same experiments were consistent with the idea 
that the neutrino appearing in K decay is identical with that ap- 
pearing in т decay. This would be natural if the т and K belonged 
to the same supermultiplet. і 

What Is an Elementary Particle?—The phenomena de- 
scribed in the preceding paragraphs are complex and full of regu- 
larities, ‘The fragments of theory described bring some semblance 
of order into various parts of the experimental material but they 
do not constitute a systematic quantitative theory. They indicate 
that there is a hierarchy of interactions and symmetry groups, the 
weakest interactions being the least symmetrical (see Table II). 
There is no rational explanation for this. Running through the 
theoretical speculations since World War II has been the idea 
that the observed particles are not really elementary but merely 
the states of some underlying simple dynamical system (Urma- 
terie), Such speculations had not led very far by the 1960s. 1f 
they are expressed in the language of field theory, they suffer from 
the usual divergence difficulties. 

Another line of speculation starts with general relativity and 
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TABLE II.—Validity of Conservation Laws Under Various 
Types of Interaction 


Г —— 
Strong 
Conservation law Symmetry- | “аш ж Weak 
Dominant реак lar ter oe 
part part 

Linear momentum . 
Angular momentum | holds holds holds holds 
Energy E 
Charge . .| holds holds holds holds 


Heavy particle number* 

= Baryon number .| holds holds holds holds 
= Mass number A 

Parity (P) . а holds holds holds fails 
Charge conjugation (C) holds holds holds fails 
Time inversion (Т). holds holds holds fails 
CP orf АК holds holds holds holds 
Isospin | holds holds fails fails 
Strangeness ; holds holds holds fails 
SU: symmetry holds fails fails fails 


* = (Number of baryons) — (Number of antibaryons). 


the theory of gravitation, subjects that have not been touched here 
because no one has succeeded in connecting them with elementary 
particles, 

What is an elementary particle? A provisional phenomenologi- 
cal answer is given by Charts 1, 2, and 3. A more satisfactory 
and fundamental answer would be provided by a quantitative the- 
ory, which as yet does not exist. 

‘See also references under "Particles, Elementary" in the Index. 

ВївїлобкАРнү.—М. Gell-Mann and E. P. Rosenbaum, “Elementary 
Particles," Scientific American, vol, 197 (July 1957) ; R. D. Hill, Track- 
ing Down Particles (1963); R. K. Adair and E. C. Fowler, Strange 
Particles (1963); K. W. Ford, The World of Elementary Particles 
(1963) ; G. F. Chew, M. Gell-Mann, and A. H. Rosenfeld, "Strongly 
Interacting Particles," Scientific Americam, vol. 210 (Feb. 1964). 

(A. S. Wy.) 

PARTNERSHIP, in general, any voluntary association of two 
or more persons for the purpose of gain, and to manage and share 
profits (or losses) in a business enterprise. Partnerships that have 
many members, with transferable shares, are called joint stock as- 
sociations; those that exist quite informally between only two or 
three persons, perhaps to accomplish but a single transaction, may 
be called joint ventures. Partnerships are to be distinguished 
from clubs, societies, leagues, circles, and the like, which, not 
being for profit, are put in a separate legal category; also from 
the business corporation, which may be organized only as per- 
mitted by statute, The significance of these distinctions will ap- 
pear from the following account. 

The early English law of partnership was written piecemeal by 
the courts, according to the common-law tradition, as cases came 
before them for decision. Though there was occasional legisla- 
tion on particular matters—Bovill's Act (28 and 29 Vict., c. 86), 
for example, was passed to remove certain difficulties arising from 
the decision made in 1860 in Cox v. Hickman (see below)—the 
structure was in the main the work of the courts. While many 
English judicial findings were based on the earlier Roman law, the 
English system, as it evolved, came to have significant differences, 
In 1890, Parliament passed the Partnership Act, mainly to give 
orderly statement to the prior case and statute law. The act ap- 
plies, with few modifications, to the whole of the United King- 
dom. 

In the United States much the same course was followed. The 
early courts, however, relied more heavily on prior English deci- 
sions than on Roman law for their precedents. Both the courts 
and the several state legislatures, moreover, felt themselves free, 
when faced with new (or supposedly new) conditions, to formu- 
late new law for the occasion. Thus, by 1914, when the Commis- 
sioners on Uniform State Laws proposed the Uniform Partnership 
Act, there had come to be numerous diversities in the laws of the 
various states which the act, drafted by William Draper Lewis, 
was designed to remove. In the main it was patterned on the Eng- 
lish act, but several important changes were made to codify dif- 
ferent rules, especially when these were well conceived and had 
become established in a number of states. Ву the 1960s the Uni- 
form Act had been adopted in about three-fourths of the states. 

Both the English and the U.S. partnership acts are best con- 

strued in the light of their common-law background. The English 
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act defines partnership as the “relation which subsists between 
sons carrying on a business in common with a view of profi”. li 
Uniform Act is similar, but—to resolve a conflict in the prior, 
law—it insists also on a showing of co-ownership, thus: “to 

on as co-owners a business for profit." Of course, CO-OWnerd 
alone will not make for partnership; there must also be a "car; 
on" of a “business” for “profit,” as those terms have been usi 
in the cases. But it is even doubtful that co-ownership should b 
made a general test of partnership, for, although most profit еди, 
prises do have property held in common, some do not. The р 
may not be critical, however, for the courts, by treating such lille 
associations as “joint ventures,” have usually reached the same 
results as if they were full-fledged partnerships. 

The key to partnership, plainly, is the agreement (tacit or fur. 
mal) to share profits. Partners are at once proprietors and alo 
agents of their co-partners, when the usual rules of agency apply 
(see AcENCY). Thus, not only is each partner individul} 
liable to third persons for those obligations which he incurs for hy 
firm, but he is equally liable for those incurred by his co-partnen 
when they are acting within the scope of the firm's business, Ti 
early cases, moreover, placed this liability on the same grounds 
that underlying the agency-law doctrine of respondeat super 
(principal’s liability for the acts of his agent). Thus, in Waughy. 
Carver, 1793, the court said: 

He who takes a moiety of all the profits indefinitely shall, by op- 
tion of law, be made liable to losses, if losses arise, upon the prindpk 
that by taking a part of the profits he takes from creditors a part of 
bn fund which is a proper security to them for the payment of thet 

е! j. 


Of course, if a partner, from his personal assets, has paid or beet 
required to pay creditors of the firm, he may have contributia 
from his co-partners, either equally or on such basis as may hart 
been agreed upon. Plainly, though, if his co-partners have le 
come insolvent or have left the jurisdiction of the court, this rt 
edy may turn out to be inadequate. But the alternative of re 
stricting a partner's liability to third persons on a pro rata ba 
or of limiting it to the property held in common, never gi 
foothold in the common law. The most that the early law did ms 
to require the creditor to join as defendants all partners when 
sued to recover upon a partnership obligation. But it was 000 
clear that this—except for its nuisance value as a delaying tatê 
was ever of much help to an individual partner. Neverthe 
both the English act and the Uniform Act treat partnership oblige 
tions as joint; only tort (q.v.) liabilities are joint and several, 

Not all sharing in profits, however, makes for partnership. " 
in Cox v. Hickman, 1860 (8 H. L. Cas. 268), it was held t 
composition agreement between creditors of an iron wor 
which managers were appointed to conduct the business ani 0 
creditors from any profits) did not constitute a partnership. 
Cranworth, one of the five law lords sitting, said that to P 
that the directors of the Midland Railway Co., a creditor for © 
£39, could imagine that they were making themselves а 
absurd. In the wake of this case a number of exceptions deve ا‎ 


1 
which later gained recognition in the partnership acts. ТВ] 
ts without bee 


s, and employ 
rs sa 


the case may be, with similar immunity. й 
to draw a line here, since a landlord, for example, has gi и 
over lessee operations than а general partner would ha 
perhaps the courts also felt that exception sho 
matter of policy to encourage capital. pare 
Partnership Compared with Corporation.—The al 
ship differs in theory from the business corporation E 
latter is viewed as a legal person, separate and apart from 
holders. (See also COMPANY; CORPORATION.) 
on the other hand, is generally regarded (Scot ed 
trary) as merely an aggregation of persons doing busin pave 
common name. In the U.S., the courts in a few states dd 
inclined to the entity view, but when the Uniform Act w " é 
it adhered generally to the aggregate theory, 1 age] 
the English act. This difference in concept has prac 


we; Thus, since in theory it is the corporation which deals 
h third persons, it follows that the corporation and not the 
«holder is liable to creditors. Of course, partners also could 
‘eve limited liability by contract (though not as to torts), but 
hey seldom do so; third persons often trade largely on the credit 
{the partners and would not readily agree to look only to firm 


[. ‘There are other consequences. One, the difficulty of taking title 
preal property, is easily solved. That is, while title may not be 
"Bim in the partnership name, since the firm is not a legal person 
‘Vand it would often be impractical to convey to all the partners 
jo Шу), it is possible to convey to a trustee, who will hold title 
for the benefit of the firm. Again, there is the problem of suit. 
the firm is not a person it may only sue or be sued in the 
E of the several partners. But here too there are solutions, 
“Inthe U.S., several states permit suit to be brought against the 
, with service on an officer, but execution in such case may be 
id only against firm property. An alternative, useful in the case 
"of large partnership associations, is to bring a class suit naming 
Е a few partners; here it is possible eventually to reach both 
individual and firm assets. 
Other advantages of incorporation are not so easily attained. 
Corporations are usually organized to have perpetual existence, 
though they may be dissolved upon vote (usually two-thirds or 
mor) of the shares. But partnerships may be dissolved at any 
| fhe upon withdrawal of a partner, and by operation of law they 
-ire dissolved upon the death of a partner. It is possible by con- 
(ш (the Uniform Act has a provision on the point) to require 
3 ‘Withdrawing partner to leave his capital contribution in the busi- 
E the end of the term, and a similar arrangement may be 
made in the case of dissolution by operation of law. Dissolution 
May be avoided by issuing transferable shares, but this device is 
| feasible except with a large organization, where, as in the case 
Ma corporation, operating control can be centralized in a board of 
ers, 
In the usual partnership, however, each general partner has 
р | power to act for the firm as he thinks best in carrying on its 
005 in the usual way. This is both a strength and a weak- 
M. x "ey for prompt action, but it is difficult to iia by 
i ent or majority vote. For, as to third persons who do not 
у (or have reason to know) of such limitations, each partner 
Continues to have full power to commit the firm within thé scope 
ofits business. ‘Thus it plainly would not do to have new partners 
duced into such a firm by assignment, nor does the law sanc- 
ita partner may assign his interest in a firm (either outright 
A security), but the assignee does not become a partner, “Trust 
Н a as ie partners, especially in the чет pre 
р ence of the relationship; the courts insist om a hig! 
| pi S M Spe s ff rather poorly 
] y ways, the partnership comes off rather poor! 
Bus m epo Yet А ҮК КЫЙ 
{ 5 Very simplicity, en, too, there are si , 
mni medicine for example, where it is not permissible to use a 
hy n. But, of greater moment, the partnership way of 
Mon, а tica enjoys a tax advantage in the U.S. The corpora- 
dg vi oig person, must pay an income tax prior to distribut- 
(e to its shareholders ( who also are taxed); no such 
erii, ^ the partnership. This corporate tax is assailed 
a oa yan R? the pragmatic answer is that 
L x ue to multiply. 
| Bet grt tnertips Thee are a сна А агн] 
"m rench soci en commandite; 1.€., уч 
js, tne of one or more general partners and others, called 
bute Canad whose liability is limited to the amount con- 
айу, dus firm as'tapital, They came into use in the U.S. 
il vent 9th century for two reasons: the need of new com- 
time of obt ures for increased capital; and, the difficulty at that 
tion alnihg corporate charters, which required special legis- 
т ТЫ, first statute was passed in New York in 1822, and 
йты Oed by similar legislation in other states. In 1907 
adopted a Limited Partnership Act, and in the U.S. in 
“Шога Limited Partnership Act was drafted. The lat- 
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ter, like the Uniform Act for general partnerships, has been adopted 
in all but a few states. 

The status of the limited partner is much better than that of 
the "silent" or “dormant” partner at common law. The latter 
enjoys immunity from suit, it is true, but only until discovered, 
when he is fully liable as a general partner, The limited partner's 
position is more like that of a lender, but even here there are sub- 
stantial differences, In the first place, upon insolvency the lender 
may advance his claim against the estate as a creditor; the limited 
partner may not, although he may contract for priority over the 
general partners, Then, the lender, under the guise of preserving 
security for the loan, may assert rather more control over the bor- 
rower's business than the limited partner may. In fact, the limited 
partner may have no control over the day-to-day operations of the 
business without running the risk of being declared a general part- 
ner, Finally, unlike the lender, he may not accept repayment of 
his contribution, except on condition that it remain subject to 
creditors’ claims. 

In spite of these points, limited partnerships continue in use, 
particularly among brokerage houses. The limited partner’s con- 
tribution, unlike that of a lender, enhances the firm’s credit posi- 
tion. The fact that his relationship to the firm must be clearly 
stated and made a matter of public record makes for definiteness 
and gives rise to little litigation. 

Brstiocraruy.—N, L, Lindley, A Treatise on the Law of Partnership 
(1860) ; E. Н. Warren, Corporate Advantages Without Incorporation 
(1929) ; J. A. Crane, Unintended Partnership (1924), , (R. T. S.) 

PARTONOPEUS DE BLOIS, an anonymous French cou- 
plet romance, composed c. 1180, combining the spirit of the Celtic 
lais with the theme of Cupid and Psyche. The hero, a count of 
Blois, is carried off in a magic ship to a castle where he is waited 
on by unseen hands. An enchantress comes to him by night but 
forbids him to look upon her for two years and a half. Urged 
on by his mother and the Bishop of Paris, he takes a lantern to 
look upon his beloved—who is revealed as Melior, the highly edu- 
cated heiress to the throne of Byzantium. Rejected by her, he 
runs mad in the woods, but eventually wins her hand after an 
elaborately described tournament. The popularity of the work is 
attested by ten French manuscripts and adaptations in many lan- 
guages. See also ROMANCE. 

BIBLIOGRAPHY. Text of manuscript А ей, by А. C, M, Robert, pubs 
lished by G.-A. Crapelet, 2 vol. (1834) ; H. Newstead, “The Traditional 
Background of Partonopeus de Blois," Publications of the Modern Lan- 
guage Association, vol. lxi, pp. 916-946 (1946) ; 5. P. Uri, "Some Re- 
marks on Partonopeus de Blois,” Neophilologus, vol, xxxvii, pp. 83-98 
(1953) ; A. Fourrier, Le Courant réaliste. dans le roman courtois en 
France au moyen-âge, vol. i, рр. 315-446 (1960), cf. Romania, vol. 
Ixxxii, рр. 546-548 (1961); R. Bossuat, Manuel bibliographique . . . , 
no. 1381-87 bis (1951). (C. А. RN.) 

PARTRIDGE, the name originally applied to the Eurasian 
game bird Perdix perdix, one of the pheasants (family Phasiani- 
dae), which is now better known as the gray partridge or Hun- 
garian partridge. Native to central Eurasia, this species has been 
widely introduced, becoming successfully established in the colder 
western prairies of North America. It is a medium-sized, stout 
grayish bird, up to 14 in, long, recognizable by the dark patch on 
its belly, broad chestnut bats on its flanks, and short chestnut 
tail feathers noticeable only during flight. The gray partridge is a 
favourite game target with hunters because of its fast takeoff and 
swift, erratic flight. 

The nest is on the ground among grasses; the eggs, numbering 
to 18, are light olive. Young, which hatch after 24 days of incu- 
bation, are ready to fend for themselves and, like the adults, feed 
on insects. 

The chukar partridge (Alectoris graeca) of India, also success- 
fully introduced into North America, and the common red-legged 
partridge (A. rufa) of Europe, are likewise hunted as game. 

One of the francolins, a closely related group of spurred pheas- 
ants, is called black partridge (Francolinus francolinus). The 
name “snow partridge” is given to Lerwa lerwa, whose many 
races inhabit the mountains of Asia, and to the Arctic ptarmigans. 
The name “partridge” has been loosely applied in North America 
to the ruffed grouse, the bobwhite, and other species that resemble 
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the Old World partridges. In South America the name is given 
to various tinamous. 

PARTRIDGEBERRY (Mitchella repens), a North Ameri- 
can plant of the madder family (Rubiaceae), growing in dry woods 
from southwestern Newfoundland to Minnesota and southward to 
Florida and Texas. It is evergreen, with nearly round, }-in. leaves, 
often variegated with white lines; a slender, often whitish, trailing 
stem; and white flowers, often borne in pairs, which are replaced 
by scarlet, edible but almost tasteless berrylike drupes. The 
flowers occur in long-styled and short-styled forms, as in the prim- 
rose, This plant, also called checkerberry, squawberry, teaberry, 
running box, two-eyed berry, squaw vine and twinflower, is a good 
wild-garden subject for shady places. It is popular in winter 
terrariums because of its diminutive size and attractive color con- 
trast of berries and leaves. 

PARTS OF SPEECH: see GRAMMAR. 

PARTURITION: see CHILDBIRTH. 

PARTY, POLITICAL, a group that attempts to bring about 
the election of its candidates to public office and, by this means, to 
control or influence the actions of the government. A political 
party is only one of several types of groups which, under various 
political systems, seeks to control the personnel and policy of gov- 
ernment. Political parties, as defined here, are instruments of 
democratic or republican regimes in which the chief governmental 
officials are chosen by election. A clique of military officers that 
gains control of a government by its command of the armed forces 
of a country is hardly a political party although it may masquerade 
as such. A landed aristocracy that exerts a continuing influence 
on affairs of state under an absolute monarchy may play an im- 
portant role in the governance of the realm, but it does not con- 
stitute a political party in the modern usage of the term. Under 
dictatorships one-party systems have been established to bolster 
the power of the dictator. Such parties may be effective props for 
the regime but they are in reality extensions of the governmental 
apparatus rather than political parties. The essential condition 
for the existence of political parties is freedom to form organiza- 
tions that strive for power by electoral methods. Under other 

circumstances groups of citizens may influence the government, or 
they may form part of the coalition of interests supporting it; but 
without freedom of competition for power by electoral methods, 
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political parties, in the strict sense of the term, cannot til 
Hence, the Communist party of the Soviet Union, the Nazi ға 
of Hitler’s Germany and the Fascist party of Italy could xin 
considered political parties as that term has been generally s 
stood. The Communist party was, in fact, outlawed in the Unig 
States in 1954, and in many other countries as well, on the a 
that it was not a true political party but a subversive influence шщ 
a tool of the Soviet government. In other countries, such u 
France, Italy and India, the Communist party gained acceptany 
as a bona fide political organization and wielded immense iniy 
ence. (See Communist PARTIES; Fascism; NATIONAL Soo, 
ISM; SOCIALISM.) 

Differentiation from Other Groups.— Political parties ат 
be differentiated from pressure groups or interest groups whi 
seek to influence government by such means as propaganda and 
persuasion rather than by putting forward candidates for offie 
These are groups of individuals or federations of association 
founded on some common interest; exertion of influence on th 
government is generally only one of the purposes of association 
Professional societies, for example, make themselves heard by pub 
lic authorities when matters of concern to them are under consé 
eration, but influencing public policy is not the sole objective of 
such societies. 

Interest groups sometimes become constituent parts of a polit 
cal party. The British Labour party, for example, originated a 
a federation of trade unions, trades councils and socialist societies 
The American Federation of Labor (A.F.L.) originally had a dé 
ferent relationship to political parties. Under its nonpartis 
policy it called to the attention of unionists the records of canê 
dates of all parties on issues of interest to labour, while some of it 
leaders might favour one presidential candidate and others, ® 
other. The Congress of Industrial Organizations (C.1.0.) adopté 
a more definitely partisan policy and supported Democratic cat 
didates by substantial campaign contributions and by other meis 
through its political action committee. After the two organi 
tions merged іп 1955 to form the A.F.L.-C.LO., they formed 
committee on political education to work for specific politi 
goals. : 

The line between political parties and pressure groups 15 s 
times blurred; but a distinction may be drawn from the fact the 
pressure groups, unlike political parties, do not nominate al 
dates for public office or desire to accept the responsibility is 
management of the government. It should also be noted toatl | 
interest group which under certain circumstances promotes В 
cause through pressure tactics may under different conditions к 
as a political party. In the United Stat agriculturalists ях 
for their objectives through such organizations as the Amend 
Farm Bureau federation, while in European democracies farmes 
and peasants’ parties have been common. 

Revolutionary mass movements in recent y е " 
some, but not all, of the characteristics of political parties, s 
ing the name "party." The Congress party in India, for a: 
and the Muslim league in Pakistan helped spearhead t ‘ie 
for their countries’ national independence. Once that rel 
won, both organizations encountered difficulties in fitting v d 
new scheme of things and assuming the normal functions 
political party. 

Party Functions.—In the 18th century, on 
Atlantic, the term party, like faction, suggestet 
litically unwholesome if not actually subversive. " 
ington in his *Farewell Address" warned against Pih cali 
effects of the party spirit generally." Even at mid- н $ 
it was not uncommon to hear parties spoken of disparagt ave [4 
West Germany, for example, political parties did not y ii? 
same historical roots and emotional attachments that bo yl 
the United States or Great Britain. Many German М 
parties in contempt and preferred to think of themselves at 
party.” Much the same was true of Japan where there " pe 1 
deal of uncertainty in the mind of the average citizen EC p) 
as to his affiliation with a political party. Powerful Me in 
expressed the view that parties were unnecessary ап aa qe 
In Indonesia, President Sukarno declared in an address 
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sent assembly in 1956 that the freedom to set up political par- 
id not constitute the only means “to keep the democratic 
| going.” But in most countries, particularly in those with 
traditions of successful party government, political parties 
me regarded as being essential to popular government. De- 
of parties argued that formal institutions of government 
enough to make democracy work. They point out that the 
ion of political parties (or the outlawing of all parties but 
js usually a first step toward the establishment of a dicta- 
e. 
Political party provides a method by which people of simi- 
can organize to contend for control of the government. 
competition for power is in a sense a sublimation of civil 
е, and parties are in а way political armies consisting of 
"wments of the population with certain common or compatible 
ions, Men bind themselves together in parties for much the 
reasons that they join together in warring factions. A tie 
often brings men together in a political party is a common 
mic interest susceptible of promotion or defense by political 
ds, Labour and peasant parties are examples which are 
eled by parties dominated by industrial interests. In some 
les racial or nationalistic minorities form political parties. 
¢ continent of Europe common religion has furnished the co- 
element for some parties. (See ANTIMASONIC PARTY; 
IRSTIAN DEMOCRATIC PARTIES; CONSERVATIVE Party [BRIT- 
į Democratic Party [U.S.]; Lasour Party [BRITISH]; 


"organizations perform functions indispensable to popular 
iment, They select candidates for public office and present 
to the entire electorate, which then may choose from among 
contenders, The process of nomination of candidates is in 
it countries highly informal; caucuses or inner cliques of the 
ofa party determine its candidates. In the United States, 
er, because of abuses within the party organizations in the 
4 g of nominations, the process of nomination is regulated 

liw, The more general method of nomination for state and 
1 office and for representatives and senators in the national 
8 is by the direct primary, which is conducted as an elec- 
Which the members of the party are entitled to participate. 
Primary.) The nomination of presidential candidates, 
нег, is accomplished by conventions which operate in accord- 
With party rule rather than statute. (See NATIONAL Con- 


addition to nominating candidates, parties define the issues 
tothe the electorate in campaigns and elections. They present 
3 lectorate not only a choice among candidates but a choice 
| governmental programs. At times, particularly in coun- 
G vith the dual party system, the differences between party pro- 
are by no means sharp. In the United States the issues 
“п the Republican and Democratic parties are more notable 
ee titles than their differences. Nevertheless, the gen- 
tion and emphasis of one party program may more nearly 
"mate the beliefs of a voter than the other. In multiparty 
the c Such as France the voter may be able to cast his ballot 
[ капше of a party which reflects his viewpoint with rela- 
mo Ctness, The multiparty system permits the formation of 
^. Parties, with programs tailored to fit the views of com- 
т. У Small segments of the population. Parties also carry 
( ae Of the burden of education and debate incidental to 
a of governments by the electorate. Especially after the 
ent of universal suffrage the conduct of campaigns and 
Work incident to the electoral process became extremely 
ome and costly, 
d Banization.—As with all but the most rudimentary 
ugh у 5, à political party possesses organizational machinery 
ch it acts. Such organization is, in effect, the govern- 
е iul It is the machinery by which party decisions 
it by which factional disputes within the party are 
hE in fact, to be the party. Parties pose as mass 
and adopt all the paraphernalia of representative 
t for control of their affairs, but everywhere their man- 
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agement tends to be oligarchical. It is productive of clearer think- 
ing if the concept of parties as associations with vast memberships 
is regarded as fictitious. In practice, membership in a political 
party is an affiliation with no heavy obligation for participation in 
party management; membership is ordinarily nothing more than a 
voting affiliation of varying degrees of durability, The members 
leave the operation of the party machinery to the inner core of 
professional and semiprofessional party workers. When there is 
competition among parties, this state of affairs is not necessarily 
undesirable since the party oligarchy that ignores the interests of 
its partisans will find that its following disappears. 

Commonly the supreme authority within the party is an assem- 
bly, in form directly or indirectly representative of the member- 
ship, which convenes annually or at less frequent intervals. The 
national conventions of the Democratic and Republican parties in 
the United States meet at four-year intervals, Each consists of 
more than 1,000 delegates selected by state party conventions or 
by party members in the states through direct primaries. The con- 
ventions nominate presidential candidates, adopt platforms and 
designate party officials. 

British Conservative, Liberal and Labour parties hold annual 
conferences to which local party associations send delegates. 
These conferences, like U.S. conventions, are largely managed by 
the inner circle of party leaders and serve more to ratify the recom- 
mendations of the party leaders than as forums for deliberation on 
party affairs. Unlike the British party assemblies, the national 
conventions of the Canadian Liberal and Progressive Conservative 
parties have taken from the party groups in parliament the power 
to designate the party leader (who becomes premier if the party 
is victorious). Such conventions are held only when it becomes 
necessary to choose new party leaders. 

Ordinarily the national party organization includes an executive. 
The British Conservative party, for example, has a national coun- 
cil, a president and a treasurer. It maintains a central office, 
with a paid staff to distribute literature, aid local party associa- 
tions, raise money and generally keep the party machinery in tune, 
The Republican and Democratic parties in the United States have 
national committees, the chairmen being designated by the presi- 
dential nominees, The Labour party has a national executive 
committee in which government of the party is vested between 
annual party conferences, As the national committees are large 
and unwieldy, executive leadership is commonly handled by the 
chairman with the assistance of a small executive committee. The 
parties maintain national headquarters staffed to carry on research 
and propaganda activities. The typical continental party also 
maintains a central bureau or secretariat which operates under the 
direction of the national executive of the party. The party na- 
tional staff varies widely in size and importance. In the United 
States, with elections at fixed intervals, the activities of national 
headquarters increase in scope and importance as an election ap- 
proaches. In countries in which parties must maintain a more con- 
stant state of readiness for an election and in which the parties 
carry on more extensive educational, organizational and publish- 
ing activities, a larger and more stable national staff is likely to 
exist. 

The central or national organization of the party is usually 
superimposed over a system of local party organizations or asso- 
ciations which vary in their form from country to country with the 
nature of the governmental system, Local associations usually 
developed first and the national party machinery evolved later 
to lead and unify the work of these associations in national poli- 
tics. In England, for example, the National Union of Conservative 
and Constitutional associations (or the Conservative party) was 
formed shortly after the adoption of the Reform act of 1867 and 
gradually affiliated with itself local Conservative and Constitu- 
tional associations which were already in existence in parliamentary 
constituencies or parts of such constituencies. In the United 
States local party organization conforms to the structure of local 
government. City and county party organs are tied into state 
party organizations which in turn occupy a position in the national 
structure of the party. Although provision is often made for party 
committees and conventions based on congressional districts, the 
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city or county party machinery is more generally the centre of 
power in the party locally. 

The nature of a nation’s politics is profoundly influenced by 
the degree of centralization of power nationally over local party 
actions, The central offices of British parties, for example, are 
able to exert great influence over the choice of candidates by 
local party associations. This relation within the party organiza- 
tion is reflected in the fairly high degree of discipline prevailing 
within the party groups in parliament. Unity within the majority 
party lays the basis for, but does not assure, a stable and firm 
governmental policy. Radically different relations have prevailed 
between national and local party organizations within the United 
States. The national party organizations are only loose federations 
of state and local party machines. Relatively slight control of 
local party actions may be exercised by the national leadership 
of the party. Local party organizations rebuffed attempts even 
by such strong party leaders as Woodrow Wilson and Franklin D. 
Roosevelt to influence the selection of candidates for the house 
and senate. Local party autonomy is accompanied by weak co- 
hesion within party groups in the congress, and by consequent dif- 
ficulty in the enactment of a party program into legislation. In 
practice, most legislation is enacted by combinations that cut across 
party lines. In the French fourth republic weak national leader- 
ship within the party organizations contributed to the fluidity of 
party alignments in the chamber of deputies and to governmental 
instability. 

Parliamentary and Extraparliamentary Organization. 
—A distinction must be made between the parliamentary party and 
the party organization outside the government. The party group 
in the parliament usually has its own organizational apparatus con- 
sisting of a chairman, president or leader, a secretary and other 
functionaries, differing in detail from country to country. In some 
instances the parliamentary group even has a different name from 
the external party. 

The parliamentary group may enjoy considerable freedom from 
control by the extraparliamentary party organs. Such autonomy 
was established most clearly in Great Britain where the party or- 
gans of the Liberal and of the Conservative parties once adopted 
resolutions for the guidance of the members of parliament elected 
under their respective banners. Control of members of parliament 

(who refused to be controlled) by an external authority was soon 
seen to be incompatible with the sovereignty of parliament; the 
extraparliamentary organizations came to limit themselves prin- 
cipally to the tending of the party machine. Although elsewhere 
the issue of principle is not always so sharply settled in favour 
of autonomy for the parliamentary group, generally party func- 
tionaries concentrate their efforts primarily on the winning of 
elections—the canvassing of the electorate, the dissemination of 
propaganda, the maintenance of the party machinery—rather than 
on the formulation of policy for the guidance of the party’s can- 
didates and officials. 

Party Finance.—The financing of party activity is one of the 
vexing problems of popular government. Party operations cost 
tremendous sums. The total expenditure by national, state and 
local party organs of the Democratic and Republican parties dur- 
ing the 1956 presidential campaign in the United States was esti- 
mated by a senate committee at $133,000,000. In Great Britain 
somewhat less is probably spent, on a per capita basis, in a general 
election. To get funds to meet its needs a party is tempted to yield 
to plutocratic influences, An ambition of managers of parties with 
pretensions to a broad popular base has been to organize party 
finance so as to obtain a great number of small contributions from 
the party membership. 

In the United States both national and state governments at- 
tempt to limit the amounts of campaign expenditures, to prohibit 
contributions from such sources as corporations, to limit the size 
of contributions and to enforce publicity of the financial affairs of 
parties. The defects of legislation with these objectives, both in 
form and in enforcement, are serious. The difficulty of regulation 
of party finance has led to the suggestion that the government 

finance the expenses of the major parties. (See Corrupt PRAC- 
TICES; ELECTORAL SYSTEMS.) 


Biparty and Multiparty Systems.—A puzzling feat 

- К k feature of 
party systems is that in some countries the electorate divides itsel 
into two major parties while in others a multiplicity of parties ч 
velops. The United States is the classic example of a nation with 
a two-party system. Control of the national government has jj 
ternated between the Republican and Democratic parties and dd 
predecessors. In most other English-speaking countries the m 
party system does not exist in its pure form, although its essen 
is approached in that usually a single party has adequate strengh 
to form a government. In Great Britain the historical cleayay 
was between the Conservative and Liberal parties, but after Worl 
War I the Labour party gained strength and in 1945 won contr! 
of the government. The Liberal party became a weak third party 
that usually elected only about five or ten members of parliama 
compared to approximately 300 for each of the other. parties 
With occasional exceptions, Canada, Australia and New еш 
also followed the two-party pattern. 

In contrast, the multiparty system has been the rule in Eur 
pean democracies, notably France and pre-Hitler Germany, 4 
multiparty nation may have a dozen or more parties ranging from 
the most radical on the left through the political spectrum to the 
most conservative on the right. The right-left classification arises 
from the custom of seating the party groups in this order in rele 
tion to the presiding officer in semicircular legislative chambers 
(Data on the current strengths and programs of parties of all cou- 
tries are available in such annual publications as The Statesman! 
Year-Book and The Political Handbook of the World.) 

The two-party system is said to promote governmental stili 
ity because a single party can win a majority in the parliament an 
govern. Inamultiparty country, on the other hand, the formatin 
of a government depends on the maintenance of a coalition of bd 
ties with enough total strength to form a parliamentary majorly: 
The weakness of the ties that bind the coalition may threaten 
continuance of a cabinet in power. The governments of Gral 
Britain, Canada and the United States may be contrasted vi 
those of France and Germany in the years between World War 
I and II. In the decade that followed its liberation in 15 
France had one cabinet crisis after another; the average life si 
of a French cabinet during these years was less than six mon 
But it must be borne in mind that the weakness of the govern 
under the fourth republic, as under the third, was not caused th 
tirely by its party system. Constitutional factors such as the li 
of power in the French cabinet to dissolve the chamber of dep 
were also involved. The constitution of the fifth republic, sie 
in 1958, was aimed at strengthening the position of the executi 
not reducing the number of parties. The stability shown b 
government of the United States was not entirely due to its p 
system but was promoted also by the fixed tenure and strong 
stitutional position of the president. д jid 

The two-party system moderates the animosities of К 
strife. To appeal for support of a majority of voters a part) 
present a program sympathetic to the desires 0 
litically active elements of the population. In th " 
of such a program an effort must be made to reconcile the ont 
ing interests of different sectors of the population. it i 
the party, if expedient, to resist demands that it comm! 
without reservation to the policies urged by any parti 
ist element. In effect, the party is a coalition for Шер и 
campaigning for office. In the formation of the coalitio d 
promises have to be made, and coalition occurs OUI "e 
ment prior to election rather than within the parliam T. 
election as under the multiparty system. The necessity БШ! 
party appeal to practically all social classes for suppor 1 Sit 
marked resemblance in party programs and compositio sh 
larities between Republican and Democratic platform 
United States are more striking than their differences. 
ties also draw electoral support from all social classes. sition 
Britain and Canada differences in program and in rom a) 
tween the two major parties have been perhaps greater d ail 
United States. Nevertheless, in these countries à. | wo 
agreement exists among the leading parties. id s nh 
parties of similar views and of approximately equal 8 
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peting for control of a government it is possible for governmental 
tontrol to alternate between the parties without shifts in policy 
Таіса! as to incite minorities to resistance. 
ntrasts between two-party and multiparty systems are often 
rated. The existence of two major parties in the United 
States obscures the fact that within each party are many factions 
и for power. Within the Democratic party the southern 
` шев and the workers of the great urban centres came to live 
` jn uneasy union. In the Republican party the midwestern farmer 
[ ıı the eastern manufacturer formed a similar alliance. Presence 
of divergent interests under a single party canopy masks a proc- 
sof struggle and compromise which under a multiparty system 
js out in the open. Nevertheless, party leadership under a two- 
party system must concentrate on building a coalition of voters; 
"it gains strength by seeking areas of agreement and suppressing 
` йй rather than by exploiting points of difference. Apologists 
forthe two-party system, however, sometimes ignore the fact that 
frequently under that system a single party dominates local ad- 
ministration over considerable areas. That is the case in the 
solidly Republican and Democratic areas in the United States 
where the only channel for expression of political differences is by 
- factional strife within the dominant party. Party factions may be 
- {humerous as parties under a multiparty system and yet lack the 
redeeming feature of clarity that comes from being labeled as 
parties, 
Bases of Biparty Systems.—Major influences favourable to 
the two-party system are the use of single-member districts for the 
— lection of representatives, the presidential system and the absence 
of proportional representation. In Great Britain and the United 
Slates most members of the national representative assemblies are 
chosen from. single-member districts and the candidate polling the 
lürgest number of votes is the winner. Such an electoral system 
tompels a party to strive for a majority of the votes in a district or 
other electoral area, No more than two fairly evenly matched 
attis may successfully compete for office in a single-member dis- 
ll; a third party is doomed to recurring defeat unless it can 
Sallow up one of the other parties. Parties do not thrive under 
‘certainty of defeat. 
| A third party may have a substantial popular following and yet 


рше few seats in the representative body. With, say, 20% of 
Popular Vote spread evenly over an entire country such a party 
E. ld not win a single seat. The rise of the Labour party in Great 
Кя for example, virtually deprived the Liberal party of parlia- 
Ту seats even when it had a substantial popular following. 


Re corollary is that the strength of the majority party in the rep- 
Vote, 


| lative body is proportionately greater than it is in the popular 
| а Bs to the single-member-district system, in the United 
Support нц system induces parties to seek majority 
i and third ed Tactional party can elect its presidential candidate 
7 ee Patties in national politics are protest movements rather 
ng in B. electoral enterprises. When minor parties exist for 
| trated ge °-party countries, their strength is likely to be concen- 
Kographically which enables them to win seats in the parlia- 
| : Touch areas of concentration, the two major parties 
бетше ау be forced toward coalition locally which illustrates 
$ * of the electoral system in the formation of dual-party 


ше» i] proportional representation, in contrast with the 
- Stülation in usu system, are designed to permit party repre- 
i € representative body more or less precisely in the 
а On as the party strength in the popular vote over 
bet of po entry, The number of seats won depends on the num- 
| ly in Pular Votes received rather than success in polling a plu- 
Г couraged individual constituency. Party splintering may be 
ible to n. the electoral system, but there must be groups sus- 
tion ca, narrow political appeals before proportional represen- 
i i acilitate party fission. 
8 Ju factor in differences in party organization is the 
Absent in t certain influences in multiparty countries that are 
S is шешу, countries, The lack of consensus on consti- 
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ues in some European countries led to the formation 
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of parties irreconciled to the regime. A few royalist parties per- 
sisted long after the abolition of monarchies. Parties formed to 
espouse the cause of the church were generated by issues not im- 
portant in most Anglo-American countries. The socialist move- 
ment spawned numerous continental parties, most generally desig- 
nated as Social Democratic, and the British Labour party had a 
socialist origin. Proletarian movements looking toward the ulti- 
mate socialist transformation of the state gained a stronger foot- 
hold in Europe than in most two-party countries. The existence 
of considerable bodies of people deeply attached to doctrines which 
cannot be readily compromised is in contrast with a state in which 
a broader area of consensus on fundamental issues prevails. Di- 
versity of political beliefs on fundamental issues coupled with suit- 
able electoral systems leads to a multiplicity of political parties. 

Newly Independent States.—India, Pakistan and Indonesia 
may be cited as examples of the differing responses to the challenge 
of party government in states of the far east that won their inde- 
pendence during the 1940s. In India, the largest and most stable 
of the new states of the post-World War II era, Nehru's Congress 
party, which had led the fight for independence, dominated the 
political scene during the first decade of self-government. There 
was no second party of comparable strength to stand in opposition 
on a national scale, though fourteen national parties took part in 
the 1952 election and opposition to the Congress party was strong 
in many regions and states. Appealing to the largest free elec- 
torate in the world, the Congress party won 362 of 489 contested 
seats in the parliament elected in Jan. 1952, India’s first election 
as a free nation. In subsequent elections the Congress party con- 
tinued its dominance. Meanwhile, many observers, both in and 
out of India, regarded this situation as politically unhealthy and 
predicted change, either in the direction of a two-party system or 
the complete abolition of all parties. 

The efforts of Pakistan to solve its political party problems took 
a different turn. The Muslim league, spearhead of the independ- 
ence movement in Pakistan, held power at all levels of government 
from 1947 to 1954. Thereafter other groups gained influence with 
the result that no party was strong enough to win a working ma- 
jority at the national level; coalition cabinets held office from 1955 
to 1958. Elections under a new constitution were scheduled for 
1958 but in October of that year the president of Pakistan abol- 
ished the constitution, dissolved all political parties, and declared 
martial law. The new nation’s first efforts to govern itself in nor- 
mal democratic fashion through political parties thus ended in 
failure, but a new start was made under a constitution promul- 
gated in 1962. 

The Republic of Indonesia exhibited still a different response 
to the problems of party government. Indonesian parties (except 
the Communist party) were loosely organized groups formed about 
locally influential individuals and were far different from parties 
in the western democracies. When Indonesia held its first general 
election as a free nation in Sept. 1955 two parties—the Nationalist 
party (P.N.I.) and the Muslim council (Masjumi)—captured the 
same number of seats in the legislature. They chose a compromise 
candidate for the office of premier. The two strongest parties 
were closely followed by the Muslim Schoolmen league and the 
rapidly growing Communist party. The coalition cabinet did not 
last long, resigning in 1957 when the Muslim council and three 
minor parties withdrew their support. President Sukarno, who had 
earlier remarked that political parties should be “buried” in the 
interest of national unity, then appointed a new cabinet himself 
without reference to party alignments. Early in 1960 Sukarno 
dissolved the legislature and ruled by decree; in 1963 he became 
premier and president for life. 

The experience of these states emerging from colonial rule illus- 
trates the obvious point that lack of agreement on constitutional 
fundamentals spells difficulty for any political party system, as 
does lack of a long tradition of governing through political par- 
ties. Mass organizations created to promote revolutionary na- 
tionalist movements proved to be poorly suited to function as 
political parties once their main goal had been won. To keep the 
situation in proper perspective, however, the shortcomings of the 
new regimes must be considered in relation to the fact that all the 
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newly independent states had to face difficult tasks in establishing 
new political procedures, developing public support, dealing with 
largely illiterate electorates, countering communist pressures, and 
carrying through a host of social and economic reforms. Their 
experience suggests that new forms and procedures are being de- 
veloped and that the political parties typical of western parlia- 
mentary democracy are not being blindly transplanted to alien 
soil. See also references under "Party, Political” in the Index. 
(V. 0. K.; X) 
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PARWAN, a minor province of central Afghanistan lying 
north of Kabul Province. It includes the northern half of the 
plain called Koh-i-Daman with the adjoining kohistan or hill coun- 
try, and extends eastward to Nangrahar, northward to Kataghan 
and Badakhshan, and southwestward to Mazar-i-Sharif provinces. 
In the south it is bounded by the northern slopes of the central 
Hindu Kush Mountains. Parwan is drained toward the Amu- 
Darya by the upper Kunduz (Surkhab) and its tributaries and 
by the Panjshir and its tributaries, the Ghorband and the Parwan. 
The province is thus a chain of valleys, of picturesque scenery. 
The area of the province is approximately 9,700 sq.mi. The aver- 
age annual rainfall is about 16 in. 

The population in 1962 was estimated at 1,221,683, mainly 
Tajik and Hazara with some Uzbek. (See AFGHANISTAN: The 
People.) The principal towns are Charikar, 50 mi, N of Kabul, 
which is the capital of the province and a stopping place for travel- 
ers to the north; Bamian (q.v.), 80 mi. WNW of Kabul and noted 
for its many man-made caves and the two huge rock-carved figures 
of Buddha; and Doab Mekh-i-Zarin and Jabal-us-Siraj, both on 
the main road to Kabul. 

About 154 sq.mi. of the total area are cultivated, of which 
about 135 sq.mi. are irrigated. The chief crops are wheat, cotton, 
maize (corn), rice, and barley; vegetables, fruits, and the mul- 
berry are extensively grown. There are coal deposits in the 
Panjshir and Ghorband valleys, and iron ore in the Ghorband 
Valley; the silver deposits in the Panjshir Valley are not rich 
enough for profitable exploitation. At Charikar metal products 
(steel cutlery, iron farm equipment) are manufactured. The 
province is linked by an all-weather road with Kabul, Kandahar, 
and Peshawar (West Pakistan); with the provinces of Mazar-i- 
Sharif, Kataghan, and Badakshan; and via Haibak with the Soviet 
frontier post at Termez on the Amu-Darya. (J. P. C. N. H.) 

PASADENA, a city of Los Angeles county, Calif., U.S., lies 
11 mi. E. of Los Angeles (q.v.) at the western end of the San 
Gabriel valley along the foot of the Sierra Madre range. Pa-sa- 

de-na is a Chippewa phrase meaning “crown of the valley.” 

Pasadena’s site was carefully chosen by agents of Thomas B. 
Elliott, head of the California colony of Indiana, Though delayed 
by the panic of 1873, Elliott (still in Indiana) persevered in organ- 
izing the San Gabriel Orange Grove association, the founding cor- 
poration. In 1874 for the sum of $25,000 the association obtained 

4,000 ac., formerly part of the Mexican Rancho San Pasqual, on 
the western side of the present city. Population and land values 
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grew slowly. By 1880 Pasadena had 400 inhabitants, an 
land had risen to $100 an acre. 

Pasadena’s great boom began in 1885 and the city was j 
rated the next year. The land boom, experienced throughout soup 
ern California, was intensified locally by the advent of the 
Fe railroad. The winter resort trade, mainly health seekers al 
first, reached unbelievable proportions. Speculation in real 
was rife and land was bringing as much as $1,000 per acre. Ty 
population jumped to 6,000. Although the inevitable collapse ig 
Pasadena hard, conditions were normal by 1890. Its pe 
population had increased 15-fold during the 18805, and with ug, 
ization its citrus groves began to disappear. F 

For the next 40 years Pasadena continued to attract large nus 
bers of middle westerners, many of the professional or rely. 
class. In the early 1960s the city, surrounded by suburbs, w 
mostly a community of homeowners. The commuter replaced iy 
midwestern immigrant, as the Los Angeles freeway system broug 
Pasadena to within 30 min, of the metropolis. As marketing sp 
planted agriculture, Pasadena became the wholesale and тїй 
centre for much of the San Gabriel valley. After World Wir I 
the city, with a view to spreading the tax base, encouraged lige 
industries such as ceramics, machine shop products, scien 
instruments, electronics, plastics and pharmaceuticals, 

California Institute of Technology, a privately endowed colli 
graduate school and research institute for men, established a 
Throop Polytechnic institute in 1891, is located there, It include 
divisions of biology; chemistry and chemical engineering; di 
electrical and mechanical engineering and aeronautics; geologii 
sciences; humanities; and physics, mathematics and astronomy 
Institute facilities in Pasadena include, in addition to theme 
campus, the jet propulsion laboratory, operated in conjunction w 
the National Aeronautics and Space administration, Other in 
tute facilities include the marine biological laboratory at Соса 
del Mar; an observatory on Palomar mountain in San Dig 
county; and a centre at Bishop for the study of radio astronomy 
The institute is also associated with Mount Wilson observat 
(established 1904), The Henry E. Huntington library and # 
gallery is located in nearby San Marino. The Pasadena college ve 
established as Nazarene university in 1902 and is affiliated 
the Church of the Nazarene. The city supports à full- 
school system through the junior college level, with an ё 
adult education program; there is also a public library and 
museum. The Pasadena Community playhouse, organized in ү 
is a nationally known little theatre with a school of drama d 
laboratory theatre workshop. Pasadena adopted the comm) 
manager form of municipal government in 1921. inr 

The community unites each New Year's day in supo dd 
Tournament of Roses, first introduced in 1890, originally rf 
by the “battle of flowers” at Nice, France. After 1916 the 
tivities were culminated by the Rose Bowl football classic 
the champion teams of eastern and western U.S. universities 0 
(1960) 116,407. For comparative population figures 56% 16) 
CALIFORNIA: Population. (7, v 

PASADENA, a city of southeastern Texas in Huren йл) 
U.S., in the Houston (g.v.) metropolitan area. It was 
in 1895 by J. H. Burnett and incorporated in 1929. In 
owes its rapid post-World War II growth to the stimulat р 
jacent industry, chiefly petrochemical plants and oil refin 
the Houston ship channel, to the north. The city's area s w 
sq.mi. is circumscribed by the boundaries of Houston й 
Park. It is a residential community and many of its © d 
members of organized labour. Immigrants from the 
region of east Texas form the main population el 
east of Pasadena is the site of the capture, in 1836, 
López de Santa Anna, the Mexican president-gener? 
battle of San Jacinto. tive 

The population was 58,737 in 1960. For compare y. В 
tion figures see table in Texas: Population. «s A 

PASARGADAE, the first dynastic capital of i 
nian Empire, situated in the plain of Morghab, Far ut 
southwest Iran, about 30 mi. NE of Persepolis and S the 
NE of modern Shiraz. According to tradition, Cyn 
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1859-530 в.с.) chose the site as his capital because it lay near 
the scene of his historic victory over Astyages the Mede (550 
ic), The name of the city may well be derived from that of 
the chief Persian tribe, the Pasargadae, although it is also possible 
that the original form of the name was Parsagadeh (“the throne 
of Pars”) or Parsagert/Parsagerd (“the fortress of Pars"). 

As an expression of the architectural genius of the Achaeme- 
їйї prior to the accession of Darius the Great, when Persepolis 
tepliced Pasargadae as the dynastic home, Pasargadae stands alone. 
Indeed, the majestic simplicity of the architecture at Pasargadae 
ts a sense of balance and beauty that was never equaled in 
Hiller earlier or later Achaemenian times. The principal buildings 
sand in magnificent isolation—often with a common orientation, 

Scattered over a remarkably wide area. Although no single 
mill enclosed the whole site, a strong citadel commanded the 
Horthern approaches and individual enclosure walls protected the 
ore important monuments. 

The dominant feature of the citadel, an extensive fortified area 

uding à long line of outer fortifications, is a huge stone platform 

I projects from the western slopes of a low, conical hill. This 

ing structure, which boasts two unfinished stone staircases 

4 towering facade of rusticated masonry, was evidently in- 

to form part of an elevated palace enclosure. But before 

Original plan could be completed some abrupt event, probably 

Associated with the death of Cyrus, brought the work to a 

J Îd, in a revised scheme, a formidable mud-brick structure 
Ms erected on the platform instead. Although further excava- 
May be needed to confirm the theory, it is probable that this 
Het building represents the famous treasury surrendered to Alex- 

T the Great in 330 в.с, 

Othe south of the citadel, on more or less level ground, an 


men Wve walled park with elaborate, irrigated gardens surrounded 


| Mul of royal buildings. "Those cleared by modern excavations 


with m tall, square tower almost identical in size and shape 
E. Ka bah-e Zardusht at Naksh-e Rostam; two spacious 
thing, adorned with fragments of sculpture and each bear- 
buildin, jay inscriptions in the name of Cyrus; and a fourth 
for the, signed as the sole entrance to the park, which is notable 
Mill stands ^ four-winged figure with a triple-atef crown that 
Inga]... 9^ à surviving doorjamb. Once surmounted by a tri- 
X Кы роп in Old Persian, Elamite, and Babylonian saying 
Т, the King, the Achaemenian,” this grave-faced figure 
Others he enigma, regarded by some as a guardian demon and by 
Fun, exceptional portrait of Cyrus himself. 4 

d South again, the tomb of Cyrus still stands almost in- 
tours Te lines and massive strength a perfect foil for the 
Sone Blocks upland situation. Constructed of huge white lime- 
ре] li d its gabled tomb chamber rests on à rectangular 
Iv. qu With seven receding stages. Arrian's account (Ana- 
їй despoil tells of Alexander’s grief at finding the tomb open 
Meri, Ned on his return from his Indian campaign in 324 B.C. 
TS general Aristobulus, who was charged with the restora- 
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tion of the tomb, also left some description not only of the interior 
furnishings of the monument, in which the body of Cyrus lay in a 
gold sarcophagus on a gold couch, but also of the tomb's exterior 
appointments, including a description of the well-watered paradise 
that once surrounded it. In Islamic times the tomb acquired fresh 
fame and sanctity as the tomb of the mother of Solomon. During 
the 13th century large numbers of columns and other building 
materials were transported from the neighbouring Achaemenian 
palaces in order to erect a congregational mosque round the base 
of the monument, and, toward the end of the 14th century, a 
madrasa (religious college) was constructed only 200 yd. to the 
north of the tomb. 

At the extreme southern edge of the site, where the Pulvar River 
(Rudkhaneh-ye Sivan) cuts through the narrow Bolaghi Pass on 
its way toward Persepolis, an impressive rock-cut road or canal 
still indicates the course of the ancient highway that once linked 
Pasargadae with Persepolis. Finally the northwest corner of the 
settlement harbours a walled area known as the "sacred precinct,” 
where a large terraced mound looks down on a pair of free-standing 
fire altars. But, although the whole enclosure undoubtedly wit- 
nessed important religious ceremonies, there is still no proof that 
it contained the famous shrine of Anahita, which is said to have 
seen the celebration of certain traditional rites at the beginning of 
each new reign. See also Persian History; Achaemenid Empire. 

BisniocRAPHY.—F. Sarre and E. Herzfeld, Jramische Felsreliefs 
(1910) ; E. Herzfeld, "Pasargadae," Klio, vol. vili (1908), Archaeologi- 
cal History of Iran (1935), Iran in the Ancient East (1941); E. Е, 
Schmidt, Persepolis I (1953) ; A. Sami, Pasargadae, Eng, trans, by К. N, 
Sharp (1956); D. B. Stronach, ations at Pasargadae," Iran, 
(1963). (Da. B. S.) 

PASCAL, BLAISE (1623-1662), French scientist and writer 
on religious subjects, a man whose genius gives him a unique emi- 
nence among modern thinkers, was born on June 19, 1623, at 
Clermont-Ferrand, where his father, Étienne Pascal, was president 
of the cour des aides. His mother, née Antoin Bégon, died in 
1626; and in 1631 Étienne Pascal moved to Paris. Étienne, who 
was himself highly respected as a mathematician, devoted himself 
henceforth to the education of his children. While his sister 
Jacqueline (born in 1625) figured a infant prodigy in literary 
circles, Blaise proved himself по less precocious in mathematics. 
His Essai pour les coniques (1640), based on his study of Gerard 
Desargues, aroused Descartes' envy by its success in the mathe- 
matical world; and, between 1642 and 1644, he conceived and 
constructed an arithmetical machine to help his father in his cal- 
culations (Étienne having been appointed intendant at Rouen in 
1639). This machine was regarded by his contemporaries as his 
main claim to fame, so the youthful pride which appears in his ded- 
ication to the chancellor, Pierre Séguier, in 1644 is understandable. 

Up to 1646 the Pascal family had held strictly Catholic prin- 
ciples, even if, as a consequence of dividing life into separate com- 
partments, they had often substituted l'honnêteté (conventional 
integrity, polite respectability, 
decent social behaviour) for in- 
ward religion. An illness of his 
father’s, however, brought Blaise 
into contact with two disciples of 
the abbé de St. Cyran, who had 
been director of Port Royal un- 
til his death a short time before; 
himself the first to 
ity of entirely turn- 
ing away from the world to God, 
won his family over to his point 
of view (1646), His letters in- 
dicate that he was for several 
years his family’s spiritual ad- 
viser, but the conflict within him- 
self was not yet resolved. Ab- 
sorbed again in his scientific 
interests, he tested Galileo's and 
Torricelli’s theories in Paris and 
on the Puy de Dóme (1646) ; and 
his publications on the problem of 
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the vacuum (1647-48) added to his reputation. These latter 
works, however, gave rise to controversies in which it became clear 
that self-love was still his ruling passion. When he fell ill from 
overwork—he was of a weak constitution—his doctors advised him 
to seek distractions; but what has been described as Pascal's 
“worldly period" (1651-54) was in fact primarily a period of in- 
tense scientific work, during which he composed his Traité de 
l'équilibre des liqueurs, his Traité de la pesanteur de la masse de 
l'air and also his Traité du triangle arithmétique (this last a frag- 
ment of the De alea geometriae, in which he laid the foundations of 
the calculus of probabilities). By the end of 1653, however, he had 
begun to feel religious scruples; and the "night of fire" which he 
experienced on Nov. 23, 1654, he believed to be the beginning of a 
new life, "Though he never became one of the solitaries of Port 
Royal, it was henceforth only at their request that he was ever to 
take up his pen. 

Les Provinciales.—Though the epistolary form and the per- 
vading spirit of Port Royal serve to give unity to the collection, the 
18 Lettres écrites par Louis de Montalte à un provincial (Jan. 23, 
1656—March 24, 1657), better known as Les Provinciales, exhibit 
wide differences of style and enable us to trace a far-reaching de- 
velopment in the author as his spiritual and his theological poten- 
tialities are progressively revealed. Written in defense of Antoine 
Arnauld (q.v.), who was on trial before the faculty of theology in 
Paris, letters i-iii state the case with comic dramatization. Letter 
iv deals more profoundly with the question of divine grace, though 
the character of the Jesuit in it is extraordinarily lifelike. Letters 
y-ix transfer the argument to the subject of moral theology, which 
was the weak point of the adversaries of Port Royal; and Pascal 
quotes freely in their own words the casuists (especially Antonio 
Escobar), sometimes in a spirit of derision, sometimes with indig- 
nation. Indignation is the keynote of letter x (on the love of God), 
of letters xi-xiv, in which Pascal varies attack and defense, and of 
letters xv and xvi, in which the persecution of Port Royal is inter- 
preted as the consequence of the Jesuits’ policy. In the two last 
letters, xvii and xviii, dealing with the question of grace, Pascal 
proposes a conciliatory position that was later to make it possible 
for Port Royal to subscribe to the “Five Articles" (1663) and to 
the “Peace of the Church” (1668). 

The Provinciales were an immediate success, and their popu- 
larity has remained undiminished, This they owe primarily to 
their form, in which for the first time bombast and tedious rhetoric 
as exemplified by J. L. Guez de Balzac and by Antoine Lemaistre 
are replaced by variety, brevity, tautness and precision of style; 
as Nicholas Boileau recognized, they mark the beginning of modern 
French prose. Something of their popularity, moreover, in fash- 
ionable, Protestant or skeptical circles, must be attributed to the 
violence of their attack on the Jesuits. In England they have 
been most widely read when “popery” has seemed a danger (for 
example, after the Restoration of the Stuarts and at the time of the 
Oxford movement). Yet they have also helped Catholicism to 
rid itself of laxism; and, in 1678, Pope Innocent XI condemned 
half of the propositions that Pascal had already denounced. Thus 
the Provinciales played a decisive part in promoting a return to 
inner religion and helped to secure the eventual triumph of the 
ideas set forth in Antoine Arnauld’s treatise De la fréquente com- 
munion (1643), which thereafter remained almost unchallengeable 
until the French church felt the repercussion of the revocation of 
the Edict of Nantes (1685). Whereas the Jesuits seemed to 
represent a Counter-Reformation predominantly concerned with 
orthodoxy and obedience to ecclesiastical authority, the Provin- 
ciales advocated a more spiritual approach, emphasizing the soul’s 
union with the Mystical Body of Christ through charity. 

Further, by rejecting any “double standard” of morality and the 
distinction between counsel and precept, Pascal aligns himself with 
those who belieye the ideal of evangelical perfection to be insep- 
arable from the Christian life. While there was nothing original 
in these opinions, Pascal nevertheless stamped them with the pas- 
sionate conviction of a man in love with the absolute, of a man who 

saw no salvation apart from a heartfelt desire for the truth together 
with a love of God that works continually toward destroying all 
self-love. For Pascal, morality cannot be separated from spirit- 
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uality. Moreover, his own spiritual development can be traced 
the Provinciales. The religious sense in them becomes pr ч 
sively refined after the first letters, in which the tone of ridicule 
smart rather than charitable. Contemporary with the pow 
Pascal's letters to the duc de Roannez and his sister give invalugjy 
evidence of the depth and sensitivity of his religious perception, 

Last Years.—"The miracle of the Holy Thorn,” of which py. 
cal's niece was the beneficiary, took place at Port Royal а 
March 24, 1656; and it was as a consequence of his meditations а 
miracles and on other proofs of Christianity that Pascal finally d 
cided to write his work of Christian apologetics (see below), 
his efforts to convert his fashionable friends had prepared his mig 
for the decision. Between the summer of 1657 and the summery 
1658 he put together most of the notes and fragments that edi 
have published under the inappropriate title Pensées; and in fg 
he outlined his plan to his friends of Port Royal. He was net 
involved, however, in scientific work again. First, “Messieurs й 
Port-Royal” themselves asked for his help in composing the fle 
ments de géométrie; and secondly the duc de Roannez зшен 
that he should publish what he had discovered about cycloid cuna 
(on which the greatest mathematicians of the time had been a 
ready working). Once more fame aroused in him feelings of si 
esteem; but from Feb. 1659 illness brought him back to his fome 
frame of mind, and he composed the “prayer for conversion" {hit 
the Wesleys were later to regard so highly. Henceforth, scarcely 
capable of regular work, he gave himself over to helping the po 
and to the ascetic and devotionallife. He took part intermittently, 
however, in the disputes to which the “Formulary” gave rise, Ш 
a difference of opinion with the theologians of Port Royal led lis 
to withdraw from controversy (though he did not sever his rd 
tions with them). E 

After terrible pain, probably from carcinomatous meningitis {oh 
lowing a malignant ulcer of the stomach (Lucien Jerphagnon, М 
cal et la souffrance, 1956), he died on Aug. 19, 1662, assisted byt 
non-Jansenist parish priest who found him to be “most submisit 
to the Sovereign Pontiff and to the Church.” 

Apologie de la Religion Chrétienne.—The fragments Û 
Pascal's great work are preserved in the manuscript known a1 
Recueil original, No edition of them, however, was even apprit 
mately correct until that of A. P. Faugère ( 1844) ; and fora it 
ther century the true plan of the work remained unknoWü, i 
the result that editors and readers could feel themselves fret 
interpret in accordance with modern philosophical preocaupili? 
ideas which to the author had had an exclusively religious m 
Eventually, thanks to the researches of Z. Tourneur, L. m 
J. Mesnard and Mrs. A. Barnes, it was proved that the two epe 
in the Bibliothéque Nationale give the text of a provision: p 
ing made by Pascal himself in 1658. This doubtless 15 
program of work and would have been replaced, in the com p 
book, by a complex structure developing the 
planes as in a musical composition (this can be seen from 
in which major themes recur again and again in the text). y 
vision of the manuscript into 27 files reveals, however, || 
dramatic approach toward a climax and settles decisively. vgl 
ber of points on which previous editors were in doubt Wit 
to the progress of the argument and the significance 0 p 
details. The first part of the Apologie, then, woul pu 
a portrait of man without divine grace. Pascal shows ince К} 
incomprehensible mixture of greatness and abjectness, wt й 
incapable of truth ог of reaching the supreme good to for 
nature nevertheless aspires. A religion that accounts 7 
contradictions—which philosophy and worldliness fail a 
for that very reason “to be venerated and loved.” The ј 
ters are transitional, dealing in an extremely complex Wes 
psychology of the libertim or emancipated freethinker б gi 
the method of approach to be adopted before presenta ert 


revealed truth, The indifference of the skeptic is to ү us 
by means of the “wager” (le pari); the true function 9 обй 
demonstrated; and Pascal insists that we must bring t M 
through Jesus Christ alone, since a creature could never jos 


rit 
Infinite if Jesus had not descended to assume the pP de 
our fallen state. This exposes the error of other relig 


ose worldly Christians who do not sincerely seek the truth. 
atte ikness are so closely interwoven that only the pure 
who has triumphed over self-love can know the va- 
Christian position, even though history itself is full 
fs of it. The second part of the Apologie, comple- 
the first part, begins by applying the Augustinian 
allegorical interpretation to the biblical types (figura- 
reviews the rabbinical texts, the persistence of true 
work of Moses and the proofs of Jesus Christ; and 
gives a picture of the primitive church, the fulfilment of 
des. The grouping as shown in the "copies" concludes 
lions on the Mystical Body, which demands the renunci- 
-love; and on the faith of the humble, which does not 
t proofs. The Apologie, then, is a treatise of spirituality. 
not interested in making converts if they are not going to 


з apologetic has stood the test of time, but it is primarily 
ed to individuals of his own acquaintance. To convert 
friends, he looks for arguments in their favourite au- 
Michel de Montaigne, in Pierre Charron, in the more or 
rodox followers of Nicolaus Cusanus and perhaps also in 
ssendi and in Thomas Hobbes. For him, however, skep- 
it a stage. Man would not be wretched if nostalgia 
nal state did not make-him conscious of his wretched- 
, ewise, the fall of man is stressed to counterbalance Neo- 
onic tendencies, in such a way as to enable Pascal to found an 
| t apologetic on the impossibility of the “state of pure 
"(status purae naturae) without having to protect himself 
‘an idealist interpretation, Modernist theologians іп par- 
have tried to make use of his main contention, that “man 
more than man,” in isolation from his other conten- 
that man’s present wretchedness is explicable only as the 
fall, about which moreover we can learn what we need 
from history. This, however, is to sacrifice the second 
he Apologie to the first, to keep the philosophy while 
' exegesis; and it also counteracts Pascal’s whole purpose 
g deism instead of the actual coming of a Redeemer. 
as for St. Paul, Jesus Christ is the second Adam, in- 
fable without the first. 
ly, too, Pascal expressly admits that his psychological 
‘are not by themselves sufficient to exclude a “philosophy 
d": to do so, we must have recourse to the convergence 
analyses with the "lines of fact" concerning Revelation, 
ergence being too extraordinary not to appear as the 
5 E to an anguished seeker after truth (qui cherche 
Mice a physicist, a mathematician, an eloquent publicist in 
Ovinciales and an inspired artist in the Apologie and in 
e notes, Pascal was embarrassed by the very abundance 
hts. A. Koyré suggests that it was his too concrete 
mind that prevented his discovering the infinitesimal 
92 and in some of the Provinciales the mysterious relations 
Person with God are treated as if they were a geometrical 
that But these considerations are far outweighed by the 
ithe drew from the multiplicity of his gifts; his religious 
fe rigorous because of his scientific training; and his 
Ле concrete emerges no less from the stream of quota- 
ү Provinciales than from his determination to reject 
LT his Wd of the Summa contra gentes in his Apologie. Finally, 
| lf te Unique experience that the moment when he believed 
х, have been raised above the faculties with which nature 
n him should be viewed; the Mémorial was constantly 
im of this, 
Y» Teferences under “Pascal, Blaise" in the Index. 
RAPHY. — The stan, iti scal’s works is that by 
Med Р. peni Жу ын rd crivains de la 
Men. (1908-25) ; in part replaced by Pensées sur la religion, 
(1959. 34; 3 vol. (1951) ; also editions by Н. F. Stewart 0 
hard pi With Eng. trans.) and of Provinciales (1951). See 
1033) а, l'homme et Voeuvre (1951; Eng. trans, by G. 2 
"Cable ith bibliography; also Blaise Pascal, l'homme ё 
ts de Royaumont,” Philosophie, i (1956), a collection 
cussions, (J. Ot.) 
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PASCHAL (Pascratis), the name of two popes and one anti- 
pope. 

Sr. PascHAL I (d. 824), pope from 817 to 824, was a Roman. 
Elevated immediately after the death of Stephen V (IV), in Jan, 
817, he informed the emperor Louis the Pious, who confirmed the 
independence of the Holy See and the Romans’ right to freedom 
of election, In 823 Paschal crowned Louis's son Lothair I as co- 
emperor, Some of Paschal’s servants executed two papal func- 
tionaries who were thought to favour imperial control of Rome; 
the pope swore to his innocence of the crime. He intervened with- 
out success against the revival of iconoclasm in the east. Paschal I 
died in May 824. (A. G. Br.) 

Pascuat II (Ranierus, of Bieda, Ravenna) (d. 1118), pope from 
1099 to 1118, was born at Bieda di Galeata, near Ravenna. He en- 
tered a Cluniac monastery as a boy, was made a cardinal by 
Gregory VII about 1080, and was elected pope Aug. 13, 1099, suc- 
ceeding Urban II. Paschal followed Gregory VII's policies (see 
Grecory), as had his predecessor but with less success. The long 
conflict of popes and rulers over which authority was supreme in 
the church now centred on the right of investiture for major church 
offices (see INVESTITURE CONTROVERSY). This problem dominates 
Paschal's reign, although he also fostered the crusade cause, Set- 
tlements were made between St. Anselm and Henry I for England 
and with Philip I for France in 1107; but Paschal continued the 
conflict in Germany with Henry IV and Henry V (see HENRY 
[German kings]). One agreement preliminary to Henry's coro- 
nation was vehemently rejected by the German prince-bishops, 
and Paschal's consent (after two months' harsh captivity) to the 
full demands of the king irked the Gregorian party. Paschal re- 
voked this extorted act and renewed his earlier condemnations of 
regal investiture, but the problem remained unsolved until 1122, 
when Calixtus II concluded the Concordat of Worms. Paschal II 
died Jan, 21, 1118. 

РаѕснА HI (Guido of Crema) (d. 1168), antipope from 1164 
to 1168, was one of the original supporters of the antipope Victor 
IV against Alexander ШІ. Guido succeeded Victor on April 22, 
1164, through the influence of Reinald of Dassel, Frederick I's 
chancellor and vicar in Italy, but he won only limited allegiance 
even in the empire. Enthroned when Frederick took Rome, Pas- 
chal crowned him emperor (Aug. 1167), but had to accompany his 
retreating army. His successor, antipope Calixtus IIT, was a less 
significant figure, Paschal died Sept, 20, 1168. 

Brsrrocraruy.—Paschal I: F. L. Cross (ed,), Oxford Dictionary of 
the Christian Church, p. 1020 (1957) ; Н. К. Mann, Lives of the Popes 
in the Middle Ages, 2nd ed., vol. viii (1925) ; Z, N. Brooke, The English 


Church and the Papacy (1952). 
Paschal II: Н.К. Mann, Lives of the Popes in the Middle Ages, 2nd 


ed., vol. x (1925). (J. J. RN.) 

PASCHAL CHRONICLE (Chronicum Alexandrinum or 
Constantinopolitanum) was originally an outline from Adam to 
AD. 628 (only extant to 627) with historical and theological notes 
and an introduction on Christian chronology and the Easter cycle 
(hence the name “Paschal” Chronicle), It was written under the 
emperor Heraclius (610-642) by a Byzantine cleric in the circle 
of the patriarch Sergius. It uses the so-called Byzantine era that 
calculated the creation from March 21, 5507 s.c. (which with 
slight modifications continued in general use in the Greek Church 
until its liberation from Ottoman rule in the 19th century). It was 
a popular work; the part covering the 7th century is of independent 
historical value. 

Brstiocrapny.—L. Dindorf (ed.), Chronicon Paschale in Corpus 
script. hist. Byz. (1832) ; J.P. Migne, Patrologia Graeca, vol. 92 (1860), 
See also Pauly-Wissowa, Real-Encyclopüdie der classischen Altertums- 
wissenschaft, vol. iii, part 2, col. 2,460-2,477 (1899) ; С. Moravcsik, 
Byzantinoturcica, vol. i, 2nd ed., pp. 241-243 (1958) ; V. Grumel, Traité 
d'études byzantines: I, La chronologie (1958). (J. M. Ну.) 

PASCHAL CONTROVERSIES, controversies in the early 
Christian Church about the correct date for keeping Easter (Gr. 
pascha), the annual festival in commemoration of the resurrection 
of Jesus Christ from the dead, The earliest of these controver- 
sies was about whether Easter should be celebrated always on a 
Sunday or on the actual day of the Jewish lunar month (14th of 
Nisan) when the resurrection was reckoned to have taken place. 
The latter practice, followed by the church in the Roman province 


430 


of Asia, was generally condemned at the end of the 2nd century, 
because it meant celebrating Easter at a time when the Jews were 
keeping Passover. Later controversies concerned the different 
methods of calculating the paschal moon, until in the 6th century 
the computations of Dionysius Exiguus were generally accepted in 
the West (see CALENDAR: Western; CHRONOLOGY : Christian). 
The Celtic Church, however, did not come into line until the 7th 
century, and there were some difficulties in Gaul in the 8th century. 
(See also EASTER.) 

Easter in the Orthodox Eastern Church is often kept on a later 
Sunday than in the West, partly because it adheres to the Julian 
calendar for the movable year. In the West the subject has ceased 
to be controversial, and the second Vatican Council stated in 1963 
that there was no objection in principle to keeping Easter always 
on а fixed Sunday (probably in early April). Because Good F: riday 
and Easter Monday as well.as Ascension Day, Whit Monday, and 
Corpus Christi (which also vary in date according to Easter) are 
public holidays in many countries, it would be convenient if Easter 
did not wander over so long a period as five weeks (between March 
22 and April 25 inclusive). 

PASCHASIUS RADBERTUS, SAINT (d. c. 865), fourth 
abbot of Corbie (near Amiens, in France), author of the first 
monograph on the Eucharist, was born near Soissons. Though 
well read in the Scriptures, Fathers, and pagan writers (certainly 
the Latin, perhaps even the Greek), he was of such humility that 
upon election as abbot he refused advancement from deacon to 
presbyter. During his reign there were disturbances in the monas- 
tery, for among the monks were the unfortunate Gottschalk and 
also Ratramnus. (qq.v.), both of whom showed marked inde- 
pendence of thought. Paschasius wrote 12 books of commentary 
on Matthew, an exposition of Ps. 44, five books on Lamentations, 
besides several minor works, but he is principally now to be re- 
membered for his earliest writing (831), The Lord's Body and 
Blood, Its importance is due to the contrast it shows with Ra- 
tramnus’ Christ’s Body and Blood, of slightly later date, which 
often expresses opposite views. 

The chief difference between the two concepts of the Eucharist 
is that for Paschasius the bread and wine on the altar become, 
after consecration, the true body and blood of Christ, whereas for 
Ratramnus they are symbolically such. Paschasius is also very 
explicit that the true body and blood are identical with the natural 
body and blood visible during the Lord's life on earth and now 
reigning in heaven, another point on which Ratramnus takes a 
contrary view. For Paschasius figura means “outward appear- 
ance" and veritas *what faith teaches," but to Ratramnus they are, 
respectively, “what faith teaches" and “what is perceptible to the 
senses,” During the next centuries Paschasius’ views came to 
dominate the field, particularly during the controversy associated 
with Berengar (q.v.) of Tours, and though Roman Catholic writ- 
ers are now not unwilling to see faults in Paschasius, he remains 
to them quite orthodox. His feast day is April 26, . See also 
TRANSUBSTANTIATION, 

BIBLIOGRAPHY. —Latin text in J. P. Migne, Patrologiae cursus com- 
pletus, Ser. Lat., vol, 120, coll. 1267-1350; Ger, trans. in P. M. Hausherr 
Der heilige Paschasius Radbertus (1862) ; Eng. trans. of selections, with 
introd. in G. E. McCracken, Library of Christian Classics, vol. .9, 
Early Medieval Theology, pp. 90-108; see also C. Gliozzo, La dottrina 
in Paschasio Radberto e Ratramno, monaci di Corbia (1945); H. 
Peltier, Pascase Radbert, abbé de Corbie (1938). (G. E. McC.) 

PASCHEN-BACK EFFECT: sce Zeeman EFFECT. 

PASCIN, JULES (Jurus Prcas) (1885-1930), an outstand- 
ing painter of the school of Paris and a typical internationalist of 
the early 20th century, was born in Bulgaria of Italian-Serbian 
and Spanish-Jewish parents. He spent a number of years in Aus- 
tria and Germany working for such satirical journals as the Lustige 
Blatter and Simplicissimus. In 1905 he moved.to Paris, where 
he continued to produce tragically satirical drawings of the under- 

world. The outbreak of World War I caught him away from 
France. He traveled for awhile in the United States where he 
became a.citizen, and Cuba, returning to Paris in 1920. There he 
began painting a series of large-scale, representational, and very 
sensitively drawn biblical and mythological themes, as, well as por- 
traits, Later he turned to the material for which he is generally 
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known, the delicately toned, thinly painted but poetically bitter 
and ironic studies of decadent female types, generally prosti 
These suggest an analogy to Henri de Toulouse-Lautrec, but 
cin’s characters have an individual grace and perverse ten 
that bespeak a personal identification with these creatures of Son 
row. On the eve of an important one-man show of his Work jy 
1930, Pascin committed suicide. 

See Horace Brodzky, Pascin (1946) and Paul Morand, Pascin (1931), 

(B. S. Ms) 


PASCO, a department in the highlands of central 
bounded north by Huánuco, east by Loreto, southeast by Cum 
south by Junin and west by Lima. Area 8,438 sq.mi. The depart 
ment was created in 1944 out of the northern part of Junín, Pop 
(1961) 126,463. The western part of the area is very hj 
and rugged. Cerro de Pasco. (9.7.), pop. (1961), 5,720, the 
capital of the department and major mining centre, is located o 
a gently rolling high-level surface at an elevation of 13,973 ft 
Above this surface there are discontinuous ranges and clusters of 
peaks which reach elevations of over 18,000 ft. above sea level 
The western part.of Pasco is drained by the headwaters of the Ro 
Huallaga. The eastern part of the department, on the other hand 
is on the steep, rain-drenched slopes of the Andes and the forested 
plains beyond. This area is drained by the Río Pachitea, a rint 
that descends through a narrow canyon to the eastern plains and 
then meanders through the lowland forests to join the Rio Ucayal, 
one of the Amazon headwaters. 

The western part of Pasco is one of the world’s greatest mining 
regions. Silver ores at Cerro de Pasco were discovered in 16% 
and during the Colonial Period silver was Peru’s distinctive рф 
uct. In the modern period, copper is more important than silver 
but in addition to copper, there are gold, lead, zinc, bismuth, ant 
vanadium, Bismuth, is extracted from the dust in flues of tit 
copper smelters. Vanadium comes from mines at Mina Rag. 
more than 16,500 ft. above sea level, Coal of good quality i 
mined at Goyllarisquizca*and Quishuarcancha. 

At the higher altitudes of western Pasco cattle and sheep Mt 
pastured. The highest crop is the potato and below that the 
Indians grow wheat and barley. On the lower eastern slopes, 
colonies of pioneer farmers raise coffee, cacao, sugarcane, 00 
rice, and maize, The high-cost of transportation, however, pf 
mits only the sale of high-value products such as agi 
(sugar brandy). (P ED 

PASCOAIS, TEIXEIRA DE (real name JoAQUIM Pium 
TEIXEIRA DE VASCONCELOS) (1878-1952), founder of the sow 
sista movement in Portuguese poetry, was the most notable 
spired poet-philosopher in Portugal in the first half of the 
century. An intuitive and inspired visionary, Pascoais, thou 
successful in his attempt to create a species of nationalistic 
tique based on saudade (an untranslatable and typically 
guese feeling: a fusion of hope-with nostalgia), produ 
of the most original work in Portuguese poetry. He wie 
Nov. 2, 1878, at Sao Gongalo de Amarante in the Douro t 
He studied at the University of Coimbra, taking his degree P 
For a time he practised law in Oporto but soon went (0 hu » 
estate at Pascoais (from which he took his pseudonym. 
Marao mountains. mil 

His first volume, Embrióes, appeared in 1895, when x ind 
But it was in 1898 that he made a name with the publi? К 
the collection of verse entitled Sempre, the first revelation 
saudosista outlook. This developed in succeeding volume 
Proibida (1899), Jesus.e Pan (1903), Para a Lus (19 ай 
gave rise to the movement known as Renascença ie Apt 
founded by Pascoais at Oporto in 1912, with its revie te 
Maranos (1911) and Regresso ao Paraíso (1912) are сү iW 
volumes most deeply inspired by saudosismo, à mingling # 
tive thought and mystical lyricism. Fernando Pessoa int 
essence of Pascoais’ lyricism “pantheistic transcendent v rei 
it was this that Pascoais wanted to turn into à his bo 
for the Portuguese people. In Águia and in some D és (109 
of this period—O Saudosismo (1913), О Génio Portas 
A Arte de ser Portugués (1915) and Poetas Lusiadas 


put? 
expounded rather nebulously his saudosista thought- 


{ to writing long biographies in prose—a prose in- 
ith poetic passages—of which São Paulo (1934) is 
otable. Some were translated into German and were 
emed in German-speaking lands. 

was much discussed and denounced as a “thinker” 
his thought is more poetry than philosophy, properly 
At the time of his death (at Pascoais on Dec, 14, 1952) 
nized as the greatest poet in Portuguese. 

—]. do Prado Coelho, A Poesia de Teixeira de Pascoais, 
ologia (1945); Sant'Anna Dionisio, О Poeta, essa Ave 
1953); José Régio, Pequena História da Moderna Poesia 
); J. G. Simóes, História da Poesia Portuguesa do 

(1959). (J. G. Ss.) 

LL GIOVANNI (1855-1912), Italian poet and 
author of graceful, melancholy lyrics, was born at San 
magna, on Dec. 31, 1855. An orphan from childhood 
er was murdered), he knew poverty and when a student 
soned for socialist activity. In 1882 he became a sec- 
ioolteacher. He later held professorial appointments 
of Italian universities and in 1905 succeeded to the 
ian literature at Bologna, where he died on April 6, 


first poems, Myricae, which won him popularity in 
short, delicate, musical lyrics inspired by nature and a 
ine choice of themes (the family, the home, the 
dren, and birds). His Canti di Castelvecchio (1903) 
ing evocations of the poet’s sad childhood and medi- 
1 his lonely life. His Latin poems (Carmina; 1914) and 
ni Conviviali (1904) show his erudition and refinement as 
Scholar. 
Opere were edited by A. Mondadori and published in 


Y i (1920) ; E. Turolla, G. Pascoli 
lography in Studi pascoliani (1927—33). (F. Dr.) 
DE-CALAIS, a département of northern France formed 
nearly the whole of Artois (g.v.) and adjacent districts 
(q.0.). It is bounded northeast and east by the dé- 
mt of Nord, south by Somme, and to the west and north- 
ends to the coast of the Strait of Dover (Pas-de-Calais). 
107 sq mi. (6,752 sq.km,). Pop. (1962) 1,366,282. Rolling 
uuntry occupies most of the département. The chalk 
Artois, extending inland through Pas-de-Calais, sepa- 
he Paris Basin from that of Flanders. Round Boulogne the 
г has been breached to expose the varied strata under- 
and Within its chalk frame the Boulonnais forms a hilly 
that is the southeastward prolongation of the English 
ching 700 ft. in the highest part, the chalk hills of 
a watershed, whence the Rivers Aa, Lys, Scarpe, and 
n northeast toward Flanders. Near Calais and Saint- 
chalk passes under the cover of Tertiary deposits that 
* plain of Flanders. The chalk cliffs of Cape Gris-Nez 
Blanc-Nez (above 400 ft.) are replaced to the east by a 
e-fringed coast, backed by reclaimed marshland, inter- 
; ‘drainage canals, and intensively devoted to dairy farm- 
û market gardens, South of Boulogne a strip of alluvium, 

longshore drift, now separates the chalk cliffs from the 
jand the estuaries of the Canche and Authie are en- 
© vith silt. The tract of former marshland, known as 
amps de Marquenterre, has also been reclaimed for 
"9 aid market gardens, Inland on the chalk the soils vary 
Y, but where, as often, the chalk is covered with limon 
Exceptionally fertile. These tracts especially are the 
[ Sugar beet. Wheat and fodder crops, the other main- 
* cropping system, are more widespread. A great 
ter crops is grown, but the extent of some industrial 

ûs flax, hemp, and colza, has been much reduced, 

der crops have increased. Great numbers of livestock 
ed for the production of meat and dairy produce. The 
»pulation lives mainly in clustered villages, in which 
"s dings are characteristically grouped round courtyards, 
major coalfield, buried under the chalk, extends into 

S from the neighbouring département of Nord, west of 
mining area stretches west beyond Béthune. There 
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are large coking plants and the chemical industry has experienced 
a considerable expansion since World War II at Mazingarbe. Iron 
and steel works are especially important near Lens and Hénin- 
Liétard, but there are others at Isbergues and Boulogne. In a belt 
from near Boulogne, past Arras, are numerous cement works using 
the chalk marl. Sugar refining, alcohol distilling, brewing, and 
flour milling are characteristic and important industries. 

Calais, in addition to its importance for cross-Channel passenger 
traffic, is a considerable cargo port and is connected with the canal 
system of Flanders. Its lace industry is well known. Boulogne 
is primarily a fishing port, the largest in France, important both 
for herring and for long-distance trawling. Both Calais and 
Boulogne suffered heavily from repeated aerial bombardment dur- 
ing World War II. Elsewhere along the coast are numerous sea- 
side resorts, notable among them the fashionable Le Touquet- 
Paris-Plage. The département is crossed by a network of roads, 
several centring on Arras. The principal railways are Calais—Paris, 
Calais-Saint-Omer, and Béthune-Lens-Arras-Amiens. 

Arras, former capital of Artois, on the Scarpe, is the préfecture 
of the département and centre of the bishopric. The département 
comes under the court of appeal at Douai and, for education, under 
the académie of Lille. It comprises seven arrondissements, centred 
upon Arras, Boulogne, St. Omer, Béthune, Calais, Lens, and 
Montreuil, 

Pas-de-Calais was the scene of very heavy fighting during World 
War I and there are several large war cemeteries and monuments, 
notably on Vimy Ridge. Near Hesdin is the historic site of the 
Battle of Agincourt (1415). (AR. E. S.) 

PASHA, a Turkish title, derived from the Persian padshah 
(padishah) and influenced by the Turkish bashak. It was the high- 
est official title of honour in the Ottoman Empire, always used with 
a proper name, which it followed. It was given to soldiers and 
high civil officials, not to men of religion, and was purely personal 
and not hereditary, except in 19th-century Egypt. Very occa- 
sionally in early times it was applied to a woman; Validepasha 
was the title of the mother of the pasha of Egypt. 

The title first appeared in the 13th century among the Seljuks, 
Among the Ottomans it was given to a brother and son of Sultan 
Orkhan. Later it became the prerogative of provincial governors 
and the viziers of the central administration, In the Tanzimat 
period (19th century) its use was extended to the four highest 
grades of the civil and military services, 

On the fall of the Ottoman dynasty pasha was reserved only 
for soldiers but, even after the Turkish Republic finally abandoned 
its use in 1934, the title survived in former Ottoman possessions; 
e.g., in Egypt and Iraq. By Turks it is still used in conversation 
as a mark of respect to a social superior, though sometimes in an 
ironic tone. (A. D. A.) 

PASHTO (Pusurv, Рлкнто), the language of the Pathans, 
living in eastern Afghanistan (chief city Kandahar) and in north- 
ern West Pakistan (chief city Peshawar), The number of Pashto 
speakers has been estimated at 10,000,000-12,000,000, with 
roughly equal numbers in the two countries, 

Pashto is an East Iranian language (see IRANIAN. LANGUAGES) 
with strong Indian influence, many Arabic and Persian loanwords, 
and many archaic Iranian features. It is written with a modified 
Arabic alphabet. There are two main divisions of the many 
dialects: the southern, which preserves ancient sh and zh sounds 
as a prominent characteristic, and the northern (chiefly in Paki- 
stan), with kh and gh sounds instead—hence the forms Pashto and 
Pakhto for the name of the language. The grammar is more com- 
plicated than that of modern Persian. 

Pashto became prominent only after creation of the Afghan 
State in the 18th century. It is the national language of Afghani- 
stan, which recognizes Persian as a second language. 

BıBLIOGRAPHY.—D. Wilber, Afghanistan (1956). For Kandahar 
dialect, see Н. Penzl, A Grammar of Pashto (1955). For Peshawar 
dialect, see D. L. R. Lorimer, Pashtu, Syntax of Colloquial Pashtu, 
part i (1915). Dictionaries: G. Morgenstierne, An Etymological 
Vocabulary of Pashto (1927) ; H. G. Raverty, Dictionary of the Puk'hto, 
Pus'hto, or Language of the Afghans (1867). (R. N. F.) 

PASHUPATI, a sacred site of Nepal, with an ancient 
Shaivite temple of Pashupatinath, lies near Katmandu on the 
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Bagmati River where it flows through a small gorge. It is re- 
garded by the Nepalese as the Benares (Varanasi) of Nepal, and 
for Hindus elsewhere it is the holiest place in that country. The 
temple is built in pagoda style with gilt roof, and the banks of the 
Bagmati are paved for several hundred yards. There are also 
numerous shrines in the vicinity, At the Shivratri festival in 
February or early March many pilgrims visit the shrine from dis- 
tant places, mostly in India, in spite of the rigours of the climate. 
Pious Hindus also go there to die, in the belief that they will find 
salvation if they die with their feet in the sacred waters of the 
river at Pashupati. (Rt К.Р.) 


PAŠIĆ, NIKOLA (1845-1926), Serbian and later Yugoslav 
statesman, 22 times prime minister and 17 times foreign minister, 
was born at Zaječar on Dec, 18 (new style; Dec. 6, old style), 
1845, the son of a shopkeeper and farmer. A student of engi- 
neering, he was sent with a state bursary to the University of 
Zürich, where he came temporarily under the influence of Mikhail 
Bakunin. Soon, however, he adopted the socialist views of 
Svetozar Marković (q.v.), of which he became one of the foremost 
exponents, Having returned to Serbia, he volunteered in 1875 to 
help the anti-Turkish insurgents in Bosnia-Hercegovina and there 
met Peter Karageorgevich, later king of Serbia. Elected to the 
Serbian parliament in 1878, he was one of the founders of the 
Radical Party in 1881. 

An armed rising, the so-called Timočka Buna, which broke out 
at Zajetar in 1883 led to the arrest of most of the Radical leaders 
and fresh repressive measures. Pašié fled across the Danube and 
was condemned to death in absentia, remaining in exile until after 
King Milan Obrenovich’s abdication in 1889. While in exile he 
made friendships in Russia, Bulgaria, and Rumania invaluable to 
him later on, He became an ardent Russophile and supporter of 
the Karageorgevich dynasty. On his return he was elected speaker 
of the national assembly and on two occasions mayor of Belgrade. 
He was prime minister from February 1891 to August 1892, and 
as foreign minister accompanied the young King Aleksandar 
Obrenovich on his first visit to the Russian emperor. He was made 
Serbian minister in St. Petersburg in 1893 but resigned in 1894 
in protest against King Milan’s illegal return to Serbia. The 
Radicals were now in keen opposition, and when an attempt was 
made on Milan’s life in 1899 the government rid itself of their 
leaders by trumped-up charges of engineering the crime. As a 
result of Russian remonstrances, Pašić was soon amnestied on 
condition of leaving the country. He returned after Milan's final 
withdrawal. After the fall of the Obrenovich dynasty in 1903 the 
Radical Party became dominant, and Pašić was foreign minister in 
1904 and prime minister in 1905 and again from 1909 to 1911. 
He shared in Milovan Milovanovié's negotiations for a Balkan 
league and on Milovanovié's death in 1912 resumed the premier- 
ship. He remained in office throughout the Balkan Wars and 
contributed toward the alliance with Greece and the rapprochement 
with Rumania. 

Pašić remained prime minister throughout World War I. He 
was interested in the union with Serbia of provinces inhabited 
predominantly by Serbs, but not in the formation of a federal 
Vugoslavia with Serbs, Croats, and Slovenes autonomous and 
equal. 

The Russian Revolution of March 1917 weakened Pašié’s posi- 
tion both at home and abroad, forcing him to relinquish his plans 
for a greater Serbia and to negotiate, on equal terms with the 
Yugoslav Committee under Ante Trumbić, the so-called Declara- 
tion of Corfu (July 20, 1917), which laid down the broad lines of 
the future unified Yugoslav state. But his relations with the 
committee became increasingly strained, and he stubbornly denied 
to the members any status in the Allied camp and refused to admit 
them to a coalition cabinet. Austria-Hungary collapsed before 
any agreement was reached among the Allies on the Yugoslav 
problem; and Italy, abandoning the compromise reached in Rome 
at the Congress of Oppressed Nationalities of Austria-Hungary 
(April 1918), reasserted its full territorial claims under the secret 

Treaty of London. Even so, Pašié still maintained his obstructive 
tactics not merely toward the Yugoslav Committee but also toward 
the new provisional government which had been formed in Zagreb. 
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Finally, on Dec. 20, 1918, a compromise was reached, and whi 
Stojan Protić became the first prime minister of Yugoslavia, рў 
was made first delegate to the peace conference, with Trumbié зы 
Milenko Vesnić as his colleagues. 

In January 1921 Pašić again became prime minister and, m 
because of the abstention of the Croatian Peasant Party was ab 

z quss й 

to steer the new centralist constitution through parliament (Jy 
28,1921). Having maneuvered his Democratic allies out of iy 
government in December 1921, he made three more coalitions be 
fore forming a minority Radical government in April 1923; yy 
between March and July 1924 he headed two further сода 
governments, Then, after giving place to a Democratic coalitie 
which lasted 100 days, Pašić in November 1924 returned to pony 
stronger than ever. In February 1925 he again dissolved parlit: 
ment, threw Stjepan Radić (q.v.) and his colleagues of the Croatiay 
Peasant Party into prison and, by the adoption of drastic electon! 
measures, secured а small working majority, ` Radić (етері 
made his famous recantation and entered the cabinet in Octobe, 
after another rebuilding of the PaSic’s coalition government, The 
two strongest parties in Yugoslavia were now temporarily united, 
but the situation became increasingly difficult. Pašić, whos 
health was failing, relinquished the premiership on April 4, 10%, 
and died in Belgrade on the following Dec. 10. 

The Radical Party, inspired by the doctrines of Marković, hit 
stood originally for social reforms and peasant democracy and had 
been the first really popular and broadly organized party in Seti 
Led by men like PaSié, it soon became nationalist, Russophile art 
devoted to the Karageorgevich dynasty. It used its power effet: 
tively for the aggrandizement of the country. In spite of its grst 
service to Serbia, its outlook was too narrow to enable it to creat 
a stable and democratic Yugoslavia or to deal successfully wit 
social and economic problems; and that narrowness of ошо! 
owed chiefly to Pašić, its greatest leader. 

Brriocrapny,—Carlo Sforza, Pachitch et Vunion des Yougoslaty 
(1938); S. Jovanović, Nikola Pašić (1962); M. Gavrilović, Niki 
Pašić (1963). (J. Pai X) 

PASKEVICH, IVAN FEDOROVICH ( 1782-1856), Rie 
sian army officer and administrator who suppressed the Polish it | 
surrection of 1831, was born at Poltava on May 19 (new styl 
8, old style), 1782. He entered the army through the i 
institution for pages in 1800 and saw much active service; 10 М 
in the wars with Turkey (1806-12 and 1828-29), France (18! 
14), and Persia (1826-28). His conquest of the Armenian 
ince of Erevan earned him the title count of Erevan. — |, " 

Paskevich participated in the trial of the Dekabrists and in 1 
was made governor of the Caucasus, where he treated De 
exiles with severity. By 1829 he was general field marsha, 
1830 he subdued the mountaineers of Daghestan. sf of 

In 1831 Paskevich was appointed commander in chie 
Russian forces against the insurgents in Poland, After a 
Warsaw he was created prince of Warsaw and appointe M. i 
of Poland, which he ruled dictatorially from 1832 to 1880.0 
to russify the country, On the outbreak of the Hungarian a ade 
tion in 1848, he commanded the Russian troops sent to Ee. P. 
the Austrian government. It was he who compelled t {7 
render of the Hungarians at Világos. His comman 
Polish rebellion had been overcautious and indecisive а 
played even less effective leadership during the Hungari 
rection; he could claim little credit for the Russian victory. 
ing the Crimean War he commanded the Army © ^ spe 
(April-June 1854), but was worsted by the Ie "m 
(June 8, N.S.). He died in Warsaw on Feb. 1 (N55 
O.S.), 1856. 

See Prince Shcherbatov, 
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politique et militaire, 6 vol. (1888-99). ED 

PASQUEFLOWER, the name for certain Spr цеб 
anemones, floral emblems of Easter, members 0 ду I 
family (Ranunculaceae). They are low, stemless. y 


haired perennial herbs, rising from thick rootstocks. 
long-stalked, deeply cut leaves and large purple or Dye 
followed by a dense cluster of dry, one-seeded fruit (a¢ 
long feathery tails (styles). 


can pasqueflower (Anemone patens), called also 
and hartshorn plant, has light bluish or pale lavender 
‘abundant on prairies from northwestern Arctic Amer- 

d to Michigan, Illinois, Missouri, and Texas. The 
queflower (Anemone pulsatilla), with violet-purple 
idespread on the continent and grows in chalky pastures 
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, sometimes assigned to a separate genus, Pulsatilla, 
gardens, especially in some of their horticultural 
f which have red flowers or variegated leaves. 
„ ESTIENNE (1529-1615), French lawyer and 
, famous for his part in some remarkable trials, for 
his letters, and, especially, for his encyclopaedic 
de la France, ten volumes (1560-1621). He was born 
June 7, 1529, and from 1546 to 1548 studied in Paris, 
wia, and Bologna. Called to the Paris bar in 1549, he 
name in 1565, when he defended the University of Paris 
Jesuits, to whom the university wished to deny the 
. Later he defended a number of important causes 
people, acting as counsel to many of the nobility in 
ed with property, notably that of the Duc de Guise 
Lorraine) in his claim to the vicomté de Martigues 
was commissaire at the Grands Jours (an assize 
tiers in 1579 and at Tours in 1583, and in 1585 
[1 appointed him advocate-general at the Paris Chambre 


в first publication, the Monophile (1554), discusses 
fidelity, and love. In 1557 he married a young widow 
had defended in court, and had several children by her. 
in about 1560, and withdrew to the Saintonge, and it was 
began to publish his Recherches, a work which bears 
to his wide knowledge, especially in the history of mo- 
stitutions and French literature, and which also reveals 
excellent prose writer, and an unusually shrewd literary 
bserver of the contemporary scene. His letters, three 
of which were published in 1619, complement his 
es in that they often deal with political, military, his- 
lerary, and linguistic problems. His Pourparler du Prince 
Considers the best form of government and the qualities 
in a king. 
published much inferior French and Latin verse, in- 
contribution to the famous anthology on the flea of 
oches, a patroness of literature at Poitiers (La Puce de 
des Roches, 1579). His bitterly satirical Catéchisme des 
Y 0и examen de leur doctrine appeared in 1602, but a re- 
Work on jurisprudence, L'Interprétation des Institutes, 
Unpublished until 1847. 
died in Paris on Aug. 30, 1615. 
HY.—The standard edition of Pasquier's works is that 
terdam, 2 vol. (1723): much of his work has never 
23. е full apparatus of modern scholarship. There is 
Selection in L, Feugére, Oeuvres choisies d' E. Pasquier, 
de notes et d'une étude sur sa vie et ses ouvrages, 2 vol. 
0 M. J. Moore, E. Pasquier, historien de la poésie et de 
Eine i P. Bouteiller, “Un histo du КҮКНЕ 
-392 (1945). othéque d'Humanisme et Renatssa (К. у) , 
2 
QUIER, ÉTIENNE DENIS, Duc (1767-1862), 
i who served the First Empire, the Restoration, 
Lay Monarchy and was the last chancellor of France, was 
Оп April 21, 1767, a descendant of the great Estienne 
ә). Following his father’s example, he became à 
the Paris parlement (1787); but during the Terror 
Was guillotined (1794) and he himself was arrested as 
Set free by the Thermidorian reaction, he resumed his 
[Уг and was selected by Napoleon for а barony 
Or appointment to the council of state, and finally for 
"Ure Of police (1810). Though he let himself be sur- 
the conspiracy of C. F. de Malet in 1812 and was re- 
‘competent by sincere Bonapartists, he retained the 
till the first Restoration (1814). Under Louis XVIII 
ector of highways and bridges (May 1814-March 1815), 
“ОЁ the seals or minister of justice (July-September 
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1815 and January 1817-December 1818), and foreign minister 
(November 1819-December 1821), being created a peer of France 
in September 1821, Under Charles X he opposed the extreme reac- 
tion of the Ultras. When the July Revolution had made Louis 
Philippe king of the French, Pasquier was made president of the 
Chamber of Peers (August 1830). In this capacity he sat as 
supreme judge in the subsequent political trials, both of Charles 
X’s former ministers and of Bonapartists and Republicans, He 
was named chancellor of France when that office was revived in 
May 1837; and in December 1844 he was created duc, the heredi- 
tary succession being secured to his adoptive son E. A. G. d'Audif- 
fret-Pasquier. On the revolution of February 1848, the duc 
Pasquier retired from public life. He died in Paris on July 5, 
1862. His memoirs appeared in six volumes in 1893-95 (partial 
English translation 1893-94). (ЈЕ. V.) 

PASSACAGLIA (Italian variant of Spanish pasacalle— 
“street song"). Famous as a musical form in slow 4 time, and little 
known as a court dance, the passacaglia appeared in the French 
theatre of the 17th and 18th centuries as a dance of imposing maj- 
esty. Its musical structure is identical with that of the chaconne, 
but futile attempts have been made to discover differences between 
them. The Baroque composers used both terms indiscriminately, 
writing fine examples of the rondo, theme and variations, and pas- 
sacaglia forms under both designations. The true passacaglia 
form consists of a series of divisions (like variations) over a ground 
bass. Bach's great Passacaglia is an outstanding example. See 
CHACONNE; VARIATIONS. (L. Hr.) 

PASSAGE RITES. This term was devised in 1909 by the 
French anthropologist and folklorist Arnold van Gennep to empha- 
size the structural analogies among rites marking birth, initiation, 
marriage, death, etc., all of which were suggested as having the 
common purpose of ensuring a person's passage from one social 
status to another. 

The basic pattern of passage rites seems to imply the underlying 
theory that the individual must go through the form of dying, so 
as to be reborn under a new guise. The different stages of the 
rituals everywhere exhibit a remarkable similarity: the exclusion 
of the noninitiated or profane members of the group; the confine- 
ment of the candidate from a few hours up to several years; the 
celebration of a feast; the robing and unction of the candidate; 
his renaming; the symbolical fight between the forces of life and 
death and the victory of the former, etc. 

While there is no doubt that Gennep had unveiled a fundamental 
aspect of social life, his term came to be used indiscriminately so 
that every rite is sometimes considered to be a passage rite, But, 
as pointed out by A. M. Hocart, "passage from one sphere to an- 
other is the result of these ceremonies, not their cause,” and there- 
fore passage rites cannot be explained as a protection against emo- 
tional stress resulting from important happenings in the life of 
the individual. It is the rite which makes certain happenings im- 
portant and thus provokes stress, not the opposite, How can the 
similarity of passage rites be explained, if their origin is not emo- 
tional? The purpose of the birth ceremony is to introduce the 
child to his or her society and subsequent ceremonies, such as those 
marking initiation and puberty, marriage, parenthood, installation 
of a chief or priest, etc., have the similar purpose of admitting the 
individual into a new and better-defined status. Death ceremonies 
may be considered as marking the admission of the deceased to the 
society of the dead or of his ancestors. 

Hocart thought that all passage rites could be reduced to a com- 
mon prototype, i.e., the ritual of kingship, since, in several archaic 
civilizations, a man had to be killed (really or symbolically) in or- 
der to become a king or a god. This would mean that all human 
societies, even those of the simpler type, should be considered, at 
least in this respect, as heirs to a few protohistoric civilizations 
süch as Egypt and India. It may, however, be more likely that 
numerous cultures tried independently to symbolize important so- 
cial events on the model of the momentous natural events of birth 
and death. 

See also Ace SET; CHURCHING OF WOMEN; CIRCUMCISION; 
FUNERARY RITES AND CUSTOMS; MANA; MYSTERY; PURIFICATION; 
and references under “Passage Rites” in the Index. 
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See A. van Gennep, The Rites of Passage, trans. by M. Bi Vizedom 
and G. L. Caffee (1960) ; A. M. Hocart, Social Origins (1954). 

(C. Lz.-S.) 

PASSAIC, a city of Passaic County, N.J., U.S., on the Pas- 
saic River 9 mi. above Newark and 4 mi. below Paterson. The site 
was settled by the Dutch in 1678 when Hartman Michielsen estab- 
lished a fur-trading post. During the American Revolution, Gen. 
George Washington’s troops occupied the village and, following 
their retreat, Lord Cornwallis and his British soldiers were quar- 
tered there. 

Acquackanonk, as it was originally known, became a river port 
and shipping point for foodstuffs raised on neighbouring farms 
and textiles from the nearby Paterson mills. Completion of the 
Morris Canal between Newark and Phillipsburg in 1831, and the 
advent of the railroad brought an end to the thriving river com- 
merce. 

The present name, Indian for “peaceful valley,” was adopted in 
1854 and in 1873 the village was incorporated as a city. The 
completion of a dam in the 1850s resulted in Passaic becoming a 
textile centre. Cottons first predominated and then woolens 
moved to the fore. In 1878 the first plant for making rubber 
products was established. From 1880 to 1910 in line with rapid 
industrial expansion the population increased from 6,532 to 54,773, 
doubling during each decade, There was a considerable influx 
of eastern European immigrants, especially Poles, Slovaks, and 
Hungarians. Passaic was noted for handkerchiefs and in the past 
produced more than 1,000,000 a day. The city was the scene of 
serious labour struggles, notably the textile strikes of 1912-13, 
1926, 1933, and 1934. By mid-20th century the textile industry 
was on the decline and many firms either closed or moved south. 
However, the rubber industry expanded and electronics achieved 
a strong position. During the 1920s radio tubes were produced. 
Experimentation in television resulted in perfecting the first suc- 
cessful home television receiver incorporating the modern picture 
tube, Pop, (1960) 53,965; Paterson-Clifton-Passaic standard 
metropolitan statistical area (see PATERSON) 1,186,873. For com- 
parative population figures see table in New Jersey: Population. 

(E. R. D.) 

PASSAU, a town of West Germany in the Land (state) of 
Bavaria (Bayern), Federal Republic of Germany, lies on a 
tongue of land at the confluence of the Danube, Inn, and Ilz rivers 
and is surrounded by mountains. Passau is on the Austrian fron- 
tier, 195 km. (121 mi.) ENE of Munich by road, and a point of 
departure for Austria by road, rail, and river. Pop. (1961) 31,791. 

The town was the Roman camp Castra Batava, but only vestiges 
of the Roman walls are now visible. The most important squares 
are the Residenzplatz and the Domplatz which flank the Baroque 
cathedral (which from 1668 succeeded a 15th-16th-century Gothic 
building), with its characteristic three domes and interior stucco 
work. The high altar is modern (1953). The building contains 
one of the largest church organs in the world (1928) and probably 
the most beautiful carillon in South Germany (1733-1952). The 
bishop's palace, with its rococo staircase, recalls the era of the 
prince-bishops; a house on the Domplatz recalls the religious Peace 
Treaty of Passau (1552). The Gothic town hall, once the centre 
of the townsmen’s revolt for municipal freedom, now houses pic- 
tures of episodes in the town’s history. 

Passau is on the railway and road from Vienna and Linz to Niirn- 
berg. The Inn salt trade and the making of wolf badges (the 
town’s coat of arms includes a standing wolf) are traditional occu- 
pations; industries include gear and optical manufactures, and a 
bell foundry. There is also a tourist trade. (0. G.) 

PASSCHENDAELE, BATTLE OF, the name given to the 
final four weeks of the Allied offensive against the Germans in 
Flanders in 1917, during World War I. The whole offensive, some- 
times called the Battles of Ypres of 1917, had begun on July 

31 and was to end on Nov. 10. Following a series of attacks 
on other parts of the Ypres front, the first phase of the Battle of 
Passchendaele began with an offensive by Australian and New 
Zealand troops on Oct. 12. Heavy rain intervened; little progress 
was made, and the operation was halted next day. The offensive 
was renewed on Oct. 26, when the Canadian Corps made some 
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progress. After a pause the attack was continued between Oct 
and Nov. 6, when Passchendaele village and the ridge were ¢ 
tured. On Nov. 10 a further advance was made: the comi 

in chief (Gen. Sir Douglas Haig) then decided to close th 
Flanders campaign. 

Published casualty figures for the Passchendaele fighting a 
unreliable, but British losses between July 30 and Nov, 10 Wen 
244,897; the German losses were thought to have been mud 
higher. From Oct. 12 onward the weather and ground Condition, 
were appalling, and Haig was severely criticized for contin 
operations after that date. His advocates maintained that it yy 
necessary to relieve pressure on the French Army, which was the 
in a condition bordering on mutiny. (C. N, B) 

PASSENGER PIGEON, an extinct North American hig, 
Ectopistes migratorius, ruthlessly hunted by man in the late 180, 
It resembled the mourning dove but was larger and had a bli 
gray head. The passenger pigeon, which nested in great colonia 
wheeled in flocks extensive and dense enough to darken the dy. 
But hunters attacked nesting sites and migrating flights so m 
lentlessly that flocks formerly numbering millions were попой 
tent by the turn of the century. The last of the species, a bil 
hatched in captivity, died in the Cincinnati (O.) zoo in 1914, 4 
monument commemorating the passenger pigeon was erected 
Wyalusing State Park, Wisconsin. See also PIGEON. 

PASSEPIED, a gay, charming dance of Breton origin, й 
rather lively $ or 3 rhythm, was a fashionable court dance (c. 166 
to 1760), in which lords and ladies emulated the pastoral chant 
teristics of shepherds and shepherdesses. Its name probably d 
rives from the basic step in which the feet crossed and recros#l 
each other while gliding forward, one foot often striking the oh 
in crossing. The music, beginning with an upbeat in fairly пй 
time, is usually syncopated in the cadence measures when tht 
definite two-count facets occur against two three-count measur 
It appears occasionally in the suite, notably in Bach’s Fifth Pari 
and Fifth English Suite. (L. Hi) 

PASSERAT, JEAN (1534-1602), French poet, the ubt 
of some elegant and tender verse and опе of the contributor W 
the Satire ménippée, was born at Troves оп Oct. 18, 1534: 
studied at the University of Paris, became a teacher at the Coli 
de Plessis and in 1572 was made professor of Latin at the 
lège de France, in which capacity he wrote scholarly Latin Y 
and commentaries on Catullus, Tibullus, and Propertius. Hes 
composed agreeable poetry in the Pléiade style, some of it ins 
by the Italian Catarina Delbene, his best pieces being ki "i 
ode “Du premier jour de mai" and the charming villanelle. 
perdu ma tourterelle.” His exact share in the Satire ni 
(1594), the great manifesto of the moderate royalist en i 
it declared for Henry of Navarre, is variously stated bu 
agreed that he wrote much of the verse. His lines “Sur per 
de Senlis,” in which he commends the duc d'Aumale's к 
running away, became a celebrated political song. Аз 2 0 > 
Passerat lost an eye and toward the end of his life he becam 
pletely blind. He died in Paris on Sept. 14, 1602. cast 

See P. Blanchemain’s preface to Passerat’s Poesies francois a 
E. von Mojsisovics, Passerat, seim Leben und seine ),]. 
(1907); Satire ménippée, ed. by C. Read (1876 and 1878)» 
(1884), and F, Giroux (1897), jn 
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PASSERIFORMES, the largest order of birds Pig 
more than half of all species known, and most of ping WË 
forms, including the songbirds. They are the true p ward, 
with four toes, three directed forward and one bac Ў 


m 
latter, long and moved by a separate tendon from id 
the front toes. This complex order is currently dy and fil 


explosive radiation, with many families evolving тар! ting of? 


E + х 5 , consis 
a wide variety of ecological niches. The group ides some "$ 


H "n. H 1 involv 
seriform exhibits complicated courtship display and ables? 7 


ing behaviour; the male of many species is а гета ail 
and the eggs are often brightly coloured and таг 


birds range from the minute wrens, sunbirds, and flower- 
(gq.v.) to the relatively large crows and birds of paradise 
. The order includes such songsters as the nightingale, 
5 bird, skylark, song and hermit thrushes, cocks of the rock, 
of paradise, cardinal, pittas, etc. The Passeriformes have 
leen divided in many ways. Two prominent schemes divide the 
order into series or suborders based on the structure of the sound- 
producing organ. See BIRD; SONGBIRD. 
" PASSFIELD, BARON: see WEBB, SIDNEY JAMES AND BEA- 


"PASSIONFLOWER, the plant whose blossom has come to 
represent symbolically the Passion of Christ. It belongs to the 
sical genus (Passiflora) of the family Passifloraceae, to which it 
its name. The name passionflower arose from the fancied 
resemblance of the corona to the crown of thorns, and of the other 
of the flower to the nails (the styles) or wounds (the sta- 
mens), while the five sepals and five petals were taken to symbolize 
the ten apostles—Peter, who denied, and Judas, who betrayed, 
being left out of the reckoning. 

There are more than 400 species, mostly natives of western 
{topical South America; others are found in various tropical and 
subtropical districts of both hemispheres. They are mostly tendril- 
bearing, herbaceous vines with alternate, often lobed, leaves. In 
the United States about 10 native species of Passiflora occur, 
thiefly in the South and South- 
west, A few are cultivated as 
Omamental. The wild passion- 
‘flower, passion vine, or maypop $ 
Emo. climbing 10 to 30 
Il high, with pink and white 
13-3 in. across, and a yel- 
In, berrylike, edible fruit, 142 
Î long, is found from Maryland 
‘to Florida and Texas. The yel- 
low passionflower (P. lutea), ex- 
‘tending into southern Illinois, 
lû and Pennsylvania, is a 

plant, with greenish- 

Yellow flowers and purple fruit. 

The blossom consists of a re- | 

“place varying in form from a 

р Saucer to a long cylindri- 

al or trumpet-shaped tube, and 

off from its upper border 

the five Sepals, the five petals 

і (rarely these latter are absent) 

4nd the threads or membranous 

| wots from the tube constituting the “corona.” This corona, 

Most conspicuous and beautiful part of the flower of many 

- tion of ih » arphologically useful in favouring the cross-pollina- 

l ier part of tha y РА means of mee uico "rd Ф 
ube rises а stalk surrounde: low by a 

j Ше. оу, and bearing above the middle a ring of five 

Which arise ove the ring of stamens is the ovary at the top of 

№ б the three widely spread styles, each ending in a button- 

b. ж The stalk supporting the stamens and ovary is called 

lini Pore, or the gynandrophore, and is a characteristic of the 

Where ed which has a single compartment with three placentas 

“рш, f sh attached, ripens into a berrylike, very rarely 
Ang the watt: The three groups of seeds, arranged in lines 
the seed alls, are imbedded in a pulp derived from the stalk of 
g E.. 
om Passion fruits are highly perfumed and afford a delicate 

‚ qui as in the case of the giant granadilla (P. quadrangu- 
(р, тор, Purple granadilla (P. edulis) and the yellow granadilla 

America ded are, with the common sort, widely grown in tropical 
the West mee fruit. P. maliformis is the sweet calabash of 

that of a hen, The size of these fruits usually does not exceed 
| en’s egg, but that of P. quadrangularis is like a gourd, 
Ош Ам of seven to eight pounds. Too perishable to ship 

Ces, passion fruits are used mainly locally in tropical 
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countries and the extreme tips of southern California and Florida. 
In Australia, New Zealand, and South Africa P. edulis is grown 
chiefly; it is meant for the fresh fruit market, In Hawaii a yellow 
variant of P. edulis is processed for fruit juices. In tropical Amer- 
ica the fruit is often used in beverages and sherbets, or prepared 
as a jam, 

See W. H. Chandler, Evergreen Orchards, 2nd ed., pp. 306-310 (1958). 

(N. Tr.; X.) 

PASSIONISTS (CONGREGATION or THE DiscALCED CLERKS 
or THE Mosr Hoty Cross AND Passion or Our LORD JESUS 
CHRIST; CONGREGATIO CLERICORUM ExCALCEATORUM SS. CRUCIS 
ET Passionis D.N.J.C.; C.P.), a male religious congregation of 
the Roman Catholic Church comprising clerics and lay brothers, 
founded in Italy by St. Paul of the Cross in 1720 and approved by 
Pope Benedict XIV in 1741. The Passionist rule unites a mission- 
ary apostolate to the contemplative life of traditional monasticism. 
The institute is worldwide. The superior general resides at the 
Church of SS. John and Paul, Rome. 

Associated with the congregation are the Passionist Nuns, a 
cloistered community founded by St. Paul of the Cross in 1770, 
and five institutes of Passionist Sisters engaged in educational and 
missionary work. See also ORDERS AND CONGREGATIONS, RE- 
LIGIOUS; PAUL, SAINT, of the Cross. (R. F. Kv.) 

PASSION MUSIC. Musical settings of the Passion of Christ 
—that is, his redemptive suffering during his last days on earth 
and, especially, his crucifixion—based either on biblical texts or 
poetic elaborations of them, date from the 4th century onward. 
They range from unaccompanied plainsong to compositions for 
soloists, chorus, and orchestra. Various terms, many of them 
confusing or inaccurate, were invented to describe different kinds 
of settings in different epochs and countries. The best guides, how- 
ever, are the liturgical performances of Passion music. 

Much confusion was created by a mistranslation from the Ger- 
man, The usual German term for plainsong is Gregorianischer 
Choral, often shortened to Choral, with the result that a plainsong 
Passion according to SS. Matthew, Mark, Luke, or John is called a 
Choralpassion. This was unfortunately translated into English 
as "choral Passion," a misnomer because, from the 4th to the 15th 
century, the Passion was sung by a single deacon. The chorus, 
even if one were available, had nothing to do with the performance. 

The Middle Ages.—In the medieval Passion the deacon sang 
the entire text, changing his manner of declamation according to 
certain signs in the manuscripts from which he sang. A range of 
only 11 notes was required, but this was divided clearly into three 
parts: the lowest four notes (c-f) were used for the part of Christ, 
the middle register (f-c^) for the Evangelist (i.e., Matthew, Mark, 
Luke, or John), and the top register (c'-f^) for the turba 
(*crowd"), which comprised all the other characters, such as Peter, 
Pilate, soldiers, and high priests. Each of the three vocal ranges 
was further distinguished by a characteristic method of perform- 
ance: the part of Christ was sung in a slow and solemn manner, 
marked ¢ (for tarde), the Evangelist more rapidly (c for celeriter), 
and the crowd in high and excited tones (s for sursum). "These 
signs were given new interpretations in the Middle Ages, when the 2 
was taken for a cross and the other two for Chronista and Syna- 
goga, corresponding to the Evangelist and crowd respectively. 

From the 15th century onward, the three parts often were 
chanted by three deacons, especially in larger churches and cathe- 
drals, and in consequence the dramatic nature of the text was 
heightened and the congregation could follow the narrative more 
easily. The Passion according to St. Matthew was assigned to 
Palm Sunday, St. Mark to Tuesday of Holy Week, St. Luke to 
Wednesday, and St. John to Good Friday. 

In the 13th century the Passions were adapted as music-drama 
on the same principle as the earlier plays of the Resurrection (see 
Drama: Medieval Drama). Two versions, mainly in Latin but 
with some German text, and accompanied by neumes of indeter- 
minate pitch (see MUSICAL Notation), are found in the German 
Benediktbeueren manuscript, Carmina Burana. Later Passion 
plays abound in France, Germany, and England, and the tendency 
was for them to become longer and more complex as time went on. 

Polyphonic Development.—In the early 15th century, royal 
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and other wealthy establishments had small choirs capable of sing- 
ing polyphony, and something had to be found for them to sing 
during Holy Week. The most obvious choice was the turba 
music, and one of the first composers to set this music poly- 
phonically was Gilles de Binchois, who was handsomely rewarded 
for his labours in 1438. It is usually assumed that this music is 
lost without trace, but there is a possibility that the two anonymous 
Passions (Matthew and Luke) in a British Museum manuscript of 
about 1450 may be his or else early imitations; the music, in 
three-part. harmony, resembles some of the liturgical music of 
Binchois, who is known to have served the duke of Suffolk for 
some time, This type of Passion, in which plainsong alternated 
with polyphony, was set by Richard Davy and William Byrd in 
England, by the Italians Giovanni Matteo Asola (three settings) 
and Francesco Soriano (four), by the Spaniards Tomás Luis de 
Victoria and Francisco Guerrero, by the Frenchmen Claude de 
Sermisy and Loyset Compére (not strictly liturgical), and by the 
Netherlander Orlando di Lasso, who composed music for all four 
versions. 

Latin and German texts of the Passion were used in Germany 
during the early years of the Reformation. Luther's friend and 
musical adviser Johann Walther composed a St. Matthew Passion 
first performed about 1550; it was still popular in Niirnberg in 
1806, Other German Passions adopted a different style, commonly 
known as the “motet Passion” because the entire text—not only 
the turba—is set polyphonically. The prototype of the through- 
composed Passion is a work by the 16th-century French com- 
poser Antoine de Longaval (but long ascribed wrongly to Jakob 
Obrecht). Longaval's setting, based on a conflation of all four 
accounts of the Passion, makes extensive use of the chant form- 
ulas but is more concerned with declamation than with elaborate 
polyphony. It was thus a good model for the Germans, among 
whom Johannes Galliculus, Joachim a Burgk, Johann Heroldt, 
Leonhard Lechner, Jakob Handl, and Bartholomäus Gesius pro- 
duced worthy and dignified settings which did not, however, remain 
in the liturgical repertory as long as Walther's Passion. 

The Longaval setting inspired motet Passions by the 16th-cen- 
tury Franco-Flemish composer Maistre Jhan, also known as 
Johannes Gallus (Jehan Le Cocq), who worked at the court of 
Ferrara; and Cyprien de Rore, another Netherlander who spent 
much time in Italy, Antonio Scandello (1517-80) an Italian com- 
poser working at Dresden, produced an effective yet hybrid Pas- 
sion according to St. John in German. He chose to amalgamate 
the two types by setting the turba music for five voices, con- 
trasting this not simply with the single line of the Evangelist but 
also with three-part settings of the words of Peter, Pilate, and 
other minor characters, while the words of Jesus are in four-part 
harmony. Motet Passions of a more regular type were written 
by Johann Steurlein, Johann Machold, and J. C. Demantius. 

The influence of Italian recitative, and indeed of polychoralism, 
made itself felt first of all in north Germany, especially in Hamburg 
where Thomas Selle (1599-1663) produced at least three settings 
(two of St. John, one of St. Matthew) for voices and instruments. 
Selle’s St. Matthew Passion makes extensive use of a double 
chorus, while his larger setting of St. John brings in a group of six 
instruments and calls for a “distant choir” after the manner of 
Giovanni Gabrieli and his Venetian contemporaries. The maxi- 
mum contrast between the various interlocutors is achieved by 
assigning a particular instrument or group of instruments to the 
character concerned. Thus the Evangelist is accompanied by two 
bass viols (or bassoons) and two bandores, and Christ by two 
violins and two lutes, In addition to the normal text Selle inter- 
polates three extra musical items, each with the title of Znter- 
medium. This tendency was carried further by Johann Sebastiani 
in his St. Matthew Passion, which brings in several chorales simply 
scored for unison voices and strings “for the awakening of greater 
devotion” among the congregation. Germany welcomed this in- 
novation, and chorales were similarly introduced into Passions by 
Johann Theile, Johann Valentin Meder, and Johann Kuhnau, who 
preceded J. S. Bach as cantor of the Thomaskirche, Leipzig. 

Heinrich Schiitz—Although Heinrich Schiitz studied with 
Gabrieli and was considerably influenced by that master in his 
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. Scarlatti set the story of the Passion once more in later life be 


earlier works, the three Passions (St. Matthew, St. Luke, and 
John) indicate a return to the more austere type of Passio 
Walther’s day. Schiitz does not even allow the modest pai. 
mental resources used in his earlier Sieben Worte Jesu Christi 
Kreuz, where the words of Christ are accompanied by an iim 
mental trio. The three Passions leave the Evangelist's vd 
without any form of accompaniment, and the only harmony put 
from the £urba choruses appears in the duet for the false witnesses, 
Notwithstanding this apparent austerity, Schiitz’s music is тоу} 
and dramatic, both in the flexible and expressive solo line and jy 
the vivid choruses, which are far more truly polyphonic than many 
of the earlier German Passions. Schütz does not avoid simple 
musical devices for heightening the meaning of the text, for lj 
wish was to combine sincerity and devotion with a message thit 
might easily be grasped. He allows an imitation of the cock’s crow. 
ing, and hints at the rolling of the stone from the sepulchre and 
the descent of an angel from heaven, by rolling and falling musica) 
figures respectively. His only additions to the biblical narrative 
are the Exordium at the beginning of each Passion and the Grati 
rum actio at the end, though the St. John Passion is exception 
in its use of a stanza from Christus der uns selig macht at the very 
end. 

Settings of the Passion were rare in 17th-century Italy шй 
France, since music of an elaborate nature was unwelcome during 
Holy Week, instruments especially being frowned upon by the 
church. The Passion according to St. John of Alessandro Scarlatti 
is, however, a strictly liturgical work in that it follows the text wih 
scrupulous accuracy and refrains from undue elaboration in the 
brief turba choruses, A four-part string orchestra accompanits 
these choruses and the words of Christ, but the other characte 
are supported only by the continuo, The Evangelist, usually à 
tenor voice, is here an alto or male countertenor, and is only very 
occasionally placed against an orchestral background. Wher 


chose to adopt the oratorio style, and made use of a specially com 
posed text La Vergine addolorata (Naples, 1722). In Franc 
Marc Antoine Charpentier also was attracted to the oratorio 
and displays in his Le Reniement de St. Pierre an intensity 
emotion and a contrast of colour that is typical of the age 
Louis XIV, although there is a noticeable restraint in the matter 
of musical realization of the key words in the text. 1 
Hamburg, which had seen the first German imitation of Venetis 
musical splendour, witnessed early attempts at sacred opera 
operatic settings of the Passion, based on new libretti that pai 
phrased rather than borrowed phrases from the Bible. Two 
the most popular of the Passion libretti were those by и" 
Hunold-Menantes and B. H. Brockes, the latter being set by wl 
composers as Reinhard Keiser, G. P. Telemann, Нап is 
Johann Mattheson. These rhymed and sentimental accoun 
the Passion greatly appealed to German audiences of the ще 
they were not entirely approved by the clergy, who objecte 05 
abandonment of Bible narrative. The dramatic element, 
tained its hold for some time, and strong traces are foun hae ¥ 
sion oratorio texts by J. U. von König (1688-1744), Joachim 
cau, and Benjamin Neukirch, who even goes 50 far as 
stage directions. T 
J. S. Bach.—The inevitable reaction to this trend cm iggi 
C. H. Postel's version of the St. John Passion, set by a yo 
1704; and with the St. John and St. Matthew Passions Prot 
Bach, who used his own adaptation of the text of B. ^ үр 
for the first work, and of a text by Picander (pseudonym 
F. Henrici) for the second, Bach’s Passions, which ar i 
cantata cycles, placed the texts once more in a pos be 
portance and dignity, and wedded to them musi¢ of 1 inte 
fervour and beauty, heightening the drama by skilful vias, M 
of choral and instrumental forces which alternate with 2 


chor 1 шу 20 
recitatives accompanied by the organ. Bach bas: fien 


ni 
ч m d isparate elem 
he also succeeded in reuniting seemingly Дог musical б, 


musical style which, in his expert hands, are b 
vincing in their sincerity and devotional in their гая А 
It was the custom in Leipzig to perform Bach’s Passio 


PASSION PLAYS—PASSPORT 


on Good Friday, alternately at the Thomaskirche and at the Nico- 
(a a Bach wrote two Passions, both of them for use in Ham- 
„and J. E. Bach contributed a Passionsoratorium which did 
not detract from the high reputation of J, S. Bach’s settings. 
‘These were seriously challenged only by K. H. Graun’s Der Tod 
Jesu, first performed in 175 5 and famous even outside Germany. 
The specially composed libretto found favour in Italy, where 
theatrical performances of the Passion story outside church at 
just freed composers of restrictions regarding the use of instru- 
ments, La Passione di Gesù Cristo of Metastasio was set by 
numerous composers, the most successful among them being 
Antonio Caldara, Niccoló Jommelli, Francesco Morlacchi, and 
Antonio Salieri. 

Later Passion Music.—Throughout the Classical and Ro- 
mantic periods it was the oratorio style of Passion that was most 
usually set, and by this time the use of a large orchestra and chorus 
was common, Haydn’s Die Sieben Worte Christi am Kreuz was 
originally written as an instrumental work for the cathedral of 
Cadiz, but its subsequent adaptation by the composer proved to 
bean artistic success. Beethoven’s Christus am Olberge (1803), 
although not free from faults in planning and balance of narra- 
tive and dramatic elements, set a fashion in the writing of Passion 
oratorios that was followed by Louis Spohr in his Des Heilands 
letste Stunden (1835) and by lesser composers. John Stainer's 
The Crucifixion (1887) achieved great popularity in English-speak- 
ing countries, Works by English composers of the 20th century 
include The Passion of Christ by Arthur Somervell and a St. 
Mark Passion by Charles Wood. In Italy, Lorenzo Perosi wrote a 
St, Mark Passion, and in Germany the Passion music of Hugo 
Distler and Kurt Thomas showed a return to the ideals and tech- 
niques of Bach. 

See also ORATORIO. (D. W. Sr.) 

PASSION PLAYS, plays depicting Christ's Passion (the be- 
trayal, trial, judgment, and Crucifixion), form one group of the 
ÉL (Fr. mystéres) that developed from the church 

Шу in the Middle Ages (see Drama: Medieval Drama; 
Taeatre; Christian Revival). : 

Puno from reading of the Gospels during Holy Week, 
pu AR plays (in Latin) consisted of Gospel readings with 
Е e poetical sections on the events of the passion, and 
the Ж | other incidents as Mary Magdalene’s life and repentance, 
aising of Lazarus, the Last Supper, the lament of the Virgin 
E etc, Use of the vernacular in these interpolations led to 
E onthe B independent vernacular plays, the earliest fumi 
Preludes na y eing in German, Such plays were at first. only 
tton of d presentations of the Resurrection. The intro- 
bak ji atan (which became typical of German and Czecho- 
" lude) and thus of introductory representations of the fall 
son) т, R Fall of man (as in the early 14th-century Vienna 
E) T of scenes from the Old Testament and of the Last 

ist UN to evelopment of cyclic plays similar to the Corpus 
ау cine e great Celtic passion cycles of ы a 3 

St. Gall pas ORNISH LITERATURE; BRETON Durum an 
tine, who ri ae play (which begins with the entty of St. A ШЕШ 
And also och 5 uces the Old "Testament prophets and ран 5, 
sion play. sg = marriage at Cana) exemplify his type o oe 
tm and west Strength and variety of the passion play in a 
Tank furt Sen DAD is shown by plays from Alsfeld (1 » 
2 erg, etc, 
ake fr bays early formed a separate group, representing е5 
^£, the St 5 assion and Resurrection; and the Bohemian pl ж 
the Vienna } ger Passion), developed from a simpler version 0 
Deve ae! were also distinct in style and incident. 

tinguished р in France and Flanders (1308-16th century) was 
(Mons, 1501: Y elaboration, and culminated in р оше 

onfraternitia, Valenciennes, 1547) lasting more than a week. 
the most f es were founded for performance of passion plays, 
айу gj, "OUS being the Confrérie de Passion (1402). The 
haye Ot s Orate passion plays of London and southeast England 
Passi ^ urvived. An early 14th-century poem, the Northern 

à Version of the French Passion des jongleurs, may have 
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been used as a narrative source for the Corpus Christi cycles of 
northern England (see Northern Passion, four parallel texts and 
the French original, ed. by F. A. Foster, 2 vol. [1913-16], Early 
English Text Society, Original Series 145, 149; Supplement, ed. 
by W. Heuser and Е. A. Foster [1930], Early English Text Society, 
O.S. 183; also Foster's A Study of the . . . “Northern Passion” and 
Its Relation to the Cycle Plays [1914]). 

Passion plays were also performed in Spain (see SPANISH LITER- 
ATURE), Italy, and elsewhere, with local variations. 

The decennial production of a passion play at the Bavarian vil- 
lage of Oberammergau (g.v.), begun in 1634, continues, and 
traditional plays have been revived in villages in the Austrian 
Tirol. In northern Spain, during Lent and Holy Week, a Catalan 
passion play is performed by villagers, and in Tegelen, Limburg, a 
modern play by the Dutch poet Jacques Scheurs is given every five 
years. 

See bibliographies to Drama: Medieval Drama: Texts and Special 
Subjects; articles on national literatures and their bibliographies; also 
Passion Music, 

PASSOVER: see Jewisu HOLIDAYS. 

PASSPORT, a formal document or certification issued by a 
national government identifying a traveler as a citizen or a national 
with a right to protection while abroad and a right to return to the 
country of his citizenship. 

The word passport consists of two French words, passer, “to 
pass,” and port, “port” or “harbour.” Originally, it meant per- 
mission to leave a port or to sail into it, and this was extended 
to include generally permission of egress and of passage. In time 
of war, passports or safe-conduct documents have been granted 
by belligerent powers to protect persons and property from hos- 
tilities. In the case of the ship of a neutral power, the passport 
is a requisition by the government of the neutral state to allow 
the vessel to pass freely with the crew, cargo, and passengers with- 
out molestation by the belligerents. Passports, called Mediter- 
ranean passes, were granted U.S, vessels as protection against 
Barbary pirates. Passports also have been issued in time of war 
under international law as licences or safe-conducts authorizing a 
person to remove his property from a belligerent country. 

In 1920, after the League of Nations appointed Fridtjof Nansen 
high commissioner responsible for the repatriation of prisoners of 
war, the international identity certificate for displaced persons, 
known as the Nansen passport, was created. In France, an alien 
without nationality or a refugee may secure a travel certificate, 
known as a Laissez Passer. It is issued under the jurisdiction 
of the Ministry of Interior, through the prefectures. In the 
United Kingdom, passports are issued and renewed by the For- 
eign Office. 

In the United States, passports are issued by the passport office 
in the Department of State, or by a diplomatic or consular officer 
of the United States abroad, to a citizen of the United States. At 
one time U.S. passports were issued to other than U.S. citizens, but 
this is no longer so. According to the decision of the House of 
Lords in Joyce and the Director of Public Prosecutions (1946, 
App. Cas. 347), in English law an alien abroad holding a British 
passport enjoys the protection of the crown and is guilty of treason 
if he adheres to the king's (queen's) enemies, In time of peace 
and when there is no national emergency, law-abiding U.S. citizens 
are free to leave the United States without passports. Beginning 
with the American Civil War, wartime restrictions prohibited the 
exit or entry of persons without passports. Such restrictions were 
imposed during World Wars I and II. Under the Immigration 
and Nationality Act of 1952, whenever the United States is at war 
or during a national emergency proclaimed by the president, pass: 
ports may be required for the exit and entry of citizens of the 
United States. Pursuant to this law and under a presidential 
proclamation and regulations of the Department of State, it is a 
federal criminal offense to leave the United States without a pass- 
port to travel to most countries of the Western Hemisphere. The 
Internal Security Act of 1950 forbids the issuance of passports to 
members of Communist organizations registered under the act or 
members of organizations against which there is an order requiring 


such registration. : 
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At one time the issuance of U.S. passports was considered to 
be a matter within the absolute discretion of the Department of 
State. The Supreme Court, however, has recognized: “The right 
to travel is part of the ‘liberty’ of which a citizen cannot be de- 
prived without the due process of law of the Fifth Amendment” 
(Kent v. Dulles, 357 U.S. 116 [1958]). Accordingly, passports 
may not be denied without granting the individual a hearing and 
without specifying the grounds for denial. Passports may be re- 
fused for travel to restricted areas where war is in progress or where 
foreign policy considerations limit entry. Passports have also been 
denied to persons under indictment and to those whose activities 
abroad would violate the laws of the United States. The extent 
of the state department's right to deny passports for other reasons 
has not been clearly defined. Where a person is denied a pass- 
port, he may appeal to the passport office of the Department of 
State in Washington, D.C., and to the federal courts. 

A U.S. passport may be issued for three years and renewed 
for an additional two years. It is issued in the United States upon 
application filed and executed before a clerk of the federal or 
state court which has naturalization jurisdiction or before a pass- 
port agency of the state department. U.S. consular authorities 
perform this function abroad. Proof of citizenship is required. 
Some countries not only require that a citizen hold a passport 
issued by his government but also that the passport be stamped 
or visaed by the foreign country into which he seeks to travel. 
A visa or visé is evidence of permission to enter the issuing state 
under specified conditions and for a specified time. 

BisLiocmaPHY.—Department of State, The American Passport 
(1898); “The Right to Travel and United States Passport Policies,” 
Senate doc. no. 126, 85th cong., 2nd sess. (1958) ; Freedom to Travel, 
Report of the Special Committee to Study Passport Procedures of 
the Association of the Bar of the City of New York (1958); "When 
You Go Abroad," Department of State Publication no. 6665 (1958) ; 
*Immunization Information for International Travel," Public Health 
Service Publication по, 384 (1958). (Jx. W.) 

PASSY, FREDERIC (1822-1912), French economist, co- 
winner with Jean Henri Dunant of the first Nobel Peace Prize, in 
1901, was born in 1822. He was a nephew of the economist 
Hippolyte Passy (1793-1880), finance minister to Louis Philippe 
and to Louis Napoleon’s republican government, Frédéric Passy’s 
first work, Mélanges économiques, appeared in 1857. He was an 
ardent free-trader and an admirer of Cobden. 

In 1867 he founded the Ligue Internationale de la Paix, after- 
ward known as the Société Frangaise pour l'Arbitrage entre Na- 
tions, and devoted himself to the promotion of international peace. 
From 1881 to 1899 he was deputy for the Seine département. He 
died in Paris on June 12, 1912. 

Passy's published works include De la propriété intellectuelle 
(1859); Lecons d'économie politique (1860-61); La Démocratie 
et l'instruction (1864) ; L'Histoire du travail (1873); Malthus et 
sa doctrine (1868); and La Solidarité du travail et du capital 
(1875). 

PASTEBOARD: see PAPERBOARD: Pasteboard. 

PASTEL is the name for a dry drawing medium in stick form 
and for a method of picturemaking utilizing this medium. The 
stick medium is essentially powder colour with a minimum of 
nongreasy binder, usually gum tragacanth (tending to be replaced 
in mid-20th century by methylcellulose). Pastels are sold com- 
monly in a range of values, the darkest in each hue consisting of 
the pure pigment and binder. the others of the range having vary- 
ing admixtures of inert whites. A touch on the paper leaves 
colour; pastel thus provides a method of drawing in full colour, 
as in oil painting, without need to wait for drying to know the 
final effect, as in watercolour. The disadvantage of pastel is that 
its life is precarious because it remains on the surface of the paper 
and is liable, unless protected by glass or fixative. to be rubbed off 
by mischance. Fixatives (sprays of glue size or gums in solution) 
tend to change the tone and flatten the grain of pastel drawings. 

Pastel is also the name of the method of picturemaking in pas- 
tels; it cannot be called drawing because it is not linear and be- 
cause it covers the entire support. Pastel may be applied to paper 
in short touches or lines. but in such usage it functions as crayon; 
also it may be rubbed and blended. The pastel technique, as 
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developed in the 17th century and widespread in the 18th, 
a rubbing technique, with the end of the finger or a stump, 
leather or paper as agent; accents and outlines, however, pre 

a linear form and showed the stroke of the pastel stick, So 
tinguished a portrait draftsman as J. В. S. Chardin (1699-17 
used his pastel with a hatching stroke in his preparations and 
quite buried the traces of drawing in his completed works, 
same was true of Maurice Quentin de la Tour (1704-88) thou 
his completed works had a more velvety blended surface, 

A sort of protopastel technique had been used by Guido Rey 
(1575-1642), but the first consistent use was in the first halfo 
the 18th century, particularly in the hands of Rosalba Carrien 
(1675-1757), one of the most successful artists of her time, Рай 
soon became almost exclusively a vehicle for elegant portraiture 
A. R. Mengs (1728-79), J. M. Nattier (1685-1766), Chardin, lı 
Tour, Louis Tocqué (1696-1772), Hubert Drouais (1699-1761) 
and J. B. Perronneau (1715-83) led the field. By the time ofthe 
French Revolution pastel portraits were sometimes life-size, Ш 
Tour and Perronneau produced pastels equaling in brilliance a 
delicacy the painted portraits by J. B. Greuze (1725-1805) w 
the young J. L. David (1748-1825). The Swiss Jean Ёш 
Liotard (1702-89) was one of the few to vary the single рой 
into groups and genre (“La Belle Chocolatiére” is perhaps th 
best-known pastel anywhere). The young John Singleton Copy 
(1737-1815) did some admirable pastels. William Hoare of Bib 
(c. 1707-99), Francis Cotes (17252-70), and John Russell (11+ 
1806) were the great English practitioners of what might be cl 
the classic or central pastel style, regarding which Henry Toil 
wrote: 


Pastel has a character of its own and should be used with an undt 
standing of what it can do and what it cannot do, It should not беш 
to imitate oil-painting. It should be considered as a method of арй 
color, which owing to the practical absence of a medium (binde) 
higher in tone than in any other method, thinly to the surface of th 
paper so that as in water color the actual paper itself may occasi 
play a part in the design. 


Special papers for pastel have been made since the great ЇЇ 
century flowering; some were almost like fine sandpaper, sam 
had a flocked or suedelike finish, some were prominently ribbed 
strongly marked by the drying felts. Since Edgar Degas’s Ш 
(1834-1917), deep-tinted papers have been much liked. 

Up to Degas, pastel had used a combination of colours and 
resembling late Gothic and early Renaissance tempera is 
painting in the use of full chroma in the darks and almost pit 
white in the lights. This was a brilliant but blond scheme. 
changed pastel to a brilliance by contrast that was akin to 
trasts in oil paint favoured by Camille Pissarro, Paul Ga ul 
and Degas himself. He kept his strokes visibly separate, 
almost exclusively those pastel sticks that had the least 10 
of inert whites, and showed a good deal of the support. By? 
ing a good fixative to his first strokes and letting the Mots Ё 
was able to superimpose a second and other layers of lines 0 
ferent colours, sometimes at an angle to the lower layer 97 jit 
Thus diaphanous and at the same time startling effects 000 att 
produced without smudging; the network of lines, зошеш а 
paper already providing a ground colour, was akin to the 
sionists’ divided colour in oil paint. sg dift 

Since the time of Degas, pastel has been something © 
from the pastel of Carriera and Perronneau. Gustave M 
Odilon Redon made it akin to stained glass ог елате har 
Émile Wauters and Franz von Lenbach, Mary Сазы, 
Glackens, J. E. Vuillard, Pierre Bonnard, Edwin Austin Al 
Robert Brackman have variously mixed the old with ү 
Degas method to produce portraits. still life and occasion 
sitions of integrity. See also Crayon DRAWING. 

BIBLIOGRAPHY —Denis Rouart, Degas à la recherche d " 
(1945) ; Lothar Brieger, Das Pastell, seine Geschichte und se 
(с. 1930); R. В. M. Sée, English Pastels, 1750-1830 41 
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PASTERNAK, BORIS LEONIDOVICH yi 
the most impressive Russian writer of the post [n 
period, and one of the great European poets of his a8 
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кї only by Lermontov and Pushkin, but by Shakespeare and the 
English Romantic poets, and by the French Symbolists and their 
successors, he was both a classical and a highly individual poet. 
His writing also early showed affinities with that of T. S. Eliot 
md Rilke, In addition to the mainly lyrical poetry on which his 

anent reputation stands, he wrote subtly imaginative prose 
tales, was ап outstanding translator of verse (especially of Shake- 

re and Goethe), and produced some fine literary criticism. 
His only full-length novel, Dr. Zhivago, a courageous and moving 
story of the struggle between the old and the new way of life after 
the 1917 Revolution, acquired an immense vogue in western 
Europe partly because of the unusual circumstances of its publica- 
tion, It includes, incidentally, 25 of his best poems as well as 


descriptive prose of rare beauty. 


eldest child of the painter Leonid Pasternak and the pianist Rosa 
Kaufman, and his upbringing combined all that was best in Euro- 
pan artistic and intellectual culture. He first sought to express 
his creative impulse through music, and later studied philosophy, 
at Moscow University (1909-13) and, for three months in 1912, 
as a pupil of the neo-Kantian philosopher Hermann Cohen at 
Marburg. During World War I, exempted from active service by 
aninjury received when he was thrown from a horse in 1903, he 
worked at a chemical factory in the Urals (1915-17). Although 
lis parents left Russia in 1921, he remained, and for the rest of his 
life lived in and near Moscow, except for visits to his parents in 
Germany (1923), to the Caucasus (1930-31), and to the Interna- 
tional Writers’ Congress in Paris (1935). 

Pasternak’s literary career сап be roughly divided into three 
parts, First came a period of individual experiment, when he was 
both a follower of Lermontov and a creative member of the 
Mayakovski circle of the early Soviet literary renaissance. During 
this period, his most notable publications in verse were the little 
lume Poverkh bar'erov (1917; Above the Barriers); the bril- 
lint collection Sestra moya zhisn' (1922; My Sister, Life); Temy 
1107104514 (1923; Themes and Variations); and Vtoroye rozhdenie 
(1932; The Second Birth), inspired by his visit to the Caucasus. 
With Stikhotvoreniya v odnom tome (1933, 2nd ed. 1936; 
Versifyings in One Volume), a collection including earlier work, 
this period ended. During this time he had also produced 
Voudushnye puti (1925; Aerial Journeys), a group of tales which 
p Destvo Lyuvers (The Childhood of Lyuvers), in which 
d жы with exquisite style and psychology, the flowering 
р, of an adolescent girl; and the important autobiographical 

Кр Okhrannaya Gramota (1931; Safe Conduct). 

Кы упа» second period, at the height of the Stalinist 
Misi IS poetry, because of its subjective individualism and the 
xy c integrity which made him refuse to write except in his own 
wil d denied publication, and his published work consisted 
js 0 translations. In his renderings of Shakespeare's trag- 
d ‘aia of Hamlet (1941), he shows both poetic power 

| ane ау to convey the inwardness of the language. 
but to this 5 Period, 1953-60, publication was still mainly denied, 
à period belongs some of his finest mature verse. > With 
тулш of the literary “thaw,” in April 1954 the periodical 
i published ten of his poems, and announced early publica- 
refused " Zhivago.. In 1956 its publication in the U.S.S.R. was 
tight for : meanwhile a Milan publisher had received the copy- 
and was B Italian edition, which appeared in November 1957 
105g ме into several European languages. In October 
the aan Was awarded the Nobel Prize for literature, but 
used Megat it a violent campaign against him in the U.S.S.R. 
9h May 30 | withdraw. He died at Peredelkino, near Moscow, 
» 1960. For portrait see article RUSSIAN LITERATURE. 
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—For the Russian text of most of Pasternak’s writings, 
^u) ). Th. Pasternaka, ed. by G. Struve and B. A. Philippov, 4 vol. 
Oak in t Posthumously published poems are included in Boris 
Kamen ал Interlude, Poems, 1945-60 (1962), with Eng. trans, by 
of Hos Notes by G. Katkov. Other translations include The 
i, by 5.19 Раметак, 117-50, by G. Reavey (1960) ; Prose and 
Sd M. ai апы (1959) ; and Dr. Zhivago, by Мах Hay ward 
i itici. x) 
nic Papers, Ty um ог criticism see С. L. уе, m Ek 


E 


PASTEUR 


Pasternak was born in Moscow on Feb. 10, 1890. He was the _ 
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3 PASTEUR, LOUIS (1822-1895), French chemist and micro- 
biologist, whose accomplishments were among the most varied and 
valuable in the history of science. Pasteur proved that micro- 
organisms cause fermentation and disease; he originated and was 
the first to use vaccines for rabies, anthrax, and chicken cholera; 
he saved the wine, beer, and silk industries of France and else- 
where; he performed important pioneer work in stereochemistry; 
he originated pasteurization. 

He was born on Dec, 27, 1822, at Déle, Jura, the son of a 
tanner, His family soon moved to Arbois, where Louis attended 
primary and secondary schools, 
In 1838 he was sent to school in 
the Quartier Latin of Paris, pre- 
paratory to the Ecole Normale, 
but his health broke down and he 
was allowed to return to Arbois. 
He soon left to enter the Royal 
College of Besançon, where in 
1840 he won his bachelier és let- 
tres. He became assistant mathe- 
matical master in the college, se- 
curing in 1842 the baccalauréat 
és sciences with mediocre in 
chemistry attached to his di- 
ploma. Even in these early days 
the dominant note in Pasteur’s 
life was sounded. To his sisters 
he wrote: “These three things, 
will, work and success, between 
them fill human existence.” 
Throughout his entire life, work 
was his constant inspiration. On his deathbed he turned to his 
pupils and, asking about their work, exclaimed: “Where are you 
with it? What are you doing?” ending with his favourite words, 
“You have to work,” 

In 1843 Pasteur was admitted fourth on the list to the Ecole 
Normale and attended the lectures of Jean Baptiste André Dumas 
at the Sorbonne and thereby received his first incentive to the 
serious study of chemistry. Shortly afterward he became labora- 
tory assistant to Antoine-Jerome Balard. He received his degree 
of docteur és sciences in 1847. 

Crystallographic Research.—He accomplished his first star- 
tling piece of research, on racemic acid, in 1848.  Eilhardt 
Mitscherlich had shown in 1844 that ordinary commercial tartaric 
acid rotated the plane of polarized light to the right, while racemic 
acid possessed no rotary power. Being interested in crystals, 
Pasteur soon realized that racemic acid contained two types of 
crystals. He separated them and found that their solutions when 
tested with a polariscope gave opposite rotations. He then mixed 
an equal number of each kind and produced the optical neu- 
trality of racemic acid. Thus he had proved that this mysterious 
acid was made up of a right-hand tartaric acid and a left-hand one, 
and had incidentally discovered a new class of isomeric substances, 
(See STEREOCHEMISTRY: The Work of Pasteur.) 

Fermentation and the Germ Theory.—In the autumn of 
1848 Pasteur moved to Dijon as professor of physics. Early in 
1849 he transferred as professor of chemistry to the University of 
Strasbourg, and while there (1853) he was awarded the ribbon of 
the Legion of Honour for his work in connection with racemic 
acid. Pasteur’s appointment in 1854 as professor and dean of the 
new Faculté des Sciences at Lille placed him in a district in which 
his interest in fermentation could be applied to the manufacture of 
alcohol from grain and beet sugar, and his energies were bent toward 
discovering the causes of the diseases of beer and wine. On 
examining the yeasts of sound and unsound beer under the 
microscope, he saw that the globules of the sound beer were nearly 
spherical, while those of the sour beer were elongated. He con- 
tinued his researches, and, after his transfer in 1857 to the Ecole 
Normale as director of scientific studies, definitely proclaimed 
that fermentation is the result of minute organisms, and that when 
a fermentation failed, either the necessary organism was absent 
or was unable to grow properly. Hitherto all explanations of 
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fermentation had been without experimental foundation, but 
Pasteur showed that milk could be soured by injecting a number 
of the organisms from buttermilk or beer but could be kept un- 
changed if similar organisms were excluded. (See FERMENTATION.) 

The recognition of the fact that both lactic and alcohol fermen- 
tations were hastened by exposure to air naturally led Pasteur 
to wonder whether his invisible organisms were always present 
in the atmosphere or whether they were spontaneously generated. 
By a series of intricate experiments, including the filtration of 
air and the exposure of unfermented liquids to the air of the high 
Alps, he was able to declare with certainty in 1864 that the minute 
organisms causing fermentation were not spontaneously generated 
but came from similar organisms with which ordinary air was im- 
pregnated. His work thoroughly disproved the spontaneous gen- 
eration theory of life. (See also Brorocv: Biogenesis Versus 
Abiogenesis; the Origin of Life; LIFE, ORIGIN OF.) 

Pasteur was now acknowledged the leading chemist of his day 
and was the recipient of honours both from his own country 
and abroad. Lord Lister, who saw the applicability of these dis- 
coveries to surgery, revolutionized surgical practice by utilizing 
carbolic acid in 1865 to exclude the atmospheric germs and thus 
prevent putrefaction in compound fractures, The pasteurization 
process for sterilization of food products by controlled heat treat- 
ments was developed from Pasteur's work on the fermentation of 
wine and beer. (See also PASTEURIZATION.) 

In June 1865, after much persuasion from his old teacher 
Dumas, Pasteur went to the south of France on an official govern- 
ment mission to investigate the disease of silkworms that was 
ruining the French silk industry. (See SILK: Diseases.) Three 
years later he announced that he had isolated the bacilli of two 
distinct diseases and had found a method of preventing contagion as 
well as of detecting diseased stock. These results saved the silk 
industry not only in France but in all other silk-producing coun- 
tries as well. Meantime, in 1863, he had also become professor of 
geology, physics, and chemistry at the École des Beaux-Arts and, 
in 1867, professor of chemistry at the Sorbonne. He was elected 
to the Académie des Sciences in 1862, becoming permanent secre- 
tary in 1887, and to the French Academy in 1881. 

In October 1868 Pasteur suffered a stroke that caused semi- 
paralysis; but he was able to return to Paris and continue his 
experiments on fermentation, More desirous than ever of de- 
voting himself to the improvement of French brewing, in 1876 
he published his famous paper on fermentation (Études sur la 
bióre; Eng. trans. by F. Faulkner and D. C. Robb, Studies on 
Fermentation, 1879). In 1873 he became a member of the French 
Academy of Medicine, and in 1874 he received a life pension from 
the National Assembly. Three years later Pasteur, who had al- 
ready revolutionized the production of alcohols, established the 
germ theory and saved the silk industry, turned his attention to 
the fatal cattle scourge known as anthrax, and within two years 
had demonstrated the entire natural history of the disease. 

Vaccination.—In 1880, however, his researches were diverted 
to chicken cholera, an epidemic of which had destroyed 10% of 
the chickens in France. He was soon able to isolate the germ of 
this disease, and, by cultivating an attenuated form of the germ 
and inoculating fowls with the culture, proved that they were 
rendered immune from virulent attacks of cholera. 

He now returned to his researches on anthrax, a disease upon 
which C. J. Davaine and Robert Koch had been working. Fol- 
lowing the same methods that he had used in cholera, he isolated 
the bacillus and, by cultivating it in oxygen at a temperature of 
42° C, produced a successful inoculation material, which, by in- 
ducing a mild attack of anthrax, rendered the inoculated animal 
immune against a culture of full strength. These methods Pasteur 
called vaccination, (See ANTHRAX; VACCINATION.) 

As to the money values of these discoveries, which had brought 
Pasteur world fame, T. H. Huxley expressed the opinion that it 
was sufficient to cover the whole cost of the war indemnity paid 
by France to Germany in 1870, Pasteur himself chose to remain 
poor and to set an example of simplicity. 

Perhaps the most interesting of Pasteur’s investigations con- 
cerned the preventive treatment of rabies. After experimenting 
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with inoculations of saliva from infected animals, he came { 

д : : o the 
conclusion that the virus also was present in the nerve cen 
and he demonstrated that a portion of the medulla oblongata gh 
rabid dog when injected into the body of a healthy animal ч 
duced the symptoms of rabies. By further work on the hs 
tissues of infected animals and the effect of time and tempen : 
on these tissues, he was able to obtain a weakened form m 
virus that could be used for inoculation. On July 6, 1885, Pastey 
was requested by the child's mother to inoculate nine-year- 
Joseph Meister, who had been badly bitten by an infected % 
The experiment was successful, and since then thousands of e 
sons throughout the world have been kept from developing niis 
by being given Pasteur vaccine after being exposed to rabies, (fy 
Rasis: Treatment.) 

Soon after Pasteur's success with the rabies vaccine an inte 
national public subscription raised 2,500,000 francs to found th 
Institut Pasteur in Paris for the further investigation and рге 
tion of rabies. The institute was dedicated in 1888 and lur 
operated branches in France and other countries. Pasteur head 
the institute from its dedication until he died near Saint-Cloud m 
Sept. 28, 1895. His Oeuvres complètes, seven volumes (1922-3) 
and Correspondance, 1840-1895, four parts (1940-51) were edil 
by his grandson Joseph Louis Pasteur Vallery-Radot (know a 
Pasteur Vallery-Radot). 

See also references under “Pasteur, Louis" in the Index. 

BisLI0cRAPHY.—René Vallery-Radot, La Vie de Pasteur (1900, Ent. 
trans. by Mrs. R. L. Devonshire, 2 vol., 1902) ; J. L. Pasteur Valle- 
Radot, Pasteur inconnu (1954), Louis Pasteur (1958); Н. Moni 
Pasteur (1945); R. J. Dubos, Louis Pasteur, Free Lance of Sát 
(1951) ; Ralph H. Major, A History of Medicine (1955). 

PASTEURIZATION, mild heat treatment of a liquid foodie 
beverage for a specified period of time in order to enhance il 
keeping qualities and to destroy pathogenic microorganisms 1 
has received wide application in the dairy, wine, and beet ind 
tries, The higher the temperature applied, the shorter is the tint 
necessary to achieve the desired results. Я 

Pasteurization of liquid foods originated in the 1860s witht 
work of Louis Pasteur, who demonstrated that abnormal fermé 
tation of wines and beer could be prevented by heating these tr 
erages to approximately 135? F (57.2? C) for a few minds 
His classical work is credited with placing the wine and beer it 
dustries of France on a sound footing. " 

With respect to milk, the United States Public Health pa- 
specifically defines pasteurization as the process of heating ev! 
particle of the milk so treated to at least 143° F 
holding at such temperature continuously for at 
(low-temperature, holding method, or LTH), or to a 
F (71.7° C) and holding for at least 15 seconds (одете 
ture, short-time method, or HTST). The minimum temper 
and corresponding times are based upon extended side 
heat resistance of Mycobacterium tuberculosis, considere 
one of the most heat-resistant of the nonspore-formie, i 
organisms that may cause disease in human beings. Br ҮП 
ment also destroys a large majority of the potentia 2 
microorganisms and thus results in a prolonged keeping tim 
food. Bacterial endospores are unaffected. “ad heat tt 

The term pasteurization also is applied to the mild KE 
ment of some solid foods, but in such instances the an: y 
applied is more difficult to define and control because of ê 


to 
cal nature of the food. Radiation pasteurization refer ig 
application of relatively low doses of beta or gamma Er Jit 
or solid foods for the purpose of enhancing their keep ci? 


The dose is adjusted to kill the majority or all of re yë 
nonspore-forming spoilage microorganisms but yet EP 
quality of the food as a result of the treatment. dex. 
See also references under “Pasteurization” in the д CE Y 
See E. M. Foster et al., Dairy Microbiology (1957)- ; 
PASTO, a city of southwestern Colombia and 
department of Nariño. about 76 mi. from the 
оп the Pan-American highway. Pop. (1964) 97 
city is 8,500 ft. above sea level at the foot of the ex a ny 
volcano (13,999 ft.). Founded in 1539, it Was 
stronghold in the revolution against Spain. 


даће between Ecuador and the Cauca valley of Colombia and is 
the commercial centre for the surrounding agricultural and min- 
g area. Although its population more than doubled between 
and 1960, it is still relatively less important as a centre of 
than in the colonial era. Then, as a part of the broad manu- 
facturing region of Quito, it produced woolen textiles, wood prod- 
uds, and straw and wool hats and was the major transportation 
ventre between pute ang Popayán. Pasto is ы by road and 
with the port of Tumaco. R. L. Ge.) 
-PASTON LETTERS, the name given to the largest surviv- 
ing collection of English 15th-century correspondence, invaluable 
tothe historian and the philologist, preserved mainly in the Brit- 
ish museum, London; part of which is derived from the circle of 
Sir John Fastolf (q.v.) and part from that of his neighbours in 
eastern Norfolk, the Paston family. The origins of the Pastons 
are obscure. A legend, probably carefully concocted, traced their 
arrival in England to three years after the Conquest. It was 
intended to counter an equally carefully concocted genealo; 
which began with “Clement Paston dwelling in Paston, . . z 
good, plain husband (man) ” : a descent possibly closer to the 
я афи of و‎ нел дороие and it ына 
pursuit of nobility a typical three-generation pattern. Its 
initial impetus came with William Paston (d. 1444), who rose 
tothe eminence of justice of the common pleas; it continued under 
John I eee : London lawyer; and its initial culmination 
came with John II (d. 1479), knighted in 1463, whose books gave 
evidence that he shared fully in the fashionable tastes of Edward 
Is court, and in his brother John III (d. 1503), knighted in 1487. 
Although the marriages of William and John I were not unprofit- 
able, it was not until part of Fastolf’s considerable property came 
into their hands that the family became of more than minor sig- 
nificance in Norfolk. But because of the survival of the letters 
the Pastons and the Fastolf entourage are among the best known 
ofa dass in the 15th century normally hidden from view. The 
EN езе Paston wives—Margaret Mautby, the 
unpleasant John I, is the most likeable person in the 
Whole group—their servants, their neighbours, the circle around 
I John Fastolf, , emerge vivid from the correspondence: perhaps, 
К Es There were a number of reasons for the sur- 
of this collection of more than 1,000 letters, each one of 
on goto with a greater or smaller variety of instruction, 
x. on, news of national or local affairs and gossip. „There 
Bei preserve evidence for lawsuits and information for 
s E ministration in the litigious world of 15th-century Nor- 
i E was the need of estate administrators to preserve their 
E. Lespenditto and action in a time of „particularly 
ne Scholarly r d and already in Fastolf’s circle in the 1440s 
E inde servant, William Worcester (q.v.), had, from 
to callecti lence for his master’s interminable lawsuits, moved 

E. he ds evidence for precocious historical research; he 
Ше 2 some influence in creating a tendency toward indis- 
3 Ee hoarding in both circles. 1 + 

death Eos awsuit which developed after Sir John Fastolf's 
Prey and the aes vultures of all social levels swooped on their 
sides in a ү аз!оп and Worcester found themselves on opposite 
both Bonn dispute over the execution of Fastolf’s will, 
ing the n deo of айне and ected as i үсүе 
ш today Teisi -Paston documents roughly in е way: 

JM n this period alone that almost a third of the 
Erie When the two groups fought each other through 
Mo the “ied of the archbishop of Canterbury's court of audi- 

Pile to the е of v productions of Ix witnesse producid of both 
to Biho ort of the spirituell lawe” (petition of Worces- 
eal to тед oldwell of Norwich, c. 1477) and beyond, оп 
ÛÎ Winchester Oman curia. In the end William Waynflete, bishop 
LIT for r, having been appointed administrator of the will 
о Мар, ү through a compromise; part of Fastolf's land went 
Muni ne College, Oxford, and with it went part of Fastolf's 
ted for x а collection of material about the Fastolf estates, 
Мейес aynflete by Worcester іп an attempt to prove the 
um Р of John Paston (Magdalen College Muniment room, 
hers; etc.). Part of Fastolf’s property went to found 
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the fortunes of the Pastons; and so part of Fastolf’s archives 
descended with those of the Pastons, who, in the later 17th cen- 
mon the shaky eminence of the earldóm of Yarmouth 

It is impossible to tell how the Paston letters were kept from 
the 15th to the 18th century; but in 1735 the antiquary Francis 
Blomefield explored the muniment room at Oxnead, the family 
seat in Norfolk. Much, he found, had already perished from the 
weather (and some had been lost to at least one antiquary before 
him); and Blomefield himself was quite prepared to burn docu- 
ments relating “to family affairs only." Only those letters “of 
good consequence in history” did he think worth preserving; as a 
result, all else in the Oxnead muniment room—including the ac- 
counting material, the court rolls, the estates surveys and most of 
the deeds—seems to have been destroyed. The spoils which sur- 
vived were shared out among a succession of antiquaries; and now 
some have gone via the antiquary Francis Douce to the Bodleian 
library (MS. Douce 393), some via the antiquary Richard Gough, 
the bookseller Thomas Thorpe and Sir Thomas Phillipps to the 
Bodleian (MS. Top. Norfolk, c. 4) and to the British museum 
(Additional Mss. 39848-49); but most, in the late 18th century, 
settled in the hands of John Fenn of East Dereham, who edited 
four volumes of Original Letters (i and ii, 1787; iii and iv, 1789); 
a fifth was published posthumously in 1823 by Fenn’s nephew 
William Frere. They were eagerly and deservedly well received. 
The originals of Fenn i and ii were exchanged for a knighthood 
with George III and probably passed into the hands of George 
Pretyman (who took the name Tomline in 1803). They disap- 
peared until 1889, when they were found at Orwell park, Suffolk, 
a house belonging to the Pretyman family, They were sold to 
the British museum in 1933 (Add. Mss. 43488-91). Those of 
Fenn iii and iv were rediscovered in 1875, together with 95 un- 
published letters, at Roydon hall, near Diss, Norfolk, the seat of 
the head of the Frere family, and reached the British museum in 
1896 (Add. Mss. 34888-89); those of Fenn v had also remained 
jn the possession of the Frere family, were discovered at Dungate, 
Cambridge, in 1865 and went into the museum in 1866 (Add. Mss. 
27443-46). Other groups are to be found there, in the Bodleian 
library and in Pembroke college, Cambridge; and strays are scat- 
tered elsewhere. 

The material was re-edited (save for that in Fenn i and ii, 
which was simply reprinted) by James Gairdner as The Paston 
Letters, 1422-1509, six volumes (1904). In many ways this edi- 
tion is unsatisfactory. The dating of the material and its tran- 
scription are erratic; its mysteries are unelucidated. For the 
philologist the letters, with their wide variety of subject matter, 
illustrate as no other documents can the capacity of the English 
language at a critical period of its history. For the historian the 
letters have three main uses. They are a primary source for the 
political history of the 15th century: both Fenn and Gairdner 
were concerned mainly with political intelligence; indeed Fenn 
excised matters of private business, They are an invaluable source 
for the domestic history of medieval English provincial society: 
readers and critics from Horace Walpole to Virginia Woolf have 
made potpourri among the duchesses and the Paston daughters. 
But the letters are also unequaled as a source for understanding 
those twin obsessions of the late medieval upper-class mind, land 
and lordship. On matters of estate management, litigation, pa- 
tronage, maintenance," local politics and the local background 
to national politics they provide a mass of unexploited material. 
If the class to which the 15th-century Pastons rose is difficult 
to get to know, so are the workings of the provincial society in 
which they lived. It is easy, for instance, to grasp the formal 
aspects of late medieval political relationships between lord and 
man, extremely hard to understand them in action. The intimacy 
of the Paston-Fastolf material, the candour of documents the 
writers of which did not need to conceal the advocacy of bribery 
and corruption behind a pious facade of disapproval, allows the 
historian really to comprehend that society to an extent impossi- 


ble elsewhere. 


BisLrocRAPHY.—As well as the editions mentioned above, see Paston 
Leiters, selection ed. by N. Davis (1958), and in modern English with 
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introduction, in World's Classics Series” (1963); H. S. Bennett, The 
Pastons and Their England, 2nd ed. (1932), which contains a now 
partially out-of-date collation of editions and manuscripts; K. B. 
McFarlane, “William Worcester: a Preliminary Survey,” Studies Pre- 
sented to Sir Hilary Jenkinson (1957). For the history, of the manu- 
scripts see the Annual Report of the Friends of the National Libraries 
(1933-34). (P. S. Le.) 

PASTOR, LUDWIG, FREIHERR von (1854-1928), German 
author of the monumental History of the Popes, was born in 
Aachen on Jan. 31, 1854. He attended the Gymnasium in Frank- 
furt am Main, where Johannes Janssen, the author of the multi- 
volume History of the German People (which Pastor was to edit 
after Janssen's death), was one of his teachers. During his studies 
at the universities of Louvain, Bonn, Berlin, Vienna and Graz, 
Pastor became acquainted with the leading historians of his day. 
Admitted as a lecturer at the University of Innsbruck in 1881, 
he was appointed professor of modern history in 1887. He be- 
came director of the Austrian.Historical institute in Rome in 1901 
and Austrian chargé d'affaires at the Vatican in 1920 and minister 
from 1921 to 1928. He was knighted by the emperor Francis 
Joseph in 1908 and created a baron in 1916. 

Pastor's works include more than a dozen historical mono- 
graphs, but his fame rests on his great Geschichte der Püpste 
seit dem Ausgang des Mittelalters (History of the Popes From 

the Close of the Middle Ages), published in 16 volumes be- 
tween 1886 and 1933 and translated into all major languages; the 
English edition, published in London and St. Louis between 1891 
and 1953, contains 40 volumes. Pastor caused Pope Leo XIII 
to open the Vatican archives to scholarly research; he also con- 
sulted archives all over Europe, thus providing his works with an 
extensive documentation. Writing as a Catholic, he emphasized 
that the task of the historian was that of the objective scholar 
rather than that of the apologist; his treatment of the darker 
periods of the papacy, in particular that of Alexander VI, is frank. 
As the title of his work indicates, he concentrated on the history 
of individual popes rather than on that of the papacy as an insti- 
tution. Pastor died in Innsbruck on Sept. 30, 1928. 

For a list of his publications see W. Wuhr (ed.), Ludwig Frei- 
herr von Pastor, Tagebiicher-Briefe-Erinnerungen ("Diaries-Let- 
ters-Memoirs”), pp. 911-918 (1950). For other biographical 
evaluations, see the same work, pp. 918-920. (F. A. Hs.) 

PASTORAL is the kind or genre of literature that takes as its 
subject the society of shepherds, considered as exhibiting a free- 
dom from the complexity and corruption of more civilized life. 

Classical Origins.—Theocritus (b. c. 310 в.с.), the founder 
of pastoral, probably used the themes of primitive shepherd- 
poetry, and his shepherds speak the Doric dialect, but he himself 
was a sophisticated court poet. His celebration in his first idyll 
of the death of Daphnis derives from folklore, but originates the 
sophisticated lament for a fellow-poet known as the pastoral elegy, 
which reaches its full power with Milton’s Lycidas, and survives 
to be used by Shelley (Adonais) and Matthew Arnold ( Thyrsis). 
From Theocritus also derives the custom of representing actual 
poets under the names of shepherds, and of such themes as the 
song-contest. But the later pastoral tradition was determined 
not so much by Theocritus as by his imitator, Virgil, who transfers 
the scene from Sicily to Arcadia (a remote part of Greece, in the 
Peloponnese, which became symbolic of a pastoral paradise) and 
includes allusions to contemporary agrarian problems, to powerful 
politicians and to more personal concerns. Through his fifth 
eclogue, commemorating the dead shepherd Daphnis (who has 
been taken to represent Julius Caesar), he transmits the pastoral 
elegy to his imitators; in the fourth, the so-called “Messianic” 
eclogue, he added to the genre a new element. This eclogue was 
interpreted by medieval scholars as foretelling, by means of sibyl- 
line prophecy, the birth of Christ, and thus the pastoral eclogue’s 
habitually nostalgic treatment of the Golden Age became con- 
nected with Christian imagery. 

Renaissance Theory and Practice.—Pastoral was virtually 
without medieval practitioners: its revival dates from the age of 

Petrarch. It was not to be expected that writers of the humanist 
revival should treat their ancient models in the manner of modern 
scholarship. Relationships between court, city and country had 
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changed; pastoral elements had long been woven into the fy 
of Christian ecclesiastical imagery; and, although Renai ibi 
pastoral owes much to direct imitation of Virgil, it also show iy 
influence of Virgil's medieval interpreters. 

The first important modern pastoral poet was Battista $ 
noli (Mantuanus), whose Eclogues were published in 1498, 
were dominant for over a century; Mantuan was read in jy 
schools, and not only imitated by many other poets, inch 
Spenser, but early translated into English by Alexander B 
Barnabe Googe and George Turberville. Mantuan was the a 
thority for the Renaissance practice of using pastoral to atta 
ecclesiastical corruption; there are famous English examples й 
The Shepheardes Calender and Lycidas. Upon such пей 
poems was founded the Renaissance theory of the pastoral, th 
object of which was not, says the 16th-century English (їй 
George Puttenham, in his Arte of English Poesie, “to counter 
or represent the rustical manner of loves and communication: te 
under the veil of homely persons, and in rude speeches, to insinui 
and glance at greater matters . . . which may be perceived by th 
Eclogues of Virgil... . These Eclogues came after to coniiit 
and inform moral discipline, for the amendment of man's le 
haviour, as by those of Mantuan . . . .” That pastoral treats 
great matters in a low style is a humanist commonplace; Sir Philp 
Sidney thought it possibly a weak point in the defenses of poty 
against its detractors, “for perchance where the hedge is lows 
they may soonest leap over” (Defence of Poesie). It is prodi 
that this humanist theory, rather than his doubtful acquaintant 
with Theocritus, induced Spenser to devise the provincialisms u 
archaisms of The Shepheardes Calender, a course of which Sido 
disapproved. 

The Development of Pastoral Kinds—The Eclogui № 
16th and early 17th centuries were the great age of modern pit 
toral. There were three main divisions: short poems or econs. 
romances and dramas. In the first group there is the strong 
degree of contamination of “classical” pastoral by the verni 
verse of country folk. This, though it occurs in the literature 
other languages, is most marked in English, where the great me 
of pastoral poetry, especially toward the turn of the 16th centur 
has a strongly native flavour, and also recalls medieval 8 
forms, the pastourelle and the chanson d'adventure, as Ve L 
that contrast between the simple or "silly" shepherd and кт 
rupt or civilized townsman which had as many implicate 
the Renaissance as for classical antiquity, and which, like th’ 
covery of the new world, gave a new urgency to old ques 
concerning Nature and Art. t 

For all that, the literary prestige of pastoral was lara 
pendent upon its classical origins. During the 16th century 
Virgilian eclogue was domesticated in the main European ia 
ulars. Googe’s Eclogues appeared in 1563, and the public 
1579 of Spenser’s Shepheardes Calender has always ae 
as a critical date in the history of English poetry. SP 
Virgil, beginning with pastoral before passing on to heroic 
brings into the English tradition the influence of the pasto 
not only of antiquity but of contemporary Italy and 
“imitates” them, and, as “Е.К.” puts it (in h 
published with the first edition), follows their “ tuit 
where, “yet so as few, but they be well scented, can crisi 
out." In this elaborately designed sequence Spenser, e "m 
wide range of styles, invents the dialects of Еп iori 
Sidney, equally experimental, included poems of 4 val 
in his Arcadia (first version 1581, later recast) ; an м 
ton in 1593 published his /dea, the Shepheardes Garlant, 


н ent 
varied sequence of eclogues with a strong native т. 1 


wrote agreeably in this kind were Thomas Greene, ^1. м 
Nicholas Breton and Richard Barnfield. By the E 
popular of Elizabethan anthologies, England's Helicon ny 
lished (1600), the vogue was so intense that poems 
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had no element of pastoral were converted to pastoral 
before republication. The craze is subjected to some satirical com- 
ment in Hines As oe. It пул A aater the 
| element finds a place in the poetry o omas Campion 
and JB the elegances of Ben Jonson. M 
Tn the 17th century more or less formal eclogues continued to 
; m не Quee E cles ae Shepherd's 
ding (1615); iam Browne’s Spenserian Britannia’s Pas- 
m (1613), a work of allegorical narrative; and the “Piscatorie 
Tidogues"—exploiting a variation made by Jacopo Sannazzaro— 
of Phineas Fletcher (1633). But the less formal strain continued, 
and grew more subtle, as in the pastoral poems of Thomas Ran- 
; the beautiful dialogues of Aurelian Townshend, Thomas 
Carew and Richard Lovelace. Robert Herrick—some of whose 
quilities are to be found in Jean Passerat and other French poets 
devised a unique blend of rural freshness and learned imitation; 
and in Andrew Marvell’s pastoral dialogues, his poems about 
mowers and his “Nymph Complaining,” it is reasonable to see the 
climax of this phase of the English pastoral tradition. In later 
pastoral there is a more pedantic interest in the Virgilian model, 
я 3 pius of complexity indicated by Thomas Hobbes' sim- 
ivision (in his Answer to Davenant, 1650) of poetry into 
three basic kinds—heroic, “scommatic” (i.e., satiric) and pastoral 
5 appropriate to court, city and country. 

Inthe 18th century divided opinions on the nature and function 
of pastoral were given dogmatic expression; the quarrel derived 
some of its sharpness from the larger conflict of Ancients against 
Moderns (see ANCIENS ET DES MopERNES, QUERELLE DES). Neo- 
dassic doctrine held that pastoral should represent the shepherd 
of the Golden Age—a figure of uncomplicated virtue in a simple 
m. abe patron p this school of thought was René Rapin. 

modern” view, deriving from Fontenelle, was that pastoral 
should reflect the peace and leisure which the modern city dweller 
E with ine life by dwelling on the innocence (and con- 
ng the miseries) of the contemporary rustic, The successful 
Postorals of Ambrose Philips (1709) elon to the second or 
em” variety, which was critically defended by Thomas 
Tickell in the Guardian of 1713 (no. 22, 23, 28, 30, 32). Tickell 
ие that in departing from the Virgilian model English poets 
the authority not only of the even more ancient Theocritus 

t also of Spenser and now of Philips, both of whom had intro- 

d native shepherds and native customs. Pope took the neo- 
E His pastorals, written, according to his own testi- 
Y, in 1704, when he was 16, had circulated in manuscript, but 
Mire not published till 1709. Much revised, they then appeared 

‘volume of Jacob Tonson's Poetical Miscellanies which also 

Econ ee 

р rring Philips’ work to his own, Pope wr 
Phy (Guardian, по. 40) in which he attacked Philips by means of 
u commendation. Pope’s own pastorals have a high finish, 
i$ Discourses on Pastoral Poetry, probably written at the 
time as the poems, won him much critical approval. But 
Eu Something to be said on the side of Philips; if either 
he It iei way 0 DEM Lee sn s bia s 
mment on Pope that Dr. Johnson wrote: 
ig ага for а young poet to initiate himself by pastorals, 
mh Ие to imitate real life, require no experience. 

їшї possible exception of his “Messiah,” an ambitious 
nh of Virgil’s fourth eclogue, Pope’s poems do not suffer 

R dee at the hands of Johnson, whose attacks on the whole 
штел, gs as false and insipid are repeated not only in his 
Min The r Ycidas in the Life of Milton, but also in Rasselas 
the Bed fn (no. 36, 37). The liveliest pastoral poet of 
Quarrel ; his ohn Gay, was, as it happens, on Pope’s side in the 
[x ice was burlesque, and he wrote partly to discredit 
tic deta ntally achieving some brightness and authenticity of 

ў Г a most famous work, The Beggar’s Opera (1728), 
Whores and Wifts suggestion of “a Newgate pastoral, among 
116), т thieves there,” first made in a letter to Pope (Aug. 
ога]. Ate the age of mock-epic, was also an age of mock- 

(as late а growing reaction against the artificialities of the 
T the ladies of Marie Antoinette would dress as 


same 
there 
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milkmaids and make syllabubs straight from the cow) combined 
with new attitudes to the natural man and the natural scene to 
overthrow the old kinds of pastoral. Wordsworth was in con- 
scious reaction from it; his program was “plain-living people now 
observed/With clearer knowledge" (Prelude, IV:213-14). His 
Michael (1800) is called “А Pastoral Poem”; but it is pastoral of 
a new kind, genuinely a study of “the simple primary human af- 
fections and duties” but making its point by a use of narrative 
and symbolic ambiguities foreign to the pseudo-simplicities of 
Augustan pastoral. During the time since Wordsworth, the pas- 
toral eclogue as such has virtually been dissolved; but modern 
poets may occasionally revive it much in the spirit in which they 
take up some ancient stanza or metre to serve some special and 
immediate purpose of their own. The object may be ironic, as in 
Louis Macneice's eclogues; or obscure, as when W. H. Auden calls 
his long poem The Age of Anxiety “a baroque eclogue." 

Pastoral Romance.—Pastoral romances—extended prose fictions 
with interpolated lyrics in an artificial pastoral setting—originated 
with the Arcadia of Jacopo Sannazzaro (1504), a work imitated 
throughout the 16th century in every European language. In 
Spain Jorge Montemayor's Diana Enamorada (c. 1559), continued 
after his death by Gaspar Gil Polo (1564), followed the pattern 
of Sannazzaro, and as a repository of amorous tales was used at 
least once (for the plot of The Two Gentlemen of Verona) by 
Shakespeare. Bartholomew Young’s translation of it, though 
written earlier, was published only in 1598. Cervantes wrote a 
pastoral romance, Galatea (1584). In France there was a 17th- 
century vogue of the form stemming from the Astrée of Honoré 
d'Urfé, and exemplified in many works by the Scudérys. Sidney’s 
Arcadia is indebted to both Sannazzaro and Montemayor, but it 
is an extremely ambitious work, an attempt to produce a new 
kind of heroic pastoral. The stories and also the style of this 
work proved influential; but more popular pastoral narratives 
existed, notably those of Greene (Pandosto, 1588; Menaphon, 
1598) and Lodge, whose Rosalynde (1590) is a work of excep- 
tional merit, and the source of Shakespeare's As You Like It. 

Pastoral Drama.—An important, though to the modern eye not 
an attractive, part of this type of literature is pastoral drama. 
This has no ancient model, except in so far as eclogues used the 
dialogue form and could be expanded into dramatic scenes. The 
earliest dramatic pastoral was the Favola di Orfeo of the Floren- 
tine humanist Politian, first performed in Mantua in 1472; but 
the main European tradition of pastoral drama began with the 
representation at Ferrara in 1554 of Agostino Beccari’s Л 
Sagrifizio, and took characteristic form іп a play written for per- 
formance at the same court in 1573, the celebrated Aminta of 
Torquato Tasso. The fame of this work, and especially of the 
chorus “О bella età de l'oro," ensured not only a long succession 
of Italian imitations, but of similar attempts in other languages. 
The elaborate JI pastor fido of Giovanni Battista Guarini (1590), 
an attempt to “over-go” Tasso, also became one of the most 
famous works of the age, and the centre of an interminable con- 
troversy, which aroused universal interest, between Guarini and 
his supporters on one side and Jasone de Nores and his on the 
other. De Nores argued that pastoral could do nothing but harm 
to town-dwellers, and called shepherds lazy and uncivilized. 
Guarini replied that pastoral was the earliest kind of literature, 
and treated the earliest type of society; but this was so basic to 
later social developments that in writing about it one could pleas- 
antly study matters of civilized concern. The controversy helped 
to spread pastoral drama throughout Europe. Of many French 
examples the best-known is Racan’s Les Bergeries (1625). In 
England The Queenes Arcadia, Samuel Daniel's pastoral poem for 
court performance, appeared in 1605; Fletcher’s attempt to give 
the form a more public airing with his Faithful Shepherdess—its 
very title reminiscent of Guarini—failed in 1608 (?), but the work 
enjoyed esteem among contemporary poets, and pointed the way 
to those tragi-comedies, strongly imbued with sexual interests, that 
became the stock form of Fletcher and his collaborators. He 
wrote no more purely pastoral plays, but the genre intrudes occa- 
sionally in other contexts, notably in Philaster. 

The pastoral drama remained a courtly form; Thomas Goffe’s 
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Careless Shepherdess (1625, published 1656) is interesting mainly 
for its part in the genesis of Ben Jonson’s unfinished Sad Shepherd 
(1640), and Walter Montague’s The Shepherd’s Paradise because 
of Henrietta Maria’s appearance in the play, which lent point to 
William Prynne’s Histrio-Mastix (1633), an attack on the stage, 
and on women’s appearance on it. The dramatic version of pas- 
toral emphasizes all those points of unreality which have always 
been the main cause of irritation with the genre. The associa- 
tion of court ladies with nymphs, and of Platonic love with shep- 
herds, makes of the kind, with all its rich potentialities, little more 
than an elaborate game. It is the more surprising that a late 
pastoral drama, Allan Ramsay’s Gentle Shepherd (1725), was 
very popular, and is said to have remained so among Lowland 
reapers and milkmaids until well into the 19th century. 

Decline of Pastoral.—By the 19th century almost all the orig- 
inal varieties of pastoral had withered away under critical ridicule 
and public indifference; some elements had been absorbed into 
other kinds of poetry and fiction, but for the most part the in- 
terests pastoral had served were differently catered for. Thus in 
Berthold Auerbach, in George Sand, in George Eliot and in Thomas 
Hardy, the conventional literary trappings of rustic stories have 
disappeared. Ви the tendency to treat of country people as more 
natural (whether or no this means more virtuous) did not of 
course entirely disappear and is satirized in a popular 20th-century 
novel, Cold Comfort Farm, by Stella Gibbons. 

There lies behind pastoral an assumption that a consideration 
of very simple people enables one to “say everything about com- 
plex people”; and it may be legitimate to give the name ‘pastoral’ 
to other works which proceed upon this assumption without using 
shepherds. This is the method of William Empson’s influential 
Some Versions of Pastoral (1935), which studies the proletarian 
hero and the child among other pastoral variants. This book has 
given new dimensions to modern critical use of the term “pastoral.” 
The passing of the genre itself has been accompanied by that of 
most of the other literary kinds thought to be immutable at the 
Renaissance; but clearly the broader assumptions concerning liter- 
ature and life which lay behind the theory of kinds have not been 
overthrown, and historical pastoral will presumably always retain 
its interest as the form used to embody them in a period of great 
literary achievement. See also Bucotics; ELEGY; Drama; and 
articles on the writers mentioned here. 

BisLrocRAPHY.—W. W. Greg, Pastoral Poetry and Pastoral Drama 
(1906) ; J. E. Congleton, Theories of Pastoral Poetry in England 1684— 
1798 (1952), See also the anthology, English Pastoral Poetry, ed. by 
F. Kermode (1952). (J. F. КЕ.) 


PASTORAL EPISTLES, since the end of the 18th century, 
the designation of three smaller Epistles from the collection of 
Pauline writings of the New Testament, namely I and II Timothy 
and Titus. These three Epistles form a homogeneous unit but differ 
distinctly from all other Pauline writings, though they purport to 
be written by Paul. 

Authorship.—The often-debated question of authorship is a 
key consideration for the interpretation of these Epistles. If they 
are genuine letters of St. Paul, they must be treated as extraor- 
dinary examples of private correspondence which provide (1) ad- 
ditional biographical material, (2) a unique picture of Paul as a 
church organizer, and, perhaps, (3) indications of the later de- 
velopment of his theology. If, however, they were written at a 
later time, they must, especially in the nonbiographical sections, 
be considered as sources of the post-Pauline development of the 
church, and their information about Paul would not have primary 
value. 

The first scholar who questioned the authenticity of the Pastoral 
Epistles was the German theologian and philosopher Friedrich 
Schleiermacher (1807), who argued only against the Pauline au- 
thorship of I Timothy. His arguments remain basic; the presence 
of non-Pauline terminology, the absence of a coherent argument, 
and the difficulty of finding a setting in Paul's life for the Epistle. 
J. G. Eichhorn in his Einleitung in das Neue Testament (“Intro- 
duction to the New Testament," 1812) recognized that I Timothy 
could not be separated from II Timothy and Titus; consequently, 
the reasons against Pauline authorship of I Timothy are also valid 
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with respect to the other two Epistles. 

The most important step in the history of the question of ашы. 
ticity was taken Ьу F. С, Baur, who, in his book on the Paston 
Epistles (1835), points out that they must have been written j 
the postapostolic age in order to refute Gnostic heresies, Tha 
for the first time a persuasive attempt was made to find i 
original historical situation for the Pastorals. Since then 
scholarship has not added substantially new arguments against thy 
Epistles’ authenticity, but, by refining the traditional argumint 
has established their non-Pauline authorship almost beyond doub 
Some conservative Protestant scholars, however, and Romy 
Catholic scholars still adhere to the traditional view of Pauly 
authorship and deny the conclusiveness of the critical argumeny 
against it. 

To enumerate the arguments against Pauline authorship is, at ily 
same time, to describe the unique character of the Pastorals a 
compared with the undisputed Pauline writings (see PAUL, Sat) 

1. The terminology of the Pastorals is distinctly different frg 
that of the authentic Pauline writings. The number of work 
which do not occur elsewhere in the New Testament is compu. 
tively great. Many of these "new" words are to be found dios 
the Christian literature of the 2nd century A.D. They often pm 
to be terms of popular Hellenistic speech and are used in tl 
Pastorals as substitutes for original Pauline terms. 

2. Especially significant are those phrases and formulation 
which closely resemble Pauline wording but are often unmotivatel 
and out of context. Rather than being genuinely Pauline, they р 
pear to be conscious imitations of St. Paul's language (compi 
I Tim. 1:8 with Rom. 7:16). 

3. In the Pastorals the apostle Paul himself belongs to the tt 
tent of “faith” as the normative pattern for a Christian life, eje 
cially for the Christian leader. Thus the endowment of fait 
entrusted by “Paul” to the “pastor” includes not only Paul's "sou 
doctrine" but also knowledge about his own exemplary pe 
experience (e.g., II Tim. 3:10-11). 

4. The church institutions seem to be further developed tht 
they were in the time of Paul. The formation of the ofits 
bishop, presbyters, and official deacons belongs to the time ar? 
the year A.D. 100 and has parallels in the writings of the A 
Fathers (Ignatius of Antioch and Clement I). ^ 

5. The polemic against heresies, which takes à predoni 
place in the Pastorals, is anti-Gnostic. It is difficult to find 
errorists in any party of Paul’s lifetime. But it is decisive! 
the polemic of the Pastorals is a rather general and indiserimlt! 
rebuke, whereas in all truly Pauline Epistles the attack mif 
vigorous, often with minute argumentation. 9» 

6. I Timothy and Titus give the impression that they be" 
ten from somewhere in the eastern Mediterranean vod 
Paul's temporary absence from Ephesus (I Tim. 1:3) am "T 
(Tit. 1:5; 3:12). II Timothy would appear to have йй 
Rome, where the author was imprisoned (II Tim. 1:17). ( 
details and circumstances as indicated їп the Pastorals e 
Tim. 4:9 ff.) do not harmonize with any known situation 0 
life and often contradict more reliable information foun n 
other Epistles and in Acts. To meet this problem, ! r 
been suggested that Paul later was released from his RO 
prisonment and wrote the Pastorals before and during ^ 
Roman captivity; but there is no evidence to support this 
esis. "-— 

7. The external evidence for the Pastoral Epistles uer 
than it is for other Pauline writings. The first ungui Р 
references to the Pastorals come from the end of the ut 
(Muratorian Canon and Irenaeus). ‘The earliest ME [24 
Paul's Epistles (Clement of Rome, Ignatius) never im gil 
torals. The heretic Marcion (с: А.р. 140) used all Pau К ati 
except the Pastorals for his New Testament canon. atty 
known Greek codex of the Pauline Epistles (Chester Be 
с. A.D. 200) did not contain them. 

All these arguments, whether viewed in 
tively, make it very difficult to maintain Pauline au! gi 
the Pastorals. Some scholars have attempted t 
a few biographical portions, especially II Tim. 4, as 
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ats from Paul's letters, but such a hypothesis does not eliminate 


ies, 
ts—The contents of these three short letters are best 
comparatively. 


‘The literary framework: 

— Prescripts: I Tim. 1: ; Tit. 1:14 
s: ] Tim. I 19-22; Tit. 3:15 
"Individual information and instruction: T Tim. 1:3; 3:14 ff.; II 
— mim. 2:15-18; 4:9-18; Tit. 1-5; 3:12-14 
2. The apostle Paul as а normative type: I Tim. 1:12-17 (Paul's 
conversion) ; II Tim. 4:6-8 (Paul's martyrdom) 
| Exemplary personal exhortation; I Tim. 1:18-20; 4:6-16; 5:21- 
2 Е 


2; П Tim. 1:1- 


6; II Tim. 1:3-14; 2:1-13; 3:10-12; 3:14-4:2 and 5 
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Women: I Tim. 2 
Widows: I Tim. 5 
“Old men and women: Tit. 2:2-3 
_ Young men and women: Tit. 2:4-8 
Slaves: I Tim. 6:1-2; Tit. 2:9-10 
Wealthy people: I Tim. 6:17-19 
Covetousness: I Tim. 6:6-10 
General catalogue: Tit. 3:1-2 
f Polemic against heresies: I Tim. 1:3-11; 6:3-5 and 20-21; II Tim. 
:2:14-26; Tit. 1:10-16; 3:9-11 
Within an eschatological framework: I Tim. 4:1-5 (7); II Tim. 
3:1-9; 4:3-4 
| $. Traditional theological formulations (often placed within another 
context Tim. 2:5-7; 3:16; 6:13-16; II Tim. 1:9-10; 2:8- 
13; Tit. 1:2-3; 2:11-14; 3:3-8 
| Literary Character.—In external form, the Pastorals present 
| themselves as personal letters to individuals (Timothy and Titus, 
are known as co-workers of Paul; see 'Ттмотнү, SAINT; 
Titus, SAINT), whereas all other Pauline Epistles except Philemon 
ite directed to churches. Accordingly, the Pastorals ostensibly 
Contain individual exhortations and personal information about the 
Wle. But their actual concern is the presentation of (1) church 
order, (2) sound doctrine and (3) a vade mecum to fight heretics. 
the content of the Pastorals puts them in close proximity to 
Carly Christian writings as the Teaching of the Twelve Apos- 
tes (see расне) or the epistles of the heresy-fighting Ignatius of 
A tioch (see IoNATIUS, SAINT). 
distinctive trait of the Pastorals that such matters as 
neral instruction about church life, doctrine, and heresy are 
ined with remarks addressed to an individual, in a manner 
кш of the form and style of the great apostle. This may 
d as a device of the author, by which he could give his 
ûn external Pauline appearance. But more important is the 
lance to the "testament" type of late Jewish literature, 
| Чы. rly represented by the Testaments of the Twelve Patri- 
(see TWELVE PATRIARCHS, TESTAMENTS OF THE). This is 
the pattern of the Pastorals; and in both cases biograph- 
o tences permeate the literature. үч 
entirely terial incorporated in these “testament-epistles” is itself 
E dividual. The attempt to write a church order has 
“Wed to. 78 adoption of Hellenistic moral catalogues which are 
m cribe the qualifications of church officers (I Tim. 3:2- 
1:6-8). But the same catalogues are also applied to the 
| the other p, corer! (I Tim. 2:8-11; Tit. 2:1-10; 3:1-2). On 


nd, catalogues of vices are employed to characterize 
16; 3:9) and false teachers (I Tim. 1:6-10; 6:4-5; Tit. 1:10- 
linn ome passages use traditional Christian exhortation to 
512-43. behaviour of the pious Christian (I Tim. 1:5 and 19; 
| 16:11-12; II Tim. 2:22; 3:10). 
gical 91614 of faith is represented not through reflective theo- 
, The B but by citation of traditional formulas, 
Bm lion is not so much interpreted, as in the letters of 
Ad docu gested. so that believers may learn the words of faith 
Пе guaranteed by Paul and handed down to his disciples. 


E 
| Othe y posed on acceptance of a deposit of faith entrusted 


эйс Character and Historical Value.—Thus the 
~~ Present a unique type of church order, for which the 


PASTORAL EPISTLES 


445 


preservation of the Pauline tradition and the authority of the 
apostle is crucially important. This, seen together with the polemic 
against heretics, provides a clue to the original life situation of 
these Epistles. 

The heritage of Paul is in danger of being claimed entirely by 
the Gnostic movement. A few passages in the Pastorals point 
to the fact that the heresy opposed emphasized the value of theo- 
logical speculation and controversy (I Tim. 1:4 and 6; 6:4; II 
Tim. 2:14-16; 4:4; Tit. 1:14; 3:9). In ethical behaviour, such 
religious movements apparently were not immoral, but, together 
with a radicalized (or "realized" ) eschatology (II Tim. 2:18), were 
rather ascetic (I Tim. 4:3 and 8; cf. 5:231). This asceticism 
was probably connected with a legalistic interpretation of the Old 
Testament Law (I Tim. 1:7; see also Tit. 1:14). 

A precise identification of these heretics, however, is not pos- 
sible. Scholars have pointed to Marcion (q.v.), who claimed Paul 
as his authority and whose basic work, Antitheses, may be referred 
to in I Tim. 6:20 (“godless chatter and contradictions”), But 
even if the Pastorals were written so late (i.e., in the middle of the 
2nd century; perhaps by Polycarp of Smyrna, as H, von Campen- 
hausen suggested), it is not likely that they were issued to fight 
one specific heresy but rather were intended as a general guide for 
controversy with all contemporary Gnostic movements. This 
may be the reason why most references to the heretics are rather 
general and vague. 

Against the radical and ascetic theology of the heresies, the 
Pastorals set forth the "sound doctrine" of the ideal of good 
“Christian citizenship" (M. Dibelius). A radical change had taken 
place since the Apostolic Age. The growing church had to face 
the problem of fitting itself into the ongoing history of world and 
society—a task with which the Gnostic movement was unable to 
cope. But the Pastoral Epistles emphasized the Christian re- 
sponsibility in this world. 

Like other writers of the early 2nd century, the author of the 
Pastorals considered the organization and strengthening of the 
church hierarchy to be an effective device in the warfare with the 
heretics. The ideal church constitution for the Pastorals ap- 
parently centres in the monarchical episcopate ("bishop" occurs 
always in the singular; I Tim. 3:2; Tit. 1:7), which is the head 
of the presbytery (I Tim. 5:17-19; Tit, 1:5) and/or is assisted 
by a number of deacons (I Тіт, 3:8 and 12). The church offices 
are not charismatic but institutional; moral qualifications are de- 
cisive (see I Tim. 3:4-7 and 10-13; Tit. 1:6-9), and it is a special 
advantage to come from a good Christian background (II Tim. 
3:14-17). Ordination as a legal act of the church (I Tim, 4:14; 
see also 5:22) is already seen as the transfer of the religious powers 
for this office (II Tim. 1:6)—such powers, therefore, are not 
presuppositions for, but rather results of, the ordination. 

The duty of the ministry is primarily the preservation of cor- 
rect and sound doctrine as the original endowment of the church 
(I Tim. 4:6; II Tim. 1:12-14; 2:2), which is guaranteed by the 
apostle Paul, whose archetype the Christian minister should fol- 
low (II Tim. 3:10). This is remarkable for two reasons; (1) the 
emphasis upon the sacramental task of the church officer (crucially 
important in Ignatius) is missing entirely; (2) only the church 
officers are responsible for administering and transmitting this 
endowment of faith (different in the genuine Pauline Epistles). 

It is almost impossible to write a “theology” of the Pastoral 
Epistles, because they do not argue theologically, However, the 
quoted material preserves many interesting features: the frequent 
use of the title “Saviour” for both God and Christ (I Tim. 1:1; 
2:3, etc.; II Tim. 1:10; Tit. 1:4, etc.); the term epiphany (“ар- 
pearance” or "appearing") occurs for the first time as a technical 
designation both for Jesus’ first appearance on earth (II Tim. 1:10; 
see Tit. 2:11) and for his second coming (I Tim. 6:14; II Tim. 
4:1 and 8; Tit. 2:13). In general the Pastorals provide evidence 
for the development of theological language and thought away 
from the Jewish environment and toward the popular religious 
concerns of the Hellenistic world. The theological contribution 
of the Pastoral Epistles, however, lies in the fact that their author 
has seen the actual theological task as the mastery of life (Chris- 
tians behaving as good citizens) and the reasonable organization of 
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church and ministry, rather than as speculative theology and ascetic 
otherworldliness. See also BIBLE. 

BIBLIOGRAPHY.—For the history of the question of authenticity, see 
F. Schleiermacher, Uber den sogenannten ersten Brief des Paulos an den 
Timotheos (1807); J. G. Eichhorn, Einleitung in das Neue Testament, 
III, 1 (1812); F. C. Baur, Die sogenannten Pastoralbriefe des Apostels 
Paulus aufs neue Kritisch untersucht (1835). Among later contribu- 
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Handbuch, 2nd ed., 1931), and H. Conzelmann (3rd ed. of Dibelius, 
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son, The Problem of the Pastoral Epistles (1922), and in Expository 
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WA ue Bible (1955) ; W. Hendriksen New Testament Commentary 

1957). 

i Non-English: B. Weiss in Meyers Kommentar (1902) ; A. Schlatter, 
Die Kirche der Griechen im Urteil des Paulus (1936) ; C. Spicq in Etudes 
Biblique (1947); M. Dibelius and H. Conzelmann, in Lietzmann's 
Handbuch (1955) ; H. Roux in Commentaires Biblique Geneve (1959). 
(H. H. Ko.) 

PASTORAL STAFF: see VESTMENTS, ECCLESIASTICAL. 

PASTOUREAUX (literally “shepherds”), the participants 
in two misguided popular outbreaks of mystico-political enthu- 
siasm in France in 1251 and 1320. 

In 1251, during Louis IX's Crusade, the news of their beloved 
king’s lack of success against the Muslims inspired the peasants of 
northeastern France to take up arms, at the behest of a prophet, 
with the intention of going themselves to the Holy Land. The 
regent of France, Blanche of Castile, was at first ready to take the 
movement seriously as a contribution to the king’s service; but 
it soon got out of hand, as the Pastoureaux, reproaching nobles, 
clergy, and bourgeois alike with indifference to the king’s fate, 
began to pillage churches and towns. Blanche then ordered the 
dispersal of the Pastoureaux, which was easily effected. 

More serious was the mass rising of the Pastoureaux in 1320, 
during Philip V's reign. Again the intention was a crusade, but 
this time the king himself was blamed for not undertaking one. 
Young peasants, shepherds, and labourers, their credulity ex- 
ploited by unfrocked priests and charlatans, converged on Paris in 
a vast horde. There they held the king besieged and powerless 
in his palace while they sacked the town and swelled their ranks 
with released convicts from the prisons. Still clamouring for a 
crusade, they then marched southwestward to the Garonne Valley 
and thence into Languedoc, about 40,000 strong, indulging in 
pogroms against the Jews on their way. At last the seneschal of 
Carcassonne gave battle and routed them; but scattered bands 
of Pastoureaux were still roaming the south of France in 1322. 

PASTRY, HOME MADE: see Foop PREPARATION. 

PASTURE: see GRASSLAND. 

PASURUAN, a port of Djawa Timur (East Java) Province, 
Indonesia, lies on the Madura Strait, about 30 mi. SSW of Sura- 
baja. Pop. (1961) 63,408. It was the capital of a Dutch residency 
until this was transferred to Malang (q.v.) in 1934. From about 
this date Pasuruan’s commercial importance declined, much of 
its trade being diverted to Probolinggo (q.v.), to the east. Pasu- 
ruan is a centre of the declining sugar industry, and the former 
sugar research station still supplies seedling sugar canes to the 
plantations. There are two technical institutes, concerned with 
forestry and copper mining, a research institute for pulmonary 
diseases, a hospital, and a number of schools. Industries include 
rice milling, light engineering, shipbuilding, and cabinetmaking. 
The railway from Surabaja to Banjuwangi passes through Pasu- 
ruan. 

PATAGONIA, a regional name applied to the southern part 
of South America south of approximately 39° S lat. Physio- 
graphically, it is divided into two longitudinal sections—the cor- 
dilleras of the Andes, including the islands of the Chilean 
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BEECH TREE IN PATAGONIA, LASHED BY STRONG WESTERLY WINDS 0i 
NAVARINO ISLAND. SEEN BEHIND ARE THE BEAGLE CHANNEL AND Tit 
SOUTHERN COAST OF TIERRA DEL FUEGO 


archipelago, and the Patagonian tableland between the Andes it 
the Atlantic ocean. Thus both Argentina and Chile own раз 
it. In a more restricted sense the term designates the Argenlit 
tableland, including Tierra del Fuego (q.v.), and is so conside 
in this article. The term in this sense is usually applied to the 
section of the Argentine republic between the Negro river w 
its tributary the Limay, on the north, and the Beagle channel, 
the south, together with that section of southern Chile in li 
region of the Strait of Magellan that lies east of the Andes (qn) 
Geological History and Physiography.—The generalis 
of the tableland is that of vast steppelike plains rising tr 
fashion from high coastal cliffs to the foot of the Andes; W 
their true aspect is by no means so simple as such a general t 
scription would imply. Along the Negro river they 18 yi 
series of fairly level plains from 300 ft. at the coast to about 1% 
ft. at the junction of the Limay and Neuquén rivers and 3,00 
at the base of the Andes. The tableland region rises to an aliti 
of 4,921 ft. South of the Negro river they are much mor # 
regular. There volcanic eruptions have occurred down to fif 
recent times. Basaltic sheets, apparently only recently © 
cover the tableland east of Lake Buenos Aires and Lake Y 
dón. On the Chico and Santa Cruz rivers they have ue 
within about 50 mi, of the coast and reach almost to the ¢ 
south of the Coyle and Gallegos rivers. Basaltic massifs in 
are the salient features of the landscape. к 
The coast consists largely of high cliffs separated from m 
by a narrow coastal plain. Thus the plateaus are formed 9 
zontal strata, some of sedimentary rocks, others of a 
Areas of hilly land, composed of resistant crystalline rocks, 
above the plateaus. К TL 
The deep, wide valleys bordered by high cliffs ot 
tablelands from west to east are all beds of former p 
flowed from the Andes to the Atlantic, but only id b) 
permanent streams of Andean origin (the Colorado, Nd 
Senguerr, Chico, Santa Cruz). The majority either have ien 
tent streams such as the Chalia, Coyle and Gallegos, W ut 
their sources east of the Andes, or, like the Desea! M 
pletely dry except for salt ponds in the deeper e "no 
so altered by the combined effect of wind and san ^ п 
little surface evidence of the rivers that once. ur the 
They serve an important purpose in the collection 9* pave d 
surface water. Alluvial soils of considerable dept! 
built up in them. 
The line of contact between the Patagonian 
folds of the Andes is marked by a chain of lakes, 

М = 3 held in bY 
deep in mountain canyons, their lower ends he 
moraines. 

From Lake Nahuel Huapi northward the lakes, 
Lacar, still drain to the Atlantic. South of Lake “ 
all of the lakes except Viedma and Argentino now 


ough deep canyons cut across the cordillera; and the 
с divide follows the terminal moraines of the old 
the east of the present lake beds, leaving the majority 
ransverse valleys without streams. 

e Argentine province of Neuquén the Andes lower rapidly 
e south, Cerro Domuyo east of the upper basin of the 
river being the last peak that exceeds 12,000 ft. The 
ra there consists of a broad zone of mountain chains and 
eys. The crests that have a fairly uniform elevation 
carved by erosion from the older Andean rocks. Above 
isolated volcanic peaks. 

great fields of inland ice fill all the central part of the 
ra from about 46° S lat. to 51° S lat., with a break at 
48° S. From these ice fields great glaciers flow down 
e region on the eastern border of the cordillera and to 
ls of the western border. 

ate,—Patagonia is the only desert on earth lying along 
st coast poleward of lat. 40°. Aridity results from location 
shadow of the Andes and from the presence along the 
a wide zone of cold water—the northward-moving Falk- 
current, The total annual precipitation ranges usually from 
in. and never as much as 10 іп. Nearly all the rain falls in 


% 
1 


espite its high latitude, Patagonia does not exhibit extremes 
nperature, largely as a result of its proximity to the ocean, 


Ph. and more, increases evaporation and thus further re- 
ts the value of the scanty rainfall. 
del Fuego, which experiences a marine type of polar cli- 
receives far more precipitation than the tableland, particu- 
the Chilean portion. 
ition.—The principal vegetation, except for parts of 
à del Fuego that are covered with evergreen forest and grass, 
of a mingling of very low brush and clumps of bunch 
‚ There are no trees. The vegetation is harshest and the 
| most desolate midway on the tableland, near the border of 
tories of Chubut and Santa Cruz, but improves toward the 


Principal range vegetation is a hard bunch grass called 
, hot very palatable in summer but invaluable in winter 
n the tips protrude through the light snow cover, guiding 
р to the grass underneath. In summer seasonal soft grasses 
€ pasturage for sheep. 

Life.—Patagonia's faunal life is quite abundant. 
t$ are particularly numerous, all small in size, resistant to 
and extremely fecund. Man wages war against them 

У compete seriously with sheep for the sparse vegeta- 
| «ht guanaco, a camelid, has been largely extirpated. The 
n found in considerable numbers, as is the rhea, the Ameri- 
the ch, Which ranges throughout Patagonia. Other animals 

‚Рег, fox, mara, tucutuca, and armadillo, Tierra del 
35 one of South America’s principal nesting grounds for 
Eee which congregate in unbelievably large numbers 
"men destroyed foxes, geese increased in numbers so that 
ut attempted to destroy them too; six geese eat as much 


, 
“ct Resources. Water is аба premium in arid Patagonia. 
the west-east-trending canyons contain no surface water 
ше, though several do intermittently and a few even 
round, Wells are sunk into the gravels of these exotic 
ERR Substantial supply of water is obtained, Most ranches 
N led in these canyons. 1 
most т, Small potential water power in the Andes of Patagonia 
à Ee 15 developed because there is no market in the region 
lise distances. to the cities in the pampa (1,000 mi. or 
Of i Presently too great for economical transportation, The 
for ip, 12 Western Patagonia provides a valuable water re- 
ig the tourist industry. 
lal асс, atagonia has gray desert soils resulting from the low 
D panied: by moderately low temperature. While gen- 
1n plant nutrients, particularly lime, they are low in 
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organic matter, In some areas, however, the soils suffer from an 
accumulation of alkaline salts. Under their natural arid conditions 
they are unproductive but do support enough sparse vegetation for 
limited grazing. The plateau is often covered with weathered lava, 
river and glacial material carried from the Andes, and decomposed 
igneous and sedimentary rock, As these weather, the fine particles 
are blown by the wind. When the time factor is limited, immature 
soils called Azonal may be formed; they are fertile and produc- 
tive when irrigated. 

The alluvial soils along the river bottoms of the canyons that 
dissect the region (the Rio Negro, Neuquén, Limay and Chubut) 
are examples, In some places gravel and hardpan lie close to the 
surface, the latter causing irrigation and drainage difficulties. 

Minerals.— Patagonia appears to be poorly endowed in minerals. 
Coal-bearing strata have been found in many places along the 
eastern front of the Andes— particularly in Santa Cruz province 
whose Río Turbio field contributes about 95% of Argentina's coal 
output. Totalannual production, however, amounts to only about 
300,000 tons. All the deposits in Patagonia are low-grade. Be- 
cause of the low quality of the coal and the poor transportation 
coal can be imported into the country to greater advantage; 

The principal oil field in Argentina lies near the coast in Chubut 
territory; more than 70% of the country's total output comes from 
the Comodoro Rivadavia field, about 850 mi. SW of Buenos Aires. 
Natural gas, also present, is transported northward by pipeline, 
whereas the oil is moved by tanker, 

Petroleum has been discovered and developed in the Argentine 
portion of Tierra del Fuego and near the Strait of Magellan in both 
the Argentine and Chilean sections. 

A new mining district of about 10,000 sq.mi. bordering on the 
San Matias gulf in eastern Argentina, developed after 1950, has 
lead, manganese, fluorspar and tungsten. In 1951 a hematite- 
magnetite iron ore deposit with an estimated 160,000,000 tons of 
ore running 55% iron was discovered, 

Agriculture and Pastoralism.—Agriculture is of minor im- 
portance in Patagonia, In the bottoms of several of the west-east- 
trending river valleys some irrigation agriculture is carried on, The 
irrigation works are simple, Alfalfa is the principal crop in terms 
of acreage. Fruits—grapes, apples and pears—are quite important, 
particularly in the Río Negro valley. Over most of the plateau 
the only crops are a few hardy vegetables—cabbage, carrots, let- 
tuce and turnips—grown behind windbreaks. 

Sheep raising dominates all- economic activity in the region; 
Patagonia possesses about one third of Argentina’s 50,000,000 
sheep. Argentine and Australian Merinos predominate in the 
north, where, because of the poorer pastures, wool-growing is the 
principal enterprise, The Corriedale and Romney Marsh breeds 
predominate in the south, where better pastures, ports and freezing 
works provide an outlet for mutton. The carrying capacity on 
the Patagonian range is about $ to 10 ac. for each sheep, as con- 
trasted with 24 ac, in Tierra del Fuego. 

In no other comparable area in the world are there so many 
sheep in proportion to the human population as in this region. 
Throughout the world better-endowed areas tend to turn from 
sheep to more lucrative pursuits, But this is not to be expected 
for Patagonia, which appears to be essentially and permanently a 
sheep-raising region, The number of sheep will probably not 
increase to any great extent because wind erosion and drought are 
ever present and overgrazing has been reducing the carrying ca- 
pacity of the range, 

Transportation.—The few railways in Patagonia are essentially 
lines leading from ports into their hinterlands. The Southern 
railway, entering Patagonia where it crosses the Rio Colorado 
from Bahia Blanca, passes through Neuquén, the capital of the 
Neuquén territory and extends west to Zapala. Railways south 
of the Río Negro include (1) the San Antonio railway, which 
connects with the Southern railway of Buenos Aires at Carmen 
de Patagones and reaches westward from Puerto San Antonio Oeste 
to San Carlos de Bariloche; (2) the Central railway of Chubut, 
which continues from Puerto Madryn up the Chubut valley; (3) 
the Comodoro Rivadavia railway, which extends westward to 
Colonia Sarmiento; (4) the Puerto Deseado line, which runs 
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northwestward to Colonia Las Heras via Fitz Roy; (5) the Rio 
Gallegos-Rio Turbio railway, the southernmost line in the west- 
ern hemisphere, was built to connect the Rio Turbio coal mines 
near the Chilean border with the deepwater port of Rio Gallegos, 
50 mi, north of the Strait of Magellan. 

A road extends south along the coast to Rio Gallegos and from 
there to Punta Arenas, Chile. In the interior the conditions of 
the roads vary greatly; the Nahuel Huapi National Park region 
is one of the best served in this respect. (L. WE.) 

History.—Most of the settlement of Patagonia has taken place 
in the 20th century. Vast numbers of sheep and a lack of popu- 
lation characterized the area until the fruit, agricultural and resort 
zones of the north developed after 1910 and oil was discovered on 
the coast. 

During the Spanish colonial period there was virtually no set- 
tlement of the Patagonian coast, river valleys or Andean chain. 
Jesuit missionaries entered the northern area by way of Chile in 
the 17th century but were unable to effect a permanent settlement. 
In the late 18th century, a permanent coastal settlement, Carmen 
de Patagones, was founded at the mouth of the Negro river and 
became an important source of salt for Buenos Aires. 

Expansion into Patagonia was little more successful in the 
early national period and only Punta Arenas (g.v.), a Chilean 
strait settlement, and Colonia Sarmiento, a Welsh colony in 
Chubut, were established. Extensive colonization began only in 
the 1880s, shortly after a series of vigorous military campaigns 
(1879-1883) had effectively removed the Indian menace. The 
pioneers were mainly European (Welsh, Scotch, English) and 
Chilean. There were three main routes of colonization: from the 
ports of Buenos Aires and Bahía Blanca came mostly Europeans 
spreading southward along the coast; from the Chilean village of 
Punta Arenas another finger of settlement extended up the eastern 
Andes, bringing sheep into the desolate plateau area; a final route 
led across the Andes from Chile into Neuquén and pushed south- 
ward past Lake Nahuel Huapí. Settlement aggravated the bound- 
ary dispute between Chile and Argentina. 

Although hostilities were barely avoided during the last decade 
of the 19th century, mediation finally solved the dispute. (See 
ARGENTINA; Geographic Regions: Patagonia). 

During the 20th century, the sheep-raising industry moved away 
from the pampa toward the arid southern tablelands of Patagonia. 
Ranch headquarters sheltered in river canyons administered 
thousands of square miles of range. Population remained sparse 
and was limited to such ranch villages and tiny seaports except 
for the area of northern Patagonia along the Neuquén and Negro 
rivers, which continued to attract European settlers. Foreign 
land companies that obtained grants from the Argentine govern- 
ment brought many colonists to that area. Argentines from 
Mendoza and San Juan also came. It was found possible to raise 
a variety of crops including wheat, rye and potatoes there and 
the basis of a fruit industry was laid. Government aid to railroad 
and irrigation projects from 1910 to 1930 especially advanced 
the Río Negro area. Westward along the Andes a lumber industry 
prospered. 

The lakes near San Carlos de Bariloche gained popularity as a 
resort, and the spread of skiing during the winter season assured 
further profits. Meanwhile the discovery of oil in 1907 at Como- 
doro Rivadavia provided another impetus for settlement in that 
area, 

In 1955 the territories forming Patagonia were made into four 
provinces. The military zone of Comodoro Rivadavia, created 
in 1944 to safeguard oil deposits, was divided at lat. 46? S be- 
tween the province of Chubut and the province of Santa Cruz, 
the latter also including the tip of Tierra del Fuego. By 1960, 
the population of the three northern provinces of Neuquén, Río 
Negro and Chubut (gq.v.) was 443,820 as compared with the 
52,648 of the southern province of Santa Cruz (g.v.). Although 
Patagonia comprises about a quarter of the land area of Argen- 
tina, it had less than 3% of the population; the average density 
was about one and one-half persons per square mile. 


Bisrr0cRAPHY.—C. Darwin, Journal of Researches (1845), Geologi- 
cal Observations in South America (1846); F. P. Moreno, Viaje á la 


Patagonia Austral (1879) ; Reports Princeton Univ. Expelitiy 
Patagonia, 1896-99, 8 vol. (1903-32); F. Pietrobelli, Bsplorq 
colonizzazioni della Patagonia centrale (1911); H. Steffen, Weil 
gonien (1919) ; C. M. Moyano, Viajes de exploración (1931); 
Sarobe, La Patagonia y sus problemas (1943); A. Braun Malia 
Pequeña historia patagónica (1945); A. D. Vgobone, Paladin 
auténticos de la Patagonia (1950); С. W. Sent, La Patagonia шщ 
y Tierra del Fuego (1955); Bailey Willis, A Yanqui in Paty 
(1947) ; E. Lucas Bridges, Uttermost Part of the Earth (1948) ; Al 
M. de Agostini, Trent’ anni nella Terra del Fuoco (1955); Rail B 
Berrondo, Huellas en los mares del sur (1959). (Js. R.S) 

PATAN (LALITPUR), a town of Nepal, lies on the southem 
banks of the Bagmati River, about 2 mi. S.E. of Katmandu, Pop 
ulation (1961) 48,577, over two-thirds of whom are Buddhists, 
When Prithvi Narayan Shah (g.v.) conquered the Nepal Valy 
in 1768, Patan was plundered and the people treated with qat 
brutality. Many fine buildings remain, however; the old palace 
and the temples (including the Buddhist temple of Machendranai) 
in the Durbar Square and in other parts of the town compi 
favourably with any in Nepal. A feature of the town is the numby 
of old viharas, originally Buddhist monasteries but now inhabited 
by the descendants of the priests who once occupied them, Th 
town is the headquarters of the Banra sect of the Newars (w 
NEPAL). The Banras form the majority of the gold- and silve 
smiths whose work is well known. According to legend Asi 
visited the town about 250 в.с. and built the four large stups 
which still exist on the four sides of the town. (Rr. R. P.) 

PATANJALI, an ancient Indian author or authors, li 
whom are ascribed works in Sanskrit on religious meditation (Yog 
sutra), grammar (Maha-bhashya), medicine (Charaka-samlili) 
alchemy (Patanjala), the Sankhya philosophy (Adhara-krrik) 
liturgical music (Widana-sutra), and metrics (Pingala’s Сиш 
sutra). 

The well-known “Aphorisms of Yoga” codified earlier thot 
but appears itself no older than the 4th century A.D., as 88 
aphorisms seem intended to refute the Vijnana-vada sch 
Mahayana Buddhism. It may be an earlier text remodeled. Th 
“Great Commentary” discusses the grammatical aphorisms ûl 
Panini and Katyayana’s critical annotations upon them, which t 
incorporates. „It is of great acuity, both philosophical and gti 
matical. Events mentioned suggest the 2nd ог 1st centur Y 
for its composition. A tradition, perhaps late, appears to identi 
Charaka, a medical authority perhaps of the 2nd century A 
with a single Patanjali, author of both the Y oga-sutra and 
bhashya, but neither philosophically nor grammatically 00 
works appear in complete accord. Al-Biruni in the 11th w 
frequently quotes as of great renown a Patanjala which А 
similar in content rather than form to the Yoga-sufra, but in 
alchemy as a means to liberation; and a Patanjala is dr 
cited as an alchemical authority. Patanjali and all the at 
with whom he is sometimes confounded are regarded 45 
nations of the divine serpent, Sesha. 

See L. Renou, Littérature sanskrite (1946). 

PATAVIUM: see PADUA. «ig delet 

PATAY, BATTLE OF, one of the most serious UP. 
experienced by England in the Hundred Years’ War Us "n 
France. After the death of Henry V (1422), the шү, 
slow progress in extending their conquests but in Oct, 1 у 
to besiege Orléans, the strategic key to the Loire rive oft 
prelude to an invasion of the territory of Charles VIT 500 
river. The siege had little success during the winter, ue "T 
was still holding out in May 1429 when Joan of ich 
relief. The earl of Suffolk (William de la Pole), the ЁЛЕ ya 
mander, then withdrew his army to three towns 07 gold 
(Jargeau, Meung, and Beaugency), which he hoped d 
reinforcements under Sir John Fastolf arrived from Рат а 
reached ]апуШе in mid-June with an army of about 5: i pe 
was joined there by John, Lord Talbot and a small fore uet 
had by then fallen, and the French were besieging 4 i ot 
Fastolf and Talbot went to its relief but arrived to 1. 
point of surrender, They decided to withdraw du. y 
wishing to risk battle with a considerably larger Frenc rael 
French, spurred on by the encouragements of Joan, Р soul 
English northward and overtook them two or three 


Patay on June 18. Fastolf and Talbot were taken by surprise and 
had no time to draw up their army in a defensive position. Talbot 
was attempting to block the enemy advance, while the army de- 

oyed behind him, when the cavalry of the French van under La 
Hire (Étienne de Vignolles) and Poton de Xaintrailles rode in 
among his men and destroyed all chance of organized resistance. 
A rout followed, in which Talbot was captured and a great many 
English were killed. Fastolf escaped with the remnants of the 


Р PATAYA—PATENT 
| 


his defeat was a blow to England’s military prestige and fight- 
ing resources. England’s reputation for invincibility was lost 
and with it all hope of striking into southern France, France 
north of the Loire was now almost undefended, and Charles VII 
yas able to ride triumphantly to Reims for his coronation, 

(J. W. SE.) 

PATAYA (adjective Patayan). Pataya is the name applied 
toa prehistoric people and culture once occupying the lower valley 
of the Colorado river, surrounding deserts in California and Ari- 
zona, and neighbouring uplands to the east. Patayan sites date 
from about A.D. 600 onward. 

In southwestern United States, archaeologists have recognized 
three generalized cultures among the prehistoric Indians of Arizona 
and neighbouring states, These have been named as follows: 
pueblo cultures, Anasazi (g.v.); desert cultures in southern Ari- 
tona, Hohokam (g.v.); and mountain cultures of southeastern 
Arizona and western New Mexico, Mogollon (g.v.). Since the 
cultures of Indians living in the valley of the lower Colorado river 
and surrounding areas did not fit into the other three categories, 
the name Pataya, a Walapai Indian word meaning “old people,” 
was suggested. In general the Pataya occupied the area now in- 
habited by tribes speaking a Yuman language, such as the Yuma, 
Mohave, Yavapai, Walapai and Havasupai, and good evidence 
exists that the Pataya were their ancestors (see YUMAN). 

Archaeologists have distinguished three main prehistoric Pa- 
layan Indian groups; the sites on which they lived can be recog- 
nied by the kinds of pottery they made. Generally they are 
classified into a river group, Laquish, who had an agricultural 
economy; a desert group, Cerbat, who lived by food gathering 
and hunting; and on the Colorado plateau the Cohonina, who 
accepted some cultural traits from the neighbouring Anasazi or 
Pueblo Indians, 

Archaeology of the river area, centre of the culture, is very 
ficult to unravel because annual floods buried sites or washed 
them Out, obliterating evidence. The Pataya cremated their 
ad, leaving no burial grounds on river terraces. They are the 
cux ac of the late prehistoric people of the American south- 
Pris | ее also INDIAN, NORTH AMERICAN; NORTH AMERICA: 

Bin ory and Archaeology. 5 

MOORAPHY—~H., S. Colton, Prehistoric Culture Units and Their 


Relationships in Northern Arizona (1939) ; “The Patayan Problem in 


Colorado River Valley,” i : “Semi- 
y," Sthwest. J. Anthrop., vol. i (1945) ; "Semi. 
mars in Archaeology: 1958, The American Southwest. TRR. Society jor 


{rican Archeology, Memoir XI (1956) ; G. R. Willey and P. Phillips, 

re Theory in American о (1958) j (H. S. Cu) 
ltrs pat NT. The term patent—derived elliptically from “let- 
hereb; ae (q.0.), a general term referring to the documents 
Pind some privilege is conferred—is distinctively applied in 
ake, ERA to governmental grants of the exclusive right to 
Wage Зе or sell a product or commodity. In modern times the 
Policies m become still further specialized, since governmental 
ttes in n general adverse to the grant of monopolistic privi- 
Confined i inary commerce and trade; such grants are in the. main 
бу, and 0 products which are the result of invention or discov- 
puts it (cre granted for limited times, as the U.S. constitution 

» to promote the Progress of Science and useful Arts.” 

(B. CE.) 


UNITED STATES 


USS. federal government was established, a few pat- 
een granted to inventors by individual states, as special 
Дд, State legislatures. Some grants of this kind had even 
The y S, ij by the colonial governments, the earliest in 1641. 

>: constitution empowered the federal government to issue 


Before 
ets had bo 
Acts of th 
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patents, and also to protect the copyright of authors, by provid- 
ing, in article 1, section 8, that congress shall have power “to pro- 
mote the Progress of Science and useful Arts, by securing for 
limited Times to Authors and Inventors the exclusive Right to 
their respective Writings and Discoveries.” The first act of con- 
gress under that authority was passed April 10, 1790. It placed 
complete power to grant patents in a board consisting of the secre- 
tary of state, the secretary of war and the attorney general, The 
secretary of state at that time was Thomas Jefferson and all appli- 
cations for patent were examined by him personally, This act was 
short lived, and only a few patents were’ issued under it, since 
the high officials who administered it had too many other important 
duties to devote adequate time to the work involved. A new 
law was passed, on Feb. 11, 1793, under which the function of is- 
suing patents was placed under the secretary of state but they 
were granted merely on complying with the formal requirements 
of submitting a description, drawings, a model and the necessary 
fee. This system of issuing patents without any examination for 
novelty remained in force until 1836, by which time they were 
being issued at the rate of over 600 a year. Dissatisfaction with 
this method, which resulted in many patents for things which were 
not new and in numerous conflicting patents, led to a completely 
new act passed on July 4, 1836. 

The act of 1836 established the “examination” system of grant- 
ing patents, which has been followed since that time by many other 
countries. Applications were to be regularly examined by officials 
with the power to refuse patents, with provision for an appeal in 
case of refusal, The act established the patent office as a separate 
bureau in the department of state with a commissioner of patents 
at its head and contained many provisions which, as subsequently 
modified, form part of the present patent law of the U.S. The act 
of 1836 was amended from time to time until in 1870 the patent 
law was completely rewritten, Thereafter numerous acts of con- 
gress, about 6o in number, relating to patents were passed, and in 
1952 the basic law was again rewritten and extensively revised (ti- 
tle 35, “Patents,” of the United States Code). 

The Patent Office.—The administration of laws concerning the 
granting of patents and related activities was placed in the United 
States patent office, a bureau of the department of commerce, in 
Washington, D.C. Originally in the department of state, it was 
transferred to the department of the interior when that department 
was created in 1849, and was transferred to the department of 
commerce on April 1, 1925, by executive order of the president, 

The head of the office is the commissioner of patents. About 
half of the employees are examiners and others with technical and 
legal training. The chief function of the office is the examination 
of applications to determine whether the applicant is entitled to 
a patent. The specifications and drawings of patents are printed 
and published as they are issued, and a weekly Oficial Gazette, 
containing a claim and a selected figure of the drawing of each 
patent issued that week, decisions in patent cases and other infor- 
mation, is published. 

The patent office also administers the federal trademark law, 
registering trademarks used in interstate or foreign commerce. 
(See TRADEMARKS AND NAMES.) 

Subject Matter for Patents.—Patents are granted for the in- 
vention of “any new and useful process, machine, manufacture, or 
composition of matter, or any new and useful improvement 
thereof." The word “manufacture” refers to articles which are 
made and includes manufactured articles and products. The word 
“process” is defined as meaning process or method and is not lim- 
ited to processes for producing articles or products, although it has 
been ruled that processes involving mental steps are not proper 
subject matter for patent. The meaning of “machine” requires 
no particular explanation. “Composition of matter" includes sub- 
stances composed of mixtures of ingredients as well as those pro- 
duced by chemical action. New chemical compounds can be 
patented, as well as the processes for producing them, and there 
are no prohibitions or special conditions in the statute relating to 
the patenting of food and medicinal products. The only matter 
specifically excluded from the field of patentable inventions is 
the application of fissionable material or atomic energy to atomic 
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weapons, which is excluded by the Atomic Energy act of r954. 

The statute uses the word “useful,” which connotes that the 
invention must be directed to a useful purpose, and it must be ca- 
pable of accomplishing that purpose. A machine which is inopera- 
tive to produce the intended result would not be called useful. 
However, commercial practicability is not a requirement. 

Novelty and Invention.— The invention, in order to be pat- 
entable, must be new and to this end the statute provides that a 
patent cannot be obtained if the invention was known or used in 
the United States, or if it was patented or described in a printed 
publication anywhere, before the invention was made by the one 
who is seeking a patent. Mere prior knowledge in a foreign coun- 
try will not prevent a true inventor from obtaining a patent. Also, 
prior secret knowledge and use by others will not ordinarily defeat 
the right to a patent. 

The statute also provides that a patent cannot be obtained if 
the invention has been in public use or on sale in the United States, 
or if it has been described in a printed publication anywhere, more 
than one year before the date on which the inventor applies for a 
patent. The inventor's own printed publication or public use of 
the invention, as well as such publication or use by anyone else, 
occurring more than one year before applying for a patent, will 
result in the loss of the right to a patent. Publication or use 
during the one-year period will not affect the right to a patent if 
the inventor seeking the patent made the invention before the date 
of the publication or use. 

Even if the subject matter sought to be patented is new in the 
sense that it is not shown exactly by the prior things known or 
used and includes one or more differences over them, a patent may 
not necessarily be obtained. It is further required that the dif- 
ferences between the new subject matter and the prior art be such 
that the subject matter would not have been obvious to a person 
having ordinary skill in the art. In applying this requirement, the 
courts have said that the new subject matter must involve "inven- 
tion" over what is old. This determination has been one of the 
most difficult aspects of patent law and has involved the most 
conflicts of opinion. 

Application for Patents.—Only the actual inventor can apply 
for a patent in the United States, except in certain special situa- 
tions. If the inventor is dead, the executor or administrator of 
the estate can apply; if the inventor is insane, his legal representa- 
tive can apply in his place. If the invention is made jointly by 
two or more persons, they must apply for a patent as joint inven- 
tors although it is possible to correct innocent mistakes in either 
omitting a joint inventor or erroneously joining a person as in- 
ventor. 

The application must contain a written description of the in- 
vention, a drawing when the nature of the case admits of a draw- 
ing, an oath of inventorship executed by the inventor, and must 
be accompanied by the government filing fee. The description of 
the invention must be so complete as to enable any person skilled 
in the art to which it relates to make and use it, and must set forth 
the best mode contemplated by the inventor of carrying out the 
invention. Claims particularly and distinctly pointing out the 
subject matter regarded as the invention are required. The claims 
define the scope of the subject matter protected by the patent. 
The description and claims are called the specification. 

Prior to 1870 models were required with every case admitting 
of a model, but this has since been discontinued as a general re- 
quirement. (A working model would be demanded by the patent 
office in the case of an alleged perpetual-motion machine.) 

Procedure in Obtaining Patents.—After an application for 
patent has been filed, it is referred to the appropriate examining di- 
vision of the patent office where it is examined when its turn is 
reached. The examiner searches through all relevant prior United 
States patents, and also through those of other countries and 

printed publications which are available to him, to determine if 
the invention is new and patentable under the law. His decision 
as to the patentability of the invention on the claims presented 
is sent to the applicant. The applicant can ask for reconsidera- 
tion, within six months, of an adverse decision, with or without 
amending the wording of the specification, and the application 
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is then re-examined and reconsidered; and this Procedure 
tinues until an issue is reached. If the final decision of the ine 
jner is adverse on any of the claims, the applicant may appeal y 
board of appeals within the patent office. A refusal by the 04 
of appeals may be reviewed by the courts, the applicant bej 
given the option of appealing to the court of customs and vile 
appeals or filing a suit in the United States district court io th 
District of Columbia. 

When two or more applications for patent for the same inven 
tion are filed by different inventors a proceeding known as anis 
terference may be instituted to determine who is the first invent, 
and entitled to a patent. The first to apply does not песезий 
obtain the patent. An interference between an application ay 
an issued patent is also possible under restricted conditions, 

If it has been decided to grant a patent, a notice of allowing 
is sent to the applicant; a final fee is due within six months inj 
the patent is issued shortly after this fee is paid. 

The proportion of applications filed which result in patens 
varies. but generally it is about 60%. 

Nature of Patents.—The patent is issued in the name of tly 
United States of America, under the seal of the patent office, in 
includes a copy of the specification and drawings. The pate 
in terms contains a grant to the patentee, his heirs or assigns, fi 
the term of the patent, of "the right to exclude others from mak 
ing, using, or selling the invention throughout the United State’ 
Tt should be noted that the patent does not grant the positive ridi 
to make, use or sell the invention and the patentee’s own right tt 
do any of these things is dependent upon the rights of others ant 
whatever general laws, if any, might be pertinent. The patenis 
may not use his own invention if doing so would infringe a prit 
patent of another, without the permission of the prior patentë 
Nor could a patentee sell his invention if doing so would vidit 
laws such as, for example, the pure food and drug laws. 

Territorially, the right conferred by the patent extends throu 
out the United States and its territories and possessions. 
term of the patent is 17 years from the date of its grant. 
period was adopted in 1861, replacing the prior term of 14 yet 
with the possibility of an extension for another 7 years. Them 
of a patent cannot be extended except by an act of congress} t 
temporary law passed in 1950 (later expired) provided Ms 
tending the term of patents owned by veterans of World Warl 

No fees are required after a patent has been issued for mile 
taining it in force, nor does the law contain any provision W 
revoking a patent or granting compulsory licences if the paten 
invention is not worked in the United States. 

Patents as Property.—A patent is recognized as к 
property and has the attributes of personal property. ТЕТ, 
sold (assigned) to others, mortgaged, bequeathed by vill, pi 
pass to the heirs of a deceased inventor. The patent 1s ber. 
in law by an instrument in writing, either after it is gran 
while it is in the application stage. If the application for Es 
is assigned, and the assignment is recorded in the patent 0 
time, the patent will be issued directly to the assignee. у 
interest in a patent may be assigned, and the patentee wd ous 
convey a grant for a specified territorial part of the Unite ini 
An assignment, grant or other conveyance may be recor we 
patent office at any time, but if it is not recorded in 
it might not serve as protection against the subsequent 
patent to another. Ает eite? 

A patent may be owned by two or more persons joint Yit иб 
a result of the patent's having been granted to бо pe 
or as the result of the assignment of an undivided pa acti 
Unless they have agreed otherwise, each joint owner oa vel 
pendently of the others; he may make, use or sell or ote 
for his own profit, grant licences to others or assig? i: 
his interest without regard to the other joint owners jude 4 

Since the patent gives the owner the right to exc "ma 
from making, using or selling the invention, he may gi 
others to do any of these things by a licence. Ў 
tract between the parties and it may include whaler е 
ditions and limitations may be agreed upon, sa 
of royalties to be paid. Provisions relating to та!" 
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dealing with unpatented articles are generally not legal. 
ntee may not violate the antitrust laws in his dealings with 
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¢ states have laws prescribing certain formalities for the 
patent rights. 
iment of Patents.—After a patent is granted it can be 
ended or corrected in the patent office in a number of respects. 
«ıl errors made by the patent office whereby the patent does 
correspond to the record can be corrected by a certificate of 
ection, Some clerical or typographical errors made by the ap- 
"may also be corrected by a certificate of correction, An 
‘innocent mistake in erroneously joining a person as a joint inventor 
in erroneously omitting a joint inventor can be corrected by the 
patent office by deleting the name from, or adding the name to, the 
patent, as the case may be. 
"One or more claims of a patent may be disclaimed by the pat- 
entet by filing a disclaimer in the patent office. The patentee may 
disclaim or dedicate the entire term, or any terminal part of 
e term, of his patent. 
| — A patent сап be reissued by the grant of a new patent to replace 
‘the original one for the balance of the unexpired term. Reissues 
е obtained primarily when the patent is defective in claiming 
¢ or less than the patentee had a right to claim, and require 
‘thefiling of a new application which is subject to examination. 
— Plant Patents.—Patents are also granted (since 1930) for new 
distinct varieties of plants, including cultivated sports, mu- 
“hybrids and newly found seedlings. Tuber-propagated 
which include the common potato, and existing plants found 
incultivated state may not be patented. The plant must 
1 asexually reproduced by the inventor or discoverer be- 
be patented. 
] ‚ The requirements and procedure for obtaining a plant patent are 
‘in general the same as those for other patents, with a few excep- 
tions, Phe right granted by a plant patent is “the right to exclude 
from asexually reproducing the plant and selling or using 
plant so reproduced." Many new varieties of flowering and 
|i plants have been patented. 
| ign Patents.—New, original and ornamental designs of ar- 
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‘tides of manufacture can be protected by design patents. The 


etim patent relates only to the appearance of the article, and not 
|: Is construction or useful features. A design patent may be 
| Hora term of 33, 7 or 14 years, with a different fee for each, 
: on of the applicant. Applications for design patents are 
bts in the same manner as other applications, although there 

‘Mea few differences in the requirements. 
ب‎ Marking.—A patentee who makes or sells patented ar- 
: "mark the articles with the word “patent” or the abbre- 
“pat.” and the number of the patent. This requirement is 
І but if the patentee fails to mark the articles he 
recover damages from an infringer unless the infringer was 
notice, Of the infringement and continued to infringe after the 
ГИ of articles as patented when they are not in 
d$ pen; iS prohibited by law. While an application for patent 
po the patent office, articles may be marked with the 
patent pending," “patent applied for" or an equivalent ex- 
Ls This marking has no legal effect but only gives informa- 
public that an application for patent has been filed in 
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Pateni Office, The use of these expressions when no application 


‘has been made or when an application is no longer pend- 
9s prohibited by law d 


infin, ent and Enforcement of Rights.—The statute de- 
f “aR gement of a patent as the unauthorized making, using or 
le the patented invention, within the United States, during 
| Of the patent. Active inducement of infringement by 
y also Constitute infringement. 
ent is infringed, the patentee's remedy is by a suit against 
Иа the appropriate district court of the United States. 
Шыу award the patentee damages to compensate for the 
i TaS (which may include the profits made by the infringer) 
f Power to increase the damages up to three times the 
T ped The court may also grant an injunction to prevent 
uation of the: infringement. The defendant in the suit, 
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in addition to maintaining that what he is doing does not in fact 
infringe the patent, may raise the question of the validity of the 
patent. The court may find that the patent is invalid on grounds 
specified in the statute as conditions for patentability. A holding 
of invalidity operates only between the parties and does not con- 
stitute a cancellation or revocation of the patent; the patentee may 
conceivably sue someone else on the same patent, but such subse- 
quent suits on patents once held invalid are not common and are 
rarely successful. 

The question of infringement is determined by the claims of the 
patent, which define the scope of the rights granted; if the defend- 
ant’s activities do not fall within the language of any of the claims 
of the patent, he will ordinarily not be held to infringe. The losing 
party in the suit may appeal to the court of appeals for the circuit 
in which the district court is located, There is no right of appeal 
to the supreme court, but that court may accept a case by writ of 
certiorari. 

A person who is charged with infringing a patent by a patentee 
who has not sued for infringement has the right to initiate a suit 
against the patentee and obtain a, judgment on the question of in- 
fringement as well as the validity of the patent. 

The United States government may make or use any patented in- 
vention without the consent of the patentee, but the patentee has 
the right to compensation which may be recovered by suit in the 
court of claims if not paid. 

See also COPYRIGHT. (Р.].Е.) 
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The Statute of Monopolies, passed in 1624, marked a revolt 
against the practice of granting to private individuals monopolies 
of branches of manufacture or commerce; e.g., the making of play- 
ing cards, the sale of salt, etc. This statute declared such grants in 
general to be invalid, but excepted grants for a term of 14 years or 
less “of the sole working or making of any manner of new manu- 
factures within this Realm to the true and first inventor or inven- 
tors thereof, which others at the time of making such Letters 
Patents and grants shall not use"—and this exception is the 
origin of British patent law and, indeed, of the patent laws of the 
world. 

At first the monopoly granted was merely defined by a title and 
there was no provision obliging the patentee to make his inven- 
tion (throughout this article the word invention is used with the 
statutory meaning, viz., as including an alleged invention) known 
to others, save that some grants required him to take apprentices 
and train them in the new manufacture; but in the reign of Queen 
Anne (1702-14) it became customary to make it a condition of 
the grant that the patentee should within a fixed period file a 
written description of his new manufacture and, in time, this 
description also came to embody a statement as to the monopoly 
claimed and so became the progenitor of the modern specification. 
Originally patents were issued by the lord chancellor under the 
great seal, and Charles Dickens draws a lively picture of the trials 
of the unhappy inventor bandied about by a host of officials, none 
of whom took the slightest interest in the invention but all of whom 
must be suitably feed before the grant would be made. By an act 
passed in 1830, however, a new body—the commissioners of pat- 
ents—was created under whose seal grants were thereafter to be is- 
sued. One effect of this change was that whereas the great seal 
was recognized throughout the dominions, such recognition was not 
given to the commissioners’ seal, so that the patent monopoly was 
thenceforth confined to the United Kingdom and the Isle of Man, 
though its effect can still be extended to the Channel Islands and 
certain colonies by registration. This act also provided that the 
specification should be filed before instead of after the grant, and 
created the provisional specification, 

The act of 1883 created the patent office in its present form, pre- 
sided over by the comptroller general of patents, designs and trade- 
marks, but though the comptroller was given considerable powers 
concerning the form of specifications he had none over their con- 
tents—applicants could still claim what they would at their own 
risk and embody the most diverse inventions in one application— 
and it was not till 1907 that the system of search was inaugurated 
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and power given to refuse patents for inventions which had been 
clearly anticipated. 

All the self-governing countries of the Commonwealth of Na- 
tions have their own patent offices, their patent laws being in sub- 
stance those of Britain, though there are some detailed variations, 

The whole British patent law is now contained in the Patents 
act, 1949. 

Patent Office Procedure.—Application for a patent may be 
made by a person claiming to be the “true and first inventor,” or by 
his assignee or personal representative, and any other persons may 
join in the application, Normally the true and first inventor is the 
person who substantially originated the invention, even though he 
may have accepted suggestions (not amounting to separate inven- 
tions) from others. Where two persons have conceived the inven- 
tion independently, the one who first applies for protection is the 
“true and first inventor.” Since, however, the primary object of 
the provisions dealing with patents for invention was the creation of 
new manufactures within the realm, a person who introduces an in- 
vention from abroad has always been considered as its inventor, 
and no question has ever been asked about how he acquired it. 
A person, for example a patent agent, to whom an invention has 
been communicated from abroad may apply as a “communicatee.” 
The application must be accompanied by a specification which in 
the case of an original application may be either a “provisional 
specification” stating broadly the nature of the invention, or a 
“complete specification” describing in detail the invention and the 
manner of its performance with claims defining the monopoly 
sought. Where a provisional specification is used, a complete 
specification must be filed within a year (a period which may be 
extended to 15 months by payment of a fee) and in the case of a 
convention application a complete specification must be filed in 
the first instance. A single complete specification may be lodged 
in respect of two or more provisionals or convention applications 
for cognate inventions, but the application must relate to a “single” 
invention—a term to which a wider interpretation is given in the 
case of an invention relating to a new type of machine than to one 
relating to improvements in parts of a known machine; if this 
rule is infringed the applicant may be required to file divisional 
applications for the different inventions. The application must be 
for a “manner of new manufacture"—a phrase which covers either 
a process or an article. Processes which produce, improve or pre- 
serve a vendible article are considered to come within this defini- 
tion, which also includes processes or methods for the control of 
manufacture, but processes relating to agriculture or the like, or 
medical or surgical treatment, are not within it, although agri- 
cultural or surgical instruments, medicinal substances, etc., may 
be. Processes depending mainly on the intellectual faculties, e.g., 
literary or artistic compositions, methods of advertising, etc., 
are not considered to be patentable, nor are documents, charts, 
etc., relating to such processes. 

When a complete specification has been lodged it is referred to 
an examiner who makes a search among British specifications not 
more than о years old (the search may in certain cases extend 
to documents of other classes) to ascertain whether the invention 
as claimed in any claim has been wholly or in part published, and 
the result of the search is embodied in a report, which may also 
draw attention to faults in drafting; e.g., that the claims are not 
“clear. and succinct.” After consideration of the report the comp- 
troller may require the applicant to amend the specification and, 
in default of compliance, or if the invention has been wholly an- 
ticipated, he may refuse the application. “Subject matter,” i.e. 
the existence of an “inventive step,” cannot be considered at this 
stage, though it may be in the case of an opposition. The comp- 
troller may also refuse a patent for an invention that is clearly im- 
possible, e.g., perpetual motion, or such that its use would be con- 
trary to law or morality, or for certain inventions relating to food 
or medicine. 

Searches are also made to ascertain whether the invention has 
been claimed in a specification of prior date, or whether the use of 
the invention would involve risk of infringement of the claims of a 
prior specification, and if so references may be inserted to such 
specifications. When all is in order the specification is accepted 
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and is open to inspection, and shortly after it is published: ; 
copies are put on sale. During a period of three months ai 
publication opposition may be lodged to the grant of a patent * 
grounds of opposition including most (but not all) of tod 

which the validity of a patent may be challenged, but the оррод i| 
must show a real interest which would be adversely affected byt 
grant. Sealing may take place four months after publication af 
the specification unless an opposition is pending. Within a year i 
sealing an application may be made to the comptroller to revokes 
patent on any of the grounds on which the grant might have been 
opposed. 

Where an applicant or patentee makes an improvement on a 
invention, in respect to which he has applied for protection y 
holds a patent, he may obtain a “patent of addition" even thoy) 
the improvement does not show an inventive step over what is diy 
closed in the specification of the main patent. No renewal fesat 
payable for patents of addition, but they lapse with the пай 
patent, although in certain cases the comptroller may allow them i; 
continue as original patents. 

Where a complete specification is not accepted, neither it nr 
any provisional specification is ever published except by order ofa 
court, The reports of examiners are also confidential document, 
but after a complete specification has been accepted lists of the 
specifications referred to in such reports may be obtained on рї}, 
ment of a fee. 

The term of a patent is 16 years from the date when the com 
plete specification was filed, but renewal fees must be paid after 
the fourth year, rising annually from £5 for the 5th year to £20 
for the 16th year. This scale can be increased, with a maximum. 
of £30. Where a patent has lapsed because of accidental failurt 
to pay renewal fees restoration may be granted, The term oft 
patent may be extended either on the ground that the remunerati 
of the patentee has been insufficient in view of the importance 
the invention, or that the patentee has suffered loss as such as th 
result of hostilities. 

The comptroller has many other powers and duties: for example 
he may direct the mention in the specification of the name 0 
actual inventor (though this has no effect on patent rights); hem) 
decide disputes between coapplicants or copatentees, and (by a 
sent of the parties) certain disputes about infringement. In Шү 
cases, though not in ай, an appeal lies from his decision to E 
patent appeal tribunal (.e., to a high court judge who is normal) 


the judge by whom patent cases are tried), and in certain cases, # 
ег, there may 


lit 
general prat 
nt the bent 
if necessum 


of any doubt, since the validity of the 
be subsequently determined by the courts. Applicat 
be obtained from the patent office. The fee payable on api b 
is £1; on lodging a complete specification, £10; on applica m 
sealing, £3. An inventor may draft and lodge his own SEE in 
and appear himself before the comptroller or the tribunal, № 
large proportion of cases this work is done by patent АИ S ak 
one may practise as a patent agent unless he is register? tini 
and registration can be obtained only after passing severe s 

and legal examinations. seg reve 

The expenses of the office substantially exceed its c 
The office publications include the official journal givin£ er 
acceptances, etc., the reports of patent, design and Vg 
cases and the comptroller's annual report, à document бей 
interest containing, inter alia, important notes On us 
invention. 

Property in Letters Patent.—Letters patent ar 
tion and devolve like other personal property. 
at the patent office giving particulars of owners 
Although no notice of a trust may be entered 
documents giving equitable rights are entered. 
prima-facie evidence of what is entered therein an 
document, which should be entered but is not, can 
evidence save by leave of the court. 

Patentee means the person entered on t 
a patent. If two or more persons are entered as c0: 


hip an 


й own 
he register ш [ 


‘ihe absence of a special agreement) each has an equal undivided 
‘in the patent rights and may use the invention for his own 
t, but he may not assign his share or grant a licence, save the 
licence to the purchaser of an article made by him, Con- 
ily all co-owners must join in an assignment or licence, but 
_ the comptroller has extensive powers to require co-owners to con- 
“cur in such matters, Legal assignments and licences must be by 
‘deed, and cannot be executed until the grant has been sealed, but 
the courts recognize and enforce agreements giving equitable rights, 
- There is also a species of property in unpatented inventions; 
«p, the right to apply for a patent can be assigned and passes 
by death, sepe бн to Ges or future inventions are 
‘ako enforced, and there may be read into a contract of employment 
74 that any invention made by е employee in the ms 
of his employment shall become the property of his employer, un- 
joss the terms of the contract negative this inference, 
The sale of an article by the patentee or a licensee normall; 
gives the purchaser or subpurchasers an unlimited licence to "4 
or dispose of the article, but limitations may be placed on such 
lence and are effective if it can be shown that the purchaser knew 
of them when he acquired the article. This is of special impor- 
{ance in regard to price restrictions on resale. if Ў 
Patentable Inventions and Requirements for Validity. — 
ien can be granted only for *a manner of new manufacture" 
and although an invention may be “new” and relate to a “manner 
o it iR not a “manner of new manufac- 
= may be only a normal development of an existing manu- 
facture, It is a necessary qualification of a craftsman that he 
should have the knowledge and ability to vary his methods to meet 
the task before him—a tailor must cut his cloth to suit the fashion 
ofthe day—and any monopoly that would interfere with the crafts- 
E uM skill and knowledge would be intolerable. 
A patentable invention, therefore, must involve something 
Which lies outside the probable capacity of a craftsman—which is 
|o d pad it must have "subject matter" or involve an 
s ep." Novelty and subject matter are obviously closely 
ya and in the days when patent actions were tried with a jury 
it (Wo issues were generally put to them in the composite form, 
Men the patentee claims a manner of new manufacture?" 
1 S uses must be pleaded separately, both SEWAGE 
mm y a de endant, and in fact "subject matter" is the 
| lest, for while there may well be novelty not involving an 
E step, it is hard to conceive how there can be an inventive 
| i E novelty. 4 f 
үн ence of an inventive step of course depends on the par- 
umstances of each case, but there are certain classes of 
Which are generally considered to point to inventiveness: 
prising nature of the result achieved; the fact that the in- 
Was teached only after long research and experiment; or 
dy tection has supplied a long-felt want as evidenced 
Cess. 


by novelty and subject matter of a claim must be judged 
“on te of public knowledge and practice in the country at 

| liy date," which is defined as follows: if the claim is 
еп ed on matter contained їп a provisional specification ог 
Е: Као application the priority date is the date of filing such 
Е Bs or application; in any other case it is the date of lodg- 
between ce Specification. The objection of disconformity 
Mey ir m Provisional and complete specifications which for- 
по үа invalidated the patent, has gone, the only 
-document W being loss of priority date. The test of whether a 
ЕТ: cm publication which would negative novelty or subject 
— Placed j A een expressed as follows: “Had the document been 
lon JN hands of a competent craftsman, endowed with the 
Nite probe knowledge at the priority date, who was faced 
ty eq; Solved by the patentee but without knowledge of 
anos. С Invention, would he have said, ‘this gives me what I 
leggi, Craftsman" in this context means not the artisan but 
MON gener, T, chemist or manager who directs the work, and “com- 

3 be pre owledge” means such knowledge as the craftsman 

к tait from пей to have acquired from his training, or could ob- 
E uch works of reference as he would normally use; €.£., 
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textbooks and dictionaries. Similar rules would apply in the case 
of other forms of publication; e.g., public working or sales of 
articles. A document is published when it comes into a library or 
other place where the public or a section of the public have right 
of access, or into the possession of an individual who is under no 
obligation, legal or moral, to keep it secret. Specifications of any 
country or official abstracts thereof more than 5o years old at the 
date of filing of the complete specification are not deemed to be 
publications. 

Publications based on information obtained from the patentee 
and made without his consent do not generally affect validity, nor 
do certain publications by the patentee himself; e.g., papers read 
to learned societies or working for necessary trial, if a patent is 
applied for within a fixed period. Secret working for commercial 
purposes, either by the patentee or others, before the priority 
date, invalidates the patent. 

Subject to these qualifications an invention is in general patenta- 
ble if it produces a new article, a better article or a cheaper article, 
or affords a useful choice. It may be a combination of old integers 
so placed together that by their working interrelation they pro- 
duce a new or improved result. The use of a known article, ma- 
chine or process for a novel purpose may also be patentable if such 
purpose is not analogous to that for which it was formerly used. 

Somewhat special considerations apply to chemical inventions. 
At the beginning of the 20th century it was accepted that there 
was no prevision in chemistry; today the balance has swung over 
to such an extent that almost complete prevision is assumed of the 
existence and properties of new substances lying within known 
classes of chemical compounds, and this has resulted in the coining 
of the term "selection patent" for patents relating to such cases, 
the requirements for such a patent being that it relates to a subclass 
of compounds having special and advantageous characteristics, 
named in the specification, not generally possessed by substances 
outside the subclass. 

Other requirements for a valid patent are that the invention must 
be “useful” in the sense that it achieves the results described or 
claimed; the specification must be "sufficient" in that it properly 
describes the invention and the method of carrying it out and 
gives the best method of performance known to the patentee; fur- 
ther it must give warning against the use of improper materials or 
methods and must contain no false statements, and the claims must 
clearly define the monopoly sought and must not include an inven- 
tion which is the subject of a valid prior grant. The primary 
object of the invention must not be illegal. Failure to comply 
with any of these requirements may be raised as an objection to 
the validity of the patent in an action or petition for revocation. 

Patent Litigation.—Actions relating to patents must be 
brought in the high court, the palatine court or the court of session 
in Scotland. In England they are assigned to a special judge. No 
action can be commenced until the patent is sealed, Normally the 
plaintiff is the patentee, but an exclusive licensee, or a licensee of 
right, may sue an infringer making the patentee a codefendant. 
Usually the plaintiff alleges infringement, giving certain specific 
instances, while the defendant denies infringement, alleges that the 
patent is invalid on certain statutory grounds, the most important 
of which have been considered in the preceding section, and coun- 
terclaims for its revocation. It may also be pleaded as a defense 
that the plaintiff is a party to a contract or licence relating to the 
patent which contains certain statutorily prohibited terms; e.g., 
concerning the purchase or use of articles not covered by the 
patent. 

In construing the specification the court leans neither toward nor 
against the patentee. The scope of the patent monopoly is deter- 
mined primarily by the claims, since what is not claimed is deemed 
to be disclaimed, but the documents must be read as a whole, so 
that the term used in the claims may be explained by reference 
to the body of the specification. 

Infringement may be by "making, using, exercising or vending" 
the invention. There is no doctrine of “constructive infringement” 
so that a claim for the use of an article for a special purpose gives 
no rights against the manufacturer or vendor, only the user can be 


sued—consequently such claims are often of little value. Only acts 
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within the realm are considered; for instance, posting patented 
articles from abroad is not an infringement. Further, the use of 
apparatus forming part of the equipment of vessels, airplanes or 
vehicles temporarily in the country does not in general constitute 
infringement. 

A successful plaintiff is generally granted an injunction against 
future infringement, an inquiry as to damages or an account of the 
profits made by the defendant, an order for delivery up of in- 
fringing articles and a "certificate of validity” entitling him to 
claim costs on an increased scale in any subsequent action on the 
patent. Partial relief may be given to a plaintiff who establishes 
infringement of a valid claim though other claims are invalid. An 
inquiry as to damages covers all infringements committed after 
the publication of the specification down to the date of the writ, 
but no damages are awarded for infringements committed when the 
defendant did not know and had no reasonable grounds for sup- 
posing that the patent existed. The fact that the patentee marks 
his article “patent,” but without a patent number, does not displace 
this defense. 

Any person interested may present a petition for the revocation 
of a patent on any of the statutory grounds of invalidity. If an 
order for revocation is made, either on a petition or a counterclaim, 
it is generally suspended to give the patentee the opportunity of ap- 
pealing, or applying to amend the specification. It is a ground 
for revocation that the invention was obtained from the petitioner, 
and when a patent is revoked on this ground the petitioner may 
apply for a patent with the priority date of the revoked patent. 
A similar rule applies where the grant of a patent is refused, or a 
patent is revoked by the comptroller, on this ground. 

Any person who claims that he has been injured by threats or 
statements that articles are infringements of a patent may bring 
an action for an injunction to restrain such threats and for dam- 
ages. Frequently the defendant responds by commencing an in- 
fringement action and the two actions are tried together. 

Amendment.—An application to amend the specification of a 
patent is normally made to the comptroller, but if an action for 
infringement or a petition for revocation is pending it must be 
made to the court. The application is advertised and any person 
may appear and oppose it. Only amendments by way of dis- 
claimer, correction or explanation are permissible and, except in 
the case of an obvious error, the amendment must not lead to the 
specification describing or claiming matter not already disclosed, 
or claiming anything not within the scope of an existing claim. In 
the case of amendment before publication or in the course of an 
opposition the comptroller may excuse advertisement. Much 
wider amendments may be made before acceptance, provided that 
they do not introduce new inventions. A provisional specification 
can only be amended by excision. 

Once an amendment has been allowed its propriety cannot be 
questioned save on the ground of fraud, and the amended specifica- 
tion replaces the unamended for all purposes, but reference may 
be made to the unamended specification in construing the amended 
specification. 

Abuse of Monopoly.—In certain cases the comptroller may 
grant compulsory licences. Since the original object of the patent 
laws was the establishment of new industries, the main grounds 
for the grant of such licences are that the patented invention is 
not being worked within the country to the fullest practicable ex- 
tent, or that the demand for patented articles is not being met 
on reasonable terms, or is being met by importation in place of 
home manufacture. Other grounds are that the existence of the 
patent monopoly, or the terms imposed on licensees, unfairly preju- 
dice the development of commercial or industrial activities. The 
owner of a patent of later date may also apply for a licence on 
the ground that the earlier patent precludes the use of his inven- 
tion, but in such a case the later patentee may be required to grant 
a cross licence. No application for a compulsory licence may be 
made within three years of the date of sealing. The comptroller 
may also in certain cases order the revocation of a patent, but no 
such order was made in recent years. No order for a compulsory 

licence, revocation or endorsement may be made which would con- 
travene any treaty, etc., with a convention country, 
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Applications for licences under patents relating to food or 
cine may be made at any time and without alleging aby 
monopoly. Such licences are to be granted unless there um 
reason for refusal, and are to be on such terms as will Mam 
the patented articles shall be available to the public on the long 
terms consistent with fair remuneration to the patentee, 

Patents may be endorsed “licences of right,” either on the 
plication of the patentee or in certain cases compulsorily, ayj 
in such case any person can claim the grant of a licence on th 
to be settled by the comptroller. Only half the normal rene) 
fees are payable for patents so endorsed. 

The Restrictive Practices act, 1954, would probably have lilly 
effect on patent rights, since agreements and licences relating t 
patented inventions were exempted from its principal provisions, 

Crown Rights.—A patent has the same effect against the crom 
as against a subject, but government departments have the rig 
to use patented inventions on terms to be fixed by the court, Ce 
tain government departments may require that a specificatia 
be kept secret, and no person resident in Great Britain may apply 
for a patent abroad unless he has previously applied for protection 
in Great Britain and no requirement concerning secrecy has bea 
imposed within six weeks of the application. 

Patents and Industry.—There are about 50,000 application 
for patents annually in Great Britain, and about 60% of grants! 
which about 3,000 are kept in force for the full period of 16 yan 
Yet of these only a trifling number are subjected to the acid testo 
judgment by the courts, and of these judgments the majority at 
unfavourable to the patentee either on validity or infringemet 
or on both issues, especially in the case of patents for chemi 
inventions. 

The industrial value of patent protection cannot, however, i 
judged by these figures. In many branches of industry, and n 
ticularly in those relating to chemistry or the various applicationi 
of electricity, the amount of research and experiment necessi 
for evolving and bringing to perfection new processes or produt 
is so great that the individual inventor has been displaced v 
teams of technicians who may labour for years before айй 
any result of practical importance, and in other branches an 
vention has little chance of practical success unless it 18 adopt 
by a strong manufacturing company. 

Consequently patents of value gravitate toward powerful t 
porations, who keep a watchful eye on applications and gri 
bearing on their own line of industry and are chary of tresp 
on ground marked out by their rivals, since to do so might in 
a costly action, with the possibility that all the capital sunk i 
new venture might be rendered useless by an adverse Ju 
Thus the practical value of patents must be judged rather b m 
general deterrent effect than by the few instances when kr 
come the subject of actual litigation. There can be no E 
ever, that the prospect of obtaining a monopoly is one of | d 
incentives to the technical research necessary for the m ۴ 
of commercial prosperity, and therefore patent Jaw still & М) 
its original purpose of introducing new industries. ied 
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The rights granted by a patent extend onl neral; 
diction of the country granting the patent, hence, m er 
who desires patent rights in a number of different coum 
obtain a separate patent in each. There is no une cel 
although the laws of a few countries provide that un p 
conditions a patent granted in another country May 
and become effective. i 


Х ions 00 
Practically every country in the world, the exceptions 
These 14 


jut 
y throughout p E 


and comparatively minor, has a patent law. 
many details. Variations exist in the subject 
patents are granted, the conditions which defeat no 
quirements and procedure in obtaining patents, the оу © 
term and other matters, although most of the laws fo for РЁ, 
basic principles. The law of the U.S.S.R. provides jnve 
of which only a few are obtained, and «author's OF 
certificates" which give the inventor the right to 

tion but not the exclusive right of the patent. ( 
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tions noted the bibliography give digests of the patent laws of 
tries. 

Bor the decade before World War ІТ the total number of pat- 
| ents granted by all countries averaged approximately 180,000 a 
т. This number decreased by more than half during the war 
and the years following, but by five years after the end of the war 
the number had risen above the prewar average and during the 
1960s it surpassed 250,000 annually. The total number of patents 
issued does not represent the same number of separate inventions, 
since one invention might be patented in several countries; nearly 
julf the patents represent such duplications. The countries that 
issue the largest number of patents are the United States, France, 
Great Britain, Germany, Canada, Italy, Japan, Belgium, the 
USSR. (inventor's certificates), Switzerland, Spain, Australia 

| and Sweden, in approximately the order named. 

International Convention.—There are a number of bilateral 
treaties relating to patent matters, but the important patent treaty 
is the multilateral International Convention for the Protection of 

| Industrial Property, which was first signed by 11 countries in Paris 
in 1883 and which came into effect on July 7, 1884. This treaty 

- was revised at Brussels in 1900, at Washington, D.C., in 1911, 
at The Hague in 1925, at London in 1934, and at Lisbon in 1958, 
tach revision superseding the former version between the countries 
adhering to the revision. Ву the mid-1960s more than 60 countries 
were parties. Under the first article of the convention the coun- 
E ue themselves a “Union for the Protection of Indus- 

| торег!у.” 

| The convention establishes rights in patent, trademark and re- 
lited matters of the nationals of the participating countries and 

| {some respects has the aspect of international legislation on these 
Subjects. One of the basic articles of the convention provides 
that the nationals of each country enjoy in the other countries 
the same advantages that the other countries grant to their own 
Mitionals, without prejudice to any rights specially provided for 

the convention. 

One of the most important articles of the convention deals with 
What is called the right of priority. By the operation of this pro- 
vision, any person who has duly applied for a patent in one of 

| countries of the union is entitled to apply for a patent for the 
“ime invention in one of the other countries of the union within 
A period of 12 months and be considered in the latter country as 
ving applied there on the earlier date. This article is of con- 
table importance in facilitating the obtaining of patents by 
о їп а number of countries, since in most countries publica- 
das абор before applying for a patent will defeat the 
atent, 
чуя of the convention provide that patents obtained 
' different countries of the union shall be independent of each 
teh; that the inventor shall have the right to be mentioned as 
3 in the patent, this provision applying when the inventor has 
2 "n his right to a patent to another in those countries 
Bue shal Owner may apply for the patent; that a period of 
Оше} е provided for payment of the fees required by most 
ah or Maintaining a patent in force; that the use of an 
| А, оп board ships or on land or aircraft temporarily or ac- 
itinging jn the territory of a country shall not be considered as 
5 А е rights ofa patentee in that country; etc, One article 
to be а limitations which must be observed if a patent 
Wi the in ed, or compulsory licences granted, for failure to 
erred reas or for other abuse of the exclusive rights con- 
ing with ae The convention also includes provisions deal- 
Competition lemarks, trade names and the suppression of unfair 


aly the convention, a central office known as the Interna- 
Switz, ini for the Protection of Industrial Property, in Geneva, 
eves as inne general supervision of the Swiss government, 
Tark laws clearinghouse for information on patent and trade- 
и Proprig issues a monthly periodical in French and English, 
Patents té industrielle and Industrial Property, dealing with 
Othe, tademarks and related matters. 

Am, utetMational Cooperative Efforts—An Inter- 
Convention Relating to Inventions, Patents, Designs 
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and Industrial Models was signed at Buenos Aires, Arg., in 1910 
and adhered to by a number of Latin-American countries and the 
United States. Some of its provisions are similar to earlier versions 
of the International Convention for the Protection of Industrial 
Property. The Council of Europe has sponsored treaties relating 
to uniformity of formalities required for patent applications, an 
international classification of patents, and unification of certain 
points of patent law, which were ratified by some European coun- 
tries. Twelve of the African countries forming the African- 
Malagasy Union have established a single patent for the group and 
à common patent office. Other movements for greater interna- 
tional cooperation in patent matters, including a joint patent for 
the Scandinavian countries and Finland and a proposed European 
patent by the European Economic Community countries, are under 
way. 

See also INVENTIONS AND DISCOVERIES; MONOPOLY. 

BIBLIOGRAPHY —Patent Laws (revised periodically); Rules of Prac- 
tice of the United States Patent Office in Patent Cases (revised peri- 
odically) ; General Information Concerning Patents (revised periodi- 
cally) ; The Story of the United States Patent Office, 1790-1956 (1956) ; 
United States Code Annotated, title 35, “Patents,” 3 vol., with cumula- 
tive annual pocket supplements (1954); Journal of the Patent Office 
Society (monthly, 1918- ); A. К. McCrady, Patent Office Practice, 
4th ed. (1959); Corpus Juris Secundum, vol. 69, Patents (1951); 
A. W. Deller (ed.), Walker on Patents, 4 vol., with annual supple- 
ment (1937); W. W. White and B. G. Ravenscroft, Patents Through- 
out the World, loose leaf with periodical revisions (1944) ; R. Haddan, 
A Compendium of Patents and Designs Law and Practice, loose leaf 
with periodical revisions (1931); Manual for the Handling of Appli- 
cations for Patents, Designs and Trade Marks Throughout the World, 
loose leaf with periodical revisions (1936); S. P. Ladas, The Inter- 
national Protection of Industrial Property (1930) ; M. Plaisant, Traité 
de droit conventionnel international concernant la propriété industrielle 
(1949) ; J. Vojacek, A Survey of the Principal National Patent Systems 
(1936) ; A. Casalonga, Traité technique et pratique des brevets d'inven- 
tion, 2 vol. (1949) ; E. Reimer, Patentgesets un Gesets betrefiend..., 
3 vol. (1949-55). (P. J. F.) 

PATER, WALTER HORATIO (1839-1894), English critic 
and essayist, celebrated for the fastidious delicacy of his style, 
was born at Shadwell, London, on Aug. 4, 1839, Educated at 
King’s School, Canterbury, and at Queen’s College, Oxford, he 
settled in Oxford and read with private pupils. In 1864 he was 
elected to a fellowship at Brasenose College, Pater then began to 
write for the reviews, and his essays on Leonardo da Vinci, Botti- 
celli, Pico della Mirandola, and Michelangelo, with others of the 
same kind, were collected in 1873 as Studies in the History of the 
Renaissance (later called simply The Renaissance), The volume 
had a Conclusion which promulgated a sort of aesthetic gospel. 
Pater omitted it from the second edition, being apprehensive about 
its tendency, only to restore it in 1888. 

The publication of this volume made Pater the centre of a small 
group in Oxford, He had relations with the Pre-Raphaelites, of 
whom he was to some extent the heir, and he began to insinuate 
something of their spirit into his academic world. By the time 
Marius the Epicurean appeared in 1885 he had a following of 
disciples. Marius is his most substantial work. It is a romance 
of ideas in which Pater's ideal of an aesthetic and religious life 
is scrupulously and elaborately set forth, The setting is Rome in 
the time of Marcus Aurelius; but this is a thin disguise for a 
characteristically late-19th-century spiritual development. Jmag- 
inary Portraits (1887) are shorter pieces of philosophical fiction 
in the same mode. Appreciations (1889) is a return to the critical 
essay, this time largely on English subjects. In 1893 came Plato 
and Platonism, giving an extremely literary view of Plato and 
neglecting the logical and dialectical side of his philosophy. Pater’s 
Greek Studies (1895), Miscellaneous Studies (1895), and Essays 
from The Guardian (privately printed, 1896; 1901) were pub- 
lished posthumously; also his unfinished romance Gaston de 
Latour (1896). 

His life was uneventful. It was almost all spent in Oxford, 
with short periods of residence in London and visits to the conti- 
nent, and he died at Oxford on July 30, 1894. He wrote with 
difficulty, correcting and recorrecting with infinite care. There 
is a reserve and reticence about his writing, maintained also in 
his personal life, except perhaps with a few favoured disciples. 
The primary influence on his mind was his classical study, coloured 
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by a highly individual kind of more or less Christian devotion, 
pursued largely as a source of refined artistic sensations. But he 
was also affected by German idealist philosophy and modern French 
literature, especially the work of Baudelaire. In his art criti- 
cism he does not attempt connoisseurship or expertise; he tries 
above all to seize the emotional genesis and effect of painting 
and sculpture. His literary criticism too shows a similar reliance 
on receptivity and the personal impression, Indeed his writing as 
a whole is a sort of halfway house between scholarship and original 
artistic creation. 

His early influence was confined to a small circle in Oxford, 
but he came to have a widespread effect on the next literary gen- 
eration. Oscar Wilde, George Moore, and the aesthetes of the 
1890s were among his followers, and show obvious and continual 
traces both of his style and his ideas. Through the early work of 
William Butler Yeats and James Joyce his influence was trans- 
mitted to the 20th century. A more rigorous ideal of criticism 
arising in the 1920s caused his work to fall into neglect or im- 
patient depreciation; but that period is past. The fineness of his 
sensibility has again become apparent, and it can be seen that his 
somewhat precious style conceals more close and directed thought 
than was at one time suspected. 

ВівІлосвАРНҮ,—А. C. Benson, Walter Pater (1906) ; A. Symons, A 
Study of Walter Pater (1932); T. S. Eliot, “Arnold and Pater,” in 
Selected Essays (1932) ; R. C. Child, Aesthetic of Walter Pater (1940) ; 
G. Hough, in The Last Romantics (1949) ; Lord David Cecil, in The 
Fine Art of Reading (1957); I. Fletcher, Walter Pater (1959). 

(G. G. Нн.) 

PATERA ISLAND (Larra), an island on the Kwangtung 
coast of south China at the eastern mouth of the West River or 
Hsi Chiang (q.v.). Its geology is predominantly of igneous rocks, 
mainly granites and quartz porphyries. In 1958 an 800-yd. cause- 
way built across Duck channel in the north cut off the flow of 
water from the Hsi Chiang, causing silt from the Canton delta 
rapidly to fill up inner Macao Harbor and also controlling the 
supply of fresh river water for Macao. 

Negotiations between Macao and the Chinese authorities for 
a pipeline and pumping system became necessary. The island is 
now connected to Canton by motor road. Cultivation is mostly 
on reclaimed land. 

The principal industries are agriculture, quarrying, fishing, and 
the manufacture of fireworks. In 1958 the entire population of 
Patera was formed into a commune of the Chinese Communist 
pattern. 
Kong has continued. 

Wanchai, the chief settlement (pop. [1959 est.] 2,000), faces 
Portuguese Macao across the river. Until 1949 it was a station 
of the Chinese maritime customs, but since that time its import 
and export trade has decreased to a minimum. (S. G. D.) 

PATERSON, WILLIAM (1658-1719), British writer on 
money, commerce, public finance, and contemporary political and 
social issues, founder of the Bank of England and prime mover of 
the unsuccessful settlement at Darién (g.v.) on the Isthmus of 
Panama. He was born at Tinwald, Dumfries, Scot., in April 1658. 
Tn his youth Paterson left Scotland to escape religious intolerance 
and traveled in Europe and the West Indies, gaining experience 
asa merchant. Returning to England he tried unsuccessfully to 
induce the government of James II to back an expedition to Darién. 
Efforts to get support for his plan on the continent also failed. By 
1686 he had become a London merchant and a member of the 
Merchant Taylors Company. In 1694 Paterson organized the 
Bank of England, long desired by the London merchants. He 
withdrew as a director the next year, following a disagreement on 
bank policy. After an unsuccessful attempt to organize a rival 
bank in London, Paterson resumed his interest in the Darién ven- 
ture. Along with a group of Scottish and English merchants who 
were seeking investment outlets, he secured in 1695 the passage by 
the Scottish Parliament of the Act for a Company Trading to 
Africa and the Indies. William III opposed the expedition because 
of the state of affairs in Europe and the opposition of some of the 
London merchants, insofar as the expedition was becoming entirely 
Scottish in character. 

Paterson was deprived of his position by the directors of the 


Illegal immigration from China to Macao and Hong. 
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company because of a loss of company funds, though he жй 
most certainly innocent; nevertheless, he accompanied the 
pedition in 1698 asa private citizen, using his influence and oink 
istrative skill to save the company from the ruin that its by 
management made inevitable. Paterson's own financial lote 
were great. His wife and only child died while at Darién, and by 
was gravely ill before he was forced to leave, arriving home 
December 1699. 

After Darién, Paterson was involved in a number of Projects 
the development of resources by a proposed council of trade; 
proposals for monetary reform; continued agitation for ney ty 
peditions to the West Indies; and the parliamentary union ў 
Scotland and England. He was responsible for the sinking 
method of retiring the national debt which was known as Walpole 
sinking fund of 1716. He was an early advocate of free trade qj 
opposed John Law's various schemes by a vigorous attack o 
inconvertible paper currency. Shortly before his death (on Ја 
22, 1719) the British government finally paid him an indemnity 
for his losses at Darién. 

See The Writings of William Paterson, ed. by Saxe Bannister, 3 yil 
(1859). (LN) 

PATERSON, a city of northeastern New Jersey, US, ui 
the seat of Passaic County, is located on the Passaic River, lj 
ті. N of Newark and 17 mi. NW of New York City. The ai 
occupies a restricted area of 8.36 sq.mi. within the bend of the 
river, and is surrounded by the city of Clifton (q.v.) on the south 
and by the boroughs of West Paterson, Totowa, Накд 
Prospect Park, and Hawthorne on the west and north, East Pater 
son lies across the river to the northeast and east, The populatia 
of the city in 1960 was 143,663. Previously part of the New York 
Northeastern New Jersey standard metropolitan area, in 10 
Paterson was designated a central city of the Paterson-Clifoe 
Passaic standard metropolitan statistical area (SMSA) which i 
part of the New York-Northeastern New Jersey standard ti 
solidated area. Population (1960) of the SMSA (Bergen al 
Passaic counties) was 1,186,873. (For comparative populate 
figures see table in New Jersey: Population.) 

After the American Revolution, Alexander Hamilton, first st 
tary of the treasury, advocated setting up manufacturing 
to ensure industrial independence from Europe. He selected # 
the best site on the Atlantic seaboard the falls on the Pass 
River, which have a perpendicular drop of 50 ft, This area 
been sparsely settled by the Dutch since the late 17th on 
After some political debate the enterprise was chartered by 
New Jersey Legislature in 1791 as The Society for Establ | 
Useful Manufactures (SUM). The charter also provid m 
six-mile square within which the society might establish its 
factory. The SUM appointed a committee to select à site 
May 18, 1792, the committee recommended and the a 
agreed to locate the manufactory at the Great falls of the M 
The city was named after Gov. William Paterson of New 
one of the framers of the United States Constitution. , gy 

The SUM. was not a successful enterprise and uitis 
water power and building space to private manufactures j 
possibilities of industrial development. The earlies By 
were cotton mills. By 1837, when the locomotive m us 
established by Thomas Rogers, machine manufacturing ted 
come important. The cotton mills and skilled labour attri 
silk industry permanently introduced by John Ryle bt 
W. Murray in 1839, and at one time a grove of mulos ШУ 
planted to provide food for silkworms. Linen threat 
turing was started in 1864. «s and б. 

Paterson, formerly the principal silk manufacturing puits f 
centre in the U.S., was the scene of many labour ek i 
mid-20th century the city had become a centre of widely qi 
industrial activity and attracted enterprises ofa x sudes 
retail centre for the area, with more than 2,100 retail 0 
approximately 700 wholesale houses. ante 

Paterson was a township until 1851, when it was 819. о 
charter. A new charter was granted in 1871 and thi: 
ably revised by the change to a commission form 0 =. 
in 1907, After that time the city operated under ? 


ment. The people elect a mayor every three years, who 
ts bipartisan governing bodies: boards of finance, public 
, fire and police, health, and education. 
irs University, the state university, has a branch in Pater- 
does Seton Hall University, Paterson State College (estab- 
ished as Paterson City Normal School in 1855) is located in the 
| ing borough of Haledon. There is also the Danforth 
Library with several branches, and a city museum, 
smous for its collection of New Jersey rocks and Indian relics. 
‘he original submarine built by John P. Holland (q.v.) failed 
snd sank in the Passaic River in 1878. It was recovered in 1927 
‘is on exhibit in Westside Park. There are many outdoor 
r ls and various indoor recreational centres. The 570-ac. 
fe reservation, 502 ft. above sea level, overlooks 
the Passaic Valley. (S. Hz.) 
THAN, the name applied to the Pashto-speaking tribes 
of southeastern Afghanistan and northwestern Pakistan. Pashto, 
an eastern Iranian language, has two dialects: the soft, called 
Pashto (or Pushto), is spoken by the tribes of Afghanistan and 
those of Pakistan south of the towns of Kohat and Thal; the 
hurd, called Pakhto (or Pukhto), is spoken by the tribes of 
Pakistan north of these towns. The word Pathan is a Hindi var- 
fant of the Pakhto word Pakhtana meaning “speakers of Pakhto” 
and commonly refers to speakers of both dialects (see PASHTO). 
_ By their own traditions, the Pathans originated in Afghanistan 
andare descended from a common ancestor. Several tribes are 
own to have moved from Afghanistan to Pakistan between the 
Ith and 16th centuries. Each tribe, consisting of kinsmen who 
‘face descent in the male blood line from a common tribal an- 
lûr, is divided into clans, subclans and patriarchal families. 
ribal genealogies establish rights of succession and inheritance 
ind the right to use tribal lands and to speak in tribal council. 
‘Fathans are intensely individualistic but they abide by a code 
‘of honour, the pakhtunwali, which imposes on them three obliga- 
: to grant all fugitives asylum (nanawatai); to proffer open- 
ш “hospitality (melmastia) to even their deadliest enemies; 
po Wipe out dishonour by revenge (badal). 
Ж Over property, women and personal injury often re- 
B feuds between families and whole clans; these may 
р" settled by the intervention of clan chiefs ог by 
оь E rah herdsmen and warriors. Most tribesmen 
ү ty farmers, combining cultivation with animal hus- 
Ху i Some are migratory herdsmen and caravaneers. Indi- 
ате engaged in business or government service in towns 
E Afghanistan and Pakistan and large numbers have 
у been attracted to military service. 
е arts they are noted for their stirring drum and flute 
x B vigorous, often wildly martial dancing, and their 
Hlth ote Tn century. are the varioc poe Квин 
КЕШ and the philosopher Abdur Rahman. Pathans 
dii: , mostly of the Sunni sect, with a reputation for 
Nue When aroused by their religious leaders. 
Qin р бүре (1960s) 5,000,000 in Afghanistan and 4,000,- 
di i "WXistan. They comprise about 60 tribes of varying size 
ea and occupying particular territories. Most lie 
Nh Afghanistan or Pakistan; a few, notably the 
К pu Shinwari, overlap the international boundary be- 
p" ге WO countries, In Afghanistan Pathans are the predomi- 
Kabul ang (OU, and the main tribes are the Durrani south of 
t пафа li the Ghilzai (Ghaljai) east of Kabul. The Muham- 
oa 9f the Durrani has ruled Afghanistan since 1826. (See 
SAT, 
a E Stan Pathans predominate north of Quetta between 
thy ап mountains and the Indus river. Here a tribal border 
Я the so-called tribal areas from the settled areas. The 
do Include hill tribes governed by their own chiefs but subject 
Over th kistan government through political agents. Control 
“etal areas has frequently been thwarted by the refusal 
юш m en to obey their chiefs. The main tribes here are, from 


j North: the Kakar, Sherani and Ustarana south of the 
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Gomal river; the Mahsud, Darwesh Khel Waziri, and Bhittani 
between the Gomal river and Thal; the Zaimukht, Turi, Bangash, 
Orakzai, Afridi and Shinwari from Thal to the Khyber pass; and 
the Mohmand, Utman Khel, Tarkani and Yusafzai north and 
northeast of Khyber. 

‘The settled areas include lowland tribes subject to direct ad- 
ministration by the provincial government of West Pakistan. 
The main tribes here are, from south to north: the Bannuchi and 
Khattak from the Kurram river to Nowshera; and the Khalil and 
Mandanr Yusafzai in the Peshawar valley. 

See also references under “Pathan” in the Index. 

BrsriocraPHy.—William Barton, India’s North-West Frontier (1939) ; 
Olaf Caroe, The Pathans, 550 B.C.-A.D. 1957 (1958); C. C. Davies, 
The Problem of the North-West Frontier, 1890-1908 (1932); Peter 
Mayne, Journey to the Pathans (1955) ; George B. Scott, Afghan and 
Pathan: a Sketch (1929) ; J. W. Spain, The Way of the Pathans (1962), 
The Pathan Borderland (1963). (Н.Н, V.) 

PATHOLOGY is the science of disease; i.e., the study of 
disease agents and the responses they produce in living humans, 
animals, and plants, In the living human, disease causes abnormal 
function of the body or organs, with or without changes visible to 
the naked eye or detectable in the tissues with the aid of the 
microscope. These changes are usually due partly to the agent 
and partly to the reaction of the body (but may be entirely due 
to either). They are described in the sciences of morbid physiol- 
ogy, morbid anatomy, and morbid histology. 

During the Renaissance the dogina of authority gradually gave 
place to inquiry and experiment. A lively interest in the medical 
sciences developed as men began to realize that the cure and pre- 
vention of disease could only be based upon a knowledge of the 
structure and function of the body in health. The functional 
anatomy of Andreas Vesalius, Gabriel Fallopius, and Hieronymus 
Fabricius was followed by the discovery of the circulation of the 
blood by William Harvey, the father of physiology. The famous 
book of Giovanni Battista Morgagni, On the Seats and Causes of 
Diseases as Disclosed by Anatomical Dissections (1761), founded 
morbid anatomy. The next two generations of physicians went 
from bedside to postmortem room and added to a growing knowl- 
edge of the naked-eye appearance of the organs after death. Early 
in the 19th century improvements in the microscope confirmed 
previous suspicions of the cellular nature of the tissues; then 
Rudolf Virchow's book, Cellular-pathologie (1858), founded the 
science of pathology and finally Louis Pasteur, Robert Koch, and 
others initiated the science of bacteriology, demonstrating that 
many important infectious diseases were due to invasion of the 
body by minute parasites. 

Cause of Disease (Etiology, Pathogenesis).—‘“At the heart 
of pathology there lies a battle—a battle waged between man and 
his unfavourable environment." Many and widely different fac- 
tors may upset the delicate physiological balance of the body and 
cause disease. These, classified in terms of fundamental biologi- 
cal principles, include some that disrupt the internal harmony of 
the body (for example, faulty development or nutrition) and others 
that harm the body from without, such as injury or parasitism. 

The following fundamental biological principles are the under- 
lying causes of disease: 

1. Faulty Heredity.—Abnormal genes are the basic abnormality 
causing certain rare diseases such as hemophilia and mongolism. 

2. Abnormal Development.—This is the cause of congenital ab- 
normalities such as harelip, cleft palate, and clubfoot. 

3. Faulty Nutrition.—Starvation or vitamin deficiencies cause 
diseases such as nutritional edema, scurvy, beriberi, and rickets. 

4. Local or General Failure of Tissue Nutrition.—The tissues 
require a constant internal environment described by Claude 
Bernard as the milieu interne. This constant “sea-water” environ- 
ment bathing the tissue cells includes the correct concentration 
of inorganic ions in their correct proportions (the electrolyte bal- 
ance), a sufficient pressure of oxygen and carbon dioxide, and 
the adequate removal of waste products of metabolism. The tis- 
sues are therefore dependent both on the local blood supply and 
on the proper functioning of the lungs, heart, blood and lymphatic 
vessels, and kidneys. Any breakdown of the respiratory, circu- 
latory, or excretory systems will result in local or widespread dam- 
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age to the tissues. Numbers 3, 4, and 5 (see below) could all be 
considered under the general heading of diseases due to the break- 
down of physiological mechanisms. 

5. Morbid Physiology.—The endocrine glands (i.e., pituitary, 
adrenals, thyroid, and parathyroid and parts of the pancreas, 
ovaries, and testes) exert a profound influence upon metabolism 
by the chemical substances that they secrete into the blood. Up- 
set of the delicate balance of these hormones produces diseases 
such as diabetes, toxic goitres, gigantism, etc. (See also ENDO- 
CRINOLOGY; METABOLISM, DISEASES OF.) 

6. Trauma.—This category includes wounds, fractures, burns, 
chemical injury, radiation injury, and injury from electric shock. 
Chemical injury includes poisoning by animals and plants, chemi- 
cals, and noxious gases. 

7. Parasitism.—This term is used when a foreign organism in- 
vades and grows in the body. The majority of diseases are due 
tothis cause, Parasites include viruses, bacteria, fungi, unicellular 
organisms of the class protozoa, and multicellular organisms, or 
metazoa. (See PARASITOLOGY.) 

Virus diseases include such scourges of mankind as influenza, 
smallpox, yellow fever, typhus, poliomyelitis, measles, mumps, 
chicken pox, and German measles, Viruses cause many important 
diseases of domestic animals; e.g., foot-and-mouth disease, rinder- 
pest, hog cholera, fowl pest, canine distemper, and rabies. There 
are also many virus diseases of plants, such as tobacco mosaic, 
Many viruses are so small that they cannot be seen with the ordi- 
nary light microscope, but they can be demonstrated with the elec- 
tron microscope. They pass through filters and require high-speed 
centrifugation to concentrate them out of suspensions. Viruses are 
obligatory parasites, living and multiplying within the cell upon 
which they are dependent for many of their enzyme systems, Tis- 
sues react to viruses in various ways. There may be rapid degen- 
eration and necrosis of the parasitized cells (e.g., ulcers of foot- 
and-mouth disease), or on the other hand the affected cells may 
proliferate (as in the virus tumours of fowls), Frequently a com- 
bination of both processes is seen, as in the pustular lesions of 
smallpox, (See VIRUSES.) 

The bacterial diseases include wound infections (staphylococci, 
streptococci, tetanus, gas gangrene, etc.), diphtheria, scarlet fever, 
typhoid fever, tuberculosis, plague, cholera, and dysentery, (See 
BACTERIA. ) 

Diseases due to fungi include ringworm, thrush, athlete's foot, 
and actinomycosis. 

The diseases due to protozoan parasites include malaria, sleep- 
ing sickness, and amoebic dysentery. Metazoan parasites include 
parasitic worms such as roundworms, tapeworms, and flukes, The 
hookworm disease of the tropics belongs to this class. 

8. Neoplasms.—Cancer is usually put in a class by itself. This 
is partly for clinical convenience, but also because many different 
factors are known to produce malignant growths. In a strict bio- 
logical classification of disease, cancer should be classed as an ab- 
normality of growth due to overstimulation of cell division or 
breakdown of the controls exerted by the body over individual 
cells and organs. 

Defense Reactions of the Body.—The importance of finding 
the cause of disease is self-evident, but equally important in 
pathology is a study of the defenses of the body. The early 
pathologists naturally studied first the most pressing problems— 
those presented by disease and injury. The phenomena of inflam- 
mation engaged their attention, and this is not surprising because 
the inflammatory reaction is the standard pattern of the body’s 
response both to injury and to many types of infection. The 
clinical signs of inflammation, rubor, et tumor, cum calore et dolore 
(“redness and swelling, with heat and pain"), were described by 
Celsus in c. A.D. 30. John Hunter wrote (published 1794): “In- 
flammation in itself is not to be considered as a disease but as a 
salutary operation, consequent either to some violence or some dis- 
ease." A. Thomson, A. P. W. Philip, and C. Hastings were all 
experimenting with the effects of injury on the web of the frog's 
foot between 1813 and 1817. J. F. Cohnheim in 1867 described 
the microscopic changes seen in inflammation. Immediately after 
the injury there may be a momentary constriction of the capil- 
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laries followed by a period in which the blood flow becomes 
rapid. Later the blood stream slows and white blood со 
stick on the walls of the. dilated capillaries and then mj, 
into the tissues. But it was E. Metchnikoff (1884) Who fy 
realized that the emigration of the phagocytic white cells into ty 
damaged tissues was the fundamental protective phenomeny 
in inflammation, and that the vascular reactions were merek 
preliminary to this. The inflammatory reaction is the body's 
bilization of defense and brings to the site of injury phagocytg 
and a fluid rich in plasma proteins. Inflammation is a Tesponse t 
products from damaged cells; it is therefore produced by allt 
of injury—chemical, mechanical, heat, cold, cutting off the bl 
supply (ischemic damage )—and by many types of bacterial inf 
tion (e.g., staphylococci, streptococci, pneumococci), These |i. 
ter are often called the pyogenic infections because they cause th 
outpouring of large numbers of leukocytes to form pus, The 
organisms produce substances that cause leukocytes to move ty 
ward them (chemotaxis). 

The pathology of a boil will illustrate the principles of both ir 
fection and defense. Most bacteria are harmless, in fact may 
are beneficial to man and to animals, but certain bacteria are abk 
to grow in the tissues, to spread, and sometimes to invade tk 
blood stream. Such organisms are called pathogenic, and the tem 
virulence is used to indicate their power to invade and harm th 
body. In the production of a boil, first the staphylococci enterly 
a small scratch in the skin or down a hair root and then multipl 
Each coccus may divide at half-hourly intervals, so that if allt 
progeny survive, in 24 hours a prodigious number of staphyloco _ 
will have been produced. These invaders damage the cells of th 
body by diverting foodstuffs to their own nutrition, by product 
by-products of their own metabolism, which are harmful to mit, 
and by producing enzymes that clot plasma or digest the 
substance of the fibrous tissue. Some of the products of the of 
ganism are so poisonous to tissue cells, white cells, and red bul 
corpuscles that they are called toxins, leucocidins, and hemolysis 
respectively. Thus the organisms grow, destroying cells and elit | 
ing an inflammatory reaction in the surrounding tissues. 
causes an outpouring of leukocytes and plasma. The am 
white cells engulf the staphylococci and attempt to kill them bi 
digesting them within their bodies, This process is called phat 
cytosis (see below), The plasma clots into a tangled ae 
of fibrin threads, and this helps to prevent the staphylococt! " 
spreading. V. Menkin has called it “the fibrin barrier. e 
hours or days the staphylococci are killed and the dead ti 
dead organisms, and living and dead leukocytes liquefy to 
pus, which is discharged to the exterior. Large cells (mia à 
from the blood and the tissues eat up the dead cells E 
up the mess, acting as scavengers or undertakers. The xe 
rier now acts as a scaffolding along which creep cells iN 
down fibrous tissue—fibroblasts—and a wall of scar nd 
formed to repair the breach in the tissues. (See ТАШ 

Phagocytosis.—Metchnikoff called the polymorit " 
leukocytes of the blood microphages because they were КЕ, Ww 
sponsible for the eating of microorganisms. He xr. all 
the monocytes of the blood and certain cells in the tissu "I 
histiocytes would ingest and destroy foreign cells. He д ant 
injection of red cells taken from a goose into the perito y 
of a guinea pig was followed by aseptic inflammation ШО 
large numbers of monocytes appeared, ingested the P hese d 
subsequently digested them. He therefore called "a 
macrophages and noted that their function was 19 Fes 
dead and dying leukocytes and red cells found in te main W 
inflammation or hemorrhage. Macrophages form Ч fe agi 
of defense in typhoid fever and tuberculosis and are ac Be js 
protozoan parasites such as malaria. Many tissues demi 
cytes, which become motile macrophages when OCCISA a gi 
They are important in the lungs, where they form th a the m 

W. Wyssokowitch (1886) injected organisms be 1 
stream of rabbits and found that they were quickly Jeen: 
phagocytic cells lining the vessels of the liver and mm gon Ё 
form a phagocytic filter designed to remove bats = И 
blood stream. Small numbers of bacteria often €? 
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even in apparently healthy people. The organisms cannot, 
however, multiply to produce septicemia until these defenses have 
“heen overcome. Similar phagocytic filters are present in the lymph 

and remove organisms that have entered the lymph flowing 

a site of infection. These networks of phagocytic ‘cells, 
demonstrated by their ability to ingest bacteria, carmine, or trypan 
blue, were grouped together by Ludwig Aschoff (1913) as the 
reticuloendothelial system. (See also Prracocvrosrs.) 

Immunity.—The bacteria present in the tissues during infec- 
tion (6.6. 0 e produce'poisons by the disintegra- 
tion of their dead bodies; these are called endotoxins. On the 
other hand, when the causative organisms of diphtheria, tetanus, 
gas gangrene, botulism, and scarlet fever are grown in a fluid cul- 
ture medium, this fluid is found to be highly toxic even when all 
the organisms have been removed by filtration. Each of these 
latter organisms produces a specific exotoxin, and this upon in- 
jection will reproduce the symptoms and the pathological iani 
characteristic of that particular disease. The body takes seven 
toten days to produce an adequate defense against such exotoxins. 
Anew globulin, called an antitoxin or an antibody, then appears 
inthe plasma. This will unite with the toxin and when mixed 
in ihe right proportions the toxin and antitoxin will precipitate 
together as fine floccules of protein. Knowledge concerning the 
site of formation of antibodies is becoming more precise. The 
plasma cell certainly produces antibodies; this cell is probably 
formed from the lymphocyte or has a common precursor cell. 
пы the reticuloendothelial system can produce anti- 

5 ‘onic infections plasma cells appear in the affected 
ane and probably make antibodies on the spot. 

When foreign cells such as bacteria or red blood corpuscles 
ate injected into an animal, antibodies are formed that will clump 
these cells together. These antibodies are called agglutinins. A 
third factor present in the plasma called complement will then 
lyse the foreign cells. Complement acts on all foreign cells after 
they have been sensitized by their specific agglutinin or antibody. 
Itisa complex of different substances, one of which is an enzyme. 
‘The plasma poured out in the inflammatory exudate thus has 
aive functions: it dilutes toxins; it clots to form the 

er; it may contain antitoxins, agglutinins, or other anti- 

Ше; and it coats the bacteria and facilitates their phagocytosis 

leukocytes, This latter property is due to substances called 
Spsonins, (See Immunity AND IMMUNIZATION.) 

Ypersensitivity or allergy is one of the outstanding problems 
Gig logy. Each year tuberculosis causes many deaths, yet no 
rd or exotoxins active against normal man or normal animals 
an ta been isolated from Mycobacterium tuberculosis. Stran- 
: was the discovery by Koch in 1891 that once an animal is 
та tuberculosis it reacts with great violence to a sub- 
Pi و‎ of the organism or its products. This appears 
ight be expected >, the opposite to a protective reaction such s 
record of a ed in an acquired immunity; it is the first example 
the ani allergy or heightened reaction. However, the response 
litle animal to the first injection of Мусо. tuberculosis is too 
met inu. The tissues then become hypersensitive so that a 
mb ton even of dead organisms, damages cells and thus 
И, A inflammatory response—a mobilization of cellular 
equate t is Possible that such a cellular defense is the only 
mu protection against this organism, which grows slowly but 
Vents the “а [е reactive intolerance shown by the tissues pre- 
festations an of infection. (See TUBERCULOSIS.) Other mani- 
Of the allergic state are seen in other diseases (e.g., 

Ан! У fever and urticaria), (See also ALLERGY AND 


aury A clean surgical wound illustrates the response of the 
ШЕ injury uncomplicated by infection. The skin and 
sels bleed tissues are severed by an aseptic knife. The cut yes- 
E p blood clots, and the severed tissues are “glued” to- 
"evitably a. brin. Tissue damage is minimal, but some cells are 
‘ome inf, lestroyed by the knife. These damaged cells cause 
Коуз ammatory reaction, and there is some outpouring of leu- 

and plasma. Then macrophages assemble and remove the 
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ind too late, so that the organism is able to spread without · 
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debris. Some substance liberated in the wound arouses the fibrous 
tissue cells that "sleep" in the margins of the wound, and these 
cells assume an embryonic activity, divide, creep in along the 
fibrin threads, and replace the fibrin by fibrous tissue. This new 
tissue joins the severed tissues in a permanent union, the scar. 
New capillary blood vessels are likewise formed by outgrowths 
from capillaries in the margins of the wound. 

Many different physical and chemical agents can cause injury. 
Mechanical injury fractures bones, causes wounds, or may damage 
the brain or the organs in the chest or abdomen. In wounds and 
fractures, hemorrhage is an important factor. In burns, tissues 
undergo heat or chemical coagulation. All types of trauma expose 
the patient to certain dangers—primary and secondary shock, 
infection, and imperfect repair. Primary shock is the loss of con- 
sciousness that occurs immediately after an injury, probably be- 
cause of pain. Head injuries also cause loss of consciousness due 
to concussion of the brain. The passage of an electric current 
through the body may affect the heart or brain and cause uncon- 
sciousness in electric shock. 

Secondary, or surgical, shock follows severe injuries within 2 to 
24 hours. The extensive inflammatory reaction that follows a 
severe injury results in the leakage of a great deal of plasma and 
salts out of the circulation into the damaged tissues or into the 
blister fluid of burns. This process reduces the volume of blood 
in circulation and lowers the quantity of blood pumped out each 
minute by the heart to such an extent that the tissues do not re- 
ceive sufficient oxygen. The patient lies pale, cold, and only semi- 
conscious, the pulse is rapid and weak, and the blood pressure 
falls. If the plasma is immediately replaced, the circulation is 
restored, but if not, the tissues are still further damaged by the 
lack of oxygen that causes still more plasma loss, and the irre- 
versible stage of shock is produced. Other factors that may cause 
shock include toxic products from damaged tissues, exhaustion of 
the adrenal cortex, and leakage of sodium ions into the damaged 
tissues and potassium ions from the damaged tissues into the blood. 
Many severe diseases end in a shocklike state. Environmental 
stress, such as exhaustion by physical effort, hunger, thirst, and 
cold, all predispose to shock. A sudden loss of circulating blood 
volume in hemorrhage produces a shocklike state. The body can 
compensate for a slow hemorrhage by withdrawing fluid from 
the tissue spaces into the circulation, but the loss of red cells will 
produce anemia. (See also $носк.) 

Damage to Specialized Cells.—As a rule, the brunt of injury 
by physical agents falls upon skin, fibrous tissue, and bone. These 
respond to damage by inflammation and then repair. On the 
other hand, injury by chemical and bacterial poisons often falls 
chiefly upon organs like the liver, kidney, and brain, which have 
highly specialized cells performing vital chemical work. These 
cells may be poisoned without visible signs of damage, but often 
obvious histological changes are produced (e.g., fatty change in 
liver or heart; cytoplasmic or nuclear degenerations). The tissues 
atrophy in starvation, after disuse, or in old age. Specialized cells 
differ greatly in their power of regeneration after injury. The 
nerve cells of the brain cannot be replaced. The cells of the 
heart muscle are usually replaced by fibrous tissue, and the heart 
can grow strong again only if each remaining cell increases in 
size. Liver cells have considerable power of regeneration, but 
repeated damage will result in their replacement by fibrous tissue. 

Disturbances of Blood Supply to Tissues.— The clotting of 
blood when it is shed is a most valuable protective mechanism, 
But sometimes blood may clot in the vessels during life. This is 
called thrombosis and is brought about by infection, damage, or 
disease of the vessel wall and sometimes by changes in the blood 
that make it clot more readily. A thrombus may cut off the blood 
supply to a limb or to an organ (e.g., the heart or brain) by block- 
ing an artery. Ora thrombus may become detached and be car- 
ried along the blood stream to block a vessel farther on; it is then 
called an embolus. If the embolus blocks the blood supply to an 
area of tissue, that tissue will form an infarct as the cells die 
from lack of oxygen. The enzymes in the dead cells go on work- 
ing and break down the nuclei and alter the cytoplasm of the cells; 
this process is known as autolysis. It is as if the tissues “stew 
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in their own juice.” The dead tissue of the infarct will excite an 
inflammatory reaction and will eventually be walled off by fibrous 
tissue. If the thrombus was infected, an abscess will form. (See 
also DEATH [BIOLOGICAL]; THROMBOSIS AND EMBOLISM.) 

Diseases of the arteries, kidneys, and heart are closely interre- 
lated. Arterial disease may throw strain upon the heart or inter- 
fere with its blood supply, and in either case cause cardiac failure. 
This also occurs when certain diseases of the kidneys raise the 
blood pressure. Diseases of the arteries and the heart may in 
their turn affect renal function. (See also ARTERIES, DISEASES OF; 
Heart, DISEASES AND DEFECTS OF; URINARY SysTEM.) 

Failure of the kidneys to maintain the constant “sea-water en- 
vironment” bathing the tissue cells or failure of the circulation to 
maintain the supply of oxygen will have profound effects upon all 
the organs. Similar effects are produced by anemia, which reduces 
the oxygen-carrying power of the blood. 

Tumours.—A mass of growing cells that appears in a particu- 
lar tissue without any obvious physiological purpose is called а 
tumour. Some tumours grow slowly, resemble the tissue of origin, 
and are limited by a fibrous-tissue capsule; these are said to be 
benign. Malignant tumours often differ from the parent tissue (in 
arrangement and in the appearance of the cells), grow rapidly, 
infiltrate locally into the surrounding structures, and may spread 

to distant parts of the body via the lymphatics or the blood stream. 

Tumours differ from the normal tissues from which they were 
derived in three respects—anatomy, cytology, and function. 

Anatomy.—The tissue arrangement varies from a poor imita- 
tion of the tissue of origin to a complete loss of any resemblance 
to the normal structure: The new tissue forms a lump, spreads 
into the surrounding parts, and distorts them. The anatomy of 
the bowel or a bronchus, for example, may be so altered that these 
tubular organs are blocked. 

Cytology.—The cells of malignant tumours show great varia- 
tions of size and staining reactions. Cells that are much larger 
than normal can be seen lying adjacent to cells that are much 
smaller than normal. The cells may sometimes lose all resem- 
blance to the tissue of origin. 

Function.—M ost physiological functions are lost by tumour 
cells. For example, the important function of the skin is that of 
protecting against the "insults" of the environment. When a 
malignant growth arises from the skin, the protective function of 
the skin breaks down, an ulcer is formed, bacteria enter the body, 
and the blood and tissue fluids leak out. Some primitive func- 
tions are retained by certain malignant growths that may produce 
bone, fibrous tissue, mucus, or even hormones. 

Experimental Production of Tumours.—Tumours have been 
produced in experimental animals by a great variety of different 
agents. E. L. Kennaway and his co-workers, during the period 
1920-33, managed to isolate the carcinogen (i.e., cancer-producing 
substance) from coal tar, which proved to be benzpyrene, a poly- 
cyclic hydrocarbon, Several hundred chemical substances have 
since been shown to be carcinogenic. Other factors known to pro- 
duce tumours include radiation by X rays, radium, and ultra- 
violet light; estrogens; certain viruses in fowls, mice, and rabbits; 
and genetic factors in special inbred strains of laboratory animals. 
Most carcinogens are known to damage the cell but they need to 
be given in small doses over long periods of time to produce malig- 
nant change. 

Experiments show that two or more different types of carcinogen 
acting together produce tumours more readily than when acting 
alone. It is possible that cancer in man may be due to the com- 
bined action of the many different types of carcinogen to which 
he is exposed. (See Tumour; CANCER; CANCER RESEARCH; CAR- 
CINOGENIC CHEMICALS.) 

Progress.—Great advances have occurred since 1940 in the 
fields of metabolic diseases, endocrinology, vitamin deficiency, and 
virus diseases. The new remedies—the sulfa drugs and the anti- 
biotics (penicillin, streptomycin, etc.)—have given new insight 
into bacterial metabolism, Advances in physiology, biochemistry, 
and microscopy have increased the knowledge of important patho- 
logical states including inflammation, shock, cardiovascular and 
renal disease, anemia, rheumatism, and cancer. Modern treatment 


PATHOLOGY 


has altered profoundly the relative importance of certain di 
Tuberculosis, syphilis, and malaria are decreasing, cardio, 
disease and cancer are increasing in relative importance, 

Pathological investigations play an important part in dj 
and in the control of therapy. The close liaison between clinic 
and pathologist has reappeared with the development of elini 
pathological conferences and the realization that the natural hc 
tory of disease can be described adequately only in terms Fr 
clinicopathological picture. (D. 8.0) 

Practice of Pathology.—The practice of medicine incl 
the clinical practice of the physician who directly attends aj 
manages the care of the patient and the laboratory practice of iy 
physician (pathologist) who reports to and consults with the y. 
tending physician. The types of laboratory specimens examin) 
by the pathologist include surgically removed parts, blood qj 
other body fluids, urine, feces, exudates, etc. Not ordinarily iy 
cluded are X-ray films (radiology) and electrical recordings (dy, 
trocardiography, electroencephalography, etc. ). 

The pathologist is customarily selected by the clinical рїї 
tioner and conveys his opinions оп the nature and care of th 
case to the practitioner. In all approved hospitals in the Uni 
States (approved by the Joint Commission on Accreditation di 
Hospitals of the American Medical Association, American Hie 
pital Association, American College of Physicians and Ameri 
College of Surgeons) it is mandatory that all specimens five 
patients be examined and interpreted in the light of other know! 
edge available concerning the patient. Pathology practice alsoit 
cludes the reconstruction of the last chapter of the physical li 
of the patient through the procedure of autopsy (q.v.), which pte 
vides information, not obtainable by any other means, сопс 
the presence or absence of important as well as minor disease pne 
esses. Application of clinical, surgical, and laboratory procedu 
for diagnosis while the patient is alive has reduced but not clint 
nated the number of major surprise findings at the autopsy enti 
nation, and medical progress, as well as legal and public h 
protection, is still fundamentally dependent upon this aspe 
the practice of pathology. 

Pathology is regarded as a medical specialty. The шо 
required for the proper general practice of pathology is too st 
to be attainable by single individuals, so that, wherever con 
permit it, subspecialists collaborate. Some of the laboratory 
specialties that occupy the time of pathologists are neuropil 
ogy; pediatric pathology; general surgical pathology; 


topathology; . forensic pathology; biochemical ae 
microbiology; serology; hematology; and blood ad 


Great Britain the term morbid anatomy is commo iit 
describe postmortem pathology and clinical pathology Mr 
all types of laboratory investigations of disease (and h 
the living person. 1 ; 
Pathology is practised in hospital laboratories, private W 
tories, public health agencies, and private medical institu! 
cluding pharmaceutical manufacturers. h Me 
Formal medical education with the attainment of the mj 
gree or its equivalent is required prior to admission to WI 
postgraduate programs in the United States, Canada, ? 
Britain. Such training in the United States is supere rj 
American Board of Pathology in collaboration with E | 
Medical Education and Hospitals of the American five 
ciation. The board requirements for certification ( ough a! 
study and training) establish a minimum level that, Е fective 
legal requirement for pathology practice, becomes e А 
because approved hospitals generally demand Le p 
pathologists. In Canada the postgraduate period bas ind 
larly described and the practice opportunities со ge 
fluenced. In Great Britain no board exists to set min? d, the ot 
cations for the development of a pathologist; an pathol 
College of Physicians and the Association of cine шшщ 
ы been more concerned with optimum types 9 
avourable conditions for practice. 
See also references ee “Pathology” in the rr 
BrsriocnaPny,—D. B. Cater, Basic Pathology and Moog p 
(1953); С. Payling Wright, An Introduction 10 Pai 
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+ H. Flo ed.), General Pathology, 3rd ed. (1962); W. A. D. 
ШЕН, Poshoiogy, 4th ed. (1961). (S. C. Pu b y бр 
PATIALA, a municipal town and district of Punjab, India. 
‘The town, headquarters of the district and formerly the capital 
of a princely state known as Patiala, was founded in 1763 by 
Maharaja Ala Singh and lies 127 mi. NNW of Delhi. Pop. (1961) 
125,234. The fort, a majestic structure, stands in the centre of 
the town, Ten colleges, including those of commerce and medi- 
dne (with a dental wing), and an institute of engineering and 
technology are all affiliated with Punjabi University, established 
there in 1962. There is a modern sports stadium. The town has 
cotton-ginning and oil mills and a distillery; electrical goods are 
also manufactured. 

Parata District (area 2,261 sq.mi.; pop. [1961] 1,048,778) 
lies in the northeastern sector of Punjab and forms a part of the 
Sutlej-Jumna Divide, with elevations reaching about 800-850 ft. 
above sea level. A few seasonal torrents (the choas) cross the 
district, but there is no perennial stream. Wheat, gram, cotton, 
and maize (corn) are the main crops. During the 1950s chemical, 
hosiery, cotton-ginning, and metal industries were developed. Be- 
sides Wen the other main towns are: Nabha (pop. [1961] 
30,603), Rajpura (27,925), Samana (16,133), and Bassi (13,042). 
Patiala District once comprised the eastern part of the main area 
of the former Patiala State. This state was the most important 
ae A he Punjab. It was founded by the chief of the Phulkian 

amily about 1763 and was merged in the Patiala and East 
a States ‘ba (PEPSU) on July 15, 1948, its maharaja 
appointed rajpramukh. The present district was formed 
under the Reorganization of States Act on Nov. 1, 1956. 
(S. S. Вн.) 

PATINIR (Patner, PaTenter), JOACHIM (DE) (с. 
1475-1524), Flemish painter, the first to specialize in landscape, 
Was born either at Bouvignes or at Dinant. He was received in 
1515 into the painters’ guild at Antwerp, where he continued to 
Ша on Oct. 5, 1524, Albrecht Dürer visited him 

in " 

Patinir seems to have made a practice of supplying landscape 
КЕЛ р бше compositions painted by other Flemish masters. 

not, however, paint pure landscape pictures, and all his 
Work has a nominal religious subject. Its novelty, anticipated in 
different re by Hieronymus Bosch, lay in the fact that the re- 
motif was much reduced in scale and immersed, as it were, 
1 the Phenomena of the natural world, The basic elements of 
dscape style—the high viewpoint overlooking vast tracts, 
men brown foregrounds merge into woodland and meadow 
again into the hazy blues of distant mountains—do not 
vom those of his predecessors, particularly Gerard David. 
he picturesque melancholy with which he invests the woods 
rivers and the great ghostly rocks that jut up abruptly in the 
PRS distance strike a personal note that won Patinir instant 
ype ау Britons. Patinir's favourite subject was the 
, the Flight Into Egypt," of which representations may 
аа Vienna, Berlin, Madrid, Minneapolis, Minn., Phila- 
ind man а and elsewhere. Many of his paintings are unsigned, 
Me probably nds in a manne and commonly rom E Dd 
rom his hand. (EG, А. 
ATINO, JOSÉ PATINO, Mazovés ve (c. 1666-1736), 
Statesman, who was one of the most outstanding ministers 
at Milan. sh crown during the 18th century, was born in Italy 
ih Б ably in 1666 or 1667. His family came from Span- 
comp Patiño followed his father in entering the service of 
Spanis БП Eovernment in Italy. Later, during the War of the 
iini e et he went to Spain and Philip V nominated him 
[A ie on the Council of Military Orders (1707). In Nov. 1711 
such а as intendant to Extremadura, where his success was 
much n little more than a year he was transferred to the 
There i © Important intendencia of Catalonia (March 21, 1713). 
lina i ered important services, during the siege of Barce- 
51114) and the reconquest of Majorca (1715), and was re- 
ча * for implementing the new financial and administrative 
Who n on Oduced by Philip V їп 1715. Giulio Alberoni (g.v.), 
came to direct Spanish affairs, regarded Patifio as his 
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only reliable subordinate and placed him in charge of the rebuild- 
ing of the Spanish Navy as intendente general de marina (Jan. 
1717). At the same time he was appointed superintendent of 
Seville, where he also exercised the presidency of the casa de con- 
tratación, controlling trade with the Spanish colonies, In these 
various capacities, Patiño was responsible for the fitting-out and 
dispatch of the expeditions which conquered Sardinia and Sicily in 
1717-18, and although he shared Alberoni’s disgrace at the end 
of 1719, he was able to recover the intendencia of Seville in 1720. 

Sudden promotion came to Patiño in May 1726, when, follow- 
ing the fall from power of the Baron de Riperdá, he was ap- 
pointed Minister for the Navy and the Colonies. Shortly after- 
ward he was also placed in charge of the national finances and 
foreign affairs. He retained all these offices until his death at the 
royal palace of San Ildefonso on Nov. 3, 1736. 

Patino’s great achievement was his creation of the Spanish 
Navy. This twice enabled Spain to go to war with Great Britain 
(1718 and 1739), permitted the conquest of Oran in 1732 and 
allowed a vigorous enforcement by Spain of its traditional 
monopoly of trade with its American colonies. As minister of 
finance, Patifio was faced with a yearly deficit of some 130,000,000 
reals. He wished to remedy this by extending to the whole coun- 
try the simplified tax system he had introduced in Catalonia, but 
Philip V would not allow more than piecemeal reforms. Patifio 
was an able administrator rather than the author of a policy of 
reform. Most of his ideas were borrowed, but his achievements 
were the more considerable in that they were carried out in dif- 
ficult circumstances and in the face of an unhelpful and belligerent 
foreign policy imposed by Philip V and his second consort. 

BIBLIOGRAPHY.—A. Valladores de Sotomayor (ed.), Fragmentos his- 
tóricos para la vida [de] . . . Patiño (1790); A. Rodríguez Villa, 
Patiño y Campillo (1882) ; A. Béthencourt Massieu, Patiño en la po- 
lítica de Felipe V (1954). (B. J. R.) 

PATIO, the Spanish name for an inner court or enclosed space 
open to the sky. The patio recalls the classical atrium (q.v.), 
which provided a private sunlighted area for each dwelling. Con- 
temporary architects have used the inner court with notable suc- 
cess in large office buildings (Connecticut General Life Insur- 
ance Co., Bloomfield, Conn., 1956), museums (Museum of 
Modern Art, Kamakura, Japan, 1951), urban housing complexes 
(Bogotá, Col., 1952) and single family residences (Hodgson house, 
New Canaan, Conn., 1953). The term patio is also commonly 
used, incorrectly, to describe any small semienclosed residential 
terrace. (H. MN.) 

PATKUL, JOHANN REINHOLD (1660-1707), the 
Baltic-German diplomatic adventurer who played a part in en- 
gineering the Northern War, was born on July 27, 1660, at Stock- 
holm, Swed., where his father was detained in prison. After com- 
pleting his studies at the University of Kiel he lived on his ancestral 
estate at Wenden (Cesis) in Livonia, devoting much time to litiga- 
tion. In 1687 he was appointed captain in the Swedish Army, in 
the garrison at Riga, Between October 1690 and November 1691 
he was in Stockholm as one of the two deputies sent by the 
Livonian landowners to explain to Charles XI of Sweden their 
views on the crown's program of land recovery. The report sub- 
mitted by Patkul to the Livonian Diet in March 1692 led to a peti- 
tion to the king to redress the gentry’s grievances, The government 
reacted by summoning Patkul and his associates to Stockholm, 
where his trial on a charge of sedition began in June 1694, At 
the end of October he fled before the impending death sentence 
to Courland and thence, via Berlin, to Western Europe. 

In 1698 Patkul met Gen. J. H. von Flemming, an intimate 
adviser to the elector Frederick Augustus I of Saxony, who was 
also king of Poland as Augustus II; and in October Flemming 
invited him to Poland. Early in 1699 Augustus received him in 
Grodno. In two memorandums submitted to the king later in the 
year, Patkul suggested snatching Livonia from Sweden by a sur- 
prise attack on Riga, to be carried out in conjunction with the 
Russian tsar Peter I, whose acquisitions would be restricted to 
Ingermanland and Karelia. Patkul's visits to Livonia and to 
Copenhagen prepared the ground for action also anticipated in 
the secret “capitulation” concluded in August between Augustus 
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and Patkul: in this, the Livonian gentry declared its adhesion to 
Augustus as king of Poland and received extensive political and 
economic privileges. In September 1699 Patkul went to Moscow 
to remind Peter of the benefits to be derived by Russia from a foot- 
hold in the Baltic. His efforts were crowned by the coalition be- 
tween Russia, Saxony, and Denmark formed in autumn 1699, and 
by the premature attack on Riga launched by Augustus in February 
1700. The curtain was thus raised for the Northern War (q.v.). 
While the basic conflict was not of Patkul’s making, he bears the 
responsibility for the moment and the manner of its outbreak. 

Though Augustus had made him a major general, Patkul was 
glad to accept, in November 1701, Peter’s invitation to enter the 
Russian service. In 1703 he was appointed privy councillor, 
major general and envoy extraordinary to Saxony and Prussia. 
In Berlin his task was to draw Prussia into the war and into the 
eventual partition of Sweden’s overseas possessions; and his pri- 
vate hope was that Prussia would be a countercheck to Russia. 
This was the hinge of his plan, which was to have satisfied all 
concerned: Peter, Augustus, Frederick I of Prussia, the Livonian 
gentry, and Patkul himself. He failed to inveigle Prussia, but 
succeeded in bringing about the Russo-Polish alliance of August 
1704. 

In November 1704 Patkul removed the Russian corps under his 
command from Poland into Saxony; and in December 1705 he 
negotiated its temporary transfer to the service of Austria, The 

Saxons seized on this action as a pretext for arresting him in Dres- 
den. In April 1707 he was extradited to Charles XII of Sweden 
under the Treaty of Altranstüdt (1706) as a deserter. The sen- 
tence of 1694 was aggravated to fit a traitor; and on Oct. 10, 1707, 
he was broken on the wheel and quartered at Kazimierz, near 
Poznan. 

See B. H. Hornborg, Konspiratéren: Johann Reinhold Patkul 
(1946); R. Wittram, article in the Nachrichten der Akademie der 
Wissenschaften in Göttingen, 1 and 4 (1952-54). (L, R. Lr.) 

PATMORE, COVENTRY KERSEY DIGHTON (1823- 
1896), English poet and essayist, was an independent-minded Vic- 
torian, whose poetry deals almost wholly with love, human and 
divine. The eldest son of Peter George Patmore, he was born at 
Woodford, Essex, on July 23, 1823. His youthful verses were 
encouraged by his father, who sponsored their premature publica- 
tion in 1844. As a young man, he was friendly with Tennyson 
and the Pre-Raphaelites. When his father took refuge from his 
creditors in France, Patmore obtained a position in the British 
Museum Library, which he held for 19 years. He married Emily 
Andrews, the daughter of a Congregationalist minister, in 1847. 

Tamerton Church Tower (1853) contained revisions of Pat- 
more’s juvenilia, together with the impressive title poem. In 1854 
appeared The Betrothal, followed by The Espousals (1856), is- 
sued together as The Angel in the House (1858). Its continu- 
ation, The Victories of Love (1863), comprised Faithful for Ever 
(1860) and The Victories of Love (1862). A further section was 
abandoned on the death of Emily in 1862. This verse-novel tells 
the story of two marriages, interspersed with lyrical “preludes” 
which form a philosophical commentary on the narrative, Pat- 
more’s profoundly Christian concept of marriage, influenced by 
St. Thomas Aquinas and Emanuel Swedenborg, suffuses the realis- 
tic details of Victorian domesticity. The allusive, often gnomic, 
poetry reflects his close knowledge of Donne and the metaphysical 
poets. In 1864 he was converted to Roman Catholicism and mar- 
ried a Catholic, Marianne Byles. Together they translated St. 
Bernard on the Love of God (1881). Until 1874 he lived in Sus- 

sex as a landed proprietor. 

The Unknown Eros and Other Odes (1877) contained mystical 
odes of divine love and of married love, which Patmore saw as 
reflecting Christ’s love for the soul. Poems of high originality, 
in form and outlook, assimilating his wide reading in Catholic 
mystics and the Church Fathers, they were little appreciated by 
the wide audience that had welcomed The Angel. Amelia (1878) 
virtually ended his poetic output. In later years, he produced 
many essays on literature, art, philosophy, architecture, and poli- 
tics, chiefly for the St. James’s Gazette. These were partly col- 
lected in Principle in Art (1889) and Religio Poetae (1893). His 
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seminal study of English Metrical Law (1857), admired by 
Manley Hopkins and Robert Bridges, appeared in a i. 
in 1878. After Marianne's death in 1880, he married Н 
Robson. His last work was a collection of Pascalian aphori 
The Rod, the Root, and the Flower (1895). He died at Lymn 
ton, Hampshire, on Nov. 26, 1896. 3i. 
Patmore was an outspoken Tory, with a waggish Sense ү 
humour and a love of paradox, who left prudery “to the Purita 
half-believers.” His highest poetic achievement lies in The [y 
known Eros, odes of an “incandescent austerity,” full of "eii 
light and heat” and, in their mystical eroticism, unique in his 
but The Angel in the House is full of subtle wit, poetry, and py. 
chological insight, and his essays are original and provocative, 
Brsriocraruy.—Poems, ed. by Е. Page (1949); Courage in Poli 
(uncollected essays), ed. by F. Page (1921). See also Basil Cham 
Memoirs and Correspondence of Coventry Patmore (1900); F, Pap, 
Patmore: a Study in Poetry (1933) ; D. Patmore, The Life and Ting 
of Coventry Patmore (1949) ; E. J. Oliver, Coventry Patmore (19%); 
J. C. Reid, The Mind and Art of Coventry Patmore (1957). 
J-C Re) i 
PATMOS (Gr. PArmos), an island of the Dodecanese, Gree, 
in the Aegean Sea, about 28 mi. SSW of Samos; length about пў | 
greatest breadth about 4 mi.; area 13 sq.mi. Pop. (1961) 256, 
Sickle-shaped, volcanic, bare, and rocky, it rises to about 800, 
with, a, deeply indented coast. The harbour, opening eastwarl, 
divides the island into two nearly equal portions with a nar 
isthmus where the ancient town stood. Remains of the ancl 
acropolis survive on the hill above. The modern town of Pani 
stands on a ridge in the southern half. A steep paved road mm 
between the port and the fortified monastery of St. John. 
Patmos is rarely mentioned in antiquity; its population mt 
Tonian: It was at Patmos that the Apocalypse was revealed 
John (Rey. 1:9). Christian tradition soon explained this y 
the exile of the apostle John to Patmos c. A.D. 95 under the et 
peror Domitian (see discussion in JOHN, GOSPEL ACCORDING f 
AND EPISTLES OF SAINT); a grotto near the harbour is claimed 
the site of the revelation. Later the Gospel was also said to hart 
been revealed on Patmos; the apocryphal (5th century) Adi 
John under the name of his reputed disciple Prochorus give # 
account of this and of miracles performed by the saint thet. 
The bare rock of Patmos frequently appears in paintings 
John. 
During the Middle Ages Patmos apparently was deserted, pa 
ably because of attacks by pirates. In 1088 the emperor m 
Comnenus granted the island to St. Christodulus to foun 
monastery of St, John, which acquired the greater part 0 
southern half of Patmos, as well as farms in other Greek Ё 
The library contains a celebrated collection of mii 
gun by St. Christodulus, whose embalmed body is pu d 
side chapel of the monastery church. The autonomy of d 7 
tery was confirmed under Venetian (1207-1537) and re li f 
cupation. Between 1821 and 1832 Patmos declared itse 
but the Turks regained and held it until it was annexe 
in 1912; it was ceded to Greece in 1947 (see Donz 
See G. Jacopi, Patmo, Coo e le minore isole italiane dell Egeo Ji 
Асар, Die griechischen. Landschaften, Band ivy рр. 
(1959). ia t 
PATNA, " 
city (pop. [1961] 364,594), administrative centre 9. ше 
for 99" 
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public park, about a mile in circumference. 
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and road junction and has an airport about 2 mi. W of the new 


pital area. 
уа oldest intact building is a mosque, with a courtyard of 
` glazed tiles, built by Husain Shah, king of Bengal, in 1499; other 
noteworthy mosques аге those built by Sher Shah and Prince Par- 
| лед, son of Jahangir. A Sikh temple, in the place where the great 
Govind Singh was born in 1675, contains a copy of the 
Granth, the holy book of the Sikhs. The Golghar or Gola, a bee- 
hive-shaped brick building 96 ft. high, was built in 1786 to serve 
asa granary for rice in case of famine. 

The University of Patna was founded in 1917. It became a 
purely teaching university in 1952, including the colleges of Patna 
townonly. In July 1960 it changed its character and extended its 
jurisdiction over Patna Division, but in 1962 it again became a 
teaching university. There are a number of colleges and institu- 
tions, including those of arts, science, medicine, law, engineering, 
and music, affiliated to Patna University. 

History.—Patna stands on the site of ancient Pataliputra, the 
Palibothra of Megasthenes, who was sent there about 302 B.c. as 
anenvoy to Chandragupta Maurya by Seleucus Nicator. Accord- 
ing to Megasthenes the city stood on the tongue of land between 
the Ganges and the Son (which has since migrated westward) ; it 
was elongated and had twice as much population as the present 
Patna, Pataliputra was the capital of the Mauryan empire of 
Asoka, The seat of government was moved to Ajodhya (Ayodhya) 
by Chandra Gupta II in the 4th century A.D., and Pataliputra sub- 
sequently fell into ruin; the causes of its fall are obscure, but 
excavations show the effects of fire and flood. The city was sacked 
by Huns in the 6th century. From that time on the story of Patna 
is one of decadence until Sher Shah made it the capital of Bihar in 
AD, 1541 and built a fort there. After its capture by Akbar in 
1574 it continued to be the seat of the Mogul viceroys, and became 
û centre of commerce which led to the establishment of trading 
Companies by the English and the Dutch. By 1586, when Ralph 
Fitch visited it, Patna was “a very long and a great town.” After 
hae with Mir Kasim Ali Khan, the nawab of Bengal, the 

orces finally captured Patna in 1763. 
“a the al of railways, traffic from up-country, 
originally passed along the Ganges to Calcutta, was at- 
tracted by the railroads, and the commercial standing of Patna, 
Re had been largely due to river transport, began to decline. 
the ancient Pataliputra lies buried deep under the silt of the 
Pac but most interesting remains have been unearthed in the 
Ши (үр шаран, Among them is the hall of 100 

y Asoka. 

E District (area 2,164 sq.mi.; pop. [1961] 2,949,746) 
Ds E ч н d alluvial plain, — x 
rtzitic Rajgir Hills (q.v.) project into it and divide 
it from Gaya District for about 30 mi. Because of the obstruc- 
of high ground along the south of the Ganges the drainage 

a де South is diverted eastward, creating a low-lying tract 5 mi. 
ere own as tal, which is flooded during the rains. The chief 
tie T the Ganges, Son, and Punpun. The Punpun is liberally 
150,009 bain (petty canal) irrigation. The Son Canal irrigates 

rley, m. to the northwest. The principal crops are rice, gram, 

i Es Pr Kor) piers suit + sane ў 

i Patna City, there are other places of historica! in- 
я Rajgir Hills are associated with Buddha’s life. Maha- 
Rajgir) [шер of Jainism, died at Pawapuri (а village near 
\ Ms is rue a place dn E 
ajgir was a famous seat of Buddhist learning; 1 
Cle “the Oxford of Buddhist India." Sir Alexander 
tions be i saw the finest sculptures of India there; and excava- 
With Es 1916 have disclosed a maze of viharas (monasteries) 
tiods, Th evels of occupation and buildings of nine different pe- 
12th En of гр had a Buddhist vihara during the 5th to 

ў -D., whence its пате. 

Shaan Diviston comprises the districts of Patna, Gaya, and 
Area 11,336 sq.mi. Pop. (1961) LERN КЕ 
Р, (Е. Ан. 
Get RAS (Gr. PArrar), the chief seaport on the west coast of 
» Capital of the nomos (prefecture) of Achaea (Akhaia), is 
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situated on the Gulf of Patras, 70 mi. WNW of Corinth. Pop. 
(1961) 95,364. It was rebuilt after the War of Greek Indepen- 
dence (q.v.), is the seat of a law court and of a metropolitan 
bishop, and has railway communications with Athens via Corinth 
and with Kalamáta (Kalámai) via Pyrgos (Pírgos). It has a 
medieval castle on the site of the ancient acropolis. Its harbour, 
formed by a mole and breakwater, is the third largest in Greece. 
Chief exports are currants and sultanas, tobacco, olives and olive 
oil, figs, citrons, wine, brandy, and hides. Patras is an important 
uu on the passenger shipping route between Greece and the 
est. 

In ancient Greek legend, Eumelus established three townships, 
Aroe (“ploughland”), Antheia (“the flowery”), and Mesatis (“the 
middle settlement”); after the Dorian invasion Aroe was en- 
larged by a colony of Achaeans led by Patreus (who gave his 
name to the city) and became one of the 12 cities of Achaea (q.v.). 
In 419 в.с., on the advice of Alcibiades, the town was connected 
with its harbour by long walls. About 280 r.c. it was active in the 
formation of the anti-Macedonian Achaean League, but it had 
passed into insignificance even before the Roman conquest of 
Greece in 146 B.c. The emperor Augustus resettled it as a mili- 
tary colony after the Battle of Actium; and under the name of 
Colonia Augusta Aroe Patrensis it was one of the most prosperous 
commercial cities of Greece until at least the 3rd century A.D. 
Christianity was established early in Patras; St. Andrew was sup- 
posed to have been crucified there; the cathedral reputedly is his 
burial place and enshrines his head, returned from Italy in 1964 
(see ANDREW, SAINT). 

In the 8th and 9th centuries its population was increased by 
refugees from the Slav invasions of the Peloponnese, and in 807 
it resisted a siege by the Slavs. In the Byzantine Empire Patras 
was noted for its silk industry. Conquered by the French noble- 
man Geoffroy de Villehardouin (1205), it became one of the 
baronies of the Frankish principality of Achaea. In 1387 John 
de Heredia, grand master of the Knights Hospitallers, endeavoured 
to master Achaea and took Patras by storm. Later the city was 
governed in the name of the pope by its Latin archbishop, who 
leased it to Venice (1408) ; but early in 1430 Constantine Palaeolo- 
gus, as despot of the Morea, held it for a while. Captured by 
the Turks in 1458, it was surrendered in 1687 to the Venetians. 
In 1715 it again fell into Turkish hands. It was at Patras that 
the Greek Revolution began in 1821, inspired by its bishop Ger- 
manos; but the Turks burned the city and held out until 1828. 
Patras was occupied by Axis troops from April 1941 to October 
1944. 

See Pausanias, vii, 18 ff.; W. Miller, The Latins in the Levant (1908). 

(D. M. N.) 

PATRIARCH, a title used loosely of some Old Testament 
leaders in the early period (chiefly Abraham, Isaac, Jacob and 
Jacob's 12 sons) and given to the bishops of certain important sees. 
Since the 6th century the bishops of Rome, Constantinople, Alex- 
andria, Antioch and Jerusalem have been patriarchs. Apart from 
the pope, who is the patriarch of the West, few Western bishops 
bear the title (e.g., the patriarchs of Venice and Lisbon), which 
is used more frequently in the East. The Greek Orthodox patri- 
arch of Constantinople is the ecumenical patriarch, and the chief 
bishop in each of the other autocephalous Orthodox Eastern 
Churches is frequently a patriarch also (Greece being a notable 
exception), The same is true of the Uniate Churches and some of 
the lesser Eastern Churches. The title is occasionally assumed by 
episcopi vagantes (q.v.) and other unauthorized ecclesiastics. 

See H. Cazelles in L. Pirot et al. (eds.), Supplément au dictionnaire 
de la Bible, vol. vii, col. 81-156 (1961) ; L, Hicks in Interpreter's Dic- 
tionary of the Bible, vol. iii, pp. 677-678 (1962); R. Naz (ed.), Dic- 
tionnaire de droit canonique, vol. vi, col. 1254-65 (1957). 

- PATRICIANS (Lat. patricius, an adjectival form from pater, 
“father”), a group of citizen families who, in contrast with the 
plebs, formed a privileged class in early Rome. The origin of the 
class remains obscure, but the patres were probably leaders of 
the more important families or clans who formed the major part, 
if not all, of the senate of the primitive period, and the families 
from whom were drawn the most distinguished part of the early 
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cavalry (see EQurrEs). They constituted an early nobility of 
birth, At what stage they hardened into the clearly defined and 
exclusive caste of the early historical period is uncertain, but there 
are indications of the gradual extension and development of the 
group in the distinction between greater and lesser patrician fami- 
lies (gentes maiores and minores), in the mention of conscripti 
(unless these were later plebeian additions), in the admission of a 
Sabine family like the Claudii, and perhaps in the early appear- 
ance of patrician and plebeian branches of the same family. The 
plebeians were also citizens, but they were probably drawn from 
the masses of clients of the greater families and from the commer- 
cial and industrial people of the prosperous Rome of the Etruscan 
period. The new organization attributed to King Servius Tullius 
(see Comitia), by registering all citizens in regional tribes and in 
classes arranged according to wealth, helped to unify the plebeians 
and give them a share, according to their wealth and the equip- 
ment they could provide, in the military and financial burdens of 
citizens, while the development of the assembly of the centuries 
from a military to a political body gave the wealthier plebeians an 
influential vote in elections and legislation. 

After the expulsion of the kings, who may have been some check 
on patrician control, the patricians attempted to keep sole posses- 
sion of magistracies, priesthoods, and legal and religious knowl- 
edge, basing their claims on their exclusive possession of the 
auspices (see Aucur), by which the will of the gods was deter- 
mined; there was even a prohibition against intermarriage with 
plebeians in one of the final two of the Twelve Tables of the law. 
The great internal struggle of the early republic was the con- 
tinued effort of the plebeians to achieve political equality, to 
secure economic relief for their poorer members, and to break the 
religious monopoly of the patricians. Creation of the tribunate 
of the plebs (494 в.с.; see TRIBUNE) was followed by the rise of 
a plebeian tribal assembly (471). Then came the publication of 
the code of law, the Twelve Tables (450), and repeal of the 
prohibition against intermarriage (443). Meantime the institu- 
tion of military tribunes with consular power (444) opened the 
way for plebeians to hold high command. Yet few plebeians at- 
tained the office in the first few years, and none of the large 
plebeian colleges of the later years was without a patrician. The 
consulate was opened to plebeians in 366, but even though one 
consul had to be a plebeian and two might be, there was one 
patrician each year until 172. The sacerdotal element in the law 
kept the praetorship patrician at its institution in 366, but it was 
opened to plebeians in 336. In the meantime the other patrician 
magistracies had gone the same way, the curule aedileship almost 
immediately after 366, the dictatorship in 356, and the censor- 
ship in 351. Finally in 304 Gnaeus Flavius made public the pro- 
cedures of the civil law and the calendar, and in 300 the plebeians 
gained a majority in the major priestly boards, the pontiffs and 
the augurs, 

Politically, the patricians were gradually overshadowed by the 
new plebeian aristocracy of office, but some religious distinctions 
remained. Certain old priesthoods, that of the rex sacrorum and 
the flaminates (see FLAMEN), were reserved to them, while their 
number in the priestly colleges, one short of a majority, repre- 
sented an influence out of proportion to their numbers. All known 
leading men in the senate (principes senatus) belonged to the 
greater patrician families; the auspices returned to them during 
an interregnum; only a patrician could be interrex (chief magis- 
trate provisionally appointed when there were no consuls in office) ; 
and the patrum auctoritas (“authority of the senators”) rested 
with the patrician members of the senate. 

Yet there are many examples of patricians who, by adoption 
or other means, secured their transfer to the plebs. In the late 
republic the core of the conservative aristocratic element in the 
senate consisted of a closely knit group of long established plebeian 
families (for example, the Licinii and the Caecilii Metelli), while 
many of the patricians who attained some prominence rose from 
families that had been comparatively obscure for several genera- 
tions. Such were L. Cornelius Sulla, M. Aemilius Scaurus, and 
Julius Caesar himself. In the late republic the opposition of 

patrician and plebeian had ceased to be significant. The struggle 
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was rather between groups in the nobility, between conserva 
aristocrats and popular leaders, while the word plebs refered 
the rabble of the city. 4 
Although several patrician families continued to be im 
such as the Fabii and some branches of the Cornelii and (jy 
and others, like the Iulii, rose from obscurity, many early fan 
5 а an 
lies died out. They were reduced by passages to the plebs and 
adoption into plebeian families, and no new patricians Were cp 
ated. Asa result, of about 50 patrician families of the 5th 
в.с. only about 15 are attested in the Ist. Caesar (by they 
Cassia) and Augustus (by the lex Saenia) were empowered i 
create patricians. Both they and later emperors after Tiberis 
created many, but as grants to individuals and their descendant, 
not to the families as a whole. The right to create patricia 
came to be considered an inherent power, and possession of pati | 
cian rank became a necessary attribute, of the emperor, Sun 
senators who held or received this rank during the empire indiat 
that Italians continued to form a higher proportion of the рїї 
ate than of the senate. Quite apart from their tradition of ande 
birth and high nobility, they were needed to maintain the ande 
cults and priesthoods in the capital. An advantage in their cares 
was that they were regularly quaestores Augusti and could ak 
vance to the praetorship without holding intermediate offices, Wi 
they received a smaller share than others of military and providi 
commands. ' 
In the late empire after Constantine patricius was a persil 
nonhereditary title of honour conferred for distinguished servis 
Patricii ranked next after emperor and consuls, and held first pte 
in the sacred consistorium (the imperial council), but the tile 
stowed no peculiar office or power. Naturally, officials of hid 
rank, provincial governors, and praetorian prefects received t 
and, though Romans were favoured, the title was also given! 
a number of barbarian leaders, among them Odoacer, ИА 
and in later days even princes of Bulgaria and of the Saracens; 
was a sort of ex officio title of the exarchs of Ravenna, ! 
ciated with the rank were the further titles eminentia, magi 
etc. Honorary patricii were termed honorarii or codicillai W 
in active service were called praesentales, All were disti 
by special dress and drove a carriage in public. " 
A further change in the meaning of the name is marked ^ 
conferment on the Frankish king Pepin III by Pope Steph 
(III). The Italian patricius of the 6th and 7th centurits 
come to be regarded as the defensor, protector, patronis ji 
church, but the conferring of the title by the pope №18 ы 
unprecedented. It is clear that the patriciate of Pepin wast 
office, as the title is henceforward generally patricius Кот! 
not patricius alone. It was conferred on Charlemagne at 
nation and was borne indiscriminately by subsequent 6 
and by a long line of Burgundian rulers and minor princes. ih 
the fall of the Carolingian house the title passed to Crest 
Subsequently it was held by John I and П of the 
Others received it from Otto III. The Holy Rom si 
Frederick I (Barbarossa) was the last to wear the ins 
1167. ГА 
BIsLIOGRAPHY.—The ancient patricians: T. Mommsen v 
Forschungen, vol. і, pp. 69 ff. (1864), Römisches Staats lj 
pp. 3 ff. (1887) ; B. Kübler in Pauly-Wissowa, Real-Encye 
classischen Altertumswissenschaft (1949). During the v 
studies of the senate by S. J. de Laet, Samenstellung van © (goalie 
schen senaat gedurende de eerste eeuw van het princi’. pif 
Lambrechts, La Composition du sénat romain de access it 
à la mort de Commode (1936) ; G. Barbieri, L'albo sena meld 
timio Severo a Carino, pp. 193-285 (1952). Late empire ү. qe 
J. B. Bury, History of the Later Roman Empire (1899) og 
Palanque, ed. of Ernst Stein, Histoire du Bas Empire, 0 Ut R. ا38‎ 
(1949); James Bryce, The Holy Roman Empire (1813). aton s 
PATRICK, SAINT (f. sth century лр), the P^ qj 
of Ireland, venerated in both ecclesiastical and рор t! 
as the national apostle who converted most, if not č 
the country to Christianity. This has now become vig 
image of the saint, but it is based on untrustworthy i pou 
no reliable source of information about his life a? 
vives apart from his own two short works: the a 
ten in his old age as a reply to charges made against 


istis; and the Epistola, addressed to the soldiers of 
сиз (probably a king of Strathclyde) protesting against 
; leaders treatment of Irish Christian captives. All the other 
` gllogedlly contemporary sources are of later date, including the 
Audite omnes (c. 600) ascribed to Secundinus, the canons of 
the "First Synod of Patrick” (7th century), and the Lorica (“St. 
Patrick's Breastplate,” 8th century). y From Patrick’s genuine 
| writings the plowing tep MR ci his е сап be gleaned. 
- Autobiographica etails.—Patrick was born in—or at least 
his family was associated with—a place called Bannauenta (still 
unidentified) in Britain. His father, Calpornius, was a deacon 
anda decurio (a minor local official), the son of Potitus, a priest. 
‘At the age of 16 Patrick was captured by Irish raiders, shipped 
to Ireland, and sold as a slave. For six years he tended his mas- 
ters sheep “in the woods and on the mountain . . . in snow, frost 
and rain”; and, during this bleak interlude, religion, which had 
hitherto meant little to him, became the centre of his life. At 
end of that period, having received a sign in sleep, he made 
a by traveling about 200 miles to the coast and securing 
a passage in a ship manned by Irish pagans. After а three- 
voyage they landed beside a “desert” through which they 
Lin for 28 days without seeing a human being. When he 
lud been reunited with his kinsfolk in his native land, the “voice 
ШШ Trish” constantly haunted his thoughts and dreams until, 
ler many years, he returned to preach the gospel to them. In 
this arduous task he endured a great many trials and hardships, 
including imprisonment on at least one occasion. The prospect 
E or languishing in chains was daily before his eyes. 
the same time he was humiliated by the contempt and criti- 
tism of some of his British colleagues who despised him as illiterate 
and even accused him of simony. On the other hand, providence 
had most richly rewarded his faith and toil, allowing him to make 
merous converts and to carry the gospel into regions where no 
missionary had hitherto set foot. Finally, he declared himself 
more than once to be a bishop, with the firm purpose of remaining 
With his newly won flock until death. 
The Problems.—The last thing that this man of deep humility 
in mind was to write his own biography; hence the few inci- 
dental remarks that have been summarized here fail to answer 
Most of the questions that interest the historian. When did 
Patrick live? Where did he study for the priesthood? When, 
Where, and by whom was he raised to the episcopate? How 
ng Was the interval between his escape from slavery and his 
m E preach the gospel? And who was responsible for his 


Patrick's earliest biographers, Muirchü and Tírechán, writing 
0 tenturies after his death, provide full—and sometimes con- 
M ory—information on these matters. The later lives are of 
Wi Mebendent. value, though the Bethu Phátroic (Vita tripar- 
the put together in a mixture of Latin and Irish at the close of 
tn century, is important as evidence of the growth of the 
ind ick legend; Other works in Irish derive from Latin sources 
ав No independent information save for the hymn Génair 
below) Composed before 800, in which the tradition (discussed 
the that there were two Patricks is clearly indicated. Before 
tnd of the 7th century Patrick had become a legendary figure, 
ih Patrick legend has maintained a vigorous growth down 
‘such Th times; indeed, some of its more picturesque features, 
toe, an the banishment of the snakes, the blessing of the sham- 
And the vision of purgatory (see DERG, LOUGH), are of com- 

It ively late origin. 

Would be difficult to imagine a greater contrast than that be- 
| historical Patrick of the Confessio—humble, charitable, 
Nous of his own defective qualifications, and per- 
even т gned to the prospect of suffering still greater hardships, 
lins Patt itself, at the hands of the pagan Trish—and the ficti- 

di rick of the “lives”—a conquering hero altogether in the 
Takin 4 Celtic saga, marching from one triumph to another, 
ing the ictorious circuit of the whole of Ireland, and vanquish- 
Weapons es by his superior skill in manipulating their own 
tick Of magic and malediction. Most modern writers on Pat- 


1 have drawn the line between fact and theory substantially 
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as J. B. Bury drew it in his Life of St. Patrick and His Place in 
History (1905). 

The Official Theory.—The official version of Patrick's life, 
based on Bury’s book, may be summarized as follows: Patrick 
was born about 385 and taken as a slave to Ireland in the 
opening years of the 5th century. After his escape the ship in 
which he secured a passage brought him not to Britain (as one 
might infer from his own words) but to Gaul, where the crew 
landed early in 407 and found before them a "desert" created by 
the recent Vandal invasion. His education for the priesthood took 
place not in his native land but on the continent of Europe, either 
at Lérins or at Auxerre, where he was made deacon by Bishop 
Amator (c. 418) and remained a further 14 years under the spir- 
itual direction of St. Germanus, the famous successor of Amator. 
Some time before 431, when the dispatch of a missionary bishop 
to Ireland was considered at a synod of British bishops attended 
by Germanus, Patrick's name was put forward, but his candidature 
was rejected owing to the action of a friend (Germanus himself ac- 
cording to Paul Grosjean), who revealed the story of a sin còm- 
mitted by him in extreme youth. The deacon Palladius was chosen, 
consecrated bishop, and formally commissioned by Pope Celes- 
tine I; but less than a year after his arrival in 431, having failed 
in his mission, he left Ireland and died in “Pictland” on his way 
home. Thereupon Germanus hastily consecrated Patrick, who 
went as the second missionary bishop in 432. 

With the assistance of some Gaulish clerics (notably the bishops 
Secundinus, Auxilius, and Iserninus, who arrived a few years later), 
he rapidly evangelized most of the country, meeting with remark- 
ably little opposition from the druids after his initial triumph over 
them in the presence of King Loigaire near Tara. The organiza- 
tion of the church established by him was episcopal, not monastic 
(the majority of scholars now appear to hold that he had never 
been a monk), and he himself established its headquarters at 
Armagh on a site which had been presented to him by a local king 
named Daire, His death took place not at Armagh (which lay in 
the territory of a group of tribes known as the Airgialla) but at 
Saul in the Ulidian kingdom in 461, on March 17, his feast day, 

This reconstruction of Patrick's life and labours, though still ac- 
cepted by some eminent authorities (foreniost among them the 
Bollandist scholar Paul Grosjean), has been subjected to some 
devastating criticism. Bury accepted as historical the date 432 
which the Irish annals declare to be the year of Patrick's arrival. 
But the Irish annals for the Sth century are not contemporary, and 
the various Patrician entries represent an attempt made in the 
8th century at earliest (and possibly as late as the end of the 9th) 
to provide the whole of the Patrick legend with a chronological 
framework. In fact, the only firm date in Irish history during the 
whole of the Sth century is not concerned with Patrick but with 
his predecessor, Palladius, whose appointment by Celestine I as 
“first bishop to the Irish who believe in Christ" is recorded under 
the year 431 in the contemporary chronicle of Prosper Tiro of 
Aquitaine. Since a copy of this chronicle was available in Ireland 
to Patrick's biographers Muirchü and Tírechán, Bury should at 
least have considered the possibility that the whole story of the 
failure of Palladius and the immediate succession of Patrick was 
conditioned by this solitary “firm” date. Certainly, if Patrick was 
to come armed with the same high credentials as his predecessor— 
which is implied by both biographers—he had to come in 432, for 
Celestine died during that year, And this, of course, he could only 
do if the previous mission had collapsed. But how and why had it 
collapsed? 

Muirchü says that the departure of Palladius was due to the 
opposition he had encountered from "fierce and lawless” men and 
to his own unwillingness “to spend a long time in a strange land,” 
though the “additamenta” to Tírechán's memoir in the Book of 
Armagh report that, according to ancient tradition (ut tradunt 
sancti antiqui), Palladius suffered martyrdom at the hands of the 
Trish. It looks, therefore, as if Palladius was a grave embarrass- 
ment to the panegyrists of Patrick and had to be removed from the 
scene as quickly as possible—whether by pusillanimous retreat or 
by martyrdom—in order to leave the path free for their conquer- 


ing hero. 
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The date of Patrick’s death presents an equally difficult prob- 
lem. “Tradition,” as recorded in all the lives, credits Patrick with 
a mission of 61 years, which would mean that he died on March 17, 
493. But an entry in the Irish annals records the date of Senex 
Patricius ( = Irish Sen-Phatric, “the older Patrick") about 30 years 
earlier (461/462) and Bury, starting from his "firm" date of 432, 
decided that this was the true date of death, and that the entry un- 
der 492/493, chronicling the death of "Patricius" without qualifica- 
tion, was spurious, having been suggested by the attempt of his 
biographers to equate Patrick with Moses in as many respects as 
possible. As for “the older Patrick" (Sen-Phatric), who is attested 
in Irish sources from the 8th century onward, Bury dismissed him 
as a phantom who had been conjured up to explain the later date 
of 492/493, This solution is reiterated by all who believe in only 
one Patrick, but it is in no way convincing, for the tradition of two 
Patricks can be traced back at least as far as the poem Génair 
Pátraic, written well before the Patrician entries were inserted in 
the annals. 

O'Rahilly's Theory.—In 1942 T. F. O'Rahilly reasserted the 
historicity of the two Patricks. The first was the Gaulish bishop 
Palladius, who, according to the notice of him in the Book of 
Armagh quoted above, was also called Patrick. He came in 431 
from Auxerre as the head of a papal mission staffed by continental 
clerics and laboured in Ireland (chiefly in the east and the mid- 
lands) until his death c. 461. He was succeeded by Patrick the 
Briton, author of the Confessio and the Epistola and founder of 
Armagh, whose mission lasted until approximately 492. Only 
in terms of the later date for Patrick's death can one explain the 
fact that at least 13 persons who figure in the lives as his con- 
temporaries are recorded in the Irish annals as dying after 500 
(five of them after 520). A couple of centuries later, the acta of 
these two homonymous saints were conflated, whether by genuine 
confusion or deliberate design, in order to produce the national 
apostle and thus support the claim which was then being asserted 
by Armagh to ecclesiastical hegemony over the whole island. 

O'Rahilly's thesis is brilliantly expounded, but some of his sup- 
porting arguments are open to serious doubt, notably his explana- 
tion of the difference between the earlier and later series of Latin 
loanwords in Irish as reflecting the contrast between the continen- 
tal and British pronunciation of Latin in the 5th century (it seems 
more probable that both series were borrowed from Britain). Fur- 
ther, he estimates the historical value of the Irish annals more 
highly than some scholars are willing to до, Yet he has demon- 
strated that the single “national apostle” of Armagh tradition is 
unhistorical. 

Mario Esposito's Theory.—In 1956 a different chronology for 
the two Patricks was proposed by the medievalist Mario Esposito, 
who, while fully accepting O'Rahilly's bisection of the traditional 
apostle, claimed that Patrick the Briton preceded his Gaulish 
namesake Palladius-Patricius. The first Patrick began his work in 
Ireland in the closing years of the 4th century. His mission was 
organized and financed by a group of British higher ecclesiastics, 
who, after he'had laboured for 30 years, were about to raise him 
to the episcopate when a friend to whom he had entrusted the 
secret of his youthful sin revealed the story. Thereupon the synod 
declined to consecrate him, and hence he claimed only to be a 
“bishop” in the sight of God; this is the meaning of the words 
episcopum me esse fateor . . . a Deo accepi id quod sum at the 
beginning of the Epistola. It was as a result of his successful 
preaching that Ireland already had a sufficient number of Chris- 
tians to warrant the sending of a regularly consecrated bishop by 
Pope Celestine in 431. The 7th-century lives are a blend of the 
acta of both missionaries but tell far more about Palladius-Patricius 
than about his British predecessor. 

There are some serious objections to Esposito's chronology; 
for example, if Patrick's Confessio was really written c. 420, the 
references to the spread of monasticism among the Irish converts 
would be difücult to reconcile with its comparatively recent im- 
portation into Western Christendom. On the other hand, his 
theory might also offer the best solution of a number of problems, 
the most important of which concerns the foundation of Armagh. 
Patrick's church (in which his cult, celebrated annually with sol- 
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emn ritual, can be traced as far back as the end of the 6th 
was situated within two miles of what was once the capital of. 
most powerful kingdom in Ireland, Emain Macha, seat pi. 
Ulidian monarchy (Ulster). The story that his selection of thy 
site resulted from a chance meeting with a local minor king 
be dismissed as a legend which originated long after the power df 
the Ulaid had been grievously maimed by a new and expand, 
dynasty, the descendants of Niall (d. 405) of the Nine Hog 
whose over-king had his capital at Tara. Originally Patrick, jy, 
lowing ecclesiastical practice throughout the Roman Empire, lj 
made Armagh his headquarters simply because it was beside t 
capital of the kingdom to which his mission was mainly directed 
Hence he must have come to Ireland while the Ulidian kingdom 
was still dominant and before Emain Macha was destroyed by th 
conquering Uí Néill (Irish kings descended from Niall), Tij 
revolutionary event must have occurred during the 5th century, 
and more probably in the first quarter of it, which would acco 
very well with Esposito's proposed chronology. But if he is rig 
then the numerous 6th-century death dates for Patrick's "t. 
temporaries" (assuming that these are even approximately ci 
rect) can only be explained by postulating yet a third missionay, 
who succeeded Palladius and was active for most of the remaining 
years of the 5th century. Some of the later Latin lives do in fut 
mention a third Patrick, and though their testimony is extremely 
unreliable, it is just possible that the composite Patrick of the Boot 
of Armagh is an amalgam of three separate missionaries. 
Conclusion.—It is probably safe to dismiss what Esposito cil 
“the compromise St. Patrick of Bury" and his followers as Ш 
artificial synthesis. For the statement that Patrick spent at let 
15 years at Auxerre, one of the leading centres of Western Chie 
tian culture under its famous bishop Germanus, surely cannot rel 
to the author of the Confessio and Epistola, who writes a barbaros 
and eccentric Latin, shows no knowledge of any book other thi 
the Bible, and constantly deplores his own ignorance and lack 
proper schooling, on which his enemies among the British dem 
openly deride him. On the other hand, this account could vt 
well be true of Palladius, who (as his family name suggests) my 
even have been a deacon of the church of Auxerre. Again, 1008 
incidents connected with the spread of Christianity throughout t 
southern half of Ireland, for which Patrick of Armagh receive 
the official credit, seem to have been taken over from the acta 
Palladius and his Gaulish helpers. Net 
Patrick himself is more likely to have confined his missioni 
labours to the modern province of Ulster and northern are 
Connaught. He may have come before, during, or after the û 
papal mission led by Palladius, but there is no reliable € " 
that he was ever in Gaul or that he was directly арр0 
Rome, for the seniores who had been responsible for йр! її 
him to Ireland were a group of British ecclesiastics. abe 
death his cult was at first limited to the districts which M 
the main centres of his apostolic work, notably Armagh, V iid 
in the rest of Ireland ecclesiastical jurisdiction came to be и" 
among the “families” (monastic federations) of native saints 
as Columba and Ciarán. Only so can one account for 
about him in the principal Hiberno-Latin writings of t id 
7th centuries, The growth of the Patrick legend was iad " 
by the so-called Easter controversy, during which the co ۴ put 
of Armagh, backed by the now dominant Ui Néill dynasti ші 
a prominent role in the fight against the Columban fede E 
other champions of local usage. The legend in tum pr igi 


basis for the claim advanced by the abbot of Armagh © gig 
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(Ir. comarbae) of Patrick to ecclesiastical authority 0 


other monastic churches (significantly enough, а vety SP eit # 
оп equally pseudo-historical grounds, was at this iue 
forward by the king of Tara to secular hegemony D 
provincial kings). In order to justify the pretensions 3 p 
then, the career of this humble servant of God, yo d 
movingly in his own writings, was transformed into @ па agg 
a “success saga,” which only too often succeeds in 0 
true greatness of the man. mor у? 
BrstiocraPHy.—Sources: Patrick's Confessio and Dd s 
Bieler, 2 vol. (1952) ; Eng. trans. by L. Bieler, The Wor 


‚ Hymn Audite omnes, ed. by L. Bieler, Proceedings of the 
Academy, vol. 55C, pp. 117-127 (1953) ; “Canons” of St, 
ed. by L. Bieler, The Irish Penitentials, pp. 54-59 (1963) ; lives 
ú and Tírechán, ed. by E. Hogan in Analecta Bollandiana 
1882), 2:35-68, 213-238 (1883) ; facsimile of the relevant 
Book of Armagh, ed. by E. J. Gwynn, The Book of Armagh, 
Documents (1937) ; Génair Pátraic, ed. by Whitley Stokes 
achan, Thesaurus palaeohibernicus, vol. 2, pp. 307-321 (1903) ; 
ita, ed. by Whitley Stokes with Eng. trans., 2 vol. (1887), 
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; For earlier works see list in J. F. Kenney, Sources for the 
Histo Дл vol, 1 (1929). Most important later works 
E K Mi ler, Der heilige Patrick (1931); J. F. Kenney, "St. 
- ийек and the Patrick Legend,” Thought 8:1-34, 213-229 (1933); E. 
MacNeill, St, Patrick, Apostle of Ireland. (1934); T. F. O'Rahilly, 
Two Patricks (1942) ; L. Bieler, The Life and Legend of St. Pat- 
à ( ) ; M, Esposito, “The Patrician Problem and a Possible Solu- 
) "Irish. Historical Studies, 10:131-155 (1956); J. Carney, The 
ilem of St. Patrick (1961); D. A. Binchy, “St. Patrick and His 
iphers, Ancient and Modern,” Studia Hibernica, 2:1-173 (1962) ; 
ll, St. Patrick (1964; reprinted articles). See also Paul Gros- 
ni “Notes d'hagiologie celtique," Analecta Bollandiana, vol. 63 ff. 
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1045-58), "S, Patrice d'Irlande et quelques homonymes dans les 
martyrologes,” Journal of Ecclesiastical History, 1:151-171 
1050); C. Mohrmann, The Latin of St. Patrick (1961). 
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PATRIOTIC SOCIETIES, as they are foun 


d in Western 
and particularly in the United States, are organizations of 
ids—hereditary, veterans, historical, and international. 

- Historical societies work so modestly and with so little fanfare 
that they usually are neglected in classifying patriotic groups, al- 
though many of them, especially the numerous small societies, ex- 
plicitly emphasize patriotism as well as encourage an interest in his- 
tory, Every state of the United States, and nearly every city, 
hus at least one historical society, usually bearing the name of its 
locality; similar organizations are fairly common in Anglo-Saxon 
mgions of the British Commonwealth. They preserve historical 
récords, memorabilia, and sites, encourage the study and preserva- 

- lion of historical materials, maintain museums, and cooperate with 

in fostering a sense of patriotism. Except those that are 

B ‘endowed, such as the historical societies of Massachu- 
Adis (1791), New York (1804), and Pennsylvania (1824), most 

Me forced to fit their functioning within the scope of voluntary 

and modest membership dues. Throughout the middle 

Western and far western sections of the United States, regional 

pride has established state-maintained societies with broad patri- 

ttie programs such as those of Illinois (1899), Ohio (1885), and 
msin (1849), Where state or city support is furnished regu- 
rather than merely occasionally, public sensitivity to patriotic 

Ppeals is enhanced, 
Hereditary and veterans’ patriotic societies vary in organization, 

ú tives, locale, and emphasis on patriotism. They are most 

there in the United States, partly because ardent patriotism is 

Mre coupled with habitual “joining.” On the other hand, among 
*ople like the British, where honours are bestowed by the crown, 

de Societies are fewer in number; and among people like 

a ans, where from the time of Bismarck the state acknowl- 
| Considerable responsibility to ex-servicemen, the formation 

pou. zations of war veterans was relatively slow. In France, 

Mee does early won official recognition in Bonaparte’s estab- 


| { in 1802 of the Légion d'Honneur with its five grades of 


n 
D 


for distinguished military and civil service. For special 

Mil among privates and noncommissioned officers the Mé- 
zu ire was created (1852), carrying with it a small pen- 
oh die, this medal, granted also to field marshals, commanders 
‘ varios, d admirals, became a most prized decoration. Holders 
Nationale French military decorations founded (1905) the Sociéte 
fomns of За Médailles Militaires. In Europe more aggressive 
Wars, ganized patriotism waited mostly upon the 20th-century 


кыен Patriotic society in the United States, the Society of 
DN TT, Fans (1783), is both hereditary and military. (See CIN- 
the Mesi OF.) In imitation of it, officers who took part 
E. г Cp War founded a hereditary-veterans' society, the 
КҮ? (1847). Precedents were established for military 
51854. wal the Veterans of the War of 1812, belatedly convening 
~ Welcomed veterans of all grades and staged a big, colourful 
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convention. This group contributed its share to the multiplication 
of patriotic societies by producing as offspring (1892—1900) typical 
rival hereditary groups—the Military Society of the War of 1812, 
also the General Society of the War of 1812, and the Society of the 
Second War with Great Britain, 

The American Civil War was followed by the formation of sev- 
eral societies for ex-servicemen. Among those formed chiefly for 
officers were the Loyal Legion (1865) and the “army” societies 
such as the Society of the Army of the Cumberland (1868), the 
Potomac (1869), and the Tennessee (1865). For enlisted men the 
most important organization before 1918 was the Grand Army of 
the Republic (GAR), founded in 1866. After a setback in the 
depression years of the 1870s, the GAR revived with a strong 
pension appeal in the 1880s, and reached its peak in leadership and 
influence in 1890, It was meanwhile fortified by philanthropic 
feminine affiliates such as the Women’s Relief Corps (1883) and 
Ladies of the GAR (1886). The Sons of Union Veterans of the 
Civil War (1881), Daughters of Union Veterans of the Civil War 
(1885), Veteran Nurses of the Civil War (1892), and Dames of 
the Loyal Legion (1899) indicate the branching of the veteran 
family tree in northern soil. Confederate patriotism bloomed in 
the United Confederate Veterans (1889), United Daughters of 
the Confederacy (1894), United Sons of Confederate Veterans 
(1896), and Children of the Confederacy (1896), 

The hereditary patriotic societies meanwhile flowered in a ren- 
aissance of patriotism in the United States, There developed the 
Sons of the Revolution (1883); Daughters of the Revolution 
(1891); Sons of the American Revolution (1889); Daughters of 
the American Revolution (DAR ; 1890) ; Colonial Dames of Amer- 
ica (1890); National Society of Colonial Dames of America 
(1892); Society of Colonial Wars (1892) ; General Society of Co- 
lonial Wars (1893); Military Order of Foreign Wars (1894); So- 
ciety of Foreign Wars (1897); and many others, Among women's 
groups the DAR attained the largest following (see DAUGHTERS OF 
THE AMERICAN REVOLUTION). The most notable exception to 
separation between men's and women's organizations was the So- 
ciety of Mayflower Descendants (1897). Britain's Royal Society 
of St. George (1894) undertook to nourish English patriotism and 
culture at home and abroad. 

Veterans’ patriotic societies and their affiliates grew during the 
war-torn 20th century, some becoming important politically, 50- 
cially, and economically. In the United States the most impor- 
tant were the Veterans of Foreign Wars, the American Legion 
(qq.v.), the American Veterans Committee, and Amvets (Ameri- 
can Veterans of World War II and Korea), For the British Com- 
monwealth there was the British Legion (q.v.) and other legions 
affiliated in the British Empire Service League; for France the 
Fédération des Anciens Combattants Frangaises and Fédération 
Nationale; for Germany the Bund der Frontsoldaten, known as 
Stahlhelm or “Steel Helmets” (1918, lapsing in. 1935, reconsti- 
tuted in 1951), These were in addition to the many patriotic s0- 
cieties surviving from the 19th century. 

International patriotic societies reached out for protection 
against the chauvinism of some national groups, The French con- 
tinued their Alliance Française, in existence since 1883. The 
British sponsored the Pilgrim Society (1902) and the English 
Speaking Union (1918). In 1945 the American Association for 
the United Nations was formed in New Vork City, apparently the 
patriotic society with the widest field to till, the greatest obstacles 
to overcome, and the broadest possible definition of patriotism— 
world patriotism. 

See W. E. Davies, Patriotism on Parade (1955) ; L. W. Dunlap, Amer- 
ican Historical Societies (1944). (J. P. Nj 

PATS, KONSTANTIN (1874-1956?), Estonian statesman, 
many times chief of state, was born in the Párnu District, the son 
of a farmer, on Feb. 24, 1874, while Estonia was still under Rus- 
sian rule. He graduated in law at Tartu University in 1896 and 
founded Teataja, the first Estonian-language daily newspaper in 
the north, at Tallinn in 1901. Whereas Jaan Ténisson, editor of 
Postimees in Tartu, put national and cultural problems in the fore- 
front, Pats concentrated on the economic and social advancement 
of the Estonian people. In the municipal elections of 1904 the 


n 


468 PATTANI—PATTON 


Estonian candidates, led by Pats and Jaan Teemant, captured the in the early operas of Verdi. Her voice was considered 
majority in Tallinn from the local Germans, and Pats became dep- remarkable for its wide range, evenness of production, and pur 
uty mayor. He tried to restrain the excesses in the rising of 1905 of quality. She achieved her greatest successes in comedy noah, 
but was condemned to death by the Russians and fled abroad. in the roles of Dinorah, Zerlina, and Rosina, Rossini hayj 
Returning to Tallinn in 1910, he was sentenced to a short term of arranged much of the music of this part for her, In 186 à 
imprisonment. Deprived of political rights, he yet took a leading married Henri, marquis de Caux, from whom she was divorce j 
hand in the struggle for Estonia’s autonomy from 1911. 1885; she then married the tenor Ernesto Nicolini (real 
After the Russian Revolution of 1917, Päts became chairman Ernest Nicolas), who died in 1898, and in 1899 the Swedish hin 
of the executive committee of the Estonian National Council. On Rolf Cederström, She made her last public appearance in 194 
the declaration of independence on Feb. 24, 1918, he was appointed in London, She died at Craig-y-Nos Castle, Brecknock, Waly 
head of the provisional government, but the Germans, who occu- on Sept. 27, 1919. 
pied Tallinn on Feb. 25, arrested him. After Germany's capitu- See Н, Klein, The Reign of Patti (1920). 
lation he returned in November 1918 to head the provisional gov- PATTISON, MARK (1813-1884), English scholar, rectory 
ernment until May 1919, by which time the Red Russian Army Lincoln College, Oxford (1861—84), memorable for his devolig 
had been expelled from Estonia. In 1921-22, in 1923, and in to an intellectual ideal rather than for positive achievements, Hi 
1932-33 he was riigivanem, that is, both president of the republic life, dedicated to learning, bore fruit only in biographies of [yy 
and prime minister. A referendum in October 1933 approved a Casaubon (1875) and John Milton (1879), and in two volumes 
constitution sponsored by the “Vaps” movement with provision Essays, posthumously published in 1889. Born on Oct. 10,1} 
for a directly elected president with extensive powers; on Oct. 21 at Hornby, Yorkshire, he was the eldest of 12 children (10 of the 
Päts became again riigivanem; and in January 1934, when the sec- daughters) of a country clergyman, and was educated at homely 
ond constitution came into force, he became acting president. his father. This upbringing gave him a lasting pleasure in cop 
Presidential elections were fixed for April, but on March 12 Pats try pursuits, especially fishing, but did not eradicate a morii 
declared a state of emergency and arrested the leaders of the Vaps. sensitivity and lack of self-reliance which later caused him mud 
Eventually a third. constitution came into force on Jan. 1, 1938. frustration and unhappiness. In 1832 he entered Oriel Colleg 
On April 24, by 219 votes to 19 of a special electoral college, Pats Oxford, where he came under the spell of John Henry New 
was elected president for a six-year term. On the occupation of (g.v.), and after taking second class honours in classics (18%) 
Estonia by the Soviet Army in June 1940, a Soviet-controlled gov- he studied theology, being ordained in 1843. 
ernment was installed. Pits was formally dismissed on July 21, As fellow (1839) and subrector (1847) of Lincoln College, Pik 
arrested on July 30, and deported to the U.S.S.R, It is believed tison developed a genius for influencing the young and a psit 
that he died there in 1956. (E. An.) for "mental culture" which inspired him with the ambition tole 
PATTANI, a changwad on the east side of peninsular Thai- come head of his college and to see a radical reform of the stds 
land, is between changwads Narathiwat on the south (which sepa- and organization of the university. The first aim was finaly 
rates it from Malaya) and Songkhla on the north. With am area achieved in 1861, after intrigue among his colleagues had led 
of 777 sq.mi., it is one of the smaller of Thailand’s changwads, a defeat in 1851 which permanently warped him; the second wi 
although prior to a revolt in 1800, Pattani was a much larger brought about by the university commissions of 1850 and 181), 
political unit. Pop. (1960) 281,587. Much of the area consists but in a form which, while it realized the educational aims 
of sandy ridges alternating with strips of lowland covered with Benjamin Jowett (g.v.), the master of Balliol College, frust 
clay soils. The ridges are old abandoned offshore sand bars and the Pattison’s desire that the university should become a real seal 
lowlands are filled lagoons. Average annual rainfall amounts to learning. 
67 in. Houses, settlements and coconut groves occupy the ridges, His later years were embittered by the failure of hope, ши 
while rice and other crops are grown in the lowlands. Most of the of religious faith, and an unhappy (and childless) marriage qii 
inhabitants are Muslims. The last Muslim ruler, however, was to Francis Strong (1840-1904), a beautiful girl much young 
set aside in 1902. Pattani is the most important salt-producing than himself, but with a personality and intellect almost as 
changwad in the peninsula, ful as his own, who became known as a writer on art am к 
The capital, Pattani, a fishing centre and seaport and the largest after Pattison’s death (at Harrogate, on July 30, 1884), m P 
settlement, is 65 mi. north of the Malayan border; it has a road- Sir Charles Dilke (q.v.). In 1885 she published Pattisons fi 
stead harbour which also serves the changwad of Yala. Coconut oirs (to 1860) ; their merciless self-analysis and the quality 0 
products, rubber and tin are the chief exports. Manufactured they reveal make them perhaps the most remarkable vo E 
goods and rice are imported. Pop. (1960) 16,804. (Т.Е. В.) confessions in English. (J. "s 
PATTERSON, JOSEPH MEDILL (1879-1946), US. PATTON, GEORGE SMITH (1885-1945), US. Am 
publisher and editor, was born in Chicago, Ill., Jan. 6, 1879. He сег, an able tactician, and an outstanding practitioner of m 
graduated from Yale University in 1901 and joined the staff of tank warfare in World War II, was born in San Gabriel, " 
the Chicago Tribune. In the year 1914 he became associated with Nov. 11, 1885, and graduated from the United States Vigo 
his cousin, Robert Rutherford McCormick (q.v.), as co-editor Academy, West Point, N.Y., in 1909. Descendant of d У 
and publisher of the Chicago Tribune, which, under their direction, family with а military tradition, Patton became а studen 5 
rose to be one of the most influential and successful papers in the American’ Civil War, particularly of its great cava 
United States. He acted as war correspondent in China, 1900, This interest continued throughout his career as 4 so 
and in Belgium and France, 1914-15. In 1919 he founded the contributed to the concept of bold, highly mobile, armou jË 
New York Daily News, the first successful tabloid newspaper in tions that became associated with his name. His ро д 
the U.S., and it soon acquired an immense circulation. Patterson terest turned from the cavalry to the new tank arm i d Wa! 
died in New York City on May 26, 1946. of battle experience with the U.S. tank corps in Wor t 
His works include A Little Brother of the Rich (1908), Rebel- Between the two world wars, Patton forcefully espoused yif 
lion (1911), and Note Book of a Neutral (1915). of the tank, Having taken part in the North African mpl 
PATTI, ADELA JUANA MARIA (1843-1919), known (1942), Patton commanded the U.S. 7th Army in Sicily, € | 
as Adelina Patti, one of the great coloratura singers of the 19th his armour in a rapid drive that captured Palermo. ер Fi 
century, was born at Madrid on Feb. 19, 1843. She went to the The apogee of his career came with the great swe yf 
US. at an early age and appeared at concerts in New York City 3rd Army across France in the summer of 1944, 2 4 of 
from 1850. She made her debut in opera as Lucia in Lucia di marked by great initiative, ruthless drive, and disregar 
Lammermoor at New York City in 1859, and two years later she military rules, Patton, who died after an accident ® a8 
sang Amina in La Sonnambula at Covent Garden, where she ap- Dec. 21, 1945, was a colourful soldier, “Old Blood a” 4d 
peared regularly until 1885. She sang many roles in the operas of his troops. His memoirs appeared under the title, yw 
Rossini, Bellini, Meyerbeer, Gounod, and others, and also several Knew It (1947). (8. 


U, a city of southwestern France, the capital of the départe- 
pa lasses- Pyrénées and former capital of Béarn and French 
“Navarre, lies 106 km. (66 mi.) ESE of Bayonne on the railway to 
Toulouse. Pop. (1962) 57,476. The city stands on the edge of 

teau, 130 ft. above the right bank of the Gave de Pau, an 
“affluent of the Adour. A small stream, the Hédas, flowing in a deep 

and crossed by several bridges, divides the city into two 
parts, Pau derives its name from the word pal, in allusion to the 
outer stakes of the castle which, from the 11th century, guarded 
the ford across the Gave. The existing castle, which contains a 
collection of Gobelin and Flemish tapestries, dates in part from 
the 12th century; it was the residence, from 1512, of the kings of 
Navarre and thus the birthplace of Henry IV of France in 1553. 
‘The house where Bernadotte (Charles XIV of Sweden and Nor- 
way) was born in 1763 is a museum. Pau is a winter sports cen- 
is has two international events—a horse show and a grand 
prix motor race. "It is the centre of a rich agricultural region, spe- 
alizing in stock breeding and the growing of hybrid maize (corn). 
The discovery of oil at Lacq, to the northwest, in 1951 accelerated 
Pus industrial development; manufactures include turbines, 
chemicals, and shoes. 
eels SAINT. The interpretation of Christianity, and its 
spread into the western world, are so bound up with the apostolic 
“ministry of St. Paul that neither can be discussed intelligently 
Apart from the story of this man and his work. He saw the uni- 
versal implications of the new faith, struggled passionately to have 
кила and applied, and endured the most severe hardship 
persecution to extend the faith to the uttermost parts of the 
Mediterranean world. Without the consecrated labours of this 
Christ-intoxicated man it is debatable whether Christianity would 
tver have become a world-wide religion. No figure in church 
history stands so high or has had such far-reaching influence as 
this apostle to the non-Jewish world. Centuries have not dimmed 
the lustre of his personality nor changed the significance of his 
place in Christian history. Whenever and wherever the impact 
of a secular world and the spread of unworthy religious practices 
left the church in need of revitalization, it is to Paul that 
men have turned, as to a fountain from which again the pure water 
of oo faith could be drawn and the essence of the 
gospel republished. 
- Many have found in the radical transformation of this “Pharisee 
Pharisees” the most convincing evidence of the truth and 

Power of the religion to which he was converted, as well as 

| timate worth and place of the Person of Christ to whom he 
fave, Biete surrender, all his powers of heart and sind a 

* Toward his ministry's close, Jesus asked his disciples: 
vi eye to drink the cup that I drink, or to be baptized 
Wit iptism with which I am baptized?” (Mark x, 38). Paul 
m f ons the group who heard that question, He was, how- 

1 ert alent of that dP of жапе 

cup" and the "baptism" symbolized. For so completely 

il identity himself with Christ and "share his sufferings” (Phil, 
t from the day of his conversion to the moment of 
Execution, almost 30 years later, he found life and liberty 
Activity g "the slave of Christ," whose love controlled his every 
forhin 4nd constrained him to live no longer for himself but 
Who for his sake “died and was raised” (II Cor. v, 14-15). 

in ly this is no ordinary or average man. Whatever truth lies 
ten yle's contention that “History is the biography of great 
fg of “aye much more must be said of Paul's part in the shap- 
tian devel ristian mind and his influence upon subsequent Chris- 


‘opment in western civilization and elsewhere. 


CAREER 


from his tetas and Training.—What is known of Paul comes 
letters and from the Acts of the Apostles. “I am a Jew, 
the feet Sus in Cilicia, but brought up in this city [Jerusalem] 
the lay oe Gamaliel, educated according to the strict manner of 
thy” (Ae Our fathers, being zealous for God as you all are this 
Salem e xxii, 3). Thus Paul spoke to the angry mob in Jeru- 
Words gro, TEW minutes before would have killed him.. The 
peak volumes, and there is no reason to doubt their histori- 
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cal accuracy., Tarsus, the capital of Cilicia, a province of Asia 
Minor, was built at the mouth of the Cydnus river and commanded 
a place of considerable importance commercially because of its 
location on one of the most important overland trade routes of 
the ancient world. Tarsus was also a centre of culture, a univer- 
sity city, and a number of Stoic philosophers lived there. Strabo, - 
the famous Greek geographer, contemporary of the emperor 
Augustus, praised the Tarsians highly for their interest in educa- 
tion and philosophy and compared the city very favourably with 
Athens and Alexandria, Clinging to oriental habits and customs, 
however, Tarsus never became completely hellenized. 

There, shortly after the beginning of the Christian era, Paul 
(Sha'ul, his Hebrew name; Paulus, his Roman cognomen) was 
born of a Jewish family of strict Pharisaic persuasion, descended 
from “the tribe of Benjamin" (Phil. iii, 5) and thus closely as- 
sociated with the centre of Judaism in Jerusalem. The Jews of 
Tarsus, like similar colonies elsewhere, were doubtless related 
to the business life of the city. Some were Roman citizens, Paul's 
family shared this distinction, whether by bestowal or purchase 
is not known. No foundation exists, except an unsupported tradi- 
tion of Jerome (4th century), for the view that Paul's parents 
were from Gischala in Galilee and that his father obtained his 
citizenship after going to Tarsus as a prisoner of war. 

Though Roman citizens, Paul's family remained loyal, as most 
Jews did, to their Jewish faith and practice, He was raised 
strictly after the manner of his people, attending the synagogue 
school and learning, it may be assumed with some devotion and 
brilliance, all that was required of him as a student of the Scrip- 
tures and the Law of his fathers. His mind was alert to the 
contrast between the strict moral and religious behaviour expected 
of him and the generally loose ethical life reflected in an environ- 
ment given over to idolatry (Rom. i, 20-32). Tarsus, with its 
hellenistic-oriental character, furnished Paul with a background 
which later proved invaluable as he ventured into the Roman 
world to proclaim the gospel of Christ. For what better prepara- 
tion than firsthand knowledge both of the soil out of which Chris- 
tianity came and the pagan soil into which he wished to plant it? 
That he knew the latter as intimately as he did the former cannot 
be maintained. There is little evidence that Paul was trained in 
Greek culture or had firsthand knowledge of the mystery cults. 
It would be surprising if, in presenting the gospel to pagan audi- 
ences, he did not reflect the language and thought patterns of the 
time, He could not escape the terminology of his day any more 
than modern man, without much formal training, can avoid slip- 
ping into words and phrases from current science or philosophy or 
religion. He was not slow to observe the world about him gener- 
ally, and his national pride stimulated him to rejoice that he was 
of the people of the Covenant and shared the privileges and prom- 
ises extended to Israel. Far from weakening his monotheistic 
faith and his love for God's Law, or leading him to compromise 
with pagan thought, his early home training intensified his purpose 
to live and labour that God's name might be reverenced and his 
Law meticulously kept. 

It occasions no sutprise, therefore, to find Paul in Jerusalem 
studying under Gamaliel, the most famous rabbinic teacher of the 
day, a man liberal in mind and tolerant in spirit (Acts v, 34-39). 
That Paul applied himself assiduously to his rabbinic studies is 
indicated by his later devotion to the Law and his frequent use 
of the rabbinic method, though the latter should not be stressed 
unduly. One thing is certain, his Jerusalem period served to re- 
veal to him more clearly than ever that a real Jew is not one 
outwardly but inwardly (Rom. ii, 28-29). There was something 
fundamentally beautiful and noble about the studies of Pharisaism. 
The concept of the Torah as embodying God's purpose for men, 
the eagerness and devotion with which rabbinic learning was pur- 
sued, the many fine characters who loved the Law of their fathers 
immensely and found intense delight in observing it, the deep reli- 
gious experience that the Law could and often did effect in its 
devotees and that was expected to meet the profound spiritual 
needs of the soul—all this reveals a system of religious life and 
practice that cannot but be highly valued and praised by anyone 
having even a superficial acquaintance with it. Pharisaism has suf- 
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fered much at the hands of its critics. 

Nevertheless, the Torah had become so overlaid with multitu- 
dinous oral interpretations that the Law as precept had begun 
to overshadow the Law as moral, its inward spiritual character 
subordinated to its external and legal aspects. Paul must be seen 
as representing the Pharisee at his best, zealously observing the 
Law and seeking, at the same time, the inward peace and satisfac- 
tion which such observance was calculated to provide. He was 
evidently well on the way to becoming a rabbi when a crisis oc- 
curred which changed the whole trend of his life radically and 
completely. 

Conversion.—Within Judaism a new sect had appeared, follow- 
ers of Jesus of Nazareth, whom they affirmed to be Messiah and 
themselves to be the new and true “Israel of God,” the people of 
the New Covenant, bringing to fulfillment all that God had pur- 
posed for his people and inheriting all the promises given in He- 
brew history to the people of the old covenant. Such claims, 
particularly that of a crucified Messiah, struck at the very concep- 
tions which Paul's Jewish training had nourished and his rabbinic 
studies had so recently confirmed, and threatened the essential 
features of Judaism itself. To exterminate this sect and to destroy 
this blasphemous heresy root and branch became the supreme 
passion of his life (Gal. i, 13). Nothing could be more surely the 
will of God than that he should oppose with all means at his dis- 
posal "the name of Jesus of Nazareth” and pursue to the death 
all who belonged to “the sect of the Nazarenes" (Acts xxvi, 9-11). 
Thus he literally “laid waste the church” (Acts viii, 3). 

To further this purpose he set out for Damascus fortified with 
documents from the religious authorities in Jerusalem, authorizing 
him to secure the followers of Jesus of Nazareth who had gone 
there and possibly to bring some back to face trial for heresy. 
Paul reached Damascus but not as he expected, for on the way he 
was confronted with Jesus of Nazareth and soundly converted to 
the new sect which he had been so zealously persecuting, certainly 
one of the amazing reversals of purpose in the whole history of 
mankind. Four accounts of this event appear in the New Testa- 
ment (Acts ix, 3-19; xxii, 6-21; xxvi, 12-18; Gal. i, 12-16), dif- 
fering slightly in details respecting accompanying phenomena—the 
light, the sound, the fall to the earth, the blindness—but agreeing 
substantially as to what Paul saw and heard and said, and his 
subsequent relationship with Ananias in Damascus. Supernatural, 
mystical, psychological explanations have been given of this re- 
markable experience. What appears to be a sudden conversion 
had no doubt been the last stage of a long preparatory process. 
The following factors should be noted: 

1. His growing disillusionment respecting the Law. Paul had an 
exceedingly sensitive approach to the Law, which he observed 
meticulously (Phil. iii, 6). It is doubtful that Pharisaism took the 
view that only complete fulfillment of the Law could save a man 
from being accursed, yet Paul believed this (Gal. iii, 10). We 
can only assume that his understanding of the moral law, em- 
bodied, as he held, in the Torah, was so keen that he despaired 
of fulfilling it. External observance and inward fulfillment were 
to be one and issue in victory and emancipation of soul, but this 
was not the case. Actions, he found, could be controlled, but not 
desires (Rom. vii, 7). This condition, known to himself prior to 
his conversion and typical, Paul believed, of all men, is described 
with remarkable vividness (Rom. vii). His intense, almost savage 
attempt to obliterate the Christian movement reflects a sense of 
insecurity prompted by misgivings and doubts. Like a stubborn 
ox he was kicking “against the goads” and hurting himself more 
than anyone else (Acts xxvi, 14). 

2, The impact made by early Christians and particularly by the 
work and martyrdom of Stephen. A man does not persecute peo- 
ple of whom he knows nothing. We may be sure Paul knew a great 
deal about the Nazarenes and must have been impressed with their 
quality of life and conduct. They possessed inner joy, peace, 
confidence and courage, which he had sought without success. 
Stephen, whose stoning he approved and probably encouraged, was 
the supreme example of this. This young martyr, representing 
the view of hellenistic Christians, had surveyed the course of He- 

brew history to show that special privilege no longer existed for 


the Jewish nation; that Christianity, sprung from that histo 
superseded the Law and the Temple; and that all this had уш 
from the coming of “the Righteous One,” Jesus Christ who 
been rejected and crucified by the very people whose p 
had anticipated him. This was anathema to Paul, and yet in 
the argument of a man who could die with singular assurance [71 
mitting his spirit to his Lord and praying mercy upon his miri, 
(Acts vii, 59-60). The argument incensed him; the death, wy 
persuaded, moved him, for, being the kind of man he was, Pay 
could scarcely look upon the cruel martyrdom of this Young sis 
and at once erase the scene from his memory. His eagerness lf 
discover truth, coupled with his sense of insecurity and репин, 
must have driven him to think more deeply than ever about lf 
people whom he was persecuting and about the man Jesus, ly 
master whom they served. 

3. The probable influence of the Person of Jesus. Whether 
ever saw Jesus in the flesh is not known. Some scholars think ty 
he did, otherwise he could not have carried in his mind the impre 
sion of Jesus’ character suggested by various allusions in tk 
Epistles. He refers to having known Christ “after the fle 
(“from a human point of view"; II Cor. v, 16), by some int 
preted to mean “the Jesus of history"; but scholars are not шї 
mous on the meaning of this somewhat difficult passage, ТШ 
he learned much about Jesus while pursuing Jesus’ followers ar 
scarcely be doubted, since knowledge of them and their comit 
tions was inseparable from knowledge of the character and chin 
of him whom they declared to be Messiah. Moreover, beings 
member of that strict sect of the Pharisees, the prime movent 
the events that brought Jesus to his death, Paul could шй 
be ignorant of what was known, or professed, concerning li 
John Knox maintains that the reason Paul was able to ideni 
Jesus as the Lord revealed to him near Damascus was that ki 
ready had knowledge of him through his contact with the primitie 
Christian community. “Christ had begun to make himself шт 
to Paul—perhaps against the latter's will—as the Spirit af Li 
persecuted koinonia before he made himself known in the 
experience in which Paul’s conversion culminate 
Chapters in a Life of Paul, p. 126, Abingdon Press, New їй 
1950.) 

With reasonable certainty, then, it may be affirmed that Ù 
radical redirection of life which Paul described as ji 
pleased to reveal his Son to him (Gal. i, 16) was not 5 
considerable preparation; as G. A. Deissmann wrote (in The d 
gion of Jesus and the Faith of Paul, 1923), “the lightning 
Damascus" struck “no empty void" but found “plenty 0 
mable material" in Paul's soul. that 

Certain convictions followed from his conversion: (1) à 
crucified Jesus of Nazareth was the living Christ; 2) "t 
cross was no longer a shameful thing, à stumbling uw w 
central to the messianic redemption, since God had vin 
him who was nailed to it; (3) that God had called Paul i n 
take the apostolic ministry, must indeed have destine a 
a minister even before he was born (Gal. i, 15). , ng 
convictions became the foundation stones of all his Si 
theology. А 

Of the period immediately following his conversion 
known, except that he spent about three years, partly In^ 
and partly in Arabia southeast of that city (Gal. b Iis 
19, 22), after which he made his first postconversior. y 
Jerusalem, where he spent two weeks with Peter and PM 
the head of the Jerusalem church (Gal. i, 19). He E. get 
to Tarsus and worked as an independent missionary, (Gal. i 
about ten years, in “the regions of Syria and Cilicia А y 
Acts ix, 30). These silent years were formative уса 
thought deeply about the new faith and gained TS ne 
in teaching and preaching. The later expression 0 о 
an apostle to the gentile world owed а great deal to “gst 
before the summons came to undertake the work М Chi 
him apart forever as the first great missionary 9 
church. meat 

Missionary Activity.—The Christian movement, ent 
was making great progress in Antioch, and Barnabas W 
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visit. He-must have sensed in that large and vigor- 
on a growing missionary imperative, for he contin- 
‘Tarsus, found Paul and returned with him to Antioch, 
hey ministered there and then together were commis- 
пту the gospel to the wider world (Acts xiii, 2 ff.). 


Rome itself. He was doubtless encouraged by the 
he had made in the area of Tarsus and by the suc- 
in the approach to non-Jews in Antioch (Acts xi, 
was beginning to see the universal implications of 
"appears to have conceived a grand assault upon the 
That he was influenced in this by the impression 
j mind by the empire, with its possibilities of unity 
is quite possible, and he may even have conceived 
; as Sir William Ramay contended (Pauline and 
5, 1906), as the power capable of achieving this ideal. 
splendid opportunities the empire offered for the 
gospel, with its vast and comparatively safe system 
n, as well as the advantage of a common (Greek) 
later looked upon it as providential that the gospel 
iched without hindrance under the protection of 
and order (Rom. xiii, 1-7), and his own experience 
onstrated this (Acts xviii, 12 ff.; xxiii, 23 ff.). Armed 
extend the gospel and a vision of a pagan world 
need of it (Rom. i), anticipating doors of oppor- 
uld open in the cities and provinces of the Roman 
with Barnabas and Mark began the movement which 
, in less than three centuries, to make Christianity 
eligion of the Roman state. 

tive of Paul's missionary tours given in Acts may be 
ith confidence. Paul wished to reach as far as possible 
t and kept his eye upon strategic cities and areas 
Ill health and other factors, interpreted by him 
idden by the Holy Spirit" (Acts xvi, 6, 7), sometimes 
"proceeding according to plan; but when one con- 
journeys took him to Cyprus, toa large area of Asia 
o Macedonia and Greece and possibly Illyria, and finally 
his achievement is an astonishing one. 

0 Paul always maintained close touch with the 
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launched upon a missionary career that brought him- 
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Christian community at Jerusalem. He had kept its welfare in 
mind by collecting an offering in his gentile churches, a gesture 
which demonstrated both their oneness in Christ and gentile grati- 
tude for "spiritual blessings” received (Rom. xii, 5; xv, 27; II Cor. 
ix). He wished to revisit Jerusalem before going to Rome (and 
possibly Spain), to take this offering with him. The Judaean Chris- 
tians were poor, due in all likelihood to famine, persecution and 
their earlier experiment with communism (Acts ii, 44, 45). Paul 
attached great importance to this visit and took with him repre- 
sentatives of the contributing churches (I Cor. xvi, 1-4; II Cor. 
viii-ix; Rom. xv, 25-27), a gesture no doubt intended to be prac- 
tical proof of their Christian fellowship, to cement the bond of 
love between the Jewish and gentile Christian communities and 
to anticipate the day when all barriers between them would disap- 
pear and they would be *one new man" in Christ Jesus (cf. Eph. 
ii, 11-16). 

This generous and commendable plan was the beginning of the 
end for Paul. He was warned repeatedly that “imprisonment and 
afflictions” awaited him, but he was determined to carry out his 
purpose (Acts xx, 22 ff.; xxi, 10-14), Arriving at Jerusalem he 
was warmly greeted by the Christian leaders, was soon in confer- 
ence with James and the elders, and mutual accounts were given 
of the growth of the church in their separate spheres, Paul had 
been under suspicion by the Jerusalem church because of reports 
that he sat rather loosely by the Law in his relations with Jews in 
the gentile world (Acts xxi, 21), teaching them "to forsake Moses, 
telling them not to circumcise their children or observe the cus- 
toms.” To allay this suspicion, and for the sake of the plan which 
he had so prominently in mind when he returned to Judaea, he 
consented to observe a week of ritual purification. He was dis- 
covered by Asian Jews in the Temple, set upon, and only by the 
intervention of the Roman authorities, who accused him of dis- 
turbing the peace, was he spared death at the hands of an angry 
mob. 

Learning that Paul was a Roman citizen and that the Jews were 
plotting his death, the Roman tribune had him taken under mili- 
tary escort to Caesarea Palestinae (Qisarya), where he was tried 
first by the procurator Felix, then two years later by Felix’ suc- 
cessor Festus, who, wishing to show some favour to the Jews, sug- 
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gested that he might be tried in Jerusalem. Paul, knowing that 
certain death faced him if he accepted this proposal, appealed in- 
stead to Caesar. Accompanied by Luke and Aristarchus (Acts 
xxvii, 2) he set sail for Rome. After a most hazardous and stormy 
passage, including shipwreck, he arrived there in the spring of either 
59 or 60, fulfilling a lifelong ambition but not quite as he had hoped, 

Of his subsequent life little is known. There is no good reason 
to doubt Luke’s account that as a Roman citizen he was given 
freedom to live for two years in his own house, under guard, 
could meet his friends and was permitted to preach the Kingdom 
of God and to teach “about the Lord Jesus Christ quite openly 
and unhindered” (Acts xxviii, 30-31). It is fairly certain also 
that his latest, and in some respects his ripest, letters were written 
from Rome. Scholars have been puzzled over the ending of Acts. 
Why is there no account of Paul's death? Was Luke's writing 
complete before Paul’s martyrdom? Was Paul acquitted, and did 
he go, as he had intended, to Spain (Rom. xv, 28)? Those who 
accept I and II Timothy and Titus as authentic letters of Paul 
(and few modern scholars do) find evidence for his continued ac- 
tivity in the reference to “my first defense” and his rescue “from 
the lion’s mouth” (II Tim. iv, 16-17), suggesting that his trial and 
release are indicated here and that he returned to the scene of 
his earlier labours in Macedonia and elsewhere. No other evidence 
exists for Paul’s further ministry beyond Rome except an uncer- 
tain and ambiguous reference in I Clement (c. A.D. 95) that before 
his death the apostle “had reached the limits of the west," inter- 
preted by some to mean Spain, The Muratorian Fragment (a 
fragmentary list of New Testament writings, with comments, dat- 
ing from the end of the 2nd century) expressly states that Paul 
departed from Rome for Spain. No firsthand sources exist, how- 
ever, upon which to build a reliable account of his movements prior 
to his execution. There are two possibilities: (1) that he never 
left Rome but was condemned and executed after his first trial; 
(2) that he was released, went to Spain and perhaps revisited the 
east, was rearrested, tried and condemned. It is reasonably cer- 
tain that he died a martyr’s death in Rome sometime between A.D. 
62 and 64, and that very probably his approaching end is reflected 
in what is believed by many to be a fragment of a letter written 
to Timothy (II Tim. iv, 6-8). 


THE MAN 


Few men in ancient history are better known than the apostle 
Paul. His letters, with one exception written to churches, are a 
primary source of first magnitude, since they were written with 
a spontaneity and a frankness that disclose his personality in all 
its depth and richness and variety. Every letter "is a picture 
of Paul, and therein lies the unique value of the letters as sources 
for a historical account of this author. There can be but few 
Christians of later days for whose inner lives we have such thor- 
oughly undesigned sources of information" (G. A, Deissmann, 
Paul, a Study in Social and Religious History, p. 25; 1926. By 
permission of Hodder & Stoughton, London.) The Acts of the 
Apostles, written by Luke 20 or so years later than the Pauline 
letters, and incorporating in the latter part a travel diary, is a 
supplementary source of considerable value. Letters and diary, 
together with other sections of Luke's history, make it possible 
to see Paul the man, as he was, with a high degree of confidence. 

Of Paul's personal appearance these sources say very little. 
The Acts of Paul and Thecla, an apocryphal document written 
during the latter half of the 2nd century, describes the apostle 
as "a man of little stature, thin-haired upon the head, crooked 
in the legs, sturdy with eyebrows joining, and nose somewhat 
hooked, but full of grace, for sometimes he appeared like a man, 
and sometimes he had the face of an angel.” This frank and not 
too flattering description is regarded by some as based upon an 
early and reliable tradition, but there is no surety of this. Certain 
allusions in available sources seem to support the view that Paul 
was not physically impressive. At Lystra he was taken for Hermes 
(Acts xiv, 12), a god sometimes described as small and vivacious; 
his enemies described “his bodily presence" as “weak” (II Cor. 
x, 10). He himself contrasted the treasure of the gospel with 
the “earthen vessels" containing it, a contrast which might well 
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have been suggested by his own frailty (II Cor. iv, 7), He 
to the church at Corinth "in weakness and in much fear 
trembling” (I Cor. ii, 3). His “thorn in the flesh" (IT Cor, xi 
variously interpreted to mean epilepsy, malarial fever, Bs 
or ophthalmia, was certainly a recurring illness which prod 
physical condition to which Paul was very sensitive (Gal, D 
and which sometimes hindered his movements, It seems e 
that his physical condition was not all that he desired; and ye 
the catalogue of trials endured, adventure undertaken and wit 
achieved makes it abundantly certain that the apostle was no. im 
lid, that he was, on the contrary, possessed of a physical siyg 
ness and strength which his appearance belied (II Cor. xi, 2) 
We must not underestimate, however, the strength derived frig 
passionate commitment to a supreme purpose, often able to om. 
come seemingly insurmountable obstacles, Such Paul attribui 
to no power of his own, but to God's grace which had made divite 
power perfect “іп weakness" and had assured him that “wha! 
am weak, then I am strong" (II Cor. xii, 9-10). 

We have considerable knowledge of Paul's personality, НЕЙ 
ters, particularly the Corinthian correspondence, open his vey 
heart and mind and spirit, so much so that psychologists hm 
even attempted to psychoanalyze, label, categorize him. Mg 
than once he has been described as а man of conflict, and this hi 
been. suggested as a criterion of judgment for his manya 
character, Paul, however, manages to escape all such narrow die 
sifications supremely because he was too great for any one of thes 

Paul was a man of resolute character, whose distinctive mit 
was a quality of absoluteness. Honesty of mind, integrity й 
purpose, zeal for truth, longing for the ultimate, passionate ta 
nestness in the search for certainty—all these were so much f 
of this man that he could undertake nothing lightly nor give ie 
self to anything halfheartedly. Thus he was loved by those wo 
stood with him, hated by those who stood against him, It isnt 
surprising that he stressed his independence almost to a pit 
exaggeration, maintaining that he owed nothing to his pred 
in the Christian faith (Gal. i, 11-12; ii, 6). This claim cat 
reasonably be that he had known nothing about the new i 
and had not inherited the primitive traditions associal 
apostolic gospel but rather that all this had no secondhand 
for him, indeed had become so firsthand because of his еш 
with Christ that he could speak of it as “my gospel” (oat 
25). Similarly he viewed his apostleship as not one whit less 
than that of the original apostles, since he had recet 
secondhand but by the direct commissioning of the risen 
(Gal. i, 1, 15-16; cf. Acts xxvi, 16-18). бий 

This insistence upon inner certitude, upon truth ee 
itself in his own experience so that it was no dogma t m 
from a secondary source, marks out Paul as belonging 
strain of Hebrew tradition to which Jeremiah, and su We 
Jesus, belonged. The witness of Jeremiah, as well as thes "^ 
of Jesus, stemmed from an inner certainty based upon E i 
discovery; and it was precisely on this platform that Pauls 
ence upon his independence rested. This accounts ‘a ig 
the living embodiment of the convictions he professe ү 
was there a more complete fusion of faith and person’ ae) 
him. This correspondence between profession and Ls 
living example of Christlike devotion and service; insp! He 
to share with him the work so close to his own heart. fe 
not ask men to undertake a life to which he was not i 
committed himself (Phil. iii, 17; iv, 9), and тапу, шй 
roditus, accepted the challenge of Paul's consecrate 
(Phil. ii, 30; Rom. xvi, 4). «ense hun 

Underlying Paul's resolute character was an intent gg 
He had his fears and frustrations, his defeats an cis of 
his intolerance and stubbornness, his passionate outbur y 
and his subsequent regrets, his sensitiveness to criti 
and his sorrows, his moods of despondency an 
He also possessed great powers of sympathy and Ei 
keen appreciation of other people’s needs, capacity 
lasting friendship, readiness to subordinate himsê 
of Christ and to become “all things to all men, 

“by all means save some” (I Cor. ix, 22). 


not mean that he was willing to compromise, to con- 
es or to moderate his views in order to gain an advan- 
‘secure some temporary conciliation. There were 
hen, without adequate understanding of his motives, 
"accuse Paul of this—his submission to the vow in Jeru- 
sts xxi, 23) or his having Timothy circumcised prelimi- 
becoming a missionary (Acts xvi, 3). But this was 
different from compromise or indeed from sentimental 
to an outgrown system. Paul, through his commit- 
st, had come to a new understanding of the Law, had 
believe that Christ was both the end of the Law and its 
ulfillment. The Wisdom of God had become flesh when 
appeared, but this did not mean abandoning altogether 
"which belonged to the religion of one's fathers, so long 
"were put in their proper perspective, no longer regarded 
iral and essential, and practised with the purpose of making 
the preaching of Christ within an unbroken church fellow- 
Paul was no dissimulator precisely because he was a man 
(Rom. xii, 9), and to love, he believed, was to fulfill the 
xiii, 10). His actions, within the context of both indi- 
d corporate life, were dictated primarily with a view to 
the ends of love, that is, to strengthening Christian char- 
"building up the Christian community. His intense hu- 
to some extent native to his personality, was nourished 
ption in the new humanity, the company of those “in 
" who, like himself, had entered a community in which all 
rs had been removed and in which the chief concern was for 
er for whom Christ died," whatever his race or class. 
sympathetic imagination and deep personal feeling are ex- 
i such concern! This is to be human in the best and 
Sense, for it is sharing the life of him who brought human- 
peak of perfection, Jesus Christ, the Son of God. When 
uperbly describes Christian love (agape), he paints a 
the man Jesus and, at the same time, reveals to what 
1 behaviour may rise when motivated by the love 
d (T Cor. xiii). Paul had his weaknesses. He longed for 
р and appreciation, Не objected angrily when his 

ûr motives were questioned. He was proud and tempera- 
ut these, and many other traits of his character, were 
Subordinated when he became a “new creation in 
"His intense humanity, therefore, issued not merely from 
but from what he became under the constraining love 


| frequently described himself as the “slave” or "servant" 
(Rom. i, 1; Phil. i, 1). He was a man under a new 
‚ Which, paradoxically, had rendered him free, Before 
tsion he was a slave of a different kind, demanding of 
Ai even as of others, conformity to the absolute moral ideal 
‘believed to be revealed in the Law of his fathers—the 
slavery did not issue in freedom; rather it deepened 
86 Of imprisonment, led indeed to frustration and futility 
те Was no sense of inward victory, a realization only 
Tt was his uncompromising search after absolute 
t, and his eagerness to find complete inward satisfac- 
him to cry out in that acute autobiographical passage, 
man that I am! Who will deliver me from this body of 
(Rom. vii, 24). Such absoluteness and eagerness for in- 
аге not found in every good man; many are content 
that moral perfection is unattainable in this life. 
Not rest his case there. He had to be right before God, 
achieve that condition there had to be inward witness that 
ements of the Law had been met. This inward witness 
He did not know it, but at this point Paul was a man 

Of grace, and this is what he found when he found Christ. 
d that he was to cease taking the initiative in his 
Чоп and to behold, in the life and death and resurrection 
the initiative God had taken. He was to understand 
vine act in Jesus Christ was God's declaration to man 
ne-human relationship is a gift imparted on the ground 
issuing in а sense of inner emancipation enabling man 
E to a new law, the spirit or law of Christ, the law 
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Thus the apostle passed from slavery to one law to slavery to 
another, from the Torah to the new Torah, Christ "the Wisdom of 
God,” with the difference that now he had found “the glorious 
liberty of the children of God" (Rom. viii, 21; Gal. v, 1). More- 
over, this love became his supreme passion and directed his whole 
being (II Cor. v, 14), so that he became a man controlled by 
Christ, with one supreme passion to preach Christ (I Cor. ix, 16). 
Now he was content to have one ambition only, to know Christ, to 
have him formed within (Gal. iv, 19), to share his resurrected 
life; and that life was one of power within, morally and spiritually 
quickening and cleansing, enabling him to share the sufferings of 
Christ and to partake of the future redemption (Phil. iii, 10-14), 
The zeal of the Pharisee had been transmuted into the zeal of 
Christian apostleship. It is evident in his love for the churches, 
in the sufferings and privations which followed his course, in his 
indomitable courage (II Cor. xi, 23-29; Acts xxi, 13), in his pur- 
pose to push the frontiers of Christianity to the farthest limits 
of the west (Rom. xv, 28), in his willingness at last to die for the 
sake of the gospel. Paul had come a long way in his spiritual 
pilgrimage, from the intolerant, bitter, persecuting religious bigot 
to the patient, kind, enduring, self-sacrificing temper of him whom 
he owned Master and Lord. In this lay his greatness, that, with 
unswerving loyalty and complete subordination of self in sacri- 
ficial service, all his diffuse powers were so fully brought into 
captivity to Christ that he lived only and wholly and magnificently 
for the fulfillment of God's redemptive purpose. 


THE CHRISTIAN THINKER 


Paul was the first great theologian of the church, but his was 
not the first Christian theology. When he became a Christian the 
primitive church already possessed convictions about God, the 
Messiah, the Holy Spirit, the people of God, forgiveness 
and redemption and beliefs associated with the practice of the two 
gospel sacraments; and though he constantly affirmed his inde- 
pendence of others in respect to what he had received, this was 
to emphasize the genuineness of his faith rather than to deny his 
relationship to primitive tradition, He built his theology upon 
his own experience, plus the living gospel tradition of the church 
which had been passed on to him and upon which he brought to 
bear his own vigorous mind. He did not create a theology; he 
drew out rather the implications of what already existed in the 
mind of the early church, though few of his predecessors had the 
spiritual insight to anticipate, were in a position to see the necessity 
for, or were so well-equipped to appreciate, the far-reaching affir- 
mations to which the apostle's study and experience of the gospel 
led him. 

He was not a systematic thinker. Much of his thought was 
expressed spontaneously, stimulated by a request from some 
church or prompted by news of some heretical teaching or moral 
weakness, System, and even consistency, were difficult to main- 
tain under pressure from many quarters at once, and Paul was 
neither systematic nor always consistent. Nevertheless he is orig- 
inal in that he was the first great interpreter of Christianity to the 
world at large and took responsibility for expressing the Christian 
faith in forms that enabled it to transcend those limitations that 
would have kept it sectarian. He is original also in that, despite 
his lack of system, he does offer the first clearly formed, though 
simple, theology of the C hristian religion, 

Paul was a courageous thinker. His ten or more silent years in 
Cilicia and Syria as a pioneer missionary must have been years 
of intense and at times agonizing thought. He was compelled, by 
reason of his conversion, to reconsider his whole position respect- 
ing the nature of God, man’s relationship to God, the meaning 
of life and history, and particularly the significance of Israel's 
history. In doing so, he was forced by the very logic of events 
in his own experience to abandon many of the convictions most 
treasured from his youth. The world of his traditional ideas had 
been turned upside down, and he was forced to make a profound 
adjustment to an entirely new set of ideas, The action of God in 
Jesus was so utterly out of line with everything that he had held 
concerning the Messiah, the road to salvation, the absolute char- 
acter of the Law, the place of Israel in God's economy, and yet 
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so incontrovertible, that necessity was laid upon him to make the 
matter clear both to himself and to others. He never shrank from 
the pain of that mental readjustment which the reconstruction of 
his faith must surely have caused him. His theology, therefore, 
js an attempt to give rational expression to the meaning of Chris- 
tian experience, particularly his own experience, and to give what 
he believed to be the theological implications of what God had 
been pleased to accomplish in history through Christ and his 
church. Certain fundamental concepts, outlined below, character- 
ize Paul's theological thought. 

Many opinions have been expressed concerning the sources of 
Paul's thought. Men have searched the pagan mystery religions, 
the hellenistic environment, the current philosophies (particularly 
Stoicism) to find parallels and dependence. This search has pro- 
duced far less than the labour put into it might lead us to expect. 
Modern scholarship tends to find the sources for the essentials 
of Paul's thought mainly in his Jewish background, in the Old 
Testament and in rabbinic Judaism, The discovery of the Dead 
sea scrolls revealed the Qumran community to have had a common 
background of ideas and terminology with Paul in many instances, 
but there is little to indicate direct dependence of the apostle on 
the sect (see DEAD SEA ScroLis). Whatever he borrowed, how- 
ever, from any source, he transformed under the power and pres- 
ence of him "in whom are hid all the treasures of wisdom and 
knowledge" (Col. ii, 3). 

Justification by Faith.—How can a man be “justified,” or 
“put right," before God? For Paul this was the vital question. 
This language of justification came from the law courts, where the 
judge, having found the accused innocent of the charge against 
him, was said to “justify” him by acquittal and restoration to 
society, Paul transferred this familiar legal language of Judaism 
to the personal realm and supremely to the soul’s personal rela- 
tionship to God. Не had been seeking strenuously to become ac- 
ceptable to God (justified) through his meticulous observance of 
the Law (Torah), which for him embodied the holy will and pur- 
pose of God for every aspect of human life. Only through such 
observance could he meet God’s moral requirements and thus be 
at peace. The more sincere his desire and effort to find peace in 
this fashion, the less capable he found himself of achieving it. He 
concluded that no man could find himself in right relationship with 
God simply by moral striving. And yet so long as God was re- 
garded as a moral being, communion with him necessitated ethical 
fitness. But who could be ethically fit before the “blazing throne" 
of God's holiness and purity? Such reasoning, supported by moral 
impotence, led Paul to despair of ever attaining communion with 
God. A man of less sensitivity to ethical ideals would doubtless 
have found refuge in some form of accommodation, but not Paul. 
The resolution of this impasse came when he experienced the love 
of God in the transforming power of the death and resurrection 
of Christ. Then he saw a completely new road to God. No longer 
did man need to initiate the approach by his own moral effort, for 
the initiative had been taken. God did not expect man by long 
and arduous ethical struggle to make himself fit for divine accept- 
ance, On the contrary, the act of God in Jesus Christ means that, 
even while man remains in his sinful state, God manifests his love 
to him (Rom. v, 8), indeed shares his love with him, and thus 
creates in him a new “life in the Spirit” in which man walks pleas- 
ing to God because he walks in love, partaking of the very nature 
of God himself. God is not, therefore, a moral judge standing over 
man with a moral lash and demanding ethical goodness. He is 
rather a heavenly Father, eager to welcome wandering sons, to 
confer upon them the gift of his grace, desiring only that they share 
a new righteousness, his righteousness of love. 

At*this point the apostle was driven to reassess the Law, for 
meticulous observance of legal precepts had never provided that 

emancipation of spirit which accompanied the abandonment of life 
to the unfathomable love of God. Now the old sense of impotence 
had gone, a new sense of peace and power had taken its place. 
Never again could the Law hold the place it first held in Paul’s 
thinking, He often referred to it, sometimes even observed its 
traditions, but always there is the underlying assumption that 
Christ has brought the Law to its ultimate fulfillment, and that 
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all the attributes formerly ascribed to the Law belong ty i. 
(I Cor. i; 24; Col. i, 16 ff.). "What the Law could not hc 
been done by the gracious action of God in Christ (Rom, ae 
It remains for man to see this action of God, to lay hold М 
it by faith, to surrender the heart and mind and will to it in trae 
and thus to find the soul ushered into newness of life, Tij 
the first step in man's salvation; he is justified by faith or as Pel 
puts it, “made righteous.” Not that he is transformed at y 
into an ethically perfect being. Rather, God, on the ground of; 
man’s faith, brings such a one into right relationship with him 
accepting the soul in advance, far in advance, of that soul's elg 
perfection. For without this kind of divine acceptance there зой 
be hope for no man and, indeed, no gospel. 

Paul uses a variety of terms to describe what has happened 
the man who has been justified by faith. He had been redeem 
As а slave might be emancipated from bondage to a master, sul 
justified man is free from the bondage of sin, because of "ihe 
redemption which is in Christ Jesus" (Rom. iii, 24-25; viii, ll 
Gal. iii, 23-iv, 5). He has been reconciled. Here the apak 
departs from analogy and falls back upon experience. Whe 
moral values are emphasized, sin is held to alienate man from @ 
and he has no peace of soul, All men are in this state, sined 
have sinned (Rom. v, 12). But when man in faith beholds Gf 
love in Christ’s death (Rom. v, 8) and understands that the aliti. 
tion rests with man and not with God, that the work of recone 
ation begins from the divine side (II Cor. v, 19), God is s 
no longer as an angry being to be appeased but as one who fret 
offers his forgiving grace and bestows peace and joy upon bis 
who has faith (Rom. v, 1-11). Thus the justified man is bel 
redeemed and reconciled and “transferred” to “the kingdom 4 
[God's] beloved Son" (Col. i, 13). 

The Life in Christ.—This new life into which a man enteni 
the ground of faith, as a consequence of his new relationship й 
God, Paul describes as “sonship.” The justified man is now or 
scious that God is Father and that he has the freedom of awt 
the Father’s house. This sonship is but the anticipation o 
final consummation of God’s purpose. It is the pledge or tiré 
of that bringing forth, at the last, of the “sons of God” for н 
the whole creation itself was designed (Rom. viii, 19), when 
Kingdom is delivered up to God the Father, and God is ye 
thing to every one” (I Cor. xv, 24-28). In the meantime 
who share this life are “in Christ,” and they imitate 
walking in love. 

In this lies the central concept in Pauline thought, 
“in Christ" sums up the full meaning of salvation. 
understood in the light of his doctrine of the Holy 5р 
true to his heritage, he thought of the Spirit as the divine 
or energy coming into human life and enabling men to ri 
they could not do of themselves. This power was clearly тей 
in the church, evidence that the messianic community had en 
and that Christians were living the life of the Spirit, 
creative life of the Kingdom which Jesus by his deat lid 
rection had begun. Since all this stemmed from o gi 
Paul had no difficulty in affirming that “the Lord is er e! 
(II Cor. iii, 17). This was an experiential fact i in 
metaphysical identification, since Paul thought mainly © ii 
of religious experience and saw no necessity for as ol 
between his experience of the Spirit and his experienci 
Those who are “in the Spirit” are also “in Christ, ae spit 
and most genuine expression of this is to have that 
Christ” (Rom. viii, 9), the Spirit of love. It ined Ше d? 
“in Christ" is primarily corporate, expressed in ^re od 
church, of which Christ is the head. Those s 
and enter the church are really baptized into cim " td M 
in him and he in them, with the expectation that у viend S 
will be with him (Rom. viii, 23; Phil. iii, 21). Ран 
tion in three tenses: as an accomplished fact m inthe 
‘and resurrection of Jesus; as made accessible to кие, 
experience of life “їп the Spirit”; and as yet to hares 
consummation when the soul is “with Christ” and ЧЕ 
the life of which the new life here is but the Тогу 

The centrality of the concept of being "in 


has led many to describe Paul as a mystic and to 
influence of hellenistic mystery cults, This is a 
г Union with the god in a mystery cult meant the 
distinction between the devotee and the god; it 
‚ absorption in the divine. Paul was too loyal to 
ground ever to contemplate such union between 
creature. Moreover, mysticism strives to reach the 
the apostle stresses the divine reaching for and 
"Though Paul does show signs of the ecstatic rapture 
with mystical states (II Сог, xii, 2-4), such rapture 
nown in lst-century Judaism, nor were spiritual 
emotion absent from the psalms of Israel or from the 
of the prophets, to both of which Paul must have been 
|. His so-called Christ-mysticism is not mysticism 
trict sense, for there is no losing of his identity, This 
Christ" is an identity of life with Christ and with 
of God in Christ, which issues in the most intense 
iving rather than in self-losing; and the apostle 
identification, and at the same time sharpens his 
existence, as he faces the dangerous and difficult 
t Christian missionary, seeking to complete “what is 
n Christ's afflictions for the sake of his body, that is, 
Col. i, 24; Gal. ii, 20; Phil. iv, 12, 13). It was diffi- 
to speak. of this identification, the deep and lasting 
n associated. with it and the spiritual strength derived 
it being moved to moods of exultation and rapture, 
he was mystical, but no more. 
of Christ.—Paul’s theology was Christ-centred, for 
doubt that Jesus was the Messiah. It followed that the 
d dawned, the day of God’s long-promised redemption 
The new life into which the justified man, redeemed 
d, had entered, with all its privileges and promises, 
tk of Christ, its source and its sustainer (Rom, viii, 
‚ however, had no doubt that Christ was human, truly 
¢ had come “in human form" (Phil. ii, 8), had appeared 
of sinful flesh” (Rom, viii, 3), had been “born of 
sharing the same subjection as others of his race (Gal. 
had identified himself with sinful men for their redemp- 
second Adam, ‘Christ, by his obedience, in contrast 
Ara lience of the first man, had reversed the stream of 
Mand had brought life and immortality to the human race 
ТУ, 12-21; I Cor. xv, 21-22), But the second Adam is also 
man of heaven’ who became the first-born Son of God, the 
of the Sons of God yet to appear. These Sons are 
manity made after “the image of the man from heaven,” 
‘the whole creation was designed, the new humanity 
posed to create through much travail and suffering 
45-49; Rom. viii, 19; Col. i, 15). By the power of the 
this first-born Son had been “designated Son of God 
‘Rom. i, 4), had become “ a life-giving Spirit” (I Cor. 
d created the church, the fellowship of those who are 
him and in him, its Lord and Head, And since the 
‘Wrought by him in his church but anticipates, and is 
tedemption which is ultimately to be coextensive 
Christ is Lord of the universe, the power of God 
m of God (I Cor. i, 24; Col. i, 15-19). 
of God.— The church as the people or Israel of God 
in Paul's thinking difficult to exaggerate. He could 
that the purpose of God was to bring into being a 
the ‘Covenant, whose supreme mission would be to bring 
Пе and the salvation of God to all people. He saw in 
lan fellowship the fulfillment of that purpose, the em- 
E it community which God had been seeking to create. 
"Was not unique, for his predecessors, the earliest fellow- 
Hlievers, held that they had inherited all the promises and 
£8 of the old Israel and were indeed the new Israel of God, 
Community, sharing the life of the Spirit and com- 
with universal application. Jesus too had pro- 
‘Presence of God's sovereign тше in human life. He 
men to receive it as the life and love of God, had 
à group of disciples to be the beginning of a com- 
Gated to live under God's тше. And he had declared 
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that he was creating a new family of God, to include all of like 
mind and purpose; membership was dependent not upon race 
or class or any such external criterion but rather upon commit- 
ment to the will of God (Mark iii, 31-35). 

All this Paul inherited and accepted and continued to affirm 
throughout his ministry, In that life "in the Spirit" which dis- 
tinguished the church, he saw the life of the Kingdom. Through 
the life, death and resurrection of Christ the new spiritual order 
had arrived, and those who shared this divine life constituted a 
new race, a new type of humanity, were citizens of two worlds, 
their citizenship being also in heaven (Phil, iii, 20), At this point 
the apostle, in his description of the church, introduced a number 
of rich metaphors which conveyed precisely the essential character 
and mission of the church. Such figures as the bride of Christ 
(Eph. v, 23-27) or the body of Christ (I Cor, хіі, 27) all point 
to a community one in spirit, united to Christ, embodying his life, 
built upon him, Such other figures. as "the temple of the living 
God" (II Cor. vi, 16) and "the dwelling place of God" (Eph. ii, 
22) indicate the sacred character of the church as that fellowship 
where men may expect to find mediated to them the very life of 
God, Paul was realistic enough to know that the church was not 
actually all that these metaphors suggest. Painful experience 
taught him otherwise. Nevertheless, the life of the Spirit in the 
life of the church pointed forward to that day when the reconcilia- 
tion begun in the church would be complete and all-embracing, 
and the church would be presented “in splendor, without spot or 
wrinkle . ... holy and without blemish” (Eph. v, 27). 

Development and Change.—Despite his absoluteness, indeed 
because of it, Paul had a flexible mind, ready to adjust to new 
truth when new facts made such adjustment necessary, A case in 
point concerns eschatology, the belief concerning the “last things" 
or the final consummation of all things. Early in his career he 
shared, with the early church, the belief that the return of Christ 
was imminent and that it would happen to the accompaniment of 
spectacular apocalyptic phenomena (I Thess. iv, 15-18), But as 
time pi d he came to a deeper understanding of the nature 
of the life “in Christ" and affirmed what Jesus had taught, that 
the age to come (the Kingdom of God, that is) had already begun. 
It had penetrated the present, had ushered those who by faith had 
accepted Christ into present possession of a life which only awaited 
ultimate completion; and he contemplated the possibility of dying 
before that ultimate consummation took place. Again, early in his 
career and not entirely separate from his views on eschatology, 
he saw very little value in the state as such, But it is possible 
to detect his growing belief that the empire, though belonging to 
the Old Age, has a restraining power over evil and is keeping it 
in check (II Thess. ii, 1-12); and later still he feels that the 
state, in keeping order and punishing wrongdoing, is fulfilling a 
divinely ordained function, He went still further and came to 
express the hope that even demonic powers would at last find 
redemption and reconciliation in Christ (Phil. ii, 10; Col. i, 20), 
It seems clear, therefore, that Paul’s mind was charitable to new 
ideas, open to new movements of thought, always in search of 
the truth that would enrich and enhance the Christian faith, 


THE ETHICAL TEACHER 


In Paul’s thought religion and ethics go together; morality is 
never divorced from its theological reference. This was true for 
him as a Jew since morality in Judaism was grounded in the will of 
a living, personal, holy God. It was no less true for him as a 
Christian, for always the norm of his ethic was found in the will 
of a personal God, sometimes referred to as "the law of God,” 
sometimes as “the law of Christ” (Rom. vii, 22; I Cor, ix, 21; 
Gal. vi, 2). Moreover, the goal of his ethics was always the same, 
that Christ may be formed within (Rom. viii, 29; Gal. iv, 19), 
This inseparability is demonstrated frequently in his letters, in 
which he invokes the loftiest theological conceptions to support 
and commend Christian conduct. Christian living is always the re- 
sult of true Christian thinking; ethical fruits have theological roots. 

The basis and primary motivation of this ethical position are 
found in the Christian experience of being "in Christ.” In that 
experience Paul found the very highest category of Christian 
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ethics, namely the indwelling Holy Spirit, the Spirit of Christ, 
the Spirit of love. Christian ethics are not, for Paul, a list of 
virtues added to the experience as a sort of addendum. The ex- 
perience and the ethic are one. The man in Christ is born into 
a new manner of life; a spiritual inwardness takes possession of 
him, his ethical standards spring up spontaneously because his 
mind and heart and will are captive to Christ (II Cor. x, 5). The 
slave of Christ finds that he is free, bound by no law other than 
the law of Christ, the law of love, at work in his inmost being. 
Thus Paul found in this experience the secret of moral emancipa- 
tion. That he should look upon Christian conduct as the harvest 
of the Spirit is not surprising (Gal. v, 22; Eph. v, 9); and when 
one recalls that he virtually identified the experience of the Spirit 
with the experience of the indwelling Christ, it is clear why that 
inward law of the Spirit becomes the law of love. This is one 
of the great contributions Paul made to the development of the 
Christian religion. By emphasizing the ethical aspects of the Holy 
Spirit's activity, he rescued primitive Christianity from mystical 
and emotional extravagances and made clear the view that the 
practice of Christian faith is always inseparable from the life of 
goodness. 

Two basic principles of Christian ethics followed from Paul’s 
understanding of the experience of being “in Christ”: (1) the 
autonomy of the individual; and (2) the interdependence of Chris- 
tians and, therefore, the necessity of a sense of mutual responsi- 
bility. Both are illustrated in the practical affairs of the Pauline 
churches, Christian freedom meant that a man is under his own 
self-mastery because he is under Christ, His conscience is his 
own and will guide him in his conduct. Nevertheless, since living 
within the fellowship of the Spirit is to be walking in love, such a 
free man will not stand firmly on his own right to act according 
to his own conscience; he will have regard for the conscience 
of the weaker brother whose spiritual insight may not be equal 
to his own, remembering that if Christ died for “the weak brother” 
the fellow Christian should at least consecrate his freedom on the 
brother’s behalf lest “the weak brother” perish (Rom. xiv; I Cor. 
viii), This sense of mutual responsibility is stressed in the larger 
sphere of the total well-being of the church, since Christians “are 
members one of another.” Their conduct, therefore, based on love 
—that is, the exercise of redemptive care and concern for others— 
will be motivated by desire for both the well-being of the individ- 
ual and the building up of the Christian community. 

This is made abundantly clear in the way Paul deals with the 
question of “spiritual gifts" in the Corinthian church, particularly 
the glossolalia, or “speaking in tongues.” This phenomenon, com- 
mon to many ancient religions and pagan cults, was the uttering 
of unintelligible sounds or babblings when the subject, under 
emotional excitement, seemed to lose control of his speech faculties 
and to become possessed by an external power. It came upon the 
disciples at Pentecost (Acts ii, 1 ff.) and was quite prominently 
manifested in the church at Corinth. Many Christians coveted 
this gift, since it seemed to them to be genuine evidence of posses- 
sion by the Holy Spirit. Paul, however, though he shared it him- 
self, applied to it, as to other questions, his criterion of judgment 
as to whether this practice really was useful in the service of the 
church, Did it build up individual members in the faith? His 
answer was negative, since unintelligible utterances could scarcely 
have much value unless interpreted and the matter of interpreta- 
tion was dubious. Did it build up the church? On the contrary, 
it might well turn away those who were interested in the church 
by suggesting the mental instability of its members, The apostle 
advised his converts to be mature in their thinking on this subject 
and to judge the relative value of their gifts by the measure of 
their use in building up the members of Christ’s body and attract- 
ing others to the Christian community (I Cor. xii-xiv). The same 
concern is seen in his handling of the abuse of the Lord’s Supper 
that had taken place in the Corinthian church. The words of 
the institution of this sacrament, so clearly given by Paul (I Cor. 

xi, 23-26), might never have been written had he not been prima- 
rily occupied with the ethical behaviour of the church. Up to this 
point the Lord’s Supper had been celebrated in association with 
the social meal or “love feast” (agape; q.v.), a meal to which all 
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contributed and which all, rich and poor, were to share ajj 
representing the unity of fellowship among the members 
fine ideal, however, had been repudiated by the individualism 
selfishness of many who by their conduct were making it im ul 
ble of achievement (I Cor. хі, 17-22). Paul could not со е) 
this sort of behaviour because it was antithetical to love ang ш 
contrary to all those spiritual blessings to which the acid 
bore witness. 

In addition, however, to the primary ethical motivation of fg, 
“in Christ,” issuing in conduct based upon the exercise of Chris 
love, there was another, secondary ethical motivation—the ests 
tological. It may be said to include the wrath of God, the dij 
judgment and the prospect of future salvation. To have part jı 
the Kingdom of God it is necessary to break with sin, for sin bring 
the wrath of God upon men (I Cor. vi, 10; Gal. v, 21; Eph.y,5), 
This does not mean that God wreaks his vengeance upon sinen 
after the manner of human vindictiveness. Rather, the арй 
is stressing the working out of the moral law of the universe, viij 
cannot be infringed with impunity. Closely related to this isi 
appeal to the judgment of God. Christians are to “appear belig 
the judgment seat of Christ" (II Cor. v, 10). They must notte 
presumptuous or overconfident, knowing that they are to leu 
countable for their conduct at the last day. It is possible thi 
here he is reverting to the teaching methods of the зуп 
in order to have a sobering effect upon his readers, Future sale 
tion is inseparable from the wrath of God and the divine judgment, 
It must not be supposed that this emphasis upon good behaviow 
for eschatological reasons meant that future redemption is at 
ward for good conduct. Salvation comes by grace and is the gl 
of God. Christians anticipating this gift might well desire to lit 
in blameless expectation of it (I Cor. i, 8). 

Ideally Paul should have left his churches alone to do what s 
pleasing to them. This he did not do. He was a realist. Hel 
that Christian freedom is achieved gradually, in proportion ® У 
subject is committed to Christ and comes under the control їй 
Spirit. Obstacles їп the environment often hindered this devel 
ment. He found it necessary, therefore, to give instructions 
warnings to his churches, to guide the weak and to remind ¥ 
strong that by good example they might both strengthen ш 
brethren and commend Christianity to others (Rom. Xil; Col. 
The assumption behind all such ethical advice is that Chris 
belong to a new family relationship and must act worl me 
This is why the apostle is sometimes very specific in his чт 
tions and deals with quarrelsomeness, sexual impurity, selhs 
lying, stealing, right relations between husbands and wives, p! 
and children, masters and slaves (Col. iii; Eph. iv-v), an 
his churches to follow all the positive virtues. Such чн 
patterns of conduct, however, in no way qualified the id 
of Paul, the law of Christ, the law of love which fulfills evety 
law of God (Gal. v, 14; Rom. xiii, 9-10). 


LETTERS AND STYLE Р 
ments Ih 


u 
Though Matthew, Mark and Luke are the first docu xil 
New Testament and contain material some of ens 
existed in written form by A.D. 50, these Gospels, as 16 
are subsequent to A.D. 65—70, as also are the Acts 0 st M 


and the general epistles. Paul was the author of 
= When the King Jae 
Testament ا‎ 
ly ten, Ш 


many sco" 
A def 


eee 


though they contain genuine fragments О: " 
the work of a follower of the apostle 20 years after itten 
Chronological arrangement of Paul’s letters, all DE th 
A.D. 49 and 61, is difficult and raises two questions tivity. 
of Galatians; and (2) the place from which the Сер tians 
were written. Some scholars assign first place (0 en 
place it with the Corinthian and Roman lette i, o 
Rome have both been suggested as the place one 


of the Captivity Epistles, with the weight of evidence going 
The following order is suggested: 


is (from Antioch) 49 or 55-57 
d I Thessalonians (from Corinth) 50-51 
"Corinthians (from Ephesus) 

Corinthians (from Macedonia) 55-57 

"Romans (from Corinth) 

Ў -Colossians 

D оп (?) 59-61 

— Philippians (from Rome) 


{ letters were either literary, prepared with precision, 
| formal and impersonal in character and intended for public con- 
sumption; or nonliterary, informal, intimate and casual and ad- 
ed to individuals. Nonliterary letters were much more self- 
ing, as indicated by many examples recovered from Egypt. 
"Puls letters may be said to bear the mark of both and therefore 
‘defy placement in either category. They disclose deeply personal 
relations with people and at the same time reveal the inner life 
‘ofthe writer. But since he wrote frequently on great issues, to 
instruct and to give leadership to the church, the letters also 
show evidence of deep reflection and studied preparation, They 
` were intended to be read to churches, some indeed to be circulated 
among churches (Col. iv, 16). Paul would see to it that the dic- 
lated form was revised with care. Much was at stake when the 
apostle undertook to address a church. Usually he was dealing 
‘with some specific theological, moral or practical issue upon which 
the Well-being of the church depended, and he wrote with a sense 
of personal involvement which is reflected in moods of anxiety, 
keane pow conciliation, tenderness, gratitude, joy, exul- 
and almost every other emotion of the human heart. And 
all are the expression of his love for the church and his desire 
| that nothing should sully her name or hinder her purpose. 
Christianity owes a great deal to the letters of Paul. It has 
seen how vital they are to a portrayal of his personality. 
ate equally significant for an account of the early church, 
үр m iw early form of organization, for little of this 
in the Acts of the Apostles. Without them we would 
know very little about the thinking of Paul and how his Christian 
developed over the years and equally little of the way 
‘Misgreat protagonist of Christianity made his appeal to the Greco- 
Aman world. We would not know of the varied life or of the 
Issues that characterized the local church in the pagan 
чү Ee am that a vividly painted in me pcre. od 
j. Nor would we have any means of judging Paul's 
са to his predecessors, particularly to Jesus himself, All 
ү te letters are essential аз a source of early Christian his- 
of nio to say nothing of their influence in the later history 
E ae church. As to when they were collected and 
P lo what is sometimes called the Pauline Corpus, it is 
death tto say, That they were so collected after the apostle’s 
y B to be known as scripture (II Pet. iii, 16), is be- 
ES Style too has been the subject of much discussion. It is 
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du Yet true, to say that "the style is the man." His 
the and his individuality go together and they bear witness to 
He distances wealth and intensity of his thought and experience. 
fh and C. his letters with a passionate earnestness; Christian 
Write with ristian practice were not matters upon which he could 
| Christ and detachment, so complete was his identification with 
ation bei the church. He lived his letters, in sympathetic imagi- 
134) H Present with the groups to which he wrote (I Cor. 
"d ferye lence in the style we often catch something of the firm 
поз nt tones as he pleads ог expostulates, questions or in- 
E or blames, It may be true, as many have held, 
And di oa himself seems to have suggested, that he was no orator 
110; yj m to indulge the art of rhetoric (I Cor. ii, 1; II Cor. 
A moving ур, Nevertheless, he must surely have been on occasion 
| ек, eloquent because filled with an all-consuming 
he to share with others the knowledge and convictions 
Was Self possessed. 
T Y Jev, yet he wrote and thought in Greek; and while he 
0 classical models and betrays little formal knowledge 
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of Greek culture, either by quotation or allusion, he was at home 
in Greek. The book which clearly influenced his style was the 
Greek Bible (the Septuagint). Sometimes he got involved in rab- 
binic exegesis, not always to the clarification of the subject under 
discussion. At other times, under constraint to express the wonder 
of the gospel, his grammar got disorganized. Often he piled up 
superlatives and even created words, so eager was he to express 
the truth about Christ. And yet his style does not lack care, even 
artistry of expression, His sense of rhythm is clear and his use 
of parallelism and antithesis very marked. In his hands the dia- 
tribe, the form of public speech that was popular among the Stoics 
and Cynics of his day and that he no doubt often heard on street 
corners, is used with great effectiveness (I Cor. xv, 35 ff.). Pas- 
sages such as the hymn on love (I Cor. xiii), the hymn on wisdom 
(I Cor. ii, 6 ff), the chapter on the resurrection (I Cor. xv), the 
description of the new life in the Spirit (Rom. viii) are written 
with consummate literary skill, beauty and dignity, indicating 
much deliberation in choice of language and structure of sentences. 
This does not rule out what seems to have been a characteristic 
of Paul's writing and speaking, namely a remarkable ability to see 
the universal implication of some particular truth and to rise to 
poetical and even rhapsodic heights in the expression of it (Rom. 
viii, 31-39; I Cor. iii, 21-23). 

It is not to be doubted that Paul acquired some of the religious 
and philosophical terminology of the pagan world of his time. It 
is equally certain, however, that all such borrowings were baptized 
into the Christian faith and became vehicles in his hands for a 
more adequate presentation of the gospel to his gentile audiences. 
Whatever Paul used, whether forms or images or metaphors or 
literary devices from whatever source, all were subordinated to 
his supreme purpose of portraying Christ to men and introducing 
them to the power of the gospel. 


ACHIEVEMENTS AND INFLUENCE 


Paul grappled with all the problems of the church at once, At 
the same time, he sought to interpret Christianity to the world, 
In his letter to the Romans he gave Christianity its first theological 
exposition of the gospel, which has remained through the centuries 
a vital source book for all Christian theologians. 

In Galatians, sometimes called the Magna Carta of Christian 
liberty,” he made the first great defense of the gospel against 
those who would return to religion of legalism and depart from 
that inward liberty which is the true mark of the Christian тап, 
So thorough was his defense that Christianity was saved from be- 
coming a sect of Judaism and its universal outreach was forever 
secured. 

In Colossians he came to grips with heresy, a perversion of 
Christian teaching which, seeking to accommodate the gospel to 
current cultic observances and ascetic practices, recommended the 
worship of angels and other spiritual beings and reduced Christ 
to much less than the supreme place he should hold, In this the 
apostle may be seen struggling to keep the stream of Christianity 
pure and to give Christ the pre-eminent place which belonged to 
him, thus paving the way for the great affirmation that nothing 
in the whole universe can be interpreted wisely apart from him 
(Col. i, 13-20). 

In I and II Corinthians he is supremely the pastor, in touch 
with a church, directing, exhorting, concerned mainly with prac- 
tical issues and with the relevance of doctrine and ethics to a living 
situation in the pagan environment. Out of this may be seen 
emerging the beginnings of early church worship and discipline 
and the development of a church consciousness. 

Philemon introduces us to Paul’s attitude to slavery, an institu- 
tion which he accepted as part of the old order, but whose ulti- 
mate passing was anticipated in that Christian relationship 
which he suggests to Philemon in respect to his runaway slave 
Onesimus. 

In Ephesians, that grand ecumenical letter, the goal of all Paul’s 
thinking, as indeed the purpose of the gospel, is seen to be the 
final breaking down of all barriers that divide men and the recon- 
ciliation that results in all becoming one humanity, members of 
“the household of God,” fulfilling God’s redemptive purpose in his- 
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tory and anticipating the ultimate and final salvation (Eph. i, 10). 

Men go back to Paul because they find in him the first coura- 
geous and competent handling of essential beliefs and practices of 
the church. That is why he has exercised, through the centuries, a 
critical function, Whenever the Christian faith has been in danger 
of losing its soul, of becoming fettered with legalisms and cere- 
monialisms, of allowing the tyranny of traditions and institutions 
to become a substitute for a man’s personal approach to and trust 
in God, Paul has returned like a refining fire, and men have redis- 
covered the essence of Christianity in his doctrines of the free 
grace of God and the liberty of the Christian soul. Augustine, 
Luther, Wesley, Karl Barth, all witness to the influence of Paul’s 
thought in crucial periods of history. It is doubtful whether, with- 
out him, Christianity would have survived in its pristine character, 
much less become the religion of the western world. And, had this 
not occurred, much would have been lost to western civilization 
itself. 

As Samuel Sandmel has written: “One needs only a glimpse 
at the history of Europe and America since the veritable rediscov- 
ery of Paul by Martin Luther to discern the permanent and imper- 
ishable. It was out of a renewed emphasis upon Paul that there 
developed, albeit in secularized form, those attitudes toward the 
individual, toward freedom of the conscience, and toward the in- 
violability of the conscience which made the transition from the 
middle ages to modern times.” (Samuel Sandmel, The Genius of 
Paul, p. 219, Farrar, Straus and Cudahy, Inc., New York, 1958. 
Copyright 1958 by Samuel Sandmel.) 

See also references under “Paul, Saint,” in the Index. 
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say, St. Paul the Traveller and the Roman Citizen (1896) ; H. Weinel, 
St. Paul, the Man and His Work (1906) ; A. Schweitzer, Paul and His 
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PAUL, SAINT, оғ THE Cross (PAOLO FRANCESCO ПАМЕТ) 
(1694-1775), Italian religious, founder of the Congregation of 
the Discalced (Barefooted) Clerks of the Most Holy Cross and 
Passion of Our Lord Jesus Christ, called the Passionists (q.v.), 
was born in the town of Ovada, Italy (then the Republic of 
Genoa), Jan. 3, 1694, the second of 16 children. From earliest 
years, Paul showed signs of great love for prayer and contempla- 
tion and a capacity for spiritual leadership. On Nov. 22, 1720, 
he dedicated his life to God and was clothed in the habit of a 
hermit by the bishop of Alexandria. The following day he began 
a 40-day retreat in a room off the sacristy in the Church of St. 
Charles at Castellazzo. He states that during the retreat he was 
divinely inspired to write a rule of life for a new religious insti- 
tute in the church. The rule, subsequently modified and repeat- 
edly approved by the church, breathes a spirit of prayer, penance, 

poverty, solitude, and devotion to Christ Crucified, issuing forth 
in intensive apostolic work for God's glory. The rule was simply 
approved in 1741 and solemnly approved in 1746 by Benedict 
XIV. In 1773 the splendid Church of SS. John and Paul in Rome 
became the headquarters of his congregation. He founded the 
Institute of the Passionist Nuns, at Corneto (Tarquinia), in 1770. 

Paul died Oct. 18, 1775, and was canonized June 29, 1867, by 
Pius IX. His feast day is April 28. 

At his death, Paul had established 12 monasteries in Italy, and 
since then his institute has spread throughout the world. Mem- 
bers of the institute are popularly known as Passionists, because 
of a special vow they take to spread devotion to Christ in His 
sufferings. 
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‘ee Gaétan du Saint Nom de Marie, C.P., Sai М 
аа des Passionistes (1956). pe tee бо 

PAUL, SAINT, or THEBES (PAUL THE НЕвмїт) a shi : 
figure of whom little is known and that little highly suspect 
one of the earliest hermits in the desert, For knowledge oh 
modern scholarship is dependent solely upon the Life of P 
written by St. Jerome, which is probably the source also of Ы 
Greek and Oriental lives of Раш. According to Jerome, Paul 
a native of the Thebaid in Egypt who fled the Decian она 
(249-251) and thereafter lived a life of prayer and penitence jı, 
cave, dying about 341 at an advanced age. Jerome was indi 
to give priority to Paul as the first Christian hermit, an hong 
in modern times generally accorded to St. Anthony, Нов 
that may be, it is claimed that Anthony (born c. 250), whey 
was 90 years old, visited Paul who was then 113. The aged my 
asked Anthony to bring the mantle given to Anthony by $ 
Athanasius and to wrap him in it for burial. 

Paul has been thought possibly identical with a certain Paul 
Oxyrhynchus; in later art he is often represented with a palm te 
or two lions. His feast day is Jan. 15. 

Вівлосварнү.—7]. P. Migne, Patrologia Latina, vol. xxiii, рр. 17-4, 
J. Bidez, Deux Versions grecques inédites de la vie de Paul 5 Тин 
(1900); H. Delahaye, “La Personnalité historique de St. Pal & 
Thebes,” in Analecta Bollandiana, vol. xliv, pp. 64-69. (б. E. Моб) 

PAUL, the name of six popes. 

Paur I (d. 767), pope from 757 to 767, succeeded his bole 
Stephen II (III) in-April 737. To secure himself against both tt 
Lombards and the Byzantines, he relied on the papacy' under 
standing with the Franks, which his predecessor had done so mut 
to cement, He died on June 28, 767. 

Paur II (Pietro Barbo) (1417-1471), pope from 1464 to Wi 
was born in Venice Feb. 23, 1417. Raised to the college of a 
nals by Eugenius IV in 1440, he became a favourite of Calixtus ll 
and was unanimously and unexpectedly elected the successor il 
Pius II. He immediately declared that election “capitulation! 
(binding agreements on future conduct which cardinals had lt 
been exacting from papal candidates before casting айти! 
votes) could affect a new pope only as counsels, not as obligatio 
He opposed the domineering policy of tħe Venetian government" 
Italian affairs. His repeated condemnations of the Pr 
Sanction (q.v.) of Bourges impaired his relations with Lous^ 
France. He pronounced excommunication and deposition A 
the king of Bohemia, George of Podebrady, on Dec. 23, 1466, 
refusing to enforce the Basel Agreement against the Utraquists 
prevailed on Matthias I Corvinus, king of Hungary, to ee 
war against George in 1468 (see BOHEMIA: History; Hog 
and he carried on fruitless negotiations, from 1468, with the 
peror Frederick III for a crusade against the Turks. |, y 

Paul endeavoured to make drastic reforms in the e 
suppressing the College of Abbreviators and the Roman ad 
of Julius Pomponius Laetus (g.v.), both of which ha 
strongholds of humanists of the paganizing type, he 
enmity of the humanists, who represented him as an enem; 
ters. In fact, however, he was a patron of scholars, @ boon 
antiquities, and a restorer of monuments; and it was ш # 
aegis that the first printing presses were set up in Rome. 
at Rome July 26, 1471. from 19 

Pav ПІ (Alessandro Farnese) (1468-1549), pope йв Ае, 
to 1549, was born in February 1468. As a pupil of JU 
ponius Laetus and as a member of the circle of Lorenzo. oe 
the Magnificent, he received a finished education. с 
ment was rapid. To the liaison between his sister CM ry 
Orsino Orsini, and Alexander VI he owed his title ^, jot 
deacon of SS. Cosma e Damiano (1493); but the ste ist 
which he enjoyed under successive popes was due apio 
cleverness and capacity for affairs. His election to the Pid 
Oct. 13, 1534, to succeed Clement VII, was virtualy 
position. ince df 
Paul's instincts and ambitions were those of а P the gi 
Renaissance, but circumstances forced him to become А 
of reform. Ву the promotion to the cardinalate 
Gasparo Contarini, Giampietro Carafa (later Paul 
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d Giovanni Morone and by the appointment of a com- 
eport upon existing evils and their remedies, the way 
ened for reform; and the revival of the papal Inquisition in 
542), the establishment of the censorship (1543), and the 
| of the Society of Jesus (1540) constituted agencies for 


рш heresy. 
j тийе outset m was figs gend on summoning a gen- 
" council for the reform of the church, an е carried this plan 
dn ye face of strong opposition within the college of bus 
d Lat Trent (Trento) on Dec. 13, 1545. This site, how- 
so near to the emperor Charles V's lands on the other 
| Lu the Brenner Pass that the council's independence seemed 
tobe reatened; and on the outbreak of an epidemic at Trent, 
Ms the council voted its transference to Bologna ( March 
147 Before the pope finally suspended it, the council achieved 
ıı number of doctrinal definitions and important decrees for the 
reformation of clerical discipline and, the remedy of abuses. (See 
‘Trent, Counc, or; CoUNCIL: Councils of the Western Church: 
Council of Trent [1545-63].) Paul's relations with Charles V 
‘wore increasingly strained, from 1547, both by the transference 
‘of the council and by Charles’s efforts to conciliate the German 
- Protestants after his victory over the Schmalkaldic League. (See 
(uas V, Holy Roman emperor.) 
< In his lax personal morality, in his gross nepotism (see 
Farnese), and in his lavish patronage of the arts, Paul was a pope 
of the Renaissance. He restored the Roman university (1534 ff.) 
‘and commissioned Michelangelo to paint “The Last Judgment” in 
Sistine Chapel (1535) and to resume work on St. Peter's 
Mi He also undertook grandiose public works in the city. 
I on Nov. 10, 1549. 

Раш. IV (Giampietro Carafa) (1476-1559), pope from 1555 to 
1559, was born on June 28, 1476, of a noble Neapolitan family. 
His ecclesiastical preferment he owed to the influence of an uncle, 

dinal Oliviero Carafa. Having filled the post of nuncio in En- 
‘land and Spain, he served successive popes as adviser in matters 
to heresy and reform. But he resigned his benefices and, 
Wilh Gaetano da Thiene, founded the order of the Theatines in 


| 
] 
| г, Paul regarded his elevation as the work of God. With 


‘he court. Paul was a man of narrow vision. He alienated 
э 
| [ 1, from 1605 to 
Canon ji born in Rome on Sept. 17, 1552. Не was a distinguished 
tor TAN and became vice-legate in Bologna in 1588 and audi- 
eca ^ APostolic chamber in 1590. Не was sent to Spain on a 
| ап 1593 and, as reward for its successful бошко, 
clave û dinal by Clement УШ in 1596. After a protracte 
y ы Borghese was elected the successor of Leo XI 
Bu. 1605, being the candidate of no particular party. 
„j ued his independent attitude careless of what interests 
T › Secular or ecclesiastical. A conflict soon broke out with 
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Venice over a number of questions all connected with the extent of 
papal jurisdiction inside the republic. The quarrel took on an 
added significance when Paolo Sarpi (q.v.) brought the weight 
of his learning to support the Venetian cause. The pope replied 
by putting Venice under an interdict (May 1606), which brought 
only more determined defiance, Paul was prepared to appeal to 
arms, but neither Spain nor France was ready; and so, when Henry 
IV offered his mediation, it was accepted, and the interdict was 
eventually lifted in April 1607. 1 

In England, a similar attitude of uncompromising resistance to 
the demands of the secular arm was taken, and Paul gave com- 
plete support to the Jesuits in forbidding Roman Catholics to 
take the oath of allegiance demanded by James I after the dis- 
covery of the Gunpowder Plot (briefs of 1606 and 1607). In 
matters of doctrine, Paul was surprisingly undogmatic. Nor was 
he anxious to renew the military contest with the Protestants, in- 
stead devoting his attention to the possibility of another crusade 
against the Turks, though without success. When the fighing that 
was to develop into the Thirty Years’ War had broken out (1618), 
Paul gave no support to the Catholic powers, but once again, his 
point of view was ignored, He was most successful in lesser things: 
he encouraged missions; confirmed many new congregations and 
brotherhoods; and authorized a new version of the Rituale Ro- 
manum. He was a spectacular supporter of building and the arts, 
but against this must be set his practice of nepotism; under his 
patronage, his family became inordinately wealthy (see Bom- 
GHESE). He died on Jan. 28, 1621. (I. F. B.) 

PauL VI (Giovanni Battista Montini) (1897— ), elected 
pope in 1963 to succeed John XXIII, was born at Concesio, near 
Brescia, on Sept. 26, 1897. His father was editor of a Catholic 
newspaper, a banker, and briefly a member of the Italian Parlia- 
ment. Montini developed a vocation for the priesthood under the 
influence of the Oratorians at Brescia, Delicate as a boy, he 
studied at home instead of living in the seminary and was ordained 
in1920. After higher study in Rome he entered the Vatican Secre- 
tariat of State (1922), where, except for a few months in 1923 at 
the nunciature in Warsaw, he remained for 32 years. He served 
three cardinal secretaries of state: P. Gasparri, E. Pacelli (later 
Pius XII), and L. Maglione (d. 1944), who had no successor as 
Pius XII preferred to work instead through two pro-secretaries. 
One was Montini, pro-secretary for the internal business of the 
church, who lived in the Vatican and was always accessible, 

After the fall of Mussolini ‘and the emergence of the Christian 
Democrat Party supported by Catholic Action, Montini was gen- 
erally credited with political sympathies on the left side of the 
Christian Democrat coalition. In 1954 Pius XII made him arch- 
bishop of Milan, where he was at first acclaimed by both em« 
ployers and workers as.a man whose sympathies were more with 
them than with their opponents; each group in turn expressed itself 
disappointed later, which has been seen as suggesting that he held 
a good balance between them, John XXIII, who made Montini 
a cardinal as his first creation in 1958, continually brought him 
forward to associate him with the work of the second Vatican 
Council (see VATICAN Councrts), As John XXIII had openly 
hoped, Montini was elected his successor in June 1963, declaring 
his intention of reigning in the spirit of Pope John. He sought, 
however, to give more streamlined efficiency to the proceedings of 
the council and. moved carefully, showing himself progressive in 
some matters and conservative in others, He went on pilgrimage 
to the Holy Land in January 1964, and in Jerusalem met and em- 
braced the ecumenical patriarch of Constantinople. In December 
1964 he went to Bombay, India, to attend the International Eucha- 
ristic Congress. On Oct. 4, 1965, he made another historic: jour- 
ney, this time to the United States, to address the UN General 
Assembly, pleading for peace and disarmament. 

On Aug. 6, 1964, Pope Paul issued his first encyclical, Ecclesiam. 
suam, on the role of the church in the world, His second and 
third encyclicals appeared in 1965: Mense maio (May 1), an ap- 
peal for world peace through the intercession of the Virgin Mary; 
and Mysterium fidei (Sept. 3), restating unequivocally the tradi- 
tional eucharistic teachings and emphasizing the doctrines of the 
Real Presence and transubstantiation. Likewise in September 
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1965 Pope Paul established an international synod of bishops to 
collaborate in the government of the church. In December he 
ordered the reorganization of the Holy Office under a new name, 
the Congregation for the Doctrine of the Faith. 

During 1966 the pope took several further steps to give meaning 
to the action and spirit of the second Vatican Council: In February 
he relaxed the church's rules on fast and abstinence. In March 
he lessened somewhat the restrictions on intermarriage between 
Catholic and non-Catholic. In June he transferred from the Ro- 
man Curia to the diocesan bishops much of the power to grant dis- 
pensations from church law. In August, by a motu proprio entitled 
Ecclesiae Sanctae (“Of the Holy Church"), he established a 24- 
member institute-of workers in the mission field that would have 
deliberative powers over the missions subject only to veto by the 
pope and that would thus exercise authority higher than that of 
the Congregation for the Propagation of the Faith; by the same 
motu proprio he directed bishops to establish diocesan councils 
of parish priests and authorized the religious orders to adapt their 
rules to the spirit of the second Vatican Council's decree on reli- 
gious. In March he had met and exchanged the kiss of peace with 
the archbishop of Canterbury. His fourth encyclical, Christi 
Matri, was issued on Sept. 19—another plea for world peace, with 
special reference to the conflict in Vietnam. 

See also PAPACY. (J. D. W.; X) 

BipLrocRAPHY.—General: A. Fliche and V. Martin (eds.), Histoire 
de l'Église depuis les origines jusqu'à nos jours (1935 ff.) ; А. Vacant 
et al. (eds.), Dictionnaire de théologie catholique, vol. 12, col, 1-37 

(1933) ; L. Pastor, The History of the Popes from the Close of the Mid- 
dle Ages, Eng. trans. 40 vol. (1891-1953); Enciclopedia Cattolica, 
vol. 9, col. 732-741 (1952). 
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Paul III: C. Capasso, Paolo III, 2 vol. (1923-24); L. Dorez, La 
Cour du pape Paul III, 2 vol. (1932), 

Paul VI: J. Walsh (ed.), The Mind of Paul VI, selected writings 
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PAUL I (Paver PETROVICH) (1754-1801). emperor of Russia 
from 1796. was born in St. Petersburg on Oct. 1 (new style; 
Sept. 20. old style). 1754. the son of the grand duchess Catherine, 
later empress as Catherine II (g.v.). The notion that Catherine's 
husband, the future emperor Peter III, was not Paul's father has 
probably no foundation but gossip and the cynical malice of 
Catherine. The infant was immediately taken from Catherine 
by the empress Elizabeth. whose ill-judged care undermined his 
health. Catherine's coup d'état against Peter III in 1762 was a 
shock from which the boy's mind never recovered. 

Paul believed that his mother had instigated the murder of his 
father, and though he had been proclaimed heir he suspected that 
he too would bé deprived of his rights or even killed. His charac- 
ter deteriorated steadily. and the distrust grew on both sides 
accordingly. Paul occasionally expressed the desire to play an 
active part in affairs, but Catherine consistently kept him at a dis- 
tance. In 1773 she arranged his marriage with Wilhelmina of 
Darmstadt (renamed Natalia Alekseevna). but Wilhelmina died 
in 1776. and within the same year Catherine arranged his marriage 
with the beautiful Sophia Dorothea of Württemberg (renamed 
Maria Fedorovna). In 1781-82, the couple were allowed to travel 
through Western Europe. where Paul managed to make a fairly 
favourable impression. In 1783 Catherine gave him an estate at 
Gatchina. where he spent his time dreaming of reforms and drilling 
a contingent of soldiers on the Prussian model—which he admired 
as fanatically as Peter III had done. After the birth of Paul's 
eldest son. Alexander (1777). Catherine contemplated setting Paul 
aside in favour of Alexander, but no definite step was taken; and 
when Catherine died Paul was recognized as her successor. 

Paul's reign was a period of frenzied despotism. At pains to 
change anything that Catherine had done and anxious to strengthen 
his autocracy, Paul attempted to curb the rights of the privileged 
class and even to protect the peasants. However at the same time 
he turned 600.000 state peasants into privately owned serfs. Ob- 

sessed by fear of the French Revolution. he resorted to crazy 
internal measures in order to protect Russia against its infection, 
He also joined the second coalition against France (1798); but 
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in the end he turned against Great Britain (1800) and dig 
hesitate to give a Cossack force the order to invade India 
only lasting service to the country was the introduction of a std 
which stabilized the order of succession (1797). Yet Paul y 
soon ready to violate his own law. Having long ago madea o 
ite of his barber, I. P. Kutaisov (a Turkish prisoner of war) d 
having fallen under the spell of two of his wife's maids of tag 
in succession (Ekaterina Ivanovna Nelidova and Anna Petron; 
Lopukhina), he started to display an ever increasing animo 
against the empress and against his son and heir Alexander in py. 
ticular, finally expressing preference for a German nephew of li 
wife. In March 1801, Paul's sinister moves induced Aleranjy 
to connive at a plot in his favour which was already in the maki 
among guards officers embittered by Paul's harsh treatment, Ty 
driving power in the conspiracy was Gen. Count Peter Ludvig 
(Petr Alekseevich) von der Pahlen (1745-1826), military gov 
nor of Petersburg, who now found an energetic helper in Gen 
Count L. A. von Bennigsen. On the night of March 23 (NS; 
11, O.S.), 1801, a band of officers, led by Bennigsen, penetrate 
into the strongly protected St. Michael Palace іп St. Petersbin, 
and Paul was murdered. 

See К. Waliszewski, Le Fils de la Grande Catherine, Paul I-er (191, 
Eng. trans., Paul the First of Russia... , 1913). (Lo. L) 

PAUL I (1901-1964), king of the Hellenes from 1947, w 
born in Athens on Dec. 14, 1901, the third son of the future Kin 
Constantine by his wife Sophia of Prussia. He was educated a 
the Greek Naval Academy. He left Greece on June 12, 1917, he 
his father, acceding to the demands of the Allies that he sholi 
leave the country, appointed his second son, Alexander, to be ki 
in his place. On the death of King Alexander (Oct. 25, 1920) te 
throne was offered to Prince Paul, but he declined it. He retumi 
to Greece on Dec, 20, 1920, when his father was recalled. Kit 
Constantine abdicated on Sept. 27, 1922, being succeeded by ti 
eldest son George; and Prince Paul then became diadoch, or trom 
prince. As republican feeling grew in the country, Prince Paulit 
December 1923 left Greece once more with his brother, exi 


George. He spent much of his time during the next ten yasi 
In October 1 


him, resuming his career as an officer in the 
served on the staff during the Albanian сатрай 
caped from occupied Greece to Allied territory, and 3 
time in South Africa. Apt 
Paul ascended the throne on the death of King George 0 Ў 
1, 1947. His accession coincided with the assumption Ms 
United States of responsibility for assisting his country inis 
nomic recovery from World War II and in the war AS 
Communist guerrillas, which lasted till 1949. There y 
instability until the premierships of Field Marshal Мей) E 
pagos (1952-55) and Konstantinos Karamanlis, under M 
dispute with the United Kingdom and Turkey over Сур 
(b. Aprl 


temporarily settled. 1 
Paul had married Princess Frederika of Brunswick 
1917) on Jan. 9, 1938, and had a son, Constantine Y 
1940). and two daughters, Sophia (b. 1938) and Tee ¢) 
He died at Athens on March 6, 1964. \ the 
PAUL оғ AEGINA (PAULUS AEGINETA) (c. 615-690) ji 
of the great Greek compilers, was born on the island uring 
He traveled widely among the Arabians and flourished it 
Muslim conquest. He was the last great physician 9 to heê 
culture to practice and teach in Alexandria just pror. p Onest 
struction of the great city in 640 by the forces of the m i пй 
Although little is known of his personal life, it is certain nu 
obstetrical skill placed him in great demand among Оё Aog, 
Much of his material is taken from Galen. Oribasius andi 
Greek manuscripts of the following works are ext i 
medicae libri septem, De succedaneis ex Galeno, Uu: 
VII, De mensuris et ponderibus and Excerpta ae 
Arabic manuscripts in Rome, Munich and Paris. j 
Paul’s most valuable work, consists of seven boo in 
practically everything known about the medical arts j 
Rhazes, in his Kitabu 'I-Maliki, copiously employe? "^ 


` Wiss excerpted most of the surgical material in his Surgical 

E from its sixth book. 4 Thus Paul’s surgery profoundly 

` fected not only Arabian medicine but also medieval medicine in 
ре west. 

р also ABUL Kast. v 

“See D. Campbell, Arabian Medicine (1926); B. Gordon, Medieval 

and Renaissance Medicine (1960). (B. L. G.) 

| PAUL or SAMOSATA (3rd century A.D.), heretical bishop of 

and proponent of a kind of Adoptionist (see ADOPTION- 
a p b eh t f Christ. Th ly indi Ы; 
js) doctrine on the nature of Christ. e only indisputably 
E iy document concerning him is a letter written by his 

jastical opponents and preserved in Eusebius’ Church Histor: 

ecclesiastical opp: nd preservi y 
(bk. vii, ch. 30), according to which he was a worldly cleric of 
humble origin who became bishop of Antioch in 260. 

Paul held that it was a man who was born of Mary, through 
whom God spoke his Word (Logos). Jesus was a man who became 
divine, rather than God become man. Paul's Christology was 
therefore a speculative form of the Adoptionism found among the 
primitive Ebionites of Judaea; in Theodotus and Artemon of 
Rome; and perhaps in other early Christian writers (and suggested 
by phrases in the New Testament such as Acts 2:36). Lucian 
(g.v,), the great exegete of Antioch, and his school were influenced 
by Paul and link him with Arianism. The later Paulicians of 
Armenia may have claimed to continue his traditions, hence their 
name, 

Between 263 and 268 at least three councils were held at Antioch 
lo debate the bishop's orthodoxy. The third synod condemned 
his doctrine and deposed him, nominating Domnus as bishop and 
notifying the bishops of Rome and Alexandria of the decision in 
Logd referred to above. But Paul enjoyed the patronage of 

nobia; queen of Palmyra, to whom Antioch was then subject, 
and it was not until late in 272, when the emperor Aurelian de- 
ma and brought Antioch under imperial rule again, 

le sentence of deposition could be executed. 

Trom the scattered fragments of Paul’s writings his historical 
And philosophical interests can only be surmised. The Council of 
Nicaea in 325 condemned the Paulianists to be rebaptized (as not 
believing in the Trinity) ; but, paradoxically, the term consubstan- 
tial (Western counterpart of the Greek homoousios), condemned 
ind of Antioch in Paul's sense of the identity of the Father 

his Word, became the watchword of orthodoxy and its con- 
nation a source of embarrassment. See also MONARCHIANISM. 

BIIOORAPHY.—A. von Harnack, History of Dogma, vol. iii (1897) ; 
J, Lebi i 3 
(о) aa History of the Primitive Church, Eng. trans., ch. xxvii 

at M. J. Routh, Reliquiae sacrae, vol. iii (1846) ; G. Bardy, Paul 

01010, 2nd ed. (1929); Е. Loofs, Paulus von Samosata (1924) ; 
i T and Н. Leclercq, Histoire des conciles, vol. i (1907); Н. 


dmatten, Les actes du procès aul de Samosate, Étude sur la 

“оне du Ite au IVe sede (1982). (E. R. Hy.) 
ıı» (CHARLES) KEGAN (1828-1902), English au- 
M publisher, was born on March 8, 1828, at White Lacking- 
Me Educated at Eton and at Exeter College, Oxford, 
ord ША deacon in 1851 and accepted a curacy at Tew in 
and late ire. Two years later he returned to Eton as a chaplain 
lins ї became a master. Through his friendship with Charles 
Mauri Y he became associated with the Christian Socialists F. D. 
i ii and Tom Hughes. After Bishop Wilberforce’s objection 
i i Most Unitarian outlook, Paul left Eton in 1862 for Stur- 
т Marshall, Dorset, and broke with the Church of England 

Tn Dun he became a Roman Catholic. 

S Kin, E became a partner in the publishing firm of Henry 
irati | da d, on King's retirement in 1881, Paul took over, inau- 
took ^v е house of C. Kegan Paul and Co. In the same year he 
iser in, C. Trench, who, as proprietor and with Paul as literary 
Tyson Eu Paul, Trench and Co., published poems by Ten- 
$ first William Barnes, Meredith’s The Egoist, R. L. Steven- 
1889 the pels, and Gen, Charles George Gordon’s Journals. In 
Publishi ne ‘Merged with the late Nicholas Trubner's Oriental 
ley, ied usiness, following a take-over bid by Horatio Bottom- 
the two T, in 1911, the firm amalgamated with Routledge, but 
Routledge ined Separate companies until 1947 when they became 
and Kegan Paul. 


i Paul died on July 19, 1902, His works and writings 1m- 
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cluded William Godwin, His Friends and Contemporaries (1876), 
Memories (1899), numerous books and articles on faith and reli- 
gion, and translations, including Goethe's Faust (1873) and Pas- 
cal's Thoughts (1885). (Co. E. F.) 

PAUL-BONCOUR, JOSEPH (1873- ), French left- 
wing politician, and for 16 years France's permanent delegate to 
the League of Nations. He was born at St. Aignan, Loir-et-Cher, 
on Aug. 4, 1873, After leaving the university and joining the bar, 
he apprenticed himself to politics as private secretary of P. M. 
R. E. Waldeck-Rousseau. His book Le Fédéralisme économique 
(1900) showed his interest in trade unionism. He was elected 
deputy as Independent Socialist in 1909 for his native départe- 
ment, and was minister of labour in 1911. He lost his seat in 1914, 
returned to parliament as a Socialist after World War I, but re- 
signed from the party in 1931 and thereafter presided over a group 
of Independent Socialist deputies. Paul-Boncour was minister of 
war in Edouard Herriot's government of June-December 1932, 
prime minister December 1932—January 1933, and minister of for- 
eign affairs in his own government, as well as under Edouard 
Daladier, Albert Sarraut, and Camille Chautemps (December 
1932-January 1934). He was again minister of foreign affairs 
under Sarraut (January-June 1936) and in Léon Blum’s second 
ministry (March 1938). In June 1940 Paul-Boncour advocated 
the continuation of the war from Algiers and voted against Mar- 
shal Philippe Pétain in July. A member of the consultative assem- 
bly in 1944, he led the French delegation at San Francisco after 
Georges Bidault's departure and signed the UN charter on behalf 
of France. He was a senator during 1946-48. (D. К. GE.) 

PAULDING, JAMES KIRKE (1778-1860), U.S. public 
official and man of letters chiefly remembered for his early ad- 
vocacy and use of native American material in literature, was born 
in Dutchess (now Putnam) County, N.Y., on Aug. 22, 1778. 
Starting his public career in 1815 as secretary of the Board of 
Navy Commissioners, he became in 1824 a Navy agent in New 
York City, and from 1838 to 1841 he served as secretary of the 
Navy under Pres. Martin Van Buren. 

His literary work, however, overshadows his routine labours as 
a government official. As a boy of 18 he went to New York City, 
where he formed a lasting friendship with the Irvings. This asso- 
ciation aroused his enthusiasm for literature, and he and Washing- 
ton Irving founded the Salmagundi (1807-08), a periodical con- 
sisting mainly of light satires on local subjects. The outbreak of 
hostilities between, England and America encouraged the assertion 
of Paulding's nationalism; in The Diverting History of John Bull 
and Brother Jonathan (1812) and The Lay of the Scottish Fiddle 
(1813), he satirized England's conduct toward America during 
the war. The same spirit of nationalism found expression in two 
satires on the English traveler entitled A Sketch of Old England: 
by a New England Man (1822) and John Bull in America (1825). 

The advantages and hardships of western migration are the 
theme of The Backwoodsman (1818), a poem written to call the 
American author home in his search of literary themes, Novels, 
such as Koningsmarke (1823), Westward Ho! (1832), and The Old 
Continental (1846), represent Paulding’s attempts to employ the 
American scene in fiction. His popular play, The Lion of the West 
(1831; ed. by J. N. Tidwell, 1954), introduced frontier humour to 
the stage by depicting a character based upon Davy Crockett 
(q.v.); the latter, as a consequence, inaugurated the long series 
of Davy Crockett publications. In his Life of Washington (1835), 
once commended by Edgar Allan Poe, lies further evidence of his 
staunch Americanism. Plain, even at times vulgar in style, he yet 
possessed a playful irony which he shared with the New York 
writers of his day. 

Breriocrapny.—wW. I. Paulding, Literary Life of James K. Paulding 
(1867), which contains selections from his writings; A. L. Herold, 
James Kirke Paulding (1926), has a good bibliography. For back- 


grounds, see K. B. Taft (ed.), Minor Knickerbockers (1947). 
(М. Е.А; X) 


PAULET (Рлутет ог Роџіктт), the name, derived from 
Pawlett near Bridgwater in Somerset, of a well-known English 
family, different branches of which have held the baronies of St. 
John of Basing (from 1539), of Poulett of Hinton St. George 
(from 1627), and of Pawlet of Basing (1717-54), the earldoms 
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of Wiltshire (from 1550) and of Poulett (from 1706), the mar- 
quessate of Winchester (from 1551), and the dukedom of Bolton 
(1689-1754). 

The first Paulet of whom anything is certainly known was SIR 
Јонм Paver (d. 1356). His grandsons Tuomas (d. 1407) and 
WILLIAM (d. 1436/37) were the ancestors respectively of the Earls 
Poulett and of the marquesses of Winchester. 

Sır WILLIAM PouLET (d. 1488), son of Thomas, married Eliza- 
beth, daughter and heiress of John Denebaud of Hinton St. George 
in Somerset, Their great-grandson, SIR Amyas (c. 1536-88), had 
charge of Mary Stuart from 1585 until her execution in February 
1587. Sir Amyas's grandson, JOHN (c. 1585-1649), created Baron 
Poulett of Hinton St. George on June 23, 1627, fought for Charles 
І in the Civil War. His great-grandson, another JOHN (c. 1668- 
1743), was created Viscount Hinton of Hinton St. George and Earl 
Poulett on Dec. 24, 1706, From him is descended the 8th earl, 
GEORGE АмтАв FITZWARRINE PouLETT (1909— Ji 

SIR Jonn PAULET (d. 1437), son of William (d. 1436/37), mar- 
ried Constance, a co-heir of Sir Hugh de Poynings, 6th Baron St. 
John of Basing, Hampshire. His grandson, SIR WILLIAM (c. 1483- 
1571), was created Baron Seynt (St.) John of Basing on March 9, 
1539. Lord president of the council (1547-50), he was created 
earl of Wiltshire on Jan. 12, 1550, and marquess of Winchester on 
Oct. 11, 1551. He held the post of lord high treasurer from 1550 
until his death. His great-grandson WILLIAM (с. 1560-1629), 4th 
marquess, entertained Queen Elizabeth I at Basing for 13 days in 
September 1601. His son Јонм (c. 1598-1675) held Basing House 
for Charles I until it was sacked by Oliver Cromwell’s troops in 
October 1645. His son CHARLES (c. 1630-99) was created duke of 
Bolton on April 9, 1689. For his immediate descendants, see 
Botton, Duxes or. On the death without male heirs (Dec. 25, 
1794), of the 6th duke, Harry, the dukedom became extinct, while 
the other honours passed to GEORGE PAULET (1722-1800), a de- 
scendant of the 4th marquess. The 17th marquess of Winchester 
js RICHARD CHARLES PAULET (1905— D: 

PAULI, WOLFGANG (1900-1958), Austrian physicist, 
born in Vienna, April 25, 1900, was awarded the 1945 Nobel Prize 
for physics “for the discovery of the exclusion principle, also 
called the Pauli principle.” He received his early education in 
Vienna and then studied under Arnold Sommerfeld at the Uni- 
versity of Munich, where he took his doctor's degree in 1921. He 
spent a year as assistant to Max Born at the University of Gót- 
tingen and a further year with N. H. D. Bohr at Copenhagen. In 
1923 he was appointed lecturer at the University of Hamburg, 
where he remained until 1928 when he became professor of theo- 
retical physics at the Federal Institute of Technology in Ziirich, 
Switz. Under his direction this institution became a great centre 
of research in theoretical physics in the years preceding World 
War II. In 1935-36 he was visiting professor at the Institute for 
Advanced Study (Princeton University) and he held similar posts 
at the University of Michigan iti 1931 and 1941 and at Purdue Uni- 
versity in 1942. In 1940 he was appointed to the chair of theoreti- 
cal physics at the Institute for Advanced Study; and in 1946 he 
became a naturalized United States citizen. Following World War 
II he returned to Ziirich. Pauli became one of the most brilliant 
of the mid-20th-century school of physicists. While still a student 
he wrote a masterly exposition of the theory of relativity. The 
work for which he received the Nobel Prize relates to quantum 
mechanics (q.v.) and played an important part in the wave theory 
of the atom. Pauli was also the first to posit (1931) the existence 
of the neutrino (see PARTICLES, ELEMENTARY). He died in Zürich 
on Dec. 15, 1958. 

See S. A, Goudsmit, “Pauli and Nuclear Spin,” Physics Today, vol. 
14 (June 1961). (W. J. Br.; X.) 

PAULICIANS, a dualist Christian sect, influenced most di- 
rectly by Marcionism and Manichaeism, which originated in Ar- 
menia in the 7th century. Most of what is known of them comes 
from the Historia Manichaion by Peter of Sicily, who was sent by 
the Byzantine emperor Basil I to the Paulician stronghold of 
Tephrice to make peace (869). The identity of the Paul after 
whom the Paulicians are called is disputed. 

The fundamental doctrine of Paulician dualism is that “there 
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are two principles, an evil God and a good God; the fom. 
the creator and ruler of this world, the latter of the world to gy. 
From this they deduced the docetic doctrine (see Docensy i 
Jesus was the son of Mary not in truth but only in seeming M. 
the good God could not have taken flesh and become mas "i 
other dualist sects the Paulicians, though recognizing the Ser \ 
as uniquely authoritative, rejected the Old Testament and we 
Epistles of St. Peter. They especially honoured St. Luke's 
and the Epistles of St. Paul. Their belief that all matter Wa th 
creation of the evil God led them to reject the sacramental 

of water, bread, wine, and oil, and therefore all the seven шт 
ments, though they later conformed to the practices of the 

to escape detection and persecution. They rejected the dii 
establishment of the church and in their own worship did noty | 
its liturgy and rites. Their rejection of the sacrament of orm 
made them anticlerical; their early leaders they called merd 
“companions in travel" (Acts 19:29). 

The founder of the Paulicians seems to have been an Ат, 
Constantine (fl. between 641 and 648), who took the addition 
name of Silvanus (one of St. Paul's companions), He gave amg 
distinctively Christian character to the Manichaeism which at ll 
time was prevalent in the Asiatic provinces of the Byzantine By 
pire (see MaNicHaEISM). The sect seems early to have staral 
a widespread political and military rebellion within the enit 
Between 668 and 698 Constantine III and Justinian II sent im 
expeditions to repress it. Constantine-Silvanus was stoned i 
death, and his successor, Simeon-Titus, was burned alive, Init 
early 9th century Paulicianism was revived. It expanded ii 
Cilicia and Asia Minor under Sergius-Tychicus, who mai 
strong enough to survive the persecution and massacre instig 
by the emperor Michael I and the empress Theodora. The unie 
and power of the Paulicians were at their greatest under thet 
leaders Carbeas and Chrysochir in the third quarter of the tt 
century. An expedition sent by Basil I in 872 broke their піш 
power, but they survived in Asia at least until the Crusades. T 
importance after the 9th century lay chiefly in Thrace, whi 
many Paulicians were forcibly transported (757, 718, c, 9) 
serve as a frontier force against the Bulgarians. Paulician 
trines were disseminated among the Macedonians, Bulgarian 
Greeks, especially among the peasants, and they contributed 
to the development of the doctrines and practices of the 
(q..), who first appeared in Macedonia in the early 10th = 

See S. Runciman, The Medieval Manichee (1947); D. b" 
The Bogomils (1948). E 

PAULING, LINUS CARL (1901- ), US 08 
winner of the Nobel Chemistry Prize for 1954 an 


d the Nobel Pat 


Prize for 1962, who discovered fundamental principles ui 
ing the nature of the chemical bond and the structure (s no 
size) of molecules, and their application to the explana 
properties of matter. He was born on Feb. 28, 190 nd 
Ore., and educated at Oregon State College (Corvallis i 
California Institute of Technology (Pasadena). He) 
staff of the California Institute of Technology in 1922, ҮТ: 
In large measure his work led to the general realizatio! the 
nature of the chemical bond and molecular structure dis 
tral and most fruitful theme of modern chemistry. Hi aye 
about the nature of the chemical bond include Ше ct 
and the hybridization of bond orbitals, electronic sa oe 
magnetic properties, and the effect of resonance F 
and stability of molecules (see RESONANCE, THEORY b 
From 1936 he and his colleagues applied t 
study of the properties of living systems. 
the discovery of some of the arrangements of posee the at 
in proteins, especially a linear helical structure calle Jar st 
and the discovery that an abnormality in the шо yel 
of hemoglobin is associated with sickle cell anemias (К pil 
disease. T 
PAULINUS, SAINT, or Nora (Mexorrus Po, 
Crus PAULINUS) (353-431), bishop of Nola 
ern Italy) and one of the most important and at 
Latin poets of his time, was born at Bordeaux; 
ily, of Roman patrician origin, was settled. 


luential and Paulinus, who was the favourite pupil of 
(q.v), Was marked for a public career; he became suc- 
| Roman senator, consul, and governor of Campania. 
‘not baptized until 389, he was brought up as a Christian 
ledicated to St. Felix, whose tomb at Nola was on one 
family estates. Returning to Aquitaine, he married a 
Jady, Therasia, with whom in 389 he retired to Spain. 
h of their only child in 392 made them decide to forsake 
vorld ; they sold their possessions in Gaul and Spain, and 
when Paulinus was already in priest's orders, they settled 
to live a life of ascetism and boundless charity. 

sact of renunciation created a profound impression. Pauli- 
old master Ausonius uttered his reproaches in verse to which 
replied in poetical epistles. This exchange belongs to 
> when Paulinus was still in Spain. He also corresponded 
epistles with Nicetas of Remesiana, His verses, in 
ric measures, show how a Christian poet could subdue rhetoric 
Christian ends. His poems as a whole abound in reminiscences 
sical authors such as Virgil, Horace, Ovid, and Lucan, for 
d not forget the methods of the schools. His charm as a 
best seen in his poems on the feast day of St. Felix. 
lection of his letters is of equal interest, as he corre- 
with famous men of his day: Augustine, Jerome, and Sul- 
"Severus, His prose style, often rhetorical and exuberant, 
descends to puerilities, He could describe in dignified 
ge his cold reception by the pope, or satirize the ignorance 
ose Who could not perceive the beauty of the life of renun- 
on, but his letters breathe above all the atmosphere of what 

en called the cult of Christian friendship. About 409 Pauli- 
‘Was consecrated bishop of Nola, where he died June 22, 431. 
t is still celebrated on the anniversary of his death. 


( 


А ULINUS, SAINT (d. 644), first bishop of the Northum- 
di nd bishop of York, was sent to England by Pope Gregory 
_ lin 601 to assist St. Augustine in his mission. He was conse- 
n 625 and escorted the daughter of Aethelberht to the 
nbrian king Edwin (g.v.). As a result of his preaching, 
lwin was baptized and assigned York to Paulinus as his 
Tn 632 Edwin was slain at Hatfield Chase and Paulinus re- 
Kent, where he became bishop of Rochester. He received 
E in 634 and died in 644. His feast day is October 10. 
Historia ecclesiastica, ed. by C. Plummer, vol. ii (1896); 
Hodgkin, 4 History of the Anglo-Saxons, vol. i, pp. 273-280 


ULIST FATHERS (Socigrv оғ MISSIONARY PRIESTS OF 
AUL THE APOSTLE; C.S.P.), founded in 1858 by Isaac Hecker 
‘our other Redemptorist priests, are dedicated to the con- 
non-Roman Catholics. Except for establishments in 
„Орь, Johannesburg, S.Af., and Rome, the society exists 
3 тне United States, See HECKER, Isaac THOMAS; ORDERS 
A PA GREGATIONS, RELIGIOUS. 
4 AULO AF ONSO FALLS are formed by the confluence 
f branch streams about 190 mi, from the mouth of the 
$ Francisco River on the Alagóas-Bahía border in Brazil. Set 
Splendid scenery in the centre of a national park, the rapids 
ht of 279 ft. The falls are the site of a great hydro- 
ое, begun in the late 1940s, to supply power to 
PAUSE! See São FRANCISCO. р 
er and , FRIEDRICH (1846-1908), German philoso- 
Advocate of educational reform, was born at Langenhorn 
х & on July 16, 1846. He was educated at Erlangen, 
and Bonn: Не was professor of philosophy and pedagogy 
from 1878 until his death there on Aug. 14, 1908. Paul- 
ophi Breatest of the pupils of G. T. Fechner and his major 
cal work, Einleitung in die Philosophie (1892; Eng. 
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trans. 1895), which attempted an epistemological account of our 
knowledge of the psychophysical, gave great prominence to 
Fechner’s doctrine of panpsychism, He also paid considerable at- 
tention to Kantian philosophy, on which he wrote several studies, 
including /mmanuel Kant, sein Leben und seine Lehre (1898; 
Eng. trans. 1902). In general, however, Paulsen’s best-known 
philosophical works are somewhat oversimplified and his ideas un- 
original (partly because he deliberately wrote for a wide audi- 
ence); he is best remembered for the part he played in the 
reorganization of higher education in Germany by leading the 
attack on the monopoly of the Gymnasien in the preparation of 
students for the university. His educational writings include 
Geschichte des gelehrten Unterrichts auf den deutschen Schulen 
und Universitäten vom Ausgang des Mittelalters bis zur Gegen- 
wart (1885; Eng. trans. 1895), and Das deutsche Bildungswesen 
und seine geschichtlichen Entwicklung (1906; Eng. trans. 1908). 
He also wrote a System der Ethik, mit einem Umriss der Staats- 
und Gesellschaftslehre (1889; Eng, trans, 1899). 

а ss Lorenz (trans. and ed.), Friedrich Paulsen, an Autobiography 

PAULUS (SILENTIARIUS) (d, A.D. 575), Greek poet, surnamed 
from his office of “silentiary” or usher at the court of Justinian I, 
was a member of the circle of classicizing writers at the imperial 
court in Constantinople. He was a contemporary and friend of 
Agathias. He wrote two elaborate poems describing Justinian’s 
new church of Hagia Sophia, read at the dedication of the church 
in 537, which are important sources for the history of Byzantine 
art and architecture. About 80 of his epigrams on various subjects 
are preserved in the Greek Anthology. 

BreLrocRAPHY.—Poems on Hagia Sophia ed, by P. Friedländer with 
introduction and commentary (1912); Italian verse trans. with com- 
mentary by А. Veniero (1916). See also S. G. Xydis in Art Bulletin 
29:1-24 (1947), and on the epigrams see В. L, Gildersleeve in American 
Journal of Philology 17:42-72 (1917). (G. Do.) 

PAULUS, FRIEDRICH (1890-1957), German army officer, 
field marshal in World War II, was born at Breitenau, Hesse, 
Sept. 23, 1890. He served in World War I and helped plan World 
War II. He was chief of operations from Sept. 1940 to Jan. 1942, 
when Hitler entrusted him with the command of the 6th army in 
southern Russia. By late summer he reached Stalingrad (now 
Volgograd), high-water mark of Nazi conquest. Then, cut off by 
the Soviet counter-offensive that started in November, Paulus and 
his 300,000 men were abandoned by Hitler. He surrendered 
remnants of his army, after a bitter defense, on Jan. 31, 1943. 
On the same day, Berlin announced his promotion to the rank of 
field marshal. 

In Soviet custody, Paulus joined the National Free Germany 
committee to agitate against the Nazis and he later testified at 
the Nürnberg trials. After his release in 1953, he settled in East 
Germany and publicly attacked the West German government for 
its rearmament and pro-United States policies. Paulus died in 
Dresden on Feb, 1, 1957. (P. N. T.) 

PAULUS (older form Pavitus), LUCIUS AEMILIUS 
surnamed Macevonicus (с, 229-160 m.c.), Roman general an 
patrician, son of the consul of the same name who fell at Cannae. 
Praetor in 191 and consul in 182, he campaigned against the 
Lusitanians (191-189) and the Ligurian Ingauni (181). Consul 
again in 168, he ended the Third Macedonian War at Pydna (q.v.). 
A commemorative monument was erected at Delphi, and the cap- 
tive king Perseus was shown at Paulus’ triumph. He settled 
Greece and on senatorial orders he sacked the cities of Epirus. He 
was censor in 164 and died in 160. At his funeral games the 
Hecyra of Terence was acted for the second and the Adelphi for 
the first time. Of the vast sums brought by him into the Roman 
treasury from Spain and Macedonia he kept nothing for himself. 
A fine general and a strict disciplinarian, an aristocrat, yet popular, 
he united Roman tradition with Hellenism. His most famous son 
was Scipio Aemilianus. 

BIBLIOGRAPHY — Plutarch, Aemilius Paulus; Polybius, xxix-xxxi ; Livy, 
xliv, 17 ff,; xlv-xlvi; H. Н. Scullard, Roman Politics, 220-150 B.C. 
(1951). (H. H. Sp.) 

PAULUS DIACONUS (PAUL THE DEACON) (c. 720-2799), 
the historian of the Lombards, came of a noble Lombard family in 
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Friuli, and was educated at the royal court at Pavia. During the 
reigns of Ratchis and Desiderius he remained in close contact with 
the royal family, He taught Desiderius’ daughter Adelperga and 
probably followed her to Benevento after her marriage with its 
duke; he composed for her his first historical work, the Historia 
Romana (ed. by A. Crivelluci, 1914), an expansion and continua- 
tion of Eutropius's Breviarium. Probably after the collapse of the 
Lombard state in 774, he entered the monastery of Monte Cassino. 
In 782 he went to Charlemagne to plead for his brother Arichis 
who had taken part in an anti-Frankish rising; he thus joined the 
group of scholars whom Charlemagne had gathered at his court, 
and became a prominent figure in the Carolingian Renaissance. 
His interest in classical Latin grammar is reflected in his Epitome 
. of Festus’ De verborum significatu, while his poems (ed. by K. 
Neff, Die Gedichte des Paulus Diaconus, 1908) are outstanding 
examples of the classical revival. He continued his historical 
writing with a history of the bishops of Metz, which became a 
model for later similar histories, and with a life of Gregory the 
Great. But his greatest achievement was his Historia Lango- 
bardorum (ed. by L. Bethmann and G. Waitz, in Monumenta 
Germaniae Historica, Script. rer. Langob., ТЇ, 1878; also ed. in 
usum scholarum ; Eng. trans. by W. D. Foulke, 1907) to the death 
of Liudprand (744). Based on written sources such as the Origo 
gentis Langobardorum, and on oral tradition, which would other- 
wise have been lost, it is the work of a scholar and a patriot, and 
remains the most important source of Lombard history. The 
Historia was written in Monte Cassino where Paul had returned 
by 787, and where he died on April 13, perhaps in 799. His other 
works include a collection of homilies for the ecclesiastical year, 
and a commentary on the Rule of St. Benedict. 

BisLrocmAPHY.—For editions of other works see М. Manitius, Ge- 
schichte der lateinischen Literatur des Mittelalters, Y, pp. 263-272 
(1911), and for other material, pp. 257-262; W. Wattenbach-W. Levi- 
son, Deutschlands Geschichtsquellen im Mit- we " 
telalter. Vorzeit und Karolinger, IL, pp. 203- 

224 (1953). (№. R.) 

PAUROPODA, a class of many- 
legged, air-breathing arthropods that 
superficially resemble tiny centipedes or 
millipedes. In fact, when Sir Jobn Lub- 
bock announced the discovery of pauro- 
pods in 1866, he regarded them through a 
representative genus Polyxenus, as linking 
forms between centipedes and millipedes. 
The largest pauropods are only about 1 
mm, in length, the smallest about 0.5 mm. 
Their soft, pale or whitish bodies may be 
found in decaying vegetation upon moist 
soil; they are quite inconspicuous in this 
habitat where they feed and lay their 
eggs. 

The body is composed of 12 segments, 
but because of the coupling of dorsal 
plates (tergites) of the first 10 segments, 
the number appears to be less than 12 Ley! ADULT SEEN FROM 
when the animal is viewed from above. ABOVE (greatly magnified) 

The adult has nine evident pairs of legs. 
Pauropods resemble centipedes in body 
form and in number of legs per segment: 
one pair of legs is found on each true seg- 
ment except the last two, which are legless; 
the legs of segment one are so degenerate 
that they are hardly noticeable. Fusion of 
tergites indicates a beginning of the proc- 
ess, carried to completion in millipedes, of 
the doubling of segments. 

LIMA N The most distinctive characteristic of 
/ pauropods is the possession of branched 
antennae, a characteristic separating them 
from other arthropods. Each antenna con- 
sists of four segments, of which the end one 
bears two branches; the upper branch is a 
simple filament of many segments; the 


FROM J. LUBBOCK IN "TRANSAC- 
TIONS* 


FIG. 1.—PAUROPUS HUX- 


FROM J. LUBBOCK IN “TRANSAC- 
TIONS" 

FIG, 2.—YOUNG PAURO- 
PUS WITH ONLY THREE 
PAIRS OF LEGS (greatly 
magnified) 
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| lower branch bears two filaments, 
the bases of which is a ¢ б 
rounded knob (globulus) fim 
special sense organ. Eyes are al hi 
behind the base of each antenna js ay 
like spot (pseudoculus) possibly hond 
gous with the organ of Tömösv: 
centipedes. The mouthparts - 
those of millipedes. 

The internal structure is relatively i 
specialized; pauropods lack both spit 
respiratory and circulatory systems, Ty 
simple alimentary canal, though it eg 
a pair of degenerate excretory tubda 
(Malpighian tubules), appears to eii 
excretion chiefly through its own epit 
lium. As in millipedes the reproductiy 
organs open at the bases of the seul 
legs, males having a pair of penes, Fry 
the egg arises a pupoid larva, which in n 

E gives rise to a free larva having three pi 
тпом 2. LUBDOEK IN CMM. of legs. Later larval phases me bend 
FIG, 3.—PAUROPUS HUX- served with five, six and eight pairs ofl 
LEYI SEEN FROM BELOW ^ Pauropods are classified under the 
(greatly magnified) families: Pauropododae, Eurypauropil: 
dae and Brachypauropodidae. 

BIBLIOGRAPHY ZA good summary is given by К. W. Verhoef t 
Bronn’s Klassen und Ordnungen des Tier-reichs (1933-34); aml 
Graf Attems in Kukenthal and Krumbach’s Handbuch der ІЙ 
(1926). (R.V.0) 

PAUSANIAS, of the Agiad royal family of Sparta, suce 
his father Cleombrotus in 480 в.с. as regent for Leonidas уйй. 
son Pleistarchus. As commander of the Greek army he 
the Persians under Mardonius at Plataea in 479 (see Свон 
stan Wars), Next year he led an allied fleet to Cyprus; 
captured Byzantium, to command the crossing between 
Europe. Here his arrogance and his adoption of Persian e 
and manners offended the allies and raised suspicion of 
Recalled to Sparta, he was acquitted on the major charge W 
not restored to his command: the allies now separated from i 
and formed the Delian League (g.v.) with Athens. Pau: 
turned privately and held Byzantium until dislodged 
Athenians, probably in 477, when he retired to 
Eventually the Spartan ephors again recalled him, and 4 и 
the summons and successfully defied his enemies to f 
trial. In the end one of his messengers opened and gave 
ephors a letter from Pausanias to the Persian king, an the? 
and an overheard conversation between Pausanias and 
senger encouraged the ephors to arrest him. He took rs 
the Temple of Athena of the Brazen House but was 
starved to death, probably between 470 and 465. — ый 

Pausanias’ real plans and the degree of his guilt are o 
Herodotus had some doubt about the story, ii 


in acting against him suggests that 
him innocent, and it is likely enough that he headed à 
ing to dispute the leadership with Athens. 
do not look innocent, and his agent Gongylus, 


for him during his first recall, certainly receiv (А \ 
from Xerxes afterward. f the [i 
PAUSANIAS, Greek traveler and geographer 0 ИТ 


tury A.D., was probably a native of Lydia. Tt has bee 
perfect justice by J. G. Frazer that “without pinout að 
Greece would for the most part be a labyrinth W 
riddle without an answer.” + Ast y 
Before visiting Greece he had traveled widely p of 
Syria, Palestine, Egypt, Macedonia, Epirus, 2” Pe ti 
His Description of Greece takes the form of a tour Ss n 
Attica. It is divided into ten books: (i) Attica 97^ (gi 
Corinth and Argolis; (iii) Laconia; (iv) Messen 
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Els, including Olympia Я (vii) Achaea; (viii) Arcadia; (ix) 
Boeotia; and (x) Phocis, including Delphi. He probably planned 
{o write on the remaining regions as well. The books seem to 
have been written in the order in which they stand, over a period 
of about 15 years. No event after about A.D. 176 is mentioned. 

The work has no formal preface or conclusion. The author's 
iim may be inferred from his statement at the close of his account 
of Attica; “Such (in my opinion) are the most: famous of the 
Athenian traditions and sights; from the mass of materials I have 
aimed from the outset at selecting the really notable.” In the 
hope of giving variety to the topographical details the author in- 
tersperses them with lengthy historical disquisitions. In the sub- 
sequent books his account of each important city begins with a 
sketch of its history; in his descriptions he adopts a topographical 
order, He gives a few glimpses into the daily life of the inhab- 
jlants, ceremonial rites and superstitious customs. He frequently 
introduces history, legend, and folklore; but it is only rarely that 
he allows something of the scenery to be seen. 

He was inspired by interest in the ancient glories of Greece 
and seems to have had little love for Roman rule. He is most at 
home in describing the religious art and architecture of Olympia 
and Delphi and was interested in visiting the battlefields of Mara- 
thon and Plataea, in viewing the Athenian trophy on the island of 
Salamis, the tombs of famous men, and the colossal lion guarding 
the tomb of the Thebans on the Boeotian plain. 

At Olympia he takes note of the ancient quoit of Iphitus in- 
scribed with the terms of the Olympia truce, the tablets recording 
treaties, and the memorials of victories. At Delphi he marks the 
trophies of the Athenians, the united Greeks, the Spartans, the 
Thebans, and the shields dedicated in memory of the repulse and 
defeat of the Gauls at Delphi. At Athens he sees pictures, por- 
ms and рор» recording the laws of Solon, on the Acropolis 

great bronze statue of Athena, and outside the city the monu- 
ments of famous men and of all the Athenians who fell in battle, 
xcept the heroes of Marathon, “for these, as a meed of valour, 
n SUM on the field." 

n the topographical part of his work, he is fond of digressions 
on the wonders of nature, the signs that herald the approach of an 
tarthquake, the tides, the icebound seas of the north, and the 
Monday sun which at the summer solstice casts no shadow at 
Syene (Aswan), His main interest is in works of art: he pre- 
mue Works of the Sth and 4th centuries в.с. to those of later 

S. 

"Abad of Greece the accuracy of his descriptions has been 

Шш y the remains of the buildings; but he made appalling 

бана" sur when he followed other authors. His style, 

4 Criss artifice, is undistinguished. Pausanias work 

liis 2 nown in antiquity, but now it is an invaluable guide 
uins of ancient Greece. 

5и g baee Series text by F, Spiro (1903); “Loeb Series” ed. by 
mentan 0169 Н. А. Ormerod and К. E. Wycherley (1918-35). Com- 

P Y with trans, by J, G. Frazer (1898). (E. Ba.) 
i WANE (Italian Papovana, from Padua), а slow 16th-cen- 
35 the first duple or quadruple rhythm. It became important 

Е Гн of the 15th century basses danses (popular dances) to 
hain Bienes court circles. It traveled to France by way of 
ба ХЕКЕ vogue undoubtedly added Spanish characteristics 
Southern Ni performances on solemn occasions in the churches of 
Spanish o pain. Thus arose the possibly disputable claims of its 
mme tmd and the still widely believed derivation of its 
Movement pavo (“peacock”). A stately processional, its basic 
close, alten consisted of step close, step close, and step, step, step, 

i Жы forward and backward. Customarily followed 
about d Galliard, it retained its popularity as a ae 

р ; .Hr. 
dau ETC, AN TE (1889-1959), Croatian nationalist leader, 
ans and T independent Croatian state sponsored by the Ger- 

talians during World War II, was born at Bradina, in 


r i 1 " 
sity or Region, on J uly 17, 1889, He studied at Zagreb Univer- 


Croatian ater practised law at Zagreb. He joined the nationalist 
arty of Rights and became its secretary. In 1920 he 
City and county alderman at Zagreb. A deputy to the 


Pas elected 


Yugoslav skupstina from 1927, he opposed the amalgamating policy 
of the government. In January 1929, when King Alexander estab- 
lished his dictatorship, Pavelic escaped to Italy where he organ- 
ized a revolutionary Croatian nationalist movement, the Ustasa 
(insurgent). It was this movement that organized the assassina- 
tion of King Alexander in Marseilles on Oct, 9, 1934, Aiming to 
destroy Yugoslavia and to establish an independent Croatian state, 
Pavelic joined forces with Hungarian, German, and Italian adver- 
saries of the existing territorial settlement in Europe and ulti- 
mately became an instrument of Fascist imperialism in the Balkans, 
In April 1941, when Germany and Italy conquered and dismem- 
bered Yugoslavia, an independent Croatian state was established, 
and Pavelic became the head (poglavnik) of the new state. He 
ruled as a dictator and, because of wide popular opposition to his 
regime and policy, with ruthlessness and brutality. In May 1945 
when the Croatian state ceased to exist, Pavelic left Zagreb to 
escape capture by Yugoslav Communists. After hiding under false 
names in Austria and Italy he arrived in Argentina in 1948, In 
1957 the Yugoslav government demanded his extradition as a war 
criminal, but this was refused by the Argentine government. 
Wounded during an attempt on his life in Buenos Aires (April 10, 
1957), Pavelic fled from Argentina and settled secretly in Spain 
where he died in Madrid on Dec. 28, 1959. (A. 5. Pa) 

PAVIA (ancient TiciNUM), a city of Lombardy in northern 
Italy, capital of the province of Pavia, is situated on the left bank 
of the Ticino River, 4 km. (3 mi.) above its junction with the Po 
and 36 km. (22 mi.) S of Milan by road and rail. Pop. (1961) 
78,069 (commune). On the other side of the river is the suburb 
of Borgo Ticino, connected with the city by a covered bridge, the 
Ponte Coperto, dating from the Middle Ages (rebuilt 1951). 
Pavia still retains the ancient plan of a Roman castrum, with 
cardo (main street running north-south; now called Strada Nuova), 
decumanus (running east-west; Corso Cavour and Corso Mazzini), 
quadrivium or main crossroads (Demetrio), and network of streets 
for centuriae (companies). In the centre of the city stands the 
cathedral with its vast cupola. Begun in 1488 by Cristoforo 
Rocchi, and completed in 1898 according to Rocchi’s still extant 
model, the cathedral has the form of a Latin cross, Close by is 
the Piazza Grande with the ancient Broletto or town hall (12th 
and 16th centuries) in the background; in the square stands the 
Palazetto Dei Diversi (14th century). Particularly important are 
the Romanesque churches, including: S. Michele Maggiore (11th 
century), the ancient Lombard cathedral where for more than 
200 years the medieval “kings of Italy" were crowned; S. Pietro 
in Ciel d'Oro (12th century), mentioned by Dante, Petrarch, and 
Boccaccio, with a marble tomb (1362) containing the bones of 
St. Augustine of Hippo; and S. Teodoro (12th century), decorated 
with 13th-century Byzantine frescoes and 16th-century stories of 
saints and virgins, Other churches are the beautiful Gothic Sta. 
Maria del Carmine (14th century) and S. Francesco (13th cen- 
tury). Other buildings of note are the 16th-century palace of Del 
Maino and the 18th-century palaces of Botta-Adorno, Brambilla, 
Olevano, Mezzabarba, Arnaboldi, and Vistarino (all ancient patri- 
cian families). In the rooms of the 14th-century castle of the 
Visconti valuable artistic collections are kept, and the magnificent 
Romanesque department is devoted to sculptures and mosaics. 

The University of Pavia was founded in 1361 by Gian Galeazzo 
Visconti: it is linked with the ancient law school which was in 
existence in 825 in the time of Lothair I. The oldest part of 
the building dates from the 14th century and Maria Theresa of 
Austria had extensions built in the 18th century. Christopher 
Columbus once studied there. The colleges of Ghislieri and 
Borromeo were founded in the 16th century by Pope Pius V and 
St. Charles Borromeo. The University of Pavia is particularly 
noted for the study of law, science, medicine, and surgery, and has 
a central library of more than 400,000 volumes and 1,500 manu- 
scripts. The civic library has 60,000 volumes, principally con- 
cerned with local history. The Pinacoteca (Palazzo Malaspina) 
boasts works by many famous artists and its collection of more 
than 30,000 prints is one of the most important among such col- 
lections in Europe. 

Pavia is on the railway from Milan to Genoa. The Naviglio, a 
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navigable canal along which sand and gravel from the Ticino are 
transported, runs to Milan; Leonardo da Vinci devised the 12 
locks which raise the canal 148 ft, between the two cities. The 
chief industry is the manufacture of sewing machines. There 
are also mechanical engineering, ferrous metal working, and the 
manufacture of thermionic valves and chemicals. The city is an 
important agricultural centre. 

Pavia was originally a Roman municipality, Ticinum, of the 
Papiria tribe and it increased in importance, owing to its geo- 
graphical position, in the time of the empire. It was pillaged by 
Attila in A.D. 452 and by Odoacer in 476 but later became an im- 
portant centre of Gothic resistance against the Byzantine Empire. 
From the 6th century, under the Lombards, it was one of the 
leading cities of Italy, remaining so even when it fell under Frank- 
ish dominion in 774. After a series of wars with Milan from 
the 11th to the 13th century, it was subdued by the Visconti in 
1361 and under Gian Galeazzo became the political centre of Italy. 
In 1525 a notable battle took place between the Spanish emperor 
and the French king (see below). During the 18th century Pavia 
was occupied variously by the Austrians, French, and Spaniards. 
It was one of the leading cities of Venetian Lombardy in the 
campaigns of the Risorgimento. 

Battle of Pavia (1525).— The battle.took place in the huge 
park of the Visconti Castle, to the north of Pavia, between Francis 
I of France and Charles V of Spain: In 1524 the French king 
occupied Milan and brought against Pavia an army of more than 
30,000 men, attacking it from every quarter. But the defense, 
conducted by the troops of Antonio de Leyva and the Pavians, 
aided by Swiss militia, forced the French to concentrate their 
forces in the park of the Visconti. At dawn on Feb. 24, 1525, the 
imperial troops attacked the French and threw the German in- 
fantry, mercenaries of Francis I, into confusion. De Leyva then 
made a sortie from Pavia and, having destroyed the ranks of 
Giovanni de Medici, attacked from behind the Swiss reinforce- 
ments, annihilating the French army, whose king fell prisoner. The 
Battle of Pavia showed the superiority of firearms over cold steel 
and revolutionized military tactics. 

Certosa di Pavia.—A Carthusian monastery, the most magnif- 
icent religious monument in Lombardy and one of the most beauti- 
ful in the world, is situated 8 km. (5 mi.) N of Pavia, on the 
extreme boundary of the park of the Visconti. Begun in 1396 by 
Bernardo da Venezia, it was continued by Andrea and Cristoforo 
Solari and others in a transitional style between Gothic and 
Renaissance. The facade is a marvelous piece of architecture of 
Renaissance Lombardy, with a splendid array of sculptures and 
marbles. In the north transept of the church is the tomb of 
Lodovico Sforza (il Moro) and his wife by Cristoforo Solari, and 
in the south transept that of Gian Galeazzo. The terra-cotta 


G. CHIOLINI 
THE CERTOSA DI PAVIA, A CARTHUSIAN MONASTERY COMPLETED IN THE 
17TH CENTURY 
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ornaments surrounding the slender marble pillars of the 
cloister are the work of Rinaldo de Stauris, who executed si 
decorations in the great cloister, which is 412 ft. long and Em 
wide and contains 24 monks’ cells, each in the form ofa : 
house with three rooms and a garden. зщ 

Pavia PROVINCE lies to the south of the province of Milan l 
comprises three distinct regions: Pavese, Oltrepò, and Longl 
Area 1,145 sq.mi. (2,966 sq.km.). Pop. (1961) 514,994, Pins 
produces grain, Lomellina rice, and Oltrepò wine. The indo 
centres of Lomellina include Vigevano (footwear) and Mortis 
(carpets, biscuits, and rice processing). Among places of histor 
interest are Lomello's 8th-century baptistery and Vigevano Di 
Ducale, to which Leonardo da Vinci contributed. Varzi, Вёз 
Gavina, and the 4,000-ft. Passo del Brallo and Passo del билїї 
Oltrepo are holiday centres. 

See also references under “Pavia” in the Index. 

BisrrocRAPHY.—G. Chierici, Guida alla Certosa di Pavia (1950);) 
Vaccari, Profili storico di Pavia (1950), Pavia nell'alto Medi, 
nell'età comunale. (1956); А. Annovazzi and F, Biancoli, Pavia th 
sua Provincia (1952). (Dr. M) 

/ 

PAVIA Y LACY, MANUEL, Marovés DE Novum 
(1814-1896), Spanish general who remained loyal to Isabell 
in the revolution of 1868, was born in Granada on July 6, lilt 
He fought for Isabella in the First Carlist War (1833-39), beg 
appointed colonel for his success at the fall of the castle of Oni 
and brigadier at the capture of Solsona. In 1840 he was eri 
marqués de Novaliches. He emigrated to France in 1841, and 
his return in 1843 took part in the overthrow of Gen. Baldone 
Espartero. Pavia became minister of war in 1847. Айй 
he was captain general of Catalonia and in 1853, as captain genti. 
of the Philippines, he went to Manila and crushed the revolt off 
mestizo José Cuesta in 1854. At the revolution which 
Isabella in September 1868 he was defeated at Alcolea by 08 
Francisco Serrano, and was badly wounded. He emigrated all 
accession of Amadeo (December 1870) but returned at the restir 
tion of Alfonso XII (December 1874), when he was restored # 
his honours and received the Order of the Golden Fleece. He 
in Madrid on Oct. 22, 1896. (R. $13] 


" 
PAVIA Y RODRÍGUEZ DE ALBURQUERUU 
MANUEL (1827-1895), Spanish general who carried 0 
coup d'état of January 1874, was born at Cádiz on Aug. 116 
Appointed captain in 1848 and major іп 1854, he joined in! 
the staff of Gen. Juan Prim whom he supported in the цш 
ful uprisings in 1866 and, after two years in exile, in the im 
ful revolution of September 1868 which deposed Isabella Il. / 
the abdication of King Amadeo (February 1873) and the rae 
tion of the republic by the Cortes, Pavia suppressed (18 
chief cantonal insurrections in the south of Spain. e m 
pointed captain general of New Castile in the same year: » 
hoped to establish a dictatorial, military republic with e 
Castelar (g.v.), but when, on Jan. 3, 1874, Castelar ча 
by, and refused to dissolve, the Cortes, Pavia carried ion 
d'état and expelled the Cortes. Free from personal am 
summoned Gen. Francisco Serrano to take over the gova 
After the restoration of Alfonso XII (December. і ene 
was elected to the Cortes in 1876. He was captain BP". 
Catalonia (1880-81) and of New Castile (1885-86). 
Madrid on Jan. 4, 1895. 

PAVLODAR, an oblast and town in t 
cialist Republic, U.S.S.R. Formed in 1938, the Оо 
area of 49,228 sq.mi. (127,501 sq.km.). Thats oy town 
rayons and has two towns and four settlements 0 (№ 
From Dec. 1960 it formed part of the Tselinnyy Кау oi 
Lands Region), abolished in 1965. The oblast oe 4 
Irtysh River and forms part of the West Siberian Da dos 
climate is continental and dry. There are importan ies at 
coal, copper, gold, and sodium chloride. d 


[] 


Main in n s 
mining (Ekibastuz), salt production from the a pud 
mining (Maikain). More than 3,500,000 ha. are Un og 
(mainly wheat and millet) and dairy cattle are 2 ur M 
'The population was 455,013 in 1959, of which 72 
Russians probably predominate over Kazakhs. 


# 


Я Я the administrative centre, апа Ekibastuz. In addition to 
about. 580 schools there are several special middle-school training 
establishments. The main railway is the Tselinograd ( Akmolinsk)- 
| pavlodar-Kulunda line. The Irtysh is navigable and there are 
metaled roads. 
Pavlodar town has a population (1959) of 90,096. Situated on 
, it was founded as Koryakovski outpost in 1720 and 
the town of Pavlodar in 1861. It has a number of light 
ies (mostly connected with food), teacher-training and 
institutes, a theatre, and a museum. (G. E. Wr.) 
PAVLOV, IVAN PETROVICH (1849-1936), Russian 
iologist, achieved world renown for his researches on blood 
dreulation, the action of the digestive glands, and the formation 
of conditioned reflexes. He was awarded the Nobel Prize in 1904 
for his work on the physiology of digestion, but his name is known 
far beyond scientific circles for his systematic experimental studies 
of conditioning of dogs and other animals. These studies, begun 
in 1902, profoundly influenced the experimental psychology of 
kaming, while his discovery of techniques for creating “ехрегі- 
‘mental neuroses” in dogs did much to pioneer the scientific ap- 
proach to the study of human mental disorders. Although Pavlov 
ws unrivaled in the surgical 
skills and objective methods of 
animal experimentation, his the- 
ory of the cerebral processes in 
conditioning was much criticized, 
and his later extension of condi- 
tioning principles to account for 
complex human mental proc- 
кү) such as language, lacks 


He was born in Ryazan on 
hus i 1849, the son of a priest. 
our years spent at the 
Ryazan Seminary, he studied sci- 
006 then medicine, at the Uni- 
versity of St. Petersburg (Lenin- 
- Having graduated as 
doctor of medicine (1883), he 
Worked in Germany (1884-86) 
Wer two great physiologists, 
F, W. Ludwig and Rudolf 
idenhain, On returning to St, 
Petersburg, his first major ap- 
E tment was to the chair of pharmacology at the Military Medi- 
Academy in 1890. In 1891 he directed the construction of the 
Surgical department in the world to be set up in a physiological 

hh tory, at the new Institute of Experimental Medicine. | 
1895 he became professor of physiology at the Military 
the is Academy. His honours included election as member of 
ussian Academy of Sciences (1906), foreign member of the 
Society (London, 1907), and honorary fellow of the Royal 
Hoe of Physicians (London, 1928). His first publications, on 
Circulation, date from 1878, and his major work on the 
ogy of digestion appeared in Russian in 1897 and subse- 
ы in German, French, and English. The account of his 25 
English еы work on conditioning became aye m 
[^0 VOTE G. V. Anrep’s translation (1927) and W. H. 


em 1928 until his death Pavlov concentrated upon apply- 
conditioning principles to the problems of the psychiat- 
(1941), " а5 is described in a second book translated by Gantt 


шо died in Leningrad on Feb. 27, 1936. After his death, 
1 еви theory and account of cerebral activity retained 
OUS act; influence over research in the U.S.S.R. on the higher 
tothe veil of man. The essence of the Pavlovian approach 
е expe 'Y of complex mental processes is its emphasis on objec- 
ЫШ tment, its rejection of the subjectivity of older tra- 
inherent glory and of the mind-body dualism supposedly 


ші 
Pa . 
Му works available in English include The Work of the 
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Digestive Glands, translated by W. H. Thompson (1902); Condi- 
tioned Reflexes, translated and edited by G. V. Anrep (1927); 
Lectures on Conditioned Reflexes, translated by W. H. Gantt 
(1928); and Conditioned Reflexes and Psychiatry, translated and 
edited by W. Н. Gantt (1941), Gantt's two translations are intro- 
duced by useful biographical sketches. 

See CONDITIONING; LEARNING; NEUROSES, EXPERIMENTAL; etc. 
See also references under “Pavlov, Ivan Petrovich” in the Index. 

Brstiocrarny.—B. P. Babkin, Pavlov, a Biography (1951); E. A. 
Asratyan, /, P. Pavlov, His Life and Work (1953); A. G. Ivanov- 
Smolenski, Essays on the Pathophysiology of the Higher Nervous Ac- 
tivity (Eng. trans., 1954). (K. R. H.) 

PAVLOVA, ANNA (1881-1931), Russian ballerina, the 
most celebrated dancer of her time, was born Jan. 31, 1881, in St. 
Petersburg. She studied at the Russian Imperial Ballet School 
under Ekaterina Vazem and Paul Gerdt, graduating as soloist in 
1899. Seven years later, after triumphs in Swan Lake and Giselle, 
she was named prima ballerina, She participated in Diaghilev's 
first Paris season, 1909, but, dissatisfied with her position in the 
company, she soon withdrew. 

In 1910, with Mikhail Mordkin as her partner, she appeared 
with sensational success at the Palace Theatre, London, and 
Metropolitan Opera, New York City. 

Forming her own company, Pavlova began the series of world 
tours which continued until her death. Before World War I, she 
returned regularly to the Mariinsky Theatre, St. Petersburg. She 
appeared in all the principal countries of North and South Amer- 
ica, Europe, Africa, and the Orient, bringing the art of ballet to 
numerous communities where it was unknown, and inspiring many 
young dancers. She made her home in London with her husband 
and manager, Victor Dandré. She died Jan. 23, 1931, at The 
Hague. 

Pavlova's repertoire consisted chiefly of classic ballets, includ- 
ing Chopiniana, Don Quixote, and Coppélia, Her favourite was 
Giselle, Her superb performance of the famous solo, The Dying 
Swan, created for her in 1905 by Michel Fokine, was legendary. 

See Victor Dandré, Anna Pavlova (1932); Arthur H. Franks, Pav- 
lova, a Biography (1956). (Ly. Mx.) 

PAWNBROKING is the business of advancing loans on the 
security of goods or chattels. The precise definition of the trade 
depends on the legislation by which it is regulated. In Great 
Britain, for example, pawnbroking used to relate to loans not 
exceeding £10 in a single transaction; this figure was increased to 
£50 by the Pawnbrokers Act of 1960. There are precise condi- 
tions as to the right of the borrower to redeem articles pledged, 
and of the pawnbroker to dispose of forfeited goods. 

From the middle ages to the 20th century pawnshops have at- 
tracted the custom of a declining aristocracy. Jewelry and plate 
form the typical collateral for such loans. In the 19th century 
the small middle class joined the aristocracy in these transactions 
as principal borrowers. At the same time, a far poorer class of 
customers fell into the habit of pledging clothing, bedding and 
cheap personal effects. In Great Britain the latter is termed 
by pawnbrokers the “industrial,” the former the “city,” trade, 

The trade of the pawnbroker is one of the oldest known to man- 
kind, It existed in China 2,000 to 3,000 years ago, Greece and 
Rome were familiar with its operation; they laid the legal foun- 
dations on which modern statutory regulation is built. The forces 
which nurtured pawning, particularly among the poor, were need, 
habit and convenience. The industrial trade in the 19th and 20th 
centuries was fed neither by extreme poverty nor by severe un- 
employment, but by the continuing pressure of family incomes 
low enough to stimulate borrowing, while regular enough to en- 
able borrowers to redeem pledges. Moreover, occasional inter- 
ruptions of earning by unemployment and sickness contributed 
substantially to the growth of pawning. The convenience of hav- 
ing a pawnshop nearby and the habit which grows from the first 
failure to live within current income strengthened the bond be- 
tween pawnshop and borrower. It is said that the first half of the 
20th century witnessed an important growth of borrowing in 
Great Britain by the middle class. 

In the 20th century, after a long period of income redistribu- 
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HISTORY OF PAWNBROKING IN THE WEST 


Pewnbroking in the weet traces. ite origin to three 
leetitutions which existed in the middle ages: private pawnbrokers, 
puwmiboge and montes pietatis 

Private Pawnbrokers. The first person to satisfy the needs 
of his contemporaries for mall consumption beans was the prb 
vate pawnbroker, (ногу leet in most countries prohibited the 
taking of interest Pawnhroking was therefore carried on 


In these transactions, the pledge represented 
legal evidence of deli, as h known from an man: ipal 
law of 1276 regulating the trade of Jewish . Te the 
expamáon of economic activity between the INN and the 140 
centuries conreepended а considerable сненне in pawnbroking. 
Net only the poor and nerdy but alvo the wellto-do made use of 
puwmibopa and were ready to pay rater of interest ranging up to 
Moa year Sach rates were siigematised an exorbitant 
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PAWNBROKING 


were founded at Frankfurt am Main (1401). 
Nürmberg (1498) and Augsburg (1591). Ie 
ments changes la the form of limited interest af 
merely with а view to covering costs; |! profit 
went to funds. However much they 
of social service, all these pawnihogs 
н аг dori edema: their moderate c 
risks incurred in this type of business 
Montes Pietatis— Provision of soc al 


The Friars Minor (Franc 
the to establish montes pietatis (mon 
capita! accumulation), which were charitable 
interest-free loans, secured by pledges, to the 
from gifts or bequests Наг 
first mons pietatis at Perugia in f 
Turin (1519), Rome (1539), Bruges 
$77). Here again, the charitable intent 
rustrated by the economic dif culties I 
exhaustion of funds montes pietatis 
charge interest, usually at rates 
sell by auction any pledges which 
modifications raised the question of how 
against the usury laws 
recognized monte: pietatis an 
X issued a bull to this 
necessary to cover expe 
f these montes, expecially that in 
derical banks, receiving deposits at 
to and foreign princes 
and 19th Centuries Many 
as a means of preventing exploit 
Ih century, The structure of national 
to bear the Anencial 
incurring considerable 
* often enjoyed national 
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In Russia the mint made loans o^ gold and 
#715 onward, and stale mortgage banks were 
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future Belgium) had a tradition of interlinked 
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бена. not only for public assistance but alo of 
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between those who favoured freedom of trade and those who ad- 
hered to the view that regulation of charges was advisable. 
Changing economic conditions induced pawnbrokers to seek au- 
thority to make higher charges than those permitted by the act of 
1872. A relatively small additional charge was authorized by an 
act of 1922, There was а good deal of discussion in the trade 
about the advisability of seeking further changes in the law re- 
lating to charges, particularly among industrial pawnbrokers. 

Some amendments to the principal act of 1872 were in fact in- 
troduced by the Pawnbrokers Act of 1960 dealing with both loans 
and charges. The key figures for permitted loans under section 
10 of the act of 1872 were 40s. and £10. These were amended 
by the new act to £5 and £50 respectively. These increased 
figures apply not only to loans but also to other sections of the 
1872 act, such as section 6 (designed to prevent evasion), section 
24 (dealing with special contracts) and part I of the 4th schedule, 
regulating pawnbrokers’ profits, These were various provisions in 
the act of 1872 relating to forfeiture of pledges not redeemed in 
time, depending upon whether the loans were over or under 10s. 
This figure has been increased to 40s, The charges allowed to a 
pawnbroker for a pawn ticket, a valuation fee, inspection of an 
entry of sale in the sale book and for a declaration were also in- 

creased, but the sums involved were minimal and almost nominal. 

The number of pawnshops in England and Wales was about 650 

at the beginning of the 19th century. In 1848-49 there were 
1,837 in Great Britain (England, Scotland and Wales). These 
figures exclude very substantial numbers of unlicensed establish- 
ments, The number of licences issued in 1913—14 (one per pawn- 
shop) was 5,087, but a steady decline followed. The major decline 
was in the industrial trade; pawnbroking with a substantial ele- 
ment of city trade fared quite differently. Indeed, the character- 
istic features of the trade in the years since the 1920s have been 
the growth in relative importance of straightforward retailing and 
the fall in the share of industrial pawnbroking in the trade as a 
whole. The volume of pledge trade has fallen much more than 
the money value of pledges. The latter has been cushioned by 
rises in the amount of individual loans. Nevertheless, both vol- 
ume and value are very much smaller than in, say, the 40 years 
preceding World War I. The decrease in the importance of pawn- 
broking in Great Britain is attributable to changes in both demand 
and supply conditions. 

Demand Conditions.—Certain types of social policy helped to 
reduce the demand for loans by mitigating the effects of tempo- 
rary interruption of earning power. Old-age pensions have prob- 
ably been relatively unimportant because many of the recipients 
had few articles to pawn and little means of redeeming them. 
Family allowances, since they enabled beneficiaries to carry on un- 
til payday, are more likely to be significant, Slum clearing which 
removed former borrowers some distance from the pawnshop im- 
paired the appeal of convenience and at least reduced the fre- 
quency of their visits to the pawnshop. Full employment and 
high wages, enabling young people to grow up in an environment 
removed from memories of unemployment, helped to break the 
traditional connection between the pawnshop and the poor. 

Multiple (chain) stores selling relatively cheap clothing and 
other consumer goods may have further reduced demand for loans 
by enlarging opportunities for the easy acquisition of durable and 
semidurable consumer goods. Installment buying may have con- 
tributed further, although credit trading of various kinds was 
known long before the decline set in. "There has been a change in 
consumer attitude, expressed in a strong disinclination to become 
involved in traditional modes of living by habitual pawning. 

Supply Conditions.—Pawnbroking in the smaller industrial es- 
tablishments is an arduous occupation. A suitable staff is hard 
to obtain, the more so because the trade is unpopular. All ex- 
penses have risen, while interest charges are held at the old levels. 
Returns do not compare favourably with what might be earned 
in straightforward retailing. 

Since the trade attracts practically no new recruits, retirement 
or death of a pawnbroker usually means the disappearance of a 
pawnshop. Some pawnbrokers allow their pledge business to lapse 
and concentrate wholly on pure retailing; sometimes individual 
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branches of multiple pawnshops close down. Some рат 
persevere, however, from habit and attachment or because 
are too old to move from what may be a fairly comfortable [i 
This tendency is strengthened by the fact that they might fing 
extremely difficult to dispose of their rather specific assets e 
acceptable sum. (A. L, M.; W. M. Sy. x 

United States.—Although pledge borrowing existed e 
pawnbroking became a recognized business in the United State 
during the 18th century and increased thereafter. New York, 
had 10 pawnbrokers in 1819, Boston more than 50 in 1859, j 
neapolis 25 in 1893. Pawnshops probably reached a maxima ly 
1914 when they were the main source of consumer credit, 

Pawnbrokers were regulated by states and municipalities py, 
tically from the beginning. New York in 1803 became the fy 
state to authorize the licensing of pawnbrokers, while Pennsylvath 
in 1823 instituted general statutory regulation. State laws vri 
widely; some contained detailed provisions while others men) 
authorized municipal regulation. City ordinances required any 
licences and fees of pawnbrokers, and frequently also regii 
bonding. Ordinances often set maximum interest rates, fortai 
or limited other charges, fixed loan and redemption periods ш 
required auction sale of unredeemed pledges and return of uy 
surplus to pledgers. The police were to receive regular rept 
upon goods pledged. 

Public and charitable pawnshops were proposed but were ni 
established in the United States. Semicharitable lending agents 
were created to make low-cost consumer loans on pledges, diti 
mortgages, or both. These were the so-called remedial loan o 
eties, organized as limited-dividend corporations. The first m 
the Collateral Loan Company of Boston, founded in 1859 ast 
Pawner’s Bank. The largest was the Provident Loan Society d 
New York. Established in 1894, it developed numerous 
offices, charged 19% interest per month and became the wi 
largest pawnshop. Ву the 1930s it made more than 500,000 eit 
loans each year, and in the 1950s it did over one-half of Na 
York city’s pawnbroking business. There were 38 “remedial! 
1915 and 27 in 1932, several having been abandoned but mt 
organized after 1917. The Russell Sage foundation’s Depart 
of Remedial Loans, created in 1909, promoted remedial, 
operative credit unions and the enactment of small-loan | p 
tion. Many states enacted its “uniform small-loan law,” mi 
drafted in 1916, to encourage the commercial small-loan e 

“Remedials” and private pawnshops were overshadowed n 
the ensuing revolution in consumer credit. The new smal jl 
giants were sales finance companies, personal loan depart? f 
commercial banks and private finance companies. I i 
banks, credit unions, credit jewelers, second-hand dealers 
licensed “loan sharks" offered further competition to pawn ل‎ 
After 1945 discount houses cut into pawnbrokers’ Joan ani 
departments, forcing lower loan valuations on pledges ‘al iff 
prices in their retail trade. Pawnbroking declined rapidly 
1945; several cities lost one-third of their pawnshope m. ig 
years. Many closed when their proprietors retired or i " 
accentuated the retailing aspect of their business, 07 $ T 
tirely to retailing. New consumer credit agencies, ES 
rising personal incomes, increased public-welfare me кше 
changed attitudes toward “hock shops” caused а rap" 
pawnbroking. F. 

See also MONEYLENDING. e 


History of Pawnbroking (1892) ; A. Keeson, Monts € Europe û 
broking (1854); W. R. Patterson, “Pawnbroking m 
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PAWNEE, an Indian tribe on the Platte m 
from before the 16th to the latter part of the 19 


age of the Caddoan stock, and lived by farming and 
ng corn, squash, and beans, and hunting grazing ani- 
ipally the bison. In their permanent villages they lived 
earth-covered lodges, but on bison hunts they used skin 
For hunting, travel, and transport they used horses first 
Lin the 17th and 18th centuries from Spanish settlements 
west. In the 19th century the Pawnee tribe was com- 
relatively independent bands—the Kitkehahki, Chaui, 
‚апа Skidi—each divided into more or less endogamous 
with hereditary chiefs and priests. They had a Crow 
type of kinship system, matrilineal descent and matri- 
residence after marriage, which was contracted for a given 
by their maternal uncles. Class distinctions favoured 
priests, and shamans. The Pawnee religion was elaborate, 

‘star symbolism and human captive sacrifice. Pawnee 
was broken by the start of the 20th century and the popu- 
reduced from about 10,000 to about 600. "There were about 
пес reported living on or near their Oklahoma reservation 
1960s. 

G. B. Grinnell, Pawnee Hero Stories and Folk Tales (1963), 
Blackfoot and Cheyenne (1961). (G. I. Qv.) 
IWPAW (Asimina triloba), a North American shrub ог low 
the custard apple family (Annonaceae), native from west- 
York to Nebraska and southward to Florida and Texas. 

s West Indian pawpaw is the papaya (g.v.). On rich alluvial 
the pawpaw grows from 10 to 50 ft. high, with large leaves, 
es 12 in. long and 6 in. wide, and brown to dark red 
110 2 іп. асгоѕѕ. The fleshy fruits, two to five inches long, 
in autumn. Those with orange-coloured pulp are edible 
a flavour reminiscent of the banana, while in contrast 
white or yellowish pulps are usually bitter and unpalatable. 
0 types of fruit are known to legions of American boys 
the edible forms each fall, yet no botanical distinction 

im the plants bearing them is made by taxonomists. 
WTUCKET, a city of Providence County, Rhode Island, 
оп the Blackstone River (known there as the Pawtucket or 
konk), is 4 mi. N of Providence and adjoins Central Falls. 
(1960) 81,001 ; Providence-Pawtucket standard metropolitan 
area (as enlarged in 1963; see PROVIDENCE) 821,101. 
ity lies on both sides of the river, which in the heart of 
85 district makes a picturesque plunge of 50 ft. over a 
frocks, The name, Pawtucket, is an Indian word meaning 
0 | the waters." At one time the river provided power for 
mills. Textiles have been the leading manufactured prod- 
‘Over a century. Almost every branch of the narrow fabric 
industry is represented. There are also plants for dyeing, 
Ng, and spinning. Other manufactures include wire and 
' products, machine tools, and textile machinery. 
T Was continuously improved by the federal government 
7; there is a 16-ft. channel all the way to Narragansett 
Eo highway bridge over the river at Pawtucket was 
in 1958, 
first settlement within the present city limits was made on 
side of the river about 1671 by Joseph Jencks, an iron- 
“oad Manufactory, destroyed in 1676 during King Philip's 
, rebuilt and soon the village became a centre for skilled 
live ironmongers. In 1790, Samuel Slater found there 
nical skill and financial support necessary to reproduce 
ight machinery for the manufacture of cotton goods. 
the first successful factory of its kind in the United 
| WS preserved as a memorial to the introduction of cotton 
‘Manufacture. 
Part of Pawtucket east of the river was originally in Massa- 
and Was transferred to Rhode Island in 1862; the section 
‘the river was annexed to Pawtucket from North Provi- 
1874; and in 1885 the town was chartered as a city. For 
“ve population figures see table in RHODE (ene t 
. H. Bs. 
+ Roman personification of peace, probably recognized as 
€ first time by Augustus, in whose reign much was 
et the establishment of political calm. An altar of Pax 
û Was dedicated in 9 в.с. and a great temple of Pax com- 
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pleted by Vespasian in лр. 75 (Platner-Ashby, Topographical 
Dictionary, s.v. Pax, Ara Pacis). (R. B. Lp.) 

PAXOS (Paxof), one of the Ionian Islands (g.v.) of Greece, 
about 8 mi. S of the south end of Corfu (Kérkira), is a hilly mass 
of limestone 5 mi, long by 2 ті. broad, and not more than 800 ft. 
high. Pop. (1961) 2,599. It produces excellent olive oil, Paxof 
(formerly Gáïos), the principal village, lies on the east coast and 
has a small harbour. Toward the centre, on an eminence, stands 
Papándi, the residence of the bishop, and there are many churches 
with picturesque belfries. On the west and southwest coasts are 
remarkable caverns. Ancient writers apply the plural form Paxi 
to Paxos and the smaller island now known as Antipaxos or Andi- 
paxoi (Propaxos of the Antonine Itinerary), Paxos is the scene 
of the legend, in Plutarch’s De defectu oraculorum (“On the Ces- 
sation of Oracles”), of the cry “Pan is dead." See PAN. 

(W. G. F.) 

PAXTON, SIR JOSEPH (1801-1865), English landscape 
gardener and designer of hothouses, turned architect when he de- 
signed the Crystal Palace which housed the Great Exhibition of 
1851 in Hyde Park, London. Born near Woburn, Bedfordshire, 
on Aug. 3, 1801, he was originally a gardener employed by the 
duke of Devonshire and rose to be his friend, factotum, and 
adviser, From 1826 he was superintendent of the gardens at 
Chatsworth (q.v.), the duke’s Derbyshire estate, and built for him 
in iron and glass the famous conservatory there (1837-40) and 
the lily house for the duke’s rare Victoria Regia (1850). In the 
same year, when a cumbersome design (chosen from among many 
by professional architects) had already been officially accepted 
by the exhibition's organizers, Paxton's inspired plan for a building 
of prefabricated elements of sheet glass and iron was substituted. 
Covering four times the area of St. Peter’s, Rome, the grandeur 
of its conception was a challenge to mid-19th-century technology. 
Built within six months, jt was at once recognized as marking a 
revolution in style. In 1854 its components were moved to 
Sydenham where they remained (re-erected in a different form 
from the original) until accidentally destroyed by fire in 1936, 
Paxton was member of parliament for Coventry from 1854 until 
his death at Sydenham on June 8, 1865. 

See Violet R. Markham, Paxton and the Bachelor Duke (1935). 

PAYA, a tribe of Indians living in northeastern Honduras 
(q.v.), numbering fewer than 600 in the 1960s and dwindling 
rapidly. The linguistic relationship of the Paya is judged by some 
authorities to be Chibchan (q.v.). They practise slash-and-burn 
agriculture to raise manioc, maize, and pineapple. Some Paya 
subgroups are reported to allow polygyny. See also MIDDLE 
America: Lower Central America, 

See P. Kirchhoff, "The Caribbean Lowland Tribes: the Mosquito, 
Sumo, Paya, and Jicaque,” in J. H. Steward (ed.), Handbook of outh 
American Indians, vol. 4 (1948). 

PA-YI (Parvi, P'o-vr, PAr-1, Payr), an ethnic group that is 
part of the greater Thai cultural group (see THAL PEOPLES). 
The Pa-yi inhabit the hot river valleys of southwest Yünnan Prov- 
ince in China. Having a preference for wet-rice culture, which 
does best in valleys near streams (see CHUANG), they spread 
southward from their cultural centres in Szechwan and the Yangtze 
Valley two millennia ago, following the southern tributaries of the 
Yangtze River into the Yünnan Lake basins. Under subsequent 
pressure of the Han Chinese (see CHINA: The People) the Pa-yi 
moved farther southwest into the river basins of the China-Burma 
frontier region. Those that settled across the border in the Shan 
plateau are called the Shan (q.v.) tribes of Burma. Uncomfortable 
climate, malaria, and primitive living conditions long discouraged 
the Han Chinese from settling in Pa-yi territory. Thus, although 
the Pa-yi in Yiinnan were compelled to acknowledge Chinese 
suzerainty, largely they were left to the rule of their own hereditary 
local chieftains. Many of these petty despots retained virtual 
autonomy in local affairs until after the Communist conquest of 
mainland China. Following this the Pa-yi were organized into a 
Thai Autonomous District (population about 470,000 in the 1960s) 
by the Communist regime. The social and economic systems of 
the Pa-yi also changed to conform with Communist ideology. 

BisnrocmAPHY.—H. J. Wiens, China's March Toward the Tropics 
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(1954); H. Chen, Frontier Land Systems in Southernmost China 
(1949); C. Hu et al, China (1960). (H. J. Ws.) 

PAYMENT is the performance of an obligation to pay money. 
A person under such an obligation is called a debtor and a person 
to whom the obligation is owed is called a creditor. The obliga- 
tion may arise in various ways, but most commonly as the result 
of a contract between the parties. In law, in order that payment 
may extinguish the obligation, it is necessary that it be made at a 
proper time and place, in a proper manner, and by and to a proper 
person. 

England and Wales.—Payment may be made at any time of 
the day on which it falls due, except in the case of mercantile con- 
tracts, where payment must be made during the usual hours of 
mercantile business. In the absence of any agreement as to the 
place of payment, it is the duty of the debtor to take reasonable 
steps to seek out his creditor and to pay him the money, provided 
that the creditor is in England. A debtor is not, without agreement, 
entitled to any notice or demand from his creditor. 

Payment must be made in lawful money, frequently referred to 
as legal tender. Gold is legal tender up to any amount, as are 
Bank of England notes. Silver or cupronickel is legal tender up 
to 40 shillings’ worth and bronze up to one shilling’s worth. A 
debtor has no right to demand change. The parties may, however, 
agree that payment shall be made in some other way; for example, 
by bill of exchange, by promissory note, or by check (all of which 
are commonly called negotiable instruments). Where payment 
is made by negotiable instrument, the general rule is that the ac- 
ceptance of such instrument by the creditor operates only as a 
conditional payment. This means that if the instrument is subse- 
quently dishonoured the debt revives, and the creditor may sue 
either on the instrument or on the original debt. The parties may 
however agree that acceptance of a negotiable instrument shall 
operate as an absolute payment, in which case, if the instrument 
is dishonoured, the creditor may sue on the instrument but not on 
the original debt. A payment may be made by the mere transfer of 
figures in an account without any money changing hands, If goods 
are accepted in satisfaction of a debt this constitutes payment. 

When a debtor makes payment by post, and the money or instru- 
ment is lost in the post without fault on the part of the debtor, 
the debtor will have to bear the loss; unless the creditor directed 
payment by post, or unless payment by post was the usual way 
of business between the parties, in which cases the loss will be on 
the creditor. Payment may be made by a debtor personally or by 
a duly authorized agent on his behalf. Similarly, payment may be 
made to the creditor personally or to an agent of the creditor, 
provided that such agent has authority to receive payment. The 
general rule is that payment of a debt cannot be enforced after 
a lapse of six years. 

A common way of proving payment is by the production of a 
signed receipt. But payment can be proved in other ways and, 
conversely, production of a receipt is not conclusive evidence of 
payment. The payee of money is liable to a penalty if, in any 
case where a receipt would be liable to duty, he refuses to give a 
receipt duly stamped and canceled. 

Money paid under a mistake of fact can be recovered, but not 
money paid under a mistake of law. 

(For appropriation of payments, see DEBTOR AND CREDITOR 
Law. See also LIMITATION, STATUTES OF.) 

Scotland.—The law of Scotland is substantially the same as 
that of England, differing therefrom only in the following respects. 
Bank notes issued by a bank of issue in Scotland are legal tender 
toany amount. The general rule is that payment of a debt cannot 

be enforced after 20 years, and it may be that money paid under a 
mistake of law is as much recoverable as money paid under a mis- 
take of fact. The main point of difference between the two sys- 
tems, however, is that in Scotland there are special rules relating 
to the manner in which a debt may be proved; and, in particular, 
there is a rule that if a document of debt is in the hands of the 
debtor there is a presumption that the debt has been paid. 

United States.—In the United States the position is much the 
same as in the United Kingdom. The duty of the debtor to seek 
out his creditor obliges him to search only in the creditor's state of 
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residence. If the creditor cannot be found therein there i 
obligation upon the debtor to look further. Ina few states à. 
paid under a mistake of law can, in some circumstances d 
covered. The question of legal tender has been an important te 
in U.S. history. In 1862 and 1863 Congress passed acts um 
treasury notes legal tender (see GREENBACKs), After a 
litigation the Supreme Court decided in 1871 in favour of th 
constitutionality of these acts. These notes were held to he 
tender for all purposes except duties on imports and interest on lly 
public debt. In 1933 all coins and currencies of the United Shia 
were made legal tender for all debts, public and private (шщ 
import duties and interest on the public debt). Ву the Cong; 
tion of the United States, “No State shall . ‚ make any Thi 
but gold and silver Coin a Tender in Payment of Debts” (r1 
sec. 10). The law relating to limitation is complex and varies fna 
state to state. (H. W. B) 
PAYNE, JOHN HOWARD (1791-1852), U.S. руй 
and actor, one of the most notable of the school of American ply. 
wrights that followed the techniques and themes of the Europes 
romantic blank verse dramatists, was born in New York (iy 
June 9, 1791. A precocious actor and writer, he wrote his inl 
play, Julia, or, The Wanderer, when he was 15. The play wy 
successful enough to cause him to be sent to Union Colleg 
Schenectady, N.Y., but family financial difficulties made it ne 
sary for him to leave two years later. At the age of 18 he mit 
his first stage appearance in the play traditional for such debis 
John Home's Douglas. Although his portrayal of Young Noi 
was successful, Payne encountered much opposition from exi 
lished actors—chiefly George Frederick Cooke, a brilliant butte 
centric star—and in 1813, at the height of the War of 1812, Pit 
sailed for England. At first interned as an enemy national, hem 
later released and triumphed at Drury Lane as Young Nor, 
repeating his success in other European capitals. In Paris, Payu 
met two men who were to have an important influence 0n 
career: the actor Talma, who introduced him to French rams, 
from which many of his more than 60 plays were adapted; ші 
Washington Irving, with whom he was to collaborate on two of i 
best plays. k 
Payne’s finest play, Brutus: or, The Fall of Tarquin, was fi 
duced at Drury Lane on Dec. 3, 1818. Although Payne тей 
only £183 for it, Brutus was on the boards for 70 years and i^ 
as a vehicle for three of the greatest tragedians of the 19th s 
tury: Edwin Booth, Edwin Forrest, and Edmund Kean, on 
portant plays were Clari: or, The Maid of Milan, which yen 
Payne's famous song *Home, Sweet Home"; Charles Il W 
written with Irving; and Thérése (1821), a French ай 
Because of weak copyright laws, Payne received little return i% 
his successful plays, and in 1842 he accepted a consular 
Tunis, where he died, April 9, 1852. № 
Although Payne was no innovator, his plays Were eae 
in language and structure, and he exerted an important 
on later playwrights. Arthur Hobson Quinn suggests m 0 
may have been partially responsible for the еше, n 
romantic drama in France under Hugo. - d and pe 
PAYNE, PETER (c. 1380-1456), English Lola yy 
site diplomat who rendered great service to the Bohema asek 
movement. Born at Hough near Grantham, he was 4 pi 
arts at Oxford by 1406, where he was principal 0 the 14 
Hall during 1410-12, at about which time he joined 
movement. forced py? 
The Lollard Sir John Oldcastle’s fall from power 10 fendt 
in 1413, to flee to Bohemia, where by 1415 he v it 
Utraquism beside Jakoubek of Stribro, Huss 5 d ۾‎ 
Hussıres). During the subsequent revolution he Curl 
figure in the consistory which governed the Hussite 
was entrusted with several important missions. nd, 1 
companied the Prague mission to the Polish court, pe 3 ? 
alike by both the Taborite and “Orphan” Hussite $ fore p 
able to speak for the whole Hussite movement defen! и 
Sigismund at Bratislava in 1429, when he splendidi or quf 
Hussite program, the “Four Articles of Prague.” ^j coun 
to Poland in 1431 he also gave notable service at 


In 1420 кР 


433, when he was entrusted with the defense of the 
jation of church property. Taken prisoner at the Battle of 
‚ їп 1434, he was soon freed, and took further part in the 
“negotiations in the provincial Diet, but was expelled from 
shortly after the signing of the peace and the return of 

ıd. Не was arrested and imprisoned for two years by his 
| enemies; but was ransomed by his friends from Tabor. 
_ When negotiations began in 1441 for the unification of the 

‘Hussite Church under the elected archbishop, Jan Rokycana, 
м Payne worked hard but unavailingly for agreement between 

Land the Taborites. Returning in 1448 to Prague, where 
the Rokycana ену was now ee be lived there till 1456, 
inthe Na Slovanech monastery. ough he remained a foreigner 
in Prague, and never learned Czech, Payne gave the Hussites in- 
valuable service both as diplomat and as theologian, and is grate- 
fully remembered in the country of his exile, 

-BistioGRAPHY.—Payne's literary works are listed іп Е. M. 4 

Literarni činnost М. $5 оруну ...@ P. Payna (1928). Sd 

four orations ed. by F. М. Bartoš, P. Payne, Pro Bohemis (1949); A. 

B. Emden, An Oxford Hall in Medieval Times (1927). (Е. M. Ba.) 

PAYSANDÚ, a department of western Uruguay, bordering 

the Uruguay River. Although the riverside and hinterland areas 

of Paysandú were developing agriculturally in the second half of 
the 20th century, ranching continued to be the department’s major 

m че and sheep are raised, and agricultural products 

lax, wheat, sunflower seeds, corn, and forage crops. Sur- 

‘founding farms supply vegetables and poultry to the departmental 

capital, uns (q.v.).. Several foreign agricultural colonies 

were notably successful, especially in southwest Paysandü. Area 

a рн 5,474 sq.mi. (17,959 sq.km.); pop. (1962 est.) 

А (M. I. V.) 

PAYSANDÚ, a city and port of western Uruguay on the 

Uruguay River, is 300 mi. NW of Montevideo. Capital of the 

Min: of anda (q.v.), it disputed with its rival to the 
orth, Salto, the claim of being Uruguay’s second largest city. 

One advantage of Paysandi (pop. [1962 est.] 56,080) over Salto, 

tho a river port, is that oceangoing ships must transfer cargo at 

Paysandú to smaller craft because farther north the Uruguay 

ver becomes too shallow for the draft of the larger vessels. 
| ө ла livestock products are loaded and merchandise 

West Uruguay is unloaded at the port of Paysandú; it is 
at Various levels so that ships can dock despite changes in the 
Of the river, There are rail, road, and air connections to the 
and Southwest to Montevideo. 

- Paysandú has a relatively varied industrial economy with tan- 
Neries, textile factories, flour mills, distilleries, and breweries proc- 
| ба regionally produced raw materials. In the second half of 

beca Bu modern buildings were changing Paysandü's once 
OU, at aspect. 

2 City was founded in 1772 by Father Policarpo Sanda 

of Christianized Indians. Indians translated the 

тон padre ("father") into the Guarani vie rg 
| tom which stems the city’s name. (M, I. V. 

PAZ ESTENSSORO, VÍ 

EC RO, VICTOR (1907-  ), founder and 
leader of the Bolivian political party Movimiento Na- 
Revolucionario (MNR), served as president of Bolivia 
ME 10-1956 and again whee 1960. His administration 
Bolivia's е beginning of a process of revolutionary change in 
Pia pec economic, and political structure. — ^ 
К ро was born in Tarija їп 1907. He obtained a uni- 
Patagua lucation, served in the army during the Chaco War with 
оош, (1932-35). and after the war became professor of 
ES. ү the University of San Andrés in La Paz. He was 
"is elen Adviser to Pres. Germán Busch (1937-39) and in 1939 
In 194 to the Chamber of Deputies. 
ени Paz Estenssoro and others established the MNR, a 
OF the In Nationalist party that sought to advance the interests 
oro. ans, After the party seized power in 1952 Paz Estens- 
Vole wag ne President. During his administration the right to 
ime S extended to the Indians, and the three largest tin com- 
tints were expropriated by the government. Most fundamental 


lis agrarian reform law began the process of transferring 
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the arable land of the central plateau to the Indians, 

During the administration of Hernán Siles Zuazo (1956-60) 
Paz Estenssoro served as ambassador to the United Kingdom. He 
again became the MNR candidate for president in 1960 and won 
a decisive victory. During his second administration his govern- 
ment reached an agreement with the U.S. government, the Inter- 
American Development Bank, and West German industrialists, 
providing for a reorganization of the tin-mining industry. He also 
stressed a program to stimulate colonization of eastern Bolivia by 
Indians from the highlands. 

Over the protests of the opposition parties and some leaders of 
the MNR, Paz Estenssoro again ran for president in 1964. All 
other parties withdrew their candidates and urged the voters to 
boycott the election. About 70% of the eligible voters cast their 
ballots for Paz Estenssoro. Nevertheless, he was overthrown by 
a military coup d'état, headed by Vice President René Barrientos 
Ortuño in early November 1964 and went into exile in Peru, 

(к. J. A.) 

PAZ SOLDÁN, MARIANO FELIPE (1821-1886), 
Peruvian historian and geographer, was born at Arequipa, on 
Aug. 22, 1821. He studied law, and after holding some minor 
judicial offices, was minister to New Granada in 1853. In 1860 
Castilla made him director of public works, In 1861 he pub- 
lished his great atlas of the republic of Peru, and in 1868 the first 
volume of his history of Peru after the acquisition of its indepen- 
dence. A second volume followed, and a third, bringing the his- 
tory down to 1839, was published after his death by his son. In 
1870 he was minister of justice and worship under President Balta, 
but shortly afterward retired from public life to devote himself 
to his great geographical dictionary of Peru, which was published 
in 1877. During the disastrous war with Chile he sought refuge 
at Buenos Aires, where he was made professor in the. National 
College, and where he wrote and published a history of the war, 
Historia de la Guerra del Pacifico (1884), 

He died at Lima on Dec. 31, 1886. 

PEA, the common name for several species of herbaceous an- 
nuals of the family Leguminosae, grown for their edible seeds, 
borne in pods, or legumes. The favourite market and garden pea 
in North America, Europe, and parts of Asia is a variety of Pisum 
sativum. As is true of most food plants, the origin of the pea is 
prehistoric. It appears to have originated in Middle Asia, with 
secondary centres in the Near 
East, in Ethiopia, and in Medi- 
terranean lands, Remains of the 
| seeds have been found on the 
sites of Swiss lake-dwellings of 
the Bronze Age, dating back per- 
haps 5,000 years. The two main 
varieties of P. sativum are humile 
(or hortense), the choice dwarf 
garden pea (about two feet tall), 
and arvense, the taller (up to six 
feet) field pea. The dwarf pea, 
in its many horticultural forms, 
is widely grown for food; the 
field pea is grown chiefly for 
dried peas, forage, and green 
manure, 

The stems of the pea plant are 
hollow, and trailing or climbing. 
Leaves are pinnately compound, 
ending in tendrils that enable the plant to climb, and with large 
leafy stipules at their bases. The flowers are papilionaceous, or 
butterflylike, white or purple, about one inch across; each has 
nine united stamens and one free stamen; the single pistil has a 
bearded style. Flowers are self-pollinated, and nectar is secreted 
at the base of the stamens. The fruit is a characteristic legume, 
a one-celled, many-seeded pod, 24-5 in. long, which splits into 
halves when ripe; the five to ten seeds are attached by short stalks 
to the halves of the pod. The seeds are more or less globular and 
smooth, dimpled, or wrinkled. Ripe seeds of white-flowered forms 
are cream, yellow, or light green; in purple-flowered forms they 
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are brown, gray, or flecked with dark colour. The cotyledons are 
large and roughly hemispherical. Upon germination and emer- 
gence of the seedling the cotyledons remain below the soil surface. 

Some varieties, called sugar peas, produce pods that are edible; 
before the seeds enlarge appreciably the flat pods are tender, suc- 
culent, and sweet. This type of pea is popular in the Orient. 
Wrinkled seeded varieties are usually sweeter than smooth and 
dimpled varieties because they contain more sugar and less starch. 
Split peas for soup consist of only the cotyledons of smooth peas 
harvested mature dry. 

The garden and field peas will tolerate a considerable range of 
climatic conditions but do not grow well in hot climates, Peas 
can be grown in the lower latitudes (such as the southern United 
States) only as late fall, winter, or early spring crops. The plants 
will tolerate some frost but not hard freezing. 

Spring sowings in the United States are normally made about a 
month to six weeks before the average date of the last freeze and 
are finished before the frost-free date. Peas grow on a wide range 
of soils, but the soil preferably should be rich, well drained, well 
limed, well prepared and kept free of weeds. Inoculation of the 
seed with pure cultures of nitrogen-fixing bacteria is a generally 
profitable and common practice in certain parts of the U.S. and in 
northern Europe but is not normally necessary in Britain. In 
many pea-growing districts of the United States the soils have 
become so infested with a wilt fungus that only wilt-resistant 
varieties can be grown successfully, Under good farming practice, 
peas are not grown on the same land more than once in four years. 

In Great Britain early peas can be grown from November onward 
through the winter, but such methods are not used in America, 
where fall and winter sowings are made far enough south so that 
hard freezing rarely occurs. 

For home garden and marketing fresh, either dwarf or tall- 
vined, large-podded sorts are sown in rows two to four feet apart, 
depending on the variety. One to two bushels of seed per acre 
are sown. When grown for home or fresh market, the tall varieties 
are usually supported on twigs or brush, or on light trellises of 
twine, but this is not done for a large commercial planting. Peas 
for canning or freezing are sown in rows six or seven inches apart, 
at the rate of about four bushels of seed per acre. Since they are 
not cultivated or hoed, the soil must be thoroughly prepared and 
comparatively free from weeds, These peas are sown with a grain 
drill and harvested with a mowing machine or special pea har- 
vester, and the entire plants are then passed through a "viner"— 
a machine that removes the peas from the pods and separates 
them from all leaves and debris, The shelled peas are hauled to 
the processing plant and canned or frozen within a few hours. 
Field or harvest peas are for use dry and are also sown in rows 
six or seven inches apart. The entire plants are harvested before 
the seeds shatter from the dry pods, and they are allowed to dry 
in small shocks or windrows in the field; then threshed and cleaned 
—all by machinery. 

The genus Pisum is very closely related to Lathyrus, which 
is distinguished botanically from Pisum by its flattened rather 
than tubular style. It is therefore not surprising that some species 
of Lathyrus are called peas. The fragrant ornamental sweet pea 
is L. odoratus and the Tangier pea is L. tingitanus. Many other 
legumes that are less closely related to Pisum also are called peas 
of various kinds, among them: the chick-pea, garbanzo or Spanish 
pea (Cicer arietinum), the cowpea (Vigna sinensis; see BEAN), 
and pigeon pea (Cajanus indicus). 

Production.—In the United States, peas are no longer grown 
extensively for marketing in the pod hecause of the high cost of 
harvest by hand and competition from the quick-frozen and 
canned products. Dry peas and canned peas each account for 
over 35% of the acreage, while frozen peas account for over 20%. 
In Great Britain the acreage of peas marketed in the pod has 
rapidly declined and the acreage of peas harvested dry for proc- 
essing is falling sharply. The growing acreage of peas raised for 
frozen-food manufacturers surpasses that for podded peas, though 
canned garden and canned process peas together account for the 

largest share of the pea market, In northern Europe canned 
garden peas, particularly the “petit pois” type, are the most popu- 
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lar, but quick-frozen peas are becoming more available, In 
ern Europe, peas are still widely grown for marketing їп the 
Green peas for processing, both canned and quick-frozen Bis 
grown in Australia and New Zealand. (V. R. B.; J, W. Pas 

PEABODY, ELIZABETH PALMER (1804-1334) |; 
educationist and participant in the Transcendental movement 
born at Billerica, Mass., on May 16, 1804. Educated ns 
private school by her gifted mother, as were her sisters Syl 
(Mrs. Nathaniel Hawthorne) and Mary (Mrs. Horace Man 
she began her own teaching at 16. Later she was an assistants 
A. Bronson Alcott’s famous Temple School, of which she pj, 
lished a Record (1835). Although overshadowed by Margari 
Fuller, she was one of the leading feminine figures in the Тш. 
scendental movement. 

In 1839, Miss Peabody opened her West Street bookstore whith 
became sort of a club for the intellectual community of Bostoy 
the early planners of the Brook Farm experiment in commun 
living met and discussed there. On her own printing press se 
published translations of Margaret Fuller and three of Nathanig 
Hawthorne’s earliest books. For two years she published Tj 
Dial, the critical literary monthly and organ of the Transcendent 
movement, contributing articles herself. 

In 1860 she opened in Boston the first kindergarten in Ametia 
She went to Europe in 1867 to study Friedrich Froebel's пећ 
at first hand, and thereafter, through training classes, lectu 
magazine contributions, and her editing of the Kindergarten Me 
senger (1873-77), she spread the new theories. Her writing t 
flects her dominant interests, She died at Jamaica Plain, Mas 
on Jan. 3, 1894. 

See L. H. Thorp, The Peabody Sisters of Salem (1950), 

PEABODY, a city of Essex County, Mass., 13 mi. NEd 
Boston. The area that now constitutes Peabody was original 
part of Salem (q.v.), then part of Danvers (q.v.) when that time 
munity was separated as a district from Salem in 1752. 
Danvers became a town in 1855 and in 1868 adopted the mm 
of Peabody to honour George Peabody, the philanthropist, who ml 
born and buried there. In 1882 part of Peabody was annexed t 
Salem. In 1916 Peabody was incorporated as a city. It is a mane 
facturing centre for leather, shoes, and cotton goods. Inthe art 
1900s a number of immigrants, largely from Greece, Irel 
Russia, and Poland, settled there. For comparative populi 
figures see table in MASSACHUSETTS: Population. q.F. d 

PEACE, CHARLES FREDERICK (1832-1879), B 
murderer and cat burglar to whom legendary exploits m 
ascribed, was born in Sheffield, Yorkshire, on May 14, 1832, 

a successful career of robbery, he shot and killed a man doit 
Arthur Dyson in the Sheffield suburb of Eccleshall in 1876 dur 
a quarrel over Dyson's wife. He escaped the police 
another identity and for nearly two years lived, as! 
of independent means," at Peckham in London; h 
mitted widespread burglaries which entirely baffled t ‘i 
While attempting one of these in October 1878 he hs 
almost by accident, in the London suburb of Blackheath. 
later was he charged with the murder of Dyson; for whic 
executed at Leeds on Feb. 25, 1879. wrw 
See R. W, Postgate, Murder, Piracy and Treason (1925); Yat 077 
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(ed.), Trial of Charles Frederick Peace (1926); D. Warde wA 
Lags (1963). T 


PEACE, INTERNATIONAL. Since the besinnll m 
tory, peace has been regarded as a blessing and its MR 
asa scourge, Yet it is only since the end of the M ally on 
philosophers and statesmen have reflected systemal c jg 
problem of peace. Attempts to establish worldwide } i 
peace securely, through deliberate political action, А 
til the beginning of the 19th century. 

Both movements, the speculative and 
lated by political catastrophes that demonstrate! d to ° 
for making international peace secure. Men see rise (ч 
about new forms of international organization ates of ts 
territorial state had deprived the Holy Roman ар} Crist 
cal functions as the international organization о safe 
Where could a substitute for this lost political unity, *" 
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icum of peace and order, be found? ‘This question 
rasmus in the 16th century, by Sully, Emeric Crucé, 
‘and William Penn in the 17th, and by the Abbé de 
‚ Jean Jacques Rousseau, Jeremy Bentham, and Im- 
the 18th. Their answers were generally couched 
international law or of an international organization 
international law. 
measures of modern times to make international 
ecure had their starting point in the experience of the 
Wars. That experience had a dual impact upon the 
al order of the modern world. The Napoleonic Wars 
{һе balance of power that had been the foundation of 
nal peace and order since the end of the Middle Ages 
d (о replace it with a universal empire which, while 
peace temporarily, might destroy freedom forever, 
"brought to victory the idea of nationalism that threat- 
‘oy the old dynastic order and to usher in an unending 
international crises and wars. 
political factors that stimulated the search for a prac- 
o the problem of international peace must be added 
factors: spiritual, moral, and intellectual. 
time of the Stoics and the early Christians there has 
Western civilization a feeling for the spiritual unity 
ern world which, in order to realize itself, needs a 
| nization commensurate with it. The Roman Empire 
ha political organization of universal scope. It remained 
out the history of the Western world a symbol of Western 
mity, inspiring Charlemagne no less than Napoleon and 
‘throughout the Middle Ages the ultimate justification 
icies of the Holy Roman Empire and of the papacy. 
Surprising that at the very moment the Holy Roman 
dissolved in 1806, Napoleon tried to revive it, and 
decade later statesmen made attempts to find a sub- 
the international order that the empire had sought to 
ya 
root of modern attempts to find a stable foundation 
al peace must be sought in the increased humaneness 
‘conduct, of which the great political and social re- 
19th and 20th centuries are the outstanding practical 
Religion, the philosophy of the Enlightenment (q.v.), 
Political theory of liberalism (g.v.) all postulate respect 
life and the promotion of human welfare. To extend 
ign of law, peace, and order from the domestic to the inter- 
Mal Sphere was a logical conclusion from these postulates. 
i ectual factor underlying this development is to be 
tise of the commercial and scientific spirit in the 
lOth centuries. To that spirit war is an irrational dis- 
f the rational order of things. According to Kant "the 
Spirit cannot coexist with war.” Similarly, Herbert 
f believed that war had become obsolete in an industrial 
‘Thus it was widely believed that permanent peace could 
ned among nations through the same concerted rational 
Seemed to have brought such spectacular benefits to 
In other fields, 
nce of these four factors at the beginning of the 
initiated the practical search for alternatives to war 
dit thereafter. This search for permanent peace has 
Lon through three different mediums: (1) limitation of 
and anarchical tendencies of international politics; 
ion of international politics by eliminating its de- 
ind anarchical tendencies altogether; and (3) accommo- 
Vergent interests by depriving the destructive. and 
tendencies of international politics of their rational 


MSA peace through limitation, several devices have been 
hament, collective security, judicial agencies, peace- 
International government. Peace through transforma- 
Sought through the establishment of a world state. 
Served the purposes of peace through accommo- 


Ment.—This term denotes the reduction or elimina- 
or all armaments for the purpose of stopping the 
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armaments race, Disarmament must be distinguished from arms 
control, which seeks military stability through control of the arma- 
ments race in preparation for actual disarmament. Furthermore, 
general disarmament must be distinguished from local disarma- 
ment and quantitative from qualitative disarmament. 

General disarmament refers to a kind of disarmament in which 
all the nations concerned participate: examples are the Washing- 
ton Treaty for the Limitation of Naval Armament of 1922, signed 
by all major naval powers; and the World Disarmament Con- 
ference of 1932, in which virtually all members of the community 
of nations participated. We speak of local disarmament when 
only a limited number of nations are involved; the Rush-Bagot 
Agreement of 1817 between the U.S. and Canada exemplifies this 
type. 

Quantitative disarmament envisages general reduction of arma- 
ments of most or all types, as did the World Disarmament Con- 
ference of 1932. Qualitative disarmament aims at reducing or 
abolishing certain types of armaments only, such as atomic 
weapons, 

The first modern attempt at disarmament occurred in 1816 when 
the tsar of Russia proposed to the British government the “simul- 
taneous reduction of the armed forces of every kind.” Many simi- 
lar proposals throughout the 19th century, especially by France, 
culminated in the Hague Peace Conferences of 1899 and 1907, 
both of which passed resolutions affirming the desirability of the 
restriction of armaments. Most of the attempts to secure interna- 
tional peace through disarmament failed, and the two which suc- 
ceeded, the Rush-Bagot Agreement of 1817 and the Washington 
Treaty for the Limitation of Naval Armament of 1922, were in- 
tegral parts of political settlements which carried in themselves 
the assurance of peace, In other words, as the armaments race is 
a symptom of political conflict which is likely to lead to war, so 
is disarmament the symptom of the disappearance of political ten- 
sion which by itself assures the preservation of peace, Disarma- 
ment by itself, especially if it is of the local and qualitative type, 
gives no such assurance, for at best it would alter the methods 
by which war is to be waged (but not the incidence of war itself). 
(See further DISARMAMENT.) 

Collective Security.—' The concept of collective security as- 
sumes that nations generally increase their armaments and go to 
war either because they are in fear of aggression or because they 
expect that their aggression will succeed without too great a risk. 
If the community of nations could provide its members with se- 
curity through collective action, the main motive for war would 
disappear. In a system of collective security, all participating na- 
tions accept responsibility for maintaining the security of each 
individual nation. If nation A threatens nation B’s security, C, 
D, E, F, and G will take measures on behalf of B and against A 
as though A threatened them, and vice versa. 

The ability of a system of collective security to preserve peace 
rests on three assumptions: (1) the collective system must have 
at its disposal at all times sufficient strength to deter any poten- 
tial aggressor; (2) the nations which dispose of such overwhelm- 
ing strength must have the same interest in defending the status 
quo; (3) these nations must subordinate their conflicting political 
interests to the overriding concern for collective defense. The 
history of collective security, as it was provided for by the Cove- 
nant of the League of Nations and the Charter of the United 
Nations, shows that these three conditions are rarely present at 
the same time. (1) Aggression is generally threatened or com- 
mitted not by one but several nations which, at least initially, are 
of approximately equal if not superior strength to those who are 
willing to resist aggression. (2) What is required for the security 
of one group of nations may be incompatible with, or actually 
threaten the security of, another group. (3) Finally, collective 
security presupposes a moral transformation which makes indi- 
vidual nations forgo their national egotisms and the national poli- 
cies serving them for the sake of collective policies serving the 
supranational purpose. (See also SANCTION AND GUARANTEE.) 

Judicial Agencies.—International judicial agencies have been 
devised on the assumption that international conflicts have led to 
war because there were no facilities available to nations to settle 
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their conflicts peaceably. Nation A wants something of nation B 
which nation B is not willing to concede. Hence, A will try to 
get what it wants from B by force of arms. If there were a 
method, acceptable to A and B and fashioned after the model of 
national judicial agencies, of settling that conflict peaceably, war 
would become superfluous as the supreme arbiter among nations. 

Thus, during the second half of the 19th century the arbitration 
movement gained strong popular support for proposals to estab- 
lish international arbitration courts with compulsory jurisdiction 
to settle all international conflicts. Many nations concluded 
treaties for the judicial settlement of at least certain types of 
disputes, The movement culminated in the establishment of the 
Permanent Court of Arbitration by the Hague Convention for the 
Pacific Settlement of International Disputes of 1899 and 1907, of 
the Permanent Court of International Justice in 1920, and of the 
International Court of Justice (g.v.) in 1946. 

None of the disputes settled by these courts, however, can be 
said to have carried the risk of war had it not been settled by 
an international tribunal. Furthermore, all nations likely to get 
involved in serious political disputes were careful to circumscribe 
strictly the type of dispute they were willing to submit to judicial 
settlement, Only nations which were unlikely to get involved with 
each other in disputes of this kind, such as Cólombia and El Salva- 
dor, Denmark and Portugal, the Netherlands and China, Belgium 
and Sweden, agreed to submit all disputes that might arise be- 
tween them to judicial settlement without any qualification. 
Finally, and most importantly, while disputes between two indi- 
viduals to be submitted to a national court concern the applica- 
tion or interpretation of the law as it is, disputes between states 
which are likely to lead to war typically have as their object the 
very survival of the legal order, which one state wants to change 
in opposition to another defending it. Issues of this kind are of a 
legislative nature, and judicial agencies are unable to cope with 
them. (See also ARBITRATION, INTERNATIONAL.) 

Peaceful Change.—The issue of peaceful change is raised by 
the inability of judicial agencies to settle peacefully disputes that 
concern not the application of the existing legal order but its trans- 
formation. National societies, especially democratic societies, 
are continually engaged in processes of peaceful change. These 
processes are made possible by three factors: (1) the ability of 
different trends in public opinion to express themselves freely and 
to compete with each other for maintenance or change of the 
status quo; (2) the ability of social and political institutions 
to absorb the pressures of public opinion and to translate them 
into legal measures and institutions; (3) the ability of the state to 
protect against violent change the social order resulting from 
these competing social pressures. 

In international affairs these factors are largely absent. No 
free interplay of different trends in public opinion exists to the 
same extent among nations as it does within them. International 
social and political institutions are rudimentary; more particu- 
larly, the operation of international legislative bodies, making ma- 
jority decisions with binding effect upon the minority, is pre- 
cluded by the principle of sovereignty, at least for political matters. 
For the same reason there can be no supranational organization 
of compulsion that is not based upon the voluntary cooperation of 
individual states. 

In consequence, the institutional devices introduced into the 
Covenant of the League of Nations and the Charter of the United 
Nations to facilitate peaceful change proved to be ineffectual. 
Article 19 of the League Covenant reads: “The Assembly may 
from time to time advise the reconsideration by Members of the 
League of treaties which have become inapplicable and the con- 
sideration of international conditions whose continuance might en- 
danger the peace of the world." Article 14 of the UN Charter 
refers in general to “the peaceful adjustment of any situation, re- 
gardless of origin, which it [the General Assembly] deems likely 
to impair the general welfare or friendly relations among nations." 
Article 19 of the Covenant was formally invoked only once, by 
Bolivia against Chile in 1920, but was not acted upon because 
Bolivia retracted its request. The article was further weakened 

by authoritative interpretation of the assembly. The General 
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Assembly of the United Nations made recommendations f 
5 or 

ful change in a number of cases, but only two— Palestine 
disposition of the former Italian colonies of Libya, Evi. 
Somaliland—were genuine and successful, Vet the actus] ma 
of Palestine was the result of a war between the Arab 
the Israelis, a fact which the UN General Assembl 
nize in succeeding recommendations, 

Peaceful change administered by an international organiza 
comes up against a basic fact of international life: nation] 
eignty. If the international organization respects National ye 
ereignty and, hence, only recommends peaceful change, the eje. 
tiveness of the recommendation will depend upon the артты 
of the parties concerned; yet if the parties concerned agree mp 
way, the recommendation is not decisive and is superfluous, Ihe 
parties do not agree, change must then be imposed upon the 
by the international organization and will be peaceful only jl | 
can be imposed under the ideal conditions—hardly attainable y 
we have seen—of collective security. 

International Government.—The above-mentioned dais 
to establish international peace are intended to provide sede 
remedies for particular problems. International government, 
the other hand, recognizes that peace and order can be secure a 
in an integrated society existing under а common authority шй! 
common conception of justice. International government, lie 
is the attempt to establish such an authority and to create sudi 
conception of justice in a society of sovereign states. Suds 
attempt followed each of the three world wars of the 19018 
first half of the 20th century. The Napoleonic Wars called itt 
being the Holy Alliance; World War I the League of Natio 
and World War II the United Nations. For identical reason & 
herent in the nature of international government, none of tht 
organizations was able to put international peace on а more si 
basis. 

The Holy Alliance, the League of Nations, and the United N 
tions were conceived as international governments control ү 
the great powers; this is obvious from the membership of 
Holy Alliance as well as from the membership and the fun Y 
of the Council of the League and the Security Council of н 
The ability of these international organizations to prot 
peace of the world, then, depended upon the ability of the ge 
powers to work in unison for the achievement of that objet 
Yet in all three organizations the particular interests of in 
great powers prevailed over the interest they were SUP 
have in common: the preservation of peace. . кам 

All three organizations had as their basic political objet 
maintenance of the status quo as it had been establish MT 
preceding world war. However, not all the great nations 7 
same understanding as to what the maintenance 0 thes d 
meant in view of their particular interests, nor Were 
equally interested in it. Thus it came about that ones 
fulness and then the very existence of the Holy АША 
stroyed by the conflict between Great Britain and Russ i 
lasted throughout the better part of the 19th century nit 
ability of the League of Nations to become an effective к 
for the preservation of peace was jeopardized first by d pe 
conflict between Great Britain and France, then ty 4 
and Germany, and finally between Great Britain M [| 
the one hand and the Soviet Union on the ош Е: 
United Nations as a peacemaker was paralyzed a nde? 
beginning by the conflict between the Western моге 
leadership of the United States, and the Soviet e "m 

The attempts to secure peace by an internationa: ead 
sovereign nations have all been the victims of 4 cont ei 
herent in these very attempts. 
government of sovereign nations seem 
terms that can be eliminated only by a direct а 
sovereignty itself. 

The World State.—A proposal that seems to 
logical solution to the problem of international PO"), ihe 
state. (See WORLD GOVERNMENT MOVEMENTS. peen mi% 
way, so it is argued, in which domestic peace ae 
cure by the subjection of local and regional 8° 


nations 
у had to к. 


€ iw 
S Wa 


many to 
ace 15 


mon authority, 50 international peace, to be secure, must be 
| upon the foundations of a government for all mankind to 
national governments must yield their sovereignty. 
Any world government, if it is not tyrannical, must rest on a 
tional loyalties, expectation of justice, 
И ‘That is to say, whenever a conflict arises 
ween loyalty to a pa icular nation and loyalty to the world 
ent, the latter must be reasonably certain that the con- 
iy will be resolved in its favour, Furthermore, the peoples of 
к world must be united in the reasonable expectation that the 
government will at icast approximate justice in its dealings 
them, Finally, the world government must have at its dis- 
such overwhelming physical strength as will make it unlikely 
m the outset that any group subject to its rule will offer physi- 
istance to its decisions. 
Т0 realize these three preconditions for a world state capable 
preserving peace, two methods have been suggested and partly 
РШ into practice: one constitutional and one functional. A num- 
Т of organizations h worked out constitutions for a world 
ite, generally on a ic basis. Once such a constitution has 
ratified by the representatives of the nations of the earth, its 
operation is expected to call into being the three founda- 
в upon which an effective world state must rest. On the other 
there are those who believe that before a world state can be 
ght into being, humanity must experience its community of 
sts and develop the foundations for a world state through 
live cooperation for specific limited objectives. Once humanity 
learned to cooperate, say, for the improvement of health or 
increase in agricultural production regardless of national 
іса! unity will grow almost organically from 
Пу met and the common interest in their 


aring humanity for a world state upon the 
led specialized agencies of the United Nations and similar 
zations; it points to the European communities, such as the 
pean Coal and Stee! Community, Euratom (European Atomic 
Community), and the Common Market, as precedents. 
he chief instrumentality through which states 
Ne actually attempted to preserve international peace by recon- 
g hostile interests has continued to be diplomacy (q.v.). It 
oldest and most natural method for the settlement of in- 
P tional disputes; for sovereign entities, such as nations, which 
definition are not sub ject to a higher authority, must naturally 
Wo settle their disputes peacefully by way of negotiation, ‘The 
Куе factor in diplomatic negotiations is the interest of the ne- 
ting parties in the success of the negotiations. This interest 
erally takes two different forms. On the one hand, the negoti- 
if parties expect from the peaceful settlement the protection 
Tomotion of their vital interests, while both are willing to 
Fomise on secondary issues, thus each giving up something 
ceiving something. On the other hand, the interest of the 
n concluding an agreement and, more particularly, in keep- 
id реф upon the political and military pressures which one 
A Sable to exert upon the other in support of a peaceful settle- 
This has been one of the traditional functions of competi- 
j ments, alliances, and the balance of power. 
| macy as a method of preserving peace has been depreciated 
®xtent that the newer methods, mentioned above, have cap- 
the popular imagination, ‘That depreciation is based on 
tive well as practical grounds. Yet, though diplomacy 15 
ew Оп both counts, governments, while experimenting with 
ın the 16005, have continued to put their main reliance 
traditional methods of diplomacy. It is worthy of note 
l extent, for instance, the United Nations, which was widely 
ПЕС to provide a substitute for the traditional methods of 
b. has been transformed into an instrument of diplomacy, 
Individual nations for the protection and promotion of 
Particular interests. 
a E for a more effective method of preserving peace than 
E can provide, which has occupied humanity to an ever- 
hey „tent since the beginning of the 19th century, reflects 
and ever-increasing urgency which the problem of peace 
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has assumed. For political, technological, and moral revolutions 
have transformed war from the rational instrument of foreign 
policy that it once was into an instrument of universal destruction. 
It is one of the great paradoxes of the 20th century that as the 
preservation of peace has become a matter of survival for West- 
ern civilization the traditional instruments of preserving it have 
become less effective; and more effective ones have not yet been 
devised. 

See also references under “Peace, International” in the Index. 

Втвілоскариу —S, J. Hemleben, Plans for World Peace Through Six 
Centuries (1943) ; T. Paullin, Comparative Peace Plans (1943); E. 
Wynner and G. Lloyd, Searchlight on Peace Plans (1944); A. C. 
Beales, The History of Реасе (1931) ; Frederick L. Schuman, The Com- 
monwealth of Man (1952); Hans J. Morgenthau, Politics Among Na- 
tions, 4th ed, (1967); W. E. Rappard, The Quest for Peace Since the 
World War (1940), (Н. J. Mv.) 

PEACE CONFERENCES. For conferences for the promo- 
tion of peace held before 1914 see HAGUE CONFERENCES, For con- 
ferences subsequent to World War I see relevant headings; ¢.g., 
Parts, CONFERENCE OF; VERSAILLES, TREATY OF; WASHINGTON, 
TREATIES ОР; Locarno, Pact or, etc. See also CONFERENCE, 
INTERNATIONAL; War, For World War II peace conferences, see 
Austria: History; ITALY: History; JAPAN: History, etc, See 
also KOREAN WAR. 

PEACE CORPS, an agency of the U.S. government estab- 
lished by Executive Order 10924 issued by Pres. John F. Ken- 
nedy on March 1, 1961. It became a permanent agency under the 
Department of State the following September when Congress ap- 
proved the Peace Corps Act. Its first annual budget was $30,000,- 
000. The Peace Corps, in the words of President Kennedy, was to 
be “a pool of trained American men and women sent overseas by 
the United States Government to help foreign countries meet their 
urgent needs for skilled manpower." 

After World War 11, many developing countries began to build 
modern political and economic systems, The Peace Corps was 
formed to enable experienced Americans to share their knowledge 
in education, agriculture, health, trade, technology, and community 
development with nations trying to build their own pools of trained 
manpower. 

Peace Corps volunteers must be U.S, citizens and must be at 
least 18 years old; there is no upper age limit. Volunteers with 
dependents under 18 years of age are not eligible to participate 
in the program; however, married couples without dependent chil- 
dren are eligible if both husband and wife can do needed jobs, 
Each volunteer must answer a Peace Corps questionnaire and take 
a placement test, a one-hour general aptitude examination (if the 
volunteer is a college graduate, he is given only a foreign-language 
aptitude test), On the basis of the candidate's skills, education, 
and experience he is assigned to a project that has been requested 
by one of the many countries in which the Peace Corps serves. 
To prepare for this assignment, the volunteer studies for three 
months at a U.S. college or university, More than 90 colleges 
have conducted intensive instruction in the language, history, poli- 
tics, and customs of various countries to which volunteers have 
been sent. During this training period the volunteer candidate 
also studies American history and policies and takes some train- 
ing in the special skill that he brings to the program. 

Once overseas, the volunteer functions as a good neighbour by 
working directly with the people of the host country, speaking 
their language and sharing their lives. Each volunteer receives 
a living allowance comparable to that of his counterparts in the 
host country. The normal term of service is two years, at the 
end of which the volunteer receives a termination payment of 
$1,800 (less taxes). Peace Corps service does not exempt volun- 
teers from military duty. 

In 1961, the first year of the Peace Corps, 900 volunteers served 
in 16 different countries of Latin America, Asia, and Africa. The 
cost per volunteer for staff support, training, transportation, al- 
lowances, and equipment was $8,000. In 1966, because of in- 
creased requests from host countries, 12,300 volunteers were at 
work in 52 countries and the Corps’ budget was $110,000,000, 

The Peace Corps maintained a headquarters staff in Washington, 
D.C., and a small staff in each host country to allocate the work 
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of the organization and to supervise individual projects. In its 
first years the Peace Corps was administered by R. Sargent 
Shriver, who held the title of director and was assisted by several 
associate directors. The largest division of the staff was that of 
Program Development and Operations. It was divided into four 
regional offices: (1) Latin America, (2) North Africa, Near East, 
and South Asia, (3) Far East, and (4) Africa, and was responsible 
for developing and administering the Peace Corps programs with 
the host countries. The other divisions were the Planning, Eval- 
uation, and Research Division, which was concerned with the ef- 
fectiveness of Peace Corps projects; the Public Affairs Division, 
which handled recruiting, congressional liaison, and public informa- 
tion; the Peace Corps Volunteers Division, which selected and 
trained the volunteers and provided support once they had been 
sent overseas; and the Management Services Division, which was 
responsible for the personnel section and the finances of the 
agency. 

The overseas staff consisted of a Peace Corps director for each 
country, assisted by one or more associate directors and a medical 
doctor. They were responsible for the well-being and work per- 
formance of the volunteers; they also served as the channels of 
communication between Washington and the host country. 

The record of the Peace Corps can be evaluated in several 
ways. Its popular appeal was indicated by the fact that more 
than 1,000 Americans applied for service each week in 1964. Every 
country that originally asked for volunteers doubled, tripled, and 
even quadrupled its first requests. One of the finest tributes to 
the Peace Corps was the 1963 Ramén Magsaysay Award, the 
$10,000 prize given to persons in Asia who “exemplify in spirit, 
integrity and devotion to liberty” the late president of the Philip- 
pines. This Asian equivalent to the Nobel Prize had never before 
been won by a non-Asian group. (S. Sr.) 

PEACE PIPE: see CALUMET; PIPE SMOKING. 

PEACE RIVER, a part of the great Mackenzie River (q.v.) 
system of western Canada, rises as the Finlay River in the Rocky 
Mountains of north central British Columbia. The length is 1,195 
mi. Breaking through the mountains it flows northeast through 
Wood Buffalo National Park into the Slave River, near Lake 
Athabasca, in Alberta. The district between 55° and 60° N, and 
between 112° W and the Rocky Mountains, is commonly known 
as the Peace River country. Some parklike openings in the for- 
ests and a slightly longer growing season and better soil than the 
surrounding area attracted farming settlement to the Peace River 
country before World War I. In the latter half of the 20th cen- 
tury more than 4,000,000 ac. were in farms. The most important 
crop is barley; oats, wheat, and forage seeds are also grown. There 
are great deposits of coal, and after 1952 the region became a 
major producer of natural gas and petroleum. Pipelines connect 
the gas and oil fields to southern markets. Forest resources are 
also important. The Peace River country was connected by rail 
with Edmonton in 1914 and with Vancouver in 1958; the Alaska 
Highway begins at Dawson Creek, B.C., and crosses the Peace 
soon after. The Peace is navigable from Peace River, Alta., to 
the Slave, except for Vermillion Falls near Fort Vermillion, Alta. 

(Jn. H. W.) 

PEACH, CHARLES WILLIAM (1800-1886), British nat- 
uralist and geologist who made valuable contributions to the 
knowledge of marine invertebrates and of fossil plants and fish, 
was born on Sept. 30, 1800, at Wansford in Northamptonshire. 
He received an elementary education at Wansford and at Folk- 
ingham in Lincolnshire, and for several years assisted his father 
in the operation of an inn and farm. 

In 1824 the earl of Westmorland appointed him riding officer 
in the revenue coast guard at Weybourne in Norfolk. Seaweeds 
and other marine organisms attracted his attention, and he began 
to collect them. His duties during the next few years led him to 
move to several different places in Norfolk and in the course of 
his rambles he met the Rev. James Layton, curate at Catfield, who 
lent him books and assisted in laying the foundations for his 
future studies. He was finally sent to Gorran Haven in Cornwall 
where he continued to pursue his studies and supplied many speci- 
mens to the British naturalist G. Johnston, who was then prepar- 
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ing his History of the British Zoophytes (1838). It wa 
that Peach found fossils in some of the older rocks 
garded as unfossiliferous. This discovery proved ( 
Bala beds (Ordovician) in the neighbourhood. 

In 1841 he read a paper before the Bri 
outh entitled “On the Fossil Organic Rem: 
east Coast of Cornwall," and in 184 
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Peach was appointed to a position in the customs at Fowey ie 
1845; and four years later he went to Scotland, first to Peteril 
and in 1853 to Wick. He studied the Old Red Sandstone, te 
boulder clay of Caithness and the ( iferous plants of g. 
land. During a stay at Durness he first found fossils in lh 
Cambrian limestone (1854). In the field of natural history jy 
contributions included the discovery of many new speciesd 
sponges, coelenterates, and mollusks. He died at Edinburgh 
Feb. 28, 1886. 

PEACH (Prunus persica), a fruit 


warmer temperate regions of both the 


ee grown throughout lj 
Northern and Southey 


Hemispheres. It belongs to the Prunoideae subfamily of them 
family (Rosaceae), which also includes the cherries, plums al 
apricots, a group known as drupes or stone fruits, 
History.—It was long thought that the peach originated i 
Persia as is suggested by the specific name persica. It is ПОЙ 
sonably certain that the original home of the peach was (hi 
and that it spread westward along the caravan routes through Ai 


to the Mediterranean countries and later to other parts of Eun 
It has long been cultivated in China and reference to Tao, mte 
ing “peach,” has been found in Chinese writings of the Sth o 
tury B.c. The Greeks and Romans are believed to have had the 
peach shortly after the beginnings of the Christian era; it he 
was introduced to countries under their influence, ‘The Sp 
explorers brought the peach to the New World, and as eatly 
1600 the fruit was found in Mexico. Explorers, settler 
Indians were responsible for the wide distribution of the frit 
the Western Hemisphere. А 

Plant Characteristics.—Growth Form.—The tree 15 sol 
medium sized, seldom reaching 25 ft. in height. Under пй? 
tion, however, it is usually kept to between 10 and 1 Ш 
height by pruning. The leaves ossy green, lances 
and long-pointed; they usually ha nds at their bases, V 
secrete a fluid that attracts ants and other insects. JY 
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PEACH BLOSSOM 
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in the leaf axils and are arranged singly or in groups of 
ee at nodes along the shoots of the previous season's 
"The five petals, usually pink but occasionally white, five 
and three whorls of stamens are borne on the outer rim 
short tube that forms the base of the flower. The pistil 
ists of a single carpel with a relatively long style and an en- 
ved basal portion, a ovary, ve the fruit. 

"We Fruit and Its Composition.—While the skin of most ripe 
En downy or fuzzy, there are some smooth-skinned peaches 
galled nectarines, which = pow indistinguishable from ordi- 
peaches. The glabrous 
er of the nectarine is he- 
y; peach seeds carrying 
Buy give rise to nec- 
(шше. A branch bearing nec- 
rines is occasionally produced 
asasport or mutation on a peach 
{ree (see also NECTARINE). 

The peach develops from a sin- 
- gleovary that ripens into a fleshy, 
“juicy exterior, making up the 

edible part of the fruit, and a 
‘tard interior called the stone or 
ji Of the two ovules in the 
ovary usually only one becomes 
fertilized and develops into a 
sed, which is enclosed within the stone. This frequently results in 
“tne half of the fruit being slightly larger than the other, the two 
ives forming the slight longitudinal cleft typical of drupe fruits. 
flesh may be white, yellow, or red. Varieties may be freestone 
- types, which have stones that separate easily from the ripe flesh, 
- Orclingstones, which have flesh that adheres firmly to the stone. 
"The peach is about 87% water. It has fewer calories than either 
| Or pears; its protein and fat content are negligible. Yel- 
_lovrfleshed types are especially rich in vitamin A, containing more 
than four times as much as an orange of the same size. 
_Cultivation—For centuries the cultivation and the selection 
ÎÎ varieties was largely confined to the gardens of the nobility, 
nd large-scale commercial peach growing did not begin until the 
Шш of the 19th century, in the United States. The early 

ten are of seedling peaches, inevitably very variable and 

Ol poor quality. The practice of budding superior sorts 
Pm rdy Seedling rootstocks, which came later in the century, 
E 0 the development of large commercial orchards. The most 

‘Mportant limiting factor in peach production is cold injury to the 
oe and buds during the winter or frost injury at blossoming 
Peaches are intolerant of severe cold, and cannot be grown 
stully where winter temperatures normally fall to —23° to 
(—10? to —15° F); only the most hardy varieties can 
d these temperatures. On the other hand, peaches do not 
isfactorily where the winters are too mild. Most varie- 
Ше some winter chilling to induce them to burst into 

ter the annual dormant period. If there is not sufficient 
0 break this dormancy, the trees come into leaf slowly or 
and the blossoms tend to drop off. In regions with warm 
E only those varieties with a low chilling require- 
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ach does well on various soil types, ranging from the 
E ‘ured sand or gravelly loams and shales to silt loam, but 
it grows best on well-drained sandy or gravelly loams. 
ed soils that have a tendency to waterlog or have poor 
lage are unsatisfactory. In regions where low winter 
üres and spring frosts are hazards, the orchard site should 
htly elevated in relation to the surrounding land to per- 
air to drain away to lower levels. Large bodies of water 
* à moderating effect in regulating temperatures and re- 
rd. 
trees should be pruned annually to prevent them from 
0 tall and leggy. Pruning back upright shoots to out- 
4 laterals will help to produce a spreading tree and keep it 
‘len ight. In general, peaches grow best when the soil 
tree is cultivated. Mulching with organic material will 
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keep down competition of field grasses and conserve moisture, On 
most soils the peach responds well to nitrogen-rich fertilizers or 
manures, without which satisfactory growth cannot be obtained. 

Most peach varieties produce more fruits than can be main- 
tained and developed to full size. Some shedding of fruitlets takes 
place naturally, about a month to six weeks after full bloom, but 
the number remaining may have to be reduced further by hand 
thinning. This should be done as soon after the natural drop as 
possible, 

Peach trees are relatively short-lived as compared with some 
other*fruit trees. In some regions orchards are replanted after 8 
to 10 years, while in others trees may produce satisfactorily for 
20 to 25 years or more, depending upon their resistance to dis- 
eases, pests, and winter damage. 

Varieties.—Thousands of varieties of the peach have been 
selected and in 1917 more than 2,000 varieties were described 
as being grown in the United States. Yellow-fleshed varieties are 
preferred in North America, and practically all the varieties grown 
commercially are of this type. In Italy, which represents Euro- 
pean preference, 60% of the peaches grown are white-fleshed. 
Most of the varieties now grown commercially round the world 
are of American origin. The most widely known of all varieties 
is Elberta, produced in the United States in 1870 and still one 
of the most widely grown freestone peaches, 

In most of the main peach-growing countries peaches are avail- 
able for the four or five summer months. With the constant in- 
troduction of new varieties, lists of recommended sorts soon be- 
come out-of-date, but some well-tried varieties continue to be 
popular, Dixiered, an early producer among the early ripening 
yellow-fleshed freestones, is followed by Redhaven, Golden Jubilee, 
Triogem, Halehaven, Elberta, and J. H. Hale. The important 
firm-fleshed clingstones grown for canning include Halford, Gaume, 
Paloro, Peak, and Fortuna. Among the white-fleshed varieties 
favoured in Europe, Mayflower starts the season and is followed 
by Amsden, Bella di Roma Precoce, Charles Ingouf, Hales Early, 
and Belle of Georgia. 

Pests and Diseases.—Peaches are attacked by many insects, 
nematodes, and fungus and bacterial diseases, Few fruits of good 
quality are obtained without the use of pesticides. Fortunately 
most of the pests and diseases can be controlled by chemical 
sprays and general orchard cleanliness. Mites, aphides, caterpil- 
lars, and scale insects (of which the San Jose scale is the worst) 
all attack the peach. Brown rot, due to species of the fungus 
Sclerotinia, causes rotting of the fruit on the tree and in storage; 
less seriously it causes blossom and twig blight and cankers. 
Peach leaf curl, which probably spread from Europe, is caused by 
the fungus Taphrina deformans; it is the most easily recognized 
disease, deforming the leaves and causing early defoliation, Peach 
scab (Cladosporium carpophilum) causes unsightly markings on 
the fruit. Peach blight or fruit spot, caused by Coryneum 
beijerinckii, attacks the blossom, leaves, and fruit and, like the 
others, is of almost worldwide distribution, Bacterial canker, 
silver leaf, and mildew are also troublesome. Virus diseases such 
as peach yellows, rosette, little peach, and peach mosaic are seri- 
ous ailments that cannot be controlled by spraying. Most of 
these virus diseases are spread by insects or grafting. The best 
checks are to eradicate diseased trees, to control insect vectors, 
and to propagate only from virus-free trees, (See also FRUIT 
FARMING; HORTICULTURE.) 

Production.—The peach is the third most important of the 
deciduous tree fruits, ranking after the apple and pear, The 
United States, where the peach ranks second to the apple in im- 
portance, produces almost half of the world’s supply of this fruit; 
California leads among the states in the production of both free- 
stone and clingstone peaches, In that state a large commercial 
industry has been developed in the production and canning of 
firm-fleshed clingstone varieties; freestone varieties are used 
chiefly for fresh fruit and for drying. In Europe, Italy, with a 
1,000,000-ton annual crop, a quarter of the world’s supply, is the 
leading peach producer, followed by France, Spain, and Greece. 
Elsewhere, Argentina, Japan, Turkey, Canada, South Africa, and 
Australia produce substantial crops. 
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Bisrrocraruy.—H. Caillavet and J. Souty, Monographie des prin- 
cipales variétés de péchers (1950) ; U. P. Hedrick, The Peaches of New 
York (1917) ; A. Morettini et al., Monographie delle principali cultivar 
di pesco (1962) ; C. P. H. Wilson, Bush Peaches (1958) ; W. H. Chan- 
dler, Deciduous Orchards, 3rd ed. (1957). (F. P. C.; A. G. B.) 

PEACHAM, HENRY (c. 1576-c.1643), English author best 
known for his Compleat Gentleman (1622), important in the tradi- 
tion of courtesy books, was born at North Mimms, Hertfordshire, 
about 1576. He was educated at Trinity College, Cambridge, and 
was successively schoolmaster, traveling tutor, and author. Of his 
time as master of the free school at Wymondham, Norfolk, he 
wrote "whiles that it was free, Myselfe, the Maister, lo8t my 


libertie.” His first book, The Art of Drawing With the Pen, and 


Limning in Water Colours (1606), dealt with a lifelong interest; 
his translation (1610) into Latin verse of King James’s Basilicon 
Doron contained his own pen-and-ink drawings. The Period of 
Mourning (1613) honoured the memory of Prince Henry, and 
Thalia’s Banquet (1620) proved Peacham’s ability to turn an 
epigram. The Truth of Our Times (1638; ed. by R. Cawley, 
1942) is full of acute observations on the London life he knew 
so well; he recalled seeing the acting of the great Richard Tarlton 
“when I was a Schoolboy in London.” The Worth of a Peny 
(1647; in E. Arber’s English Garner, vi, 1883) is Peacham's “com- 
plaint to his purse.” But his chief work remained The Compleat 
Gentleman (ed. by G. S. Gordon, 1906). It was a full expression 
of his theories on education, and its table of contents exhibits 
the variety of his interests: cosmography, geometry, poetry, music, 
sculpture, drawing, painting, heraldry. Dr. Johnson drew the 
heraldic definitions for his Dictionary from the 1661 edition, 

Peacham was royalist to a fault, writing in 1639 The Duty of 
All True Subjects to Their King as Also to Their Native Countrey ; 
and he spoke proudly of having sketched the king's portrait as he 
sat at dinner. Though he attacked Puritans in Thalia’s Banquet, 
he had some natural sympathy with them, deploring lavishness 
of every kind, He concludes The Truth with a quotation from 
Hippocrates: “All things moderately, and in measure.” 

See M. C. Pitman, “Studies in the Works of Henry Peacham,” 
Bulletin of Historical Research, xi (1934). (R. R. Cv.) 

PEACOCK, THOMAS LOVE (1785-1866), English poet 
and satirical novelist, in whose novels conversation is more im- 
portant than character or plot, was born at Weymouth on Oct. 18, 
1785. His father was a glass merchant, his mother a Devon 
woman with marked literary interests. Peacock was deeply at- 
tached to his mother, who lived to be nearly 80, and used to read 
his writings aloud for her criticisms. At ten he was already writ- 
ing verse. He was not sent to a public school or university, but 
spent six and a half years at a private school and then seems to 
have gone straight into a business firm as a clerk. He was a self- 
educated man whose knowledge of the Greek and Latin classics 
was the result of his own study and enthusiasm. In 1804 he pub- 
lished The Monks of St. Mark, followed by other poems (Palmyra, 
The Genius of the Thames, and The Philosophy of Melancholy) 
between 1806 and 1812. In 1818 Rhododaphne appeared. Pea- 
cock is mainly remembered as a poet for the lyrics in his prose 
writings, but some of his other poems also contain fine passages. 
About 1810-11 he wrote The Dilettanti and The Three Doctors, 
farces which anticipate his later satires. In 1812 he met Shelley, 
whose close friend he soon became. The months that he spent 
near the Shelleys at Great Marlow in 1817 seem indeed to have 
been the main seminal period of his life, and the ideas that lie 
behind many of the witty dialogues in his books probably found 
their origin in the conversation of Shelley and his friends. A brief 
essay which he published in the first number of Ollier's Literary 
Miscellany (1820), “The Four Ages of Poetry,” provoked Shelley 
to write his luminous Defence of Poetry. In the same year Pea- 
cock married Jane Gryffydh, a parson's daughter. 

In his essay on “French Comic Romances” (The London Re- 
view, October 1835), Peacock distinguishes between comic ro- 
mances in which “the characters are abstractions . . . and their 
opinions [are] the main matter of the work” and those in which 
“the characters are individuals, and the events and the actions 
those of actual life.” Whereas most English novels fall into the 
latter category, Peacock’s satiric tales belong to the former and 
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should strictly not be described as novels at all, Headlony y 
(1816) was a foretaste of what was to come: the dis k. 
progress which begins in ch. i does not come to an end шй 
conclusion of his last novel, Gryll Grange (1860), while m. 
go no further than the second chapter to find the characters 
at table and embarked on the learned and Philosophical i. 
sion of food and drink which forms the leitmotiv of all his bo 
As in the most characteristic of the later books, there ig iy 
in the way of plot: a tenuous love story serves. to hold the | 
together, but the main ingredients are satirical description, m 
rative, and above all dialogue in which many of the common og 
ions of the day are presented and criticized. The characters, 
“humours,” no attempt being made to present them in the 
In Melincourt (1817), which is much longer and in which 
action is set in the Lake District, there is the same basic structu 
The idealistic lovers, Anthelia and Sylvan Forester ( 
representation of Shelley), stand in sharp contrast to most df 
other characters, and the book as a whole is a passionate 
against the corruption, anti-jacobinism, and obscurantism thitm 


riot in the period of repression that followed Waterloo, An 
satire on parliamentary corruption, an ape (Sir Oran Hau 
is elected M.P., while a definition of “the spirit of chivaly") 
described by a friend of Southey as containing “all the ingredient 


of a rank Jacobin.” Peacock’s anticlericalism is particularly e 
dent in this book: in ch. 39 Wordsworth and John Wilson ule 
join Southey and George Canning in chanting “The church st 
danger! The church is in danger!” 
In Nightmare Abbey (1818) the reader 
a house party and a number of “humou 
plot with unforeseen incidents and a reversal of fortune. суйл 
is a representation of the young Shelley, with hi i 
forming the world: the outcome of 


1 


his 


romantic melancholy. Mr. Flos 
Mr. Cypress a satire on Byron. (His song “There is a fever oft 
spirit” is an admirable parody.) In Maid Marian (1822) 
The Misfortunes of Elphin (1829) Peacock attempted to pl 
satire onto the historical romance, but in spite of some admi 
passages neither is a successful whole. His greatest achieve 
are Crotchet Castle (1831) and Gryli Grange (1860), in bie 
returned to the pattern of Headlong Hall. Once agam thee 
host who loves conversation, a clerical gourmand, a pait 0 e 
tic young lovers, and a train of “humours.” Dialogue 1 

prominent than ever. Like Melincourt, Crotchet Castle a 
to a particular period: the time when agitation about p tib 
tary reform was at its height. The main theme of the м А 
troduced when the Rev. Dr. Folliott bursts into the hi 
room and announces that he is “out of all patience with t is 
of mind.” The troubles of the time lie rather heavily ? й 
book, however, and it lacks the serenity that is one of the p 
of Gryll Grange. Peacock's last book contains the АДЕ mg % 
as its predecessors, but this time the mixture has b P 
fection. It dates hardly at all, partly because Peacock 

to worry about contemporary problems. — Т, 

Almost the whole of Peacock’s working life was 2 
service of the East India Company. He was an able a ; D 
and in 1836 he succeeded James Mill as chief enne І 
he retired оп a pension. During the last years of ш е stil 
his admirable Memoirs of Percy Bysshe Shelley as ser 
Fraser's Magazine (1858-62). He died at Lower 
Jan. 23, 1866. 

BinriocRAPHY.— The best edition of the Works 
notes) is the “Halliford Edition," ed. by H. F. В. B 
Jones, 10 vol. (1924-34), vol. i of which contains d 
There is a useful one-vol. edition of the Novels, ей. Dy, JJM 
(1948). See also J. B. Priestley, T. L. Peacock (192701. (i 
Un Epicurien anglais: T. L. Peacock (1933). ТИ 

PEACOCK, the male of the largest and most б Th 
pheasants, Pavo cristatus, a native of India and Сб ial 
male is the peahen; collectively, both are peafow head; p 
а crest and whitish bare areas on the sides of the tail c 
mage is brilliant metallic green and blue. The pP" 
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PEACOCK /O CRISTATUS) 


DISPLAYING 


thormously elongated, forming the train of about six feet in length, 
bronzy-green and bluc olour and ornamented with brilliantly 
coloured eye spots, or ocelli, A white variety is common in cap- 
tivity. In courtship di , the train is erected vertically above 
the bird’s back, being supported by the tail feathers. At the cli- 
max of the display the tai! feathers are vibrated, giving the feathers 
of the train a shimmering appearance and imparting a rustling 
sound, 4 
Wild peafowl live i 
(all trees, which they 
afternoon, In captivi: 
periods, seemingly sho: 
tock.” The female i 
Omamental feathers. 7 
ing to acquire a harer 
season the male utters 


ill flocks in open forest but roost in 
n to ascend, in gradual stages, in the 
he bird often displays outside courtship 
ng off, hence the saying, “proud as a pea- 
uch more dully coloured and lacks the 
t peacock is polygamous, each male seek- 
four or five hens, During the breeding 
А iucous, harsh cry. The hen lays from 
four lo six whitish, sometimes spotted eggs in a hidden nest. 
This beautiful bird, seen in almost every zoo and in some large 
Glate gardens, has long been famous, especially since it adapts 
Fwd to domestication. The Phoenicians introduced it to the 
aed Of Egypt, and Alexander the Great took it to Greece. 
Ens were exported from India in quantities for orna- 
unu ough a superstition against the eye spots on the 
e being evil omewhat lessened their popularity. In 
table Eder in medieval Europe, peafowl were raised for the 
ata sin | 5 emperor Charlemagne is said to have served thousands 
E pee banquet After the turkey was brought to Europe 
; rel n it quickly supplanted the peacock as a table bird j 
urma a Species, the green peacock (P. muticus), inhabits 
other en fom, Malaya and Java. The name is also applied to 
E or related pheasants such as the Congo peacock 
See Pug. COM geni $) and the peacock pheasant (Polyplectron). 
BASANT, 


See a 
е also W, Beebe, Pheasants, Their Lives and Homes (1936). 
(Dy. А.; X 


cd DISTRICT, a heavily dissected plateau in north 
t includes a ng., forming the southern extremity of the Pennines. 
peaty moo, an area of about 500 sq.mi. (1,295 sq.km.), mainly 
forland drained by tributaries of the Mersey and the Der- 

With Benes Scout, 2,088 ft. (6,346 m.), is the highest point, 
the Wye B of Millstone Grit. Many of the rivers, notably 
Ssive lin nd the Dove, have cut through this to the underlying 
Imestones and their gorgelike valleys are very picturesque. 


Wer 

1950.2, d potholes occur frequently. (See DERBYSHIRE.) In 
û Warden Peak District National Park was formed, and in 1954 
ў Servic i rante 
The distri €rvice for patrolling the access inaugurated. 


Ct is a popular walking and camping area. | : 
the late таф the name of a family of notable . painters during 
Sth and early 19th centuries. 
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CHARLES WiLLSON PEALE (1741-1827), whose portraits of the 
leading figures of the Revolutionary period are the most remem- 
bered of his remarkably diverse accomplishments, was born in 
Queen Annes county, Md., on April 15, 1741. His career in art 
began in 1763. John Hesselius, a successful Maryland painter, 
gave him lessons and John Singleton Copley advised and influ- 
enced him. From 1767 to 1769 he studied in London with Ben- 
jamin West, absorbing West's neoclassical style and the new ideals 
of social and political justice associated with neoclassicism. In an 
allegorical portrait of Pitt he sounded a warning to tyrants, and he 
refused to uncover when the coach of King George III passed in 
the streets. 

On his return to America, Peale became at once the fashionable 
portrait painter of the middle colonies. He moved to Philadelphia 
in 1776, entered wholeheartedly into the Revolutionary movement 
and served with the city militia in the Trenton-Princeton cam- 
paign. From 1779 to 1780 he represented the “Furious Whig” 
party in the Pennsylvania assembly, an activity which damaged his 
professional career, In 1781 he opened a portrait gallery of Revo- 
lutionary heroes. In 1784 he founded the institution which became 
s as Peale's museum, a pioneering venture in museum ex- 
on and a new expression of his liberal philosophy, which was 
intended to illustrate nature and natural law. The first scientific 
expedition organized in the United States brought to it in 180r 
the first complete skeleton of the American mastodon. The mu- 
seum grew to vast proportions and was widely imitated by other 


museums of the period and later by P. T. Barnum 

In his long life, Peale painted about 1,100 portraits, including 
virtually all his great contemporaries. His seven life portraits of 
Washington of 1772, 1776, 1777, 1779, 1783, 1787 and 1795 were 
repeated many times by himself and other painters of his family. 
He died in Philadelphia, Feb. 22, 1827. 

His brother, JAMES PEALE (1749 became well known as 
a miniaturist and a painter of portraits, landscape and still life. 
He served as an officer of the Continental army, and. painted a 
small group of Revolutionary battle scenes. 

REMBRANDT PEALE (1778-1860), a son of Charles Willson Peale, 
born in Bucks county, Pa., on Feb, 22, 177 He studied first 
with his father, then at the Royal Academy in London in 1803 and 
between 1808 and 1810 in Paris, where he was offered the post of 
portrait painter to Napoleon’s court In 1814 he founded the 
Peale museum in Baltimore. Ambitious to rise above portrait 
work, he painted a number of formal subject pieces culminating in 
his huge “Court of Death” of 1819 (Detroit Institute of Arts), a 
picture whose exhibition brought the artist $19,000 in the first year. 

In 1823, invoking both study and inspiration, he painted a head 
of George Washington, whom he had painted from life in 1795 
This strong but idealized likeness enjoyed great popularity and was 


1831) 


PORTRAIT OF JAMES PEALE (THE '"LAMPLIGHT PORTRAIT''), BY CHARLES 
WILLSON PEALE. IN THE DETROIT INSTITUTE OF ARTS, DETROIT, MICH 


INSTITUTE OF ARTS 


OF THE DETROIT 


ву COURTESY 


502 


repeated by him many times. He sold his museum in 1822 and 
thereafter devoted all his time to art, painting in New York, Bos- 
ton, Philadelphia and other cities. His portraits include many 
distinguished figures, that of Thomas Jefferson being perhaps his 
masterpiece, as well as the best portrait of the president. His 
writings include Notes on Italy (1831), Graphics (1835), Portfolio 
of an Artist (1839) and reminiscences appearing in С. E. Lester’s 
Artists of America (1846) and the Crayon (1855-57). He died in 
Philadelphia, Oct. 3, 1860. 

Rembrandt's brother, RAPHAELLE PEALE (1774-1825), was а 
master of trompe-l’oeil and founder of the art of still-life paint- 
ing in the United States. 

See Charles С. Sellers, Charles Willson Peale, 2 vol. (1947) and 
Portraits and Miniatures (1952). (C. C. Ss.) 

PEANO, GIUSEPPE (1858-1932), Italian mathematician 
and logician, whose interests were concentrated on the foundations 
of mathematics and on the development of a formal logical lan- 
guage. Born at Cuneo, Aug. 27, 1858, he became professor of 
infinitesimal calculus at the University of Turin in 1890 and also 
at the Accademia Militare from 1887 to 1901, His Formulaire de 
mathématique (Formulario Mathematico), published from 1894 
to 1908 with collaborators, sets forth the fundamental postulates 
of mathematics in Peano's notation, part of which was adopted by 
Bertrand Russell and Alfred N. Whitehead in their Principia 
Mathematica (see Loctc, History or). His name is particularly 
associated with the axioms for the integers (see NUMBER: Ordinal 
or Inductive Definition), and with the discovery of the Peano 
spaces (see TOPOLOGY, GENERAL). 

He is known as the creator of an international language (q.v.), 
the latino sine flexione, based upon words most common in West- 
ern European languages. He compiled a Vocabulario de inter- 
lingua (1915) and was president of the Academia pro Interlingua. 
He died at Turin, April 20, 1932. (О. Ox.) 

PEANUT (GROUNDNUT, EARTHNUT, GOOBER), despite its sev- 
eral common names, is not a true nut but the pod, or legume, of 
Arachis hypogaea (family Leguminosae), which has the peculiar 
habit of ripening underground. It is a concentrated food: pound 
for pound peanuts have more protein, minerals, and vitamins than 
beef liver; more fat than heavy cream; and more food energy 
(calories) than sugar. Native to tropical South America, the 
peanut was at an early time introduced into the Old World tropics. 
India, China, West Africa, and the United States have become the 
largest commercial producers of peanuts. There are three major 
peanut-producing regions in the U.S.: Virginia-Carolina grows 
mainly the large Virginia type; Georgia-Florida-Alabama grows 
the Southeastern Runner, Virginia, and Spanish types; and 
Oklahoma-Texas grows mainly the Spanish type. 

The plant is an annual ranging from an erect or bunch form 
13-2 ft. high, with short branches, to a spreading or runner form 
1-14 ft. high with branches up to 2 ft. long that lie close to the 
soil. The stems and branches are 
sturdy and hairy; leaves are pin- 
nately compound with two pairs 
of leaflets. The flowers are 
borne' in the axils of the leaves; 
what appears to be a flower stalk 
is a slender calyx tube up to 14 

in. long; the golden yellow petals 
are about j in. across. The pods 
are most commonly 1-2 in. long, 
two or three seeded, oblong, 
roughly cylindrical with rounded 
ends, contracted between the 
seeds, and have a thin, netted, 
spongy shell. The seeds vary 
from oblong to nearly round; 
seed coat colours range from 
whitish to dark purple, but ma- 
hogany red, rose, and salmon pre- 
dominate. 

After pollination and the with- 
ering of the flower, an unusual 


BY COURTESY OF U.S. DEPARTMENT OF AGRI- 
CULTURE 


PEANUT PLANT SHOWING PEGS THAT 
PRODUCE PODS UNDERGROUND 
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stalklike structure called a peg is thrust from the base of the f 
toward the soil. In the pointed tip of this slender, sturg 
the fertilized ovules are carried downward until the tip i 
below the soil surface. Only then does the tip start to d 
into the characteristic pod. The pegs sometimes reach down 
eral inches before their tips can develop fruits. The fruits ы 
to function as roots to some degree, absorbing mineral ИИ 
directly from the soil. The pods may not develop properly ules 
the soil in which they lie is well supplied with available cale 
regardless of the nutrients available to the roots, 3 

The peanut is grown mainly for its edible oil except in ty 
United States, where it is produced for grinding into peanut butter 
(half the harvested crop); for roasted, s 1 nuts; and for uke 
candy and bakery products. A small percentage of the crop iy 
crushed for oil. In the southern United tes the peanut is us 
extensively as feed for livestock. The tops of the plants, after th 
pods are removed, usually are fed as hay, although the entire plan 
is sometimes so used. 

Profitable growing of peanuts requires 
warm weather with a growing-season rainfall (or irrigation equiv 
lent) of 22-24 іп. or more. In Asia the peanut is grown undef f 
rigation. The best soils are well-drained sandy loams 1-14 ft 
deep, underlain by deep, friable loam subsoils, In the Unitet 
States the shelled seeds are planted in rows 30-36 in. apart, Seed 
of the small Spanish type are placed three—four inches apart; th 
larger varieties are seeded six-eight inches apart in the rows, Tht 


least five months of 


seeds are treated with a fungicide to control diseases during germ) 
nation and seedling emergence. Dusting the plantlets with fung- 
cides to control leaf diseases is usually necessary in humid are 


Careful weed control is essential. 
Mechanical injury to the plants 
heaped upon them greatly increases the probability of infectiu 
and damage by certain soil-inhabiting Clean cultivati 
and the use of suitable chemical weed killers help minimize los 
from diseases caused by these fungi. s 
The peanut is susceptible to leaf spot diseases of fungus ong 
and to insects that defoliate the plants, thereby reducing the yi 
and the quality of nuts. These blights are readily controlled b 
timely dusting or spraying with appropriate chemicals. Atta 
by certain injurious insects and nematodes in the soil are less su 
cessfully controlled. 


} 


ding tools or by si 


At harvest, the entire plant, except the deeper roots, is ie 
from the soil. The nuts are best cured by allowing the harve 
plants to wilt for a day, then placing them for four to 9Х wee 


in stacks three-four feet in diameter and six feet high, each slit 
built around a sturdy stake driven upright into the soil. 1H 
are placed toward the inside of each stack to protect them т 
weather. Too rapid drying of the nuts impairs seed viability ® 
eating quality. To an increasing extent in the United States 
bour shortages necessitate curing the plants in windrows p 
field, from which the pods are picked by mobile macina 
picking the pods from stacked plants the stacks are be id 
distances to stationary picking machines. The cured an Ж 
pods are finally cleaned and graded at central establishmem! 
See also references under “Peanut” in the Index. P 
See T. K. Wolfe and M. S. Kipps, Production of Field Cru x) 
pp. 357-370 (1959). CEs 
PEAR, any of several species of Pyrus, € 
one of the most important fruit trees of the world, 
vated to some extent in all temperate-zone countries 0 TT 
Northern and Southern hemispheres. In these der rel 
ceeded in importance only by the apple, to which it rams 
botanically; it surpasses in total production peaches; (Rosi 
cherries. All of these fruits belong to the rose family 


specially P. commi 
1, and one 


rj 
s 
q.v.). With the aid of hormones, hybrids between apas 
pears have been produced but few have survived the first en Ё 
growth; likewise when grafted or budded one 00 the 
union is usually short lived. Nw s е2 
There are about 20 species of Pyrus, all originating ing Not 
from Europe eastward through Asia to China and ined oc 
Africa. No species of pear is native in the New be is), 19. 
Southern Hemisphere. The common pear (P. Comm 


PEAR 
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PEAR B SOMS (PYRUS COMMUNIS) 
live of southeastern Europe and western Asia, is the species from 
Which most of the high-quality varieties with juicy, melting flesh 
hive been derived. Many of the varieties widely grown in Europe 


for the making of perry (g.v.), an alcoholic beverage prepared 
from fermented pears, are derived from the snow pear (P. nivalis). 
The Chinese sand pear (2. pyrifolia) is the parent of most Asiatic 
Varieties, characte coarse-textured flesh and prominent 
tone cells. This species is included in the ancestry of some of 
theVarieties most widely grown in the eastern United States. Sand 


purs and other Oriental species are generally more resistant to 
ШЕ blight disease (see below) than varieties developed from 
Pi communis. Oriental species like Р. ussuriensis, P. betulaefolia, 
ШР, calleryana have been used to breed varieties resistant to 
fire blight and to provide blight-resistant rootstocks. 


History.—The com: pear has been cultivated since long 
More the Christian era. Homer, nearly 10 centuries B.C., listed 
paras one of the fruits in the garden of Alcinous, indicating that 

ty were known to the Greeks of his day. Improved varieties 
Wopigated by grafting were known prior to the time of Christ. 
ОШ of varieties have been bred and named since that time 
2 Eutope alone, The pear was introduced into the New World 

ritish and other north Europeans as soon as the Colonies were 
Glablished, Also at an early date, the Mission Fathers from Spain 
Ink them to Mexico and California. 
ant Characteristics.—Growth Form—The pear tree is 
broid-headed and up to 45 ft. high at maturity; it is taller and 
[® upright than the apple tree. ‘The roundish to oval, leathery 
wes, Somewhat wedge shaped at their bases, appear about the 
Ame time as the inch-wide, usually white flowers. The pear flower, 
ilir to that of the apple, differs from the latter in having the 
of the five Styles separated. 

€ Fruit and Its Composition,—Pears are generally sweeter 
Of softer texture than apples, The fruit is distinguished from 
pple by the presence of hard cells in the flesh, the so-called 
Or stone cells, which are absent in apples. In general, pear 

Are elongate, being narrow at the stem end and broader at 

site end; some types, particularly among the Oriental 

is and apple shaped. Pears have slightly more protein (though 

An insignificant amount), more minerals, and more sugar than 

1 the la ley are, however, less rich in vitamins, ا‎ about 

ШИ min A of apples, Water content and caloric value are 
Or pears and apples. 

Stieties T. ee ies of the world out- 

most pear-growing countries 0 3 t 

hr by far the most widely grown pear variety is Williams 

After ү Тел, often known simply as Williams. It was a 

dig, si; a man who introduced it on the market; ш F 

lett, 1 ЧОП to America it was renamed after its importer, n 

Wien 5 Stimated that in the main pear-producing area of the 

Шей States 75% and in Italy 25% of all the pears 


e 


p 
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grown are of this variety. In the United States and Canada va- 
rieties such as Beurre Bosc, Beurre d'Anjou, and Winter Nelis are 
grown. The most popular variety in England and the Netherlands 
is Conference and in Italy, after Williams, are Curato, Coscia, and 
Passe Crassane, the last named being also popular in France. 
The pear acclaimed as having the finest flavour and texture is 
Doyenne du Comice, produced in France in 1849. In Asiatic 
countries, local varieties of native species are grown; they are 
considered low in quality by most Europeans and Americans 

Propagation and Cultivation.—The pear is propagated by 
budding or grafting a known scion variety onto a rootstock. Many 
are grafted on seedling pears, usually of Pyrus communis origin. 
In Europe the main rootstock used is vegetatively propagated 
quince, which produces a dwarfer tree that fruits at an earlier age 
than most of the trees on pear rootsto Some pear varieties 
Williams is an example—are not satisfactory when grafted directly 
on quince and do not form good unions. In such cases a com- 
patible variety is first grafted onto the quince rootstock and the 
incompatible variety is then grafted onto the compatible variety, 
a procedure known as double-working. 

The pear on its own rootstock thrives best in well-drained, 
moderate-textured soils that permit deep rooting. It can be grown, 
however, on heavier and more poorly drained soils than can most 
other tree fruits. Pears grafted to quince rootstocks, which are 
more shallow rooted, do better in looser soil; they will not tolerate 
drought conditions as well as pears on pear rootstocks, 

Pear trees are relatively long-lived (50 to 75 years) and may 
reach considerable size unless they are carefully trained and 
pruned. Within 4 to 7 years of setting out, the tree should begin 
to bear satisfactorily; at age 20 to 25 it should yield 25 to 45 
bushels of fruit. The usual spacing for standard trees is 20 x 20 
ft.; older orchards are more dense, with shorter trees spaced as 
close as 16 x 16 ft.; dwarf pears can be as close as 12 x 12 ft. 

Pears are somewhat less resistant to winter cold than are ap- 
ples. Most varieties do not survive where minimum temperatures 
are likely to reach —20° to —30° Е (—29° to —35° С). Pears 
bloom earlier in spring than apples, hence are more subject to 
damage from spring frosts. Highest quality fruits are produced 
where summer temperatures are moderately high, and diseases are 
less serious where the summers are dry. Like other deciduous 
fruits, pears require a period of winter cold, and are not productive 
within 25° north or south of the equator, even at elevations where 
the year-round climate is cool. 

Harvesting and Marketing.—Pears must be harvested at the 
correct stage of development otherwise they do not ripen or store 
in good condition, The fruits are cooled as quickly as possible 
after harvesting, The length of time the fruits can be stored de- 
pends on the variety and the type of storage, Fruits kept at 
34° F (1° C) or slightly lower do not ripen, but proceed to do 
so when transferred to a temperature of 60° F (16° C), At tem- 
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FRED BOND—PUDLIX 


504 
peratures of 32° (0° C) to 34° F (1° C) Williams, or Bartlett 
can be held in store for six or seven weeks whereas Conference and 
Beurre Bosc can be kept for three months, then ripened at 60°-65° 
F (16°-18° C). Pears stored in refrigerated gas (carbon dioxide- 
oxygen mixture) give better quality fruit, with less wastage and a 
longer period of ripeness after removal from storage. Late-keep- 
ing varieties may be stored under natural conditions of air and 
temperature quite satisfactorily. Most pears are packed individ- 
ually wrapped, in single layer trays or in half-bushel or bushel 
boxes. 

Pests and Diseases.—Pests.—The codling moth, or apple worm, 
is a serious pest on pears wherever they are grown. Other insect 
pests that can be troublesome include the pear midge, the pear leaf 
blister mite, pear psylla or sucker, pear thrips, several species of 
scale, and a wide range of leaf-eating insects. Several species of 
red spider (mites). also do much injury to pear leaves. Where 
high quality, clean fruit is desired it is necessary to spray the 
orchard three to six times a year. 

Fungus Diseases —The pear is also subject to a number of 
fungus diseases controllable by spraying. Pear scab, caused by 
the fungus Venturia pirina, occurs in most areas where the pear is 
grown, but is of much greater importance in Europe than in North 
America. Pear leaf spot (Mycosphaerella sentina) and pear leaf 
blight (Fabraea maculata) are also fairly widespread in most pear- 
growing countries. These diseases attack the leaves, causing de- 
foliation. Scab and leaf blight also attack the fruit, causing 
roughened, scabby spots on the fruit surface and deforming the 
fruit if it is infected early in its development. 

Other fungus diseases that can cause serious trouble are brown 
rot (Sclerotinia fructigena), which attacks pear fruits on the trees, 
in storage, in transit, or in the market. Canker, caused by Nectria 
galligena or N. ditissima, is a problem particularly of trees on 
heavy soils. The cankers form on branches or on the trunk; if 
they girdle the stem they can kill the tree. 

Fire Blight—The most serious disease of pears in North Amer- 
ica is fire blight, caused by a bacterium (Erwinia amylovora). The 
bacteria invade the bark and succulent tissues. When infection 
occurs in the main body of the tree, large branches or the whole 
tree may be killed. The roots are also subject to infection. In 
climates having warm, humid, rainy summers, the disease has not 
been successfully controlled on susceptible varieties. General 
orchard cleanliness and the use of the antibiotic streptomycin and 
copper-containing sprays applied during and following bloom are 
helpful in reducing infection. Fire blight has been reported from 
Japan, Italy, and some other European countries, but outside 
North America it is only in New Zealand that this disease has come 
to be of economic importance. 

Virus Disease—A virus disease called stony pit has been re- 
ported from many pear-growing countries. This disease, as its 
name Suggests, produces hard, stony pits in the fruit. It appears 
to be transmitted only by grafting. Control is by propagating only 
from virus-free trees and rootstocks. Not all varieties are affected, 
and some appear to be able to carry the disease without showing 
the characteristic symptoms. 

Production and Uses.—As stated earlier the pear is, commer- 
cially, the second most important of the world’s deciduous fruit 
trees, exceeded only by the apple. In the United States and Italy, 
two of the greatest fruit-producing countries, however, the pear 
ranks third after the apple and peach. In Europe table varieties 
of pears achieve one-third of apple production and in the United 
States about one-quarter. 

World production of table or dessert pears, excluding those used 
for perry, is about 5,000,000 tons annually, about half of which 
is produced in Europe. Italy is the world’s leading pear producer. 
The United States is the second largest producer, the three Pacific 
Coast states of California, Oregon, and Washington accounting for 
about 90% of the crop. Other countries having important pear 
production are China, Japan, Turkey, Argentina, Australia, and 
South Africa, 

In the United States, Canada, and Australia the quantity of 
fresh fruit used by canners amounts to about half of the total com- 
mercial crop; in South Africa canning accounts for 30%. In Eu- 
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rope canning is of relatively minor importance, 
one-third of the total production of pe 
in Germany, half; in Austria, three-quarters; 
as much as four-fifths. See also FRUIT FARMING, 
Вівілоскарну.—Н. B. Tukey, The Pear and Its Culture 
J.R. Magness, “Pear Growing in the Pac Coast States,” US. p 
ment of Agriculture Farmers’ Bulletin 9 (1957); U, p. Hon 
Pears of New York (1921) ; W. H. Chandler, Deciduous Orchards th 
ed. (1957). r (J. К. Mao; AG bye 
PEARL, RAYMOND (1879-1940), U.S. biologist anin 
neer expositor of the statistical approach to biology and nella 
(biometry). He was born at Farm N.H., on June 3, 1x 
and studied at the University of M. n, Ann Arbor, adi 
Leipzig, Naples, and London. In I i h 
Pearson (g.v.), Pearl began his con 
investigations on morphologic variati 
and animals. These studies were conti: 
tural Experiment Station, where he wa 
department of biology from 1907 to 1 
ducted fundamental studies on the p 
domestic fowl. From 1917 to 1919, he we 
division of the U.S. Food Administratior 
In 1918 Pearl was invited to organize the department of medii 
statistics and biometry at the new School of Hygiene and Pull 
Health, Johns Hopkins University, Baltimore, Md. In 192k 
was appointed director of the school’s Institute of Biologia 
Research. His investigations centred on fertility and populilit 
growth, human longevity and the relationship of physique W 
health and disease. He founded two journals: Quarterly Reve 
of Biology in 1926 and Human Biology in 1929. Pearl's record dl 
publication was prodigious; his bibliograpt s about 700 artis 
and books. Of the books, the most important and lasting at 
Introduction to Medical Biometry Statistics (1923), t$ 
sidered a model for such textbooks; s in Human Biolog 
(1924), a summary of Pearl's investigations on public ealth prib 
lems and a guide for biostatistical research ; Alcohol and Longi 
(1926), a critical review of the reported findings regarding akobi 
on the biological system and a clear description of its noxious ШЙ 
beneficial effects; The Natural History of Population (1989),8 
which he discussed the population problem and laid solid biologie 
foundations for later population studies. 
Pearl died at Hershey, Pa., Nov. 17, 1940. (A. Ca) 
See Thomas Park’s biography of Raymond Pearl in the Diction 
of American Biography, vol. XXII, suppl. 2 (1958). . 
PEARL. A pearl is a concretion formed by a mo lusk; it 0% 
sists of the same material (nacre, or mother-of-pearl) as w 
lusk’s shell. Every mollusk endowed with a shell can prot 
pearls. Pearllike chitinous formations also have been per 
insects and horny ones occur in horn-bearing mamma 5. 
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NACRE, OR MOTHER-OF-PEARL, IN THE SHELL OF THE GREEN TURBAN | 
MARMORATUS) 


RUTHERFORD PLATT 


"might be defined broadly as a concretion of organic origin, 
common usage, however, pearls are understood to be the con- 
fons of mollusks. The characteristics that make such pearls 
desirable and often highly prized as jewelry are their iridescence 

tanslucence, The more perfect the shape (symmetrical ball- 
ot droplike) and the deeper the pearly lustre, the greater the pearl 
н ed. Only those pearls found in mollusks whose shells 
are lined with nacre are really fine pearls. Pearls from other 
mollusks are either reddish or whitish, porcelaneous or lacking 


in pearly lustre. 

И ытаа pearl is one of the most ancient symbols of 
ection. Pearls were so highly esteemed in classical Rome that 
only persons of a specified rank were permitted to wear them. 
Pliny speaks of pearls as “the richest merchandise of all, and the 
most sovereign commodity in the whole world." The trade in 
pearls was conducted by a special corporation whose members 
were known as margaritarii. 

In spite of the modern development of the cultured-pearl in- 
dustry. the demand for naturally occurring pearls of high quality 
juscontinued, and fine specimens still command prices amounting 
to thousands of dollars. However, the peak prices that prevailed 
0 1928 and 1929 had not been reached again by the early 1960s. 
| ‘The chief component of the nacre that constitutes the pearl is 

aragonite, a calcium carbonate distinguished by its orthorhombic 

crystalline system, its hardness and its lustre. Occasionally a 

pearl may contain calcite, also a calcium carbonate but differing 

ftom aragonite in crystalline structure and other physical char- 
acteristics. Nacre contains a small amount of conchiolin, the 
abuminoid that is the main constituent of the mollusk’s outer shell. 
The mollusk’s shell-secreting cells are located in the mantle, or 
tpithelium, of its body; when a foreign particle penetrates the 

Mantle, shell-building cells attach, to the particle and build up layers 
| of pearl around the invading material. If the foreign substance 
| penetrates deeply enough into the mantle or other soft body part, a 
- i or cyst of tissue is first formed around it; the pearl building 
takes place within this sac. The cyst process begins as an indenta- 
i in the mantle or body tissue and proceeds in a pouch forma- 
ton with an ultimate closure at the neck. When the sac is located 

the mollusk’s body so as not to be subjected to any deforming 
- Tire it tends to be globular or pear-shaped and the pearl that 
_ Op inside it consequently assumes either a spherical or a 
кше form. The nacreous layers that comprise a round pearl 

$ good quality are generally built up concentrically. 
rl formation does not always occur in soft tissue areas where 
Expanding pearl sac encounters no appreciable resistance, 
(sts lodged in muscular tissue, for example, are unable to 
{=з € the resistance of tough muscle fibres and assume ir- 
[ч shapes. The pearls produced are’ consequently oddly 
and are termed baroque pearls. If the depth of penetra- 
foreign body is not great and the particle lodges be- 
| ! the shell and the mantle, the shell-secreting cells deposit a 
‘Pearl formation that is attached to the shell. А pearl- 
‘Sac situated close to the outer surface of the mantle may 
Contact with the shell and also become attached to it. 
ed pearls.that grow into half spheres flat on one side 

lister pearls. 

| the term pearl is somewhat loosely applied to the 
concretions found in various types of mollusks, the ap- 
true pearl is used only to describe the cyst pearl composed 
ly of nacre and formed free within the mollusk's body 

‘Attachment to its shell. The true pearl is characterized by 
^ by a delicate play of surface colour called its orient. 
S tl-bearing mollusks, of which there are both salt-water 
"Water varieties, are popularly called pearl oysters, which 
ic Of a misnomer, since these mollusks are not of the 

family of bivalves that includes the Ostrea edulis, or 
Бы. Concretions found in the common edible oyster are 
^ lack or purple in colour, sometimes with an admixture 
Mand almost never exhibit lustre. They are not true pearls. 
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family Aviculidae or Pteriidae. 
The Meleagrina alone yields the 
most highly prized of all true 
pearls, the oriental pearl, 

Sources of Natural Pearls, 
—Ranking first among oriental 
pearls for superior form, lustre 
and orient are those produced by 
the Mohar, a variety of the Mele- 
agrina vulgaris species of mollusk 
found in the Persian gulf. The 
richest pearl harvest of the gulf is 
taken from the waters of the 
great bight that curves from the 
peninsula of Oman to that of 
Qatar, where the pearl banks lie 
at depths of 8 to 20 fathoms (48 
to 120 ft.). Pearls of fine quality 
are also fished from the pearl 
banks of the Island of Bahrain, 

The Persian gulf pearling fleet 
is, for the most part, based on 
the Trucial coast, and fishing is 
carried on from May through the 
early part of September, The pearl divers work in pairs, one man 
remaining at the surface to attend the two lines used; one line, 
to which is attached a stone weighing about 40 lb., carries the 
diver downward with baskets to contain the mollusks he gathers, 
while the second line serves as a signal cord. A diver remains 
below for 60 to 80 seconds before signaling to be drawn to the 
surface with his catch, The great pearl market of the Persian gulf 
has long been the Iranian port city of Lingeh, whose name has be- 
come synonymous with the finest of Persian gulf pearls. (See 
also PERSIAN GULF.) 

Another important source of oriental pearls produced by the 
Meleagrina vulgaris is the Bay of Bengal in the neighbourhood of 
Ceylon, particularly in the Gulf of Mannar. These pearls are mar- 
keted in the Indian city of Madras, which confers its name on the 
pearls marketed there. Also marketed in Madras are numbers of 
African pearls that are taken chiefly from the pearl banks that lie 
in the coastal waters of east Africa from the Island of Zanzibar to 
Inhambane in Mozambique. Since the days of the Ptolemies, 
pearls have also been fished in the Red sea, though the industry 
there has dwindled to insignificant proportions. 

In southeast Asia, the pearls of the Celebes are noted for their 
lovely colouring, while Australian waters yield pearls of a beautiful 
silvery white that are produced by Meleagrina margaritifera and 
Meleagrina maxima. The islands of the South Pacific also pro- 
duce fine pearls, and the islanders are noted for their skill and 
daring as pearl divers. They use no sinkstone and both men and 
women take part in the fishing. In the Americas, salt-water pearls 
greater in size than oriental pearls, though less finely formed, 
have been fished in the Caribbean. The Gulf of California, the 
Gulf of Mexico and the waters of Mexico's Pacific coast have 
yielded dark-hued pearls with a metallic sheen, as well as white 
pearls of good quality. 

Fresh-water mussels, notably the species known as Unio mar- 
garitifera, which inhabit the rivers and streams of the temperate 
zone of the northern hemisphere, have produced pearls of great 
value. The fresh-water pearls of the United States have come 
principally from the Mississippi river and its tributaries, although 
rivers in other parts of the country have been rich sources also. 
The most famous of all American fresh-water pearls, the pink 
“queen pearl,” which weighed 93 pearl grains (234 carats), was 
found in Notch brook near Paterson, N.J., in 1857. It was pur- 
chased by the jeweler C. L. Tiffany, from whom it passed to a 
French gem dealer and was sold to the empress Eugénie. 

Although pearling has declined greatly in Great Britain, pearls 
from the rivers of Scotland, particularly the Spey and the Tay, and 
those from the river Conway in northern Wales were once in great 
demand. Pearling is still a profitable and carefully fostered indus- 
try in central Europe, however, and the forest streams of Bavaria, 
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ORIENTAL PEARL OYSTER (MELE. 
AGRINA) WITH ATTACHED BLISTER 
PEARL 

True pearls are formed of nacre se- 
creted by mollusks in layers around а 
particle of foreign matter that has be- 
come lodged in the fleshy mantle 
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in particular, are the source of choice fresh-water pearls. 

In China, fresh-water pearling is an ancient industry. As long 
ago as 2000:в.с., the pearl was a reckoned item in the collection 
of taxes or tribute, and it is listed in Rh’y, a dictionary believed 
to have been compiled earlier than 1000 в.с., as a product of the 
western part of the empire. 

Cultured Pearls.—To the Chinese belongs the distinction of 
having been the first producers of cultured pearls. The discovery 
that pearl production in the fresh-water mussel could be stimulated 
by introducing a foreign object inside the creature’s shell is said to 
have been made by Ye-jin-yang, a native of Hoochow, in the 13th 
century A.D. Certainly the Chinese have been adept for hundreds 
of years at cultivating pearls by opening the mussel’s shell and 
inserting into it small pellets of mud, or tiny bosses of wood, bone 
or metal, and returning the mussel to its bed for about three years 
to await the maturation of a pearl formation. Curious pearl- 
encased statues of the seated Buddha have been produced by plac- 
ing tiny metal statues of Gautama inside the shells of mussels. 
The cultured pearls of China have been almost exclusively blister 
pearls that required the addition of a half sphere of mother-of- 
pearl to achieve the joined round pearl form known as the doublet. 

The production of whole cultured pearls was perfected by the 
Japanese; the research that led to the establishment of the indus- 
try was started in the 1890s by K. Mikimoto. After long experi- 
mentation, Mikimoto concluded that a very small mother-of-pearl 
bead introduced into the mollusk’s tissue was the most successful 
stimulant to pearl production. It possessed the added virtue of 
providing a pearl entirely of nacreous content. 

Cultured pearls closely approximate natural pearls. However, if 
the covering of nacre is too thin it will deteriorate upon prolonged 
contact with the human body and eventually will reveal the 
mother-of-pearl matrix. Japan has more than 300 sea farms de- 
voted to production of cultured pearls. The largest of these ex- 
tends for 20 nautical miles in Ago bay. 

Examinations.—Numerous scientific instruments are available 
for ascertaining the nature and quality of a pearl. The core of a 
pearl can be observed in the strong light of the nacrescope, or pearl 
illuminator, Another instrument, the endoscope, provides an en- 
larged image of the hole drilled through the pearl for stringing. 
When the illuminator is used with the endoscope, the beam of light, 
which is first directed on the walls of the drill hole and then follows 
a path through the pearl, reveals the structure of the pearl from 
its heart out. The genuine pearl is of concentric construction, 
while the cultured pearl is shown to be composed of parallel layers 
of nacre upon its mother-of-pearl matrix. In the case of undrilled 
pearls, X-ray photographs aid the gem expert in determining the 
nature of the pearl structure. 

Properties.—The colour of pearls varies with the mollusk and 
its environment. Colours range from black to white, with the rose 
of Indian pearls being valued most highly. Other colours are 
cream, gray, blue, yellow, lavender, green and mauve. All occur 
in delicate shades, 

The size range also is wide. Pearls weighing less than one- 
quarter grain are called seed pearls; as many as 9,000 seed pearls 
may together weigh one ounce, The largest naturally occurring 
pearls are the baroques; Henry Thomas Hope owned a baroque 
weighing 1,860 gr. 

Special care must be accorded pearls since they are compara- 
tively soft and easily damaged by acids. On Mohs’ scale of hard- 
ness, pearls are ranked as 34 to 4, compared with 1 for tale and 
10 for diamonds. This ranking indicates pearls can be scratched 
with a pin, coin or knife. Consequently they are worn almost ex- 
clusively in protected positions, such as in earrings and as neck- 
laces. Pearls also can be damaged by friction; to avoid enlarging 
the drill holes, pearl necklaces should be restrung regularly and 
knotted between pearls to keep them from sliding on the string. 
Since pearls are composed mainly of calcium carbonate, they 
should not be placed in contact with acid; small amounts of weak 
acid occur in perspiration, hence pearls should be wiped off after 
being worn. Small amounts of acid may cause pearls to change 
colour; large amounts may cause them to decompose. Pearls 
also are adversely affected by heat. 
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The surface of a pearl is rough to the touch. A common 
for distinguishing between natural or cultured and imitation (us 
made) pearls is to pull a string of them across the ‘aa 
natural or cultured pearls feel rough; the imitation pearls 
smooth. Imitation pearls, which were first made in France ie 
17th century, are manufactured by dipping alabaster glass bag 
in a pearl solution of fish-scale essence and lacquer and 
ing until the desired qualities are attained. кы 

History.—The history of the pearl is a long one, It js ш 
tioned in the literature of ancient India as well as that of (бш 
(see Sources of Natural Pearls above). In Vedic literature ty 
pearl is mentioned as being known in India before the influrofiy 
Aryans (c. 1500 m.c.). Archaic Greek and Etruscan jewelry f 
400 в.с.) featured borders of pearls surrounding a central setting 
coloured gem stones. Fine pearls were fished in the Persian gii 
when Macedonia was a power, and pearls were prized gems jn ip 
perial Rome. Oriental pearls were not widely known in medie 
Europe until trade with the east was restored by the maritime dy 
states of Italy, when they became increasingly popular with Es. 
peans. Both river and oriental pearls were used profusely forge. 
sonal adornment. During the Renaissance, airily light саті 
were made by suspending pearls from fine gold wires, and brood 
were fashioned with pendant pearls. Portraits of the period sh 
ropes of pearls encircling the neck and winding around the sha 
ders of the wearer. The goldsmith of the Renaissance foul 
beauty in the baroque pearl. His imagination saw in it not Ú 
misshapen product of a sea mollusk but rather an animal im 
from nature, or the body of a hero or a god from the pages d 
classical mythology. He broke with the ancient tradition Ú 
demanded of the pearl the classic regularity of the sphere # 
skilfully incorporated the baroque into the individualistic freed 
of his design. , 

With the advent of the modern era, pearls lost none of hi 
popularity. The age turned to the safety of symmetry, пота 
and the regularity of the globed jewel was again preferred tol 
eccentricity of the baroque. 1 

Pearls noted for their size, beauty and historical associat 
are ranked among the famous jewels of the world. la Reine it 
Perles, a 27.5-carat oriental pearl, was among the crown Je 
of France stolen in 1792, while La Regente, an oval pearl f 
ing 34 carats, once was owned by the French imperial court 
beautiful Caribbean pearl presented to Philip II of Spain и 
is presumed to have been destroyed by fire in the Escorial in 
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PEARL HARBOR ATTACK. The Japanese 008 
Pearl Harbor, Hawaii, on Dec. 7, 1941, was the culmina p 
worsening relations between the United States and J ly 
ing over a decade, U.S. policy in the far east was doit 
to friendship with China and to dislike of Japanese 
against that state. As early as 1931 the Tokyo сои y 
extended its sway over the Chinese province 0 Mart net M. 
1937 it had entered upon formal warfare with the dedi 
tionalists. In 1938 the United States government ks tre 
loan to China; in 1939 it denounced the commeret esti 
1911 with Japan; in the summer of 1940 it began to ue 
export to Japan of materials useful in war. Bets mi 
and the fateful crisis of Dec. 1941, the tension consta? T 
In July 1941, by which time the Japanese had 9 jy 
Indochina and had entered into an alliance wit! Е. 
Italy, the U.S. government severed all commercia " 
relations with Japan. The militarists in the Tokyo РАЙ 
were steadily gaining in influence; they bitterly ү 
aid to China, which had by this time been stepped UP; 
in the German invasion of the U.S.S.R. an шп“ 


derstanding between the United States and 


the autumn of 1941, and not until near the end of No- 
did it become clear that no agreement was possible. By 
‘time the Japanese government had decided that upon failure 
negotiations, it would attack the United States without first 
war; the plan for a surprise assault on Pearl Harbor 
ad already been worked out. The order for this assault was is- 
‘on Nov. 5; on Nov. 16 the task force of about 30 ships, in- 
6 aircraft carriers, under Vice-Adm. Chuichi Nagumo, 
its rendezvous in the Kuril Islands; and on Nov. 26 it sailed 
its mission. It was instructed, however, that it might be re- 
incase of a favourable outcome of the negotiations in Wash- 
“ington, D.C. 
Warnings and Responses.—The U.S. Pacific force had been 
E at Pearl Harbor since April 1940. In addition to nearly 
` [Û naval vessels, including 8 battleships, were substantial military 
and air forces at this key U.S. base. As the tension mounted, 
‘Adm, Husband E. Kimmel and Lt. Gen, Walter C. Short, in com- 
mind at Pearl Harbor, were warned of the possibility of war, spe- 
ically on Oct. 16 and on Nov. 24 and 27. The dispatch of 
Nov, 27, to Admiral Kimmel, beginning, “This dispatch is to be 
considered a war warning,” went on to say that “negotiations have 
used,” and directed the admiral to “execute an appropriate de- 
fensive deployment.” Kimmel was also orderéd to “undertake 
з E and other measures as you m org d 
communication of the same day to General Short declared that 
llle action is possible at any moment,” and, like its naval 
Counterpart, urged “measures of reconnaissance.” 
In response to these warnings, the measures taken by the army 
and navy commanders were, as the event proved, far from ade- 
que, General Short ordered an alert against sabotage and con- 
En most of his fighter planes at the base on Wheeler field in 
more effectively to prevent damage to them. He also gave 
ters to operate five of the mobile radar sets that had been set up 
the island from 4 л.м. to 7 A.M., considered to be the most 
8 period. (Radar training, however, was in a far from 
d stage.) Admiral Kimmel, despite the fact that his 
е had not been able to locate substantial elements in 
ch fleet, especially the first-line ships in carrier per 
; did not expand his reconnaissance activities to the north- 
n ms for an attack. He moored the re fleet 
part which was at sea) in harbour, and permitted a part 
ll his personnel to go on shore leave. Neither of these officers 
that the base at Pearl Harbor would be subjected to 
А о matter, is there any indication Вад their 
ashington were in any way conscious of the ap- 
g danger. In the ten days between the war warning of 
iiy vd om exa attack itself no additional action was 
б shington. 
J Оп Sunday morning, Dec. 7, Washington learned that the 
e ambassadors had been instructed to ask for an interview 
) "This vary of sage 1 ар, (7:30 AM. Re 
i 5 а clear indication that war was а " 
met some time to decode. It was not in the hands of 
ко naval operations till about 10:30. It was delivered at 
thief of tment between 9 and 10 a.m. General Marshall, the 
i E was out horseback riding and did not see the dispatch 
| Ad ig at his office about 11:15 a.m. The chief of naval opera- 
‘ation miral Stark, even then, did not think that the communi- 
E. EU Er any additional instructions to Kimmel. Нов, 
arshall did decide to send a new warning, an 
| o ud the military command to communicate also with 
беге е did not telephone, fearing that his words might be 
іар in - He sent his dispatch by telegram. There was à 
Em tı munication, and the warning did not reach que 
been flea ck had begun, It is important to note that it ha 
in ү ШЧ Жу, only an hour before the Japanese planes 
р Ereat base. 3 
P ^ Harbor itself, there were incidents that, properly in- 
j дыш have given а brief warning. Four hours before 
p ve moment a Japanese submarine was sighted by the 
| Bai Noe "Ward", No report was made. About two anda 
эд later, the commander of the 0.5.5. "Ward" sent а 
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message saying that he “had attacked, fired upon and dropped 
depth charges upon submarine operating in defensive sea area.” 
While Admiral Kimmel waited for “confirmation” of this report, 
the Japanese opened hostilities. In these same morning hours, 
an army private, practising on the radar set after its normal closing 
time, noticed a large flight of planes on the screen. When he tele- 
phoned his lieutenant, he was told to forget it, for a flight of B-17s 
from the United States was expected at that time. Once again, 
an opportunity was missed, 

The Attack.—It was at 7:55 A.M. (local time) that the first 
dive bomber from the Japanese aircraft carrier arrived over Pearl 
Harbor. It was followed by a massive group of nearly 200 air- 
craft, including torpedo planes, bombers and fighters. Within a 
quarter of an hour the various airfields at the base were subjected 
to savage attack. At Wheeler field, in particular, where General 
Short had drawn up his planes, the destruction was fearful. Of 
the 126 planes on the ground, 42 were totally destroyed, 41 were 
damaged, and only 43 were left fit for service, Only six U.S, 
planes got into the air to repel the attackers on this first assault. 
At the same time a massive movement was directed against Ad- 
miral Kimmel's fleet, so conveniently moored at the base. The 
battleship U.S.S. “Arizona” blew up with a tremendous explosion. 


Ф.з. NAVY PHOTO FROM U.P.1, COMPIX 
BATTLESHIPS DURING ATTACK BY THE JAPANESE 


(Left) U.S.S. “West Virginia’; (centre) (0,8,8. ‘Tennessee’; (right) 0,8,8, 
"Arizona," The "Arizona" and the "West Virginia" sank In the harbour with 
large loss of lifo 


The U.S.S. “West Virginia" was riddled with bombs and torpedoes, 
and settled on an even keel on the bottom of the harbour. The 
old U.S.S. "Oklahoma," hit by four torpedoes within five minutes, 
rolled completely over, with her bottom and propeller rising above 
the waters of the harbour. The old target ship U.S.S. “Utah” was 
sunk, Hardly a vessel escaped damage. 'The antiaircraft crews 
on the various vessels were fairly prompt in getting into action; 
the army fired away with what it had; but the force of the attack 
was in no serious way blunted. 

At 8:50 A.M. the second wave of the attack began. Less suc- 
cessful than the first, it none the less succeeded in inflicting heavy 
damage. The battleship U.S.S. "Nevada" was hit by seven or eight 
bombs and was grounded at the head of the channel, The battle- 
ship U.S.S. “Pennsylvania” was hit and the two destroyers moored 
near her reduced to wrecks. The destroyer U.S.S. “Shaw” was 
split in two by a great explosion, Shortly after 9 a.m. the Japa- 
nese withdrew. í 

No one could doubt that the Japanese had gained a great suc- 
cess. They had inflicted on the U.S, navy casualties to the number 
of 2,718, of which over 2,000 were fatalities. Army casualties 
exceeded 600 men, of whom more than 200 were killed. The at- 
tack had resulted in the total destruction of three battleships, 
in the capsizing of a fourth, in heavy damage to a fifth, and in 
lighter damage to three others. Two light cruisers were heavily 
damaged, and a third suffered less severe hurt. Three destroyers 
were put out of action, a repair ship badly punished, and a mine- 
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layer sunk. Heavy damage was inflicted on both army and navy 
planes on the ground. To accomplish these results the Japanese 
had sacrificed less than 100 men, 29 planes and five midget sub- 
marines. Their task force escaped without being attacked. 

There was, however, one consoling feature to the tragedy. As 
a result of the dispositions made by Admiral Kimmel, two aircraft 
carriers were not in the harbour; they were engaged in reinforcing 
other stations, notably Midway and Wake islands. In connection 
with this same operation, seven heavy cruisers and a division of 
destroyers were at sea. Of cardinal importance was the absence 
of the carriers. They were the only two vessels of this type in 
the area, and were to play a highly important role in future bat- 
tles. 

Investigations and Interpretations.— The great disaster at 
Pearl Harbor led to numerous investigations. Almost immediately 
after the assault, the president appointed a commission headed by 
Justice Owen J. Roberts of the supreme court to examine the facts 
and to fix responsibility for the disaster. Ata later date both army 
and navy boards reviewed the problem. In 1946 a full-scale con- 
gressional investigation took place. Probably no episode in U.S. 
military history has been so thoroughly examined, and on none has 
a wider divergence of opinion been expressed. 

The most extreme view of the disaster is not to be found in 
any of the numerous investigations, but was disseminated long 
after the tragedy by Rear Adm. Robert A. Theobald of the U.S. 
navy in The Final Secret of Pearl Harbor. This view is that 
President Roosevelt “by unrelenting diplomatic pressure" “en- 
ticed” Japan "to initiate hostilities with a surprise attack by 
holding the Pacific fleet in Hawaiian waters as an invitation to 
that attack.” Such a position is not taken by any responsible 
historian. It involves judgments as to motives which simply 
cannot be substantiated. 

The president did indeed pursue a policy of support to Na- 
tionalist China which acted as a substantial irritant to the Tokyo 
government, and did much to provoke it to action, But at the 
same time there is substantial evidence that he sought to postpone 
a clash, rather than to incite one, and even in the closing days 
of the negotiations he made an appeal to the Japanese emperor, 
which, if listened to, might have had that effect. 

The success of the attack on Pearl Harbor was primarily due 
to a false estimate of the enemy's capabilities and intentions. 
The authorities in Washington knew that the Japanese forces were 
moving southward into the Gulf of Siam. They did not believe 
that coincident with this move they could or would mount an at- 
tack on the Hawaiian base. It seemed logical, too, that the Japa- 
nese would avoid such action because it would inevitably bring the 
United States into the war; operations in the far east directed 
against the British and the Dutch might not have this effect. 
True, the possibility of an air attack on Pearl Harbor had been 
frequently discussed in the course of the year. But, as matters 
came to a crisis, for the reasons mentioned above, it fell into the 
background. 

It is a difficult matter (and one on which divergent opinions 
will long be held) to apportion responsibility between Washington 
and the commanders on the spot. The Roberts commission, the 
body appointed by the president on Dec. 17, 1941, in a report 
presented only a few weeks later, placed the principal blame for 
the disaster upon Admiral Kimmel and General Short. The army 
and navy commissions which later examined the problem took a 
contrary view, throwing the blame on the war and navy depart- 
ments, The majority report of a congressional committee, ren- 
dered їп 1946, while not avoiding criticism of the chief of naval 
operations and the army chief of staff, laid stress on the lack of 
preparation in Hawaii. Two members of this committee strongly 
dissented, severely blaming the authorities in Washington, and a 
third took a kind of middle ground. 

Those who defend the position of the Hawaiian commanders 
make the following points. General Short replied to Marshall's 
warning of Nov. 27, “Department alerted to prevent sabotage.” 
When this reply passed over the chief of staff's desk, he neg- 
lected to notice that it mentioned only this one kind of prepara- 
tion (as did Gen, Leonard Т. Gerow, his subordinate). At no time 
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in the next ten days was this neglect repaired. As for Adni 
Kimmel, the point has been made that he was inadequately j 
formed as to the seriousness of the crisis. In the months B. 
Pearl Harbor the armed services, through the breaking of 
Japanese code, were able to get much information as to а 
nese purposes. Not a small part of this related to the 5м 
of the naval forces іп Hawaii. Kimmel himself has claimed thy 
had he been put in possession of this material he would jy 
2 1 
taken far stronger measures than he actually did, In defense of 
his failure to undertake more vigorous measures of reconnaj 
he urged the importance of his training program, and the їшїн 
nature of his resources. 

The critics of Washington also asserted that by the evening ol 
Dec. 6 the president had clear evidence that war was impendi 
and that he should have taken prompt measures to alert the yy 
and navy departments, This view attached little importance | 
the warnings of Nov. 27. 

Those who were critical of the commanders on the spot took te 
view that the warnings given were sufficient, and that a depl 
able lack of imagination was shown in acting on them, Every 
who read the papers knew that war was imminent. Why was ıi 
the possibility of an air attack taken into account? Why wm 
Short's airplanes drawn up in such fashion as to be most exposi 
to enemy attack? Why was the radar training program not nt 
advanced? Why did Admiral Kimmel so handle his schedule th! 
the Japanese could count on all the battleships being in port tt 
Sunday? Why were normal week-end leaves and liberties grantii 
Why was not some attempt made to improve reconnaissantt? 
Why was not the report on the Japanese submarine taken mit 
seriously? Those who emphasize the responsibility of Kim 
and Short also call attention to the fact that the war warning! 
Nov. 27 brought much more vigorous action on the part of the 
commanders in the Canal Zone and the Philippines. А 

Whatever judgment may be rendered on this matter, morti 
portant than the question of responsibility is the question of н 
historical significance of Pearl Harbor. And here the verit 
is easier to come at. Great as was the Japanese success i 
short run, great as was the humiliation inflicted on the Vni 
States, the "sneak attack," in the longer perspective, wis! 
monstrous error on the part of the government in Tokyo. Ne 
from the tactical point of view it was a blunder. For in е] 
purpose of destroying the fleet, the Japanese neglected ШЕ 
oil supplies on Hawaii, the destruction of which would have 
mobilized the United States for months to come, But, mot 
portant, the Japanese attack brought the U.S. government into 
war, unified the American people, and made the ultimate 
the Japanese militarists inevitable. There was zd и 
sentiment in the United States in the fall of 1941. pi 
Japanese commanders directed their attention against the br 
and Dutch, it must have been at least doubtful whether e 
Roosevelt could have led the American people into the im 
the Pacific As in so many other instances in the history 
20th century, in spite of the weaknesses of the de 4 
autocratic states made errors even more vital than di А 
the democracies. Pearl Harbor was atoned for in m. 
years of war; but the blunders of the Tokyo militaris acto 
in utter and total defeat. This is the most memorable 
with regard to the “sneak attack" of Dec. 7, 1941. gi oi 

BisLrocmAPHY.— The most voluminous source of тае ont 
Pearl Harbor attack is the hearings of the Joint Со | 
Investigation of the Pearl Harbor Attack, 79th Солени Cont. 
vols.) followed by the report of the committee itself, 7 perts W 
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and the Hewett Inquiry, with masses of testimony oped. үш 
itself. Of secondary materials the following may е РИ (1947 үй! 
Millis, This is Pearl! the United States and Japan, 194 ‘корй 
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Admiral Kimmel's Story (1955) ; George E. Morgenstern, i, Pity 
The Story of the Secret War (1947); Charles ‘ee үш 
Roosevelt and the Coming of the War, 1941 (194 arable Oy, 
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ysis is to be found in Samuel Eliot Morison, The rations 


^ ‚ and in Mark S. Watson, Chief of Staff: Pre 

Nr (1948) ap, 494-520 (1950). The иа 
and Morgenstern are distinctly polemical, and should be used 
EE EI on the various енди Depa 
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AR RIVER, a river of the southeastern United States, 

ET east-central Mississippi, near Louisville, and flows south- 
west, south, and then slightly southeast to the head of its delta, 
of Bogalusa, La. From there the East Pearl river continues 
| ward for 34 mi. (55 km.) and passes into Mississippi sound 
© иг Grand Island. West Pearl river parallels East Pearl in the 
- eta, several miles to the west, and enters the Rigolets, a tidal 

channel connecting Lake Pontchartrain with Lake Borgne. The 

two mouths of the Pearl are interconnected by a maze of channels. 

The E. is (apte mi. n S des NUN а 
drainage basin of about 7, sq.mi. k sq.km.). ie 
tributaries are the Yokahockany and Strong rivers and the Bogue 
Chitlo, Three locks on the West Pearl, completed in 1953, pro- 
vide a 7-ft. channel from the mouth to Bogalusa, 58 mi. (93 km.) 
upstream. Navigation on the East Pearl and on the Pearl above 
Bogalusa is no longer important. Until the early 20th century, 
lowever the river below Jackson, Miss. was a main route for 
transporting lumber. Columbia, Monticello and Jackson, Miss., 
and Bogalusa, La., are the chief river cities. Jackson obtains its 
water supply from the Pearl. In 1958, the Mississippi legislature 
approved the issuing of revenue bonds for a 21-mi.-long (34 km.) 
mservoir north of Jackson, to provide water, flood and pollution 
control and recreational facilities for the Pearl River valley. 

The lower course of the Pearl, and the East Pearl, form the 
boundary between Mississippi and Louisiana. Prior to 1812, when 
Louisiana was granted statehood, the Pearl was the eastern bound- 
ary of the province of West Florida. Honey Island swamp lies in 
themid-delta area of the Pearl River valley, southwest of Picayune, 
Miss, "This heavily forested swamp, criss-crossed by a maze of 
channels, is noted for its wildlife and fishing. (M. W. M.) 

PEARSE, PATRICK HENRY (1879-1916), Irish revolu- 
tionary nationalist and poet, and a leader of the Easter rising in 
Dublin in 1916, was born in Dublin on Nov. 10, 1879, the eldest 
fon of James Pearse, an English monumental sculptor, and of his 
Irish wife Margaret Brady. Educated at the Christian Brothers' 
Schools, Dublin, and the Royal University of Ireland, Pearse joined 

ic League, becoming an energetic member of its executive, 

td was editor of its weekly publication An Claidheamh Soltis 

1903 to 1909. He wrote later that the Gaelic League “will 

Tecognized in history as the most revolutionary influence that 

ever соте into Ireland." Pearse wanted an Ireland free from 

mc domination and influences. He published tales from Irish 

scripts and in 1914 a celebrated collection of poems in the 

gs iem em Deeply interested in cen ү аа 

0 study bilingual methods and he approved of Augustine 

Birrell’ Trish educational policy, since it gave Ireland control over 

Colles educational system. He founded St. Enda’s College at 

wood, Dublin, in 1908, as a bilingual college with its teach- 

ed on Trish traditions and culture. In 1910 it was moved 

айлы пие, Rathfarnham. Pearse outlined his ideas on edu- 

ази an essay, “The Time Machine" (1912), and in The Story 
Onthe fc, ++. @ Record of St. Enda’s College (1917). 

iie. ormation of the Irish volunteers in November 1913 (see 

committe History), Pearse became a member of the provisional 

cil ҮЧ and in July 1914 was made a member of the supreme 

bn the Trish Republican brotherhood. He wrote poems and 

i or The Irish Volunteer, the official paper of the volun- 

"id tg Well as pamphlets designed to stir the minds of the people 

pue them fora nationaluprising. After the Irish volun- 

ovement split in September 1914 he became director of or- 
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ion of the more extreme Nationalist section, which opposed 
fall for Great Britain in World War І. He was moved 
Only by th by a burning conviction that Ireland might be freed 
J the blood of martyrs and his oration in August 1915 at the 
toma! О Donovan Rossa, the veteran Fenian, was à classic 
in chie а Tevolutionary eloquence on this theme. Commander 
tay, "Ein the Trish forces at the rising in Dublin on Easter Mon- 
24, 1916, Pearse proclaimed the provisional government 
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of the Irish Republic, of which he was the first president, from 
the steps of the general post office. He surrendered on April 29, 
1916, and after a military court martial was executed by a firing 
squad at Kilmainham Prison, Dublin, on May 3, 1916. More than 
any other man, Pearse was responsible for establishing the republi- 
can tradition in Ireland. His Collected Works were published in 
three volumes (1917-22) and in five volumes (1924); his Political 
Writings and Speeches were published in 1952, 

See L, N. Le Roux, Patrick Н. Pearse, Eng. trans. by D. Ryan (1932). 

(P. N. S. M.) 


PEARSON, KARL (1857-1936), British mathematician, one 
of the founders of modern statistics, was born in London, 
March 27, 1857, and educated at University College School, Lon- 
don, and Kings College, Cambridge. He practised law from 1881 
to 1884, when he received an appointment as professor of applied 
mathematics and mechanics at University College, London. There 
he taught until his retirement in 1933, becoming lecturer in geom- 
etry (1891), head of the department of applied mathematics 
(1907), and professor of eugenics (1911). Pearson was the 
founder and editor (1902-36) of the statistical journal Biometrika, 
editor of The Annals of Eugenics (1925-36), and director of the 
Biometric and Francis Galton Eugenics laboratories. 

Pearson’s early lectures were published as The Grammar of 
Science (1892), one of the classics in the philosophy of science. 
Beginning in 1890 his interests began to shift to the application 
of statistics to biological problems of heredity and evolution; his 
greatest contribution was the methodology he developed for the 
handling of certain types of problems in the biological and social 
sciences. From 1893 to 1912 he wrote a series of 18 papers entitled 
Mathematical Contributions to the Theory of Evolution, which 
contained much of his most valuable work, including the chi- 
square test of statistical significance. He died on April 27, 1936, 
in London. 

Among his other works were The Ethic of Free Thought (1888) ; 
The Chances of Death and Other Studies in Evolution (1897) ; The 
Life, Letters and Labours of Francis Galton (1914, 1930) ; Tables 
for Statisticians and Biometricians (1914, 1931); Tables of the 
Incomplete Gamma Function (1922); and Tables of the Incom- 
plete Beta Function (1934). 

See also E. S. Pearson, Karl Pearson (1939) ; H. M. Walker, “Contri- 
butions of Karl Pearson," Americam Statistical Association Journal, 
vol. 53 (March 1958). (S.S. W.5 X.) 

PEARSON, LESTER BOWLES (1897- ), Canadian 
statesman, Liberal Party leader and prime minister, who won the 
Nobel Peace Prize in 1957. He was born at Toronto, Ont., on 
April 23, 1897. Не was educated in the public schools of Peter- 
borough and Hamilton, and served in World War I in the Royal 
Flying Corps. Invalided home, he entered the University of To- 
ronto (B.A., 1919) and earned B.A. and M.A. degrees at Oxford 
University (1923, 1925). He was a lecturer (1924-26) and as- 
sistant professor (1926-28) of history at the University of Toronto 
before becoming a first secretary in Canada's newly formed De- 
partment of External Affairs. After a series of diplomatic posts 
and service on loan as secretary to two royal commissions, he be- 
came secretary (later counsellor) of the Canadian High Commis- 
sioner's Office in London. Canada's ambassador to the United 
States, 1945-46, and undersecretary of state for external affairs, 
1946-48, he was often spokesman for Canada at the United Na- 
tions. He served in 1947 as chairman of the UN Political and 
Security Committee of the UN General Assembly. In 1947 he was 
instrumental in securing UN passage of the Palestine partition 
resolution. 

He entered politics in 1948, becoming secretary of state for ex- 
ternal affairs in the Liberal government of Louis St. Laurent and 
member of Parliament for Algoma East. Reelected three times, 
he became a private member of the House of Commons in opposi- 
tion when his party was defeated in June 1957. He was awarded 
the Nobel Prize for his efforts at resolving the 1956 Suez crisis. 
In 1958 he succeeded St. Laurent as leader of the Liberal Party 
and in April 1963 became prime minister, (W. D. A. О'Н.) 

PEARY, ROBERT EDWIN (1856-1920), U.S. Arctic ex- 
plorer who reached the North Pole in 1909, was born at Cresson, 
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Pa., on May 6, 1856. He was graduated from Bowdoin College, 
Brunswick, Me., then joined the civil-engineering branch of the 
U.S. Navy and took part in the survey of the Nicaragua canal 
route from 1885 to 1887. In 1886, with one companion, he jour- 
neyed inland from Disko Bay over the Greenland ice sheet for 
about 100 mi., reaching 7,500 ft. above sea level. He returned in 
1891 with seven companions, including his wife and F. A. Cook. 
After wintering in Hvalsund, he sledged for 1,200 mi. to the north- 
east of Greenland, discovering Independence Fjord and evidence 
of the insularity of Greenland. The “Arctic Highlanders,” an iso- 
lated tribe of Eskimo, were befriended and studied; they were of 
the greatest assistance to Peary on later expeditions, He returned 
to Hvalsund in 1893 with a larger party, and sledging journeys were 
made to northeast Greenland again in 1894. Summer trips in 1896 
and 1897 were mainly occupied in transporting three masses of 
meteoric iron from Greenland to the United States. In 1898 he 
announced his intention of reaching the North Pole, and from 1898 
to 1902 he reconnoitred routes from bases at Etah in Inglefield 
Land and Fort Conger on Ellesmere Island. Meanwhile, the Peary 
Arctic Club of New York was formed to raise funds for-the sup- 
port of his further expeditions, thus relieving Peary of financial 
worries. A ship, the “Roosevelt,” was built to his specifications 
and carried his next expedition, early in 1905, through Smith Sound 
to Cape Sheridan, Ellesmere Island. The sledging season was un- 
successful owing to adverse weather and ice conditions and the 
party only reached latitude 87° 6’ N. Peary returned to Ellesmere 
Island in 1908 and early the following March left Cape Columbia 
on his successful journey to the North Pole, He was accompanied 
on the last stage of the journey by Matthew Henson, his Negro 
aide, and four Eskimos, one of whom was drowned during the re- 
turn. F. A. Cook's claims to have forestalled him by a year, though 
generally discredited, marred the enjoyment of Peary’s triumph. 
He died on Feb. 20, 1920, in Washington, D.C. Peary’s published 
works include Northward over the “Great Ice” (1898), Nearest 
to the Pole (1907), The North Pole (1910), and Secrets of Polar 
Travel (1917). (L. M. Fs.) 

PEASANT MOVEMENT. World War I and, paradoxi- 
cally, the Russian Revolution gave a strong impetus to the political 
consciousness of a class which had seemed to be falling into in- 
significance. Through the centuries the peasants had occasionally 
played a forceful part in social convulsions, but since the Indus- 
trial Revolution western political life was dominated by leaders 
in commerce and industry; and that trend was only sharpened by 
the rise of the workers! movement. Eastern Europe had little 
industry: the bulk of its people were peasants, who had little 
share of material wealth and little influence in public life. And 
so it was natural that the stirrings of 1917 in that region should 
raise a peasant movement, with a social and political philosophy 
all its own. 

Political Traditions of the Peasantry.— Between the French 
Revolution and 1848 the peasants of western and central Europe 
were gradually freed from all feudal servitudes. But the peasants 
derived only an indirect benefit from reforms achieved mainly 
by the urban middle classes, who needed freedom of action for 
the new capitalist enterprise. 

The growing division between town and country was widened 
into a gulf by the rise of "scientific" socialism. The viewpoint of 
socialist economics was essentially the same as that of capitalist 
liberalism, except that the socialists wanted production to be 
planned, organized and controlled upon the largest scale. Marx 
gave credit to capitalism for having at least rescued considerable 
sections from the “idiocy of rural life"; he and his disciples placed 
the nationalization of the land and collectivised farming in the 
forefront of their program. This gave rise to the organization 
of many conservative agrarian groups in central and western 
Europe, which found in the peasants credulous recruits. The elec- 
toral effects gradually led to a watering down of socialist agrarian 
programs. 

Populism.—The economic and political incentives which had 
interested the western bourgeoisie in rural emancipation had little 
meaning in the eastern half of the continent. Politically, that 
region was still in the autocratic stage. Its economic life rested 
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on primitive agriculture and artisan manufacture. But tid 
incentive stirred up reformers in the east perhaps more si 
than in the west. denh 

The younger intellectuals, imbued with 18th century 
tarian philosophy, centred all their ideals on freeing the p 
But what for western liberals had been an end in itself, ү 
Russian reformers was merely a steppingstone to a free and il 
village life. Marxism was essentially a policy for transform 
industrial society; in the east, socialism was for the peasan 
Hence eastern socialists were forced to work out alternative фы 
and programs suited to the problem of their own peasant 
lations. “Populism” became the expression of that trend, (Sy 
RussiAN History.) 

The kernel of populism was the rejection of Marxist econok 
determinism. Marxism looked upon capitalist concentration d 
production as only a stage on the way to a socialist society, Th 
Russian Populists put their faith in the existence of the ville 
community (mir), They contended that a capitalist-proletariy 
phase was neither necessary nor possible in a backward agrarian 
country, as it would merely ruin the peasants, the only custome 
for industrial products. Above all, they believed that a mn 
democracy offered the masses the promise of a better life thy 
industrial society. All they needed was more “land and liberty’ 
and the backbone of the Populist program was a plea for the equ! 
distribution of land among the peasants. 

The later exponents of this program were the Social-Revolutitn 
aries, the strongest party of the left up to the Bolshevik rev 
lution, That the Populist doctrine had its roots in the nad 
conditions of the region is proved by the way it spread tot 
other agrarian countries of eastern Europe. It was perhaps mit 
ural that Serbia and Bulgaria should come under its influent 
for both stood intellectually in close dependence on Russia. Th 
decisive test is supplied by Rumania, a Latin country, strong) 
averse to Slav influence, yet there also the new doctrine ett 
dered a strong rural current that joined with the others in te 
nouncing Marxism, 

The Peasant Renascence.—The Populist movement hd t 
mained largely theoretical because the peasants were restrained 
a rigid political and social tutelage. Political activity and dis 
for the distribution of land were treated as revolutionary acil 
The only outlet for their grievances were occasional uprisings, 
those of 1905 in Russia and 1907 in Rumania, which d 
lessly repressed, But World War I and the Russian Revol 
completed in the east the change begun by the French ҮН 
tion їп the west, Sweeping reforms transferred the bulk o 
land to the peasants, thus holding out to them the mu. 
nomic independence. At the same time the peasants Ne 
political rights, and were roused to a consciousness of ‘ake 
terests and their power as a class. Their movement was $ 
and vague: its possibilities lay in the fact that more nt fh 
the population of the globe lived under a typically peasa 
ily economy,” and that even in Europe there were more 
than industrial workers. the prot 

In India the Congress party was led to take over he 188 
of the Kisan Sabhas which had come into being after, ed rt 
in China the strength of the Communist movement den” in olf 
from its support of the peasants. There were Stir mil 
far eastern countries, and also in South America an 
east. Е йа 

Doctrine and Program.—Unlike socialism, which dep 
developed doctrine before it had an organized follow 
ant movement sprang up separately in the vA ae юйїй 
though out of similar convulsive events. Hence al gf 
was still in the making, and the programs of the s soli Yd 
showed substantial variations. Its philosophy aP Fidem 
taken over and adapted to its own use elements fro pavet 
political creeds. It can be summed up as а el att 
eralism and socialism: it stands firmly for aee И йй 
ment and it holds tightly to the small family ho of 


n say Os 
the peasant is not merely a means of living e public si 
For the rest, it generally accepts state eset it wants 


and of primary and other big industries, 
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їп the factory according to seasonal needs. It is gen- 
anticapitalist, but would eliminate bankers and middlemen 
ally by setting up co-operatives either for specific purposes 
or embracing the whole life of a village community. It believes 
ina rural society based on an educated, land-owning peasantry; 
and combining through a network of co-operative undertakings 
the virtues of small property with the means of large-scale enter- 


4 industries scattered about the country to combine work on the 
land à 


The radicalism of the eastern peasant movement came from 
the peculiar conditions of the region. In the west, agrarian parties 
were a mixture of all rural classes, with big landowners to the 
fore, as in the German Landbund; the eastern parties were ex- 
clusively peasant. Secondly, oppression in the east had prevented 
the growth of a peasant middle class, so the movement was sup- 
ported by a more uniform mass of small peasants. Thirdly, peas- 
ant antagonism toward town and capitalism had different effects 
in the two halves of Europe. In the west, finance and industry 
had entered a phase of international organization by means of 
cartels, trusts, etc., and the outlook of the towns was cosmopoli- 
tan; asa reaction the countryside was conservative and nationalist. 
In the east, industry and finance were bound up with local na- 
tionalism, and the peasant who paid the bill of protectionism 
favoured a liberal and even a radical policy in all respects. 

The Peasant Parties.—The peasant movement that sprang up 
after 1918 was peculiar: to the eastern half of Europe. In the 
industrial countries of the west, even in the Netherlands and Den- 
mark, the peasants had been drawn into conservative agrarian 
parties because of a general antagonism to industry and finance, 
partly through clerical influence, and largely by the fear of the 
Socialist demand for land nationalization. But just as western 
socialism had stirred up industrial groups in the east and shaped 
theit outlook, so the eastern peasant movement caused stirrings in 
the west. In France a peasant party was founded four weeks be- 
fore the elections of 1928; in Germany, also before that year’s 
elections, the left wing of the old Landbund formed a new Chris- 
làn National Peasant party, and at the same time the Bavarian 
Buernbund changed itself into a German Peasant party which 
dominated the parliamentary situation in Bavaria. Attempts to 
mun peasant parties were made in the Netherlands and else- 

Some of the eastern peasant parties were founded before World 

ar 1 but became important only after it. The Bulgarian Agrar- 
fa AR founded in 1899 as a professional body, became politi- 
Зб, 01: it polled 14.45% of the votes in 1911, 31% in 1919, 

a 1920, 52.0% in 1923. In June 1923 a military coup 

er е murder of Aleksandr Stamboliski and other party 
artes While in power, the party carried through broad co- 
rea Measures and a law for compulsory civic service (see 
1920), onal Labour organization pamphlet, Legislative Series, 


ade Czechoslovak Republican Party of Farmers and Small Peas- 
ч in 1896, at first conservative, veered leftward, led 
bios Svahla, Rudolf Beran, and Milan Hodza. Czecho- 
ini ae the lead in adopting an 8-hour day for agriculture 
Operative, ng Out practical ties between peasant producers CO- 
Caster, 3 апд urban consumers’ co-operatives. Alone of the 
i Countries, it included members of the national minorities 
ШШЕ All these steps were due to the party’s initiative. 
ical ош àd several peasant parties, reflecting its unsettled po- 
icant] look. The Polish Populist party, known as Piast (sig- 
Y the name of the first Polish royal dynasty, which was 


of ү ١ 
[nun Origin) was led by Wincenty Witos. Twice premier, 
Map er Conservative, admitted land reform only with com- 
Tatty, led and was open to clerical influence. The Liberation 
fo Sd Шу Stanislaw Thugutt, was radical, demanded land re- 
Torities Out indemnity, favoured regional autonomy for the mi- 
bY the bed, D anticlerical. -A similar program was D 
| i ing chiefly the 

Peasants, Party led by Jan Dabski, representing chiefly 

is d 
byte | oteworthy that while the political movement was divided 


» Clerical and personal influences, the peasants worked 
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together in their co-operative affairs, brought to high achievement 
by Stanislaw Mikolajczyk. The Rumanian National Peasant party, 
formed by the fusion of several groups, was the only substantial 
opposition; in Nov. 1928 it formed the first truly parliamentary 
government in Rumania, led by Iuliu Maniu, Nicholas Lupu, Ion 
Michalache, and the economist Virgil Madgearu. 

In Yugoslavia the Croat Peasant party, founded in 1904, domi- 
nated Croatia after World War I and gained strength in Bosnia 
and Dalmatia. Stjepan Radić, Pavle Radić, Dr. Vladimir Maček 
and other leaders held office in various coalition governments, 
Remarkable for its organization and comprehensive activities, and 
especially for its spiritual cohesion, it was built upon a clear rural 
creed rather than upon agrarian interests. 

There were also rising peasant parties in Finland, the Baltic 
states and elsewhere. 

International Organization.—A number of international 
agrarian bodies had existed before, but they had not been limited 
to peasant groups nor had they been set up for political action. 
Soon after World War I an attempt was made by Bavarian and 
Austrian farmers to unite the peasant groups of central Europe, 
the Bavarian Georg Heim being one of the initiators. The move- 
ment was conservative and anticommunist and, while some of the 
leaders kept neutral, others had a strong clerical bias. The at- 
tempt cameto nothing. Though no peasant party existed in Russia, 
the Communists encouraged some of the refugees living in Moscow 
to set up there a Peasant International. Formed in 1923, it held 
its first congress in 1925, but made no visible impression on the 
peasant movement. On the initiative of the Bulgarian Stamboliski, 
an international bureau for research and information was set up 
in Prague in 1921, the Czech, Bulgarian, Polish and Serbian parties 
being members. In May 1928, the bureau was joined by the Croat, 
Rumanian and other parties, including the newly-formed French 
and Dutch parties. At the same time, eight parties of central 
and eastern Europe formed a regional group within the bureau 
itself with a joint executive, to work for the solution of politi- 
cal and social problems in the peasant interest; and to resist 
jointly any attempt at dictatorship, from the left or from the 
right. 

The Interwar Period.—The potential strength of the eastern 
peasant movement was attested less by the actual power it en- 
joyed than by the strong efforts made to check it. As noted 
above, Stamboliski and other Bulgarian leaders were murdered in 
1923 and the party broken up. The Croat leaders were repeatedly 
imprisoned, and ultimately Stjepan Radié died of wounds, and 
his nephew Pavle Radié and others were killed outright. The 
Rumanian leaders were persecuted and the party was denied the 
power to which its electoral strength entitled it. 

In Poland, Witos was imprisoned for a short time and then 
had to flee the country. All these parties and leaders had stood 
firmly for democratic government and social reform. Their 
persecution everywhere ended in dictatorship, because the peas- 
ant groups also had to face the competitive antagonism of so- 
cialist parties, In Bulgaria, Rumania and Yugoslavia these were 
insignificant, but they were strong in Poland and Czechoslovakia. 
The division between the two sections of the working mass paved 
the way for reaction. 

War and Aftermath.—World War II and the Nazi occupation 
found the peasants united with others in resistance; there was no 
defection among their groups and leaders. But after victory the 
movement again became the target of violent reaction, this time 
from the Communist left, backed by Russian military power. 
Against all Marxist teaching and Soviet policy, the new regimes 
in the eastern countries, including the Soviet zone of Germany, 
handed over the land to the mass of poorer peasants, in tiny un- 
economic holdings, to undermine the solidarity of the peasant 
class. At the same time, all the peasant parties were suppressed, 
their leaders killed, imprisoned or driven into exile. The latter 
group revived in Washington, D.C., the activities of the Interna- 
tional Peasant union in 1947. Significantly, in Poland, Bulgaria, 
Rumania, Hungary and Czechoslovakia, the Communist regimes 
found it expedient to set up new peasant parties under their own 
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Up to 1948 these regimes sought to keep the peasants quiet and 
at work by denying any intention to collectivise farming. But 
after 1948 collectivisation was pressed forward ruthlessly in all 
the “peoples’ democracies.” It was later pushed forward in China, 
where in 1948 the Communists had ridden to victory on the back 
of a discontented peasantry. 

After Stalin.— This trend was sharply reversed after the death 
of Stalin. Nikita Khrushchev, who had formerly invented a 
scheme for the extreme concentration of farming in “agro-towns,” 
took the initiative in lowering taxes, reducing the compulsory de- 
liveries, and giving higher prices for produce taken from the 
peasants by the state. Admitting that central planning had proved 
“wrong and inefficient,” a decree in March 1955 also gave col- 
lective farms more power to run their own affairs. In China, also, 
in March 1957 peasants were given some ease, but later, new op- 
pressive measures sought to end peasant resistance. 

The Soviet reversal set off a more thorough retreat in the satel- 
lite countries. Apart from concessions to the peasants in the form 
of lower prices and reduced taxes in Yugoslavia, Rumania, Hungary 
and Poland, the very policy of collectivisation was eased or vir- 
tually abandoned. In Poland, two thirds of collectivised farms 
were said to have been broken up and returned to individual hold- 
ings. In Indonesia and in Indochina the Communist leaders for- 
mally disclaimed any idea of nationalizing agriculture and promised 
to distribute land to the peasants. 

The simple fact is that wherever the Communists gained power 
the Marxist agrarian idea had to be imposed by force and had to 
rely on force for its survival; western socialists who wanted to 
remain democratic in every instance had to abandon it. Whatever 
else the Soviet and other Communist regimes may have achieved, 
the agrarian problem has defeated them. 

- The peasants have not been allowed to revive their own par- 
ties, and no peasant has held office in the Soviet Politburo, But 
even in collectivised areas the peasants are still a class. 

In the first general election of 1952 in India the Communists 
gained in depressed agricultural areas, not in cities. India began 
to experiment widely with a middle-of-the-way system of “commu- 
nity development.” Side by side with essential heavy industries 
she encouraged cottage and village industries, and promoted agri- 
cultural improvement, with the village as a relatively self-contained 
economic and administrative (panchayat) unit. This policy fol- 
lowed closely the ideas of Gandhi, but it was also strikingly close 
to the outlook and program developed independently by the peas- 
ant movement in eastern Europe. It revealed how essentially 
peasant qualities are rooted in the peculiar conditions of rural 
work and life. As the peasant revival of the 1920s showed, the 
peasants of eastern Europe, and other continents, were more 
closely linked by common peasant traits than they were divided 
by national differences. 

See David Mitrany, Marx Against the Peasant (1952). (D. Mr.) 

PEASANTS’ REVOLT. The Peasants’ Revolt of 1381 was 
the first great popular rebellion in English history. The main 
causes of the rising were the collection of a poll tax at a rate of 
one shilling per head, and agrarian discontent that had existed since 
the time of the Black Death. Artisan support for the rebels 
was important in many places; probably the main grievance of 
agricultural labourers and the working classes in the towns was 
the attempt made in the Statute of Labourers, first enacted in 
1351, to prevent increases in wages. The most serious disorders 
occurred in southeast England and in East Anglia, but there were 
widespread disturbances affecting many other counties, including 
Cambridgeshire, Hampshire, Somerset, and West Riding of York- 
shire. In some towns local conditions were decisive; at St. Albans 
and Bury St. Edmunds the townsfolk rose to end the rule of the 
abbot and to secure municipal freedom. 

The rising took the government by surprise. At the end of May 
the outbreak, which began in Essex, soon spread to Kent and the 
ineffectiveness of the ministers ruling on behalf of the young 
Richard II enabled the Kentish rebels to enter London on Thurs- 

day, June 13. There they massacred some Flemish merchants and 
other aliens and destroyed the Savoy palace, the property of the 
king’s uncle, John of Gaunt. The government was compelled to 
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negotiate and їп an interview with the men of Essex at Mile By 
on June 14 Richard II promised the abolition of serfdom an, di i 
pulsory labour services, the leasing of bond land at a rent of Ne 
acre, and freedom of trade throughout the realm, Dyr и 
king's absence at Mile End the Tower of London was surrender) 
to the mob; the chancellor, Archbishop Simon of Sudbury, | 
the treasurer, Sir Robert Hales, who were held responsible fore 
exaction of the poll tax, were both beheaded. The confiscation i 
church lands was among the demands made by the Kentish rely 
at Smithfield on Saturday, June 15, but the insurgents disper 
after their leader, Wat Tyler (g.v.), had been struck down Pr 
king's presence. Richard II's promises, which had persuade | 
many of the rebels to go home, were not kept after the cali 
of the movement. The rising lasted less than а month andi. 
crisis in London was over before the troubles in the proving 
reached their climax. In East Anglia, where the leader was; 
dyer, Geoffrey Litster, the rebellion was crushed by the militant 
bishop of Norwich, Henry le Despenser, probably on June 2s, 
The rising was not a movement of men made desperate by dest. 
tution; among the rebels were many well-to-do villeins, Insof 
as it aimed at social revolution, the insurrection was a failure anl 
manorial discontent continued to find expression in local rds 
As a protest against taxation of the poorer classes, the rebelim 
was successful, because it prevented any further attempt to ley 
the poll tax, first instituted in 1377. See also ENGLISH Histon | 
The 14th Century. | 
BIBLIOGRAPHY The Anonimalle Chronicle, 1333-1381, ed. by VE. 
Galbraith (1927) contains the most valuable contemporary accout 
the revolt. See also A. Steel, Richard 11. (1941) ; C. W. C. Oo 
Great Revolt of 1381 (1906); G. M. Trevelyan, England in | 
of Wycliffe, 4th ed. (1909) ; A. Réville, Le Soulévement des travail 
d'Angleterre en 1381 (1898); C. E. Petit-Dutaillis, Studies and No 
Supplementary to Stubbs’ Constitutional History, vol. ii (1914); 
Powell, The Rising in East Anglia in 1381 (1896). (TBP) | 
PEAT: see FuELs: Peat. | 
PEC (formerly Трек; ancient Pescrum), а town of Kon) 
Metohija (Kosmet), Socialist Republic of Serbia, Yugos,, lit 
the foothills of the Prokletije (North Albanian Alps) Mounta 
389 km. (242 mi.) S of Belgrade by road. Pop. (1961) 28,3510 | 
cluding a large proportion of Albanians, A small stream, the i 
trica (Bistritza), flows through the town which, with its il 
streets and mosques, presents an oriental appearance. It в! | 
terminus of a railway from Nis and a commercial centre for 
and tobacco, Peć was formerly the chief see of the Serb n 
Church (see SERBIAN ORTHODOX CHURCH), the archbishop 1 
ing been raised to the patriarchate by Stephen Dushan ( dui 
This was suppressed in 1459, restored in 1557, and abolishe ў 
by the Turks in 1766. After the Turkish occupation thes) 
continued to emigrate from this region to the north, the gt 
exodus taking place in 1690, led by the patriarch. Belt 
archbishop of Peć is still retained by the patriarc of 
In 1918 the town was incorporated in the Kingdom 
Croats, and Slovenes (called Yugoslavia from 1929). pest 
archal buildings just outside Peé on the west include B ТЕ) 
fine 13th- and 14th-century frescoes. b sit 
PECAN, one of the finest nuts in flavour and textu Г 
highest fat content of any vegetable product and à "s const 
close to that of butter, Its production is the basis 0 n 
able industry in the southeastern United States. er 
(Carya illinoensis, or C. pecan), a member of the wa e Сий 


i | 
uglandaceae), is th st i tant nut producer 0 oes 
(Jug ) е most impor! о аб 
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leaves with 9-17 finely toothed edge le: 

fashion. The male (staminate) flowers form реп pa 
female (pistillate) flowers are arranged in tight clus Justere! 
of shoots. At maturity the fleshy hulls of the shor ae j 
dry, split along suture lines, and separate into four е nuts ™ 
equal sections, thus gradually freeing the nuts. 
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brown, mottled shells, varying greatly in thickness; size varies from 
n to 200 per pound, and shape from long-cylindrical with pointed 
apex, to short and roundish, or intermediate. Harvesting begins 
in late September, but may continue until late winter in southern 
orchards. 

The original range of the pecan tree may not have extended into 
the northern Mexican highlands before men took nuts there from 
Texas, Native trees have been found from near the Rio Grande in 
southwest Texas, north and east to extreme southeast Nebraska, 
estern Iowa, west-central and southern Indiana, and occasionally 
up the Tennessee River to near Muscle Shoals in Alabama. Lim- 
ited cultivation of grafted varieties had begun in Louisiana by 
1847; some important varieties were introduced before 1890, and 
thereafter the crop assumed increasing commercial importance 
from the Carolinas to New Mexico and Mexico. Georgia, Alabama, 
and Mississippi soon became the most important producers of 
grafted pecan nuts, exceeding the total annual production of the 
states of Texas and Oklahoma, which have the greatest numbers 
of native seedling trees. Canada has been the principal importer 
of US. pecans, 

For good kernel development, even the earliest maturing pecans 
need high summer temperatures both day and night, so nuts are 
seldom matured on trees in northern California, northern Indiana, 
or north of tidewater Virginia and Maryland in the eastern U.S. 
Results in inland central and southern California have been a lit- 
tle better, but walnuts outyield pecans there. The pecan has been 
introduced into many countries, but without becoming important 
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(hi ANCH OF A PECAN TREE SHOWING NUTS ENCLOSED IN HUSKS. 
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od D tion outside the U.S. and northern Mexico. It is culti- 
5 ed to а limited extent in Australia (New South Wales) and 
uth Africa (Natal). 
ae Varieties are suited, for reasons: of climatic requirement, 
n icular zones within the U.S. Important southeastern varie- 
ls Я rooks, Candy, Curtis, Desirable, Elliott, Farley, Mahan, 
vent tuart, and Success, In the central Texas group are Bar- 
Weste: Шке, Clark, San Saba Improved, Squirrel, Texhan, and 
mus Clarksville, Giles, Greenriver, Hirschi, Major, Peruque, 
and Sy tarking, and Witte ripen in midwestern orchards. Duvall 
co Were introduced from Maryland. For culture some- 
tids) ШЧ of pecan limits, there are hicans (pecan-hickory hy- 
* amon, Which Burton, Des Moines, Henke, and Jay Underwood 
to, = the fruitful varieties, and McCallister, a useful pollina- 
эу A Hickory; Nur, 
“Н. Chandler, Deciduous Orchards, 3rd edy pp: quus cigs. 

PE Cy 3X) 
the (CARY, the New World counterpart of the swine, forming 
About aa Tayassuidae. Peccaries resemble small pigs and are 
EM 9 3 ft. long, with small erect ears and no tails. They are 


to 
іе 


for their hides and for their meat, which is much esteemed. 


Although ferocious when hunt- 
ing in packs, they are sometimes 
tamed by South American In- 
dians and then become practi- 
cally domesticated. 

Peccaries differ from true pigs 
in having only three toes on their 
hind feet, and upper canine teeth 
that are directed downward. 
They possess a scent gland under 
the skin opening on the ridge 
of the back; from this derives 
the old traveler’s tale that they 
have two navels, one above and 
one below.  Peccaries live in 
herds of 10 to 100 and are not re- 
stricted in home range but travel 
over considerable tracts of terri- 
tory, undeterred by thick bush, 
rivers, or other obstacles, They are distributed over nearly all 
the Americas southward from Texas to Patagonia. They entered 
the southern continent in comparatively late geological times. 
Peccaries give a barklike alarm call and when disturbed make.a 
rattling sound by chattering their teeth. 

Little is known of their breeding habits. Those of Panama prob- 
ably breed in June, with a gestation period of 120-125 days. One 
or two young are produced at birth, very rarely three; the female 
has only two teats. 

There are two species: the collared peccary (Tayassu tajacu), 
dark gray with a white band across the chest from shoulder to 
shoulder, and the white-lipped peccary (Tayassu pecari), slightly 
larger and darker in colour, with a light area around the mouth. 
Both species are widely distributed in South America, but the 
white-lipped peccary does not extend so far to the north or south. 
as the collared peccary. See also ARTIODACTYL. (L. H. M.) 

PECHENEG, the name of a Turkic people (in Byzantine 
sources called Patzinakoi, in Latin Bisseni, in Hungarian Besenyó), 
which between the 6th and the 12th centuries A.D. played an im- 
portant role in the history of the steppes north of the Black Sea. 
Their name first occurs in the Arabic work of Ibn Rusta (c. 912), 
who relies on earlier information from Jayhani's lost work. Ac- 
cording to the Byzantine emperor Constantine VII Porphyro- 
genitus, whose De administrando imperio is the main source on 
Pecheneg history, three of the eight tribes constituting the Pecheneg 
nation were also called Kangar. This name, however, occurs as 
early as in the 6th century in Syriac sources, where the people 
that it designates are said to have lived south of the Caucasus. 

According to Marvazi, whose work, written c. 1120, incorpo- 
rates much earlier information, 
the Pechenegs are a wandering people, following the rainfalls and the 
pasturage. Their territory extends a distance of 30 days in either direc- 
tion, and they are bordered on all sides by many peoples; to the north 
are the Kipchaks, to the southwest the Khazars, to the east the Oghuz, 
and to the west the Slavs. 


This seems to tally with Constantine, who puts the original seat 
of the Pechenegs between the rivers Volga.and Vaik (now Ural). 
Around 889 the Pechenegs were driven away from there by a 
simultaneous attack of the Khazars and the Oghuz. Moving west- 
ward, they ousted the Hungarians from the country called Le» 
vedia, situated somewhere between the lower Don and the Dnieper. 
The Hungarians moved farther west, into the so-called Etelkóz, 
where in 896 they were again attacked by the Pechenegs, acting 
as allies of the Bulgarian tsar Simeon. This Pecheneg victory 
had a lasting effect on eastern European history: the defeated 
Hungarians set out to conquer the Carpathian Basin, the country 
in which they were to stay. Thus in the first half of the 10th cen- 
tury the Pechenegs were in command of the lands between the Don 
and lower Danube and were constituting a serious menace to the 
Byzantines. 

The military importance of the Pechenegs was such that Con- 
stantine Porphyrogenitus considered the maintenance of friendly 
relations with them to be one of the foremost duties of the em- 
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peror. This was difficult to achieve, and during the 10th century 
the Pechenegs repeatedly invaded Thrace. With the Byzantine 
conquest of Bulgaria the Pechenegs became immediate neighbours 
of Byzantium, and in the course of the 11th century their raids 
grew both in frequency and intensity. Constantine IX Mono- 
machus settled some of the Pechenegs on former Bulgarian terri- 
tory, but these federates were unable and perhaps also reluctant 
to resist the tremendous pressure of their kinsmen remaining be- 
yond the pale, whose raids led them in the winter of 1090-91 to 
the very gates of Constantinople. But the Pechenegs' finest hour 
was almost their last. In his desperate need the emperor Alexius I 
obtained the aid of the Kumans, and on April 29, 1091, the 
Pecheneg army was annihilated. Though their last attack on 
Byzantine territory was in 1122, the defeat of 1091 marks the end 
of their real power. 

The Pechenegs were a menace not only for Byzantium but also 
for the Russian principalities and Hungary. They were, however, 
successfully kept at bay by Yaroslav I the Great of Kiev and by 
László I of Hungary. At a later date, probably after the great 
reverses suffered at Byzantine and Kuman hands, important 
Pecheneg settlements were established in Hungary. 

BisnrocRAPHY.—C. A. Macartney, “The Petchenegs,” Slavonic Re- 
view, viii (1929) ; V. G. Vasilevski, “Vizantiya i Pechenegi,” reprinted 
in his Trudy, vol. i (1908) ; V. F. Minorsky (ed. and trans.), Sharaf al- 
Zaman Tahir Marvazi on China, the Turks and India S ) 

(Ds. Sr. 

PECHENGA (formerly the Finnish PETsAMO), a town in 
Murmansk oblast of the Russian Soviet Federated Socialist Re- 
public, U.S.S.R., stands at the head of Pechenga Fjord of the 
Barents Sea. An ice-free port and the northern terminus of the 
Arctic Highway from the Gulf of Bothnia, the town had to be 
ceded to the U.S.S.R. by Finland after the Winter War in 1940. 
Although reoccupied during World War II by the Finns and Ger- 
mans, it was recaptured by the Russians in 1944 and its cession was 
confirmed in 1945, The centre of an important nickel and copper 
mining area, it has an ore refinery and is the base for a large 
herring fleet operating in the fjord. (R. А.Е.) 

PECHORA, a river in the U.S.S.R., is 1,814 km. (1,127 mi.) 
long and drains an area of 327,000 sq.km. (126,255 sq.mi.). The 
greater part of its basin lies in the Komi Autonomous Soviet So- 
cialist Republic, U.S.S.R., but the lowest reaches and the delta are 
in Archangel oblast. The Pechora rises at a height of 675 m. 
(2,214 ft.) in the Ural Mountains, 19 km. (12 mi.) NE of Mt. 
Koyp. At first a mountain stream flowing south in a narrow, deep 
valley, the river swings west and north, receiving its tributaries, 
the Ilych, Shchugor, and Usa (itself more than 677 km. [421 mi.] 
long). The river and its floodplain both widen steadily. After the 
Usa confluence the Pechora swings to the southwest and, having 
joined the Izhma, Pizhma, and Tsilma, turns north once more to its 
delta on Pechora Bay of the Pechora Sea (the southeastern corner 
of the Barents Sea). Below the Usa confluence the river varies 
from 503 to 1,509 m. (550 to 1,650 yd.) in width. Its average an- 
nual discharge is 144,800 cu.ft. a second. Almost half the yearly 
flow occurs in spring, when a maximum of 1,221,900 cusecs. has 
been recorded. The period during which ice forms is lengthy, but 
the river is frozen hard by early November. The thaw comes in 
late April in the upper course and in the first half of May in the 
lower, thus causing severe ice jams and flooding. Navigation is 
possible in the open season as far as Ust-Unya for small craft. 
"There is much timber rafting to the sawmills of Naryan-Mar at the 
head of the delta. In the basin are important mineral deposits: 
coal in the upper Usa Valley around Vorkuta, petroleum and nat- 
ural gas near Pechora town and Ukhta. (R. A. F.) 

PECKHAM, RUFUS WHEELER (1838-1909), associate 
justice of the United States Supreme Court from 1896 to 1909, is 
chiefly remembered as the author of the majority opinion (Lochner 
v. New York, 198 U.S. 45 [1905]) which evoked one of the sharpest 
dissents by Justice Oliver Wendell Holmes (g.v.). Peckham held 
that the 14th Amendment prevented the states from curtailing a 
man’s liberty to engage in or contract concerning economic ac- 
tivity—in the Lochner case, the liberty of a baker to contract for 
working hours longer than ten per day. Holmes replied in dis- 
sent that the “Fourteenth Amendment did not enact Mr. Herbert 
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Spencer's Social Statics.” Peckham is representative of thy 
of constitutional jurisprudence that felt it was the court’ 
tion to scrutinize carefully and form its own conclusion E. 
reasonableness of a state regulation (see SUPREME [o 
UNITED STATES, THE: Role in American Life: Self-Limitai 
This judicial approach in cases involving economic regulation 
not disappear until thé 1930s, when the Holmes point of 
became the almost unanimous opinion and such legislation a 
minimum-wage law was held to be constitutional, 

Peckham, a member of a distinguished New York judici] ш 
legal family, was born in Albany, N.Y., on Nov. 8, 1838, and yp 
educated in Albany and Philadelphia. In 1859 he was admitiedy 
the bar and began practising law in Albany; in 1883 he Wis 
pointed a justice of the New York State Supreme Court uj; 
1886 became a member of the Court of Appeals of New York i 
highest court in the state. Nominated to the U.S. Supreme Cos 
by Pres. Grover Cleveland after the nomination of his brie 
Wheeler Hazard Peckham, failed of Senate confirmation, helet 
office on Jan. 6, 1896. Peckham died at Altamont, near Altu 
on Oct. 24, 1909. (A. Du) 

PECOCK, REGINALD (d. c. 1460), bishop of St, Au 
and then of Chichester, a polemicist against the Lollards whom 
himself convicted of heresy, was born between 1390 and if 
probably in Wales. A fellow of Oriel College, Oxford, leve 
ordained priest in 1421 and became rector of St. Michael Rod 
and master of Whittington College in London in 1431; hee 
began to preach and to write against the Lollards. Conseil 
bishop of St. Asaph in 1444, his translation to Chichester eit 
in 1450 seems to have been due to the favour of William det 
Pole, duke of Suffolk, and further strengthened Pecock’s uk 
nection with the doomed house of Lancaster. 

In attacking the Lollards, Pecock himself advanced some hier 
dox views, and these gave his political enemies of the Yoki 
faction an excuse to proceed against him. Thomas Bowie. 
archbishop of Canterbury, was persuaded to order an examini 
of his books and at a trial on Nov. 28, 1457, Pecock was offered 
choice of abjuration or burning; he publicly recanted al St. 
Cross on Dec. 4. His subsequent appeal to Rome was fav 
received by Pope Calixtus III; but Calixtus died in August Wt 
and his successor, Pius II, gave ear to Pecock’s enemies, 4 
was confined to Thorney Abbey, Cambridgeshire, where he wat 
have “no books to look оп... nothing to write with; no sid 
write upon.” He died there in about 1460-61. so 

Pecock wrote in English, attempting to present phil ip 
and theological argument in terms that could be grasped 2 
men. He had an immense faith in the authority of bo 
the power of syllogistic argument. His chief work, the ym 
of Overmuch Blaming of the Clergy, issued about 1453, E 
exceptional interest for the striking style of the English in 
it is written, which fittingly matches the strength of p. 

BisrroomAPHy.—For Pecock's works, see The Repressor th 
much Blaming of the Clergy, ed. by C. Babington peo, ай 
of Faith, ed. by J. L. Morison (1909); The Rewe 0 He 
ligioun, ed. by W. C. Greet (1927), The Donet and 
the Donet, ed. by E. V. Hitchcock (1921, 1924), all for sni 
lish Text Society. See also V. H. H. Green, Bishop Ri 
(1945). p 
PECOS, a river in the southwestern United D p 
Mora county in north-central New Mexico in the ken 
the Sangre de Cristo Range. It is about 735 ml. (i ni 
and drains about 38,300 sq.mi. (99,197 sq.km.) of Wi muni ў 
land which in places is devoid of population and comm i 
The Pecos flows south-southeast through eastern е 
west Texas, emptying into the Rio Grande as it R p 
yon 40 mi. (64 km.) N.W. of Del Rio, Tex. А un 
mountains, the Pecos flows over land of desert Pr 
stream channel is dry much of the year. A valley 10 extend 
deep and from 5 to 30 mi. (8 to 48 km.) wide 
to Roswell, N.M. 

Near Roswell, the river widens into 
what to a broad, shallow valley at the Texas-New ) of its 
Below this valley and in the last 125 mi. (201 97 ii 
the Pecos has cut a narrow canyon over 1, 


a basin which clos 
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` pawards and Stockton plateaus. As the stream emerges from this 
n it empties into the Rio Grande. Flow of the Pecos is 
ted by two reservoirs. The Alamogordo at Fort Sumner, 
with storage capacity of 122,100 ac.ft., was completed in 1938. 
McMillan dam near Lakewood, N.M., stores 38,660 ac.ft, and 
sas completed in 1906. About 150,000 ac. are irrigated from 
these units, Pecos tributaries include the Hondo, Gallinas, Felix, 
` and Black rivers, all in New Mexico. Santa Rosa, Fort Sumner, 
Roswell, and Carlsbad, N.M., and Pecos, Tex., are important towns 
onor near the river. (M. J. L.) 
PÉCS (Ger. FÜNrkrRCHEN), one of the oldest and most in- 
teresting towns of Hungary and capital of Baranya megye 
(county), lies on the southern edge of the Mecsek Mountains, 
about 137 mi, (220 km.) SSW of Budapest by rail. Pop. (1960) 
114,713. The earliest occupation of this site was by the Illyrians 
and by the Celtic tribes known as Pannonians, The Romans had a 
settlement there called Sopianae. In the early Middle Ages the 
town became known as Quinque Ecclesiae (“five churches”), and 
in 1009 Stephen I made it a bishopric. The town has a well- 
marked rectangular core of medieval origin surrounded by sub- 
wbs. The Romanesque cathedral dates from the 11th century al- 
though it was much restored in 1881-91. The Turks held Pécs 
from 1543 to 1686; traces of their rule remain; e.g., in the parish 
and “hospital” churches, once mosques, The 14th-century univer- 
sity, the earliest in Hungary, perished with the Turkish conquest, 
but was newly founded in 1922. In the 18th century German 
colonists entered the city and German miners came to work the 
toil seams, The rapid rise of population in the 20th century (10,- 
(00 in 1920) was mainly due, however, to a big intake of Hun- 
garian peasants. The economic importance of Pécs comes from 
the proximity of the biggest and richest coal mines in Hungary. 
Local industries include the making of leather goods and majolica, 
ind the surrounding vineyards are some of the best in Hungary. 
town has good rail and road connections, (Н. G. S.) 
PECTIN, the commercially concentrated extract of a group 
of pectic substances found in the cell walls and intercellular 
liyets of certain plant tissues. Chief use of commercial pectin is 
the preparation of jellies, jams, and marmalades but its prop- 
ty of forming thick solutions gives it numerous uses in the food, 
Confectionery, pharmaceutical, and textile industries. 
ctic substances consist of an associated group of three poly- 
Mecharides: an araban, which on acid hydrolysis yields 1-arabi- 
Mose; a galactan, giving D-galactose on hydrolysis; and, most 
» icantly for the physical properties of these substances, a pec- 
acid Whose carboxyl groups are in part esterified with methanol 
її part neutralized as salts of calcium and magnesium, Pectic 
û 8 a polysaccharide in which units of n-galacturonic acid are 
in а-р-(1 > 4) linkages (see CARBOHYDRATES), The cal- 
salt of pectic acid is water insoluble and in the maturation 
ues, as in the ripening of fruits, complex enzymic changes 
in which the calcium salts are converted, in part, to methyl 
groups. i The pectic substances are extractable with warm 
Pty solutions of dilute acids. The extract may then be con- 
mh Tir sold as a liquid or converted to a powder. The 
xs n. nown as pectin, The chief sources of commercial pec- 
Pulp is Er waste and apple pomace. Sugar beet cossette (chip) 
feation = loyable and makes a usable product after suitable modi- 
Pectin f remove an acetate ester group present. 
" E à viscous aqueous solution and in the presence of 
dm As those of fruits, and added sugar, this solution will 
û jelly. Very small amounts (less than 1%) of pectin 
i нў It has been found that if the methyl ester (methoxyl) 
5 decreased, less sugar is required to give a gel which is 
Y the addition of calcium ions. 8 
S FOOD Preservation (1м тне HOME) : Jams and Jellies. 
Jk N'APHY.—R. Ripa, Die Pektinstofe (1937) ; E. L, Hirst and 
б); } Jones, Advances in Carbohydrate Chemistry, 2: 235-251 
11 kias Meyer, Natural and Synthetic High Pamer CROs 


The Pecti 51); . І. 

rt, Pol: Pectic Substances (1951) ; R. L. W er 

Сан, saccharide Chemi. ; W. W. Pigman (ed.), The 
oh 'drates (1957), emistry (1953); W. “(у p: 5 
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and historical heritage and to encourage the development of a 
vernacular style, Born near Helsinki (Helsingfors), he studied 
at Greifswald and took orders in 1505. In 1508 he went to Paris 
and there produced the first edition (now lost) of Saxo Gram- 
maticus’ Gesta. Danorum, under the title Historia danica (1514). 
He also edited Peder Laale's proverbs and published a Latin- 
Danish lexicon. Returning to Denmark, he supported the Refor- 
mation and became secretary to Christian TI, following him into 
exile in 1525. In Holland he translated, from the Vulgate, part 
of the New Testament (1529) and the Psalms (1531) and also 
adapted some of Luther's tracts. In 1532 he set up as a printer 
at Malmó, publishing Danish versions of French romances and the 
legends of Charlemagne, He had a share in the translation of the 
Bible published in 1550 as "Christian III's Bible,” and based on 
Luther's translation, which marked an important stage in the 
development of Danish literature as well as in the progress of the 
Reformation. He died on Jan. 16, 1554, in Helsinge. 

See Pedersen's Danske Skrifter, ed. by C. J. Brandt and B. T. Fenger, 
5 vol. (1850-56). 

PEDERSEN, HOLGER (1867-1953), Danish linguist of ex- 
ceptional competence in a number of fields, especially Celtic, was 
born at Gjelballe, near Lunderskov, on April 7, 1867. After re- 
ceiving his doctorate in 1897 with a masterly dissertation (Aspi- 
rationen i Irsk) he proceeded, while professor at Copenhagen, to 
enrich linguistic scholarship with an incredible number of arti- 
cles and books, all highly original, Nurtured in the exacting 
methodology of the 19th century neogrammarian (q.v.) move- 
ment, he went far beyond its limits and was either participant in, 
or critic of, most succeeding schools of linguistic thought; he even 
anticipated some new trends, but conscientiously avoided frills and 
fads. 

‘The results of Pedersen’s Celtic researches are contained in nu- 
merous articles and in his monumental Vergleichende Grammatik 
der keltischen Sprachen, (2 vol., 1909-13), also his Concise Com- 
parative Celtic Grammar (with Henry Lewis, 1937). About 30 
books in four languages (Danish, English, French, German) treat 
authoritatively Albanian, Armenian, Russian, Indo-European dia- 
lects, Lithuanian, Hittite, Tocharian, Czech, Turkish phonology, 
the relations between Indo-European and Semitic, between Indo- 
European and Finno-Ugric, the origin of runes, and the history of 
linguistic science. Holder of honorary degrees in nine countries 
and recipient of countless other scholarly honours, Pedersen closed 
a long and fruitful career in Copenhagen, where he died on Oct. 25, 
1953. (R. A. Fs.) 
PEDERSEN, JOHANNES PEDER EJLER (1883- ), 
Danish Old Testament scholar and Semitic philologist, important 
for his conception of Israelite culture and modes of thought based 
on religio-historical and sociological studies, was born on Nov, 7, 
1883, at Illebolle on the island of Langeland, He matriculated 
at the University of Copenhagen in 1902 as a student of divinity. 
The Old Testament in particular aroused his interest, and he 
studied Semitic languages under Frants Buhl, A graduate in 
divinity (1908), he went abroad for three years, studying under 
Heinrich Zimmern, August Fischer, Christiaan Snouck Hurgronje, 
and Ignaz Goldziher. He was appointed docent in Old Testament 

is at Copenhagen (1916-22) and then professor of Semitic 
philology ( 1922-50) in succession to Buhl. His doctoral thesis 
(1912) showed him to be an eminent philologist with an excep- 
tional ability to enter into the spirit of the ancient Oriental trains 
of thought. 

‘These qualities are even more pronounced in his chief work, 
Israel: Its Life and Culture, in four volumes (1920-34; Eng. trans, 
1926-40), These studies of ancient Israel marked a new depar- 
ture in Scandinavian Old Testament research. Pedersen’s concep- 
tion of the importance of the cult led in many aspects to a break 
with Julius Wellhausen and his school, especially in his estimation 
of the narratives and the laws in the Pentateuch as sources for the 
history of Israel. (E. He.) 

PEDIATRICS: see CHILDREN, Diseases or; INFANTS, CARE 


oF. 
PEDIMENT, in architecture, is a triangular gable end treated 
in classical style and crowned with a raking cornice; or a similar 
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form used decoratively. The pediment was the crowning feature 
of the Greek temple front, the entablature over the columns being 
carried completely through, horizontally under the pediment, and 
the tympanum or triangular wall surface between this horizontal 
cornice and the raking cornice above being often decorated with 
sculpture. (See GREEK ARCHITECTURE and, for pedimental sculp- 
ture, GREEK Amr.) The Romans further adopted the pediment 
as a purely decorative form to crown doors, windows, and espe- 
cially niches, and frequently made pediments occurring in a row 
alternately triangular and segmental in shape; this was copied 
in the High Renaissance in Italy. 

Following certain late Roman precedents, in which the line of 
the raking cornice is broken back in the centre, the designers of 
the Baroque period developed all sorts of fantastic broken, scrolled, 
and reverse curved pediments; in some cases they even reversed 
the direction, so that the high part of the broken or sectional 
pediment was toward the outside of the composition rather than 
toward the centre, and in the Churrigueresque, or late Renais- 
sance of Spain, little sections of pediment were used to indicate 
line patterning. 

PEDIMENT, in geology, a low-angle slope of }°—7°, and of 
slightly concave form, found at the base of hills in regions where 
the rainfall comes in heavy storms. There is frequently a sharp 
break of slope between the pediment and the steeper hillside 
above it. There may or may not be a soil cover. Water passes 
across the pediment by laminar sheet flow, but if this is disturbed 
the flow becomes turbulent and gullies develop. Many tropical 
towns sited on pediments (which offer easier building sites than 
the steep hillsides above or the river marshes below) show severe 
gullying where the water flow has been concentrated between walls 
and buildings. 

The pediment is the most, important element in the tropical 
landscape, both for building and farming; under natural con- 
ditions it is the most permanent part of the landscape, but it is 
also the part most easily destroyed by human interference. 

(J. C. Px.) 

PEDODONTICS is the practice of dentistry for children; it 
is the dental counterpart to pediatrics in medicine. Seven quali- 
fications for a pedodontist have been listed by the American Board 
of Pedodontics: the pedodontist should be able to manage the 
behaviour of a very young patient and control his relations with 
the child’s parent; he should be a master of the operative and 
restorative procedures that are practised for the deciduous (first) 
teeth and the immature permanent teeth; he should possess a thor- 
ough knowledge of the physical and chemical properties of the 
materials employed in all types of dental treatment and utilize 
them with skill; he should be able to remove children’s teeth skil- 
fully and perform the minor oral surgery that may be required; 
he should be able to provide root canal treatment for infected 
teeth and confirm bacteriologically the removal of infecting micro- 
organisms; he should be able to diagnose and treat any juvenile 
dental problem of growth, development, or health; and he should 
be able to instruct the family in proper dental health practices 
and to institute measures for the prevention of defects of the 
teeth or the mouth. 

During the years when dentistry was developing from a mechani- 
cal trade, learned by apprenticeship, to a health profession, the 
teeth of young children were neglected consistently. The “baby” 
teeth, it was thought, would be replaced promptly by the adult 
or permanent teeth, hence the first set of teeth was unworthy of 
the expenditure of the dentist’s time and the family’s resources. 
From 1840, when the first dental school in the world was estab- 
lished in Baltimore, Md., until 1916, when teaching in dental 
schools in the United States was reorganized to include the hu- 
man biologic sciences, children’s teeth generally were treated by 
removal whenever they ached. The teaching of scientific tech- 
niques in dental schools for the comprehensive treatment of the 
teeth and mouths of children came even later. 

On the child’s first visit, which should take place when the child 
is 24 to 3 years old, many pedodontists introduce the child to the 
equipment and instruments of the dental office; secure a sample of 
saliva to be used in obtaining a count of acid-producing micro- 
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organisms; complete the cleansing and polishing of the 
much as in an adult’s dental prophylaxis; and instruct rit 
in proper toothbrushing. In those geographical regions in wy 
the water supply is deficient in fluorine, a series of applicati 
a fluoride solution to the dried surfaces of the teeth smi 
instituted. Such a series, begun at three years of age hale 
shown to cause a 40% reduction in the number of cavities, 
comprehensive examination, including dental X-rays and i 
of the child's occlusion (bite), also may be made during the init 
visit. 
At a later visit, for the benefit of the child whose salivary e. 
amination indicates the presence of a large number of lactobadll, 
the entire family may be placed on a diet low in sugar for a jq 
weeks to change the bacterial flora of the mouth. The process 
dental caries generally can be halted by periodic dietary те, 
tions of this type. 
See also DENTISTRY ; ORTHODONTICS. (Kx. A.B) 
PEDRARIAS DAVILA: see ARIAS DE ÁVILA, PEDRO, 
PEDRELL, FELIPE (1841-1922), Spanish composer ш 
musical scholar who devoted his life to the development of a Spm. 
ish school of music founded on its national folk songs and its om 
great musical heritage from the past, was born at Tortosa, Feb lj 
1841. As a choirboy his imagination was first fired by conti, | 
with early Spanish church music. Though largely self-taught li 
composed several operas, mostly on national subjects. The frt 
El último Abencerraje, founded on a text by Chateaubriand, mi 
produced in an Italian version in Barcelona in 1874. In li 
he published his manifesto Por nuestra musica, which attract 
much attention, though it was misunderstood as advocating Wit 
nerian reforms, Following his theories, he set a practical exam 
by publishing an invaluable four-volume collection of folk su 
and editing, for the first time, a vast quantity of early Spani 
church, stage, and organ music, including the keyboard works 
Antonio de Cabezón and the complete works of Tomás Lui 
Victoria. At the same time he was working on an operatic ШЇ 
the first pait of which, Els Pirineus (to a Catalan libretto), її 
produced in an Italian version in 1902. The second pt, 
Celestina, though it contained some of his finest muste, remil 
unperformed. He died at Barcelona on Aug. 19, 1922. Май 
poser Pedrell was, to a certain extent, hampered by technical sta 
comings. His influence on later Spanish composers, however p^ 
ticularly through his pupil Manuel de Falla, was incalculable 8 
his editions of early Spanish music laid the foundations of 5 
musicology. А aS Ж 
PEDRO I (1798-1834), founder of the Brazilian шй 
first emperor of Brazil, 1822-1831. Pedro was born in “ig 
Port., on Oct, 12, 1798, the son of King John VI of Po i 
When the French conquered Portugal in 1807, Pedro accom j 
He remained be i 
regent when King John returned to Portugal at the pe i 
g John, awi 
Portugal, 17 


Pedro to assume leadership of the independence mov 
necessary, so that Brazil and Portugal might ith mii. 
the Braganza dynasty. Pedro surrounded hims j 
who counseled independence. When the Portuguese Po ig 
demanded that he return to Lisbon “to complete his ber p 
tion," he refused; when it sought to curb his ашады 4 
Brazil independent in the grito do Ipiranga (g.0.) on ЭРА 
Brazil was established аз an empire with Pedro ig face of 
However, his initial popularity soon waned in gs ud 
spread resentment against the Portuguese nobility t m 
his court. In the constituent assembly of 1823 an wot jd 
made to draft a liberal constitution reducing the empi [4 
and curtailing the rights of the Portuguese 1n es je iss! 
solved the assembly and exiled its leaders. In 182 

basic charter that governed Brazil for the ne 
autocratic manner, his continued interest in Por! 
the failure of his military forces to uphold. 
Uruguay combined to alienate his subjects. ! 
by a series of local uprisings, some reflectini 
In 1831 he abdicated in favor of his son, Pedro ^^ 


returned to Portugal. He died in Lisbon on Sept. 24, 

to secure his daughter’s rights to the Portuguese 

es (R. E. P. 
O II (Dom PEDRO ре ALCÁNTARA) (1825-1891), tins 

Jast emperor of Brazil, was born in Rio de Janeiro on Dec. 2, 

and died an exile in Europe in 1891. On April 7, 1831, 
he was as yet not six years old, his father, Pedro I, abdicated 

ıi favour, and for nine years Brazil was governed by a regency. 

men declared Pedro of age in July 1840 and crowned him 
emperor on July 18, 1841. Disturbances in the provinces, which 
the regency, continued for the next five years; how- 
wer, by that time the young emperor’s intellectual curiosity and 
concern for his subjects were recognized by his subjects 

and û vast majority of them gave him almost unqualified support 
forthe next 40 years. Не considered himself the arbiter of Brazil’s 
life, and he used the “moderative power” given him by 
the constitution to regulate the antagonistic groups that sought to 
dominate the country. Pedro is supposed to have said, “Were I 
nota monarch I should be a Republican.” A president of Argen- 
fina called his rule a “crowned Democracy.” When a dictator- 
president of Venezuela learned of Pedro’s overthrow in 1889, he 
exclaimed, “The only Republic in South America is ended—the 
еч Brazil.” It is true nonetheless that Pedro ruled in the 
£ ts of a narrow social and economic elite. 

- The slave trade and slavery, both of which were officially sanc- 

‘in Brazil, had caused seriously strained relations between 

- Brazil and Great Britain before Pedro established his leadership of 

the country, Once in control, he gave his full support to ending 

- the African slave trade, achieved in 1850, and to the abolition of 

^ Yatified in 1888. Approximately 700,000 slaves were 

d and no provision was made for compensation to the owners. 

Pedro strongly insisted upon the government’s power to regulate 

the Roman Catholic Church, but that institution was not submitted 

; moe attacks it experienced in most of the Spanish-Ameri- 

En republics, 

- Pedro was an ardent believer in commercial expansion and tech- 

ical progress. Не supported the founding of banks, and ex- 

Special privileges to would-be industrialists, Under his 

guidance idm made significant gains in railroad, telegraph, and 

Construction. 

І The monarch’s interest in language, religion, education, and sci- 
‘tee encouraged him to travel abroad. He made trips to Europe 
' Pv 1876, and 1887, and to the United States, in 1876, where 

ended the Centennial Exposition. 

1 0S government intervened in Uruguay and in 1852 Brazil's 

p "were instrumental in the defeat of the Argentine dictator 

Manuel de Rosas (¢.v.), Brazilian forces joined with those 

Алета and Uruguay to defeat the Paraguayan dictator Fran- 

80 Solano Lopez in the Paraguayan War (1864-70). 

M Prevented Pedro from giving adequate attention to the 
че "e that arose over the slavery issue and, on Nov. 16, 1889, 
| as forced to abdicate by military leaders who were convinced 
акау was an anachronism in the New World. The royal 

jjj J Went into exile in Europe where Pedro died, Dec. 5, 1891. 

|- isr Rand those of his wife were returned to Brazil in 1920 

honour. ed in a chapel in the city of Petropolis, named in his 

inet pA con Dom Pedro the Magnanimous, dem Т 

PEDRO kings of Aragon; see PETER, kings of Aragon. 
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1369, URO тнв Скон, (1334-1369), king of Castile from 1350 to 
XL "Tho orn at Burgos on Aug. 30, 1334, the son of King Alfonso 
m ugh the contemporary English poet Chaucer praised him, 
Whigs: historical tradition, working from narratives written by 
Amonste es, has, without enquiring into motives, depicted him as 
Convent ENDE Cruelty. Pedro was, in fact, a courageous, energetic, 
Passion, Pally: Pious man and a competent general. He was also 
14е entirely uninterested in the chivalric doctrines of his 
making ent of political maneuvering, and overready to kill high- 
To for taitors—or merely suspected traitors—without trial 
“рану determined the pattern of his reign. Abroad, John п 
thought the accession of a 15-year-old king provided a 
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long-awaited chance to force Castile into a military alliance against 
England. The alliance was concluded (1352) and Pedro was 
forced to marry (1353) Blanche, daughter of Pierre, duc de Bour- 
bon, though he was already passionately in love with the beautiful 
Maria de Padilla—who was to remain his mistress, and perhaps 
his legal wife, until her death (1361). He abandoned Blanche im- 
mediately after the marriage. This act ruptured the Franco-Cas- 
tilian alliance. 

At home Pedro was at once confronted by a row of bastard 
half brothers, led by Henry of Trastamara (later Henry II), who, 
to win support for his undefined ambitions, proclaimed himself 
defender of the magnates' privileges against the growing power of 
the crown. After leading several revolts which Pedro crushed 
with energy, Henry, who failed to win any popular sympathy, 
escaped to France (1356) and offered to serve the French crown 
against his brother. From 1356 to 1366 Pedro was engaged in a 
bitter war with Aragon, whose king, Peter IV, supported Henry's 
cause and had ambitions to seize Murcia and eastern Castile. 
Pedro, for his part, had territorial ambitions in western Aragon. 
Hostilities had been provoked by an Aragonese admiral acting, 
apparently, on French orders. During the war Pedro won many 
successes against Aragon while Trastamaran propaganda failed to 
undermine Castilian loyalty toward him. In 1365, therefore, the 
French king Charles V, Pope Urban V, and Peter IV—to save 
Aragon from being overrun—paid the veteran French mercenaries, 
the compagnies, led by Bertrand du Guesclin, to go to Spain and 
overthrow Pedro, replacing him by Henry. This was done. Pedro 
fled to Gascony and requested English help under the Anglo-Cas- 
tilian alliance, concluded on June 22, 1362. The Trastamarans and 
their French allies were routed at Nájera (April 3, 1367) by Ed- 
ward the Black Prince, and Pedro resumed his reign without sig- 
nificant opposition, 

After the victory, however, the prince showed complete misun- 
derstanding of the political situation in Castile and—having quar- 
reled with Pedro about finance and chivalry—retired to Gascony, 
where he pondered plans for making himself king of Castile, 
Charles V sent Henry back to Spain with more French troops and 
a long civil war ensued. Eventually Pedro was defeated at Mon- 
tiel and assassinated there by his brother's own hand (March 23, 
1369), though strong loyalist resistance continued for several years. 
It is clear that Pedro's overthrow was brought about almost en- 
tirely by French military intervention and, in its final stages, by 
the Black Prince's political incompetence. 

See Р. E. Russell, The English Intervention in Spain and Portugal in 
the Time of Edward III and Richard 11 (1955). (P. E, К.) 

PEDRO, the name of five kings of Portugal. 

Pepro 1 (1320-1367), king from 1357, was born at Coimbra on 
April 8, 1320, the son of Afonso IV of Portugal and his consort 
Beatriz of Castile, He was married in 1336 to Constanza, daugh- 
ter of Don Juan Manuel (q.v.) ; but she died in 1345, and Pedro 
is chiefly remembered for his tragic amour with Inés de Castro 
(q.v.), whose death he savagely avenged after his accession to the 
throne. Even so, some of his acts, designed to curb abuses and 
to enhance the royal power, were of great importance: he reformed 
the administration of justice (1361) and did much to make the 
Portuguese Church a national one by insisting on the beneplácito 
régio, that is, the royal approbation of all papal bulls or letters 
before they could be published in the kingdom. Though before he 
became king of Portugal he had advanced a claim to the Castilian 
throne (1354), he later helped Castile against Aragon (1358 and 
1360). From 1363, however, he pursued a neutral policy, He 
died on Jan. 18, 1367, leaving his throne to his son Ferdinand I. 
i (V. R. R.) 

Pepro II (1648-1706), king from 1683, was born in Lisbon on 
April 26, 1648, a son of John IV of Portugal. In November 1667, 
when his elder brother, Afonso VI (q.v.), was sent into lifelong 
captivity, Pedro became regent of Portugal; and in April 1668 
he married his brother's former consort, Marie Francoise Élisabeth 
de Savoie-Nemours (d. 1683). His first international act was to 
make peace with Spain (Feb. 13, 1668), forgoing the advantages 
which might have been expected from Afonso's victories of 1663- 
65. When Afonso died (Sept. 12, 1683), Pedro became king. 
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Pedro II's reign was marked by a consolidation of royal abso- 
lutism: the Cortes never met. For Portugal’s commerce, however, 
Pedro in December 1703 obtained the valuable Methuen Treaty, 
whereby England reduced customs duties on Portuguese wines in 
return for Portugal’s favourable treatment of English woolen 
goods. This treaty was largely a consequence of Pedro’s having 
finally adhered (May 1703) to the Anglo-Austrian side in the War 
of the Spanish Succession, though in June 1701 he had allied him- 
self with France. A Franco-Spanish invasion of Portugal was re- 
pelled (1704), and Portuguese troops invaded Spain, but their 
capture of Madrid (July 1706) was a fruitless victory. Pedro II 
died on Dec, 9, 1706, leaving his throne to John V, his son by his 
second wife, Maria Elizabeth of Palatinate-Neuburg, whom he 
had married in 1687. 

Pepro III (1717-1786), king-consort from 1777, was born in 
Lisbon on July 5, 1717, the younger son of John V of Portugal. 
He was married in July 1760 to the daughter of his elder brother, 
King Joseph I. When she became queen as Maria I (February 
1777), Pedro became nominally king. He devoted himself entirely 
to religious practices. He died on May 25, 1786. 

For РЕрко IV of Portugal, see Pepro I, emperor of Brazil. 

Рерво V (1837-1861), king from 1853, was born in Lisbon on 
Sept. 16, 1837, the eldest son of Queen Maria II. Succeeding 
his mother on Nov. 15, 1853, he had his father, Ferdinand of 
Saxe-Coburg, as regent for him till he came of age to rule on his 

18th birthday. Meanwhile he went on a long tour of the more 
progressive states of Europe: in England he formed a close under- 
standing with the prince-consort Albert (his father's first cousin), 
with whom he later maintained a regular correspondence. 

Earnest and enlightened, Pedro V devoted himself to his coun- 
iry's problems. In external affairs, he was concerned with the 
occupation of Cabinda, Molembo, and Ambriz, in northern Angola 
(1855); with the final abolition of slavery (1856); with the con- 
vention (1857) whereby the Holy See restored the effect of the 
Portuguese patronate over dioceses in India and the Far East, after 
having practically abolished it in 1838; and with the detention of 
the French slave-ship “Charles et Georges” off the coast of Mozam- 
bique (1857), which led to conflict with the French government 
(1858-59). In Portugal itself he had to face successive epidemics 
of cholera and yellow fever (1854-57). He founded the Curso 
Superior de Letras (1859) for teaching literature, philosophy, and 
history at university level. 

Pedro V married Stephanie of Hohenzollern-Sigmaringen in 
1858, but she died in 1859. Pedro died childless on Nov. 11, 
1861. (Da. A. P.) 

PEEBLES (Tweeppate), an inland county of southern Scot- 
land (area 347.3 sq.mi.), forms an eastward-pointing triangle be- 
tween the counties of Midlothian, Selkirk, Dumfries, and Lanark. 

Physical Features.—The county occupies the upper third of 
the Tweed Basin, with a northerly extension which includes the 
southern end of the Pentland Hills. There, lavas and sandstones 
of Old Red Sandstone Age form broad moorlands at about 1,700 
ft., clothed in matgrass, heather, and an association of sheep's 
fescue and purple moor grass. The moorlands are drained south- 
ward by the Lyne Water, whose valley opens out into a basin at 
700 ft. around West Linton, before crossing the geological bound- 
ary of the Southern Uplands fault into a gorge cut into swelling 
hills of Silurian rocks. These, cut by the steep-sided, flat-floored 
valleys of the Tweed itself and its tributaries, the Manor, Leithen, 
and Eddleston waters, comprise the bulk of the county. South of 
the Tweed are large stretches of high plateau matgrass moorland 
at 1,800-2,000 ft., swelling to 2,754 ft. in Broad Law, which are 
given over to hill sheep farming. 

The inland position of the county and its altitude give a severe 
climate—West Linton, with a January temperature of 0° C (32° 
F) and a July temperature of 13? C (55° F), averages 40 snowy 
mornings a year; rainfall exceeds 60 in. in the southwest, 35—45 in. 
elsewhere, with a winter maximum and a dry spring. 

There are several Forestry Commission plantations on the 
edges of the high plateau; the two largest are Glenbreck (6,517 
ac.) and Elibank and Traquair (5,594 ac.), the latter crossing into 
Selkirk county. 
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History.—Occupation in the Early Iron Age is indicated 
remains of numerous hill forts around the burgh of Pee 
there are standing stones near the confluence of Lyne Wate 
the Tweed. The Romans left traces of their military dls 
camp at Lyne, locally known as Randal’s Walls, In ied 
times a series of peel towers were erected; the best Preserved j 
that of Neidpath Castle, a 15th-century stronghold of the Fı k 
just outside the royal burgh of Peebles. fum 

The county is closely associated with the legend of Mets 
(9-0.) and has provided background and other materia] for Sy 
Walter Scott, James Hogg, John Buchan, and other writers, Ty 
royal burgh of Peebles (g.v.) has interesting links with M, 
Park (g.v.) and the Chambers brothers (see CHAMBERS, Коши, 
The rebuilt cottage of the Black Dwarf (David Ritchie) jy 
southwest of Peebles, and Scott’s novel St. Ronan’s Well is ge. 
erally thought to have been inspired by the mineral spring y 
Innerleithen (g.v.). Other places of historical interest inj 
Traquair House, one of the oldest inhabited Scottish mansion 
where William the Lion lived and held court in 1209 and why 
Mary, queen of Scots, and Lord Darnley stayed in 1566; & 
Gordian’s Cross at Manor; Cross Kirk, dating from 1261, 4 
Peebles burgh; Drochil Castle, left unfinished by the regent My. 
ton when he was executed in 1581 (see Morton, James Dou 
4th earl of); and Stobo Kirk, dating from Norman times, 

Population and Administration.— The population in Їй 
was 14,156, showing a decrease of 7% since 1951, The ml 
burgh of Peebles (pop. [1961] 5,548), and the burgh of Inne 
leithen (2,299), also show decreases. The county is combined vil 
Roxburgh and Selkirk to form a joint constituency, returning ûl 
member to Parliament. It forms a sherifídom with the Lollius 
there is a sheriff-substitute at Peebles. К 

The Economy.—Less than one-fifth of the total area iit 
proved land and of this more than a third is under perman 
grass; oats occupy half the cropped area, with turnips and mit 
also important. Cultivation is confined largely to loams of gh 
origin bordering the gravel and alluvium of the “haughs,” or 
valley floors, which are mainly under grass except where йш 
and flood protection make them valuable crop land. Lives 
farming predominates, with black-faced sheep on the hills 
Cheviot sheep and beef cattle along with the arable on the love 
land. High quality tweeds and knitwear are made in Pel 
Innerleithen, and Walkerburn. ۴ 

The scenery is a valuable asset which has led to increased W 
ism. There is good trout and salmon fishing in the Twee 
easy access to the hills. tory of Mt 

See J. W. Buchan and Rev. Henry Paton (eds.), A HENE th 
blesshire, à vol. (1925-27); Land Utilisation Survey of Br [^] 
Land of Britain, Peebles and Selkirk by D. L. Linton and n 
grass (1946) ; Third Statistical Account of Scotland for the ТАШ 
Peebles and Selkirk (1964). (W. бв. A Dong 

PEEBLES, a royal and small burgh and the d 
Peebles, Scot., at the junction of Eddleston water with Tl 
23 mi. S. of Edinburgh by road. Pop. (1961) 5,548. ү 
consists of the new town, оп the south of the Bddleston 
old on the north, Portions of the town walls still exis " 
are cellars constructed in the 16th and 17th centuries "t 
places against border freebooters. The old market w P 
High street. The Chambers institution incorpore y yj d 
where the notorious “Degenerate Douglas,” or s cl 
of Queensberry (1724-1810), was born. Of St. Ants ҮШ 
founded in 1195, nothing remains but the tower, p in 
liam Chambers, the publisher, who was buried bes! «d 1 
Cross kirk was erected by Alexander III, in 1261, the bal | 
supposed remnant of the true cross discovered there. b 
remained till 1784, when it was nearly demolished to Р, enc y 
for a new parish church. Peebles was a favourite resi d 
Scots kings when they went to hunt in Ettrick fores ‘he | 
ated a royal burgh in 1367 and was the scene d рев 
Peblis to the Play, ascribed to James І of e a arê e 
its importance after the union of the crowns al con 
large woollen mills, and the town is an арси it 
Buchan family (Lord Tweedsmuir) is associate | 
and Mungo Park practised medicine there (1801 
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the “Beltane queen” is crowned, this being a survival of the an- 
` dent religion. 
On the north bank of the Tweed stands Neidpath castle, of 


which the ancient peel tower dates probably from the 13th cen- 

Its first owners were Tweeddale Frasers, from whom it 

ed to the earls of Tweeddale. It was besieged and taken by 

Cromwell in 1650. The 3rd earl of Tweeddale (1645-1713) sold 

j to the duke of Queensberry in 1686. The earl of Wemyss suc- 
ceeded to the Neidpath property in 1810. 

PEE DEE-Y ADKIN, a river system originating as the Yad- 
kin River in northwestern North Carolina, U.S., on the south- 
astern slopes of the Blue Ridge Mountains. The Yadkin flows 
northeastward past Wilkesboro and Elkin, N.C., and then turns 
south, After 202 mi. it joins the Uharie River and continues 
southward into South Carolina. The combined stream is known 
thence to the Atlantic as the Pee Dee River. The Pee Dee is 
named for the eastern Siouan Pedee Indian tribe, which resided 
slong its course in southern North Carolina when that area was 
first settled. ‘The Pee Dee-Yadkin flows through coastal plain and 
piedmont areas where it is hemmed in by fairly high hills that 
serve well in the erection of dams. There are several artificial 
likes along the Yadkin. High Rock Lake, formed by a и 
dectric dam, furnishes power for aluminum production at Badin, 
NC, Several early settlements on the central North Carolina 
Piedmont were founded by pioneers who poled boats up the 
stream, The river is navigable 91 mi. (146 km.) inland from 
Georgetown, S.C., on the Atlantic, where the Pee Dee meets the 
Waccamaw, Sampit, and Black rivers. Former rice plantations, 
now devoted to cattle, vegetables, timber, and hunting activities, 
line its banks for a score of miles inland from ini ee ) 

M. C. P: 

PEEKSKILL, a city of Westchester county, N.Y., U.S., on 
the east bank of the Hudson river, 41 mi. (66 km.) above New 
York City. Peekskill is the shopping centre for northern West- 
chester and Putnam counties. Its name was derived from that of 
the adjacent creek, or “kill,” on which Jan Peek, an early Dutch 
Settler, conducted an Indian trading post from 1667 to 1677. The 
Village was strategically important during the American Revolu- 
tion, and large sections of it were burned by the British on March 
18,1777. It became a city in 1940. 

For comparative population figures see table in New York: 
Population, (M. Н. LE.) 

PEEL, SIR ROBERT (1788-1850), British home secretary 
from 1822 to 1827 and from 1828 to 1830, prime minister from 
1834 to 1835 and from 1841 to 1846, The leader of the Conserva- 
live Party that emerged after the Reform Act of 1832, a free 
{tide reformer, and the repealer of the Corn Laws in 1846, Peel 
Wis one of the outstanding British statesmen and administrators 
Of the 19th century. His policy 

Much to ease Britain's dif- 
E Social and economic transi- 
E ап agricultural and 
trial 5 lle to a primarily indus- 
hi Society in the 50 years fol- 
Mine close of the Napole- 
on Usi in 1815.” He was born 
а 5, 1788, at Bury in Lan- 
at His grandfather was a 
yeoman farmer, who be- 
es of the pioneers of the 
ther ite cotton industry. His 

ыр Sir Robert Peel, was a 

and ambitious business- 

n Who built up a lar; 

uf. E ч ge cotton- 

acturing interest, pur- 

Vs a landed estate аё 
fonii “tt Tamworth, Staf- 
mons ha the House of 
A baronet p, 790) and was made 
10, рор the younger Pitt in 
" Suc ert Peel, his eldest 

educated at Harrow 
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MARBLE BUST OF SIR ROBERT PEEL 
BY MATTHEW NOBLE. IN THE NA- 
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School (1800-04) and Christ Church, Oxford (1805-09), where he 
was the first to achieve a double first in classics and mathematics 
in the new degree examination. With his father's money and 
government influence a parliamentary seat was found for him as 
soon as he came of age and in April 1809 he was returned as M.P. 
for Cashel city, County Tipperary. 

Secretary for Ireland (1812-18).—Like his father Peel was 
from the start a government supporter and received an early ap- 
pointment as undersecretary for war and the colonies in 1810, 
"Two years later he accepted the difficult post of chief secretary for 
Ireland. During his six years in this office he made his reputation 
as an able and incorruptible administrator. With the war on the 
continent still in a critical phase, he was faced in Ireland with 
the first serious Catholic agitation since Pitt's Act of Union in 
1800. In 1814 he was largely responsible for the suppression 
of the Catholic board, the semi-illegal central committee of the 
movement, and thus effectively checked the course of Irish agita- 
tion for another nine years. Increasingly, however, he was im- 
pressed by the endemic anarchy of Irish society and the economic 
poverty and disorganization from which it derived. To deal with 
the problem of crime and disorder he carried through the Peace 
Preservation Act of 1814, which made possible the formation of a 
body of national police later known as the Royal Irish Constabu- 
lary, popularly called “Peelers.” In 1817 came the first serious 
Trish famine of the century, but Peel’s energy and practical sense 
in raising relief funds and supervising the distribution of food 
carried the country through the crisis without serious disorder. 
When Peel’s Irish secretaryship ended the following year he was 
already marked out for early promotion, At the same time, partly 
because of family tradition and early education, partly because of 
his role in the House of Commons as spokesman for the Irish gov- 
ernment, he had distinguished himself as the ablest of the “Protes- 
tant” party which resisted the recurrent efforts to pass Catholic 
emancipation. This issue, which divided the Cabinet as well as 
ordinary political parties, was primarily concerned with the ad- 
mittance of Roman Catholics to membership of Parliament and 
high offices of state from which they were still legally barred. 
Peel's brilliant speech in the emancipation debates of 1817 was 
widely held to be decisive in defeating the proposed measure and 
was instrumental in securing his election to the coveted honour 
of member of Parliament for Oxford University later the same 

ear. 

In 1820 Peel married Julia, the beautiful younger daughter of 
Gen, Sir John Floyd, a veteran of the wars in India and second-in- 
command of the forces in Ireland when Peel first went there, 
The marriage was ideally successful and for the rest of his life 
Peel enjoyed a serene family life. Following his marriage Peel 
built an elegant house in Whitehall Gardens and began the col- 
lection of paintings, mainly of the Dutch, Flemish, and contem- 
porary English schools, for which he became famous among art 
connoisseurs. When on his father’s death in 1830 Peel succeeded 
to the baronetcy and estate, he made his home at Drayton, A 
magnificent manor house was built on the site of the old, and he 
administered his estate with zeal and knowledge, developing the 
property and encouraging scientific methods of drainage, fertiliz- 
ers, and stock breeding among his tenants. 

After his departure from Ireland in 1818 Peel twice declined 
minor appointments though he remained an active government 
supporter. In 1819 he was made chairman of the important cur- 
rency committee which brought about the return of the gold stan- 
dard. Though expert opinion was generally in favour of ending 
the wartime system of paper currency, the deflationary policy car- 
ried through under the act of 1819 became a major controversial 
issue. By his subsequent defense of this measure Peel became 
identified with the gold standard policy to which his opponents 
attributed much of the industrial and agricultural distress of the 

20s. 

Нове Secretary (1822-27, 1828-30) .—In the reconstruction 
of 1822 by which the earl of Liverpool endeavoured to strengthen 
his unpopular ministry, Peel accepted the post of secretary of 
state for the home department and a seat inthe cabinet. His first 
task was to meet the long-standing demands in Parliament, made 
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by the Whig legal reformers, Sir Samuel Romilly and Sir James 
Mackintosh, for a radical change in the criminal laws. In a series 
of five acts in 1823 Peel carried out most of the reforms suggested 
by Mackintosh’s 1819 committee. He then proceeded to a com- 
prehensive reorganization of the criminal code. Between 1825 
and 1830 he effected a fundamental work of consolidation and re- 
form, covering three-quarters of all criminal offenses. Though 
accompanied by a progressive reduction in the severity of punish- 
ment, the main object of Peel’s work was to repeal obsolete legis- 
lation, simplify judicial procedure, and reduce the mass of old 
and confused penal laws to a small number of short, intelligible 
statutes, On the controversial issue of capital punishment he pre- 
ferred to move more slowly, retaining a wide degree of administra- 
tive discretion while waiting to see the effect of his initial measures. 
The rising statistics of crime convinced him that legal reform 
should be accompanied by improved methods of crime prevention 
and detection, In 1829 he carried through the Metropolitan Po- 
lice Act, which set up the first disciplined police force for the whole 
London area (excluding the City); its headquarters were at Scot- 
land Yard. The nickname of "Bobby" for its members was a 
popular tribute to the founder of the force. In the general ad- 
ministration of the country the main task of the home office was 
to preserve order in the periodic disturbances arising from unem- 
ployment and agitation in the industrial districts. Though con- 
cerned at the increasing activity of the trade unions, following the 
removal of the restrictive Combination Acts in 1824-25, Peel 
observed a policy of nonintervention in industrial disputes and 
tried to induce both masters and men to conform with the law, 
He used pressure on local magistrates to see that cotton mills were 
properly inspected, and by calling for returns on conditions of 
child labour helped to repair the widespread neglect by magistrates 
and mill owners. In the bad year of 1826, when there was exten- 
sive industrial rioting in the north and west of England, he was 
able to restore order without recourse to emergency legislation; 
then, and in the less serious disturbances of 1829, he ensured that 
relief funds were available to the distressed areas. 

Catholic Emancipation.—When George Canning succeeded 
Liverpool in April 1827, Peel resigned on the issue of Catholic 
emancipation though in other respects he and Canning both be- 
longed to the more liberal wing of Liverpool’s old Cabinet. After 
Canning’s death (August 1827) and the collapse of the Goderich 
ministry early in 1828, he returned to office under Wellington as 
home secretary and leader of the House of Commons. He en- 
deavoured to reunite the old Liverpool party by including William 
Huskisson and other followers of Canning in the new administra- 
tion; personal and political differences between Huskisson and 
Wellington led to the resignation of the Huskisson group after 
four months in office. The secession considerably weakened the 
government, which had substantially less support in the House of 
Commons than Liverpool’s Cabinet. A Whig motion for the re- 
peal of the Test and Corporation Acts, which debarred Dissenters 
and Roman Catholics from municipal and public office, was car- 
ried against the government in February 1828 and this first suc- 
cessful attack on the supremacy of the Anglican Church was fol- 
lowed by the Catholic crisis of 1828-29. The Irish movement for 
emancipation had been renewed in 1823 with the formation of the 
Catholic Association by Daniel O'Connell. Its growing strength, 
demonstrated in the general election of 1826, culminated two 
years later in O’Connell’s victory at a by-election for County Clare 
(July 1828). A month earlier, in May 1828, the House of Com- 
mons had carried a motion in favour of emancipation. Convinced 
that further resistance was useless, Peel proffered his resignation 
and though the simultaneous defection of the Huskissonites made 
his immediate retirement difficult, he made it clear that it could 
only be delayed. Meanwhile he urged the prime minister to pre- 
pare for a final settlement of the dispute and promised to give it 
independent support. Faced with considerable royal and episco- 
pal opposition, Wellington finally persuaded Peel in January 1829 
to remain in office and introduce the bill as the only means of 
carrying through the policy on which they both agreed. When 
the measure was debated Peel argued that while he was not con- 
verted to the principle of emancipation, the threatening state of 
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Ireland and the long-standing divisions in Parliamen, К 
on the issue left the government with no choice but tue 
He suffered bitter personal attacks for his sudden dung a 
When on conscientious grounds he resigned his seat for е 
University, he was defeated at the ensuing by-election: in 
the ultra-Protestant supporters of the administration weg |. 
angry and hostile. In the following session support for the m 
ernment was weaker than ever and the general election of m 
consequent on the death of George IV made no fundamental j 
ference to the political situation. Wellington failed to bla 
fresh recruits for his Cabinet, and his declaration against 
mentary reform at the opening of the new session in Noventy | 
1830 brought about the fall of his government. 
Parliamentary Reform: First Ministry (November 184. 
April 1835): Conservative Leader.—In the reform crisis tht 
followed, Peel’s position was difficult and ambiguous. Though ng 
opposed to moderate parliamentary reform, he was shocked by th 
sweeping measure introduced by Earl Grey's ministry in Mar 
1831, and by their subsequent appeal to the electorate and th 
forces of public agitation. Convinced that reform could noth 
prevented, he tried to mitigate its effects and used his influence 
stiffen the opposition in the House of Lords as a warning to futur 
radical reformers. The divisions in his party made leaders 
impossible; he made no effort to conciliate the ultra-Tories; li 
refusal to join Wellington in office and pass a Tory reform til 
in 1832 forced the king back on the Whigs and further weaken 
Peel’s standing with his former followers. Nevertheless, he ws 
already looking to the growth of a more durable conservait 
opinion in the country, and his studied moderation in the із | 
two sessions of the Reformed Parliament (1833-34) did ma 
to restore his political status. The unexpected dismissal o 
Viscount Melbourne's ministry in November 1834 and Peels» 
pointment as prime minister gave him an impossible task; tod. 
the immediate dissolution of Parliament enabled him to make 
the so-called Tamworth manifesto an important statement of d. 
servative reforming principles. At the general election the Co 
servative Party, though still in a minority, gained 100 seals 
for the first time came under his acknowledged leadership. № 
resigned office in April 1835 when beaten by а combination d. 
Whigs, Radicals, and Irish nationalists. During the next six yf 
aided by his astute and cautious leadership in the Commons 8l 
by the careful electoral organization of his subordinates, the 
servative Party steadily increased in numbers and confidence. Y 
hard-fought election of 1837 that followed the death of Me 
brought the two main parties to a position of near equality; бир. 
a clash with the youthful and whiggish Queen Victoria qum 
replacement of some of the ladies of her bedchamber 1 
Peel to abandon taking office in 1839, he was able to x 
vote of no confidence against the government in jue Р 
the succeeding dissolution the Conservatives for the Ped i 
running increased their numbers and on Aug. 30, 1841, oy 
office with a working majority of about 70 in the House 0 
mons, In its achievements and membership the admins Е 
now formed was one of the most outstanding of the cer 
included six past or future prime ministers, four future Py 
of India, and several able young men, notably uke of N 
Henry Pelham-Clinton, earl of Lincoln (afterward gE тё 
castle), Edward Cardwell, and Sidney Herbert, who role in W 
the group of "Peelites" which played a formative 
Victorian politics. of his 
Peel’s Second Ministry (1841-46) —At the outset ‘var in I 
istry, Peel was faced with war in China, the threat of сетете 
strained relations with France and the United States, ud йй 
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classes, the powerful organization of the Anti- 
"Connell's campaign for the repeal of the union, - 
accumulation of budgetary deficits. His policy айй tof jan 
better trade relations abroad, a reduction in the ee indus И 
the working classes, and encouragement to trade nancial 
progressive tariff reductions and a more stable a 
One immediate issue was the Corn Laws. The pun to beat 
of the outgoing Whig ministry, though widely hel 


euver, had ensured that cheap bread was one of the elec- 
cries in 1841. Peel defended protection for agriculture on 
ds of expediency but had refrained from any pledges and 
itly reserved his right to formulate policy when in office 
ing to his view of national needs. Early in 1842 he brought 
da new Corn bill which reduced the protective duties by 
ut a half but retained a sliding scale (as against the Whig 
of a fixed duty or a quarter) designed to eliminate 
rice fluctuations. е 1828 Corn Law had not worked 
Diy and most leading agriculturalists accepted the new 
las a necessary compromise of opposing interests. During the 
session Peel restored the financial position of the government 
the reintroduction of the wartime income tax for a period of 
è years. This enabled him not only to meet a deficit of about 
300,000 but to make a sweeping reduction of duties on about 
articles of import, mainly food, raw materials, and semimanu- 
-fadured goods. In 1844 the Bank Charter Act completed the 
foundations of the Victorian banking and currency system. De- 
signed primarily to put the currency system on a man basis, 
if separated the banking and note issue functions of the Bank of 
i id; related the volume of note issue to the amount of bul- 
| oom and, اخ‎ for the gradual extinction of note 
di y provincial banks. Though the act was perhaps undul 
‘gid, as was demonstrated in the commercial panic of 1847, Peel's 
Wictions of the dangers of unsound currency made him prefer 
| à tight system, with possible recourse to emergency measures in 
lime of crisis, to one which provided any loophole for credit in- 
ation, ibe cm of his tariff changes and the buoyancy of 
t revenue led in 1845 to Peel's second great reforming budget. 
income tax was renewed for another three years and the 
TeSullant surplus of over £3,000,000 used for an even more drastic 
_ free trade experiment, though one made in more favourable cir- 
cumstances than in 1842. A large reduction was made in the 
Sugar duties, and the excise on glass, all remaining export duties, 
[import duties on about 430 articles were entirely removed. 
E E ^ impact of Peel's early measures, aided by the stimulus 
W expenditure on the new railroads, the years 1843-45 saw а 
of prosperity under which Chartist agitation tended to die 
m The Anti-Corn Law League, which in the hard times of 
1812-43 had shown signs of exploiting social disorders to bring 
| Ee governments turned Jo more constitutional й 
| j and began to prepare for the next general election. 
oe affairs relations with France improved under the con- 
ory policy of the foreign secretary, the earl of Aberdeen, 
important measures were put in hand during 1845 to 
cm the naval and coastal defenses of the country. With 
ене States the disputed boundary between Maine and New 
ae Wick was settled by Lord Ashburton’s mission in 1842, and 
Years later, after a show of stiffness by both sides, the Oregon 
Mi d.d 1840 extended the line of the 49th parallel to the Pacific 
deviations which allowed Britain to retain Vancouver Island. 
Bei erdeen, Peel’s desire was for peace but he invariably 
ih P firmer attitude in foreign policy than his patient and 
tliis le colleague. The same combination of firmness and con- 
Шай the exhibited toward Ireland. O'Connell's movement 
Br е repeal of the Act of Union was checked in 1843 by 
B. Агу reinforcements for Ireland and by the banning of 
бше» tci атапцей at Cini feriis 
or conspiracy. Iu e verdic 
s ae it phdvad in fa е of O'Connell's active 
Was set u pon the royal commission under the earl of Devon 
P to enquire into landlord and tenant relations in Ireland; 
into the p Bequests Act of 1844 brought Catholic bishops 
Wider a Аман charitable funds in Ireland; and in 1845 
Three a еше of Irish education passed through Parliament. 
tant BE colleges were set up; and despite fierce Protes- 
Seminary окер increased grant was made to the Catholic 
^ ooth. 
mat j velopment of Peel’s Irish policy was cut short by the 
iming 11е Years of 1845-48, It is clear that Peel already had 
безе 2 further reduction in the corn tariff, but the Irish potato 
~~ 1845 combined with а partial failure of the corn harvest 
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in England made suspension of the Corn Laws for an inden. 
period an immediate necessity. He came to the conclusion that it 
was impossible to maintain them any longer. His cabinet split 
on the issue in December 1845 but Lord John Russell was unable 
to form a government. Peel returned to office and managed to 
carry through his repeal measure. He believed the attempt to 
preserve the Corn Laws in the changing social conditions of Britain 
would imperil the political ascendancy of the aristocracy and that 
the salvation of British agriculture lay not in protection but in 
scientific farming. Nevertheless, he had strained the loyalty of 
his party on various issues; many of his followers were under pres- 
sure from farmers and agricultural protection societies in their 
constituencies; and as soon as Parliament met, a bitter personal 
challenge to his leadership developed under Lord George Bentinck 
and Disraeli. The bill to repeal the Corn Laws was passed at 
the third reading in the House of Commons on June 25, 1846, by 
a composite majority of Whigs, Radicals, and a minority of the 
Conservative Party; the same day Peel was defeated on an Irish 
Coercion Bill by a purely tactical combination of Whigs and pro- 
tectionists. He resigned on June 29. He was never again in of- 
fice, though he remained a great national figure in Parliament, 
dedicating himself to the support of free trade principles and the 
maintenance of a Whig ministry as the only safeguard against a 
protectionist government. Despite the pleas of some of his fol- 
lowers, he abstained from any attempt to organize a party, and 
was frequently called upon by members of Russell's ministry for 
assistance and advice. Though he delivered the last great speech 
of his career on June 28, 1850, in condemnation of Palmerston’s 
policy in the Don Pacifico incident, he was relieved at the gov- 
ernment’s avoidance of defeat. Next day, as he rode down Con- 
stitution Hill, he was thrown from his horse, breaking his collar- 
bone and several ribs. He died on the evening of July 2, 1850, 
at his house in Whitehall Gardens. 

Character and Political Significance.—In appearance Peel 
was a tall, handsome, well-built man with reddish hair and blue 
eyes, and was something of a dandy in his dress. He was fond 
of sport, an excellent shot, and capable of great physical exertion. 
But this solid exterior concealed a complex and self-conscious 
personality. A proud, shy person of scrupulous integrity and 
with a prickly sense of honour, he was both ambitious and idealis- 
tic in his pursuit of politics. Though trained by early experience 
to habitual caution and reserve, he was by nature quick-tempered, 
stubborn, and courageous. Ill at ease with strangers, impatient 
with fools and bores, he often gave an impression of aloofness 
and frigidity; yet with intimate friends he was lively and af- 
fectionate, and to those in trouble unusually generous and warm- 
hearted. Endowed with a first-class intellect, an exact memory, 
and an immense capacity for work, he was a superb administrator 
and as prime minister supervised every aspect of departmental 
policy. In the Commons his practical knowledge, political sagac- 
ity, and persuasive debating skill made him the greatest parlia- 
mentarian of his time. Yet his stiff public manner and lack of 
aptitude for the lesser arts of management made it difficult for him 
to win the real loyalty of his followers. Subsequent criticism 
that he lacked foresight and "chose the wrong party," overlooked 
the fact that his public outlook was formed in an older and more 
aristocratic period of politics. Though recognizing the need after 
the Reform Act for government to be based on organized parties, 
he still held that ministers of the crown were servants of the state 
and not the mouthpieces of sectional interests, With those beliefs 
he made a more important and permanent contribution to the 
structure of the Victorian state than any other statesman of the 
period. At the same time, by insisting on fundamental changes 
in the national interest, he did much to preserve the continuity of 
aristocratic parliamentary rule in an age of social distress and 
class conflict. Though sometimes obstinate, his mind never lost 
its flexibility and imagination; the last decade of his life was 
coloured by his intense concern for the “condition of England” 
problem (see ENGLISH History: The Victorian Age), The re- 
peal of the Corn Laws in 1846, involving him in the sacrifice of 
power and party, gave him a prestige with the middle and working 
classes that no previous minister had ever possessed; his dra- 


ГА 

22 
matic death in 1850 occasioned unprecedented scenes of national 
sorrow. See also references under “Peel, Sir Robert," in the 
Index. 

BrsriocnAPRY.—C. S. Parker (ed.), Sir Robert Peel from His Private 
Correspondence, 3 vol. (1891-99) ; Lord Mahon and E. Cardwell (eds.), 
Memoirs by the Rt. Hon. Sir Robert Peel, 2 vol. (1856-57) ; Speeches 
of the Rt. Hon. Sir Robert Peel, Bart., Delivered in the House of Com- 
mons, 4 vol. (1853) ; George Peel (ed.), Private Letters of Sir Robert 
Peel (1920) ; Sir Lawrence Peel, The Life and Character of Sir Robert 
Peel (1860); A. A. W. Ramsay, Sir Robert Peel (1928); G. Kitson 
Clark, Peel and the Conservative Party, 1832-41 (1929) ; Norman Gash, 
Mr. Secretary Peel: the Life of Sir Robert Peel to 1830 Uere 

PEEL, a seaport and seaside town on the west coast of the 
Isle of Man, lies 10 mi. NW of Douglas by road and on the Isle 
of Man railway. Pop. (1961) 2,487. It is situated on Peel Bay 
at the mouth of the River Neb, which forms the harbour. The 
old town consists of narrow streets and lanes, but a modern resi- 
dential quarter has grown up to the east. On the west side of the 
river mouth St. Patrick's Isle, connected with the mainland by a 
causeway, is occupied almost wholly by ruins surrounded by a 
16th-century wall, The ruins include the keep and guardroom of 
Peel Castle and, close by, the remains of the Cathedral of St. 
German, including a transitional Norman choir with an early crypt 
beneath, and a nave with an Early English triplet at the west end. 
There are also remains of the bishops’ palace and of the palace of 
the lords of Man. In 1397 Richard II condemned the Earl of 
Warwick to imprisonment in Peel Castle, and in 1444 Eleanor, 
duchess of Gloucester, received a similar sentence. Also on the 
island St. Patrick is said to have founded the first church in Man, 
and a small chapel dedicated to him appears to date from the 8th 
or 10th century. There is an ancient round tower. 

Peel has a long-established fishing industry. It was called by 
the Northmen Holen (*island"; ie., St. Patrick's Isle); the exist- 
ing name is Celtic, meaning "fort." 

PEELE, GEORGE (1556-1596), English dramatist, pred- 
ecessor of Shakespeare, who experimented in many forms of 
theatrical art; pastoral, history, melodrama, tragedy, folk play, and 
pageant. His The Arraignment of Paris is one of the earliest 
mythological pastorals, and his Device of the Pageant Borne Be- 
fore Woolstone Dixi is the earliest surviving complete lord mayor's 
show, the annual pageant produced for the inaugural ceremonies 
of the lord mayor of London. 

Peele was born in London, the eldest son of a middle-class 
urban family. His father, James, was an accountant and teacher 
who himself wrote pageants, as well as two treatises explaining 
double-entry bookkeeping. Shortly after George’s birth James was 
appointed head bookkeeper of Christ’s Hospital, at that time a 
home and school for London orphans. There the dramatist lived 
and studied until he went to Oxford in 1572. 

What is known of Peele’s career at Broadgates Hall (later Pem- 
broke College) and Christ Church, Oxford, indicates that he began 
his varied literary career by translating into English one of the 
plays of Euripides. William Gager, the celebrated Latin dramatist, 
wrote two commendatory poems to the young student, praising him 
for his literary skill; and Anthony & Wood records that Peele was 
“esteemed a most noted Poet in the University.” 

In 1579 Peele made two trips to London. His second visit was 
cut short at the request of the hospital governors, who seem to 
have felt that the added burden of a student able to shift for 
himself was too distracting for the now-ailing father. Peele re- 
turned to Christ Church, where he married Anne Cooke and set- 
tled down in the university community. During this period he 
probably wrote the first of his surviving works, a 485-line verse 
epitome of the Ziad, titled The Tale of Troy (published 1589). 

In 1581 he moved to London but during the next two years re- 
turned to Oxford many times to cope with litigation over property 
his wife had inherited. Pleasanter business necessitated his re- 
turn in 1583, when Christ Church presented two spectacular plays 
by Gager, and’ Peele was hired as one of the technical directors. 

About this time Peele had joined a group of Oxonians living 
just outside the London city wall and had begun to experiment with 
poetry in various metres. From this association with the so-called 
“university wits” comes a blank verse commendatory poem to the 


PEEL—PEERAGE 


poet Thomas Watson and two mythological pastorals The 

raignment of Paris (1584) and The Hunting of Cupid, mid 
of gentleman's writing probably brought Peele less nn m 
praise, for shortly afterward he produced The pee 
Pageant Borne Before Woolstone Dixi (1585). It d 
lowed by other pageants for the city, of which only Deg ч 
Astraeae (1591) survives. UN 

The Arraignment of Paris was produced for the courtiers, jy 
the rest of Peele's life was devoted to writing for the pos 
stage. Of the many playhouse dramas he must have had аш 
in, only four can be certainly ascribed to him: The Battle 
Alcazar (1594), The Old Wives Tale (1595; ed. by R. L. Bhi 
1936), Edward I (1593), and The Love of King David and fy 
Bethsabe (1599). ‘To supplement a meagre income, Peele tum 
out poems commemorative of noteworthy events: A Pug 
(1589), to John Norris and Francis Drake on their departure wi 
a counterarmada to fight the Spanish; An Eglogue Gratulaton 
(1589), to the earl of Essex on his return home from this expel 
tion; Polyhymnia (1590), celebrating an important tilting match 
The Honour of the Garter (1593), commemorating the ear d 
Northumberland's installation as knight of the Garter; and Ange 
rum Feriae (1595), another memorial of a noteworthy tilt, Ty 
only other work which can with any certainty be ascribed to Рей 
is a poem, “The Praise of Chastity,” which appeared in Th 
Phoenix Nest (1593), an anthology of Oxford poets. 

It used to be customary to describe Peele as dissipated, d 
praved and desperate, but the evidence on which such an estimile 
of his character was largely based—an anonymous jestbook thi! 
made free use of his name—is valueless in this respect. Heli 
and died a varied life fraught with the perils of poverty; shor 
before his death he sent his eldest daughter to Lord Burghley wit 
a request for money, describing himself as enfeebled by long sc 
ness. His contemporaries praised him highly. Modern critics a 
cord him a place, along with Robert Greene, Thomas Kyd, 
Thomas Nashe, as an important early playwright with consideritt 
technical skill. 

Brburocraruy.—The Works of George Peele, ed. by A. H Bili 
2 vol. (1888); D. H. Horne, The Life and Minor Works of 6 
Peele (1952) ; S. A. Tannenbaum, George Peele: a Concise Biblio, 
(1940). ФЕ) 

PEEL RIVER, in northwest Canada, 425 mi. in length, e 
in the Ogilvie Mountains, Yukon Territory. With its үйө 
the Blackstone, Hart, Wind, Bonnet Plume, and Snake, it ү 
a large area of northern Yukon to the Mackenzie River ye 
joins near Fort McPherson. Its upper course through Pee 
teau is characterized by canyons ир to 1,000 it. deep; ils 
valley, much of which is in nature reserve and game sanctutt 
wide, with braided channels, gravel bars, and small bec e 
It was named after Sir Robert Peel. T (B. quif 

PEERAGE (medieval Lat. paragium, Fr. pairie), hr 
or status of a peer, that is, originally, in the kingdom of itle 1t 
Isles and in France, of a member of the nobility oe " 
measure of personal and direct participation in the s af 
judicial deliberations of his sovereign. T hough exam il 
found of the word peer (Lat. par, Fr. pair) used for an aco 
vassal of some lesser lord than a king (e.g., of a duke or ee 
when his relation to that lord is in question, here the 
will be concerned only with the peers of kingdoms. 


THE BRITISH ISLES 
OnroiNs AND History oF BRITISH P s 
The origins of the peerages of England, Scotland, Н of 
are connected in varying degrees with the develop" of the P 
ment in the three countries, the early identification © 
lish peerage with the history of the House of Lore’ © 
larly striking. From the abolition of the Scottish em to at 
1707, until 1963 only 16 Scottish peers had the DE? i 
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Ireland) іп 1922, nO mo NO 


State (now the Republic of to 


resentative peers were elected; the last 
minster died in 1961. 


Etymologically, peers (Lat. pares) are “equals,” 
їп the Anglo-Norman period the word was invariably em- 
о indicate parity before the law. This early usage is il- 
riled in clause 39 of Magna Carta (1215), in which King John 
p" that “no freeman shall be taken or imprisoned, or dis- 
‘ged, or outlawed . . . except by the lawful judgment of his peers 
jum parium)." The feudal tenants in chief of the crown 
all the peers of one another, as the tenants of any lesser 
Jord were each others’ equals. Tenants owed suit of court to their 
Jord, whoever he might be, and the tenants in chief were bound to 
attend the king’s great council (magnum or commune concilium) 
‘when summoned, The Norman kings followed the Anglo-Saxon 
ractice of holding such councils thrice yearly, at Easter, Whit- 
Suntide, and Christmas; they could, of course, be held also at 
other times. The Norman great councils also retained some of 
` the characteristics of the Anglo-Saxon Witan (q.v.), in that the 
kings could summon to them whom they would. But by far the 
greater element in the Anglo-Norman magnum concilium was the 
| „of tenants in chief, among whom were numbered the earls 
(a. in origin great royal officials whose titles were based on 
territorial possessions. 
The size of the holdings of different tenants in chief varied 
greatly. Some great landowners held honours: comprising the 
equivalent of two or three counties, while others held only small 
fiefs, perhaps granted to them or their ancestors as a reward for 
quite humble services. Тһе gap between the greater and the lesser 
tenants in chief gradually widened (see Baron); Magna Carta 
- recognized this clearly in the arrangements it made (clause 14) 
for the summoning of the commune concilium. It distinguished 
- between archbishops, bishops, abbots, earls, and greater barons 
(majores barones), who were to be summoned individually, by 
writ, and “all those who hold of us in chief,” who were to be 
summoned through the sheriffs. The greater barons became the 
ancestors of the peers of later days, while the rest of the tenants 
in chief became merged with the ordinary manorial owners; their 
Tpresentatives were the knights of the shire of the early medieval 
p nts who, after some hesitation, joined forces with the 
tity and burgher representatives to form the House of Commons. 
Ån examination of the early writs issued to individuals shows 
ceri E summoned to Parliament were indeed the A 
» bishops, abbots, priors, earls, and greater barons. ile 
(d archbishops and bishops received their writs with regularity 
luring the vacancies caused by death, deprivation, or translation, 
‘Writs were issued to the “guardian of the spiritualities"), the 
‘ummonses to heads of religious houses and to the barons were 
b Келе, Bishops had often begun their careers as royal 
"nd their services were of great value to the crown; but 
f religious houses, on the other hand, were primarily con- 
"mtd with the welfare of their order, while the influence of in- 
Que Magnates was bound to vary. It seems, therefore, that 
$ € of writs of summons was at first entirely at the pleasure 
Crown, and that in practice the decision was made in ac- 
ce With the personal and tenurial importance of the magnate 
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lt з thus only gradually that the hereditary principle of the 
the f Was established. Throughout the reigns (1272-1377) of 
Nue, three Edwards, summonses were not always issued to the 
thie Aron for successive Parliaments, and it seems certain that 
ddan never considered that the issue of one writ to an in- 
much | bound the crown to its repetition for the rest of. his life, 
ture had | to his heirs in perpetuity. But the fact that primogeni- 
Natural} long been established as the normal rule of inheritance 
lende d Y affected the principle of summons. Primogeniture 
to Secure estates in strict family succession; thus, if extent 
hie had originally extracted a personal summons from 
Wn, it was likely that as successive heirs received the in- 
ce, they too would be similarly summoned. Gradually the 
prin; discriminate choice of the crown became fettered by 
юй zl € that once a summons had been issued to an individual 
ШҮҮ arliament and he had obeyed that summons, he thereby 
liter à right of summons for the rest of his lifetime; and in 
-  YGts, when the doctrine of nobility of blood became estab- 
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lished, his heirs were held to have acquired the same privilege 
by hereditary right. 

Thus far the "peerage" depended entirely upon tenure of land 
and summons to a council or to Parliament by individual writ. 
But in 1387 Richard II introduced the practice of creating peer- 
ages by letters patent. John Beauchamp, steward of the king's 
household, was created *Lord de Beauchamp, Baron of Kidder- 
minster, to hold to him and the heirs of his body." These letters 
patent were not founded on any right by tenure of land possessed 
by Beauchamp; Richard made him “for his good services . . , and 
for his noble descent, and his abilities and discretion, one of the 
peers and barons of the kingdom of England... ." The grant 
rested wholly on the grace and favour of the crown, and was a 
personal reward for services rendered. A hereditary barony was 
created which was entirely a personal dignity, quite unconnected 
with the tenure of land. From Richard's reign to the present day, 
baronies (and, indeed, all other peerage honours) have continued 
to be conferred by patent. The custom of summons by writ was 
not in any way interfered with, the patent operating merely to 
declare the dignity and to define its devolution. Summons alone 
continued for many generations side by side with summons 
founded on patent; but after the reign (1509-47) of Henry VIII 
the former method fell into disuse and since the 17th century 
there have been no new creations by writ of summons alone. So, 
Írom the late 14th century, barons were of two classes; the older, 
and more ancient in lineage, summoned by writ alone, the honours 
descending to heirs general; and the newer, created by letters 
patent, the terms of which governed the issue of the summons 
and prescribed the devolution of the peerage in a line usually of 
the direct male descendants of the person first ennobled. 

It was long believed that originally there had existed peerages 
by tenure alone, and that such could devolve by right of tenure 
independent of descent. But in the Berkeley case (1858-61), 
when Sir Maurice Frederick FitzHardinge Berkeley unsuccessfully 
claimed the barony by virtue of his seisin of Berkeley Castle, it 
was finally determined that bare tenure could not be regarded as a 
means of establishing a peerage right. The main attribute of a 
peerage is that hereditary and inalienable quality which ennobles 
the blood of the holder and his heirs, or, as Sir John Doderidge 
put it in the case of the earldom of Oxford and the office of lord 
great chamberlain (1625-26), “һе cannot alien or give away this 
inheritance, because it is a personal dignity annexed to the pos- 
terity and fixed in the blood.” 

Until the reign of Edward III, the peerage consisted only of 
prelates, earls, and barons. The earls were barons with their 
special name of dignity added, and their names always appear on 
the rolls before those of the barons. In 1337 King Edward created 
his son, Edward the Black Prince, duke of Cornwall, giving him 
precedence over the rest of the peerage. Subsequently several 
members of the royal family were created dukes, but no subject 
received such an honour until 1386, when Richard II created his 
favourite Robert de Vere, earl of Oxford, duke of Ireland (for 
life). The original intention may have been to confine the dignity 
to the blood royal, since, with the exception of de Vere, it was 
some years before a dukedom was again conferred on a subject, 

Richard had previously (1385) created de Vere marquess of 
Dublin, thus importing into the English peerage a title hitherto 
unknown in that country. The grant was, however, for life only, 
and was in fact resumed by the crown in 1386, when de Vere was 
created duke of Ireland. Yet another order was added in 1440, 
when Henry VI created John, Baron Beaumont, Viscount Beau- 
mont, giving him precedence next above the barons. None of 
these three new titles ever carried with them any official position; 
they were conferred as additional honours on men who were already 
members of the peerage. 

The application of the hereditary principle to temporal peer- 
ages early differentiated their holders from the spiritual peers. 
Both spiritual and temporal peers were equally lords of Parlia- 
ment, but the temporal peers, stressing their doctrine of “еп- 
nobled blood,” gradually came to consider that they were superior 
to all other lords of Parliament. Eventually they arrogated to 
themselves the exclusive right to be called peers, and as such the 
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only persons entitled to the privileges of peerage. The prelates 
were hindered in their struggle to retain peerage privileges by 
the success obtained by the church in establishing certain rights, 
such as exemption from trial in the secular courts (see CLERGY, 
BENEFIT OF). Thus they never claimed the privilege of trial by 
peers, and when arraigned alleged that they were altogether be- 
yond secular authority. The standing orders of the House of 
Lords for 1628 contain the statement that "bishops are only lords 
of Parliament, but not peers.” 

The reign of Henry VIII brought about far-reaching changes in 
the position of the peerage. At Henry’s accession the hereditary 
element was in a decided minority, but the balance was rapidly 
redressed by new creations, while the dissolution of the monas- 
teries removed from the House of Lords the heads of religious 
houses. The numbers of the House increased steadily throughout 
the Tudor and Stuart periods and from the time of William IIT 
there were recruited to the Lords a steady stream of men who had 
served their country well in various capacities, mainly as states- 
men, judges, sailors, and soldiers. 

Scotland.—The Scottish peerage, like that of England, owes 
its origin to feudalism. Tenants in chief of the crown owed suit 
of court, but only the more important were summoned personally. 
Generally, those so summoned were earls and barons, the “barons” 
being those tenants in chief who themselves were entitled to hold 
a court. In 1426, however, legislation of James I resulted in the 
appointment of “lords of Parliament” who received individual 
writs and were therefore distinguished from other barons. The 
lords of Parliament became hereditary, though the title generally 
passed with the land. During the 15th century other barons still 
attended Parliament, although it was the intention that they should 
be represented by commissioners of shires, and this was enforced 
after 1587. 

When the Scottish earls and barons attended Parliament, how- 
ever, they did not separate themselves from the Commons’ rep- 
resentatives, it being the custom for the estates of Scotland to 
deliberate together. The territorial strength of the nobles in- 
evitably led them to regard the honour as belonging to and in- 
separable from their land, and until comparatively late in Scottish 
history there is no record of the conferment of a personal dignity 
unattached to land such as that conferred in England on John 
Beauchamp by Richard II. This explains the frequent surrenders 
and altered grants which are so common in Scottish peerage and 
history and which, in sharp distinction to the English rule of law, 
are there regarded as perfectly legal. 

Ireland.—The Anglo-Normans who conquered Ireland in the 
12th century carried with them the laws and the system of tenure 
to which they were accustomed in England. Consequently the 
growth of the Anglo-Irish baronage and the development of Parlia- 
ment in Ireland proceeded in much the same way as in England. 
But the Irish Parliament was rarely attended by Irish chiefs; and 
although intermarriage occurred, the Irish peers in Parliament 
were almost always representative only of the conquerors. After 
the Reformation had been forced upon Ireland, the abbots dis- 
appeared. The bishops became Anglican and from the 17th cen- 
tury onward the Irish peerage was swamped by numbers of English 
Protestant creations. Early in the 18th century penal laws de- 
barred Catholics from Parliament, thus dividing the peerage. The 
Irish Lords, moreover, had no tradition of privilege such as that 
developed among their English fellows; Irish nobles could not 
claim trial by their peers. 

The United Kingdom.—The acts of union with Scotland 
(1707) and with Ireland (1800) respectively abolished the Parlia- 
ments of these countries, providing instead for their representation 
in the Parliament, first of Great Britain, and then of the United 
Kingdom. But whereas before the union the lords of Parliament 
in Scotland and all the peers in Ireland had a right to attend their 
Parliament, after the union only a certain number went to West- 
minster. The Scottish act gave to the Scottish peers the right to 
elect 16 of their number to represent them in the House of Lords. 
Further creations in the Scottish peerage were no longer to be 
made. The effect of the act was to leave most of the Scottish peers 
outside the House of Lords. By the Irish Act of Union 28 Irish 
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peers were to be elected for life by the other peers, to 
them at Westminster. One archbishop and three 'bisho теш 
also chosen to represent the Protestant Church of Tiela 
when that church was disestablished in 1869, the spiritual | 
lost their seats. on 
The merger of the three kingdoms had an important effey 
their peerages. The English peer (and, as the Acts of Union el 
passed, the peer of Great Britain and the peer of the United ч 
dom) continued by hereditary right a lord of Parliament, Butt 
Scottish and Irish peers were henceforth lords of Parliament 
when elected by their fellow peers. They retained every othe 
privilege of the peerage, however, and the 1963 Peerage Act aj 
mitted all peers of Scotland (no longer just the 16 elected) to b 
members of the House of Lords. 
The establishment in 1922 of the Irish Free State, which became 
the Republic of Ireland in 1949, indirectly but vitally affected the 
status of the Irish peerage. This peerage belonged to the of 
united Ireland and could not arbitrarily be divided between its tw 
halves. The Irish Free State Constitution Act of 1922, togethy 
with various other acts dependent thereon, destroyed the pro 
dure by which Irish representative peers were elected; whet 
intentionally or by accident is not known. Existing representative 
peers, having been elected for life, remained in the House of Loris 
until their deaths, but no vacancies could be filled, The Ind 
peerage thus disappeared from Parliament after the death of th 
last representative peer in 1961. The peerage itself, like that of 
Scotland, will also slowly diminish as existing peerages become t 
tinct, and no new Irish creations are made, 


THE PEERAGE IN THE Мір-20тн CENTURY 


The modern meaning of the term “peerage” can now be mot 
clearly defined. It will be noted that there have always been stp 
rate peerages of England, Ireland, and Scotland. After the unite 
of England with Scotland new ‘creations became of the peri 
of Great Britain, and after the union of Great Britain with Irel 
of the United Kingdom of Great Britain and Ireland: After 19 
it was correct to speak of “the United Kingdom of Great Britt 
and Northern Ireland." Many members of the House of La 
hold peerages in several of these groups, but they use pu 
only the title which is first in point of precedence. Every ptt 
descends according to the limitations prescribed in its patent 
creation or its charter, and, where these are nonexistent (alt 
case of baronies by writ), to heirs general (see ABEYANCE): , 

There is no limit on the crown as to the number of United 
dom peerages which may be created. Since party governmen hi 
came the rule, new peerages have usually been created on the 
ommendation of the prime minister of the day, though the € 
especially in considering the claims of royal blood, is ye 
some instances to take its own course. By far the gum eal 
of peerage honours granted since the beginning of the 180 i 
have been rewards for political services. Until the Par 
Acts of 1911 and 1949 reduced the power of the Hor 
the threat of mass creations was the only way to fore’ Rel 
to pass certain bills. This was done in the case of the 183 


i i t of 1911. 
Bill and for the passage of the Parliament re M about 4 


The House of Lords in the 1960s consis aang of Calle 
spiritual and temporal, The former are the archbishop yt 
bury and York, the bishops of London, Durham, an "m 
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and the 21 senior bishops from the other dioceses. + Bri 
peers are the peers of England, of Scotland, pA (since 196) 
of the United Kingdom, peeresses in their own right 
the 9 lords of appeal in ordinary (who are life peers): 
1958) life peers and life peeresses. during the 
Life Peers.—Life peers were sometimes created off 
Middle Ages, but such grants were usually in th 
honours given to persons already members 0 
creations of Robert de Vere, earl of Oxford, as eation® 
and duke of Ireland were for life only. But 8007 seydi? 
infrequent and the attempt made in 1856 (the ub riety 
age Case) to create one of the judges à life реет used P 
the House of Lords, But in 1876 legislation wa ie їйї 
two lords of appeal (with power to appoint two pu 


and vote during their tenure of office only. In 1887 further 
tion conferred life peerages on all lords of appeal and former 
Jı of appeal. The number of lords of appeal in ordinary who 
may hold office at any time is now fixed at between 8 and 11. The 
life Peerages Act of 1958 permitted the creation of life peerages 
for men and for women, carrying the right to sit and vote in the 
House of Lords. Although by this act women were allowed to sit 
inthe Lords, the bar against peeresses in their own right remained 
A until the Peerage Act of 1963. Te the is an average of 
bout nine life peerages were created each year. 
om of the Peerage.—Many privileges once keenly as- 
пе) have now fallen out of use or been forgotten. The most 
ant privilege now remaining is a seat in the House of Lords, 
Lords of Parliament have freedom of speech in Parliament. Peers 
slo have a right of personal access to the sovereign and are exempt 
= jury service, Until the Criminal Justice Act of 1948, in 
m af treason and felony, they had the right of being tried by 
their peers only. The last trial of a peer by his fellow peers was 
that of Lord de Clifford in 1935. As late as 1962, however, a peer 
‘successfully claimed his privilege of immunity from attachment, 
ig, arrest in а civil case. 

‘Termination of Peerages.—Peerages can be terminated by 
surrender or by attainder and corruption of blood. The applica- 
‘tion of the doctrine of corruption of blood to peerages arises out of 
their close connection with the tenure of land. Conviction of any 
kind of felony—and treason originally was a form of felony— 
was always followed by attainder (g.v.). This resulted in the im- 
- mediate corruption of the blood of the offender; its capacity for 
inheritance was lost forever and could only be restored by act of 
Parliament. This stringent rule of forfeiture was to some extent 
eae by the promulgation in 1285 of the statute De om 
itionalibus (see ENTAIL), making possible the creation of es- 
- ttes tail, and when a tenant in tail m attainted, forfeiture ex- 
tended only to his life interest. The statute was soon applied 
hy judges to such dignities as were entailed (2.е., dignities con- 
fered by patent with limitations in tail), but it never affected 
uitonies by writ which were not estates in tail but in the nature 
of estates in fee simple descending to heirs general. An act of 
15M brought estates tail within the law of forfeiture, but for high 
‘reason only. The position then became that peerages of any kind 
те forfeitable by attainder following high treason, while baronies 
Writ remained, as before, forfeitable for attainder following 
felony. An act of 1708 determined that, on the death of James 
Ward, the Old Pretender, and three years after Queen Anne's 
h the effects of corruption of blood consequent on attainder 
Ar high treason were to be abolished and the offender alone pun- 
1 (7 Anne, cap. 21, sec. 10). Because of the 1745 rebellion 
E ^s this act was postponed until the decease not ui 
"^ retender but also of all his sons (17 Geo. II, cap. 39, sec. 3). 
In gu forfeiture for every crime other than high and petty trea- 
Bre was restricted to the lifetime of the offender (54 
аку ; бар. 145). Finally, in 1870, forfeiture, except upon out- 
КО кше abolished, ant it was earned that se 

۶ or for any treason or felony . . . shall cause 4 

Or corruption of blood, or any forfeiture or escheat ...” (33 
And 34 Vict., cap 23) á y: 
Bv cases, from the 15th to the 18th century, special par- 
— GENER 0 
forte; rom the general law, In any case, айа! 
Ey ык) aeger resulting from thie m eae 
special or general acts of Parliament, 

E o by act of Parliament. 7 Ё BE 
w Eos of nobility g blood is derives. me R 

ge (apart from a Scots peerage, Sco T 

кше) can be surrendered or extinguished unless the nad 
ine, 4 Nevertheless, in medieval times many ate me 
AY heirs of Jy à decision (1906) of the Committee for Privileges, 
ifi ч line of those who thus got rid of their peerages have, 
dance 4 ligrees be provable and no attainders bar the way, a fair 
“Beets Teviving the titles, By the Peerage Act of 1963 existing 
| КТ allowed to surrender their peerage for life only, pro- 


Vide t 


____ *Y did this within six months of the passage of the act. 
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Persons succeeding to a peerage were to be allowed one year in 
which to make the decision. Peerages which are thus surrendered 
remain dormant until the decision of the next heir whether or not 
also to surrender. 

{ Claims to Peerages.—Claims to peerages are of two kinds, of 
right and of grace. In theory the crown, as the fountain of honour, 
might settle any claim without reference to the House of Lords 
and issue a writ of summons to its petitioner. This would not in 
any way prevent the House of Lords from examining the patent 
and writ of summons when the petitioner or his heir came to take 
his seat. If of the opinion that the patent was illegal, the House 
might refuse admission, as it did in the Wensleydale Case, In the 
case of a petitioner who has persuaded the crown to terminate in 
his favour as a coheir the abeyance of an ancient barony, and who 
has received a writ of summons, the matter is more difficult. The 
House cannot refuse to admit any person properly summoned by 
the crown, as the prerogative of creation is unlimited in point of 
numbers; but it can take into account the precedence of the new- 
comer, The crown, therefore, rarely terminates an abeyance with- 
out referring the matter to the House of Lords and invariably re- 
fers to it all claims which are disputed or involve any question of 
law. 

The Committee for Privileges, which for peerage claims is usually 
constituted of three or more of the law lords and any other lords 
interested in peerage history, sits as an ordinary court of justice 
and follows the usual rules of law and evidence. The attorney 
general attends as adviser to the committee and to watch the in- 
terests of the crown. According to the nature of the case, the 
committee reports to the House, and the House to the crown, that 
the petitioner (if successful) has made out his claim and is entitled 
to a writ of summons, or has proved his coheirship to an existing 
peerage and has also proved the descent of all coheirs that can 
reasonably be traced. In the first case the writ of summons is 
issued forthwith; but the second, being one of abeyance, is a mat- 
ter for the pleasure of the crown which need not be exercised at all, 
but, if exercised, may terminate the abeyance in favour of any one 
of the coheirs. In 1926 the House of Lords appointed a select 
committee to examine the history of abeyant peerages and to re- 
port on the advisability of limiting future claims. After debate 
on the report, the House resolved (1927) that such claims ought 
not to be considered where the abeyance had existed for longer 
than a century, and where the claimants possessed only a small 
fraction of the original heirship. The resolution was duly reported 
to the crown and although such recommendations cannot in law 
affect the crown’s prerogative to terminate any abeyance, they 
would have some weight. 

In addition to those peerages which have fallen into abeyance 
between coheirs, there are dormant peerages which are in a state 
of suspense. Such titles have not become extinct, but no person 
has been able to prove succession. The expression, therefore, 
should be taken to indicate that the title is one to which it is 
thought that an heir exists, but his whereabouts is unknown; or 
that there are persons living who are undoubtedly in the line of suc- 
cession, but through lack of evidence cannot prove the extinction 
of senior lines; or that the claim of some individual has not been 
accepted because proof of his legitimate descent has not been pro- 
duced. 

Precedence.—Dukes come first in the order of precedence 
among peers, followed by marquesses, earls, viscounts, and barons, 
In each order seniority is determined by the original date of crea- 
tion. The premier duke of England is the duke of Norfolk (cre- 
ated 1483), of Ireland the duke of Leinster (1766), and of Scot- 
land. the duke of Hamilton (1643). The premier marquess of 
England is the marquess of Winchester (1551), and of Scotland 
the marquess of Huntly (1599). The earl of Shrewsbury (1442) 
and of Waterford (1446) is the premier earl of both England and 
Ireland; the premier earl of Scotland is the earl of Mar (1404). 
The premier viscount of England is Viscount Hereford (1550), 
and of Ireland Viscount Gormanston (1478). The premier barony 
of England (now held by a woman) is de Ros (1264) ; the premier 
baron of Ireland is Baron Kingsale (c. 1340), and of Scotland 
Baron Forbes (1424). 
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- The children of peers are commoners. The eldest son of a peer 
of the rank of earl (and above) is usually known socially by the 
name of his father’s next peerage, but the courtesy nature of such 
title is clearly indicated on every public or legal document, the 
phraseology employed being (e.g.) “John Smith, Esq., commonly 
known as Viscount Blackacre.” Several cases are on record in 
which peers’ eldest sons have actually borne courtesy titles not 
possessed as peerage honours by their fathers, but inasmuch as 
such are only accorded by courtesy, no question of peerage privi- 
lege arises. The younger sons of dukes and marquesses by custom 
use the prefix “lord” before one of their Christian names, and all 
the daughters of earls as well as of dukes and marquesses are en- 
titled similarly to style themselves “lady,” on the principle that 
all the daughters are equal in rank and in precedence. The younger 
sons of earls and all the children of viscounts and barons, including 
lords of appeal and life barons and baronesses, use the prefix 
“honourable” before one of their Christian names, but this style 
is one of written address and reference only. Usually, when the 
direct heir of a peer dies, his children are given by the crown, on 
the death of the peer, the courtesy titles and precedence they 
would ‘have enjoyed had their father actually succeeded to the 
peerage. (C. F. J. Н.) 
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The Peerage of the Old Monarchy.—The peerage of France 
does not become clearly defined as an institution till the 14th cen- 
tury, and its origins are still problematic. 

In feudal society, one of the meanings borne by the word pares 
(Fr. pairs) was that of vassals of the same lord (see FEUDALISM). 
It could thus be applied to all those immediate vassals of the king 
who might attend his court of government, the curia regis, to assist 
him there, inter alia, in his function as supreme administrator of 
justice and so to take cognizance of cases concerning any one of 
their number, It is in this sense that the word must be understood 
where it occurs in the letter of с. 1022-23 addressed by Eudes II, 
count of Blois and of Chartres, to King Robert II (this letter was 
most probably composed by the bishop of Chartres, Fulbert). 

At the same time the word pares was likewise used to denote 
those vassals of the counts of Flanders, of Hainaut, and of Cham- 
pagne who particularly assisted the counts or their chatelains in 
dispensing justice; and here these pares are most often found to 
be 12 in number. This number is best regarded as preserving a 
tradition from the Carolingian period, when counts had 12 scabini 
(local magistrates) to assist them; and in fact this tradition sur- 
vived in another form in the échevinage (see COMMUNE [ MEDI- 
EVAL]) in some of the towns of the same area. 

Such was the way in which the word pares was being used by the 
beginning of the 12th century, that is to say at the time of the 
composition of the Chanson de Roland, which is the earliest text 
to refer to “the 12 peers” of the Frankish kingdom, meaning the 
principal companions of Charlemagne. In documents of the same 
period, however, the expression majores pares ("greater peers"), 
combining the notion of superiority with that of equality, is ap- 

plied to the principal vassals of the king. Yet there is no mention 
of peers of France in the earliest extant account of a French king's 
sacre or coronation, namely Philip I's (1059); and the role even- 
tually assigned to the peers at coronations was a later development, 
representing moreover their duty of homage, not any privilege. 
This role was not defined till the coronation of Philip V (1317). 

Jt was during the 13th century that the peerage began to take 
shape as an institution, albeit within narrow limits. The old story 
that Philip II Augustus took a formal verdict from a judicially 
constituted *court of peers" before he deprived the English king 
John of his French fiefs in 1202 is now quite discredited (Philip 
merely consulted his barons before starting war against John); 
and there is no substance in the story of a trial of John by a similar 
court for the murder of Arthur of Brittany in 1203. The first 
authentic mention of the peers of France dates from July 1216, 
when on the occasion of the lawsuit between Blanche, countess of 
Champagne, and Erard of Brienne, the title “peers of our realm” 
is used to describe the archbishop of Reims, the bishops of Langres, 
Chálons, Beauvais, and Noyon, and the duke of Burgundy. 
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It is not till 1275 that there is any official listing of the n 
of France, when an ordinance of Philip III on mortmain dee | 
empts (1) the six ecclesiastical peers, the archbishop-dibe 
Reims, the bishops-dukes of Laon and Langres, and the bj : 
counts of Beauvais, Châlons, and Noyon; and (2) the six lay 
the dukes of Aquitaine, Burgundy, and Normandy and the be) 
of Champagne, Flanders, and Toulouse. This list, pie! 
merely echoes an enumeration made in the middle of Louis IN; 
reign by the chronicler Matthew Paris without any known auth 
ity from the king, obviously in an attempt to establish 
metrical correspondence between peerages and titles, By ШИ 
list was already out of date, since both Normandy and Тойду 
had been reunited to the French crown. When Philip IV in yy 
recognized the duke of Brittany and the counts of Anjou and Ar 
tois as peers it is not at all likely that he was concerned about m. 
storing a fixed total of 12 peerages (though the old list was by thit 
time even more remote from reality, in view of the contumuyd 
the king’s vassals in Aquitaine and in Flanders), 

It is certain that some of the major vassals of the kingda 
sought to assert a right to be tried only by a court composed d 
their equals exclusively; but successive kings steadfastly refus 
to allow this privilege. Philip V did however admit, during th 
trial of Robert III of Artois (1316), that “to take cognizance... 
of the cases of peers of France, the court of parlement should 
reinforced by peers of France” (paribus Francie muita); wl 
thereafter “la cour garnie de pairs” was the only formula ako 
edged (see PARLEMENT). 

Peerage was thereafter an honorific distinction only, without 
litical significance; and from 1327 the kings bestowed this supren 
dignity without any regard to limiting the number of peers, soti 
creations, extinctions, and revivals intermingle chronologically. 
At first peerage was bestowed only on princes of the 
blood royal, but later it was extended to foreign princes who h 
fiefs in France and finally to lesser French nobles whom the kins 
wanted to elevate. There was only one addition, however, 01 
ecclesiastical peerages, the archbishop-duke of. Paris (1674), By 
the beginning of the 16th century it was usual for new penis 
to be associated with duchies (see Duke), though occasionally! 
peerage might be granted with the revived title of some 
larly venerable countship, such as Toulouse. The 16th 
17th centuries were the most prolific in peerages. | d 

The 19th Century.— The French Revolution abolished the 
peerage. The Chamber of Peers, established at the first Restori 
tion by the constitutional charter of 1814 as the upper houst 
a bicameral legislature, introduced a peerage of à very 
sort. Apart from the princes of the blood royal, its members 
nominated by the king; their number was theoretically 
their peerages could be either hereditary or for life only, 8 
king wished; and the majority of the members nominated by # 
XVIII in fact came from the Napoleonic Senate of the 
The chamber's deliberations were secret; and it could be ju 
ered by the king to sit as the Court of Peers to try cases 
treason or crimes against state security, as well as charges 
against a peer. mI 

During the Hundred Days a Chamber of Peers was instituti 
Napoleon's Acte additionnel (1815), with hereditary F Chit 
its members. The second Restoration brought back Ше 
of Peers of 1814, with the difference that peerage Was ien 
tary (August 1815). Under the July Monarchy the P! reve 
hereditability was abolished (December 1831). er 
tion of 1848 the Second Republic abolished the Cham gsi V. 

See further Baron; Count; DUKE; EARL; Mane 
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BzsriocmAPHY.—For the British peerage see Sir jo Romi fa 
Law and Custom of the Constitution, vol. i, Sth € uti 


in History and in Law, and the Doctrine of Abeyanem, А 
in The Complete Peerage, vol. iv, new ed. (1916). F9 
age see C. V. Langlois, “Les Origines du Parlemen n 
historique (1890); Е. Lot, "Quelques mots sur Pori 


(дап ез G. Monod (1896) ; P. de Valon, Les Pairs de France 
leur cour (1931) ; C. Petit-Dutaillis, La Monarchie féodale 
. X*-XIII* siècles (1933); M. Boulet-Sautel, “Le Rôle 
de la cour des pairs aux XIII* et XIV* siécles,” Mélanges 
1955). 
RSON, MARTIN (с. 1572-1650), English composer of 
and instrumental music, born in Cambridge about 1572. In 
‚ he took the bachelor of music degree at Oxford University; 
probable that he was then master of the choristers at St. Paul's 
thedral, London, a post he apparently held until his death in 
in December 1650. 
on published two volumes of his own works: Private 
1620), a collection of airs for voices and instruments; 
| sem or Grave Chamber Musique (1630), for voices and 
instruments and including a figured bass part. His work surviving 
in manuscript. includes sacred vocal music to English and Latin 
secular vocal music ; several pieces for viol consort; and four 
га pieces in the Fitzwilliam Virginal Book. 
y SUS, the winged horse of Greek mythology, sprung 
from the blood of Medusa as she was beheaded by Perseus. With 
Athena’s (or Poseidon’s) help Bellerophon captured Pegasus drink- 
ingat the Corinthian spring Pirene, and rode him in his fight with 
‘the Chimera, and while taking vengeance on Stheneboea (alias An- 
tela; see BELLEROPHON). Subsequently Bellerophon attempted 
to fly with Pegasus to heaven but was unseated and killed, the 
winged horse becoming a constellation in the sky and the servant 
of Zeus. Hippocrene, оп Mt. Helicon, was the most famous of 
the springs which rose where Pegasus’ hoof had struck the earth. 
Corinth, whose early coinage regularly bears the device of Pegasus, 
- is numerous points of contact with his story, and was probably 
the intermediary by which it was transmitted from the Middle 
| Greece, in whose art and literature it became a favourite 
pow oed soaring flight was interpreted as an удо of 
1 immortality in late antiquity; it has been regarded as a 
symbol of poetic inspiration in modern times. — (D. E. W. №.) 
| PEGASUS (Tue Wixcep Horse), in astronomy, а constella- 
[ tion that appears in the south during autumn evenings for ob- 
Naves in the middle northern latitudes. Named for the winged 
Of Greek mythology, its conspicuous geometrical figure is the 
; of Pegasus," which has at its corners three bright 
Яш of this constellation and one of Andromeda. The vernal 
, the sun’s location when spring begins, is not far south of 
square. To locate features of this area, it may be convenient 
үте е that the square is the bowl of a large dipper, having as 
oh om line formed by three bright stars of Andromeda and 
$ star in Perseus. 
" TITE, a name originally given by French mineralo- 
me Haüy (1743-1822) to masses of granite characterized by 
5 crystals of alkali feldspars with regular intergrowths of 
„ Giving an appearance suggesting cuneiform characters 
Lo Later usage of the term has been much 
E to include almost any wholly crystalline igneous or 
Posie tock that is at least in part very coarse grained, whose 
f Bis include minerals typically found in ordinary 
J i " 


rocks, and in which extreme textural variations, especially 
Мате characteristic, Giant crystals, with dimensions 
Menge n feet or yards, occur in some pegmatites, but the 
j, Fain size of all such rocks is only three or four inches. 
hinijor dc are little different from the common igneous rocks 
has. ements of bulk composition, and they range from acid 
Е"! Шин and syenitic types are most abundant. Quartz 
feldspars are the essential constituents; the most com- 


Mon varietal 


grain 
Measured j 


and accessory minerals are muscovite, biotite, apatite, 


| кы tourmaline, Many granitic pegmatites contain various 
Dm bespeak unusual concentrations of the less abundant 


d tum, tie? beryllium in beryl, chrysoberyl, phenacite i onto 
lihe; Tithi *, axinite; fluorine in apatite, micas, topaz, apn : 

alkalies in lepidolite, spodumene, several phosphate minerals; 
ш in pollucite, beryl, feldspars, micas; tin in cassiter- 
a in їй wolframite; zirconium in zircon; and tantalum, 
юре ee thorium, and rare earths in many oxide and 
Solutions) Minerals (see Скоснеміѕтву: Residual Melts ond 
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Most bodies of pegmatite are tabular, podlike or irregular in 
form, and range in size from single crystals of feldspar to dikes 
hundreds of feet thick and nearly a mile long. Many are inti- 
mately associated with masses of fine-grained aplite, They are 
found in terranes of igneous and metamorphic: rocks in all parts 
of the world, and are most abundant in rocks of relatively great 
geologic age. Some are segregations within much larger bodies of 
intrusive igneous rocks, others are distributed satellitically in the 
rocks that surround such bodies, and still others are not recogniz- 
ably associated with igneous rocks. 

Granitic and syenitic pegmatite deposits are the chief source of 
commercial feldspar, sheet mica and beryllium, tantalum-niobium, 
and lithium minerals. They also yield significant quantities of 
cassiterite, gem minerals, scrap mica, molybdenite, tungsten min- 
erals, rare-earth minerals, zircon, and certain types of kaolin, 
either directly or as the sources of placer deposits. Economic 
lode concentrations generally occur in zoned pegmatite bodies; 
ie, those within which two or more different rock types are 
systematically disposed. 

Three contrasting mechanisms together account for the origin 
of most pegmatites: (1) replacement of preexisting nonpegma- 
titic rocks through the action of various fluids; (2) crystallization 
of silicate melts derived by partial fusion of preexisting rocks; 
and (3) crystallization of residual fluids developed during late 
stages in the consolidation of intrusive magmas. The first process 
is essentially metamorphic, the others mainly igneous. The pres- 
ence of water and other volatile substances seems necessary, and 
probably is common to all three processes; such constituents de- 
press the temperature range of crystallization, participate directly 
in the formation of many minerals and lower the viscosity of 
igneous melts, thereby promoting formation of large crystals. 
Experimental evidence indicates that the presence of a separate 
vapour phase is necessary for development of the giant crystals 
found in pegmatites. 

Features indicating replacement of one mineral by another are 
widespread within many bodies of pegmatite. Most are attribu- 
table to attack of earlier-formed minerals either by residual liquid, 
by vapour separated from the liquid, or by liquid condensed from 
such vapour. The end stages of some pegmatite crystallization 
are marked by development of well-faced transparent crystals, 
commonly as linings and partial fillings of cavities. Such occur- 
rences have yielded handsome mineral specimens, as well as 
apatite, beryl, chrysoberyl, corundum, feldspars, garnets, phena- 
cite, quartz, scapolite, spinels, spodumene, topaz, tourmaline, and 
zircon of gem quality. 

Ore minerals, chiefly sulfides and oxides, are widespread in 
pegmatites, but rarely are abundant. The origin and behaviour of 
ore-forming fluids derived from magmas (see Ore Deposits) prob- 
ably are intimately related to the processes responsible for de- 
velopment of pegmatites. For discussion of replacement and other 
mechanisms referred to above see METASOMATISM ; MINERALOGY}; 
PETROLOGY. (R. H. J.) 

PEGOLOTTI, FRANCESCO BALDUCCI (/. 1315-40), 
Florentine merchant and writer whose Pratica gives an excellent 
picture of contemporary trade and travel, was a factor in the serv- 
ice of the mercantile house of the Bardi. In this capacity he was 
at Antwerp from 1315 (or earlier) to 1317; in London in 1317; 
in Cyprus from 1324 to 1327, and also in 1335, when he obtained 
from the king of Little Armenia (i.e. medieval Cilicia, etc.) а 
grant of privileges for Florentine trade. Between 1335 and 1343, 
he compiled his Libro di divisamenti di paesi e di misuri di mer- 
catanzie e d'altre cose bisognevoli di sapere a’ mercatanti, com- 
monly known as the Pratica della mercatura. Beginning with a 
sort of glossary of foreign terms then in use for all kinds of taxes 
or payments on merchandise as well as for "every kind of place 
where goods might be bought or sold in cities," the Pratica next 
describes some of the chief trade routes of the 14th century, and 
many of the principal markets then known to Italian merchants; 
the imports and exports of important commercial regions; the busi- 
ness customs prevalent in those regions; and the comparative value 
of the leading moneys, weights and measures. ‹ 

There is only one manuscript of the Pratica, in the Riccardian 
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Library at Florence, and one edition of the text, in volume iii of 
Gian Francesco Pagnini’s Della Decima e delle altre gravezze im- 
poste dal comune di Firenze (Lisbon and Lucca—really Florence— 
1766); Sir Henry Yule, Cathay and the Way Thither, ii, 279-308, 
translated into English the most interesting sections of Pegolotti 

(Hakluyt Society, 1866). 
See also C. R. Beazley, Dawn of Modern Geography, vol. iii (1906). 
(A. M. F.) 

PEGU, a town and former capital of Lower Burma, giving its 
name to a district and a division. The town is situated on a river 
of the same name, 47 mi. (76 km.) NE of Rangoon by rail. Pop. 
(1953) 47,378. It is still surrounded by the ruins of its old wall 
and moat, which formed a quadrilateral, each side a mile and a half 
long, Its ancient Mon pagoda, the Shwemawdaw, 288 ft. (88 m.) 
high, was severely damaged by an earthquake in 1930, but its 
restoration was completed in April 1954. West of the modern 
town is a colossal reclining figure (Shwethalyaung) of Gautama 
Buddha, 181 ft. (55 m.) long, and near it the famous Kalyani 
Sima or “hall of ordination” founded by the Mon king Dammazedi 
(1472-92), from which spread one of the greatest reform move- 
ments in Burmese-Buddhist history. Its story is related in ten 
stone inscriptions erected by the king close to the Sima. 

The most likely date of its foundation as the capital of a Mon 
kingdom is A.D. 825. The earliest mention of the kingdom was by 
the Arab geographer Ibn Khurdadhbih shortly before 850; he 
called it Raman’n’adesa (the тел or Mon land). Thaton, about 
80 mi, (129 km.) SE on the far side of the Sittang estuary, was the 
Mon capital when the kingdom was conquered by the Burmese of 
Pagan in 1056. Little is heard of Pegu until after the fall of Pagan 
to the Mongols in 1287, when the Mons recovered their indepen- 
dence, In 1369 King Binnya U made it his capital, and from then 
until its capture by the Burmese king Tabinshwehti in 1539 Pegu 
was famous both for its Buddhist culture and for its extensive com- 
merce, The kings of the Burmese Toungoo dynasty made it their 
capital from 1539 to 1599 and again from 1613 to 1634 and used 
it as a base from which to invade Thailand. Of the many Euro- 
peans who visited it during that period the Venetian Caesar Fred- 
erick (1569) and the Englishman Ralph Fitch (1587-88) described 
it in detail and stressed its magnificence. When the Burmese capi- 
tal was moved up to Ava in 1634 Pegu was for a century a mere 
provincial capital, In 1740, however, a successful revolt made 
it again the capital of a Mon kingdom, but in 1757 the Burmese 
king Alaungpaya captured it, destroyed everything except its re- 
ligious buildings, and wiped out the last vestiges of the Mon inde- 
pendence. In 1852 the British annexed the province of Pegu, and 
in 1862 the province of British Burma (later Lower Burma) was 
formed with Sir Arthur Phayre, the historian of Burma, as chief 
commissioner, the capital being moved from Pegu to Rangoon. 

Pecu District, formed in 1883, consists of a portion of the 
forested Pegu Yomas and an alluvial tract between the Pegu Yoma 
range and the Sittang River. Area, 4,824 sq.mi. (12,494 sq.km.). 
Pop. (1962 est.) 897,395. Almost the only crop grown is rice, 
which is exported in large quantities to Rangoon. The district is 
traversed by the railway, and also crossed by the Pegu-Sittang 
canal, navigable for 85 mi. (137 km.) with locks. 

Pecu Division comprises the districts of Rangoon town, Han- 
thawaddy, Insein, Tharrawaddy, Pegu, and Prome, lying east of 
the Irrawaddy. Area 19,423 sq.mi. (50,306 sq.km.); pop. (1962 
est.) 4,650,300. (D. G. E. H.) 

PÉGUY, CHARLES (1873-1914), French poet and philoso- 
pher who was an outstanding member of the brilliant generation of 
1890, to which Claudel, Gide, Proust, and Valéry also belonged. 
His writings were intimately bound up with his personality and 
his life and work both exemplify the writer deeply involved in the 

' life of his times, and illustrate the French intelligence at grips with 
the social and spiritual problems of the years before World War I. 

Charles Péguy was born at Orléans on Jan. 7, 1873. His parents 
were poor; his father died young and his mother made a living 
as a chairmender. He was strictly brought up, both by his school- 
masters, with their stern, secular morality, and by the parish 
priests from whom he received religious education (cf. the auto- 
biographical pages in Pierre, 1898, and L’Argent, 1913). The 
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legacy from this upbringing was a love of hard work. of the 
of purity, of France (an essential strand in his developms t 
that Orléans was a centre of devotion to Joan of Arc) d 
republic, of truth, and a distrust of every manifestation of Bu 
oppression and political tyranny. A scholarship to the | 
opened his mind to the riches of humanist culture—to the 
poets and philosophers as well as to Ronsard, Corneille, and Hug 
who were to become his masters in poetic composition, 

After military service (1892-93), in 1894 he entered the fol 
Normale Supérieure at Paris, intending to become a teacher д 
philosophy, This he conceived as his primary vocation and, ù 
spite of appearances to the contrary, he remained faithful to it; jy 
last books were devoted to Descartes and Henri Bergson, | 

But at this point in his life two crucial events intervened, Fig 
in 1895, he turned, with all the force of a conversion, to Socialis 
as the sole means by which poverty and destitution in the motes 
world could be overcome. The social and political outlook й. 
the Catholic Church, as well as acute intellectual difficulties wi 
such doctrines as that of Hell, caused him to abandon religiu 
practice and even, as he then thought, religious faith. It waa 
this point that, with an enthusiasm religious іп its fervour, he wilt 
his “first” Jeanne d’Arc (1897), a dramatic trilogy dedicated 
those who desired to labour “for the advancement of a universi 
socialist republic." This vast work, utterly unsuited to the sig 
though brimming over with treasures of thought and expressiu 
was an affirmation of principles he was never to deny, Heil 
wrote, at the same period, two theoretical expositions of his Sodi 
ism: De la Cité socialiste (1897) and Marcel, premier dialogu 
la cité harmonieuse (1898). In October 1897 he married Charlit 
Baudouin; significantly, it was a civil marriage. She brought lit 
a dowry which enabled him to found the Librairie Socialiste, and 
gave up his ambition of a university career. ^ 

The second event which greatly affected him was the "Afi 
Dreyfus" (see DREYFUS, ALFRED) which became a matter of it 
passioned public controversy at the beginning of 1898. Pit 
threw himself unreservedly into the battle for Dreyfus innu 
and, despite strong opposition from the Socialist leaders, 
party on the same side, He explained his position in Notre Jeunes 
(1910), maintaining that he had engaged himself in the “йи 
affaire” as a Socialist, a patriot and a Christian, 
although not published until long after the controversy, т 
pletely in line with the articles written between 1895 and D 
and is one of the keys to Péguy's mind. The antagonism 05 
party leaders, particularly Jules Guesde, brought about 
split, at the end of 1889, between Péguy and the party. ни 
accused of anarchism he replied that he was the servant 0f 
and claimed the right to witness to truth as he saw it. Fst 
the first appearance in the political and literary history of Frat 
of the “homme libre en face du Parti.” Péguy's first ай 
juncture was to found the Cahiers de la Quinzaine (vol. 3) idu 
1900) which, though never reaching a wide public, 1} 
profound influence on the intellectual life of France for ji 
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All the famous writers of the time contributed to it: 
France, Henri Bergson, Jean Jaurés, Romain Rolland, t 
Tharaud, etc. Péguy himself published in it а large ДЕ 
polemical articles, which still retain a lively interesti tt 
has a strength, vivacity, and imaginative and ретсиз?! nd 
which transcends contemporary controversy. egu Li pee 
who supported him fought for truth, justice, and liber WM 
tacked imperialism and colonialism, the anti-Catholic a p? 
known as “combisme,” the deceits and compromise T 
mentary socialists and demagogues, the anti-militarists 5 й 
to acknowledge “maîtresse realité” (cf. Notre Patrii do ў 
the “parti intellectuel” which he accused of seeking û igas 


both temporal and spiritual (cf. the four essays P" А 
tions and L’Esprit de systéme, 1906-08). j 
During these years he was also developing pe ie 
own philosophical thought, in which Bergson’s РШЕ 
a determinant role. He discovered—or rediscover? vgn cart 
the centre of which was the “natural” mystery of a psi 
This was the only path by which he could rediscover er 
truth of the Christian religion to which he had nev? 


development in Péguy’s thought is illuminated in his later 
7 Clio I (1909, published 1955), Un Nouveau Théologien (М. 
Laudet) (1911), Clio II (1912), and the unfinished Note 
e sur M. Descartes et la philosophie cartésienne (1924). 
from 1910 onward the writing of poems accompanied these 
s and the constant labour entailed in editing the Cahiers; 
im to poetry was a return to his first literary vocation, and 
poems he began a new career. They were: Le Mystère de 
durité de Jeanne d'Arc, a mystical meditation which enlarges 
some of the first scenes in the Jeanne d’Arc of 1897; Le 
du mystère de la deuxième vertu (1911); the Mystère des 
ls Innocents (1912); the Tapisseries de Sainte-Geneviève et 
‘otre-Dame (1912-13) which includes the well-known “La 
ntation de la Beauce à N. Dame de Chartres,” and, finally, 
(1913), resembling in structure and scope some vast cathedral, 
which, in 4,000 alexandrines, Péguy sees the human condition 
¢ perspective of the Christian revelation. 
lt is impossible to entertain doubts of the authenticity and 
doxy of Péguy’s thought and religious feeling. Yet for per- 
reasons and chiefly because his wife remained an unbeliever 
sed to have his marriage blessed or his children baptized, 
nd this was a great grief to him in his last years. This grief was 
ted by the incomprehension with which Catholics regarded 
gems, disconcerted as they were by the novelty of his poetic 
his use of vers libre or the verset and his idiosyncratic tech- 
of verbal repetition. He also aroused their hostility by his 
to be annexed by politicians both secular and religious, 
les Maurras and Albert Sorel for example, of the extreme 
wing (cf. Notre Jeunesse and, more particularly, Un Nouveau 
Mologien), His unequivocal reply to his fellow-Catholics was: 
never deny a single atom of my past.” Thus, little by little, 
came imprisoned in solitude, even at the time when he was 
g his finest work. This was all the more serious because 
g the same period he felt constrained to fight, with growing 
nsity, his adversaries of the left on the question of the German 
‘Peril; against them, and against Jean Jaurès (q.v.) in particular, 
Jiewrote the most savage of his pamphlets: L’Argent suite (1913), 
nthe midst of these trials Péguy the man had to suffer a further 
апа one of such emotional and spiritual conflict that he 
| the frontiers of despair. He loved, and was loved by, a 
irl, but he refused to make her either his wife or his mis- 
This personal drama, of which the details are unknown, 
new and quieter accent, like that of the tender light of 
lo the Mystère des Saints Innocents and the Deuxième Vertu 
Celebrate an “espérance espérée," and to the Ballade du 
Qui a tant battu, a long sequence of quatrains that remained 
shed until 1942. This personal grief is also reflected in 
where certain pages, written with wry self-knowledge, evoke 
beret des hommes de 40 ans," but above all it shines through 
tières dans la Cathédrale” where, at last in full possession of 
һе sings the ineffable joys of the “Résidence,” of Peace 


E Péguy, serving with the French Army, was killed on 
or 1914, in the Battle of the Marne. 
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known as РАкнот in Cantonese, a fishing port of 
ng Province, south China, on the Gulf of Tonkin, 483 km. 


W of Canton, The port was opened to foreign trade 
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‚ and which is itself founded on a supernatural Іпсагпа- 
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by the Chefoo Convention of 1876, and in the succeeding period a 
considerable traffic was developed by coolies and transport animals 
between Pei-hai and the Hsi Chiang Valley of Kwangsi Province. 
As additional treaty ports were opened at Meng-tzu in 1889 and 
Wuchow in 1897, more convenient routes became available to the 
interior and Pei-hai declined. It serves mainly as a fishing and 
local trade centre. The population in 1953 was estimated at be- 
tween 50,000 and 100,000. (T. Sp.) 

PEINE, a town of West Germany in the Land (state) of Lower 
Saxony (Niedersachsen), Federal Republic of Germany, lies 24 
km. (15 mi.) WNW of Brunswick by road. Pop. (1961) 29,836. 
Peine has few buildings of interest except the new town hall (1959). 
It is on the main railway and trunk road from Hanover to Berlin, 
on the Mittelland Canal, and near the Berlin-Ruhr Motorway. Ed- 
desse Airport is nearby, Iron and steel form the chief industry; 
machinery and boots are made, and there is weaving, brewing, and 
sugar refining. Founded 1223 by Count Gunzelin of Wolfenbüttel, 
Peine belonged in turn to the Duchy of Brunswick, the Bishopric 
of Hildesheim, and the Kingdom of Hanover, passing to Prussia 
in 1866. (D. Wr.) 

PEINE FORTE ET DURE, the term in English law for a 
torture inflicted on those who, arraigned of felony, refused to plead 
and stood silent; or who challenged more than 20 prospective 
jurors, which was deemed a contumacy equivalent to a refusal to 
plead. (Before he can be tried, a prisoner has to plead "guilty" 
or “not guilty.") By the Statute of Westminster, 1275, the peine 
was "strong and hard imprisonment," but in 1406 pressing to death 
by heavy weights was substituted. "This was abolished in 1772, 
when "standing mute" was made equivalent to conviction, By an 
act of 1827 a plea of "not guilty" was to be entered against any 
prisoner refusing to plead, and that has remained the rule, See 
TORTURE. 

PEIPING: see PEKING. 

PEIPUS, LAKE (Estonian Priest Järv; Russian CHUDSKOYE 
Ozero), in the U.S.S.R., lies between the Russian Soviet Federated 
Socialist Republic and the Estonian Soviet Socialist Republic. It 
is 48 ft, (15 m.) at its deepest, with an average of 25 ft, (7.5 m.), 
with mostly low, marshy shores; 96 km. (60 mi.) from north to 
south, and $0 km. (31 mi.) from east to west, excluding the smaller 
southerly extension of Lake Pskov. It is fed by the Velikaya River 
from the south, vía Lakes Pskov and Teploye, and drains northward 
through the Narva River into the Gulf of Finland, With extensions 
its area is approximately 3,600 sq.km. (1,390 sq.mi,), but varies 
periodically when adjoining lowlands are flooded, highest water 
being in May or July-August. The north shore has sand dunes, 
while low cliffs reach the western shore. Water close to the shore 
usually freezes during December-April, the central surface for a 
shorter period. In summer, because of its shallowness, the water 
reaches a high temperature, The lake is suitable for navigation, 
and about 30 varieties of fish are caught, principally the European 
smelt, In April 1242 the Russians under Alexander Nevski de- 
feated the Teutonic knights on the ice of Lake Peipus. 

(J. P. Co.) 

PEIRCE, CHARLES (SANTIAGO) SANDERS (1839- 
1914), U.S. logician and philosopher who originated American 
pragmatism and made important contributions in formal logic and 
in the logical analysis of mathematics. He was born in Cambridge, 
Mass,, on Sept. 10, 1839, the son of the Harvard mathematician 
Benjamin Peirce (1809-1880), and prior to entering college in 
1855 was educated largely by his father, Graduating from Harvard 
in 1859, he ranked, despite his brilliance, 79th in a class of 91. 
From 1861 to 1891 he was associated with the U.S. Coast and 
Geodetic Survey. He lectured at Harvard, Johns Hopkins Uni- 
versity (1879-84), and elsewhere, for eight years altogether, but 
was not a popular teacher. His meticulous insistence upon clarity 
and precision and his technical vocabulary made his lectures difi- 
cult, and his academic career was also doubtlessly hampered by 
his distinctive, not to say eccentric, personality, and by domestic 
difficulties—in 1883 he divorced his first wife, from whom he 
had long been separated, and remarried shortly thereafter, His 
ldst years were spent in serious illness and in abject poverty re- 
lieved only by aid from such friends as William James—in whose 
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honour Peirce added “Santiago” (St. James") as his middle name. 
This was nevertheless a period of tireless writing and rewriting; 
in fact, some of his best work was done between 1906 and 1909. 
He died in Milford, Pa., on April 19, 1914. 

Peirce's fundamental contributions in logic are summarized in 
Locic, History or: Modern Logic: Peirce. 

Although Kant had introduced the term pragmatisch almost a 
century earlier, Peirce is credited with creating the philosophy of 
American pragmatism and with first using the term in English in 
his paper “How to Make Our Ideas Clear” in the Popular Science 
Monthly for January 1878, where he states the pragmatic principle 
as follows: “Consider what effects, that conceivably might have 
practical bearings, we conceive the object of our conception to 
have. Then our conception of these effects is the whole of our con- 
ception of the object.” Displeased with James's use of the term, 
in 1905 he invented “pragmaticism” for his own type of philosophy, 
saying that this word was “ugly enough to be safe” from misuse by 
the uninitiated. (For Peirce’s formulations and his disagreements 
with James, see, further, PRAGMATISM.) 

The specialized nature of Peirce’s work made it difficult for 
him to find a publisher, and, except for professional papers, he 
published during his lifetime only Photometric Researches (1878), 
containing the results of his astronomical research at the Harvard 
Observatory. Chance, Love and Logic (1923) is a collection of 
his philosophical essays, edited by M. R. Cohen. The Collected 
Papers of Charles Sanders Peirce were edited by Charles Hartshorne 
and Paul Weiss (vol. 1-6, 1931-35), and Arthur W. Burks (vol. 7 
and 8, 1958). (P. A. Sc.) 

PEIRESC, NICOLAS CLAUDE FABRI DE (1580- 
1637), French antiquary, influential patron of learning, and dis- 
coverer of the Orion nebula (q.v.), was born at Beaugentier, 
Provence, on Dec. 1, 1580. Travels in Italy (1599-1602), studies 
at Padua, and acquaintance there with Galileo stimulated Peiresc's 
antiquarian interests. Returning to Aix, he took his legal degree 
(1604) and the next year became a senator in the Aix parlement. 
He was appointed lay abbot of the monastery of Guitres in 1618. 
No published works by Peiresc are known, so that his name has 
tended to lapse into undeserved obscurity. Only records of his 
correspondence with such men as Peter Paul Rubens, and associa- 
tions with British and French scholars indicate the catholicity of 
his interests, Peiresc was largely responsible for the publication of 
John Barclay's Argenis (1621) and he also encouraged Hugo 
Grotius' legal studies. One of the first to emphasize numismatics 
in historical research, an epigraphist, and collector of antiquities, 
Peiresc was first to verify William Harvey's discovery of the cir- 
culation of the blood and his work on optics was utilized by Sir 
Isaac Newton. He introduced into France such plants as ginger, 
jasmine, and the tulip. Peiresc died at Aix on June 24, 1637. 

BIBLIOGRAPHY.—P. Gassendi, N. C. Fabricii de Peiresc . .. Vita (1641), 
Eng. trans. by W. Rand, The Mirrour of True Nobility and Gentility ... 
(1657) ; L. Van Norden, “Peiresc and the English Scholars,” Huntington 
Library Quarterly, vol. 12 (1948-49); F. W, Gravit, Peiresc Papers 
(1950) ; S. L. Chapin, “The Astronomical Activities of Nicolas Claude 
Fabri de Peiresc,” Isis, vol. 48 (1957) ; S. Drake, “Galileo Gleanings: an 
Unpublished Letter of Galileo to Peiresc," Isis, vol. 53 (1962). 

(J. M. Wr) 

PEITHO, in Greek mythology, a goddess who is essentially a 
personification of the act of persuading (the name means “persua- 
sion"). In literature she is often mentioned only figuratively, 
though as early as Hesiod she is curiously described as the daughter 
of Ocean. In both art and poetry she is introduced as an attendant 
on Aphrodite. She received worship at Athens, where her priestess 
had a seat in the theatre of Dionysus. 

See Pauly-Wissowa, Real-Encyclopüdie der classischen Altertums- 
wissenschaft, vol. 19, col. 194-217 (1937). (H. W. Pa.) 

PEKALONGAN, capital of the kabupaten (regency) of the 
same name in the province of Central Java, Indonesia, is situated 
on the northern coastal plain, 338 km. (210 mi.) ESE of Jakarta. 
Pop. (1961 census) 102,380, of whom many are Chinese or Arabs. 
There is a fort built in 1753, and a small harbour is used by coastal 
and fishing vessels. Pekalongan is the main trading and distributing 
centre for the area. It exports sugar, which is refined in the town, 
but by the mid-1960s the sugar industry had still not fully recovered 
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from the devastation caused by fighting during and after W 
War II. Textiles form an important cottage industry 
town is one of the main centres of the batik industry (see A thy 
Printed Textiles), producing distinctive designs. The town fe 
on the main coastal road and railway linking ТШ lig 
Semarang. a 

Pekalongan regency (рор. [1961] 851,224) has an area “1 
sq.mi. It was granted to the Dutch in 1746 by the ie 
Surakarta. Bordering the Java Sea in the north, it include 
Kembang and Slamet mountains and part of the Dijeng Pl 
in the south. The chief rivers are the Tjomal and the p, i 
flowing north. The river valleys and the coastal plain are y 
fertile, growing sugar, rice, kapok, cinchona trees, indigo, and maig 
(corn). Besides the capital, the chief towns are Tegal, Pemali 
and Tjomal, and Batang (Pa-an) is a fishing centre. 

PEKIN, the seat of Tazewell County, Illinois, US, ism 
important port on the Illinois River, 10 mi. below Peoria in th 
central part of the state. A shipping centre for grain, cattle, uj 
coal, Pekin is served by several railroads and is on the Las. 
to-Gulf Waterway. Its manufactures include corn products, ф 
cohol, liquor, malt, steel tanks, barrels, burial vaults, and cy, 
brass, iron, and aluminum castings. 

The first settler was Jacob Tharp in 1824; the town was hil 
out in 1829 and in 1830 was named Pekin, the “new Celestial City’ 
by Mrs. Nathan Cromwell, wife of a founder. The dragon tn 
other Chinese symbols are still used. An outpost for Indian wr 
fare, its first schoolhouse (Snell School) was fortified during th 
Black Hawk War as Fort Doolittle. Incorporated as a буй 
1849, Pekin for many years remained a rough river port, chat 
acterized by much violence. Abraham Lincoln argued cases init 
old courthouse, Early settlers were Anglo-Americans from Vie 
ginia, Kentucky, and Tennessee and also from the northeast, Get 
man immigration began in the 1840s and grew after the Civil Wi 
until World War I the German language was used in scho 
churches and in business. Italians and Irish also settled there, 

Good hunting and fishing in the vicinity make Pekin a favourlt 
spot for sportsmen. Its large Mineral Springs Park has excell 
swimming and other recreation facilities. Pekin's older streets it 
named Ann Eliza, Cynthiana, Henrietta, Matilda, etc. for fre 
of Mrs. Cromwell. 

For comparative population figures see table in uU ii 
lation. puc: 
PEKING (Perris), the capital of China, situated-in ней 
province. The пате Peiping, which means “northern peace 2 
used in the Nationalist period, 1928-49, while the nation’s dj 
was at Nanking (“southern capital”). The name Pe i 
ching), meaning "northern capital," was used while the ol) 
the capital of China, from 1421 to 1928, and again under the 
munist regime after 1949. P gt 

“Эсер args ? tude Ше; 

Peking is situated in latitude 39°54’ N and longitu% | 
at the northern apex of the alluvial north China plain. rj 
the point of convergence of routes from Manchuria M 
kuan (the "gate between mountains and the sea”), and the P. 
routes from the Mongolian plateau via the valley 0 
Ho and Nankow pass. 

Only 35 mi. northeast of the city at its nea 
Wall of China, following the crests of the scarp fens 0 
elevation of 4,000 ft., marks the historic frontier de dd intl 
agricultural plain against the pastoral nomads 0 cial n 
plateaus. The narrow apex of the plain is thus the сп and pË 
in the relations of China, Mongolia and Manchu astel w 
torically the border zone between two strongly contr 
of social organization. s. authentic" 

History.— The earliest city of which there is 20 ihe û 
was that of Ch'i, the capital of Ven, the most nor 6 chou 
feudal states which acknowledged the authority Кз fier sth? 
nasty in the 12th century в.с, Yen was clearly а me y 
tended to keep back the Tatar hordes, and is sign! s үш 
tioned in records of the 6th century B.C. aS possessing E ou) 
of horses. Ch'ien Lung, the scholar-emperor of the РО 
nasty, made extensive researches into the exac 3 
located it slightly to the north of the present city- 
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The city was destroyed by Shih Huang Ti, the “First Emperor" 
and founder of the Ch'in dynasty (221 B.c.), who unified China 

completed the frontier defenses of the Great Wall. Yen was 

of the districts of his empire. Under the Han dynasty a new 
city arose close to the site of Ch'i and was known first. as Yen and 
Jnter as Yu-chow. It remained a definitely Chinese city until the 
end of the Han dynasty, but in the ensuing two centuries of an- 
and disintegration was under Tatar control. The T’ang 
y (7th to 10th centuries), like the Han, maintained the 
frontier defenses of the empire intact, and Yu-chow was the head- 

ters of a military governor, Early in the 10th century it came 
into the hands of the K’itans, one of the most famous of the Tatar 
groups prior to the rise of the Mongols, who successfully resisted 
the attempts of the Sung emperors to recover it for China. The 
Kilans under the Liao dynasty (sometimes called the Iron dy- 
msty) rechristened the city Nanching, signifying southern capital, 
and later (986) rebuilt it on imperial lines with walls said to have 
been 13 mi, in length and 30 ft. high. 

From early in the 11th century it was known as Yenching, but the 
Kilans of the Iron dynasty continued to hold it until 1122 when 
it was captured by the Jurchen, ancestors of the Manchus. The 
Jorchen greatly enlarged and beautified the city and made it one 
of the three capitals of their large empire, that of the К or Chin 
(Gold) dynasty. The other two capitals were Pien-ching (now 
Kai-feng) in Honan and Shen-yang (Mukden) in the north, so 
the future Peking was known at this period as Chung-tu or the 
"middle capital.” This phase lasted until early in the 13th cen- 
Ш when the greatest of all the steppeland powers arose, the 

ongol empire. 

The City Under Kublai Khan.—Kublai Khan took the decisive 
step of making it the metropolitan city of the immense Mongol em- 
pire; which now stretched from the Pacific to beyond the Black Sea. 
Butalthough this was the technical status of the city after Kublai 
had moved his headquarters there from Karakorum in 1267, it was 
hid new capital of China that the choice was of the genes 

mate significance. Kublai was indeed the “Great Khan who 
ruled in China” but his descendants. were primarily emperors of 

na, 

Under Kublai the city was once again rebuilt and on a more mag- 
Ment scale than ever before. It was named Khanbaliq, “city 
tthe Khan,” but the Chinese knew it as Ta-tu, “great capital.” 
Through the reports of Marco Polo, who visited China at that 
time, Khanbaliq became known in medieval Europe as Cambaluc. 

Was often, as by Longfellow, inaccurately spelled Cambalu. 

‘arco Polo described the magnificence of the capital in glowing 
á i Cambaluc was laid out on a rectangular plan and had a 

ТОШЕ of 24 mi, Its walls, 50 ft. high and on top 15 ft. thick, 
а Pierced by three gates, the roadways connecting them 

iad taight across the city. Í M 
co Polo was followed by the pope's envoy, Giovanni di 
Monte Corvin TED i and made arch 
ishop of E received by Kublai and made arch- 
The ing and Manchu Dynasties —Later, under the Ming and 
nchu dynasties, the Jesuits were in favour at the capital, 
encouraged to practise Western mathematics and astron- 
Were ; 2e communications of Khanbaliq with the rest of China 
| ively developed by the construction of radial roads on 
Well-organized courier services were maintained, and the 
lower yee’ brought into direct water communication with the 
low riy; angtze valley by extending the Grand Canal from the Yel- 
Canal, 


ind Were 


to Tientsin and connecting it by the Pai Ho and a small 


КОШ Continued to be the capital of China throughout the 
When i Ynasty, but the city temporarily lost its imperial status 
1 1368 Chu Yiian-chang (Hung Wu) headed the successful 
ee the Mongols and established the native Ming dy- 

ot about jc being under the control of foreign steppeland powers 
tle and Khe Years, the region was once again under direct Chinese 
of the Han nbaliq, now known as Peiping, served, as in the days 
tom, sub and T'ang dynasties, the function of a border garrison 
Шү date to the capital city of Nanking. This phase lasted 
» When the third Ming emperor, Yung Lo, transferred 
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his court to the north and Peiping was given the name of Peking, 

The reason for this decisive step was undoubtedly strategic, for 
the Mongols were still troublesome and the Manchurian tribes 
were becoming increasingly strong and restless. Peking was the 
only frontier capital which could guard both the vulnerable flanks, 
The menace from the north, increased by internal revolts, cul- 
minated in the Manchu conquest of 1644 and China once again 
came under Tatar domination, The new Manchu (or Ch'ing) dy- 
nasty transferred its court from Mukden to Peking and admin- 
istered its newly won empire from a capital which, while it lay 
within the Chinese culture area, was in close contact with the 
Manchu’s own recruiting ground. 

The Modern Period —Two and а half centuries later the rule of 
the decadent Manchus was ended by the revolution of 1911 and the 
imperial office was abolished. Peking continued to function as 
the capital of the new republic. But the disintegrating effects of 
the civil war and the rise of the Nationalist movement, focused 
in the south, meant that the rule of the Peking government was 
increasingly ineffective and nominal, The final northward advance 
of the Nationalist armies in the spring of 1928 was quickly fol- 
lowed by the proclamation of Nanking as the capital of the new 
China and by autumn 1928 the northern city had lost its metropoli- 
tan status and was known once more as Peiping, the name which it 
bore under the early Ming emperors. So, too, the province, in the 
centre of which it lies, reverted to the ancient name of Hopeh 
(“north of the river,” ie., the Yellow River) in place of Chihli 
(“direct гше”), 

After the Tangku truce of 1933 which ended the Manchurian in- 
vasion, the Japanese endeavoured to separate Peiping and north 
China from the rest of China. The Chinese government was forced 
to approve the establishment in Peiping of a Hopeh-Chahar politi- 
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THE NATIONAL PALACE OF CULTURE IN PEKING, COMPLETED 1959, COMBINES 
MODERN ARCHITECTURAL TECHNIQUE WITH TRADITIONAL CHINESE STYLE 
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CHUAN-LUN-TSANG, ONE OF THE BUILDINGS IN THE MANCHU EMPERORS’ 
SUMMER PALACE, PEKING 


cal council under the chairmanship of Gen. Sung Chih-yuan, com- 
mander of the 29th army. By the Ho-Umetsu agreement of 1935 
all Chinese troops and Kuomintang organizations were excluded 
from north China. In spite of strong Japanese pressure, Sung re- 
mained loyal to the Chinese government. On July 7, 1937, the 
Japanese during maneuvers attacked the Marco Polo bridge (Lu- 
kou-ch’iao) across the Yung-ting Ho southwest of Peiping to sever 
the last railroad link with the rest of China. The Chinese garrison 
resisted and thus began the war with Japan which merged in 1941 
with World War II. The city was taken by the Japanese in July 
1937 and remained occupied until the end of World War II in 1945, 
when it reverted to Nationalist control. In 1949 Peiping fell 
to the Chinese Communists, who made it once more the capital 
of China under its historic name of Peking and it soon regained its 
position as the leading political, financial and cultural centre of 
China, (See also CHINA: History.) 

Description.—Peking consists essentially of two walled cities, 
the northern Inner city and the 
southern Outer city. The Inner 
city, also known as the Tatar city, 
lies approximately on the site of 
Khanbaliq of the Mongol dy- 
nasty. It is in the form of a 
square with walls nearly 15 mi. in 
length. 

The Outer city, also known as 
the Chinese city, was added dur- 
ing the reign of the emperor Chia 
Ching (1522-66) of the Ming dy- 
nasty. lt is in the form of an 
oblong adjoining the Inner city, 
with walls 14 mi. in length, in- 
cluding 4 mi. of the southern wall 
of the Inner city. 

Within the Inner city was the 
Imperial city, also in the form of 
a square and with red-plastered 
walls six and one-half miles in 
length, of which only the southern 
wall and a part of the western 
wall remain. And within the 
Imperial city was the moated 
Forbidden city, with walls two 
and one-quarter miles long, plas- 
tered with a violet-coloured mor- 
tar, whence comes the popular 
name of the Purple city. The 
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MODERN ELECTRICAL PLANT OUTSIDE PEKING. IN CONTRAST 15 THE 18TH-CENTURY STA 
GROUND, A MONUMENT ERECTED UNDER EMPEROR CH'IEN-LUNG, CH'ING DYNASTY. HE 
MENT IS A VEGETABLE GARDEN OF THE WORKERS AT THE PLANT 
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Forbidden city contained the Imperial palaces, which hay, 
converted into a museum. The palaces, symmetrical} à 
consist of outer throne halls, an inner court, and the p; 
ings. 

The entrance to the Forbidden city is through the Wy M 
(Meridian gate). Ancient works of art are found in Taidot 
(Hall of Supreme Harmony) and Pao-ho-tien (Hall of Presi 
Harmony), two of the outer throne halls. Works of art of die 
dynasties, ranging from the Shang (1600-1100 в.с) to the Mp 
are found in halls on the east side of the inner court, In ball 
the west side of the inner court are works of art of the Mandy 
dynasty. 1 

In side halls on both sides of the courtyard in front of ie 
Wu Men is the historical museum, exhibiting historical objet 
from primitive times, through the Hsia (2100-1600 B.C), Shi 
and Chou dynasties to the Sui (А.р. 581-618) and T'ang буп 
In the main hall above the Wu Men are objects of China's modem 
history after the Opium war of 1840. 

South of the Palace museum, the former imperial roadway seu. 
rates two parks that have been converted into public recreatie 
areas under the Communist regime. On the west side is Sun Vil: 
sen park, surrounding the former Altar of Land and Grain, шй 
the east side is the Working People's Palace of Culture, whit 
was the Imperial Ancestral temple, in which tablets of emperi 
were displayed and worshiped. 

Adjoining the parks on the south is part of the remaining solb 
ern wall of the former Imperial city. The wall is pierced 
T'ien-an Men (Gate of Heavenly Peace), on which Chinas Cot 
munist leaders gather on ceremonial occasions to review milium 
and civilian parades in the square adjoining the gate. 

Adjoining the Forbidden city on the east, in the southeast ш 
rant of the Inner city, is the old legation quarter, where forit 
representatives had their residences. The legation quarter wf 
tains many hotels, department stores, theatres and cinemas. 

In the northeast quadrant of the Inner city stand some f 
the most historic buildings of China, including the Lama bid 
ple and the simple but beautifu Temple of Confucius. Мам 
is the Bell tower, where the curfew was sounded nightly її 
perial times. " 

Extending in an irregular chain from the north wall of the! 
ner city are six artificial lakes supplied from a moat бу 
the walls of the city. The shores of Pei Hai (North lake), J 
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of the Palace museum, have been converted into a park, 
nal library stands on the southwest shore. Grouped 
ung Hai (Middle lake) and Nan Hai (South lake), just 
‘of the Palace museum, are the government buildings of the 
Communist. regime. 
northern part of the Outer city is a busy commercial and 
ing area adjoining the city's main railroad terminal at the 
“hien Men, the main gate connecting the Inner city and the Outer 
4 the southern portion are the grounds of the Temple of 
and of the Temple of Agriculture. 
` În modern times, and especially after 1949, Peking has ex- 
j far beyond the two walled cities that constitute its core. 
ШО н» and-educational centres have risen to the west 
and northwest. Extending along a road going northwest to the 
former Summer palace and its lakes and parks are many of China’s 
important universities: Peking (former Yenching university), 
T university, People's university and many specialized in- 
stitutions of higher learning, such as the Central Institute of 
Nationalities, and schools in the fields of iron and steel, geology, 
` aeronautics and other engineering disciplines. Outside the north- 
western gate, Hsi-chih Men, are the city’s zoo and permanent ex- 
hibition grounds, 
 Industry.—While the city’s educational and cultural institu- 
_ tions are being expanded largely in the western and northwestern 
_ suburbs, Peking's growing industries are concentrated east of the 
& In connection with the city's growth as China's political 
and cultural centre under the Communist regime, attention was 
also given to the expansion of industry. 
- Manufacturing was traditionally restricted to light industry 
ur mills, textiles, garments). After 1949, several heavy indus- 
{rial enterprises were added, including а machine-tool plant, a 
printing machinery factory and a synthetic fibres mill. An auto 
parts factory ‘was expanded into a small automobile plant, and a 
$ Y factory was converted into a tractor plant. Other 
Industrial suburbs, southwest of the city, include Feng-t’ai, with 
illnd: marshalling yards, bridge-construction, concrete railroad 
le and asbestos-pipe factories, and Ch’ang-hsin-tien, with loco- 
“Motive and rolling-stock shops. 
‘The iron and steel plant of Shih-ching-shan is situated on the 
n ting Ho, 14 mi, west of the city centre. This plant, first 
‘pened in 1920, was completed in 1937 and produced 80,000 tons 
4 Pig iron at its peak under Japanese rule. The plant was greatly 
panded by the Communists, and annual production increased to 
an five times its previous capacity, Beyond Shih-ching- 
the end of a rail spur, 20 mi. west of the city centre, are 
ез of Men-t’ou-kou. 
TX transportation hub with rail connections to Hankow, 
in, Pao-t’ou, Tientsin, Mukden, Tungchow and 
Tt is also linked to the Soviet Union via Manchuria 
ter Mongolia. 
stration.— Under the Nationalist régime, Peking’s mu- 
Covered more than 300 sq.mi. Under the Communists, 
its were greatly expanded. As a result of annexations 
municipal district was extended to the Great Wall, 
the city centre. 
his expanded area of 1,750 sq.mi., the 1953 census re- 
lation of 2,768,149, of whom about 830,000 lived in 
"Inner city, 220,000 in the Outer city, and 1,700,000 in 
Че the walls, By the 1960s, the population of Pe- 
Imated to be more than 4,000,000 as a result of the 
9f people attracted by the city's growing importance 
5 political, educational and economic centre. In 
Second expansion of the municipal area took place, 
its territory from 1,750 sq.mi. to 3,386 sq.mi. 
eking absorbed the towns of T'ung-chou (Tungchow) 
9n the east, Ta-hsing on the southeast, and Fang-shan 
“siang on the southwest. The new municipal area had 
ted population of 6,800,000, of whom more than 2,000,000 
armers; 
$ administered directly by the central government, and 
Пага jurisdiction of Hopeh province. The municipal 
E is divided into five suburban districts (Asien) and 


PELAGIA—PELAGIUS 


533 


eight boroughs (ch'u). The latter are Hsi-ch'eng and Tung-ch'eng 
in the Inner city; Ch'üng-wen and Hsuan-wu in the Outer city; 
and the suburban ch'u of Hai-tien, with the city's educational in- 
stitutions; Men-t'ou-kou, with the coal mines; Feng-t'ai and Ch'ao- 
yang. 

The Asien consist of Ch'ang-p'ing with the Ming tombs north 
of the city, Fang-shan where the remains of Peking Man were 
found southwest of the city, Ta-hsing, Tung and Shun-yi, 

See also references under "Peking" in the Index, — (T. Sp.) 

PELAGIA, SAINT (?-c. 311), a 15-year-old Christian girl 
of Antioch who, probably during Diocletian's persecution, threw 
herself from a housetop to avoid outrage, and died on the spot. 
Her feast day is June 9. 

The memory of this historical Pelagia helped to give rise to 
two legends of fictitious Pelagias: namely, Pelagia the Penitent 
(also called Margarito), a prostitute of Antioch who experienced 
sudden conversion and lived the rest of her days in a cave at 
Jerusalem, disguised as a man; and Pelagia of Tarsus, who refused 
to marry the emperor Diocletian and was punished by being roasted 
to death. Both are named in some calendars. 

The origin of the first of these two legends was the repentance 
of a notorious Antiochene woman, of whom John Chrysostom 
speaks without mentioning her name. 

Both legends are connected with that of St. Margaret (q.v.). 

See Н, Delehaye, The Legends of the Saints (1907). (D. An.) 

PELAGIUS, the name of two popes. 

Pexactus I (d. 561), pope from 556 to 561, was a noble born 
at Rome, date unknown. Under Popes Agapetus I, Silverius and 
Vigilius his ecclesiastical roles were highly important. He was 
elected to succeed Vigilius in 555 and consecrated on April 16, 556. 
At first opposed to Vigilius’ condemnation of the “Three Chapters" 
(554; see PAPACY) Pelagius upheld it as pope, winning thereby hos- 
tility in the west, especially in northern Italy, where long schism 
developed. He died on March 4, 561. А 

PELAGrUS II (d. 590), pope from 579 to 590, was born at Rome, 
date unknown, of Gothic descent, During his pontificate, which 
began on Nov. 26, 579, Lombard barbarians pressed more deeply 
into Italy, Schism arising out of the “Three Chapters" con- 
troversy resisted his conciliatory efforts in northern Italy. Pela- 
gius protested when the bishop of Constantinople assumed the 
title “ecumenical patriarch.” He died on Feb, 7, 590. 

(JN. F. B.) 

PELAGIUS (0. 405-418), proponent of a doctrine, condemned 
as heresy by the Christian Church, which was thought to minimize 
the role of divine grace in man's salvation. Pelagianism was a 
cause of discord in the church for more than a century. 

Little is known about the circumstances of Pelagius’ early life. 
He was born in Britain, and attempts to argue that he was of Irish 
origin and to see his name as a hellenized form of the Irish Muir- 
chu (“son of the sea") or the Welsh Morgan have no foundation. 
He was a layman, often styled a monk by his contemporaries, well 
educated in the Latin classics, and familiar with the Bible, the Latin 
Fathers, and a certain amount of Greek theology in translation, 
According to St. Augustine, he long resided at Rome, and the 
familiarity with legal matters displayed in his writings and his 
taste for clear-cut definition suggest that he may originally have 
come there as a law student, abandoning his secular studies after 
his baptism, perhaps in the last years of the pontificate of Pope 
Damasus (d. 384). During the next two decades, Pelagius lived at 
Rome and wrote his most important works, including a treatise 
on the Trinity, now lost, and his commentary on the Epistles of 
St. Paul. 

In his writings, he attacked the Arians and the Manichaeans, 
asserting against the former Christ's full divinity and against the 
latter his full humanity (see ARIANISM; MANICHAEISM).. Pelagius" 
anti-Manichaean polemic led him to lay stress upon the essential 
goodness of human nature and the freedom of the human will, and 
this dogmatic emphasis was intensified by a desire to recall his 
contemporaries to stricter observance of Christian conduct. His 
outlook is well illustrated by the famous episode which occurred 
about 405, when he rebuked a bishop who quoted St. Augustine’s 
famous prayer from the Confessions: “Give what thou commandest 
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and command what thou wilt,” which seemed to Pelagius to pro- 
vide an excuse for indolence and lethargy (see Augustine, De dono 
perseverantiae, xx, 53). Clearly, to some persons, such an out- 
burst could imply a denial of the need for grace, but Pelagius’ re- 
forming views found much support at Rome. His disciples in- 
cluded Celestius and Julian, the future bishop of Eclanum in 
southern Italy, and he had many followers among the pious ladies 
of the Roman aristocracy. 

About 409, when the Goths menaced Rome, Pelagius and Celes- 
tius removed, first to Sicily and thence to North Africa. After 
the Conference of Carthage of 411, Pelagius departed to Palestine, 
leaving Celestius behind. The latter appears to have obtained 
considerable influence among the Carthaginian Christians, when 
he was charged with heresy by Paulinus, a deacon of Milan then 
visiting Africa, and accused of denying that Adam's sin had any 
effect upon his descendants, so that infants are born in the condi- 
tion of Adam before the Fall. Celestius was tried before Aurelius, 
bishop of Carthage, and excommunicated. He considered appealing 
to Rome, decided otherwise, and left for Ephesus. 

Meanwhile Pelagius had arrived at Jerusalem, where he found 
many friends and one bitter enemy, St. Jerome, then living at 
Bethlehem. The writings of Pelagius and the propaganda of 
Celestius were having their effect and making many converts. St. 
Augustine saw in Pelagius' views a denial of the need for prevenient 
grace (i.¢,, grace that is antecedent to every good action) and from 
412 onward was constantly writing and preaching against Pelagian 
doctrines, although he spoke of Pelagius personally with respect 
(see AUGUSTINE, SAINT, of Hippo). In 415 the Spanish priest 
Paulus Orosius (q.v.) arrived at Bethlehem, bearing letters from 
Augustine to Jerome. Orosius accused Pelagius of heresy at a 
diocesan synod held before Bishop John of Jerusalem, but failed 
to secure Pelagius’ condemnation, The matter was referred to a 
provincial synod, held at Diospolis (Lydda) before Eulogius of 
Caesarea, the primate of Palestine, on Dec. 20, 415. Here Pelagius 
gave satisfactory (his enemies thought hypocritical) answers to 
the charges brought against him and was exonerated. He was, 
however, subsequently discredited by an assault by his sympathizers 
on St. Jerome's monastery at Bethlehem and shortly afterward 
(Jan. 27, 417) was excommunicated by Pope Innocent I. The 
force behind this excommunication was an appeal from the African 
episcopate to the pope in the second half of 416 inspired by reports 
from Orosius of the events in Palestine. Innocent died on March 
12, 417, and was succeeded by Pope Zosimus, who showed him- 
self more favourable to the Pelagians than his predecessor 
had. 

Zosimus was visited by Celestius, was impressed by him, and, 
after receiving a profession of faith from Pelagius, sent a strongly 
worded letter to the African bishops on Sept. 21, 417, accusing 
them of having acted precipitately in condemning Pelagius and 
Celestius. The Africans, however, maintained that the case had 
already been settled by the judgment of Innocent. Outbreaks 
of violence by the Pelagian party at Rome stirred the imperial au- 
thorities to action, and on April 30, 418, the emperor Honorius 
issued a rescript condemning Pelagianism and exiling Pelagius 
(who was assumed to be at Rome) and Celestius from Italy. Next 
day, May 1, 418, an African council held at Carthage passed a 
series of nine canons against Pelagianism. Meanwhile Zosimus, 
who had already begun to entertain doubts about the Pelagian 
case, now read Pelagius’ commentary on Romans. He was shocked 
by its doctrine and commanded Celestius to appear before him for 
examination. Celestius ignored the summons and fled from Rome, 
thereby appearing self-condemned. Zosimus then issued a lengthy 
document, which survives only in fragments, the Epistola tractoria, 
in which he excommunicated Pelagius and Celestius and condemned 
their doctrine. Subscription to the Tractoria was enforced in Italy 
by imperial authority, but 18 bishops, including Julian of Eclanum, 
refused to sign. Julian demanded a general council to discuss 
the matter, but his appeal was rejected and he was deposed. 
Pelagius, horrified by his excommunication, now affirmed that 
grace was necessary, not only for every hour or moment but for 
each individual action of our lives. His confession was not ac- 

cepted. He was expelled from Jerusalem and departed, probably 
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for Egypt. His subsequent fate is unknown. 

The controversy, however, was far from ended, 
Eclanum continued to assert the Pelagian view and engaged [| 
tine in literary polemic until the latter's death in 430, pres 
self was finally condemned, with Celestius and the rest Ee 
Pelagian party, at the Council of Ephesus in 431, Меш 
vehemence with which Augustine defended his own dd 
original sin and predestination aroused opposition among 1 
Christians who had no sympathy with Pelagius—the ini 
Semi-Pelagians of southern Gaul who might better perhaps i 
called Anti-Augustinians. These included the saintly John Саш, 
abbot of Saint-Victor at Marseilles (see Casstanus, JOHANNE 
and Euladius, bishop of Arles. Augustinian doctrine was бш 
in Gaul by St. Prosper (g.v.) of Aquitaine, and the dispute, wig 
was very bitter, was not finally settled until nearly a century aly 
St. Augustine’s death, at the Council of Orange of 529, (u 
SEMI-PELAGIANISM.) 

The theology of Pelagius was not, as the scholar Adolf wa 
Harnack held, basically godless, and its affinities with Stole 
have been exaggerated. Pelagius never crudely affirmed that ma 
could be good without God. His thought was inspired by the Bik 
and he stood in a direct line from earlier theological writers, йй 
Ambrosiaster and Origen, whom he knew from the translation 
Rufinus. He never doubted that his system was anything oi 
than Christian orthodoxy. He did not seek publicity and w 
doubtedly suffered through the excesses of his disciples Tk 
weakness of his position lay precisely in the zeal with which 
sought to refute Manichaean determinism and to rebuke the lif 
of professing Christians. Pelagius admitted divine grace in mit! 
natural endowments; in the revelation of the Old and New Tes 
ments; and, above all, in the remission of sins in Christian baptis, 
whose necessity he affirmed for every age and condition of mx 
while rejecting the Augustinian view of the physical (тапш 
of Adam's sin to his descendants. His great defect lay in anit 
adequate comprehension of the weakening of human natte t 
sulting from the Fall and of the complexity of the numerous (i 
flicting impulses which constitute the human will It was let 
that Augustine, despite some unlovely harshness in his doctri 
had a better understanding of sin and grace than Pelagius 

BisLi0cRAPHY.—Commentary on the Pauline Epistles ed. by Aer 
ander Souter in Texts and Studies, vol. 9 (1922-26). „ 
Bohlin, Die Theologie des Pelagius und ihre Genesis jn 
Ferguson, Pelagius: a Historical and Theological Study (1956 jo: 
de Plinval, Essai sur le style et la langue de Pélage (194) P 
écrits, sa vie et sa réforme (1943); Heinrich Zimmer, - ү 
Irland (1909), On the Epistola tractoria see F. Flori, “Le Part 


et la doctrine augustinienne du péché originel,” Augustini bi 
vol. 2, pp. 735-761 (1954). 
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habitants generally (see Lereces). In the Iliad of Home n 
are mentioned among Trojan allies (ii, 840-843), stan Tind 
list, which is generally in geographical order, between ai diy! 
and inhabitants of Hellespontine towns. Their d n 
Larisa (Iliad, xvii, 301) is therefore probably ime c mt 
southeastern Thrace and is not identical with any of и 
places called Larisa in historic times. In northern © Ad 
seem already to be remembered as displaced by bow 
Myrmidons inhabit “Pelasgian Argos" (Iliad, ii, 691 stern 
and Achilles prays to the “Pelasgian Zeus" of northwes 
(q.v.; Iliad, xvi, 223). In the Odyssey (xix, 177) 
tioned among the many peoples, native and imi e 
In classical times Herodotus (i, 57) mentions them ° (tons 
cupied Plakia and Skylake” on the Sea of Marmara Sias 
tified by later geographers on its south coast, east 0 d" Ti 
as “holding the city of Kreston, beyond the Туры fe 
puzzling, since Tyrsenoi (Tyrrhenians) elsewhere 09 NEA 
means the Etruscans of Italy; but Thucydides (iV 1 рабай 
to identify the “Krestonians” with the “biling p of 
(speakers of Greek and a native vernacular) 0f ® 


is, mostly with Greek names, on the Mt. Athos peninsula. 
odotus adds the important observation that the two groups 
« a common language, which was not Greek. They may well, 
iore, have been remnants of a people once more widely spread 
il İn his time elsewhere overlaid by Greeks or Thracians. 

The «pelasgian Theory."—But Herodotus quotes these de- 
ıs in connection with the above-mentioned theory, which iden- 
the Pelasgians with the pre-Hellenic (modern theory would 
re-Indo-European") population of Greece in general (Herod- 
1,56). This theory was correct in distinguishing two chief 
in in the Greek population, one immigrant, the bringers of the 
(European Greek language, and the other aboriginal, Mediter- 
as we should say, or old Aegean; but Herodotus over- 
es in identifying the former exclusively with the Dorians 
0), whose invasion of southern Greece was remembered as an 
“och-making event. Greek tradition, its oldest surviving docu- 
ments being the Homeric epics, preserved no clear memory of the 
es before the Trojan War, nor of the earlier migrations which 
il, it would seem, have brought in the pre-Dorian Greek dialects 
Greece: History: Bronze Age). Herodotus, therefore, had 
ities in placing the aboriginal (“autochthonous”) Athenians 
other speakers of kindred dialects (Ionians; q.v.) in terms of 
theory, and supposes them to be ‘‘Pelasgians” who had learned 
it Greek from contact with the Hellenes proper. The name 
sgians thus acquired its later literary use as an equivalent for 
К gines,” a usage no more historically justified than that of 
"Iberians" for early inhabitants of Britain. Neither the usage nor 
‘the theory was first invented by Herodotus; the eponymous hero 
] 5 was claimed as their ancestor by the mountaineers of 
equally “autochthonous” and speaking an archaic Greek 
ect,a claim traceable as early as the Ionian epic poet Asius (7th 
ішу?), quoted by Pausanias (viii, 1); and Aeschylus in The 

pliants (250 ff.) makes Pelasgus a king of primeval Argos, with 
n empire stretching to the Strymon (thus taking in the Mt, Athos 
peninsula) and to “the mountains of Родопа.” 

Whether. any ancient people actually called themselves Pelas- 
1 , otherwise than in the terms of this literary convention, is 
tain; it may, like “Phoenicians,” have been originally a name 
E owed by the Greeks; for the suggested derivation from pelagos, 

by way of a hypothetical original form Pelag-skoi, is thought 
Philologists to be linguistically possible. And such a north 
ал "sea people” could possibly have been connected with the 
Tyrthenians or Etruscans, that element in the population of early 
More Etruria which, according to a persistent tradition, had 

sea from the East. Some elements in Etruscan culture 
кезе Eastern affinities (see ETRUSCANS) ; and possible con- 
M links may be found in the archaeology of Lemnos, an island 
also had, until the Athenian conquest about. 500 5.C,, à non- 
Population called by Herodotus (iv, 145; vi, 137) Pelasgians, 
JauQOAPRY —. L, Myres, “A History of, the Pelasgian Theory," 

Nal of Hellenic Studies, vol. xxvii, pp. 170-225 (1907); J. А. К. 
0, “Pelasgians and Ionians,” ibid. vol liv, pp. 109-128 (1934). 


Lemnos, з : 
Amos, see М. Pallottino, The Etruscans, Eng. trans, (1955). 
Ц ino, e Etruscans, Eng. Agee 


M LAVICINO (Parravicno), ОВЕВТО (1197-1269), 
hay statesman powerful in northern Italy, was born at Pole- 
Cremona, of a feudal family with lands in the territories 
deri i Piacenza, and Cremona. The Holy Roman emperor 
Жа Ш (q.v.) appointed him vicar of the Lunigiana an 
moli in 1239; vicar-general of the Lunigiana, Versilia, and 
Ep. from 1243 to 1245; podestà of Reggio (Nell! Emilia) 
i and, after the capture of King Enzio by the Bolognese in 
рона "from Pavia downward” (ie., southward to 


= 


шы Podestà of Cremona in 1249, Oberto used his local in- 

Hi ter Frederick’s death (1250) to build up an extensive 
Aan Lombardy. Appointed vicar-general in Lombardy 
s nnd IV (1253), he could by October 1254 style] z 
B nr life of Cremona, Piacenza, Pavia, and Vercelli.” In 

also ing defeated his former ally Ezzelino, (q.v.) da Romano, 
zh “quired Brescia; Milan elected him as its lord for five 


MS defection in 1264 marked the beginning of Oberto’s de- 


PELAVICINO—PELHAM 


535 


cline; his power collapsed when, after the victory of Charles of 
Anjou in 1266, the Guelph party prevailed in Lombardy. Oberto 
died at Pontremoli on May 8, 1269. 

See Z. Schiffer, Markgraf Hubert Pallavicini (1910). (N. R.) 

PELAYO (d. ?737), traditionally recognized as the first of 
the Asturian kings, ruled from c. 718 to с. 737, His existence is at- 
tested by Arabic as well as Christian chroniclers but, since the 
earliest accounts of him belong to the late 9th century, his historical 
personality is overshadowed by legend, As far as can be ascertained 
he was a page, or possibly а member of the royal bodyguard, of 
the Visigothic king Roderick, and may have been of royal blood, 
He survived the defeat (711) of the Visigoths by the Moors at 
the Battle of Guadalete near Medina Sidonia and reached his 
native Asturias, where he led a revolt of Asturians and Visigothic 
refugees against the Moorish governor Munuza. He was captured 
and sent to Córdoba as a hostage, but escaped (717) and again as- 
sumed leadership of the Asturian rebellion, The rebels, though 
driven into the uplands of the Picos de Europa, were able to survive 
massive attacks by Moorish armies, especially at the Battle of 
Monte Auseba, and, eventually, Pelayo—accepted as their ruler— 
was able to set up a tiny kingdom with its capital at Cangas de 
Onis, The stories and relics of Pelayo associated with the nearby 
shrine of Covadonga belong to legend rather than to fact; it was, 
however, in this legendary guise that he became an important 
symbol of Christian resistance in medieval Spanish history, 

(Р. E, К.) 

PELECYPODA, а name, synonymous with Lamellibranchia, 
for the bivalve (g.v.) mollusks. 

PELEUS, in Greek mythology king of the Myrmidons (q.v.) 
of Phthia in Thessaly, and most famous as the husband of Thetis 
and father of Achilles, whom he survived, When he and his brother 
Telamon were banished from their father Aeacus’ kingdom of 
Aegina because they had conspired to murder their half brother 
Phocus (g.v.), he went to Phthia to be purified by his uncle, King 
Eurytion, There he married Eurytion's daughter. Antigone and 
received a third of Eurytion's kingdom, Later he took part in the 
voyage of the Argonauts and the Calydonian boar hunt, during 
which he accidentally killed Eurytion. He then went to Iolcus to 
be purified by King Acastus, whose wife, Astydameia, made ad- 
vances to him, When he refused her she told Antigone he wanted 
to marry her daughter, so Antigone hanged herself. Astydameia 
further accused Peleus to Acastus of attempting to seduce her, 
Acastus thereupon tried to betray Peleus unarmed to the Centaurs, 
but the gods rescued him. He won Thetis by capture and all the 
gods came to the wedding (see Eris), but after bearing Achilles 
(q.v.) to him she returned to the depths of the sea, In the end, 
however, she fetched him to dwell with her. 

See A. Lesky in Pauly-Wissowa, Real-Encyclopádie der classischen 
Altertumswissenschaft, col. 271-308 (1937). (H. W. PA) 

PELHAM, the name of an English family, derived from Pelham 
in northeastern Hertfordshire. , The family dignities have included 
the baronies of Pelham of Laughton (1706-68) and Pelham of 
Stanmer (from 1762), the earldoms of Clare (1714-68), Chichester 
(from 1801), and Yarborough (from 1837), and the dukedoms of 
Newcastle upon Tyne (1715-68). and  Newcastle-under-Lyme 
(from 1756). 

In the late 13th century a certain WALTER DE PELHAM acquired 
lands in Sussex, where in future the family's great estates were 
held. Sim Јонх PELHAM (c. 1355-1429) was appointed constable 
of Pevensey by Henry IV and was given the rape of Pevensey, a 
feudal castlery or demesne which ran inland across Ashdown 
Forest as far as East Grinstead. His son Sir Jou II (c. 1400-71) 
was chamberlain to Catherine, queen of Henry V. The direct male 
line was continued through THomas (d. с. 1517), third son of John 
II. His son Six WILLIAM (1486-1538), was twice married. By his 
first wife Mary, daughter of Sir Richard Carew, һе was ancestor of 
the Barons Pelham of Laughton, of the dukes of Newcastle, the 
earls of Chichester, and of the Pelhams of Catsfield Place, Sussex. 
By his second wife Mary, daughter of William, Lord Sandys of the 
Vine, Sir William Pelham was ancestor of the Pelhams of Brock- 
lesby, Lincolnshire, who became earls of Yarborough, The 6th 
earl of Yarborough is Marcus HERBERT PELHAM (18937 “тї 
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SIR THomAs PELHAM (d. 1624), grandson of Sir William and of 
Mary Carew, was created a baronet in 1611. His great-grandson, 
Sim Tuomas (d. 1712), the 4th baronet, was created Baron Pelham 
of Laughton in 1706. The 1st baron’s two sons, THOMAS PELHAM 
Hotes (1693-1768), duke of Newcastle upon Tyne (see NEW- 
CASTLE, DUKES OF), and Henry PELHAM (q.v.; 1696-1754), both 
held the office of prime minister. When Newcastle died without 
issue, his dukedom of Newcastle upon Tyne, his earldom of Clare, 
and the barony of Pelham of Laughton became extinct. But the 
dukedom of Newcastle-under-Lyme had been granted him in 1756, 
with special remainder to the son of his sister Lucy, HENRY FIEN- 
NES CLINTON, afterward PELHAM-CLINTON (1720-94), 9th earl of 
Lincoln. From him is descended the present duke, HENRY EDWARD 
Носн PELHAM-CLINTON-HoPE (1907- ). The barony of 
Pelham of Stanmer, conferred on the 1st duke in 1762, had re- 
mainder to his cousin ТномАѕ PELHAM (d. 1805), great-nephew 
of the 1st Baron Pelham of Laughton. 

ANTHONY PELHAM (d. 1566), second son of Thomas (d. c. 1517), 
was ancestor of the Pelhams of New England and of the Pelhams of 
Compton Valence in Dorset. Anthony's son HERBERT (c. 1546- 
1620) was twice married. His first wife was Katherine Thatcher 
and among their grandchildren were HERBERT III (c. 1600-74), 
treasurer of Harvard College, and PENELOPE (1619-1702), who 
married Richard Bellingham (1592-1672), governor of Massa- 
chusetts, Herbert III's daughter PENELOPE married Josiah Wins- 
low, governor of Plymouth colony from 1673 to 1680. As his 
second wife, Herbert (c. 1546-1620) married Elizabeth West of 
Compton Valence, where their issue subsequently resided, 

See M. A. Lower, Historical Notices of the Pelham Family (1873) ; 
E. G. Pelham and D. McLean, Some Early Pelhams (1931). 

PELHAM, HENRY (1696-1754), prime minister of En- 
gland from 1743 to 1754, was the son of Thomas, 1st Lord Pelham, 
and Lady Grace Holles, daughter of the 3rd earl of Clare. He 
was educated at Westminster School and Hart Hall (later Hertford 
College), Oxford, and then served briefly in the Army, taking part 
in the defeat of the Jacobites at Preston (November 1715). Pel- 
ham was elected to Parliament for Seaford in 1717 and then for 
the county of Sussex in 1722, a seat he held for the remainder of 
his life. In Parliament he was a consistent supporter of Robert 
Walpole and through this devotion and his family connections 
soon gained office. Starting as a lord of the treasury in 1721, he 
became secretary for war (1724) and paymaster to the forces in 
1730. He supported Walpole during the excise crisis in 1733 and 
was one of his staunchest defenders in 1742 after Walpole had 
lost office and was threatened with impeachment. 

After a year's uneasy combination of Whig factions under Lord 
Wilmington, Pelham became prime minister and chancellor of the 
exchequer in 1743. He managed to survive two initial threats of 
disruption and led a relatively stable Whig ministry until his death 
in 1754. Much of his success depended on the brilliant borough- 
mongering and parliamentary personnel management of his brother 
Thomas, the duke of Newcastle (see NEWCASTLE, DUKES OF). 
Relations between the brothers, however, were at times strained, 
and there were several open disputes. Pelham was able to get 
rid of John Carteret, earl Granville, in 1744, a favourite of George 
II, who advocated a more vigorous prosecution of the War of the 
Austrian Succession. The administration was remodeled and be- 
came known as the “Broadbottom Administration” since it had 
given office to groups of dissident Whigs. By a mass resignation 
of the cabinet in 1746 (the first recorded example in English his- 
tory) Pelham forced George II to abandon Lord Bath and Gran- 
ville as leaders of an alternative ministry and even accept people 
in office like William Pitt, who were personally obnoxious to the 
king. He concluded the treaty of Aix-la-Chapelle in 1748 and 
made serious attempts to reduce the national debt and remodel the 
finances. He died in London on March 6, 1754. See also ENGLISH 
History: The First Hanoverians (1714-60). 

PELIAS, in Greek mythology, a king of Thessaly, who im- 
posed on his step-nephew Jason (q.v.) the task of bearing off the 
golden fleece (see ARcoNAUTS). According to Homer, Pelias and 
Neleus were twin sons of Tyro by Poseidon, who came to 
her disguised as the river-god Enipeus, whom she loved; Tyro 
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afterward became the wife of Cretheus, to whom she bore 
Jason’s father. Later legend relates that on Jason’s return 
the fleece his wife, Medea (g.v.), the enchantress, persuaded Ру}, 
daughters, except for Alcestis, to cut up and boil their fathe 
the mistaken belief that he would thereby recover his role 
H. 
PELICAN, the large water bird famous for its Mes 
from the lower half of which is suspended a somewhat elit 
pouch. About six species of Pelecanus comprise the їшї 
Pelecanidae, related to the cormorants and gannets, All pelita 
breed in colonies; some nest 
the ground on islands, oth 
build nests of sticks in bushes 
trees. They live on fish whi 
are caught, but not stored, in tl 
pouch. The pouch also acts; 
cooling device in the young iy 
providing a large surface fy 
water evaporation. Ungainlye 
land, pelicans soar impressive 
in formation at great elevations, 
All members of the family sen 
to be voiceless or nearly so. 
One species, the brown реа 
(P. occidentalis), captures fid 
by a spectacular plunge from tk 
air; the others swim in formation, driving small schools of fii 
into shoal water where they are scooped up by the birds. Te 
three or four eggs, white with a rough, chalky shell, require abd. 
a month to hatch. The young are naked and black when hatchet 
As they become larger, they push their bills so deeply into th 
pouch of the parent while feeding on regurgitated fish as to fit 
rise to the myth that they are feeding on blood from the brest 
of the parent; this is the basis for the use of the pelican in Chí 
tian symbolism to typify the atonement. 
The white pelican (P. erythrorhynchos) nests on islands of like 
in the Great Basin of North America north to Great Slave Lake 
south to the coast of Texas; this species winters on the sea 
The brown pelican, With brown and silver-gray рїш ы 
coastal bird, ranging from Florida to California and south 
on the western coast of South America, where it breeds in enor 
colonies, contributing to one of the important depositories 0 ii 
fertilizer, or guano. The white or roseate pelican (P. du 
of Eurasia and Africa is similar to the American white he 
except that the plumage is suffused with a delicate pink. нач 
the most attractively coloured species is the black and be 
tralian pelican (P. conspicillatus). ; ША 
PELION (modern Gr. Pirron), a mountain M sit 
Greece, in the nomos (department) of Magnesia (Magn 
tween the town of Vólos and the east coast; highest pow 
m, (5,253 ft.), Pilion peak 1,547 m. (5,075 ft.). p 
flank is the more sheltered, and is well wooded. On be 
overlooks the Bay of Vólos or Pagasitikós Kólpos V rug 
were several ancient ports (Iolcos, Pagasae). In qe | 
ogy the giants piled it on Ossa (g.v.), another mountain’ al 
saly, to scale Olympus, the abode of the gods. It was the 
the centaurs, especially of Chiron (q.v.) who ed 
héroes in a cave near its summit. The ship “Argo я їшї 
nauts was built from wood from trees on Pelion. 
Zeus Actaeus on its summit a festival was held in 
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MALAKOFF (1794-1864), French army officer, 01 chiet in” 
querors of Algeria and the last French commander ire) o А 
Crimean War, was born at Maromme ( Seine-Inférie a НҢ 
1794. With commissioned rank from 1815, he 109 (ist 
expeditions to Spain (1823) and to the Peloponnes ned W 
After his first brief service in Algeria (1830), Ве FP дй 
in 1839, with the rank of lieutenant-colonel, having ti 
learned some Arabic. Chief of staff of a division, MUT. 
against Abd-el-Kader, but shocked European opm caves 
to death the Ouled-Riah tribe when it took shelter 


Mostaganem (June 1845). Bugeaud, however, prote 


ALLAN D. CRUICKSHANK FROM THE NATIONAL 
AUDUBON SOCIETY 
BROWN PELICAN (PELECANUS OCCI- 
DENTALIS), ONE OF TWO AMERICAN 
SPECIES WITH SKIN-POUCH PAR- 
TIALLY EXTENDED BY FOOD 


moted general in 1846, was commander of the Oran 
1848 to 1851. His furious temper and his sarcasm 
torious. 
¢ Crimean War (g.v.) when Gen. F. C. Canrobert failed 
astopol, Pélissier was first given command of an army 
11855), then appointed commander in chief (May 16). 
of June 18 on the fort of Malakhov (Malakoff) was un- 
ful, but he defeated a counterattack on the Traktir bridge 
` oer the Chernaya River on Aug. 16, and both Malakhov and 
itself fell on Sept. 8. On Sept. 12, 1855, Pélissier was 


pLondon, During the war of 1858 against Austria (see ITALIAN 
EPENDENCE, WARS OF) he commanded the army of the Rhine. 
lovember 1860 he was appointed governor of Algeria. He died 
Algiers on May 22,1864. His savage character could not detract 
his martial ability or from his gift of leadership. 
“Swe V. E. Derrécagaix, Le Maréchal Pélissier (1911). (L. G.) 
PELLA, ancient capital of Macedonia, situated in northern 
Greece about 24 mi. NW of Salonika. The original name was 
1 105, which may have been applied to the island of Phakos 
prehistoric remains have been found, and which in classical 
was а stronghold where the royal treasury was located. In 
ie Sth century в.с. Pella occupied a narrow strip of land along 
sta, By early Roman times this arm of the sea had so far 
silted up that there was a great marsh in front of Pella, and the 
i Was accessible from the sea only by a channel 15 mi. long. 
é marsh has been drained, and a fertile plain stretches to the 
mi, away. 
оюн first came into prominence when King Archelaus moved 
бера! there from Aegae (modern Edessa) at the end of the Sth 
Century B. €. It developed rapidly under Philip П. Alexander the 
as born there. After the defeat of the last Macedonian 
the Romans (168 в.с.) Pella sank to a small provincial 


site of Pella has long been known, and tumuli on the out- 
of the ‘city marked its approximate limits. Excavations by 
| eek Archaeological Service begun in 1957 have revealed 
4 well-built houses with colonnaded courts and rooms with 
da € floors which have figured panels portraying such scenes as a 
3 hunt and Dionysus riding a panther. These mosaics are made 
| th small natural pebbles of various colours, carefully matched 
j id, and are masterpieces of their kind. Their date is late 
ntury B.C. The town was laid out on a rectangular grid plan 
Teels Over 30 ft. wide. Under the streets are terra-cotta 
5 lor distributing fresh water. 

[ovs ‚ Petsas in Illustrated London News, pp. 197-199 
RU к рын dl nib 
LI! (1959), of mosaic in . Robertson, yi (E. ү.) d 


бїтї AGRA, a dietary deficiency disease, noncontagious, and 
he in Persons of any age, of either sex, of any race, and in 

ї ny to bey Of society. Until rather recently it was considered by 
thing «Merely a disease of the skin, the Italian term pelle agra 
bil Tough Skin" For more than 200 years it was associated 
үт th maize-eating areas of the world—maize being nota- 
inad tin niacin (see below). However, pellagra may result 
thing alec diet under many circumstances, prominently in- 


"trie lcoholism, 


te iie e early symptoms are weakness, apathy, loss of appe- 
Dear ron, and neurasthenia. In the late stages of the disease 
at Classical four D's: dermatitis, diarrhea, dementia, and 
© symptoms vary greatly in each case. If dermatitis is 
1 egins as an erythema resembling sunburn that becomes 
of tha Toughened, and scaly. Lesions may appear on any 
€ body, but the commonest sites are the hands, wrists, 
the breasts, knees, feet, and perineal regions. A 
- Glossis; arcation separates the lesion from the healthy 
„tis and stomatitis are common symptoms, The tongue 
ET and thickened and the mucous membrane is red- 

Vere watery diarrhea often is present in the acute 
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stage. Nervousness, insomnia, headache, and dizziness may be 
present, and pellagrins are subject to periods of depression and 
apprehension. Unless early and adequate treatment is adminis- 
tered, confusion, hallucinations, and complete disorientation as to 
time, place, and person develop. Death inevitably occurs unless 
the afflicted person receives prompt and intensive treatment. 

The pellagrin is relieved of his disease when niacin (a member 
of the B group of vitamins) and substances that act similarly are 
given in adequate amounts. The diet of the pellagrin is deficient 
not only in niacin but also in thiamine (vitamin B,), riboflavin 
(vitamin B,), and folic acid (folacin), as well as many other es- 
sential nutrients, (See Vitamins.) Physicians remedy all these 
deficiencies at the same time and call the tablets or capsules they 
use “mixed vitamin therapy.” Persons who develop symptoms of 
pellagra, beriberi (g.v.), riboflavin deficiency, or folic acid de- 
ficiency not only should receive mixed vitamin therapy but they 
should have a diet rich in lean meat, eggs, milk, fruit, and vege- 
tables. Dried brewers’ yeast powder and crude liver extracts 
contain these vitamins and many other useful nutrients. 

(T. D. $s.; X) 

PELLICO, SILVIO (1789-1854), Italian patriot, dramatist, 
and author of Le mie prigioni (1832; My Prisons), an account of 
his sufferings as a political prisoner regarded as more damaging to 
the Austrians than the loss of a battle, which inspired widespread 
sympathy for the Risorgimento (see ITALY). He was born at 
Saluzzo, Piedmont, on June 25, 1789, and educated at Turin, later 
spending four years in France, returning in 1809 to Milan, where 
he began his career as poet and playwright. His romantic tragedy 
Francesca da Rimini (published 1818) was an immediate success 
on its first performance (1815), and was followed by several 
others. He had already become one of the circle of Romantic 
revolutionaries including Monti, Foscolo, Berchet, and Manzoni, 
and in 1818 he collaborated with Count Luigi Porro Lambertenghi 
and Count Federico Confalionieri in founding a liberal and patri- 
otic newspaper, /! Conciliatore, of which he became editor, After 
its suppression by the Austrian police (1819) and a disappointment 
in love, he joined the Carbonari, and in October 1820, was arrested 
fortreason. In 1822 he was sentenced to death, but the sentence 
was commuted to 15 years' imprisonment in the Spielberg fortress 
in Brünn (Brno), where he remained until 1830. The rest of his 
life was spent at Turin, where from 1838 he lived with the Mar- 
chese Carlo Tancredi di Barolo and his wife, He died there on 
Jan. 31, 1854. He had continued to write plays, poetry, and prose 
works, notably the didactic treatise 7 dovere degli uomini (1834), 
but Le mie prigioni is his only work still widely read and trans- 
lated. It has become a classic for its simple, direct style and for 
its revelation of spiritual experience and Christian piety. 

BrsrrocnaPHY,—Opera scelte, ed. by С. Curto (1954); Le mie pri- 
gioni, ed. by G. Molpurgo (1906; enlarged ed. 1961, containing the ad- 
ditional chapters, Capitoli aggiunti, publ. in French, 1843; in Italian, 
1856). Of several English translations see that by I. G. Capaldi (Ox- 
ford Library of Italian Classics, 1963). See also 7 doveri degli uomini e 
La Francesca da Rimini, with notes and introduction (1932); Le piu 
belle pagine di S. Pellico, ed. by G. Deledda (1934); A. Gustarelli, La 
Vita, “Le mie prigione" e “I doveri degli uomini" di S. Pellico (1917); 
В. Allason, La Vita di S. Pellico (1933). 

PELLITORY, any small annual or perennial herb of the 
genus Parietaria of the nettle family (Urticaceae), but without the 
stinging hairs. There are about four species in North America, 
the chief one being the annual P. pennsylvanica, a weedy plant of 
the southern and north central U.S., about 14 ft. high, with uni- 
sexual, greenish, inconspicuous flowers. The Eurasian P. officinalis, 
a perennial with a woody rootstock, has a stem 1-2 ft. high, bearing 
slender leafy branches; it is common throughout most of the British 
Isles. Spanish pellitory is the drug derived from the root of the 
North African Anacyclus pyrethrum, a composite plant; it has 
been used to promote the flow of saliva. (N. Tr.) 

PELLOUTIER, FERNAND (1867-1901), a leading orga- 
nizer and theoretician of the French labour movement who deeply 
influenced the philosophy and methods of French anarcho-syndi- 
calist labour unionism, was born in Paris on Oct. 1, 1867. As а 
young journalist in Saint Nazaire, he became a member of the 
Parti Ouvrier Francais, which was inspired by the ideas of Jules 
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Guesde; but he turned his back on all political parties when the 
Guesdists rejected the idea of the general strike, which he and 
Aristide Briand advocated. Becoming an anarchist, Pelloutier was 
named secretary of the Fédération Nationale des Bourses du 
Travail in 1895. The bourses du travail were a distinctive French 
institution combining the functions of workers’ clubs, employment 
exchanges, and local labour union federations. They were the 
most vital element in the growing French trade union movement 
of the time. 

Pelloutier was one of the rare French labour leaders who, while 
preaching social revolution, nevertheless paid scrupulous attention 
to the practical details of trade-union organizing and “housekeep- 
ing,” and to the need for immediate gains in workers’ conditions. 
Desperately ill, poor, and overworked, he managed, in a short 
lifetime, to strengthen the bourses and their federation, to write 
extensively on working-class life and problems, and to set forth his 
own ideals of labour action in his Histoire des Bourses du travail 
(1901). He died in a Paris suburb on March 13, 1901. 

See M. Pelloutier, Fernand Pelloutier, sa vie—son oeuvre (1911); 
Lewis L. Lorwin, Syndicalism in France, 2nd ed. (1914). (V. R. L.) 

PELOPIDAS (d. 364 в.с.), Theban statesman and general, 
was responsible with-his friend Epaminondas (q.v.) for the brief 
Theban hegemony in mainland Greece (371—362 в.с.). In 385 
he served in a Theban contingent sent to the support of the 
Spartans at Mantinea, where he was saved, when dangerously 
wounded, by Epaminondas. Upon the seizure of the Theban citadel 
by the Spartans (382) he fled to Athens, and took the lead in a 
conspiracy to liberate Thebes. In 379 his party surprised and 
killed their chief political opponents and roused the people against 
the Spartan garrison, which surrendered. In this and subsequent 
years he was elected boeotarch, and in 375 he routed a much larger 
Spartan force at Tegyra (near Orchomenos). This victory he 
owed mainly to the valour of the Sacred Band, a picked body of 
300 infantry which also distinguished itself under Pelopidas at the 
Battle of Leuctra (371). In 370 he accompanied Epaminondas 
as boeotarch into the Peloponnese. On their return both generals 
were unsuccessfully accused of having retained their command 
beyond the legal term. In 369, in response to a petition of the 
Thessalians, Pelopidas was sent with an army against Alexander, 
tyrant of Pherae. After driving Alexander out, he passed into 
Macedonia and arbitrated between the Macedonian king Alexander 
Iland his rival Ptolemaeus. Next year Pelopidas was again called 
upon to interfere in Macedonia, but on his return through Thessaly 
he was seized by Alexander of Pherae and two expeditions from 
Thebes were needed to secure his release. On one or other of his 
expeditions Pelopidas brought back to Thebes numerous Mace- 
donian hostages, including the future king Philip П. In 367 he 
went on an embassy to the Persian king Artaxerxes II and induced 
him to prescribe a settlement of Greece according to the wishes of 
the Thebans. In 364 he received another appeal from the Thes- 
salian towns against Alexander of Pherae. He overthrew the 
tyrant's far superior force on the ridge of Cynoscephalae; but wish- 
ing to kill Alexander with his own hand, he was cut down by the 
tyrant's guards. 

See also THEBES (Greece). 

BisnroGRAPHY.—Plutarch, Pelopidas; Cornelius Nepos, Pelopidas; 
Diodorus Siculus, xv, 62-81. 

PELOPONNESE (PrroPoNNEsUS; ancient Greek PELOPON- 
NESOS, modern Greek PELoPÓNNISOS), the part of the Greek 
peninsula south of the Isthmus of Corinth. The ancient Greeks 
interpreted the name as Pelopos nesos, “island of Pelops” (q.v.). 
The word does not appear in Homer, who seems occasionally to 
use "Argos" to mean the whole peninsula, as being under the 
hegemony of Agamemnon of Argos. The name Peloponnesos is 
usually assumed to derive from this hegemony of the Pelopidae 
(“Pelops’ descendants"). 

By the 14th century A.D. the Peloponnese was known as “Morea,” 
the Greek for “mulberry”; this word is first found in the 12th 
century applied to Elis, a mulberry-growing district, being later 
extended to cover the whole of the peninsula. See GREECE; see 
also references under “Peloponnese (Peloponnesus)" in the Index. 

See A. Philippson, Die griechische Landschaften, vol. iii (1959). 
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PELOPONNESIAN WAR. The Peloponnesian War 
404 в.с.), between Sparta and Athens, was recorded by th (ur 
penetrating and important historian of military and political 
in antiquity, Thucydides of Athens, whose mature years jn: щ 
with the war. Himself a combatant and a general, exiled in 4% 
had access to both sides. As his sources of information Bes 
mediate, personal, and numerous, he sifted them himself and 
sented his own narrative, which we have not the evidence b 
prove nor in general the desire to challenge because the whole ten» 
of the work supports his claim to have been meticulously асши 
and unbiased (see THUCYDIDES). In terms of power and poli, 
as Thucydides foresaw, the war was decisive. He laid less empha, 
on the economic and social consequences for Greek civilization 7 
which modern writers attach importance), because he was to 
cerned with the interplay of human psychology and of cirous 
stance in the sphere of war and politics. 

The Antecedents of the War.—The Thirty Years’ Treaty 
445 was a pact of nonaggression between the two leading blocs sf 
power in Greece: Athens and its empire, which comprised mos й 
the islands and maritime states on the northern and eastern cous 
of the Aegean basin, and the Greek states of the Propontis ші 
Black seas; and Sparta and its allies, among whom most of le 
leading land powers in the Peloponnese and central Greece wer 
counted, and also Corinth, the leading sea power in the wem 
seas, which extended to Sicily. So long as neither bloc trespass 
on the other's sphere of influence, the peace was likely to lut 
because the balance between them was in equipoise and the ul 
side powers were neutral. But in 433 Athens made a defense 
alliance with a recalcitrant colony of Corinth, Corcyra, which lil 
a strategic position in the western seas and possessed a large fet 
of 120 triremes. This alliance infringed the principle but notte 
letter of the Thirty Years’ Treaty and resulted in a clash belts 
Athenian and Corinthian ships when Corinth and its allies d 
tacked Corcyra, In the ensuing winter Athens not only banned ot 
of these allies, Megara, from access to the eastern seas, which hl 
been guaranteed under the Thirty Years’ Treaty, but also 0 
one of its own allies, Potidaea, which was a colony of Corinth! 
break ой relations with its founder city and dismantle its se 
walls. These were no idle threats, because the fleet of Al 
dominated the Aegean basin, Nevertheless, Potidaea 
“Volunteers” from Corinth and its Peloponnesian allies 
Potidaea and enabled it to beat off an Athenian attack. m 

Corinth, Megara, and other states now maintained that А 
had committed aggression and had thus infringed the terms 
Thirty Years’ Treaty. They complained, therefore, to Sparta, id 
Spartans’ local interests were not involved. Vet their yr 
at the head of the Spartan alliance was endangered by T 
moves against two of its members, Corinth and Mem 
executive authorities at Sparta had already made а secre 
ment to help Potidaea, but this fact was not known to "m 
citizens when they met in the assembly to decide their atti! i 
large majority found Athens guilty of aggression. 
Sparta, meeting in a formal congress, confirmed Sparta a 
The two components of the Spartan alliance or, 2$ 1085 yt 
called, the Peloponnesian League, declared themselves nur" 
to war if the Athenians proved unwilling to withdraw 
on Megara and their order to Potidaea. yd 

The decision lay with Athens. The people were SW? opel 
leading statesman, Pericles (q.v.), who had himself m ed ee 
alliance with Corcyra and the ban on Megara. He er pu 
sembly against yielding to any demands made by L 
nesians. The majority accepted his advice. 
Sparta were rejected. А diplomatic deadloc! nel 
Athenians offered to accept arbitration on the points 3i ol 
The Spartans refused arbitration. In spring 431 an jc 
Thebes, made a treacherous attack on an ally of A d both 
The Thirty Years’ Treaty was flagrantly broken, E d A 
of power went to war. As Thucydides rightly observ "T 
mental cause of the war was the interaction of Me А 
growing power of Athens and the growing apprehen was! 

The First Part of the War (“Тһе Archidam $ 
421 B.C.).—The armies of Sparta and its allies W^ 


= 


of Athens. But they could be deployed for only a few 
ear, because the Spartans had to keep their serfs, the 
control, and the allied soldiers were needed on their 
‚ Spartans hoped to force a decisive battle on land. 
se there was little hope of success, for Sparta and its 
"relatively small fleets and no financial resources for 
ge numbers of warships. On the other hand, the fleet 
is, even without the squadrons of Lesbos, Chios, and 
was unrivaled; and the Athenians had large financial re- 
ссеѕэ to shipbuilding materials. Their infantry, though 
by the combined forces of their enemies, included a 
f 13,000 men, free to operate at any time and capable 
their neighbours individually, and a reserve force of 
‚ able to hold the massive walls which circled Athens 
us and linked the city with its port. 
la's lines of communication with its allies beyond the isthmus 
Phocis, and Locris—ran through the narrow corridor 
Megaris which separates Attica from the Corinthian 
"This corridor was threatened from the east by Athens and 
west by Athens’ ally Plataea. In their desire to control 
"the Thebans attacked Plataea in March 431. The 
. Athens evacuated the noncombatants from Plataea 
‘troops to reinforce the garrison. In May the Spartan 
Archidamus led the allied armies slowly into Attica and 
iged part of the plain north of Athens, hoping to provoke an 
ment. But on the orders of Pericles the Athenian popula- 
d the Athenian army were concentrated behind the walls of 
Although the troops wanted to attack, Pericles held 
back, He had no intention of offering battle then or later 
he superior army of the enemy. He proposed to conserve his 
s for a war of attrition during which the Athenian fleet would 
‘empire and Athens’ supplies and wear down the enemy 
ne raids. In June, therefore, before the Spartans left 
fleet of 150 triremes set off from the Piraeus. It raided 
of the Peloponnese and closed the mouth of the Corin- 
by winning over Cephallenia (Cephalonia), an island 
‘entrance to the gulf, as a base. Meanwhile a fleet of 30 
Tavaged the coast of Locris and garrisoned the island of 
tein the Euboean Channel, through which convoys passed to 
пап army blockading Potidaea. The people of Aegina were 
d, and the Athenians occupied the island, which held the 
to the Saronic Gulf. Thus the net of naval blockade was 
und the enemies of Athens and its own sea-lanes were 


iy of Pericles was a wise one in the opinion of 
lides, Tt safeguarded the city, the fleet, and the empire— 
if ces from which Athens drew its financial and naval strength. 
Meant the loss of property in Attica, which was relatively 

nt, it involved no risks for the Athenian army; and 
‘Was confident that he could maintain the morale of the 
. In 431 and subsequent years the army ravaged the 
Tn March 430 Pericles proclaimed his faith in Athens 
delivered a funeral speech in honour of the Athenian dead. 
tly afterward, when the Peloponnesian army was ravaging 
tal the second time, an unexpected blow fell on the crowded 
ў thens—a terrible plague which within three years killed 

d of its best troops and maimed many others, apart from its 
lie casu 1 the civilian population. Pericles himself was one of 
The power and the morale of the Athenians were 
Undermined, but they fought on with grim determination 
Chalcigic capturing Potidaea and instigating an extensive raid 
Ps a Macedonia by their ally, the Thracian king 

* the plague raged at Athens, the initiative lay with the 
ey tried to oust the Athenians from their bases in the 
s1a—Zacynthus, Cephallenia, Acarnania and Amphilochian 
Ог Суга, and, in the Gulf of Corinth, Naupactus—and thus 
E with Italy and Sicily, where they had allies and 
failed. Y . In 430, attacks on Zacynthus and Amphilochian 
Ў In 429 a large army of Peloponnesians, Ambraciots, 
med levies from the tribes of Epirus invaded Acarnania 
feat at Stratus. A Peloponnesian fleet of 47 war- 
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ships and smaller troop-carrying vessels, which had intended to 
join the attack on Acarnania, was intercepted as it sailed out of 
the Corinthian Gulf by an Athenian squadron of 20 warships based 
at Naupactus. When the Peloponnesian warships formed a circle, 
facing outward to protect the smaller vessels at the centre, the 
Athenian commander Phormion ordered his warships to row round 
the outside of the circle, which contracted and fell into confusion. 
Phormion then attacked and gained a remarkable victory. The 
Peloponnesian fleet then threatened Naupactus. But Phormion 
won another victory, and reinforcements from Athens soon reached 
Naupactus. Later in the year the Peloponnesians set out to raid 
the Piraeus by sea; but their courage deserted them and they 
raided the island of Salamis instead. The other objective of 
Sparta in 429 was Plataea. When diplomacy failed, the Spartans 
built a double wall round the town and imposed a blockade which 
was destined to last into 427, 

In 428 the Peloponnesians made no further move in the western 
area, but an important opportunity arose for intervention in Aegean 
waters. Lesbos, one of the two allies of Athens which had a fleet, 
was planning to revolt and allied itself in August with the Spartans, 
who undertook to invade Attica that autumn and to send help 
overseas to Lesbos. But the Athenians moved first, blockading the 
leader of the revolt, the city of Mytilene, with a squadron of 40 
ships, and ravaging the east coast of the Peloponnese with an 
army transported on 100 ships. The Peloponnesians failed to in- 
vade Attica or to send help to Mytilene. During the winter 
Mytilene was hard pressed by the Athenians. The oligarchs in the 
town who had organized the revolt found themselves threatened by 
the democratic party, and they surrendered to the Athenian com- 
mander on condition that the Athenian people should make a final 
settlement. A week later a Peloponnesian squadron of 42 ships 
crossed the Aegean Sea, learned of the surrender, and sailed igno- 
miniously home. The only success that Sparta gained during the 
years of the plague was the capture in 427 of Plataea, from which 
half the garrison had made a brilliant escape at night. The re- 
mainder surrendered, entrusting their fate to Spartan courts. 

The strain of war lowered the standard of humanity on both 
sides, The Athenians, incited by a violent orator, Cleon, ordered 
the execution of all adult males at Mytilene and the enslavement 
of the rest, Next day the assembly repented, The order was coun- 
termanded just in time, but even so a thousand ringleaders were 
executed, The Spartans condemned and executed the captured 
garrison of Plataea and the town was demolished by the Thebans, 
In Corcyra a terrible civil war, fanned by the intervention of a 
Peloponnesian squadron and later of an Athenian squadron, caused 
much loss of life and degenerated into guerrilla warfare, which 
lasted until 425. Supplies were now short in the Peloponnese, At 
Athens financial reserves were running low, and bitter animosity 
developed between the extreme democrats, led by Cleon, and the 
moderate party with which Thucydides and Aristophanes sympa- 
thized. 


In 427-424 the Athenians abandoned the cautious strategy of 
Pericles and engaged in a series of offensives. An attack on Melos 
failed (426). A squadron of 20 ships started operations in 427 
against Syracuse in Sicily, where Athens had allies, and gained con- 
trol of the Strait of Messina; 40 more ships were sent in 425, but 
the Sicilian states made peace among themselves in 424 and so 
ended Athenian intervention. An enterprising general, Demos- 
thenes, tried to extend Athens’ power in western Greece by at- 
tacking Leukas and invading Aetolia, where he suffered defeat, 
In 426 the Spartans retaliated. Campaigning along the northern 
coast of the Corinthian Gulf and then joining the Ambraciots in 
an attack on Amphilochian Argos, they hoped to reduce Acarnania 
and control the northwestern mainland. But Demosthenes came 
up with 20 Athenian ships, took command of the Acarnanians and 
Amphilochians, and inflicted a double defeat on Sparta and Am- 
bracia. His success was so great that the Acarnanians were alarmed 
and made a separate alliance with Ambracia. From this Athens 
derived no advantage. 

In 425, when the reinforcements were sailing to Sicily, Demos- 
thenes fortified Pylos, a rocky promontory on the west coast of 
Messenia, and stayed there with a small force. A Peloponnesian 
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fleet of 60 ships, which had been operating at Corcyra, hastened 
south to Pylos and landed 420 Spartans on an island, Sphacteria, 
hoping to blockade the promontory. The Athenian fleet returned 
suddenly, defeated the Peloponnesian fleet by surprise and isolated 
the Spartans on Sphacteria. Sparta then negotiated an armistice at 
Pylos, during which the Athenians were given possession of the 
Peloponnesian fleet as a guarantee of good faith. Sparta offered 
peace and alliance to Athens. Cleon persuaded the assembly to 
reject the offer in the hope of winning some decisive victory, and 
later in the year he was sent out to take command with Demosthenes 
at Pylos. There the Athenians, alleging a technical breach of the 
armistice, had refused to return the Peloponnesian ships but failed 
to land on Sphacteria. Cleon and Demosthenes, encouraged by a 
fire which burned the woods on the island, made a landing, fought 
the Spartans to a standstill, and obtained the surrender of 120 
Spartiates. 

Stripped of its fleet, shaken in morale, and threatened by helot 
risings in Messenia, Sparta was now at its lowest ebb. Athens tried 
to press home its advantage. During the voyage to Sicily the fleet 
from Pylos connived at a massacre of oligarchs at Corcyra. Nicias 
led successful raids by sea on the coasts of Corinth and Epidaurus 
and occupied Methana. In 424 he captured and garrisoned Cythera 
as a base for raiding Laconia. Demosthenes and Hippocrates came 
within an ace of capturing Megara and thus cutting the Pelopon- 
nese off from Boeotia, In the summer a triple attack was launched 
on Boeotia, but a failure in the timing and the slowness of the main 
force under Hippocrates at Delium enabled a Boeotian army of 
7,000 hoplites and 1,000 cavalry to force a battle, in which Hip- 
pocrates and 1,000 Athenian hoplites were killed. This disaster 
brought the Athenian offensive to an end. 

Meanwhile the Spartans broke out of the net in which the Athe- 
nians sought to enclose them. An able Spartan officer, Brasidas, 
having saved Megara from capture by Demosthenes and Hip- 
pocrates, led an army of Peloponnesian troops and freed helots into 
Chalcidice, an area neglected by Athens since the fall of Potidaea. 
There he raised city after city in revolt from Athens and in Decem- 
ber 424 captured Amphipolis, Athens' chief base in the northwest 
Aegean. Athens tried to stop the landslide by concluding a year's 
armistice with Sparta, but it proved ineffective in Chalcidice, where 
Brasidas continued to detach states from the Athenian empire. 
Afraid of more widespread revolt, the Athenians sent an army 
under Cleon's command to recapture Amphipolis in 422. It was 
decisively defeated; Cleon was killed, but so was Brasidas. 
Nicias, Cleon's rival, now persuaded the assembly to accept the 
overtures for peace that Sparta had been making since 425. A 
treaty of peace was accepted in 421 by Athens and Sparta, but not 
by four of Sparta's leading allies (Boeotia, Corinth, Elis, and 
Megara). Soon afterward Athens and Sparta entered into a de- 
fensive alliance, not of goodwill but of convenience. 

The Ineffective Peace, 421-415 B.C.— These years gave the 
Athenians an opportunity to seduce Sparta's allies and isolate Sparta 
by diplomacy. They failed to use it because they were split in- 
ternally by the rival policies of appeasement, led by Nicias, and of 
aggression, led by Alcibiades. The other states now distrusted both 
Athens and Sparta, but a breakaway group of Argos, Corinth, Elis, 
and Mantinea was too weak to withstand either great power, In the 
atmosphere of general mistrust the terms of the so-called Peace 
of Nicias were never implemented. Sparta managed to make an 
alliance with Boeotia, and Athens won over Argos, Elis, and 
Mantinea, but not Corinth, in 420. Sparta took military action in 
418, The Spartan army of 6,000 hoplites and the levies of Boeotia, 
Megara, Corinth, Tegea, and lesser allies outmaneuvered the forces 
of Argos (numbering 6,000 hoplites), Elis, Mantinea, and some 
lesser states and imposed an armistice on Argos. Sparta's allies 
had gone home when Argos received 1,000 hoplites and 300 cavalry 
from its ally Athens and reopened hostilities. At Mantinea the 
army of Sparta, aided by Tegea alone, inflicted a decisive defeat 
on Argos, Mantinea, and Athens, and rapidly reestablished the 
Spartan alliance as it had been in 431. The feeble intervention of 
Athens in the Peloponnese with a mere 1,000 hoplites had lost 
the chance of diplomatic or military success on land. Meanwhile 

in the north, Amphipolis and Chalcidice remained independent and 
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hostile. The war party at Athens now favoured adventure 

In 416 Athens attacked Melos, which refused to renounce ng is 
and accept Athens’ rule. When Melos capitulated, poe 
sacred the adult males, enslaved the rest, and gave the island to 
Athenian settlers. In 415 the Athenians sent out a great ar » 
to conquer Sicily. These acts showed that their methods es 
unscrupulous and their ambitions were unlimited, They beni 
the end of the Peace of Nicias. 

The Second Part of the War, 415-404 B.C. This Was decided 
at Syracuse and at sea. On this element the Athenians began wi, 
complete supremacy. In all they committed 200 warships to jy 
gamble in Sicily, and left their home fleet dangerously weak, Te 
expeditionary force in Sicily was commanded by three incompatiy 
generals, Alcibiades, Lamachus, and Nicias. Alcibiades was s 
recalled on a charge of sacrilege; he escaped and transferred 
services to Sparta. Lamachus was killed in action, Nicias wassup 
affected by illness. In 414 the first attempt was made {0 dr 
cumvallate and blockade Syracuse by land (for Athens held cog 
mand at sea); it failed, mainly because a Spartan, Gylippus, wii 
nearly 3,000 troops slipped through the Athenian lines and enabled 
the Syracusans to defeat the Athenian land forces, which had lal 
only a small margin of superiority. Nicias then concentrated ii 
army in defense of the naval base by the great harbour and advie 
Athens to recall the expedition. He was told to await гелій 
ments, 

In July 413, when Nicias had lost his naval base and ben ® 
feated at sea, Demosthenes arrived with a large force, It m 
essential to establish military superiority at once. Demosth 
therefore launched a night attack, suffered a severe defeat, ші 
wished to sail home. Nicias now refused to go. A month Ш 
Nicias agreed to sail; but an eclipse of the moon occurring @ 
Aug. 27, 413, Nicias accepted his soothsayers' advice to stay “ш 
nine days.” While he stayed, the fate of the expedition was 
in the Great Harbour; the morale of the Athenian navy was broke 
by a single defeat and the whole force attempted to escape 08 
land. It suffered complete destruction. Mismanagemenl, it 
cision, and panic thus cost Athens more than 200 warships 
crews totaling about 35,000 men, a fine army including 4 
Athenians, and much material and treasure. А 

The Spartans and their allies declared war in 414. On the adit 
of Alcibiades, they established a fortified post at Decelea in 
ern Attica which denied the Athenians the use of Attica and 
them import all foodstuffs by sea at great expense. The Al 
disaster in Sicily gave Sparta hope of winning at se i 
Alcibiades’ help the Spartans entered into alliance with the 
of Persia, who could provide bases and money; they wert 


by Chios, Miletus, and other states which revolted e © 


ply, sc 


Athenians showed great energy; 
Samos as their main. base, and covered their chief line i 


through the Hellespont. In 411 Abydos in the Helene " 
with the help of a Spartan force and Persia. At Е Aci 
Persian king adopted a waiting game on the advice 0 pe й 
who suggested that he let the Greeks wear one another 0% sl 


use his wealth to end the war at his pleasure. Alcibiades n 

his own recall to the Athenian fleet at Samos. He ber اا‎ 
moting an oligarchic revolution which developed party id fff 
hypothesis that as an oligarchic leader he could oe ков 


Persia. Oligarchy at Samos was short-lived hata feet, M 
democratic leaders appointed Alcibiades genet pio айй 


while at Athens an oligarchy seized power, ru 
negotiated with Sparta for terms of peace. It was es ape 
a popular rising, and a moderate government, known crt 

thousand,” took its place and cooperated with the Lr inachi í 
at Samos. The slowness of Sparta and the delibera н is 
Persia gave Athens the chance to ride out the UU AQ 
in Sicily and of revolution at home. Late in 411 at (id 
won their first victory against the Peloponnesian E 

sema in the Hellespont. Two more victories followeC "m. 
the main enemy fleet out of action for three years: d deni 
two governments at Samos and Athens in a restore shed we 

The democratic leaders, especially Cleophon, P 


aa 


he finish by rejecting the terms which Sparta repeatedly of- 
and by attacking those who advocated negotiation as oli- 
‘hs, Neither side had the money to outdo the other, Alcibiades 
jt home in triumph in 407, but Persia chose to subsidize the 
dmiral, Lysander, who equipped 90 ships and defeated an 
п fleet. Alcibiades was held responsible by the Athenians; 
into exile in 406. By tremendous efforts the Athenians 
d further defeats at sea, manned 150 ships, and won a battle 
nusae in which about 20,000 Greek lives were lost. The 
policy of attrition was now coming to an end. In 405 the 
û prince Cyrus enabled Lysander to man 200 ships. He 
ted the Hellespont, drew the Athenian fleet of 180 ships after 
mand caught them ashore in a sudden attack at Aegospotami. 
t ships escaped. The Athenian navy was no more, The 
advance of Lysander to the Piraeus and the blockade im- 
from Decelea starved the Athenians into final submission, but 
er Cleophon had been executed and the way had been pre- 
for an oligarchic government. In April 404 Lysander's troops 
to demolish the walls of the Piraeus. Athens was to be 
ui bare of empire, fleet, and fortifications, so that it should 
‘try again to enslave the Greek states. 
Spartans owed their victory to the tenacity of their gov- 
ment, their excellent infantry, and their power of leadership, 
soto the fighting quality of the Syracusans and to the gold of 
Мог which Sparta promised to sacrifice the liberty of the 
yin Asia. The Athenians owed their failure to instability 
nment and temperament, mistaken policy, incompetent 
ship, and declining morale. Although the principle of na- 
independence was strikingly vindicated by the outcome, the 
strength of the Greek states was fatally weakened and the 
ogressive and civilized state was reduced to impotence. 
references under “Peloponnesian War" in the Index. 
APHY,—Ancient sources: Thucydides; Aristophanes; 
on, Hellenica, i-ii; Pseudo-Xenophon, Constitution of Athens; 
t Constitution of Athens, 28-34; Hellenica Oxyrhynchia, 11-12; 
Siculus, 12, 30-14, 3; Plutareh, Pericles, Nicias, Alcibiades, 
Cornelius Nepos, Alcibiades, Lysander, Thrasybulus. Jn- 
M.N. Tod, Greek Historical Inscriptions, i, part iv, 2nd ed. 
Coins: B. V. Head, Historia Numorum, 2nd ed. (1911). Mod- 
hs: В. W. Henderson, The Great War Between Sparta and 
M (1927); F. E. Adcock and W. S. Ferguson in The Cambridge 
istory, vol. v, ch. 8-12, with bibliography (1927) ; J. B. Bury, 
Y 0f Greece to the Death of Alexander the Great, 3rd ей, rev, 
eiggs, ch. 10-11 (1951); H, Bengtson, Griechische Geschichte, 
» With bibliography (1950); №. G. L. Hammond, A History 
10.322 B.C., book iv, ch. 4-5 (1959). (N. G. L. H.) 
FELOPS, legendary founder of the Pelopid dynasty at My- 
Ше in the Greek Peloponnese (Peloponnesus), which was 
to take its name from him, He was the grandson of Zeus, 
s Tantalus, and brother of Niobe. Thucydides speaks of him 
who won influence in Greece by his wealth, He was 
ve a shoulder of ivory, because his father, Tantalus, on 
Í intimacy with the gods, had served his son up to them 
"quet; though only Demeter—distracted by grief at the 
daughter Persephone—ate of the dish, the gods needed 
бе the shoulder when they brought Pelops back to life. 
Olympian i) refuses to believe this story and offers an 
lle alternative, showing how free poets felt to change tradi- 
Sunts, Poseidon loved Pelops and took him up to heaven. 
Y feast was merely malicioüs gossip to account for his 
ance, Unlike Ganymede, however, Pelops had to return 
life because his father abused the favour of heaven by 
nectar and ambrosia, of which only gods partake, to mere 
Nothing daunted, Pelops strove for the hand of Hip- 
» daughter of King Oenomaus of Pisa in Elis. Oenomaus 
hallenge his daughter's suitors to a chariot race, with 
mia the prize of victory and death the price of defeat. 
us had already won on at least 12 occasions, since his 
Chariot were the gift of his father, Ares. Pelops, how- 
А а chariot from: Poseidon, won the bride and killed 
hus far Pindar. 
hostile versions, Pelops bribed Oenomaus' charioteer, 
© replace Oenomaus' linchpins with wax dummies, and 
Victory threw Myrtilus into the “Myrtoan” sea near 
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Geraestus in Euboea to avoid paying what he had promised—in 
some versions the favours of Hippodamia. Myrtilus—or Oeno- 
maus—was said by some to have uttered the curse that dogged 
the Pelopid house of Atreus. (For the history of this house, see 
ATREUS; AGAMEMNON.) Pelops was sacrificed to as a hero at 
Olympia as part of the festival of the games, with which he and 
his charioteering are obviously connected. His tomb was shown 
there. (G. E. Dx.) 

PELOTA: see Jar-Arar. 

PELOTAS, a port in the state of Rio Grande do Sul, Braz., 
located on the left bank of the Canal de São Goncalo, the river 
that connects Lagoa Mirim with Lagoa dos Patos. The population 
in 1960 was 121,280, Pelotas was founded in 1830 and became a 
city in 1835. Together with the port of Rio Grande, 32 km, (20 
mi.) SSE, it serves as the transfer point between lake and ocean 
shipping. Ocean steamers, after crossing the bar at the outlet of 
Lagoa dos Patos, can reach both Rio Grande and Pelotas but cannot 
reach Pérto Alegre fully loaded. Pelotas also serves as the chief 
port for the cattle-ranching area of southern Rio Grande do Sul, It 
is Brazil's largest producer of xarque, or jerked beef, and has meat- 
packing plants, flour mills, tanneries, and factories producing lard, 
soap, candles, shoes, and furniture. Wool, hides, dairy products, 
rice, and timber are exported from Pelotas, The city is connected 
by rail and highway with Rio Grande, with Bagé, and with the 
Uruguayan border at Jaguarão. It is reached by lake steamer from 
Pórto Alegre and is served by Brazilian and international airlines, 

(P. E. J.) 

PELTIER, JEAN CHARLES ATHANASE (1785- 
1845), French physicist, whose discovery (1834) that an electric 
current produces, according to direction, either heat or cold at 
the junction of two dissimilar metals in a circuit is called the 
Peltier effect, Peltier is also remembered for introducing the 
concept of electrostatic induction. He was born at Ham (Somme), 
France, on Feb. 22, 1785, and became a clockmaker, He died in 
Paris on Осі. 27, 1845. See ELECTRICITY, ATMOSPHERIC: History; 
Heat: Radiation: Absolute Radiometers. (D. McK,) 

PELUSIUM, an ancient Egyptian city on the most easterly 
(now silted) mouth of the Nile, probably called by the Egyptians 
Sa'inu and also Per-Amun, "House of Amon," whence perhaps the 
modern name of the site, Tell Farama, about 32 km. (20 mi.) SE 
of Port Said. In the late period of pharaonic history Pelusium re- 
placed Sile as the frontier fortress against Palestine and as a 
customs post for Asiatic goods, Cambyses the Persian was the 
first of many invaders to meet with resistance there. In Roman 
times it was a station on the route to the Red Sea, (M. S. Dr.) 

PEMBA, an island in the Indian ocean off the east coast of 
Africa, forming part of the United Republic of Tanzania (q.v.), lies 
about 25 mi. (40 km.) NNE of Zanzibar Island and 30 mi, (48 
km.) from the coast of Tanganyika. Area, including offshore islets, 
380 squmi, (984 sq.km.). Pop. (1958 census) 133,858, mostly 
Africans (including the aboriginal Pemba or Wapemba) but with 
a large Arab minority and some Indians, Formed and detached 
from the continent in the Miocene Age, Pemba is based upon vari- 
биѕ limestones including coral, Much of the island consists of 
small but steep undulating hills, and the western and southern 
coastline is deeply indented with creeks and bays characterized by 
dense mangrove vegetation, The rainfall is greater than that of 
Zanzibar but the climate is similar, Figures for Wete, the capital, 
are: mean annual rainfall 77 in., mean maximum temperature 
30° C (86° F), mean minimum 23° C (73° F). 

Pemba has evidence of 10th~16th-century Persian settlement 
and the indigenous people claim Persian affinity, calling themselves 
Shirazis. The Portuguese built settlements there in the 16th and 
17th centuries, introducing the black domestic pig, which is now 
wild, and bullfighting, which is still practised. In the early days 
of Arab supremacy the Mazrui Arabs regarded themselves as inde- 
pendent of Zanzibar. Even when Pemba came under the sultan 
it remained a stronghold of slavery and slave running until the end 
of the 19th century. Much of Pemba is extremely fertile and it 
produces more than three-quarters of the republic’s clove crop. 
There are three small towns: Wete in the north, Chake Chake in 
the centre and Mkoani in the south. Wete and Mkoani have good 
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port facilities. There are 70 mi. (113 km.) of motor roads. There 
is a small airstrip near Chake Chake and the island is in wireless 
contact with Zanzibar from which a weekly shipping service op- 
erates. (F. B. Wr.) 

PEMBROKE, EARLS OF. The title of earl of Pembroke 
has been held successively by several English families. The earl- 
dom, created in 1138, was conferred by King Stephen on GILBERT 
pe CLARE (d. c. 1148), who inherited the lordship of Chepstow 
(or Striguil) from his uncle, Walter. In the civil war, Gilbert at 
first supported Stephen against the empress Matilda, but he was 
involved in Geoffrey de Mandeville's conspiracy in 1142 and re- 
belled against the king in 1147. From his son RICHARD (d. 1176) 
the earldom passed to WILLIAM MARSHAL (d. 1219), who mar- 
ried Richard’s daughter and heiress, Isabel (d. 1220). (See PEM- 
BROKE, RICHARD DE CLARE, 2nd earl of; PEMBROKE, WILLIAM 
MARSHAL, Ist earl of.) 

William Marshal's five sons succeeded in turn to the earldom 
and all died childless. His eldest son, Earl WrrLiAM (d. 1231), 
was one of the 25 barons appointed in 1215 to safeguard the 
keeping of Magna Carta. In 1223 he defeated the Welsh prince 
Llewelyn ab Iorwerth and checked the extension of his power; his 
second wife, Henry III's sister, Eleanor, later married Simon de 
Montfort. Earl Ricwarp (d. 1234) led in 1233-34 the baronial 
opposition which compelled the dismissal of the king’s Poitevin 
ministers, Peter des Roches and Peter des Rivaux. While defend- 
ing (Feb. 1234) his Irish possessions, which had been acquired by 
the marriage of Earl Richard de Clare (d. 1176) to Eva, daughter 
of Dermot Mac Murrough, king of Leinster, he was captured at 
Kildare and died of his wounds soon afterward, on April 16. The 
next earl, GILBERT, received fatal injuries in a tournament in 1241; 
ANSELM (d. 1245), the last earl of the Marshal line, survived his 
brother, Earl WALTER (d. Nov. 24, 1245), by less than a month, 
and was never invested with the earldom. The family's great es- 
tates in England, Wales, and Ireland were then divided among 
Anselm's five sisters and their descendants. 

The earldom of Pembroke was revived for Henry III's favourite 
half brother, WILLIAM DE VALENCE (d. 1296), fourth son of Hugh 
X de Lusignan, count of La Marche, by his marriage with King 
John’s widow, Isabella of Angouléme (d. 1246). William, with 
his brothers, Guy and Aymer, came to England in 1247 and he was 
married on Aug. 13 to Joan de Munchensy (d. 1307), a niece of 
Earl Anselm; her share of the Marshal lands included the lordship 
of Pembroke. He was one of Henry III's 12 representatives on 
the Committee of 24 which drafted the Provisions of Oxford 
(June 1258) ; later, his resistance to the Provisions resulted in his 
expulsion from England on July 14. He returned to England at 
Easter 1261. After the royalist defeat at Lewes on May 14, 1264, 
he escaped to France and his landing in the lordship of Pembroke 
in May 1265 began the campaign which led to De Montfort’s death 
at the Battle of Evesham on Aug. 4. His loyalty to the king was 
rewarded by grants of forfeited estates and in 1270 he accom- 
panied the future Edward I on his crusade. He served in the 
Welsh wars of 1277 and 1282-83, and in 1279 was the king’s rep- 
resentative when the Agenais was transferred to Edward I by 
Philip III of France. Although not formally created earl of Pem- 
broke, he was sometimes styled as such in Edward I’s reign and 
was summoned to Parliament as earl in 1295. 

AYMER DE VALENCE (d. 1324), William’s third and only surviv- 
ing son, was regarded as having succeeded to the earldom after the 
death of his mother, Joan, in 1307. He was one of the lords or- 
dainers in 1310-11, but in 1312 he joined the court party and was 
Edward II's chief adviser until 1314. As leader of the baronial 
“middle party,” he was again virtually head of the administration 
between 1318 and 1321. After the royalist victory at Borough- 
bridge in 1322, his influence was replaced by that of the Des- 
pensers. He died childless in 1324; his second wife, Mary of St. 
Pol (d. 1377) founded Pembroke College, Cambridge. 

The next earl, Aymer's great-nephew, LAURENCE (1320-1348), 
Lord Hastings, was recognized by Edward III in 1339 as having 
inherited the lordship of Pembroke as a county palatine. His son, 
Joun (1347-1375), captured by the Spanish in the Battle of La 
Rochelle in June 1372, died shortly after being ransomed three 
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years later. His son JoHN (1372-1389), the last Hasti 
Pembroke, died without issue while still a minor, and his ti 
came extinct. ls 
After being held from 1414 to 1447 by HUMPHREY (1390-1 
duke of Gloucester, and subsequently by WILLIAM pg 1, Mn 
(1396-1450), Ist duke of Suffolk, the earldom of Рел 
granted, probably on Nov. 23, 1452, to Henry VI's half pal 
JASPER TUDOR (c. 1431-1495), who became the leading sy 
of the Lancastrian cause in Wales during the Wars of the Roy 
(see Tupor). His defeat at Mortimer’s Cross on Feb, 2 | 
opened the way for Edward of York to advance to London ш 
dethrone Henry VI; in Edward IV’s first Parliament in Deceme 
1461, Jasper was attainted and his earldom forfeited, The yy 
holder of the title was SIR WILLIAM HERBERT (с, 1423-1469) d 
Raglan Castle, who was granted the lordship of Pembroke by Bb 
ward in February 1462; on Sept. 8, 1468, having defeated Јак 
Tudor’s raid into North Wales and captured the sole теі 
Lancastrian stronghold of Harlech Castle, Herbert was crei 
earl of Pembroke, He incurred the hostility of Richard Neil 
earl of Warwick, and was executed, after the Battle of Edger 
on July 27, 1469. His son, WILLIAM HERBERT (c. 1455-14] 
received in 1479 the earldom of Huntingdon in exchange for tht 
of Pembroke, which Edward IV conferred on his heir, the fu 
Epwarp V. Jasper Tudor returned from exile to fight at Вой 
in 1485; on Henry VIIs accession he recovered his earldom d 
Pembroke and soon afterward was created duke of Bedford; W 
as a result of his death without heirs in 1495 the earldom of Fem 
broke once more reverted to the crown. (T. B.P) 
ANNE BOLEYN (с. 1507-1536) was created marchioness of Pee 
broke on Sept. 1, 1532, shortly before her marriage with Han 
VIII. 
The title of earl of Pembroke was next revived in favour f 
Sim WILLIAM HERBERT (с. 1506-1570), whose father, Richard w 
an illegitimate son of Sir William (d. 1467), 1st Herbert eid 
Pembroke. His first wife, Anne Parr, was a sister of Cutis 
Parr who married Henry VIII in 1543. In January 1544 Sir We 
liam was granted the rich estates formerly belonging to 
Abbey. Appointed a governor to the young king Edward V. 
William helped to suppress the rebellion in Devon and 
in 1549, and supported John Dudley, earl of Warwick (aft 
duke of Northumberland), against the duke of Somerset. nb 
ber 1551 he was created Baron Herbert of Cardiff and 
Pembroke. After Edward VI's death he did homage to L 
Grey, but withdrew his allegiance in time to attend the prt » 
tion of Mary І іп London. Mary made him a privy count 
he led her troops against the rebel Sir Thomas Wyat early in ү 
On the accession of Queen Elizabeth I Pembroke contin 
member of the privy council and from 1568 until his 
steward of the royal household. Imprisoned in Septem. 
for having favoured a proposed marriage between ci PO 
and the duke of Norfolk, he was quickly released. He 
Hampton Court on March 17, 1570. Cou 
His son HENRY (c. 1538-1601) was president of E. it 
Wales from 1586 until 1601 and in 1586 was a commissi 
the trial of Mary Stuart. He married in 1577, 25 his gu 
Mary Sidney, the famous countess of Pembroke (4%. b "T 
at Wilton House on Jan. 19, 1601, and was succeeded 0 
WiLLiAM (1580-1630). William was lord dés 
royal household (1615-26) and lord steward (1626-30). 
a lively interest in colonial and trading projects an ш a 
councilor for the colony of Virginia. He was b 
various companies established to discover the Nort Й 
Не was chancellor of Oxford University from 
when, in 1624, Broadgates Hall was refounded by 
and Richard Wightwick, it was named Pembroke t , 
him. (For his identification by some Shakespear’ qiii 
tors with the “Mr. W. H.” of the dedication in the 
Shakespeare’s sonnets, see SHAKESPEARE, ушын 
He died without issue on April 10, 1630, and was e 
brother Рнилр (1584-1650). Philip was for m 
vourite of James I and was created Baron Herbe 4 1% 
the Isle of Sheppey and earl of Montgomery OF m 


Twe 


w 


= 


les I at York as captain general of a regiment of 
during the Bishops’ Wars of 1639 and 1640, but joined the 
ment before the outbreak of the Civil War. Later he 
governor of the Isle of Wight, and represented Parlia- 
(їп negotiations with the king at Uxbridge in 1645, at Newport 
‘and when Charles was surrendered by the Scots in 1647. 
‘services to the parliamentary cause he was voted a duke- 
by P liament on Dec. 1, 1645, and was elected to the House 
5 as a member for Berkshire in 1649. He died at West- 
on Jan. 23, 1650. 
great-grandson THOMAS (c. 1656-1733), 8th earl of 
Herbert creation, commanded the trained bands of 
shire and Wiltshire gathered at Chippenham to oppose the 
led by the duke of Monmouth in 1685. After the flight of 
Tl in 1688 and the landing of William of Orange, Thomas 
the prince at Henley-on-Thames an invitation signed by 
peers and privy councilors. He, who formed the greater 
of the collection of pictures at Wilton House, died in London 
“th Jan. 22,1733. His son Henry (с. 1689-1750) was largely re- 
sible for the erection of Westminster Bridge. Henry's great- 
ROBERT Henry (1791-1862), 12th earl, died without 
the title passed successively to his nephews, GEORGE Ros- 
‘gt CHARLES (1850-1895) and SIDNEY (1853-1913), the sons of 
‘Herbert, ist Baron Herbert of Lea, half brother of Robert 
SIDNEY CHARLES HERBERT (1906— ), the present earl, 
grandson of Sidney (1853—1913). 
HY,—G. T. Clark, The Earls, Earldom and Castle of Pem- 
1880); J. E. Lloyd, A History of Wales, 3rd ed. (1939); C. 
Simon de Montjort, trans. by E. F. Jacob (1930) ; R. F. Tre- 
"he Baronial Plan of Reform, 1258-1263 (1932); H. S. Snell- 
The Lusignans in England, 1247-1258 (1950); J. Conway 
The Baronial Opposition to Edward II (1918) ; H. T. Evans, 
and the Wars of the Roses (1915). 
ROKE, MARY HERBERT, Countess or (1561- 
1), “the subject of all verse,” as she is called in a famous epi- 
Wis the sister to whom Sir Philip Sidney (q.v.) dedicated 
ited Arcadia, and was herself a patroness of the arts and 
She was born at Ticknell Palace, near Bewdley, 
lershire, on Oct. 27, 1561, the fifth child of Sir Henry and 
Maty Sidney. In 1575 Queen Elizabeth I invited her to 
Е Promising to have “a special care” of her, and in 1577 she 
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Herbert, second earl of Pembroke; their sons, Wil- 
Philip, were the “incomparable pair of brethren” to whom 
гез First Folio (1623) was dedicated. (See PEMBROKE, 
yet her marriage, Lady Pembroke lived mainly at Wilton 
Near Salisbury, Wiltshire, becoming so well-known for her 
Of writers and scholars that, as John Aubrey says in his 
< ;"in her time Wilton House was like a college, there 
‘0 many learned and ingenious persons." Among them were 
2 rt, the chemist and astrologer; Thomas Moffet, the 
ЙЫП, poet, and entomologist; and Samuel Daniel, the poet 
& her rian, who was tutor to her sons, Others who praised her 
k patronage of their art were Spenser, Drayton, Nicholas 
omas Watson, John Davies of Hereford, and William 
Tavistock, who wrote the epitaph on her. 
brother’s death in 1586, Lady Pembroke undertook 
К E tion of his works and completed the verse translation 
| Psalms of which he had left the first 43. She also translated 
Thier's tragedy Marc-Antoine (Antonius) and Philippe 
ornay's Discours de la vie et de la mort (A Discourse 
: d Death) (both 1592) and made a most elegant version 
d of Petrarch's Trionfo della morte. She played the 
Thomas Morley dedicated to her his Canzonets (1593). 
gentle, generous and accomplished, she was the most 
after the queen herself, of Elizabethan femmes savantes, 
to Р, Compared (in Breton’s dedication to her of his Pil- 
0 Paradise, 1592) with the duchess of Urbino, patroness 
“are Castiglione: in the chorus of contemporary praise, 
Rot once a discordant note. 
‚ STDbroke died in London on Sept. 25, 1621, and was 
Salisbury Cathedral, 


"В. Young, Mary Sidney, Countess of Pembroke (1912); J. 
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Buxton, Sir Philip Sidney and the English Renaissance, 2nd ed. (1964). 
(E. J. M. By.) 

PEMBROKE, RICHARD DE CLARE, 2np Ели. or (c. 
1130-1176), known as “Strongbow” and usually styled earl of 
Striguil, son of Gilbert de Clare, 1st earl, succeeded to his father’s 
estates in 1148 but had forfeited or lost them by 1168, Probably 
in that year Earl Richard agreed to help Dermot Mac Murrough, 
king of Leinster, who had been driven from Ireland in 1166 and 
had gained permission from Henry II to raise forces in Britain, 
Dermot in return promised Richard his daughter Eva in marriage 
and the succession to the kingdom of Leinster. Richard, some of 
whose vassals had gone on ahead, crossed to Ireland probably in 
1170. He took Waterford and Dublin and married Eva. The 
death of Dermot, in May 1171, provoked a general rising and 
Richard was besieged in Dublin by the king of Connaught (Con- 
nacht) for almost two months. Meanwhile Henry II became un- 
easy at his vassal's success; Richard crossed to England to meet 
him and agreed to surrender Dublin and the other coastal towns 
and to do homage for the remainder of Leinster. He returned to 
Treland with Henry in October 1171. 

In 1173 Richard went to Normandy to help Henry II against 
the rebels of 1173-74. He was at the relief of Verneuil in August 
1173. Henry probably made him constable of Gisors, and re- 
warded his loyalty with the grant of Wexford and the custody of 
Waterford and Dublin. Later Henry committed the whole of Ire- 
land to his care. Richard unsuccessfully invaded Munster in 1174, 
but his supremacy was eventually recognized in Leinster. He died 
in Dublin on April 20, 1176, and was buried in Holy Trinity Church 
(afterward Christ Church Cathedral). His son Gilbert de Striguil 
died unmarried, certainly before 1189, and as a minor was never 
styled earl. The earldom passed with Richard's daughter Isabel 
(d. 1220) to her husband William Marshal (c. 1146-1219). 

BIBLIOGRAPHY ~—G, H. Orpen (ed.), The Song of Dermot and the 
Earl (1892), Ireland Under the Normans, vol, i (1911); E. Curtis, 
A History of Medieval Ireland from 1014-1513, 2nd ed. (1938), 

PEMBROKE, WILLIAM MARSHAL, ist Ели: or (с. 
1146-1219), rector regis et regni (governor of the king and of the 
kingdom) during the first years of Henry III's minority, was the 
fourth son of John (FitzGilbert) the Marshal (d. 1165). As a 
youth he was in the household of William de Tancarville, cham- 
berlain of Normandy, but in 1167 he passed into the service of 
his uncle, Earl Patrick of Salisbury, after whose death (1168) he 
entered the service (1170) of Henry Fitzhenry, the young king. 
From about 1187 he was in the service of Henry II, who promised 
him for wife Isabel (d. 1220), heiress of "Strongbow," Richard 
de Clare, earl of Striguil or Pembroke, She was later granted to 
him by Richard I. Occasionally termed earl during Richard's 
reign, he seems not to have been formally recognized as such until 
King John’s coronation (May 27, 1199). He succeeded his brother 
as marshal of England in March 1194, William Marshal, regarded 
as the foremost knight of his time, by whom the young king chose 
to be knighted, had a predominantly military career. But he was 
one of the four barons who, with William Longchamp, bishop of 
Ely (superseded in October 1191 by Walter of Coutances, arch- 
bishop of Rouen), were constituted a council of regency during 
Richard's absence on crusade, and he occasionally sat on the bench 
at Westminster. In the early years of John’s reign he was continu- 
ously engaged in fighting, both in England and in Normandy and 
Gascony, but from 1207 to 1213 he was mostly in Ireland adminis- 
tering the vast lordship of Leinster which his wife had brought 
him and which he seems not to have visited previously. He se- 
cured the adhesion (c. 1212) of the Irish barons to a declaration 
supporting John in his quarrel with Innocent ILI, and after his 
return to England (April 1213) he consistently supported the king 
and was with him at Runnymede in June 1215. 

On John’s death (October 1216) William Marshal was appointed 
guardian (rector) of the king and the realm and, together with the 
papal legate who represented Henry ПГ» feudal superior, Ho- 
norius III, he was the virtual ruler of England, He pursued a pol- 
icy of conciliation and moderation. Magna Carta was reissued 
(1216 and 1217), shorn of the obnoxious clauses directed against 
the late king, After his defeat of Louis of France and the dissident 
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barons at Lincoln (May 20, 1217), and the defeat off Sandwich 
(August 1217) of a French fleet bringing reinforcements, the 
Treaty of Kingston was concluded (Sept. 12, 1217). Louis with- 
drew, a general amnesty was granted, and the normal machinery 
of government was restored. The extent of William’s participa- 
tion in the administration between 1217 and 1219 is uncertain, 
though he did not relinquish control. He was, however, feeling 
the weight of years, and he died at Caversham, Berkshire, on May 
14, 1219. 

BIBLIOGRAPEY.—L’ Histoire de Guillaume le Maréchal, ed. by P. 
Meyer, 3 vol. (1891-1901), which was written c. 1225, is indispensable 
but of unequal value; largely based on it is S. Painter, William Marshal 
(1933). See also L. Landon, Itinerary of King Richard I (1935). 

PEMBROKE, a municipal borough in Pembrokeshire, Wales, 
comprises the two towns of Pembroke and Pembroke Dock, 13 mi. 
apart, on the southern banks of Milford Haven 42 mi, (68 km.) W 
of Swansea. Pop. (1961) 12,737; Pembroke c. 4,500, Pembroke 
Dock c. 8,300. 

Pembroke town, now primarily an agricultural and tourist cen- 
tre, was incorporated by royal charter in 1090 and was once a 
walled town. Parts of the walls and some of the towers are still 
standing. The town is built on a limestone ridge around the long 
Main Street, at the western end of which is the castle. Surrounded 
by the tidal waters of the Pembroke River on the western and 
northern sides, the castle was originally a fortress. It was built 
by Arnulf de Montgomery in 1090, and in the 12th and 13th cen- 
turies it was enlarged by the earls palatine of Pembroke who made 
it their chief seat. Henry VII was born there in 1457. The castle’s 
main feature is the circular vaulted keep built c. 1200 by William 
Marshal, earl of Pembroke, which is 75 ft. (23 m.) high, with walls 
19 ft. (6 m.) thick at the base. The Church of St. Nicholas, known 
as Monkton Priory, was given by Arnulf de Montgomery to the 
abbey of Sées in Normandy in 1098 and became established as a 
Benedictine priory. The church was fully restored in 1882, Of 
the priory buildings the Old Hall and dovecote remain. St. Mary's 
Church, with a massive Norman tower, was founded in 1260. 

Pembroke Dock, primarily industrial, was built as a result of 
the establishment of a royal dockyard in 1814 on the banks of 
Milford Haven. The town became a garrison town and still re- 
tains a military barracks. The dockyard closed in 1926, and the 
major part of the yard was handed over to the Royal Air Force in 
1931 and used as a flying boat base until 1959. The Royal Navy 
still retains a small base in part of the old dockyard. Pembroke’s 
main industries are ship-repairing, light engineering, and a woolen 
mill. (R. D. L.) 

PEMBROKESHIRE (Sir Benrro), the most westerly 
county of south Wales, is bounded northeast by Cardiganshire, 
east by Carmarthenshire, south by the Bristol Channel, and west 
and northwest by St. Bride’s Bay and Cardigan Bay of St. George's 
Channel, The coastline is much indented and more than 160 mi. 
(257 km.) in length. The geographical area is 614.3 sq.mi. (1,591.0 
sq.km.). Pop. (1961) 93,980. 

From Haverfordwest (q.v.), the county town and main market- 
ing centre, no fewer than ten roads radiate to all parts of the 
county. Fishguard and Milford Haven have the two most westerly 
railway termini in Wales. St. David’s, nominally a city by pos- 
session of a cathedral, is in fact no more than a small village. 

Physical Features.—Much of the county consists of undulat- 
ing or hilly pasture land, the highest ground being in the north, 
where the Prescelly Hills (Mynydd Preseli) reach 1,760 ft. 
(536 m.). There are numerous streams, but the only rivers of 
importance are the East and West Cleddau, whose estuaries merge 
about 4 mi. (6 km.) SE of Haverfordwest and extend south to 
Milford Haven, thus severing direct communication between the 
Pembroke peninsula and the rest of the county. There are mag- 
nificent cliffs along the south coast, gray Mountain Limestone al- 
ternating with Old Red Sandstone. The long, narrow inlets rep- 
resent drowned valleys and there are many sandy bays. There are 
submerged forests in the vicinity of Amroth. The north and south 
arms of St. Bride's Bay are prolonged by groups of small islands, 
of which Skokholm, Skomer, and Grassholm are well-known breed- 
ing places of seabirds. The islands are protected, and the Council 
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for the Promotion of Field Studies has established a centre at 
Head, inside the northern entrance to Milford Haven, Du 

The region falls naturally into an upland northern secti 
older rocks and a lowland southern section of somewhat lon 
rocks. In the north the rocks range from Precambrian ney 
David's to the Ordovician and Silurian, forming the mass P X 
Prescelly Hills. The general strike of the beds is suede 
northeast. From the Carmarthenshire border westward the * 
of the northern section of the county become older and older 
Silurian, Ordovician, Cambrian, and finally Precambrian rai 
and volcanic rocks near St. David's. As the rocks get older t 
the west, the elevation of the hills becomes reduced, terminating 
on the coast in numerous headlands, islands, and bays, 

The rocks of the north and west are interspersed with Т 
material such as the gabbros and diabases of Strumble Head, fi, 
guard, Llanwnda, and Prescelly; diorites northwest of St, Davids 
bostonites and porphyrites about Abercastle, and the basaltic ly. 
colite of Pen Caer, besides various contemporaneous acid lavas inf 
tuffs. The Ordovician and Silurian rocks extend southward to! 
neighbourhood of Narberth and Haverfordwest.  Silver-beary 
lead has been mined at Llanfrynach. The southern plain is opa 
to the sea and may be looked upon’ geologically as a continuis 
westward of the south Wales coalfield, with associated Lower (i 
boniferous, Old Red Sandstone, and narrow belts of Silurian rock, 
the whole having been considerably folded and faulted, produc, 
a general northwest to southeast strike. The Coal Менш 
highly inclined and anthracitic, stretch across from Сапии 
Bay to the shore of St. Bride’s Bay; they are bordered [11 
north and southeast by the Millstone Grits, Carboniferous line 
stone series, and Old Red Sandstone. Because of folding, the line 
stone appears again farther south of Pembroke, Caldy Island, al 
St. Gowan’s Head, most of the remaining ground about Milt 
Haven being occupied by Old Red Sandstone with infolded stiff 
of Silurian. J 

Antiquities, History, and Architecture—The outstandit 
feature of the early history of Pembrokeshire is its important à 
Megalithic times, The northwestern section of the county | 
cluding the southern slopes of the Prescelly Hills) is especially 
in Megalithic remains—dolmens, alignments, standing stones, 
stone circles, There are similar remains in the southern half d 
county but they are not nearly so marked, as a group, an 
northwestern district. This wealth of Megalithic remains s i 
that northwest Pembrokeshire had cultural relations with many’ 
the northwest coastal promontories of Europe in the days 
metal was beginning to be known in the West. Per 

Interest in the Stone Circle culture in Pembrokeshire 


creased when it was shown that the stones forming the nnt i. 
s in Pembr 


Longhouse ? 
The stone it 


The number of hilltop camps, presumably T 
type and date, is important, especially guarding ways i hich 92. 
coast, though actual Roman influence in the county, " 
originally within the territory of the Demetae, 15 slight. trout Ё 
able that the hilltop camps continued to be occupied jders {8 
post-Roman centuries as the county suffered from ie NF 
overtheseas. In Pembrokeshire, as in Ireland, the viel 
lived on uninterrupted by Roman influences, and i 
was apparently invaded by the Irish Deisi about aD. 270: ind 
early centuries the county maintained its contacts » tiani. ! 
Brittany and became a great centre of Celtic Саве edict 
morials of that period remain in the numerous cove cen, T 
and in the beautiful Celtic crosses such as those of aa dat 
and Nevern. Stones with Ogham inscriptions Were 1 otber P 
Island, Bridell, St. Dogmaels, Nevern, Cilgerran, B wi 

The route that had linked Ireland, Pembrokes me perane 
Brittany, and northwestern Spain in Megalithic Шш А 
route of the Celtic saints and, in the Middle Age as inn 
grim's way to the shrine of Santiago de Composit 
ern Spain (see A. Hartwell Jones, У Cymmré mi 
sheltered valley, at a focus of roads from sma 


rthwest coast of Pembrokeshire, was built the great Cathe- 
St. David’s (q.v.), soon to become a centre of pilgrimage, 
t the landing places were built chapels for the pilgrims. 
keshire was known to the Welsh in those early times as 
On the death of Rhodri Mawr in 877, Dyfed fell nomi- 
"Шу under the sway of the princes of Deheubarth, or south Wales; 
thelr hold was never very secure, nor were they able to protect the 
towns from the Scandinavian pirates. This is shown by the 
number of Scandinavian place-names found in the coastal 
, especially near the southern coast. In 1092 Arnulf de 
nery, son of Roger, earl of Shrewsbury, did homage to 
for the Welsh lands of Dyfed. With the building of Pem- 
‘astle, the Normans began to spread over southern Dyfed, 
about the turn of the 12th century William Fitz Martin built 
Castle, which became the caput of his extensive lordship 
(Cemaes) between the Teifi River and the Prescelly 
Hills, Flemish settlers were planted in the hundred of Rhos, or 
Rhoose, in or about the years 1106, 1108, and 1111 with the ap- 
p of Henry I, and again in 1156 under Henry II. The castles 
of Haverfordwest and Tenby were erected to protect these aliens, 
| id the fierce attacks of the Welsh princes their domain 
quw and their district became known as “Little England beyond 
i" In 1138 Gilbert de Clare was created 1st earl of Pem- 
with the full powers of an earl palatine in Dyfed. 
Examination of the medieval record shows a marked contrast 
the Englishery of the south, with its compact villages and 
tion, and the Welshery of the north, with its scattered farms 
E naa The south was better populated than the north 
tained a closer contact with the affairs of the English 
А it was also the Norman stronghold and has long been fa- 
‘mous for its medieval castles. The finest examples are to be ob- 
| êd at Pembroke; Manorbier, built in the 12th century and in- 
ng as the birthplace and home of Giraldus Cambrensis; 
, exhibiting many interesting features of both Norman and 
architecture; and Picton, Other castles are the keep of 
rdwest and the fortresses at Narberth, Tenby, Newport, 
ton, Benton, Upton, and Cilgerran. There are remains of 
houses at Tenby and Pembroke, but the most important 
Hous communities were the priory of the Augustinian friars at 
е aoe ds the abbey of the Benedictines at St. Dogmaels. 
‚ founded by Robert Fitz Martin in the 12th century, 
the priories of Pill and Caldy. Extensive ruins of the abbey 
near the left bank of the Teifi about one mile below Cardigan. 
he ancient preceptory of the Knights of St. John at Slebech 
a ng û trace remains, but of the College of St. Mary at St. 
Eod by Bishop Houghton in 1377, the shell of the 
E. ives, 
opine! examples of medieval domestic Erie UAM 
ay ormer episcopal mansions at Llawhaden, St. David's, 
Ge LAPphey the two latter of which were erected by Bishop 
tween the years 1328 and 1347. The cathedral at St. Da- 
if» the greatest ecclesiastical monument in the county as well 
he boil ppencipality. The nave dates largely from 1180-98, and 
1 үк jd was continued into the 13th century, added to in the 
~ on centuries, and restored in the 19th century, — . 
j Henry УШ * Cen ач авс ee а о 
ап nglish law was imposed from . 
riy Of the county were for the king in the 17th century, 
m influence of the Parliament grew as the castles of Tenby 
Biu est fell to the Parliamentary forces. Я 
ef 5 On and Administration.—The administrative area 
ea 1s 614.3 sq.mi. and the population in 1961 was 93,980. 
E" cipal boroughs are Haverfordwest (pop. [1961] 8,872), 
їй ш 37), and Tenby (4,752). There are four urban 
j n districts. The hamlet of Bridgend (q.v.) and a part 
port faels Parish are within the municipal limits of Cardigan. 
d (Trefdraeth), once the chief town of the barony of 
2 cee was incorporated by Sir Nicholas Fitz Martin 


en Pembrokeshire has one court of quarter sessions 
а Petty sessional divisions. It lies in the Wales and Chester 
Tent, p 1918 the county returned one member to Parlia- 

In the diocese of St. David's. 
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The Economy.—The county is mainly agricultural. Milk pro- 
duction is particularly important and there is a milk processing 
factory at Merlin's Bridge, Haverfordwest. The north is devoted 
more to storing cattle, while the Prescelly Hills are used chiefly 
for sheep rearing. Crops, grass, and rough grazings cover about 
four-fifths of the county, oats, wheat, and potatoes being the main 
crops. Early potatoes and turkeys are among the special products 
for which Pembrokeshire is well known. 

Milford Haven (q.v.) is a deep-sea fishing port and also since 
1960 a major oil port. In 1960 an oil refinery was constructed on 
the northern shore of the waterway to process about 5,000,000 tons 
of crude oil a year, and at another site a terminal was built for the 
yearly importation of a further 5,000,000 tons of crude oil to be 
pumped through a 60-mi. (97 km.) pipeline to a refinery at Llan- 
darcy (Swansea). In 1964 another refinery was completed on 
the southern shore. In the same year plans were announced for a 
further refinery on the northern shore, a large oil-fired power 
station, and a bridge across the Haven near Pembroke Dock. The 
Milford Haven waterway is one of the finest natural harbours in 
the world. 

Prior to the introduction of the new oil activities, industries 
were relatively small and mostly connected with agriculture, al- 
though some shipbuilding and repairing is carried on at Pembroke 
Dock and at Milford Haven. These two towns are the main in- 
dustrial areas of the county. In 1958 the control of navigation 
was made the responsibility of a newly established Milford Haven 
Conservancy Board. Fishguard, on the north coast, is the port for 
passenger steamers to Rosslare in the Republic of Ireland. Since 
World War II Pembrokeshire has become increasingly popular as 
a tourist area, the chief centres of attraction being Tenby and 
smaller places around the coast such as Broad Haven, Little 
Haven, Newport, St, David's, Saundersfoot, and Solva. In 1952 
the Pembrokeshire Coast National Park was established, compris- 
ing, as well as the coast itself, some inland areas: covering 225 
sq.mi. or about one-third of the county. In 1963 the National 
Trust owned 1,500 ac. and protected 2,397 ас. Skomer Island is a 
national nature reserve. 

BisnrocRAPHY.—Henry Owen (ed.), The Description of Pembroke- 
shire by George Owen of Henllys, 4 vol. (1892-1936); R. Fenton, A 
Historical Tour Through Pembrokeshire (1811) ; E. Laws, A History of 
Little England Beyond Wales (1858); Land Utilisation Survey of 
Britain, Land of Britain, pt. 32, Pembrokes, by M, F. Davies (1939) ; 
E. G. Bowen (ed.), Wales: a Physical, Historical and Regional Geog- 
raphy (1957). (H, L. U.) 

PEMMICAN, a North American Indian (Cree) word for 
“journey meat” prepared in such a way as to contain a maximum 
of nourishment in a minimum of bulk. Thin slices of lean bison 
or venison were dried in the sun and then pounded to a powder, 
seasoned, blended with equal parts of melted fat, and packed in 
rawhide bags. The food thus prepared could be easily transported, 
kept indefinitely, and could be eaten without cooking, It could 
also be dissolved in a gruel, and berries or dried fruit could be 
added. Pemmican was adopted by Europeans, especially the 
French-Canadian voyageurs, for whom it sometimes formed the 
principal diet. A form of pemmican made from beef continued 
to be used by explorers into the early 20th century, when foods 
preserved by modern methods superseded it. R. W. Нр.) 

PEMPHIGUS: see SKIN, DISEASES OF. 

PEN, an instrument for writing or for forming lines with ink 
or other coloured fluid. Although brushes, reeds, bird feathers 
and other materials have been used for making pens, there are 
only three modern types: (1) steel pen nibs; (2) fountain pens; 
and (3) ball-point pens. 

Early Types.—The earliest writing implement probably was 
the brush, which the Chinese used in recording the history of their 
nation. The Egyptians made a reed pen from the calamus or 
arundo plants; hollow joints of bamboo also were used. A spe- 
cific allusion to the quill pen occurs in the 7th-century writings of 
St. Isidore of Seville, but the quill pen probably was in use at an 
even earlier date. Quills were the main writing instrument until 
the middle of the 19th century and are still used occasionally 
(see FEATHER: General: Uses of Feathers by Man). 

In 1809 Joseph Bramah of England devised and patented a ma- 
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chine for cutting the quill into 
separate nibs (points) that were 
slipped onto a holder for writing. 
In 1822 J. I. Hawkins and S. 
Mordan patented the use of horn 
and tortoise shell in making pen 
nibs, the points of which were 
made durable by small pieces of 
diamond, ruby or other very hard 
substance, or by lapping a small 
.piece of thin sheet gold over the 
end of the tortoise shell. 

Steel Pen  Nibs.—Metallic 
pens, although known since the 
days of Pompeii, were little used 
until the 19th century and did not 
become common until near the 
middle of that century. Steel 
pens were handmade in France as 
early as 1748 and a Birmingham, 
Eng. split-ring manufacturer, 
Samuel Harrison, made a steel 
pen by hand for Joseph Priestley 
in 1780. Steel pens made and 
sold in London by a man named 
Wise in 1803 were of a tube or 
barrel design; the edges met to form the slit, while the sides were 
cut away as in the quill. In 1809 a patent was granted in the 
United States to Peregrine White on the slitting of metallic pens; 
these units also were handmade. Ordinary points were relatively 
expensive (about five shillings each) and, since they were hard, 
stiff and unsatisfactory, they were not in great demand. 

John Mitchell of Birmingham, Eng., introduced machine-made 
pens in 1828, and James Perry is believed to have made the first 
steel slip pens. In 1830 Perry patented a design that provided 
greater flexibility because of a hole placed above the slit and 
branch slits cut on each side of the central slit. In 1831 an im- 
provement consisting of an elongated point on the nib was de- 
scribed by Joseph Gillott. Steel pen nibs, after their retail price 
was reduced and they became available in various styles of point 
widths and flexibilities, soon became more popular than the quill. 

In the early days steel pens were manufactured from rolled 
sheets of high-quality cast steel made from Swedish charcoal iron. 
These sheets, after being cut into strips of suitable width, an- 
nealed in a muffle furnace and pickled in a bath of sulfuric acid 
to free the surface from oxidized scale, were rolled between steel 
rollers until they were reduced to ribbons about ті in. thick. 
From these ribbons the pen blanks were punched out and after 
being imprinted with the name of the maker or embossed with 
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EARLY 19TH-CENTURY QUILL PENS 
FROM CONNECTICUT 


STEEL PEN NIB WITH WOODEN HOLDER 


PEN 


other marks they were pierced with the central Perforation 
the side or shoulder slits, After another annealing the |j 
which up to this point had been flat, were raised or rounded hẹ 
tween dies into a semicylindrical shape. The next process was 

harden and temper the pens by heating them in iron boxes i 
muffle furnace, plunging them in oil and then reheating them Sa 
a fire in a rotating cylindrical vessel till their surfaces attained 
the dull-blue tint characteristic of spring steel. Subsequenl, 
they were scoured in a bath of dilute sulfuric acid and polished jj 
а revolving cylinder. The points were then ground with emery ш 
the central slit was cut by two fine-edged cutters. Finally iy 
pens were polished again and coloured by being heated over a fir 
in a rotating cylinder and in most cases were coated with a vari 
of shellac dissolved in alcohol. 

In the modern process long coils of high-carbon pen steel (ей, 
alent to watch spring steel) are produced in the steel mills fy 
the various manufacturers. Use of this type of steel made possible 
the employment of high-speed automatic presses in the varow 
blanking, piercing, marking, forming, grinding and slitting open 
tions. These coils are available in many thicknesses from ly 
than that of a sheet of paper (.0020 in.) for making superin 
mapping pens to .0150 in. for very rigid points used in carbon 
and manifold work. Modern methods also utilize completely aut 
matic and atmosphere-controlled furnaces that eliminate the nee! 
for scouring, Increasing quantities of pens are plated with mel 
alloys that give them a silverlike finish and increased resistant 
to the ink acids and atmospheric conditions. 

The first steel pen company in the U.S. was established 1 
Camden, N.J., by Richard Esterbrook, Jr., in 1858, but local man: 
facturing did not begin there till early in 1861. Five craftsmet 
were brought from Birmingham, Eng., three of whom had wo 
for John Mitchell. Although Birmingham was the principal cent 
of the industry for many years, the U.S. company event! 
became the largest producer of steel pens in the world. All 
World War I other companies began manufacture in the Camda 
area and the centre of production shifted there from Birminghi 

Metals other than steel—gold, silver, zinc, nickel silver, bris 
aluminum, aluminum bronze and titanium—have been 8 
in the making of nibs. In 1926 pens made from stainless 
were introduced; these pens are highly resistant to the acids y 
alkalies in writing inks and do not tarnish under extreme © 
conditions. ‚В. Hi 

Fountain Pens.—In this pen a quantity of writing fluid ist 
tained in a reservoir in a holder, the fluid communicating will 
writing point or nib through a series of capillary channels a 
a feed. The nib extends from one end of the holder and is 00 
with a cap when the fountain pen is not in use. rer, 

Although crude prototypes were introduced much ear A 
fountain pen did not become popular until L. E. ward 
New York introduced the first practical fountain pen B "T 
After that time millions of fountain pens were produce 
each year. 

The writing point of the fountain 1 " 
various point gradations ranging from a needlelike p" o 
that produces a line about р; in. in width. About ү NM 
nibs sold are in the fine and medium gradations. A 83 
ment includes the following types: accountants, erm b. T 
hand, fine, medium coarse, stub, broad stub, italic й? 
lique, right oblique and music points. Nibs also are Tile 
various degrees of flexibility ranging from manifold шр it 
manifold being a rigid point and the flexible one ben ВИ can 
least amount of pressure for shaded writing suc Ps fl 
plate or Spencerian forms of penmanship. In the 19 
pen with a detachable, renewable point was 1 

Because of the expected long life of a fountain Ee "m 
highly resistant to the corrosive action of writing iness 
for the nibs; the most popular metals for 
and 14-carat gold. Because these materials are 1 o 
portion of the nib that contacts the writing surface © f 
with a relatively hard tipping material, €-£» d thus © 
of the platinum group, in order to resist wear an 
long life. 


b 
pen is generally mi 


for controlling the movement of the writing fluid is 
ог hard rubber and underlies and, in most instances, 
nib. Air and writing-fluid channels in the feed com- 
een the reservoir in the holder and the nib, fluid 
oir moving down the fluid channels to supply the 
moves up the air channel to take the place of the fluid 
r, These channels are of capillary dimensions, and 
‚ of pressures outside and inside the reservoir holds 
the reservoir and overcomes the force of gravity. This 
oken in writing when the cells of the paper or other 
face draw fluid from the slit in the nib, the slit being 
om the fluid channel of the feed. 
the reservoir is seldom completely full of fluid, it fre- 
contains air. Changes in temperature and air pressure 
air in the reservoir to expand or contract; some pens are 
with threaded caps that offset these effects by creating 
Care should be exercised when releasing the seal 
extreme conditions of temperature or pressure; e.g., at high 
the ink may run out of the reservoir because of the re- 
pressure, In all normal circumstances when the pen is 
| writing position, the air is behind the fluid and helps 
ince it out of the reservoir. Comb cuts in the feed accommodate 
id. Continued writing uses the oversupply in the comb 
: fluid again is drawn from the reservoir. 
filling of the reservoir, which was performed manually with 
dropper in early fountain pens, is done in several different 
| modern pens. The flexible rubber-sac type of reservoir 
d mechanically or pneumatically; upon release of the 
means (e.g., a lever), the sac inflates because of its own 
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she; (8) CROSS SECTION OF A BASIC BALL-POINT PEN 


noir and the movement of a piston fitted to the bore creates 
г, that fills the bore as the nib is immersed in writing fluid. 
| 1 use are plastic ink-filled cartridges that can be dis- 
screw en emptied, When a cartridge is placed in the holder 
an уз into place, a bore pierces the cartridge and forms 
The p ink to flow to the nib. 
ic der, once made of vulcanized rubber, is now usually 
! n jy, The plastic materials are structurally stronger 
he . Several plastics are used, depending on the quality 
or n or the facilities of the manufacturer. The plastic 
" “үй "St were drilled from solid rods. Later they were 
ES Cylindrical form from sheet material and still later 
ү rom plastic molding powders. 
tke EM Pens.—In this pe of pen a ball housed within a 
(UN tip transfers a viscous ink from a reservoir onto the 
‘hime, . Patents on ball-point pens date back to the late 
, Mercial models appeared as early as 1895. The first 
СҮ нҮ реп was patented in 1937 by Laszlo Jozsef 
Iritain ап living in Argentina. His pen became popular in 
pen h during 1938 and 1939, and by about 1944 the ball- 
nee tad gained world-wide acceptance. The impetus for 
Li 051 the U.S. was supplied by the quartermaster general 
* army, who had requested a writing instrument that 


Suid, Tn another common type the bore of the holder is the 
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would not leak in high altitudes, would use a quick-drying ink 
unaffected by climatic changes and would contain a supply of ink 
large enough to last a considerable length of time. 

The ball-point pen usually comprises a holder for containing a 
replaceable writing unit, although in some models the holder itself 
is the writing unit and is discarded after the ink is used up, In 
all cases the writing unit consists of a metal tip having at the point 
a socket that contains a ball. The lip of the socket is constructed 
so that the ball cannot fall out yet can rotate freely when in con- 
tact with the writing surface. The inner construction of the 
socket is such that the ball is constantly bathed in ink from a 
reservoir. 

Ball-point-pen inks are highly specialized materials. They are 
viscous liquids having either oil- or spirit-soluble dyes. The type 
of ink containing the oil-soluble dyes dries by absorption into 
the paper or other writing surface, while the type of ink con- 
taining the spirit-soluble dyes dries by evaporation. 

The ink reservoirs of ball-point pens are of two types. One 
comprises a flexible, synthetic resin sac housed in a metal shell and 
the other a metal or plastic rigid tube, one end of which is open 
and is attached to the writing tip. The ink capacity of ball-point- 
pen reservoirs generally ranges from 0.5 to 1,5 ml. The tube of 
the 0.5-ml. reservoir is open at both ends; the viscosity of the 
ink prevents its leaking out. The 1.5-ml. reservoirs, however, 
require a vented plug and the use of a second more solid but still 
viscous material known as a follower. The follower is solid 
enough to prevent back-end leakage but is liquid enough to follow 
the ink down the tube as it is used. 

At one time most of the balls used were steel ball bearings; in 
some instances synthetic sapphire balls were used, Later, tungsten 
carbide became the major material in high-quality ball-point pens. 
Most manufacturers use a ball 1 mm. in diameter, although a few 
special-purpose pens use larger or smaller balls. 

See also DRAWING (TECHNIQUES OF); CALLIGRAPHY; INK; PEN 
DRAWING. (F. L. Kc.; E. B. Ha.) 

PENANCE, that repentance or sorrow for sins which in the 
Christian revelation is a requisite for salvation: "Unless you re- 
pent, you will all perish" (Luke 8: 5). In Roman Catholic usage 
penance has a threefold meaning: first, interior repentance, a dis- 
position of mind and will which includes both sorrow for past sins 
and a purpose of amendment for the future; second, the sacrament 
of penance, a religious rite in which, after confession of sins and 
an act of interior penance, the sinner receives divine forgiveness 
through the absolution of the priest; finally, the word designates 
penitential works, either those imposed on the penitent by the 
priest in the sacramental rite, or those performed voluntarily 
by a repentant sinner, as a form of satisfaction to God for past 
sins and a manifestation of interior repentance. See CONFESSION; 
SACRAMENT; see also references under “Penance” in the Index. 

PENANG, the name of an island and of one of the Malayan 
states within the federation of Malaysia. The island lies off the 
northwest coast of Malaya, separated by a strait whose smallest 
width is 24 mi. (4 km.). Its area is about 113 sqmi. (293 sq.km.) 
and it is tortoise shaped, with a granitic, mountainous interior 
(highest point 2,428 ft. [740 m.]) and narrow coastal plains, most 
extensive in the northeast where Malaya’s chief port, George Town 
(q.v.; often called Penang), uses the sheltered harbourage of the 
strait. 

"Since 1957 Penang Island together with Province Wellesley on 
the mainland has formed a state with an elected local government 
headed by a governor. The latter is appointed by the supreme 
ruler of the federation after consultation with the chief minister. 
The total area of the state is 398 sq.mi. (1,031 sq.km.) and the 
population (1963 est.) was 680,865. The state is the successor of 
a British colony founded in 1786 by Capt. Francis Light who se- 
cured an agreement from the sultan of Kedah to cede the terri- 
tory to the East India Company. At that time the island, called 
Prince of Wales Island until after 1867, was virtually uninhabited 
and had ready access to Calcutta and Madras, with shelter and 
water for sailing vessels. It was also isolated from the restless, 
squabbling peoples on the mainland. 4 Penang flourished as a port 
of call for shipping on the India-China run, quickly attracting a 
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cosmopolitan population of Chinese, Indians, Sumatrans, and 
Burmese, and rapidly surpassing any other trading post in western 
Malaya. From the mid-19th century Penang was a point of 
transit for immigrants to the mainland and a market for the tin 
miners of Perak, from which it developed into the chief port for 
the northern sector of the west Malayan tin and rubber belt. 
Malay influence, tradition, and economic life almost disappeared, 
and Penang remains predominantly Chinese by race and European 
in manner and economic outlook. 

While the harbour was surpassed by Singapore, as the southern 
end of the peninsula was developed, Penang’s decline was propor- 
tional rather than actual and it is still Malaya’s chief outlet, usu- 
ally handling twice as much oceangoing shipping as Port Swetten- 
ham and dealing with around one-fifth of the total Malayan 
seaborne trade. The island’s rural population (39,000) grows vege- 
tables and fruit for the urban market and there are rubber small- 
holdings in the foothills. A few Malays, both of immigrant 
Sumatran stock and from the peninsula, produce a little rice and 
fish, particularly toward Balik Pulau on the southwest. During 
the alternating seasons of northeast and southwest winds, the 
incidence of rain is affected by the “shadow” of the hilly interior. 
In George Town rainfall averages 105 in. annually with maxima 
in October and May, no month having less than 3 in. Mean 
monthly temperatures at the coast are 27° C (80° F) and the 
drop of about 6° F on the crest of Penang Hill attracts tourists, 
though, despite a cable railway to the top, nothing comparable 
to the hill stations of India has developed. A coast road about 
75 mi. (121 km.) long encircles the island. An airport at Bayan 
Lepas on the southeast corner has domestic services to Kuala 
Lumpur and Kota Bharu and air links to Singapore, Medan in 
Sumatra, and Bangkok, Thailand. 

Province Wellesley, the mainland part of Penang State, has a 
different character physically and economically and is continuous 
with the west Kedah plain on the one side and the tin and rubber 
belt on the other, It carries more than 35,000 ac. (14,100 ha.) of 
paddy worked by Malays, market gardening by Chinese farmers, 
and nearly 55,000 ac. (22,000 ha.) of rubber worked by Chinese 
and Indians, In area and population the mainland district is big- 
ger than the island and has a productive rather than a trading 
economy. It exports about 6,000 tons of rubber annually from 
George Town and its 15,000 tons of rice are consumed locally. 
The shallow meandering streams, often flanked by nipa swamps, 
impede overland transport and the shallow waters hinder coastal 
approaches, a heavy longshore drift from the north tending to silt 
up the piers and harbour works; yet Province Wellesley is an im- 
portant focus of land and sea transport for the overseas trade of 
Penang. Arterial roads from Kedah and Perak bring rubber, 
copra, and tin ore to Butterworth, the ferry point for George 
Town. South of Butterworth and separated from it by a muddy 
estuary is Prai, the terminus of a branch of the Malayan railway, 
which has its own passenger and goods ferry to Penang. From 
Prai, the railway runs inland to the market town of Bukit Merta- 
jam from where the line runs north through Kedah to Thailand 
and south to Ipoh, Kuala Lumpur, and Singapore. Butterworth, 
though overshadowed by George Town, also has Malaya’s chief 
oil-importing facilities and the most modern tin smelter. Butter- 
worth and Prai are open settlements and tend to merge; they are 
dominated by Chinese and Tamils, though the province has a large 
Malay rural population. (E. H. G. D.) 

PENARTH, an urban district in Glamorgan, south Wales, is 
situated around a promontory about 200 ft. (61 m.) above sea 
level, 54 mi. (84 km.) S of Cardiff by road. Pop. (1961) 20,897. 
Bounded on the east by the Bristol Channel, the headland is domi- 
nated by the saddleback tower of St. Augustine's Church, a well- 
known landmark for sailors. The Turner House Art Gallery ex- 
hibits art collections of the National Museum of Wales. 

Penarth is a popular seaside and residential town with well- 
laid-out parks and treelined streets, pier, and esplanade. Pleasure 
steamers provide a frequent service to Bristol Channel resorts. 
Air services operate from Cardiff (Rhoose) Airport. 

Local industries include the production of precast concrete prod- 
ucts, bricks, and wood joinery. (H. M. Jo.) 


' produces cement and refractories. 
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PENATES, the household gods of the Romans and other Ly 
peoples, more properly di penates. Strictly speaking the а 
gods of the penus, “storeroom,” or the penetralia, the rid bes 
part of the house, but by extension their protection reached 
entire household. They are associated with other deities E 
house: Vesta (g.v.), the goddess of the hearth, and partic 
the lares (q.v.), with whom they are often named interchanges 
They cannot be identical, however, for the penates, unlike d 
lares, are never referred to in the singular. The penates are thy 
all or some specific group of deities with household connection, 
Their number and precise identity were a puzzle even to |y 
ancients, Thus Jupiter, Juno, Minerva, Neptune, Apollo щі 
others (besides Vesta and the lares) are reckoned at times amy 
their number. 

The penates were worshiped privately as protectors of thei 
dividual household and also publicly as protectors of the Romp 
state. Each house had a shrine, however simple, with images ў 
them that were worshiped at the family meal and on such person) 
occasions as birthdays and other anniversaries of special even 
Offerings were of portions of the regular meal or of special cake 
wine, honey, incense, and more rarely a blood sacrifice, The sie 
as a whole worshiped them as the penates publici, about wl 
there were various opinions of nature and origin. There wii 
tradition connecting them with the “great gods" of the Samolln- 
cians (see CABEIRI) as well as the tradition, followed by Virgil it 
the Aeneid, that Aeneas brought them from Troy, A conflation 
these two has the Samothracian deities introduced first at Troy ail 
subsequently brought by Aeneas to Latium, The connection vil 
the Cabeiri explains their further association with Castor ud 
Pollux (g.v.), with whom they were popularly assumed to bè 
identical. Indeed, their cult statue in the temple on the Vel f 
Rome represented them as the twins, and they are similarly rene 
sented on coins. 

The worship of the penates in a state cult occupied a significa! 
role as a focal point of Roman patriotism and nationalist 
Through the republic the chief magistrates of the Roman poit 
and commanders taking the field offered special sacrifices at di 
shrine at Lavinium, traditionally the original shrine in Lali 
founded by Aeneas. In the Augustan era much stress was pf 
upon the revival of the state cult as a factor in creating nili 
unity, loyalty, and support of the new regime. The personal 
of the house of Augustus (i.e., the Julian gens, which had alt 
traced its origins back to Aeneas himself) became thus asso 
with the gods of the Roman state. 

See G. Wissowa, Religion und Kultus der Römer as p 
Wissowa, Real-Encyclopüdie der classischen Адети f^] 


PEN-CH'I (also known as PENKI), industrial eit 
Liaoning province, China, in southern Manchuria, 40 m. pur 
SE of Mukden, on the railroad leading to North Korea. Or 
originally known as Penchihu or Penhsihu, is à steti 
centre based on local coking-coal and iron-ore deposits. 1 
plant was founded in 1915.as a mixed Chinese-Japanese val id 
but passed subsequently to full Japanese control. Pen 
ore, mined south of the city, is low in phosphorus 
is suitable for special steels, which are smelted at 16 i 
Bessemer converters and electric furnaces. : 
along the valley of the T'ai-tzu Ho east of the city. 
In the 1953 census 
city limits included the iron- and coal-mining اق‎ БШ 
lation of Pen-ch’i was 449,000. Jing ШЇ 

PENCIL, а solid rod of graphite or other mar 4 used 
enclosed in a wooden case or other type of holder а? Я 
marily for writing or drawing. кей vib 

History.—During the Middle Ages paper was тагы) 1% 
using a brush called a penicillus (Latin for “ш d 
which comes "pencil" Pinsel in modern German des " 
and has never been used for lead pencil; the Ga ‘ead 
for “pencil” translates literally as “lead pin, OF oint t M 
A rod made of lead and tin alloy and called a silver? erly" 
PENCIL DRAWING) was used by Albrecht Dürer 2 ed wit! 
century; marks made with this instrument were 618% 


yon Gesner in De omni rerum fossilium genere (1565) 
described a writing article in which graphite was inserted into 
a wooden holder. 

"modern lead pencil was made possible by the discovery in 
144 of an unusually pure deposit of graphite (g.v.) in Borrow- 
dale, Cumberland, Eng. According to tradition, the mine was 
found when a large oak tree was uprooted by a storm. Graphite 
yas then thought to be a type of lead and consequently was called 
plack lead or plumbago. Gesner was the first to describe it as a 
sparate mineral, calling it stimmi anglicanum, or English anti- 
. Carl Wilhelm Scheele in 1779 showed it was a form of 
carbon, and Abraham С. Werner in 1789 gave it the name graphite, 

on the Greek graphein, “to write.” 

Eu lead from Borrowdale was first used in chunks called 
marking stones; later, shaped sticks of the graphite were wrapped 
with string and unwound from one end as needed. Pieces were 
ilo pushed into tubes and later were held in the claws of metal 
holders called porte-crayons, or portcrayons; these were the fore- 
miners of the mechanical (propelling) pencil. 
Graphite from the Borrowdale mine, which was operated as a 
(town monopoly, was of such high quality that as long as the sup- 

lasted it could be used in its native condition. However, as 
au became scarcer, methods were sought for binding 
graphite dust into usable shapes with gums, resins, glue and other 
Adhesives, Later, natural graphites were discovered in Bavaria, 
Mexico, Madagascar, Ceylon and Korea. The first graphite com- 
position pencil was made at Nürnberg, Ger., in 1662, where Kaspar 
Fiber (See FABER) established his pencil-making business in 1761. 
The mixture that came closest to matching the writing qualities 
of pure graphite consisted of one part sulfur to two parts graphite. 
te shapes glued to fir or cedar were described by J. Pettus 
in 1683; manufacture of this type of pencil was begun in Britain 
WT, and R. Rowney in 1789. 
Tate in the 18th century, when imports into France were cut 
by warfare, Napoleon Bonaparte commissioned Nicolas Jacques 
(0.0) to develop a substitute for imported pencils. In 
г January 1795 a French patent was issued to Conté for a pencil 

lufacturing process that was the forerunner of the modern 
cess, He mixed clay and graphite with water and pressed the 
paste into grooves in wood to dry. The dried leads were then 
ma kiln to бге the clay. In Vienna at about the same time, 
Joseph Hardtmuth achieved the same results and by varying the 
ЧУ Content varied the hardness of the leads. In 1839 Johann 

hat von Faber of Nürnberg improved the Conté process by ex- 
the paste through a die and introducing machinery that 
ci the wooden slats that enclosed the leads to form 
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со Copying lead was made by Karl Puscher in 1857. Leads 
hee contain a dyestuff and are not fired. | 

f Ma United States Joseph Dixon (q.v.) started manufacturing 

ae 


te Salem, Mass., in 1827. A тай named Wood, the asso- 
‘With using her early manufacturer, William Monroe, is credited 
Dixon's E the first machinery to manufacture pencils. In 1876 
чо M introduced lead with a round, rather than square, 
troduced on. Meanwhile, in Britain, varnished pencils were in- 
"In the 29 George Rowney and Co. in 1846. 

€ 1930s methods were developed for bonding the lead 
to E the wood casing and thereby increasing the resistance 


ki reaking, 
Year 1752 "The P roceedings of the French Academy for the 
юше 


Téported that a man named Magellan proposed the use 
м "n 

c Joseph Priestley, the English chemist, is credited 

| M dud name "rubber" to caoutchouc in 1770 since it 

© mint e 

Ti vulcanized vegetable oil (factice), fine pumice and 

*d with rubber. The mix is processed, extruded and 

Tose pacil and eraser (U.S. pat. no. 19783) was issued to 

ied vi . Pencils. Mordan and Hawkins have been cred- 

| y introducing the mechanical pencil in 1822, Alonzo T. 


DUC аз а replacement for bread crumbs in erasing black 
With 
x to rub out marks, The modern eraser is essentially 
a bon 
| Begg E Tubber-processing equipment. The first patent on an 
| Менада Ofer of New York on March 30, 1858. 
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Cross made a mechanical pencil in 1868 and a mechanical pencil 
holding a lead of large diameter was patented June 26, 1877. The 
lead in the 1877 invention was held by spring-loaded jaws on a 
principle similar to that used in modern pencil holders used by 
draftsmen. Mechanical holders in which small-diameter leads 
were propelled by twisting the body appeared in 1895, The leads 
were of various diameters at first but eventually leads 0.046 in. in 
diameter became more or less standard. In 1938 lead 0.036 in. in 
diameter was introduced. In the 1950s ball-point pencils became 
available; these differed from ball-point pens in that the marking 
could be erased, 

The use of mechanical holders for drafting leads was increasing 
in the second half of the 20th century and the screw-tightened 
chuck largely gave way to spring-loaded jaws, which were operated 
by pushing the top of the holder. While many patents have been 
granted on mechanical pencils, the two most popular designs have 
been: (1) the split collet type, in which the lead is propelled by 
a screw; and (2) the propel-repel-expel type, in which the lead 
is forced at the top end into a split cup that is moved forward 
and backward by a screw while the lead protrudes loosely through 
a bored tip at the writing end, 

Coloured Leads.—Coloured leads are made with either water- 
soluble or water-insoluble pigments. Both kinds of lead are es- 
sentially a mixture of colouring material, filler, lubricant and 
binder. The filler frequently is clay or talc, the lubricant is a fatty 
acid and/or a wax or waxlike material and the binder is either a 
natural gum (e.g., tragacanth), a man-made gum or a cellulose 
ether (synthetic resins also are used to a limited extent), The 
function of the binder is to give mechanical strength. Copying 
leads are made of pigment and binder, while indelible leads are 
essentially methyl violet, graphite and binder. The general prac- 
tice is to make a well-mixed dough of the ingredients, extrude the 
lead through a die and dry the wet strands. 

Method of Manufacture.—The method generally used in the 
manufacture of black lead pencils is as follows: 

Ball clay and natural graphites (sometimes wet-ground together) 
are thoroughly mixed with water and dispersing agents to produce 
a stiff dough. The mass is packed solidly into the cylinder of an 
extrusion press and the dough is forced through a small hole in a 
die made from diamond, sapphire, agate or cemented carbide, The 
tough, pliable, wet strands are cut to pencil length, dried and 
then fired while packed in a sagger in a kiln, Firing temperatures 
from 1,600? to 2,200° Е. (about 871° to 1,204° C.) are used, with 
1,900° to 2,000° F. (about 1,037° to 1,093° C.) being commonest. 
The brittle fired leads are then “waxed” by being impregnated with 
a lubricant (usually a mixture of fats and fatty acids with or with- 
out wax additions). After chemical treatment to remove excess 
wax from their surface, the leads are ready to be encased in the 
wooden sheath, 

Leads to be used in wood casings are customarily extruded with 
diameters of between .070 and .170 in.; the softer leads are made 
with the larger diameters to offset their weaker strength and their 
greater rate of wear. Leads for mechanical pencils are usually 
extruded in diameters of .036 or .046 in. 

Wooden pencils are manufactured in an assembly operation, 
Two to nine parallel and evenly spaced semicircular grooves are 
cut in wooden slats that are 184 mm. long, 5 mm. thick and up to 
65 mm. wide (about 71 X 1 х 2} іп.). Leads of the same di- 
ameter as the grooves are sandwiched in the grooves of two match- 
ing slats, to which an adhesive has been applied, and the block is 
held under pressure until the adhesive sets, Hide glue was almost 
completely replaced with polyvinyl acetate emulsion adhesive in 
the 1940s. High-frequency electricity is sometimes used to set the 
glue rapidly (i.e., in about 50 sec.). 

The individual pencils are cut lengthwise from the glued blocks 
in high-speed rotary shaping machines; most pencils are either 
round or hexagonal with rounded edges. Pigmented nitrocellulose 
lacquers are then applied by pushing the pencils lengthwise through 
lacquer and wiping off the excess by passing the coated pencil 
lengthwise through a rubber gasket; the pencils fall on a moving 
belt, where they dry. From three to ten coats of lacquer are ap- 
plied; the higher-quality pencils usually receive the most lacquer. 
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After the ends of the pencils are trimmed, the name and other 
identification is hot impressed from foil. If desired, a machine 
then tips the pencils by affixing a metal ferrule and an eraser plug 
on one end. 

Quality and Hardness.—The quality of a wooden pencil de- 
pends chiefly on the quality and fineness of the graphites and clays 
used in the lead and on the quality of the cedar used to enclose 
the lead. Californian incense cedar (Libocedrus decurrens) is 
used in the better pencils; it has largely replaced red cedar (Junip- 
erus virginiana) from Kenya and the eastern U.S., which was 
once used almost exclusively. The hardness of lead, which is 
independent of quality, is determined chiefly by the ratio of clay 
to graphite; the more clay, the harder the lead. The temperature 
of firing and the type of waxing exert a minor influence and must 
be controlled to attain uniformity of hardness in different batches. 

Two systems are used for designating hardness. Drafting and 
artists’ pencils range in designation from 8B, the softest, to 10H, 
the hardest. Hardness in writing pencils is designated by num- 
bers ranging from 1 to 4; the range overlaps the ranges of both 
art and drafting pencils, which also overlap each other (see be- 
low). 


drafting 
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The degree of hardness of a lead is a measure of how much the 
lead resists abrasion by the fibres of the paper being marked on; 
the greater the rate of wear, the softer the lead. The apparent 
blackness of the mark depends on the size of the small particles 
of the lead deposited on the paper. The particles are of the same 
blackness regardless of the degree of hardness; only their size 
and number determine how much of the paper will be obscured. 
The type of paper and the atmospheric humidity also influence 
the amount of lead abraded, as do the fineness of the lead point 
and the amount of writing pressure used. 

Other Types of Pencils.—Many special types of pencils are 
made for special uses; e.g., rectangular or square carpenter pen- 
cils whose shape facilitates marking with a guide and also prevents 
rolling if dropped. Another special pencil is the kind used for 
filling in blanks in examination answer sheets that are scored elec- 
trically; these leads conduct electricity. Other special pencils 
will mark on glass or can be used in offset printing. Yet others 
are made as cosmetics (q.v.). 

See Clarence Fleming and A. L. Guptill, The Pencil Since 1565 
(1936) ; Erhard Sattmann, Vom Faustkeil sum Bleistift (1953). 

(S. B. Se.) 

PENCIL DRAWING. The common instrument used in pen- 
cil drawing is composed of graphite enclosed in a casing of wood 
(see PENCIL). The cylindrical graphite pencil, because of its use- 
fulness in easily producing linear gray-black strokes, became the 
successor of the older metallic drawing stylus with which late 
medieval and Renaissance artists and tradesmen sketched or wrote 
on paper, parchment or wood. 

The silverpoint (silver stylus) was the favourite instrument for 
metal-point drawing or writing although styluses of lead or lead 
alloys were frequently used. Metal points containing lead could 
be used on the natural surface of paper or parchment, but the 
metal points of silver, gold, brass and bronze required that the 
drawing surface be covered with an applied ground. This ground, 
usually made with lead white and a binding solution of glue or gum 
arabic, was brushed over the surface and when dry provided the 
means by which the metallic tools produced strokes. The ground, 
either white or slightly tinted with the addition of a coloured pig- 
ment, in combination with the silverpoint provided a medium 
of very delicate and precise drawing. These characteristics, along 
with its fine linear effects, appealed to many of the great draftsmen 
of the late middle ages and Renaissance. Van Eyck, Dürer, 
Raphael and Leonardo were some of the outstanding masters who 
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used the metal point antecedents of the graphite pencil 
The metal points of lead or lead alloys, because of the ! 
reflections and slightly rougher texture of their dark rm : 
were the most apparent forerunners of the pencil. This superf 
similarity in the appearance of lead-point and graphite strokes lef 
in England, to an erroneous and widespread identification of the 
graphite pencil as a “lead pencil,” a mistaken identification {hy 
is still common. 
Although graphite was being mined as early as the 16th cenh 
the utilization by artists of pieces of natural graphite, i m 
in a porte-crayon (holder), has not been established in etj 
drawings produced before the 17th century. At that time ming 
graphite details were included in sketches, notably in landstay 
renderings by Dutch artists such as David Teniers the Younger anl 
Aelbert Cuyp. During the 17th and most of the 18th centu 
graphite served as a means of making preliminary sketch lines fj 
drawings to be completed in other media. Exceptions were dr. 
ings completely finished with graphite, as in the case of a few ril 
century works by Thomas Gainsborough and George Romney, 
Although pencil drawings were much less commonly producedly 
artists of those centuries than sketches in the preferred medium 
of chalks, charcoal and pen and ink, the use of graphite gradual) 
increased among painters, miniaturists, architects and designs 
By the late 18th century an ancestor of the modern pencil was con 
structed in the form of a rod of natural graphite fitted into a hi 
low cylinder of wood, However, it was not until 1795, Vit 
Nicolas Jacques Conté devised his method of producing pencil n 
from mixtures of graphite and clays, that a true prototype of th 
modern graphite pencil was developed. Conté’s technical impro. 
ment made possible the production of fine pencils whose strokti 
could be controlled, varying from type to type in softness and uri 
ness, darkness and lightness. The excellent quality of these 
ite pencils encouraged wider use by artists of the rgth centu 
and pencil drawing was to become a common method for 
studies and preliminary sketches. The fact that the graphite 
could be used on almost any type of drawing surface h 
make it an indispensable instrument of the artist's studio. , 
Although graphite pencils provided a substantial range of 
dark effects and the opportunity for tonal modeling, the gri 
masters of pencil drawing always retained in their creations 
elements of a simple linearism ‘or limited shading that wete P 
This concept of pen 
п the r8th and 
f three-dimensi 
shade were product 


hı lucid conton 
f elegance û 


limited shading combined to create a spirit o пу ati 
straint. This manner of drawing was accepte! by Mr 
throughout Europe, including German draftsmen E cis 
Richter, who exhibited a preference for the hardest 0 di aft 
sharpest of points in order to produce wirelike delinea cils fe 
ures and landscapes. Softer and darker graphite Re gts t 
the possibility of appropriate effects to artists wO ld! 
quired more freedom and spontaneity of drawings ai nd 
of the romanticist Eugene Delacroix, created sw! ust 


with flamboyant and undetailed strokes, possessed a po cho! 
tiveness of dramatic figures and compositions. 
broad carpenter's pencil for powerful, blunt strokes. 
One of the most sensitive of those who used the m 
in the roth century was Edgar Degas. А master creat 
draftsman with coloured chalks and charcoal, Degas jte "n 
drawings possessing warmth and charm that. were "ul NA 
cool, classic works of Ingres or the highly animate есй! 
violent sketches of Delacroix. Degas, with | gh m 
bined graciously fluid outlines with soft, limpid 
In creating these effects he often employed more 
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BY COURTESY OF (тор LEFT) TNE METROPOLITAN MUSEUM OF ART, N.Y., (TOP RIGHT) 
FOGG ART MUSEUM, (BOTTOM) THE PIERPONT MORGAN LIBRARY 


GRAPHITE DRAWINGS BY AN 
ENGLISH AND TWO FRENCH MASTERS 


ady Holding a Book" by George диши 
(1734—1802), English. In the Metropolitan Museum 
ri 


Top right: v. Attacked by a Lion” by 
Euta a An Arab on Horseback Attacl ЧАКЫ, 


Right: “Mile. Josephine Lacroix" by J. A. D. Ingres 
(1780-1867), French. In the Pierpont Morgan library 
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BY COURTESY OF (TOP LEFT, BOTTOM LEFT) THE FOGG ART MUSEUM, (TOP RIGHT) M 


ISLAND SCHOOL OF DESIGN 


THREE PORTRAITS BY DRAFTSMEN OF 
THE LATE 19TH AND 20TH CENTURIES 


^ ing 

Top left: "Portrait of Mme. Hertel," a study for his painti 
“The Lady with the Chrysanthemums” by Edgar Denu 
(1834-1917), French. Graphite pencil. In the Hes 
and Paul J. Sachs collection, the Fogg Art museum, 
vard university 


Top right: “Portrait of Leopold Zborowski” by Aner 
Modigliani (1884—1920), Italian. Graphite pencl j 
the collection of the Museum of Art of the Rhode 
School of Design 


Left: “Portrait of Nicolas Kopeikine" by Pavel Тепе! Ноне 
(1898-1957), Russian-born.  Silverpoint оп feta and 
ground with accents in graphite pencil. In the Harvard 
Paul J. Sachs collection, Fogg Art museum, 
university 


order to extend the range of softness or darkness in 
s of his figure studies. 
Я Pencil drawing seems to have been a desirable medium for sculp- 
"and the sketches of Auguste Rodin, Aristide Maillol and 
۴ g the efficacy of the pencil for studies of contours 
masses so important in sculptured figures and in the composi- 
grouping of sculptural forms. 
of the 20th century continue to use the graphite pencil 
device for sketching and for making preliminary rehearsals 
conceptions later carried out in painting or sculpture. Because 
nature of much contemporary painting, there is less cause 
‘artists to draw or preplan their paintings with the assistance 
icil studies; nevertheless, the function of drawing persists, 
"among many artists it is still considered an essential skill. 
Distinguished artists such as Henri Matisse, Amedeo Modigliani, 
iblo Picasso and others, whose taste for basically linear concep- 
tions was revealed in their graphic works, selected the graphite 
‘pencil as a device for creating lucid and simple images. See also 
Drawinc (TECHNIQUES OF); PEN DRAWING; PENCIL. 
BistiocraPHy.—Heinrich Leporini, Die Künstlerzeichnung (1928); 
Joseph Meder, Die Handzeichnung, 2nd ed. (1923) ; Museum of Modern 
rt КИ ши: ed. by Мело neces d SU qus A. B 
im, andbook to the Drawings am r-i urs i 
0 artment of Prints and Drawings ps. БЕ Mtm. (1955) 5 
Charles de Tolnay, History and Technique of Old Master Drawings 
(1943); James Watrous, The Craft of Old-Master оа ee 
in s. A. W. 
г, ALBRECHT (1858-1945), German geographer 
And geologist, and the founder of Pleistocene stratigraphy, was 
| tom at Reudnitz near Leipzig on Sept. 25, 1858. He began his 
Academic career as a lecturer in geography at the University of 
Munich in 1883 with a thesis (1882) which opened a new epoch of 
Pleistocene research by combining stratigraphical and geomorpho- 
logical observations, In 1885 he was appointed professor of geog- 
way at не wrote the first textbook on the subject. His 
Work with Eduard Briickner, the result of comprehensive field 
"search, confirmed the four phases of Pleistocene glaciation. In 
1906 Penck took the chair of geography at the University of Berlin, 
о director of the Institute of Oceanography. He 
and promoted (ће 1 :1,000,000 map of the world. Trav- 
а America, east Asia, Australia, and southern Africa 
Жин p knowledge in other fields of geography. К Не was a 
И тип geography. He survived his son Walter, a geologist 
1 3 survived his son j , 
үш Martin, also a geologist. He died (orn) 
Ў Т: Т. 
60 NDA (d. 654), Anglo-Saxon king of the Mercians from 
» Or soon after, until 654, son of Pybba, already in 628 led 
à ын in the Battle of Cirencester against the West Saxons 
Р Miata the lands of the Hwicce (g.v.). He and Cadwallon 
3 aes Edwin of Northumbria in 632. Though he 
(iss to Northumbria in 633, he recovered independence 
Is list ed its king Oswald in 641. Though not included in 
Of kings with dominion over all kingdoms south of the 
l fis T, he Was not far from holding such power. The areas 
| хаё to Cheshire, Shropshire, and Herefordshire were 
ia he made his son Peada subking of Middle Anglia by 
0 Subdued East Anglia, killing its kings Sigeberht, Ecgric, 
| three out 653, Anna, and he drove out Coenwalh of Wessex for 


Years, In Н туа! 1 
from jn 654 he invaded Northumbria with forces drawn 
Vive kingdoms, but was slain by Oswiu at the battle of the 


Уз then 80 The statement іп the Anglo-Saxon Chronicle that he 

" 1 proved false by the ages of his sons and relations. 

a ШЕ he did not persecute Christians; his son Peada, 

Umbria ШЫ married into the Christian royal house of North- 

EM a introduced Christianity into sd fave in 
PE I ‚ WK. 

| she DENTIVE, in architecture, a triangular segment of a 

hf ud face, filling in the upper corners of a room, in order 

| 9 Support the top, a circular support for a dome. The problem 

шу gr sip dome over a square or polygonal hall was of con- 

"remained te importance to the late imperial Roman builders. 

for the Byzantine architects, however, to recognize 
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the possibilities of the pendentive form and give it definitive de- 
velopment. One of the earliest examples is also one of the largest— 
that of the great church of Hagia Sophia at Istanbul (begun 532). 
Pendentives occur commonly in the domed Romanesque churches 
of Aquitaine in France, as in S. Front at Perigueux (begun 1120). 
They occur spasmodically in Romanesque work in Italy, During 
the Renaissance the development of domed churches gave great 
importance to the pendentive. As a result of Byzantine influence, 
pendentives are frequent in Islamic architecture, often decorated 
with stalactite ornament or sometimes, as in Iran, with delicate 
ribbing, A vaulting form in which the curve of the pendentive 
шш dome is continuous, without a break, is known as а pendentive 
оте. 

See BYZANTINE ARCHITECTURE; DOME; ROMANESQUE ARCHI- 
TECTURE, 

PEN DRAWING. Pens have had the longest history and 
greatest popularity of all the drawing media of the artist. In part, 
this is the result of the variety of linear effects that can be pro- 
vided by the three basic types of pens and of their adaptability 
to the changing styles of draftsmanship that have occurred over 
many centuries. These three basic types are: quill pens, cut from 
the wing feathers of fowls and birds; reed pens, formed and 
trimmed into proper shapes from stems of bamboolike grasses; and 
metal pens, fabricated from various metals, especially fine steel. 

Pen drawing is fundamentally a linear method of image-making 
with the visual descriptions of the drawing being produced by a 
simple outline or a complex of ink strokes, In pure pen drawing 
where the artist wishes to supplement his outlines with tonal sug- 
gestions of three-dimensional form, this modeling must necessarily 
be effected by the close juxtaposition of a series of strokes forming 
areas of hatching or crosshatching. On the other hand, many pen 
studies are produced with the substitution of tonal washes laid 
onto the drawing with a brush, in which case the outlines or other 
important definitions of the figures or landscape are established by 
the pen lines. 

Paper and Ink.—Pen drawing is usually done on papers ex- 
pressly produced for this purpose. In the middle ages and the 
Renaissance parchment also was occasionally used. Although the 
pen was the instrument with which the artist distributed the de- 
lineating strokes in their desired arrangement on the paper, ink was 
the actual medium that made pen drawing possible. Inks used in 
pen studies were of various types and contributed an additional di- 
versity to the final effects in sketches. The prime requisites of inks 
for drawing were great fluidity as well as strong tinting power, 

Three types of ink possessed these qualities and were most fre- 
quently chosen by the great masters of drawing. One was black 
carbon ink, made from extremely fine particles of the soot of burnt 
oils or resins incorporated into a solution of either glue or gum 
arabic. This ink retained its original blackness over long periods 
of time, and old drawings produced with it reveal lines as strong 
as when they were initially made. The finest type of black carbon 
ink was known as Chinese ink and was the prototype of the mod- 
ern black India ink used by artists, architects, engineers and other 
draftsmen. A brown ink popular with the old masters was known 
as bistre. It was prepared by boiling wood soot in order to obtain 
the liquid and transparent brown extract. Many artists chose 
bistre for its warm, luminous colour qualities, and it was especially 
effective for the illusionistic drawings of r7th- and 18th-century 
masters, including Rembrandt and Giovanni Battista Tiepolo. 
The third important ink was an iron gall or chemical ink. Its 
principal ingredients were iron sulfate, the extract of gall nuts and 
a gum arabic solution. It was, in fact, the common writing ink 
for centuries and was employed for most early drawings. Its col- 
our when first applied to the paper was bluish-black, but it rapidly 
turned blackish and, over the course of years, became a dull brown; 
the effect is commonly seen in old handscript letters and documents 
as well as old drawings. Other inks, usually coloured inks made 
from natural or synthetic dyestuffs, were used on rare occasions. 
Throughout the history of drawing, however, coloured inks were 
less favoured, and studies in which chromatic effects were intro- 


duced are exceptional. | 
Pens.—The oldest of the artist’s pens was the reed, although 
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its use in antiquity and in the middle ages was for writing; it was 
not employed for drawings until the Renaissance, when its fibrous 
structure and blunt point were found attractive to some draftsmen 
for creating simple, heavily linear drawings, as those by Luca Cam- 
biaso, or for large drawings, as those by Odoardo Fialetti and Marco 
Boschini. The outstanding master of the reed pen was Rembrandt, 
who used it many times in combination with the quill pen and 
washes to produce the richly suggestive atmospheric illusionism of 
his works. His usual method was to introduce very bold strokes 
of a broadly cut reed in order to articulate forms within shadows, 
while the more illuminated parts of the drawing were indicated with 
delicate quill lines. 

The reed pen never had the widespread popularity of quill or 
metal pens, but for special effects it served artists admirably. 
Vincent van Gogh in his last years used it to produce the blunt, 
powerful strokes that in his drawings were counterparts of the 
heavy brush strokes typical of many of his Expressionist canvases. 
Among modern artists the reed pen occasionally has been chosen 
because of the simple or vigorous strokes that it easily creates; 
Henri Matisse and George Grosz, both distinguished practitioners 
of drawing, selected the reed pen for strong linear elements falling 
halfway between those usually associated with a fine steel pen and 
a wide brush. 

In the history of drawing as it developed in the western world, 
the quill pen made from the large, hollow wing feathers of the 
goose, swan or raven has served with the greatest distinction of 
all pens, and until the time of the acceptance of the modern steel 
pen there were few master draftsmen who did not engage in quill- 
pen drawing. Before the end of the middle ages, when paper- 
making was introduced into Europe, providing a relatively cheap 
material for sketches and other types of studies, the quill pen was 
used in making the fine delineations of images in manuscripts. Just 
as it was the best pen for the precise handscript lettering of the 
manuscripts, so also its nibs, which could be sharpened to extreme 
fineness, permitted the craftsman to create small linear figures or 
ornamental decorations on the pages or along the borders of the 
parchment leaves. Whereas the fibrous reed pen gave the sensa- 
tion of being dragged over the paper, the delicately cut point of 
the quill pen glided over the surface and needed only to be guided 
by the hand of the artist to create a graceful and calligraphic type 
of drawing. This characteristic, combined with the flexibility of 
the quill point, which responded to pressure for varying the widths 
of lines or forming accents, made it adaptable to the diverse hands 
and personal styles of draftsmen. Moreover, its adaptability to 
artistic demands enabled the quill to meet the requirements of 
changes in style that took place from the rsth to the end of the 
roth century. Whether the requirements were for highly con- 
trolled but restless vigour as in Albrecht Diirer’s linearism, grace- 
ful contour drawing similar to that of Raphael, or spontaneous and 
suggestive strokes as in Rembrandt’s studies; the quill served 
artists equally well. 

In most respects the metal pen became the successor of the quill. 
Although pens of silver, bronze, brass and gold alloy had been tried 
in the past, it was the development of excellent steel pens by James 
Perry in the 1830s, and mass production by stamping pens from 
steel blanks, that led to the supplanting of the quill by the metal 
pen. Nevertheless, artists were reluctant to adopt the steel pen, 
even after its ready acceptance for writing, and most drawings in 
pen and ink done prior to the 20th century were still produced 
with quills. 

Although contemporary artists on occasion select reed or quill 
pens for the handsome and diversified effects they provide in draw- 
ing, the steel pen now is used for drawing almost exclusively. This 
type of metal pen has its virtues both in its easy availability and 
in the great variety of shapes and sizes, stiffness or flexibility. 
Because of the:crisp, incising type of line it can produce with 
modern black inks, it is especially appreciated by artists: and 
draftsmen who execute drawings to be reproduced in books and 
periodicals. It has become standard studio equipment of the il- 
lustrator, cartoonist and designer. Pen drawings by outstanding 
painters and sculptors such as Pablo Picasso, Matisse and Henry 
Moore suggest the assistance the steel pen provides in producing 
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the sharpness of linear definitions generally preferred 
masters. See also DRAWING (TECHNIQUES or). 
Ілме; INK; PEN; PENCIL DRAWING. : 

For bibliography see PENCIL DRAWING, (Is. A 

PENELOPE, in the Odyssey, the wife of Odysseus uni ) 
ter of Icarius of Sparta and the nymph Periboea, Durin 
course of the long absence of her husband after the fall of 
many chieftains of Ithaca and the islands round about became hy 
suitors. To rid herself of their importunities she bade them wj 
until she had woven a winding sheet for old Laërtes, the father of 
Odysseus. But every night she undid the piece that she had wiva 
by day. This she did for three years, until her maids revealed ly 
secret. She was relieved by the arrival of Odysseus, In the 
Telegonia, she married Telegonus, the son of Odysseus and Cit 
after he had killed his father, and dwelt with him in the Islandi 
Aeaea or in the Islands of the Blest. Probably quite distinct frg 
her is an Arcadian Penelope, mother of Pan. See Hom; 
ODYSSEUS. 

PENG TEH-HUAI (c. 1900- ), Chinese revolution 
and Communist military leader, was born of a peasant familys 
the central Chinese province of Hunan and in the hsien (оошу 
that was the birthplace of Mao Tse-tung. A participant in the 
Northern Expedition (1926-27) led by Chiang Kai-shek to unit 
China under a single government, P’eng joined the Communists 
1928 and quickly became a top military commander in the forts 
led by Chu Teh and Mao. He was a troop commander in i 
warfare in south-central China against the Nationalist forces, Ш 
after the Communists were encircled there he participated ink 
retreat to China’s northwest, the trek known in Communist anni 
as the Long March (1934-35). 

From the outbreak of the Sino-Japanese War (1937-45) 0194 
P’eng ranked second only to Chu Teh in the Communists’ milly 
hierarchy. During the war he served as deputy commander 
chief of the main Communist forces, known as the 8th Route Am 
and in the civil war against the Nationalists (1946-49) he wasit 
conqueror of China’s northwestern provinces. During the Kowt 
War (1950-53) he commanded the Chinese forces, known û 
Chinese People’s Volunteers, from their entry into the war (0 
ber 1950) until a year after the cessation of hostilities. Return 
to China in 1954 he became defense minister, thereby effet’ 
succeeding Chu as China’s top soldier. A member of 
Politburo. by 1954, P’eng led several military delegations à 
in the mid- and late 1950s. 1 " 

Soon after returning from Moscow in mid-1959, P'eng ү, 
placed аз defense minister by Lin Piao. He then disappear m 
public life and was politically discredited, allegedly for his op " 
tion to the use of troops for nonmilitary functions a" e 
opposition to policies leading to the deterioration of e ose 
Soviet relations. 1 D. ds wi 

PENGUIN, a name for flightless, swimming seabir 
known for their clownish behaviour and tuxedo-clad i p 
These birds of the Southern Hemisphere number 16 es pn 
stituting the family Spheniscidae. The two southern” Ki? 
reach the Antarctic continent; others reach the coasts ^ 
Zealand, Australia, South Africa, and southern Soul А 
one, the most northerly species, lives оп the GalápaE ga 


by 
be 


the Equator. Originally, “penguin” ae apple tara iie 
i i eniscids Dé 
tinct great auk (g.v.), to which some sp етее height "T 


Penguins range from duck size to a 5 
four feet and a weight of 90 pounds (lar 
These birds are stout-bodied with short neck: "T 
webbed feet placed far back on their bodies; short tài. ке fel 
modified into flippers and covered with small sc ‘ie inal 
without quills. The body plumage is generally ҮП “ v 
cies, the breast being white and the back dark Т e hel 
Specific variations are seen chiefly in the plumage д 
neck. of the wat 

At sea penguins go in flocks. On the surface р 1 
birds swim with little more than head and nm cin тере", 
travel and feed like porpoises, diving and SUP Ta 
with wings alone used for propulsion underwater ce 
only for steering. Penguins feed on fish and cr 
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"Classical Landscape" by Claude Lorrain (Gellée) (1600— p 
82), French. Quill pen and iron-gall ink. In të Art In- 
stitute of Chicago 


LORRAIN, 
REMBRANDT 
AND TIEPOLO 


WY COURTESY O (TOP) TME ART INSTITUTE OF CHICAGO, (CENTRE) 
THE METROPOLITAN MUSEUM OF ART, N.Y., (BOTTOM) THE PIERPONT 
MORGAN LIBhARY 


69), Dutch. Reed pen, quill pen brush and bister ink. 
In the Metropolitan Museum of Art 


"Group of Female Figures Seated on a Cloud" by Glo- 
vanni Battista Tiepolo (1696-1770), Italian. Quill 
pen, iron-gall ink, carbon ink wash and graphite. In the 
Pierpont Morgan library 
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"Reclining Nude" by Pablo Picasso (1881— ), Spanish-born. Pen and ink. In the Meta and Paul J. 
Sachs collection of the Fogg Art museum, Harvard university 
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LJ 
“The Survivor" by George Grosz (1893-1959), German. Reed and steel pens, ci^! 
In the Art Institute of Chicago ” | 
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argue" by Vincent van Gogh 
(1853-90), Dutch. Reed pen. In the Fogg Art 
museum, Harvard university 


BY COURTESY OF (TOP, CENTRE) FOGG ART MUSEUM, (BOTTOM) THE 
ART INSTITUTE OF CHICAGO 


ТОПЕ PENGUINS (PYGOSCELES ADELIAE): (LEFT) A GROUP ENTERING THE 
WATER; (RIGHT) PARENT BROODING CHICKS 


Penguins come ashore to nest in colonies, where there may be 
much calling and elaborate displaying. Usually the colony is near 
the edge of the sea; but occasionally it may be miles inland, The 
Adélie penguin (Pygoscelis adeliae) may travel.as far as 60 miles 
ше ice to reach its nesting site in the Antarctic. These birds 
tan leap seven feet out of the water to land on the ice. When 
a over the ice, they may walk upright or toboggan along on 

t bellies. і 

‘The emperor and king penguins (Aptenodytes forsteri and А. 
patagonica) lay a single white egg and incubate it by holding the 
(ag on their E and covering it with a loose fold of skin, Other 
penguins make nests of stones or of bits of vegetation in the open, 
under vegetation, in a rock crevice, or in a burrow that they dig. 
E ga lay one to three white eggs and incubate them in nor- 

ashion, 

Both Sexes take part in nest duties, but the share of each varies 
with the species. In the emperor penguin, nesting in the cold and 

k of the Antarctic winter, the male alone incubates, without 
feeding, for the whole period of two months. In the Adélie pen- 
gun, nesting in the spring, the parents change places once in the 
5-day incubation period, and in more northern species the change- 
bis may be twice daily. The newly hatched young are scantily 
ko Covered but later develop a heavy down coat. Although they 

about, they must wait until they are full grown and feathered 

ore going into the water. 
we Galápagos penguin (Spheniscus mendiculus), the northern- 
Ra species, reaches as far north as the Equator. It was once 
me in the archipelago but now appears to breed only in a 
ets (chiefly Albemarle and Narborough). Egg laying oc- 
ae May to July, a clutch of two being common. The 

18 à crevice in or among a jumble of rocks along a sheltered 
bit of const, The jackass or blackfooted penguin (S. demersus) 

"breeds on islands off the west coast of Africa, and the 
| ian or Humboldt penguin (5. humboldti), which breeds from 
also, Chile, northward along the coast of Peru, are important 

í PENT; Of guano. See also BIRD, (A, L. Ro.; X.) 
sin NIBÉTICO, SISTEMA (also called CORDILLERA PENI- 

“ОА ог BAETIC CORDILLERA), comprises the Andalusian Moun- 


spi futher Spain. The northern mountains, or Sub-Baetic, 
thd southan’ mi. from Cape Trafalgar to Cape Nao. The central 


ern ranges, the Penibaetic proper, extend a shorter dis- 
û compl Estepona to Cape Gata. Separating the two systems is 
and high | Series of structures, traceable in longitudinal corridors 

zB basins for 180 mi. between Antequera and Baza, and 
ang ners Lorca and the Guadalentin Valley. The depres- 
Sout in [еа Tertiary basins, synclines, and grabens. To the 
Stm N € Penibaetic proper, the interior mountains include the 
Muy cada (q.v.), with the highest peak of the peninsula 
‘be Sierra ae ft. (3,478 m.), the Sierra de Baza (7,444 ft.), 
ty (4 pgg p5 Filabres (7,113 ft.), and the Sierra de las Estan- 
West-south Ít), oval domes orientated from east-northeast to 
leg... ESE and separated by synclinal depressions, sometimes 
vith Las Alpujarras (see ALPUJARRAS, Las). Triassic 
` overlying ancient crystalline rocks comprise the high- 


Lm е 
Тһе lower, less continuous coastal ranges include 
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the Sierra de Gador (7,356 ft.), the Sierra de Almijara (6,017 ft.), 
and the Sierra Alhamilla (4,744 ft.), Vegetation ranges widely, 
from subtropical at sea level to alpine higher up, within distances 
of only 20 to 30 ті, (J. M. Ho.) 
PENICILLIN is a powerful antibacterial substance elaborated 
by certain molds of the genus Penicillium. It is classified as an 
antibiotic; i.e., a substance produced by living organisms that has 
a specific antagonistic effect on microorganisms. It was at first 
thought that there is only one penicillin, but it was later discov- 
ered that the mold can produce at least four penicillins called 
F, G, X, and K, which differed slightly in their chemical structure. 
Of these, only penicillin G has been used extensively. The penicil- 
lin molecule can be altered by adding substances to the fermenta- 
tion liquor in which the mold is grown. 7 The relatively stable 
compound that constitutes the basic ring structure of all penicil- 
lins, 6-Amino-penicillanic acid, has been isolated. By adding vari- 
ous side chains to this basic structure, numerous semisynthetic 
penicillin derivatives can be produced. Some of these possess 
properties that greatly increase their medical usefulness. 
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Basic Chemical Structure of Penicillin 
O 


In potassium penicillin G, к= -cH-C- and R'=K. In 
6-aminopenicillanic acid, R=H and R'=H, The asterisk on the C-N 
bond in the lower left part of the basic structure indicates the site of 
action of staphylococcal penicillinase. 


History.—Penicillin was described and named by Sir Alexander 
Fleming (g.v.) in 1929. The work was initiated in 1928 by the 
unexpected contamination of a culture plate of staphylococcus 
by spores of Penicillium notatum. In the neighbourhood of the 
growth of the contaminating mold the colonies of staphylococcus, 
which had been well developed, appeared to be undergoing disso- 
lution. The mold was isolated in pure culture and was found to 
produce a substance that had a powerful destructive effect on 
many of the common bacteria that infect man, while it had no 
effect on many others. This antibacterial substance, which was 
christened penicillin, was liberated into the fluid in which the 
mold was grown. This liberation is the basis of all commercial 
production of penicillin. 

Although penicillin displayed a strong antibacterial action, it 
apparently was nontoxic to human cells, This combination of 
destructive action on bacteria and absence of toxicity for human 
cells was unique. All the antiseptics then in common use were 
more toxic to human cells than they were to bacteria, Subse- 
quently it was discovered that penicillin acts mainly if not solely 
by inhibiting the synthesis of cell walls in bacteria, Animal cells 
do not have cell walls and this selective action is a reasonable ex- 
planation for the virtual lack of toxicity to human cells. 

In 1939 a team of Oxford workers headed by Sir Howard Florey 
(q.v.) decided to investigate antibiotics. They selected penicillin 
as a promising one to commence with and succeeded in concentrat- 
ing and purifying it. They demonstrated its curative properties 
first on experimental infections in mice and then on human pa- 
tients suffering from staphylococcal and other infections. The 
next goal was production on a large scale. The Oxford workers 
developed methods of production and extraction, and in 1941 
Florey took these to the U.S. and induced the authorities there to 
commence production. The pharmaceutical manufacturers in Eng- 
land also interested themselves and there was free interchange 
of information. The progress was phenomenally rapid and many 
advances in methods of production were made: (1) the culture 
medium was improved by the addition of "corn steep liquor" and 
other substances; (2) the fermentation was carried out in large 
tanks instead of in thousands of bottles; (3) it was found that 
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other strains of mold of the Penicillium notatum-chrysogenum 
group gave larger yields of penicillin than did the original strain 
isolated in 1928; (4) better methods of extraction were evolved. 

The penicillin molecule has been synthesized (1957), but the 
synthetic method of production was found to be much less eco- 
nomical than production by mold fermentation. The materials 
used in the fermentation are cheap, so that when the initial outlay 
in manufacturing plant has been written off the cost of production 
of penicillin is relatively small. 

Following World War II, penicillin G came into widespread 
clinical use. With the inexpensive production of a relatively 


pure compound, it became possible to administer increasingly ` 


larger doses for prolonged periods of time. Thus, bacteria that 
were relatively resistant to penicillin could be treated. 

Theory of Penicillin Action.—Following the addition of 
penicillin to a culture of sensitive bacteria, the synthesis of muco- 
peptide, a component of the cell wall, stops. Compounds that 
appear to be the basis for the chemical building blocks of the 
highly polymerized mucopeptide then accumulate inside the cell. 
Penicillin thus appears to prevent a late stage of mucopeptide 
synthesis. Mucopeptides are common to all bacteria; however, 
in gram-positive bacteria (ie., those that can be stained with 
Gram's stain), they form a larger proportion of the cell wall than 
in gram-negative bacteria (i.e., those that are not stained by 
Gram’s stain); in the latter bacteria, special substances typical of 
a given species form the majority of the cell wall. As a rule, 
penicillin is more effective, molecule for molecule, on gram-posi- 
tive than on gram-negative bacteria. 

The action of penicillin in inhibiting cell-wall synthesis explains 
why the antibiotic is effective on actively growing bacteria. Al- 
though at minimally effective concentrations penicillin appears to 
be merely bacteriostatic (i.e., capable of arresting bacterial multi- 
plication), at slightly higher concentrations it is bactericidal (capa- 
ble of killing bacteria). The morphological changes following 
exposure to penicillin have been studied thoroughly in some orga- 
nisms, particularly the gram-negative bacilli. In one of these 
organisms, Escherichia coli (the commonest normal organism of 
the intestinal tract), the changes are as follows: At bactericidal 
concentrations, the rod-shaped organism develops a break in its 
cell wall. The intracellular components are then extruded through 
the opening and a curious form called a spheroplast is produced. 
The spheroplast has lost the rigidity provided by the cell wall and 
is vulnerable to changes in the salt concentration of the surround- 
ing medium in that it can be lysed in distilled water but is pro- 
tected by higher salt concentrations. Under suitable conditions 
the spheroplasts continue to grow and can divide to produce 
colonies that are markedly different from ordinary bacterial colo- 
nies. If penicillin is removed from the medium, they can usually 
revert to normal bacteria. 

At concentrations approaching the minimally effective concen- 
tration the Escherichia coli do not form spheroplasts. Instead, 
the rods continue to grow longer as if the site of production of 
the intercellular septum is the most vulnerable area to the action 
of penicillin. If penicillin is removed from the medium, inter- 
cellular septa begin to grow and convert the elongated filamentous 
forms into a chain of rods. 

Unit of Penicillin.—When the Oxford workers concentrated 
penicillin in 1940 they established a unit of potency. This corre- 
sponded with the amount that, when dissolved in 50 ml. of nu- 
trient broth, would just inhibit the growth of their test organism, 
a staphylococcus. After penicillin was obtained in a pure and 
crystalline form an international unit corresponding to the original 
Oxford unit was agreed upon. This international unit is equal to 
0.0006 mg. of penicillin G; consequently, 1,000,000 units repre- 
sents 0.6 g. 

Bacterial Resistance.—Resistance of bacteria to penicillin 
тау be divided into two general categories: (1) that associated 
with the inherent resistance of the individual organism to penicil- 
lin; (2) that associated with the production of enzymes called 
penicillinases, which are capable of destroying penicillin. The 
first type of resistance may be virtually absolute, as with Pseu- 
domonas aeruginosa, or it may be relative, as with many other 
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gram-negative bacteria, such as Escherichia coli or Pr 
mirabilis. Whereas the gram-positive bacteria, such aş А 
cocci, and hemolytic streptococci are sensitive to penicillin 
doses of tenths to hundredths of a unit per millilitre, the relat 3 
resistant gram-negative organisms may require from | to 100 
Bacterial mutations that increase resistance to penicillin ma 
demonstrated in the laboratory, but, at least with BraM-posily 
organisms, they are not encountered in the patient, 

The second type of resistance, the ability to form релі; 
is particularly important with respect to staphylococci, 
strains do not produce penicillinase and are susceptible to pen 
lin, Other strains produce the enzyme and, if they are preseg 
sufficient numbers, may be resistant to large amounts of pen, 
After the use of penicillin became widespread, the penicillins 
producing strains became more common, particularly in Hosp 
and other places in which penicillin was widely used, 

Therapeutics.—Penicillin is used for the treatment of may 
types of bacterial infections. For serious infections it is ul 
given intramuscularly or intravenously. It is rapidly excretediy 
the kidneys. Since the drug is virtually nontoxic, million d 
units may be given and the dose may consequently be айн 
according to the species of bacteria, the location of the die 
process, and the severity of infection. After injection the pais: 
lin circulates in the blood and can affect organisms almost ap 
where in the body except in the normal cerebrospinal fluid, Ho 
ever, in the presence of meningitis, penetration into lk 
cerebrospinal fluid is improved and therapy with large й 
intravenous penicillin may be employed. The use of pei 
locally in the form of ointments, etc., is discouraged since sid 
methods of application result in uncertain levels in the tissue ul 
are accompanied by an increased risk of allergic reactions. 

One of the great social benefits of penicillin has been its et 
tiveness in the treatment of syphilis and gonorrhea. Мн 
more prolonged treatment may be necessary for moderately 
sistant strains, a single dose is usually sufficient for the treat 
of gonorrhea; treatment of syphilis requires several injections й 
a period of days or weeks (see VENEREAL DISEASES: ууш 
Treatment). 

Development of Additional Penicillins.—Althouh j 
cillin G is an extremely effective antibiotic it has certain bar 
cies, which has encouraged the synthesis of variously m 
compounds, Some, such as procaine penicillin, are absor! Ton 
slowly after intramuscular injection, with the result b. 
doses need be given; Others, such as penicillin V, are Mr 
and therefore give higher and more dependable levels à 
ministration by mouth. Some penicillin compounds S did 
unaffected by staphylococcal penicillinase and can be be vdd 
infections caused by so-called "penicillin-resistant sap 
Other penicillin derivatives are more effective than per 
against some gram-negative bacilli. 

A species of mold isolated in Sardinia was found юр 
at least three different antibiotics. This organism ae 
sporium, produced two substances with properties S i 
cillin. One of these, cephalosporin N, has a ring struc E c 
to that of penicillin С, while the other, cephalospo ода 
slightly different ring structure. Derivatives 9 wr. , 
pound have different degradation products and bes 
cause allergic reactions in persons allergic to peric gt 

See ALLERGY AND ANAPHYLAXIS; ANTIBIOTICS; “ 
ences under “Penicillin” in the Index. 15, Reilly 

BreLr0GRAPHY.—Ciba Foundation Study Group No," 1й И 
of Bacteria to the Penicillins (1962); А. Maurois, ics? 
Alexander Fleming (1959); Sir A. Fleming (ed), 20 
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PENINSULAR WAR, the name given to Uf д 
Napoleonic Wars (g.v.) fought between 1808 an p 
Iberian Peninsula, where the French were opP insular Ө ig 
Spanish, and Portuguese forces. Napoleon $ ro 
contributed considerably to his eventual dow! exerc 
the conflict in Spain and Portugal, although СОЗ r 
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ffect upon the progress of French affairs in central 
urope. The war in the Peninsula was of primary 
British, however, because their army made no other 
int or notably successful contribution to the war on the 
mt between 1793 and 1814. Not the least of Napoleon’s 
attempting the conquest of Spain and Portugal was 
eby allowed the British to employ their limited army 
advantage. 
їз pact with Russia at Tilsit (July 7, 1807) left him 
im his attention toward Britain and Sweden and Portugal, 
с which remained allied ог friendly to Britain. Rus- 
is decided, would deal with Sweden, while Napoleon, 
me since 1796, summoned (July 19) the Portuguese "to 
etheir ports to the British and declare war on Britain.” His 
mion was to complete the continental system, designed to 
nomic war against Britain, for there was no other means 
rit to seek peace than by striking at its trade. Although 
irpose was the immediate cause of his invasion of Portugal, 
mish allies were to discover that he was also intent upon 
for its own sake. 
h Invasion of Portugal.—As the Portuguese refused 
the conciliation of France to the point of confiscating 
| ods, a French expeditionary force of 30,000 men under 
loche Junot crossed the Bidassoa River on Qct. 18, 1807, 
through Spain, which was still the ally of France under 
t government of Charles IV and his favourite, Manuel 
‚ The abortive Franco-Spanish Convention of Fontaine- 
ct, 27, 1807, determined the partition of Portugal: a 
jem province was to go to Charles Louis, king of Etruria, 
for the cession of Etruria to France; Algarve and Alen- 
loy; and the central territories and Lisbon to Napoleon. 
ү. 30 Junot arrived in Lisbon, from which on the previous 
‘ortuguese royal family and fleet had left for Brazil. 
il French forces began to enter Spain late in November 
ostensibly as reserves for Junot. Joachim Murat took over 
command at Burgos on March 13, 1808. On March 23 he 
Madrid, where his approach had led to Godoy’s arrest 
Supporters of Charles IV’s son Ferdinand (later Ferdinand 
the abdication (March 19) of Charles IV on behalf of 
At Bayonne on May 10 Napoleon finally obtained 
sh rulers’ surrender of the throne, which he granted to 
Joseph Bonaparte. 
Tising against Murat in Madrid on May 2 was ruthlessly 
d but was followed three weeks later by another at 
те first of many provincial insurrections throughout 


revolt spread to such effect that Joseph, who reached 
оп July 20, abandoned it on Aug. 1, and subsequently 
to the Ebro River. Representatives of the insurrec- 
Junta from the province of Asturias had arrived in London 
› and were promptly offered support. The British gov- 
Soon to deplore the rivalries and particularism of the 
committees of administration) which were established in 
‚ Galicia, Murcia, Valencia, Aragon, and Catalonia. 
ess, the strength of local sentiment played a substantial 
formation of Spanish opposition to French rule as 
foe the coordination of national resistance to Na- 
es. r 

leon's army in the Peninsula, including Junot's corps, num- 
only 116,000 by May 31. Of these, less than one-third came 
French Army, the rest being composed of recently 
conscripts and foreign auxiliaries, The front-line 
Grande Armée remained in Germany. The regular 
! lorces were too few, too dispersed, and too ineffective to 
е French, who were principally concentrated around 
din the north, At first mistaking the revolt to be no 
000 4 Solated risings, Napoleon detached 22,000 men from 
Around Madrid to pacify Andalusia and Valencia. This 

Cd to а serious reverse, for at Bailén on July 23 the out- 
En Pierre Dupont surrendered to the rebels with a 
at ae captured, and deserters of 17,600 men. This 
D à considerable effect on European opinion, the more so 
ропе poor handling of operations, the inadequacy of 


т 


555 


his troops, and the presence of a large majority of regular soldiers 
in the opposing Spanish forces were generally overlooked, 

The Campaign in Portugal, 1808.—Sir Arthur Wellesley 
(later duke of Wellington) disembarked in Mondego Bay in Portu- 
gal with an expeditionary force of 13,500 men on Aug, 1 and his 
army was swelled by 5,000 national troops. Three weeks later at 
Vimeiro, near Lisbon, where Wellesley had about 19,000 men, he 
was attacked by Junot's force of 13,000, The French were severely 
defeated (Aug. 21), but the new British commander in chief, Sir 
Hew Dalrymple, who arrived immediately after the battle, proved 
unwilling to exploit Wellesley's success, On Aug. 31 Dalrymple 
concluded the Convention of Sintra with the French. Its terms 
were of arguable advantage to the British, for they provided for 
the evacuation to France of the French Army in Portugal, more 
than 25,000 men, who were thus able to return to Spain in De- 
cember 1808; on the other hand, the British occupied Lisbon on 
Sept. 9 and were free to march eastward into Spain to assist the 
insurrectionaries, 

Sir John Moore's Campaign of 1808-09.—Meanwhile the 
French had been driven back by the Spaniards behind the line of 
the Ebro, where they were confronted by four ill-equipped and 
badly coordinated Spanish forces. In September the British gov- 
ernment decided that its troops in Portugal should support the 
Spanish on the Ebro, and by mid-October Sir John Moore, the 
new commander in chief, with an army of 20,000 strong, had be- 
gun his march northeastward toward Salamanca. By way of re- 
inforcement, 12,500 men under Sir David Baird were ordered to 
leave England for Corunna and to join Moore, if possible at Val- 
ladolid. Napoleon, however, determined to increase his numbers 
in Spain and to resume the offensive. By late October he had 
assembled nearly 120,000 front-line troops on the Ebro, where he 
assumed personal command of 70,000 at Vitoria on Nov. 6, One 
Spanish army had been defeated at Zornosa, near Durango, on 
Oct. 29, another at Espinosa de los Monteros on. Nov. 11, and on 
Nov. 23 at Tudela, on the Ebro, the Spanish were finally routed. 
On Dec, 4 Napoleon occupied Madrid, where he issued a stream 
of decrees for the reorganization of Spanish affairs, including the 
closure of two-thirds of the religious houses. 

Moore halted his march at Salamanca on Nov. 14 when he re- 
ceived news of the Spanish defeat at Zornosa and of the French 
advance toward Valladolid. In the north, Baird had arrived at 
Corunna with his infantry on Oct. 13, and after a month's delay 
for his cavalry to join him, he set out for Astorga, which he 
reached on Nov. 22. There he heard at last of the Spanish re- 
verses at Zornosa and at Espinosa de los Monteros and decided to 
suspend his march. Moore had remained at Salamanca where he 
learned on Nov. 28 that the forces on the Spanish right had been 
defeated at Tudela on the 23rd, He resolved at once to withdraw 
to Portugal, called in his detachments and sent Baird instructions 
to retire on Corunna, where he was to embark his men to join 
Moore in Lisbon, Soon afterward, however, Moore was asked by 
J. H. Frere, the British minister at Madrid, to make an effort to 
save the capital, and although very doubtful of the. wisdom. of 
such a policy, on Dec. 5 he ordered Baird to return to Astorga. 
Hearing on Dec, 9 that Madrid had fallen, Moore determined to 
take advantage of the dispersal of the heavily superior French 
forces and strike at their communications by attacking N. J. de 
Dieu Soult's isolated corps of 20,000 men west of Burgos, When 
Baird joined him at Mayorga on Dec, 20 his effective strength 
rose to 26,000 men. 

Two days later Napoleon realized that far from withdrawing 
into Portugal Moore had set out on this hazardous enterprise and 
he hastily deployed more than 80,000 men in an enveloping move- 
ment against him, It was not until Dec. 23, when he had com- 
pleted his preparations to attack Soult next morning, that Moore 
heard the not unexpected news of Napoleon's advance, and or- 
dered an immediate withdrawal on Corunna. The British retreat 
over the mountains of Galicia was hurried and painful, but Moore 
succeeded in keeping ahead of his pursuers. Napoleon gave up 
personal direction of operations on Jan. 3, 1809, and soon after- 
ward left for Paris to meet the danger from Austria, whose prepa- 
rations for war had been encouraged by the large number of 
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French troops confined in the Peninsula. Moore reached Corunna 
on Jan. 11, three days before his transports arrived. He took up 
a position with 15,000 men and 9 light cannon in order to cover his 
embarkation, and was attacked on Jan. 16 by Soult, who had 
about 16,000 men and 40 guns. The French were repulsed, but 
Moore lost his life in the battle which enabled his army to take 
ship for England. In itself, his campaign had been unsuccessful, 
but it secured substantial benefits by drawing Napoleon’s troops 
from southern Spain and from Portugal. 


WELLINGTON’S CAMPAIGNS, 1809-14 


Although Napoleon’s brief campaign of 1808 had disclosed some 
of the obstacles to the conquest of the Peninsula, his personal com- 
mitment to the enterprise and his over-optimistic appreciation 
of its long-term requirements led him to persist in his largely 
unnecessary undertaking. One important consequence of the 
British government’s decision to continue its support of the insur- 
gents after the return of Moore’s force to England was the choice 
(March 1809) of Sir Arthur Wellesley (created Viscount Welling- 
ton in September 1809) as the commander of the British forces in 
Portugal. Wellington was quick to perceive the opportunities of- 
fered him by the peculiarities of the strategic situation, and after 
his first campaign he exploited them with mounting success. His 
task was anything but easy. At the outset, his army, with rein- 
forcements, numbered only 26,000, The operations in Portugal 
were poorly supported and widely criticized at home until Welling- 
ton obliged André Masséna to retire from the lines of Tórres 
Vedras in March 1811 (see below). Caution had been enforced 
upon him in these first difficult years; the brilliant and victorious 
campaigns of 1812—14 when he had a stronger hand were to demon- 
strate, if proof were still needed, the extent of his military and 
political gifts, and the judgment and tenacity of purpose with 
which he had earlier followed his course. He supplemented his 
small numbers to some extent by the Portuguese, whose troops 
were reorganized under William Carr (later Viscount) Beresford 
and other British officers and of which there were more than 50,- 
000 in the field by 1810; the Portuguese Militia too was used for 
support purposes. 

The Spanish, however, took less kindly to British direction; 
their governments, unstable and short-lived, and their regular 
army, ill-equipped and inefficiently led, failed to cooperate ef- 
fectively with Wellington. Thus the British, who alone of the 
allies possessed properly constituted forces, provided almost all 
the effective conventional resistance to Napoleon’s army. Yet it 
was the bitter opposition of the Spanish people which furnished 
the conditions necessary for so much of Wellington’s success, and 
which, all in all, decided the outcome of the Peninsular War. Re- 
luctant to organize, support, or join a substantial regular army, 
large numbers elected to engage in local guerrilla warfare fought 
with exceptional savagery on both sides. 

The guerrillas’ activities, whether inspired, as in many cases, 
by genuine patriotism and religious fervour, or as in some in- 
stances, verging upon brigandage, took a daily toll of men and sup- 
plies and obliged the French to make constant detachments to 
control disaffected areas and protect rear services. Not only were 
the French further handicapped by inadequate roads and difficult 
terrain, but the country could not support their numerically su- 
perior armies, even where it had not been ravaged by earlier op- 
erations. Thus their campaigning forces were often unable to 
remain united for long enough to defeat the usually inferior regu- 
lar formations opposed to them. 

These conditions Wellington turned to great effect in his early 
years when he lacked the men and materiel to undertake a pro- 
longed offensive. His strategy also drew strength from the more 
positive advantages that his lines of retreat were guaranteed by 
command of the sea, and that he was provisioned in part by sea 
transport. Moreover, to increase his freedom of movement he 
organized an effective system of supply in the field. By these 
means, and his outstanding success in raising the technical effi- 
ciency of his army, the series of limited operations in the early 
campaigns enabled Wellington to secure his hold on Portugal and 
to inflict substantial losses on the dispersed French armies. 
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Campaign in Portugal and Spain, 1809. Welles) 
Lisbon from England at the end of April 1809 to fd ta 
French had made considerable progress toward the conque: x 
Peninsula. After the Battle of Corunna (January 1809) | i 
marched south into Portugal, where he had taken m 
(March); he was now opposed only by some disheartened р 
guese levies. Michel Ney, who had also joined in the РЫ 
Moore, was engaged farther north in the pacification of Gai 
The French force closest to Wellesley was that under Claude Ti 
Perrin at Mérida, within 40 mi. of the Portuguese frontier wd 
placed to invade Portugal via the Tagus River and ору 
no more than the demoralized army of the Spanish gene 
Gregorio Garcia de la Cuesta, who had been defeated on iyi 
28 at Medellín, east of Mérida. The central Spanish amy yy 
suffered two earlier defeats, at Ucles, east of Ocaña, on Jan, |j 
and at Ciudad Real on March 27. To the east, in Catalonia t 
French general, Gouvion-Saint-Cyr, had gained substantial y 
tories over the rebels. 

Soult and Victor, however, had both halted their advance b 
April and were separated by 200 mi.; furthermore, although hy 
were meant to be acting in concert, they were not in commun 
tion. Wellesley, whose total forces numbered 25,000 British at 
15,000 Portuguese under Beresford, advanced northward fre 
Coimbra against Soult on May 7. Suspecting nothing, Soult lM 
scattered his encampments north and south of Oporto, Welts 
failed to cut off the detachments south of the town, but surpi 
the French by crossing the Douro River on the 12th just abit 
Oporto. The French began their retreat northward in the uli 
confusion, and their destruction was averted only by the timid 
of Gen, George Murray, one of Wellesley’s divisional commandi 
Soult had lost nearly 6,000 men and all his artillery when li 
hard-pressed withdrawal ended at Lugo on May 23. His 89 
owed much to the fact that reports of Victor's advance [11 
Tagus made Wellesley abandon the pursuit оп the 18th. 

Victor's movement was in fact a reconnaissance in forte to 
tain intelligence of Soult, but when Joseph Bonaparte in Ys 
received news from Paris of Soult's reverses he ordered Vit 
to withdraw along the Tagus to Talavera de la Reina, At Lt 
Soult quarreled violently with Ney and the joint operation у 
had planned to mount against the Galician insurgents (mt 
nothing; Galicia, in fact, remained in rebel hands for the f i 


the war. By the beginning of July Joseph was ina Ler 
necessary, to concentrate 100,000 in the Tagus ke aii 
ni 


Soult had moved southward to Astorga and Benavel "m 
force, together with Edouard Mortier's corps at Уай E 
bered 50,000; Joseph disposed of 27,000 men їп the гй 
Madrid; at Talavera Victor's corps numbered 23,000. різ 
On his return (June) to Abrantes from northern #7" 
Wellesley proposed that he with 23,000 British troop; 4 0 
de la Cuesta, who brought 36,000 Spanish on campaign arched 
vance on Madrid by way of the Tagus. The British e i 
June 27 to join Garcia de la Cuesta at Plasencia an 4 1 
the allied armies set out for the capital. Wellesley ir EL 
aware of his error in undertaking operations conjoin! cin 
Spanish; not only was the elderly and incompetent | 
Cuesta unwilling to cooperate, but his unreliable ш ed 
sent into the field without the supplies and transport allies 
the Spanish government. Victor fell back bis 1 | 
reinforcements from Joseph brought his strength up m it 
When, accordingly, the allies were obliged to rela anish 
sition just east of Talavera, the disorder of te ales 
turned retreat into flight. With much diffi ш Talaver* 
the panic and on July 27 took up his position a tacks," 
that night and next day, he drove off Victor Er an 
5,000 casualties as against Victor's loss of 7,000 m the ? 
On Aug. 1 Soult's arrival in the Tagus valley fr^ 
an end to any thought of exploiting Victor 
hastened to withdraw his army into Portugal \ 
success at Talavera, Wellesley was created Visco 4 
September 1809. sss during the »" 
The Spanish embarked on a new campaign 20 a, ба 
1809, and at Ocafia on Nov. 19 Carlos Ares 
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% successor, was totally defeated. Against this reverse, 
ver, could be set the wasteful diversion of the troops under 
i and Joseph, who invaded Andalusia in January 1810, There 

‘french undertook the futile enterprise of besieging Cadiz, 
hich was virtually impregnable without the assistance of a naval 
force and whose garrison was presently reinforced by 8,000 British 


Jf more importance was the fact that Napoleon had defeated 
at the Battle of Wagram (July 1809) and the end of the 
yar with Austria (October 1809) had released 138,000 men for 
_ amice in Spain. Greater numbers, however, were required to 
I superiority over the regular armies in the field while con- 
шшр guerrilla activity. Napoleon added to the difficulties by 
allempting to direct operations from Paris, and the differences 
between the French marshals, whom Joseph proved unable to sub- 
odinate to à common purpose, greatly hindered coordinated of- 
{ensives against the British. Within a year of Wagram, moreover, 
- Napoleon’s preoccupation with the situation in eastern Europe 
prevented him both from imposing a unified strategy in Spain 
- ind from concentrating sufficient forces to overcome resistance. 
| Wellington's Plans for the Defense of Portugal.—There 
were three principal routes by which the French could attack 
Wellington in Portugal: from the northeast, via Salamanca and 
Almeida (a frontier town in Portugal, northwest of Ciudad Rod- 
ae the east, along the line of the Tagus River; and finally, 
south, by way of the Guadiana River. Wellington had 
жю with the first two of these approaches: the third was 
blocked by the fortress of Badajoz which remained in Spanish 
lands, In consequence he would have to divide his forces to cover 
ү both avenues, but he could expect that їп all probability the French 
‘Would not attack him in strength along both routes at the same 
| EA they could bring heavily superior numbers against 
lim. he could hope that the problems they would encounter in 
supplying their army, together with the mobility he would gain 
rom the reorganization of his own commissariat, would redress 
Nous in his favour. The keystone to his carefully considered 
, lins to meet the French was furnished by the construction be- 
| Ае. pee and Lo dea of the онаи faites lines vf 
ras, 25 mi. N of Lisbon. ese sealed off the peninsula 
Containing his base from virtually any attack the logistic difficul- 
tes of the position would permit the French to mount. 
Campaign of 1810.—For the campaign of 1810, 65,000 French 
or to the army of Portugal under fod мамки 
oult commanded as many in the army of Andalusia.. Wit 
British and 14,000 Portuguese, Wellington awaited Mas- 
Sir s Almeida. The route by the Tagus was guarded by Gen. 
owland Hill with about 20,000 men, mostly Portuguese. 
ler the siege and capture (July 10) of the fortress of Ciudad 
ik be Masséna's troops entered Portugal. Wellington fell 
[veis lore their advance to Bussaco, north of Coimbra, where, 
vith hed Bil to him, he took up a very шок pee 
M men and offered battle. Masséna attacked on Sept. 
about 60,000 and was repulsed with 4,600 casualties as 
ellington's 1,250. The allied retreat was now resumed 
[^ Oct, 10 Wellington's army occupied the lines of Tórres 
inis Masséna remained before them for a month before want 
line his ees him ito retire 30 mi. NE to Santarém to con- 
| ‘ation of the allies, 
Whig v for Masséna’s persistence—the expectation that 
inplemen Would replace the existing ministry in Britain and so 
ling their demands for the withdrawal of British forces 
| feling Peninsula—was not the only consideration which gave 
ton cause for alarm at the be inning of 1811. In January 
И ult eg ; h 
advanced from Andalusia on Badajoz. The Spanis 
[wr LS Offered battle (known as the Battle of Gebora) on 
pected i Spite of Wellington’s plea that it should not, апа, sue 
reat i it was defeated, On March 5, Masséna at last began is 
Wik 44 00 Santarém toward Salamanca, followed by Wellington 
O Beresf men. Of these, he was obliged to send 7,000 at once 
because Ord, who had already been ordered to march against Soult, 
"n Ma Badajoz had been quite unjustifiably surrendered to Soult 
teh 10. Pursued by Wellington’s remaining forces, early 
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in April Masséna's exhausted troops crossed the Portuguese fron- 
lier en route for Salamanca. His fruitless campaign had cost him 
25,000 casualties. 

Campaign of 1811.—Meanwhile the allied forces invested at 
Cádiz had gained a successful action against their besiegers at 
the Battle of Barrosa (March 5), In consequence, Soult hurried 
back from Badajoz to Andalusia, On April 22, Beresford, whose 
Anglo-Portuguese force had been raised to 18,000 men, laid siege 
to Badajoz, The main allied army, which had suspended its pur- 
suit of Masséna, was now engaged in the blockade of Almeida. 
Masséna returned to its relief, and the two armies met at Fuentes 
de Ofioro on May 3, when Masséna was driven off with a loss of 
650 men to Wellington's 250, and again on the 5th, when Mass 
attempted a general assault against Wellington's faulty position 
and was repulsed chiefly by the steadiness of the allied troops. 
His forces on that day suffered 2,200 casualties to Wellington's 
1,450. Two days later Masséna began his retreat to Salamanca. 
The French abandoned Almeida on the 10th. 

Soult returned from the south with 24,000 men in May to at- 
tempt the relief of Badajoz. Beresford gave battle, inexpertly, 
with 24,000 Spanish and Portuguese and 10,000 British troops at 
Albuera, southeast of Badajoz, on May 16. The resolution of 
Beresford's troops saved the day, and obliged Soult to retire with 
a loss of 8,000 casualties, The British casualties, however, num- 
bered 4,000 and their allies’ 1,760. A fortnight later Wellington 
resumed the siege of Badajoz with inadequate Portuguese cannon, 
The siege was again raised on June 10, when Wellington withdrew 
his 37,000 British and 17,000 Portuguese troops behind the Caia 
River, west of Badajoz, to oppose Soult and Auguste Marmont, 
who had replaced Masséna, The two marshals joined forces at 
Mérida on June 17 and advanced toward Wellington with nearly 
60,000 before they decided to avoid battle. Disagreement between 
them led next to Soult’s departure (June 28) for Andalusia, and 
Marmont, with 43,000 men, withdrew north on July 15 to the 
Tagus valley. While the bulk of his forces remained to protect 
the eastern frontier, Wellington brought his siege train from Lis- 
bon to blockade Ciudad Rodrigo (Aug. 11). Marmont advanced 
with 58,000 men to its relief, but when Wellington raised the 
blockade to await him with 30,000 British and 16,000 Portuguese 
troops, Marmont contented himself with a reconnaissance in force 
on Sept. 25 and retired to the Tagus on Oct, 1, 

Campaign of 1812.—Anxious to secure the northeastern ap- 
proach to Portugal, Wellington again invested Ciudad Rodrigo on 
Jan. 8 and captured it by storm, with a loss of 550 casualties, 
on Jan. 19, long before Marmont could intervene. After remain- 
ing in cantonments Wellington's troops marched on Feb, 16 and 
besieged Badajoz on March 16. The fortress fell on April 6, and 
cost Wellington 5,000 casualties. The French had already lost 
their siege train at Ciudad Rodrigo and now at Badajoz their 
pontoon train was captured, On May 19 a detachment under Hill 
captured and destroyed the French bridge of boats across the 
Tagus at Almaraz and so forced Soult and Marmont to use the 
bridge of Toledo for their communications, 

While Hill remained with 22,000 men at Mérida to keep watch 
on Soult, Wellington on June 13 advanced with 48,000 British and 
Portuguese against Marmont at Salamanca. Marmont withdrew 
north to the Douro River until the arrival of reinforcements en- 
abled him to assume the offensive on July 16 in a maneuver against 
Wellington’s communications. A race ensued between the two 
armies to obtain a favourable position for battle; on more than 
one day they marched in parallel columns separated by only a 
few hundred yards. Finally, on July 22,at the Battle of Salamanca 
Wellington seized the opportunity afforded by the isolation of 
Marmont's left wing from the rest of the French Army to inflict a 
crushing defeat on his adversary. The allies, with Spanish rein- 
forcements, disposed of 50,000 men and 60 guns; Marmont had 
48,000 and 78 guns. Wellington suffered 4,760 casualties, Mar- 
mont’s losses numbered 14,000 men and 20 guns. 

The French withdrew to Burgos, which Wellington proceeded 
to besiege (Sept. 19) after his triumphant entry into Madrid on 
Aug. 12. The concentration against him of French troops from 
all over Spain obliged him to abandon his unsatisfactory invest- 
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Though many of Penn’s doctrinal and devotional works have 
lasting value, it is as a protagonist by word and act of religious 
toleration that he earned his prominent place in English history. 
In 1670 he wrote The Great Case of Liberty of Conscience, the 
most systematic and thorough exposition of the theory of tolera- 
tion produced in Restoration England. Though he founded his 
arguments on theological and Scriptural grounds, he did not over- 
look rational and pragmatic considerations: he pointed out, for 
instance, that the contemporary prosperity of Holland was based 
on “her Indulgence in matters of Faith and Worship.” 

In that same year he had an unsought opportunity to strike 
another blow for freedom of conscience and for the traditional 
rights of Englishmen. On Aug. 14, 1670, the Quaker meeting- 
house in Gracechurch street, London, having been padlocked by 
the authorities, he preached in the street to several hundred per- 
sons. After the meetings, he and William Mead were arrested and 
imprisoned for riot. A full account of their trial in the Old 
Bailey, a vivid courtroom drama, was soon published under the 
title The People's Ancient and Just Liberties Asserted (1670). 
With calm courage born of his Quaker faith and with skill in 
pleading derived from his legal training, Penn exposed the illegality 
of the proceedings; the jury, under the leadership of one Edward 
Bushell, manfully resisted the browbeating of the mayor and re- 
corder. For their refusal to bring in a verdict of “Guilty,” as 
directed by the bench, the jurymen were fined and imprisoned; 
but they were vindicated, when Sir John Vaughan, lord chief jus- 
tice, enunciated the principle that a judge “may try to open the 
eyes of the jurors, but not to lead them by the nose.” “Bushell’s 
case” stands as a landmark in English jurisprudence, establishing 
beyond question the independence of the jury. 

Sir William Penn died in 1670, having finally become reconciled 
to his son’s Quakerism. Young Penn inherited his father’s estates 
in England and Ireland, and became, like his father, a frequenter 
of the court, where he enjoyed the friendship of Charles II and 
his brother James, an unusual experience for a Quaker, In 1672 
he married Gulielma Springett, daughter of Mary Penington by 
her first husband Sir William Springett, and stepdaughter of Isaac 
Penington, a Quaker, like Penn, of high birth and literary attain- 
ments, Of this marriage eight children were born, four of whom 
died in infancy. 

During the 1670s Penn was ceaselessly busy as a polemicist and 
minister, producing no less than 40 controversial tracts, in which 
he engaged theologians of various persuasions on matters of re- 
ligious doctrine and practice. These productions are probably the 
least interesting of his writings to the modern reader, though they 
were of the utmost importance to the Society of Friends, still 
struggling to vindicate its place among Christian bodies and fortu- 
nate to have so able and fluent a defender. Penn also undertook 
two preaching missions to the continent. In 1671 he traveled 
through Holland and into northern Germany visiting small groups 
of Friends and religious seekers, including the followers of the 
mystic Jean de Labadie (who rebuffed him) and the princess 
palatine Elizabeth (who welcomed him gladly). Six years later, 
in company with George Fox, Robert Barclay and George Keith, 
three of the foremost Quakers of the time, he made another mis- 
sionary journey through the same region, renewing his friendship 
with Princess Elizabeth and established contacts which would later 
help him in peopling Pennsylvania with emigrants from the Low 
Countries. 

The latter years of the decade were occupied with political 
activities. In the midst of the excitement generated by the “‘popish 
plot,” he twice supported the candidacy of the radical republican 
Whig Algernon Sidney for parliament. At Guildford and later 
at Bramber in 1679 he campaigned vigorously but unsuccessfully 
for his friend, drawing down upon himself the criticism of those 
Quakers who considered such activity unsuitable for one of their 
religious profession. During these years he also wrote a number 
of pamphlets on behalf of the radical Whigs. England’s Great In- 
terest in the Choice of This New Parliament (1679) is especially 
noteworthy as one of the first clear statements of party doctrine 
ever laid before the English electorate. 

Settlement of Pennsylvania.—Even before this excursion 
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into English politics, he had become involved in American gy, 
tion as a trustee for Edward Byllynge, one of the two Cute 
prietors of West New Jersey. Though recent scholarship d 
give Byllynge the major credit for writing the O 
Agreements” of West New Jersey, there is no doubt that pel. 
a hand in making it the remarkable democratic and len 7 
document it is. In 1681 he and 11 other Quakers bought thn 
prietary rights to East New Jersey from the widow of Sita 
Carteret. In the same year, discouraged by the untoward tum 
political events in England, where Charles II was ruling withy 
parliament and prospects for religious freedom seemed dark h 
sought and received a vast province on the west bank of the № 
ware river, which was named Pennsylvania for his father (to yha 
Charles II had owed a large debt cancelled by this grant), Aig 
months later the duke of York granted him the three “lower s 
ties” (later Delaware). In Pennsylvania Penn hoped to рой 
a refuge for Quakers and other persecuted people and {ое 
ideal Christian commonwealth. “There may be room there, thug 
not here,” he wrote to a friend in America, “for such a holy exei 
ment.” 

The fundamental law of this “holy experiment" was to bell 
Sermon on the Mount, whose principles the Quakers comin 
not as counsels of perfection but as practical guides to life, 4 
proprietor, Penn was free to create a government which sl 
embody his Quaker-Whig ideas. In drawing up the Frame of 
ernment he intended, he said, to leave himself and his success 
“no power of doing mischief, that the will of one man ш) 
hinder the good of a whole country.” Freedom of worship mi 
of course, to be absolute, and all the traditional rights of Enlt 
men were carefully safeguarded. The actual machinery di 
ernment outlined in the Frame proved in some respects clumsy at 
unworkable, but he wisely included an amending clause—the it 
in any written constitution—so that it could be altered as nt 
sity required. NV. 

Penn himself sailed for his province late in 1682 in the ‘Te 
come,” leaving his family behind. He found his experiment 
under way. The city of Philadelphia was already hid ou 8 
“green country town" on a gridiron pattern according to lii 
structions and settlers were pouring in to take up the 
lands lying around it. Presiding over the first assembly, 
the government of the “lower counties” united ih 
Pennsylvania and the laws "agreed upon in England ini 
in the “Great Law" of the province. In a series of Nes" 
on mutual trust he established good relations with the inm j 
Indians, (Benjamin West's famous painting of the ET di 
at Shackamaxon, however, must be regarded as an Ear 
historical imagination.) He also held an unsuccessful ia 
with Lord Baltimore, proprietor of the neighboring 5 p 
Maryland, to negotiate a boundary line. This boun ur 
remain a bone of contention for more than half a century; Pu 
after only two years in his colony, he was obliged tog 
England to defend his interests against Baltimore. | v iui 

Before his return, he published A Letter 10 the uie j 
Traders (1683), containing his fullest дезопїр ^y i 
vania and including a valuable account of the Len is frend 
on firsthand observation. With the accession О, a post ' 
duke of York as King James II, he found himself i u i 
great influence at court, whereby he was able to have ТАЙ 
Quakers, as well as political prisoners such as Hato 
leased from prison. When James issued his Decani 
dulgence in 1687, Penn welcomed it, though ү 
him open to criticism, since the declaration provi i 
toleration of dissent at the royal pleasure, not (1699) P 
fundamental right. But the Act of Toleration "y for 
after James's abdication, finally established the р" 
Penn had laboured so long and faithfully. | der adol a 

His close relations with James brought him m was tenp 
William and Mary came to the throne. His colon i force 
(1693-94) taken from him, and for a time he \ ri 
virtually in hiding to avoid arrest. He used 2 and 
forced retirement to write some of his mos 


t charmi i 
fulbooks. Among other works he produced An ESS 


and Future Peace of Europe (1693), in which he proposed 
an international organization to prevent wars by arbitrating dis- 
pits; Some Fruits of Solitude (1693), a collection of religious 
and actical maxims which Robert Louis Stevenson was to praise, 
two centuries later, as a “sweet, dignified, and wholesome book”; 
and The Rise and Progress of the People Called Quakers (1694), 
` jheearliest effort to set down the history of the Quaker movement, 
He also drafted (1696) the first plan for a union of the American 


- ]n 1696, his first. wife having died, he married Hannah Callow- 
| hill of Bristol, by whom he had seven children, five of whom lived 
| toadulthood. Meanwhile, affairs had been going badly in Pennsyl- 
vania. The assembly quarreled constantly with the council and 
| with Penn’s deputy governors, The “lower counties" were un- 
y at being unequally yoked with the larger province. Rela- 
tions with the home government were strained by the Quakers’ 
= conscientious refusal to provide military defense. And the 
_ quitrents, by which the proprietor hoped to gain an income from 
| his province, proved almost impossible to collect. In 1699 the 
pereto p^ m «бызда to his province and ie up 
Z ce at Pennsbury, his handsome country seat on the Dela- 
ware, north of Philadelphia (now reconstructed by the common- 
wealth of Pennsylvania). He contrived to settle many of the 
outstanding difficulties and in 1701 promulgated a revised con- 
stitution, known as the charter of privileges, under which legis- 
lative power was vested in a single-chamber assembly. This 
democratic instrument of government was to remain in force 
until 1776, After less than two years his affairs at home once 
more demanded his presence and he left the province, never to 
see it again. His Pennsylvania interests he left in the capable 
hands of his secretary, James Logan, who upheld them loyally 

- for the next half century. 

Retirement and Death.—Penn’s final years were unhappy. 
His eldest son, William Jr. turned out a scapegrace. His own 
poor judgment in choosing his subordinates (save for the faithful 

) recoiled upon him: his deputy governors proved incom- 
tent or untrustworthy, and his steward, Philip Ford, cheated him 
аі a staggering scale that he was forced to spend nine months 

Bor prison. In 1712, discouraged at the outcome of his 

_ "Dy experiment,” he commenced negotiations to surrender Penn- 

là to the crown, saving only the precious principle of reli- 

(йз freedom, A paralytic stroke, which seriously impaired his 

nd and dulled his once-keen intellect, prevented the consum- 

of these negotiations. He lingered on, virtually helpless, 

Кз 1718, his wife undertaking the management of his proprietary 

E de July 30, 1718, and was buried at Jordans in 
ire. 

Кр ена works were published in 1726 (reprinted 1771, 

ae 5). The Witness of William Penn, edited by Frederick 

Wings. and E. Gordon Alderfer in 1957, is an anthology of his 


Stt also references under “Penn, William" in the Index. 
iai] vi Samuel M. Janney’s Life of William Penn (1850) 
Three Useful le, especially for its many excerpts from Penn's letters. 
3 Topica] p;, o dern biographies are William 1. Hull's, William Penn: 
1564-1715; PAY (1937) ; William Wistar Comfort's William Penn 
Pares natrati ercentenary Estimate (1944); and Catherine Owens 
PENNA ive William Penn (1957). (F. B. T) 
traveler NT, THOMAS (1726-1798), Welsh naturalist and 
реше to Whose British Zoology (1766 et seq.) gave a strong im- 
Britain, Zoological and particularly ornithological work in Great 
thas ts born on June 14, 1726, at Downing, Flintshire. Pen- 
Ч befor een called the leading British zoologist since John Ray 
8t € Charles Darwin. According to Samuel Johnson he was 
traveller I ever read; he observes more things than any- 
the Nati Ое.” Pennant’s portrait by Thomas Gainsborough is in 
16 ee of Wales, Cardiff. He died at Downing on 
| Й 
шло) sis of Quadrupeds (1771) was later enlarged into a 
аа о/ Quadrupeds (1781). The Arctic Zoology was published 
On local e, His travel books, all containing valuable information 
T in [ ош», natural history, and antiquities, include the 
Cotland in 1769 (1771), followed by an account of an- 
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other Scottish tour (1774); A Tour in Wales (1778), the second 
edition of which (1784) incorporated the Journey to Snowdon; 
and The Journey from Chester to London (1782). His Tour on 
the Continent describes a journey in 1765 when he met G. L, Buf- 
fon, P. S. Pallas, and other eminent naturalists, as well as Voltaire. 
It remained in manuscript until published by the Ray Society in 
1948. Other works include his popular London (1790) and Out- 
lines of the Globe (unfinished). Pennant took no degree while at 
Oxford; but academic honours conferred later included member- 
ship of the Royal Society of Uppsala (1757), fellowship of the 
Royal Society (1767) and doctor of civil law of Oxford (1771). 
Among his many correspondents in Great Britain and abroad was 
Gilbert White, whose Natural History of Selborne is largely in the 
form of letters to Pennant. (C. MN.) 

PENNELL, JOSEPH (1857-1926), U.S. etcher, lithogra- 
pher, and writer, was born in Philadelphia, Pa., on July 4, 1857, 
and first studied there and in Germantown. Like his compatriot 
and friend, J. M. Whistler, he afterward went to Europe and made 
his home in London. He produced numerous books (many of 
them in collaboration with his wife, Elizabeth Robins Pennell), 
but his chief distinction is as an original etcher and lithographer, 
and notably as an illustrator, He contributed, indeed, more than 
any other artist of his period to the art of illustration, During his 
lifetime Pennell produced more than 900 etchings and mezzotints 
and more than 600 lithographs, on subjects ranging from the 
Panama Canal and Yosemite National Park to the factories of 
England and the temples of Greece. His publications include Pen 
Drawing and Pen Draughtsmen (1889), Lithography and Lithogra- 
phers (1898), a biography of Whistler, with Mrs, Pennell (1908), 
Etchers and Etching (1919), and The Adventures of an Illustrator 
(1925), Pennell moved back to the United States during World 
War I and died in Brooklyn, N.Y., on April 23, 1926. 

See E. R. Pennell, Life and Letters of Joseph Pennell (1929). 

PENNEY, SIR WILLIAM GEORGE (1909- ), En- 
glish physicist, known for his work in the field of atomic weapons, 
was born on June 24, 1909, and educated in the technical school, 
Sheerness, and the Royal College of Science, London University. 
After holding research fellowships and exhibitions at. Wisconsin 
University (1931-33) and at Trinity and Pembroke colleges, Cam- 
bridge, he was assistant professor of mathematics at the Imperial 
College of Science and Technology, London University (1936-45). 
He was elected fellow of the Royal Society in 1946, During World 
War II, he was engaged in scientific work for the Ministry of Home 
Security and the Admiralty; and in 1944-45, he was principal scien- 
tific officer of the department of scientific and industrial research 
at the Los Alamos Laboratory, N.M. In 1946-52, he was chief 
superintendent of armament research, Ministry of Supply. He 
was created a knight of the British empire (1952), was made di- 
rector of atomic weapons research and development at Aldermas- 
ton, Berkshire (1953), and became deputy chairman of the U.K. 
Atomic Energy Authority in 1961. His publications include many 

apers on the theory of molecular structure. (D. McK.) 

PENNINES, an extensive system of hills in the north of Eng- 
land formed by an upfold of Carboniferous rocks running south- 
ward from the Scottish border into Derbyshire, The name is 
probably derived from the Celtic pen, “high.” On the north a well- 
marked depression, falling below 500 ft. in height, between the 
lower valleys of the Irthing and the South Tyne, from which it is 
known as the Tyne Gap, separates the Pennines from the Cheviots. 
On the northwest the Eden Valley falls between the Pennines and 
the hills of the Lake District, and the division is continued by the 
upper valley of the Lune. For the rest the physical boundaries 
consist of extensive lowlands—on the east the vale of York, on the 
west the coastal belt of Lancashire and the plain of Cheshire, and 
on the south and southeast the valley of the Trent River. The 
Pennines thus cover parts of Cumberland, Westmorland and North- 
umberland, Lancashire, Yorkshire and Durham, Cheshire and 
Derbyshire, while the southern foothills extend into Staffordshire 
and Nottinghamshire. 

The Pennine system is often wrongly called a chain, but it is 
hardly even a range. The hills are broken up into numerous short 
ranges by valleys cut back into them in every direction, for the 
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Pennines form a north and south watershed which determines the 
course of all the larger rivers in the north of England, They are 
divided into two sections by a gap formed by the Aire River flow- 
ing east and the Ribble flowing west. To the north of this gap rise 
the Craven Uplands and to the west Bowland Forest. 

The northern section of the Pennine system is broader and gen- 

erally higher than the southern. Its western slope is generally short 
and steep, the eastern long and gradual, this distinction applying to 
the system at large. In the northwest a sharp escarpment over- 
looking the Eden Valley is known as the Cross Fell Edge from its 
highest point, Cross Fell (2,930 ft. [893 m.]), to the southeast of 
which a height of 2,780 ft. (847 m.) is reached in Milburn Forest 
and of 2,591 ft. (790 m.) in Mickle Fell. This range is marked off 
eastward by the upper valleys of the South Tyne and the Tees. 
In the northern section the highest points are Cross Fell, Whern- 
side (2,419 ft.), Ingleborough (2,373 ft.), and Penyghent (2,273 
ft.), and in the southern Kinder Scout (2,088 ft.) which includes 
the Peak, It is seen that the higher elevations, like the steeper 
slopes, lie toward the west. The hills between the Lune Valley on 
the west and the headstream of the Eden and the Ribble on the 
east are broken into masses by the dales of tributaries to the first- 
named river, The Ribble and Eden valleys afford a route for the 
railway between Settle and Appleby. Well-marked eastward 
ranges occur there between Swaledale and the Ure River, which 
traverses Wensleydale, and between the Ure and Wharfe. In the 
first the highest points are High Seat (2,328 ft.) and Great Shun- 
ner Fell (2,340 ft.); and in the second Buckden Pike (2,302 ft.) 
and Great Whernside (2,310 ft.). There is then a general southerly 
slope to the Aire Gap. 

In the southern section heights above 2,000 ft. are rare; the cen- 
tre of the section is the well-known Peak of Derbyshire. Through- 
out the system the structure is of Carboniferous limestone and 
millstone grit with some local shales between. The drier parts of 
the hills are covered with heather moor while the wet peaty areas 
are covered mostly with cotton grass. Where the limestone has 
been exposed, as in the limestone pavement of Ingleborough, the 
surface is bare except in the fissures where there is a luxuriant vege- 
tation, The summits of the hills are rounded or nearly flat so that 
the profile of the Pennines is not striking as a rule, but much fine 
scenery is found in the narrow dales throughout—Wensleydale, 
Wharfedale, and other Yorkshire dalés. The population in the 
uplands is scanty, though some sheep are kept. There are many 
farms in the fertile dales and valleys. In the parts about Settle 
below Ingleborough, in Derbyshire and elsewhere remarkable 
caverns and subterranean watercourses in the limestone have been 
explored to great depths. In Ingleborough itself are the Ingle- 
borough Cave, near Clapham; the chasm of Gaping Gill, more than 
350 ft. deep; Helln or Hellan Pot, a vast swallow hole 359 ft. deep, 
only exceeded by Rowten Pot (365 ft.) near Whernside; and many 
others. Malham Tarn, near the head of the Aire, is drained by a 
stream which quickly disappears below ground, and the Aire itself 
is fed by a brook gushing forth in full stream at the foot of the 
cliffs of Malham Cove. A notable example in Derbyshiré is the 
disappearance of the Wye into Plunge Hole, after which it tra- 
verses Poole's Cave, close to Buxton. There may also be noted 
the remarkable series of caverns near Castleton. Lakes are few and 
small in the Pennines but there are reservoirs for the supply of the 
populous manufacturing districts of Lancashire and the West Rid- 
ing of Yorkshire. The Pennines are much visited by vacationers 
among them many climbers and walkers who use the Pennine way, 
a ср (402 km.) footpath running along the hills from end to 
end. 

Prehistoric remains are numerous, the great circle at Arbor Low 
being one of the best known. The Romans left many traces, chief 
among them being Hadrian’s Wall (g.v.) which was built 8 
the northern Pennines from Carlisle to the mouth of the Tyne and 
part of which stands on the Whin Sill. See ENGLAND: CUMBER- 
LAND; YORKSHIRE; etc. ; 

PENNS GROVE, a borough of New Jersey in Salem 
on the Delaware River opposite Wilmington, Del. Originally a 
part of Upper Penns Neck Township, the settlement developed 
around a riverboat landing. By 1830 it consisted of eight dwell- 
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ings, a tavern, and a store and was a daily point of call fy 
Wilmington-Philadelphia steamboat. In 1876 the railroad th 
tered the town from Woodbury, and in 1894 Penns Grove d 
aseparate borough. Its subsequent growth was stimulated 
expansion of the Du Pont industries, whose gunpowder plant 
started in 1891 immediately south of Penns Grove and EE 
works were established in 1917, the year a trolley line was byl 
from Salem. Afterward, lead-ethyl plant expansion was а 
source of employment. For comparative population figures sy 
table in New JERSEY: Population. (Н.Е, Wi) 

PENNSYLVANIA, popularly known as the "Rog 
state” because of its central position among the 13 original slate, 
is one of the four states of the U.S. which are officially styled uy. 
monwealths. It is bounded north by Lake Erie and New Yop 
east by New York and New Jersey; south by Delaware, Marylin! 
and West Virginia; and west by the Panhandle of West Virgini: 
and by Ohio. Thirty-third among the 50 states in size, Penny) 
vania has a total area of 45,333 sq.mi. (117,413 sq.km.), of sli 
326 sq.mi. (844 sq.km.) are water surface. The state capilali 
at Harrisburg (g.v.). Pennsylvania's state flower is the тош 
laurel, the state tree is the hemlock and the state bird is the riled 
grouse. The name, meaning “Penn’s woods,” was given by Chil 
II of England in honour of Adm. William Penn, father of Willie 
Penn, the founder of the colony. 


PHYSICAL GEOGRAPHY 


Physical Features.—Pennsylvania is in the form of at 
tangle lying between latitude 39° 43’ (the Mason and Dixon lit) 
and 42° N. and longitude 74° 43’ and 80° 31’ W. of Greenvit 
with three exceptions: a triangular projection to latitude 42 lf 
N. gives it almost 40 mi. of Lake Erie shore line; two large hoi 
of the Delaware river cut deeply into New York and New Jets 
and an unusual semicircular boundary separates it from Dein 

The state has five principal physiographic divisions: the cosi 
plain, the older Appalachians, the newer Appalachians, the Alle 
gheny plateau and a small part of the Lake Erie plain T 
Appalachian mountain system, which curves across the state 102 
southwest to northeast, is the most prominent feature of its tp 
raphy. The state varies in height from sea level on the рй 
river to 3,213 ft. (979 m.; Mt. Davis) in Somerset county. A 
extreme southeast the coastal plain touches Pennsylvania ingame 
row belt along the Delaware near Philadelphia (4.0). b 

The southeast province of the older Appalachians includes 
piedmont with its limestone lowlands in Chester, Lancastt 
York counties and Triassic lowlands extending from Bucks cont) 
to Adams county. The northern edge of this province 152 diui 
tinuous line of uplands and hills which rise to become 
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SUSQUEHANNA RIVER VALLEY AT WYALUSING ROCKS IN THE NORTHEASTERN SECTION OF THE STATE 


mountain a few miles west of the Susquehanna river, reach an 

elevation of 2,100 ft. at the Maryland border and continue south- 

ward as the Blue Ridge. 

_ A region of ridges and valleys lying beyond South mountain and 

its related uplands, bordered on the northwest by the high eastern 

Өе or front of the Allegheny plateau, is known as the newer 

Appalachians or the central province. This province has two main 

uubdivisions, the Great valley and the ridge and valley section, 

separated by the long ridge of Kittatinny or Blue mountain. The 

Great valley, locally called the Lehigh, Lebanon or Cumberland 

valley, 15 12 to 20 mi. wide and 120 mi. long. The ridge and val- 

ky section, which parallels it with a width of 45 to 70 mi., is 

"lable for ridges of considerable length and uniformity of crest 

lines, broken only by an occasional V-shaped wind gap, a narrow 

Water gap or a rounded knob, and for long parallel valleys usually 

only a few miles wide, 

5 the northeast the newer Appalachians meet the Pocono 

Ment, 4 part of the Allegheny plateau which continues on to 

"p the Catskill plateau in New York, The Allegheny plateau 
us from the Allegheny front to and beyond the south, west 

n north borders of the state, and includes the state's highest 
eVations, 

a Nery all of the southeast and central provinces and the north- 
Ai of the Allegheny plateau are drained by the Susque- 
ys ps Delaware river systems into Chesapeake and Delaware 

Allegh € greater part of the Allegheny plateau is drained by the 
le E. and Monongahela rivers into the Ohio. Tributaries of 

Mees: eit drain a small part of the southeast and central prov- 

an n 8 e Lake Erie plain is drained by short streams into the lake; 

Count a Section of the Allegheny plateau in northern Potter 

As drained by the Genesee river into Lake Ontario. ; 

Wide, ie which drains almost half of the state, 15 а 

it forks į By stream with numerous islands. At Northumberland 
nch a two major tributaries, the North branch and the West 

re ie with zigzag courses. The Susquehanna and the Dela- 

Verse to dz. principal tributaries flow for the most part trans- 

through Ti geological structure, The gorges and water gaps 

LM they pass in the mountain region provide some of 

did most picturesque scenery. The gorges are also of 
à result e. Importance as passages for railways and NES 
lower of the sinking of the coastal plain the sea has entere 

A the Pea aon Bf the Delaware river, making a tidal estuary 

e Alle i Which the port of Philadelphia developed. T 3 
north Sheny and Monongahela, after following southwesterly 
Westerly courses, join to form the Ohio river at Pitts- 
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burgh (q.v.), They are of eco- 
nomic importance for transporta- 
tion in the western Pennsylvania 
industrial region, and the Ohio 
river makes Pittsburgh the state’s 
second port. 

Climate.—Since the prevail- 
ing winds are from the west, 
Pennsylvania has what is called 
a humid continental type of cli- 
mate with extremely variable 
weather, but with rainfall usually 
adequate for most crops grown in 
its latitude. Climatically speak- 
ing, there are two regions: one 
with long summers and mild win- 
ters in the southeast and in the 
Ohio-Monongahela valley, and 
one with short summers and se- 
vere winters in the Allegheny 
plateau and the north, The mean 
annual temperature is about 52° 
F. (about 11° C.) in the south- 
east, 50° F. in the centre, 47° in 
the northwest and 49° on the 
shore of Lake Erie. Tempera- 
tures over 100° and below zero 
have been recorded in the long-summer region, while the short- 
summer region sometimes has daytime summer temperatures over 
90°, although the nights are cool. The summer maxima on the 
mountains are usually 8° to 10° less than in the valleys directly 
below them. The average annual rainfall is 42 in, 

Soil.—In keeping with its topography, Pennsylvania has many 
types of soil. The limestone soils of the Lancaster plain, the 
southeastern part of the Great valley and the valleys of the ridge 
and valley section are the best for agriculture, although there are 
some good limestone soils in the southwest. The alluvial soils 
along the river valleys are also good. In other parts of the state 
where sandstone and shale predominate the soils are less fertile, 
varying from good to poor. 

Vegetation.—Originally Pennsylvania was covered with forests, 
but the settlers cleared their farms, the charcoal iron furnaces used 
vast quantities of timber and finally great lumbering operations 
in the latter part of the 19th century cut down virtually the last 
of the original stands. In 1897 the state began the purchase of 
forestry reserves, and from this grew the department of forests 
and waters with its scientific forest conservation program, of which 
Gifford Pinchot (g.v.) was a leader. Trees were planted, seedlings 
provided to private land owners and forest fires fought. 

By the 1960s the total forest area of Pennsylvania amounted to 
more than 15,000,000 ac. or over half the area of the state, More 
than 1,870,000 ac. were in state forest, 470,000 ac. in national for- 
est, 900,000 ac. in state game land and about 11,000,000 ac. in 
privately owned woodland which included farm woodland. On the 
higher elevations the trees are mostly white pine, yellow pine and 
hemlock, but in the valleys oaks, hickories, maples, locusts and 
birches predominate. Beautiful smaller trees and shrubs include 
the dogwood and the mountain laurel. Among the wild flowers are 
hepatica, wild honeysuckle, trillium, dog's-tooth violet and anem- 
one. 

Animal Life.—The primeval forest of Pennsylvania was rich 
in animal and bird life. Elk, moose, deer, black bear, panthers, 
wildcats, wolves and passenger pigeons were abundant. The pro- 
tection and restoration of wildlife was a part of the conservation 
movement in the state. The state game commission opened its 
first game refuge in 1905 and by the purchase of game lands, the 
licensing and regulation of hunting and the propagation of game 
birds and animals it has greatly increased the wildlife resources 
of the state. The black bear was saved from extinction and is now 
fairly common in mountain regions, the white-tailed deer was re- 
stocked, and smaller animals such as raccoons, squirrels, rabbits, 
skunks and woodchucks are common. Wild ducks and geese, 
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ruffed grouse, quail, pheasants and turkeys are among the game 
birds. The fish commission protects and propagates fish, stocking 
streams and regulating and licensing fishermen. Consequently, 
hunting and fishing have remained major sports in Pennsylvania. 
State Parks and Recreation.—The state has developed an 
elaborate system of parks and recreation areas. There are more 
than 125 parks, forest picnic areas, forest monuments and histori- 
calparks, Roads and marked trails have been constructed by the 
state in developing such sites as Hickory Run northeast of Hazle- 
ton, a 12,721-ac. forested tract, and Pymatuning north of James- 
town where a 17,000-ac. lake originally designed to supply water 
to industry is open to boaters and fishermen. The historical parks 
include famous sites such as Valley Forge, where Washington’s 
army spent the winter of 1777-78, and Bushy Run battlefield, 
scene of an Indian defeat during Pontiac’s rising in 1763. In 
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REVOLUTIONARY WAR CANNON GUARDS RESTORATION OF GEORGE WASHING- 
TON'S WINTER HEADQUARTERS, 1777-78, AT VALLEY FORGE 


The commonwealth of Pennsylvania maintains 2,068 ac. of the original encamp- 
ment as a state park 


addition, the Pennsylvania historical and museum commission has 
restored and developed 21 historical properties. The Civil War 
battlefield at Gettysburg is a national military park. 


HISTORY 


The country along the lower Delaware river was disputed by the 
English, Dutch and Swedes in the early days of exploration, trade 
and settlement, Henry Hudson, an Englishman in the service of 
the Dutch, entered Delaware bay in 1609. Subsequently both the 
Dutch and the English traded along the river and established tem- 
porary posts in what is now Pennsylvania, but the Swedes were the 
first to make a permanent settlement, an expansion of settlements 
which they had begun in Delaware in 1638. In 1643 Johan Printz, 
a governor of New Sweden, built a fort on Tinicum Island (at 
Essington) which he called New Gothenborg. Another settlement 


was soon established at Upland (renamed Chester by William 
Penn), and other small farming settlements grew up along the 
river. Since Finland was then under the Swedish crown, Finns 


PENNSYLVANIA 


made up a large proportion of the settlers. The Dutch Seized the 
Swedish colony in 1655, but were in turn dispossessed by the En. 
lish who took over their colonies in 1 664 as a grant to the duke of 
York. The Duke's Laws were put into operation along the Deli. 
ware and a court was established at Upland. The Swedish and 
Finnish settlers remained as a nucleus for Penn’s colony. 
The Quaker Colony.—William Penn (g.v.) and other Quakers 
early became interested in a colony in America for Quakers Suffer. 
ing persecution in England under the so-called Clarendon соф, 
Despite his Quaker beliefs Penn was in good standing with Chay es 
II and his brother the duke of York, later James II, because of thy 
services of his father, Adm. William Penn (9.2.). Furthermor, 
the younger William had inherited a substantial claim against (he 
crown. In 1680 he petitioned for a grant of land for a col ony, 
the duke supported his petition and on March 4, 1681, Charles I] 
granted the charter. Penn was made proprietary of the lands, hy 
the laws of England were to be applicable in the colony until m. 
placed by new laws adopted with the consent of the freemen and 
subject to review by the crown. Penn granted several successive 
“frames of government" or constitutions, gradually increasing the 
powers of the elected assembly until the Charter of Privileges in 
1701 gave it more privileges and powers than any other legislative 
body in the English colonies. In keeping with the purpose of his 
colony, provisions guaranteeing religious freedom were embodied 
in its first law code, the Great Law, adopted Dec. 7, 1682, All 
Christians holding certain amounts of property were eligible as 
voters and officeholders. Penn sent commissioners to lay out, in 
a regular pattern, a “great town” which he named Philadel phis 
(“city of brotherly love”). In an advantageous location between 
the Delaware and Schuylkill rivers, the city grew rapidly in pop 
lation and prosperity. The first assembly was held at Chester it 
1682, soon after Penn’s arrival in the colony, but Philadelphit 
was thereafter the seat of the government. Penn maintained а 
friendly and peaceful policy toward the Indians, taking care t 
purchase their claims before surveying and settling lands. Of the 
many treaties which he held with them the most famous was It 
“Great treaty" of Shackamaxon,! according to Voltaire the ony 
treaty not sworn to and never broken.” This policy of fair dealing 
preserved Pennsylvania from Indian hostilities until 1755. | 
In 1692, following the fall of James II and the accession ? 
William and Mary, Penn was removed from the governorship T 
the colony was placed under the rule of Gov. Benjamin ma 
of New York. Penn was reinstated, however, in 1694. Б 
during his two visits, їп 1682—84 and 1699-1701, he and р ү 
governed through deputy or lieutenant governors bound ү 
tailed instructions and advised by a provincial council. After id 
suffered a stroke in 1712 his wife Hannah acted as prono | 
for him until his death in 1718 and then for their сааи A 
Thomas and Richard, until her own death in 1727. John, W T 
a half interest, died in 1746, and Thomas Penn then Бен 
chief proprietary until his death in 1775. Thomas Pew. 
shrewd and somewhat narrow man who lacked his father's RE i 
and took an interest in the colony chiefly for the financi E 
brought him. Two sons of Richard Penn were the last 216 E 
governors of the colony, John Penn in 1763-71 and ITUR T 
Richard Penn in 1771-73, John Penn continued to live 
sylvania until his death in 1795. } ciples 
Colonial Immigration.— The liberal and tolerant dcs Ў 
Pennsylvania’s government attracted a constantly uU 
of immigrants, not only from the British Isles but M. y ini 
Rhine country of Germany. Some came for refuge ra 
erance, oppression and war; others came to seek а Беш hat 
a new country, lured by the enthusiastic pamphlets which emot 
circulated widely. English Quakers were the dominant € in AS 
the time of the Revolution, but Welsh Quakers came otf 
numbers before 1700, a large colony settling in the ‘ Wels 
in Montgomery and Delaware counties. The sout 
ties became predominantly English. 
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iIn William Penn: a Biography (1956), pages 252-255, Catherine doubt ti 
calls the treaty “a favorite item of scholastic debate,” but has an give M 
occurred, even though she asks many questions to which she сай “ду, 
positive answers. There is no documentation of the Shackama: 
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immigration began with the Mennonite Francis Dan- 
ius, who came to Pennsylvania with some Dutch 
1683 and founded Germantown (q.v.), the pioneer Ger- 
ent. The earlier German settlers were for the most 
rs of the smaller sects who came and settled as groups; 
luded the Mennonites, Amish, Dunkers or German Bap- 
iwenkfelders and Moravians. After 1727 the volume of 
igration greatly increased but then it consisted mainly 
urch people," members of the Lutheran and Reformed 
who were thus distinguished from the smaller “sects.” 
ennsylvania Dutch, as they came to be called, predominated 
impton, Berks and Lancaster counties and adjacent areas. 
ing skills made this region a rich agricultural area and 
jncrease the prosperity of the colony. By the time of 
olution they numbered about 100,000, more than a third 
ulation. 
ird important element in the colony's population was the 
‘Irish who began to immigrate in numbers about 1728. A 
restless, pioneering people, they naturally gravitated to the 
г, pushing forward the area of settlement into the Cumber- 
illey and southwestern Pennsylvania. Because they differed 
n the Quakers and the Germans in temperament and in the 
ems which they faced on the frontier, they formed an opposi- 
е ruling Quaker element throughout the 18th century. 
bered about 70,000 by the end of the colonial period. 
was also a considerable amount of remigration from other 
nies, with Marylanders settling in York county, Virginians 
g into southwestern Pennsylvania and Connecticut “Yan- 
settling in the beautiful Wyoming and Muncy valleys on the 
branch of the Susquehanna after 1770. 
remigration reflected to some extent the serious boundary 
s with Maryland, Virginia and Connecticut. After a long 
Of litigation, the boundary between Maryland and Pennsyl- 
Was surveyed in 1763-67 by Charles Mason and Jeremiah 
n and this Mason and Dixon line (g.v.) later became signifi- 
as separating the free and the slave states. Farther west, 
nia laid claim to southwestern Pennsylvania and the two colo- 
L tstablished rival county governments in the area in the 1770s. 
77) joint commission was set up, and it was decided that the 
Mason and Dixon line should be extended to a point five degrees 
at from the Delaware river, with the western boundary extend- 
thence due north to Lake Erie. Connecticut’s claim to the 
lem third of Pennsylvania arose out of the vague language of 
lo-sea charter, but it was promoted by a private association 
d the Susquehanna company, organized in 1753. Vigorous 
aL to settle the Wyoming valley gave rise to the so-called 
»Pennamite wars of 1769-75. During the Revolution a 
Court of arbitration set up by the Continental Congress 
in favour of Pennsylvania’s claim in the Trenton decree, 
. The boundary with New York, surveyed in 1786-87, caused 
B» dispute. In 1792 Pennsylvania bought the Erie triangle, 
КШ triangular strip north of the 42nd parallel, from the fed- 
Ё munt in order to have a port on Lake Erie. у 
mi al Politics. he natural conflict between the proprie- 
Popular elements of the colony’s government led to sharp 


ша led the colonies in the production of cereals, hay 
“шй d and had a surplus for export. The lumber, textile, 
publi hy and iron industries made early beginnings. Printing 
ШШ? Sting began in 1686, and the first paper mill was erected 
[o Rittenhouse before 1693. By 1775 the colony had nine 
jm Strategically located to draw upon the resources of 

del а, Western New Jersey and Delaware, the merchants 
ШЕЕ developed an extensive foreign trade, and the city 
€ à commercial metropolis. The cultural and intel- 
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lectual life of the colony kept pace with its material prosperity. 
Science and invention, medicine and the arts made notable prog- 
ress. Architecture flowered in such public buildings as the state- 
house (later called Independence hall) and in the fine colonial 
mansions of the Philadelphia area, The American Philosophical 
society, one of the world’s oldest learned societies, was founded in 
Philadelphia in 1743, and the University of Pennsylvania dates 
back to the same period. 

The French and Indian War.—The peaceful development of 
the colony was interrupted by the conflict between France and 
Great Britain for possession of the Ohio valley, where Pennsyl- 
vania and Virginia traders had begun to trade with the Indians as 
early as the 1720s. The French, who considered the Ohio river 
an essential link between their colonies of Canada and Louisiana, 
became alarmed by the British penetration and especially by the 
formation of the Ohio Company of Virginia to exploit the lands 
in southwestern Pennsylvania, then claimed by Virginia. As a re- 
sult, the French in 1753 began building a line of forts to secure 
possession of the valley, of which the first were Ft, Presque Isle 
(at present Erie) and Ft. Le Boeuf (at Waterford, Erie county). 
After sending George Washington to Ft. Le Boeuf in Dec. 1753 to 
warn the French against encroaching on British territory, Virginia 
prepared to build a fort at the forks of the Ohio where the city of 
Pittsburgh now stands. In April 1754 a French expedition drove 
away the Virginia workmen and built Ft. Duquesne on the site. 
An expedition led by Washington defeated a French scouting party, 
but was later besieged by a stronger French force at the hastily 
erected Ft. Necessity and compelled to surrender. The British 
then sent an army under Gen. Edward Braddock against Ft, Du- 
quesne, but on July 9, 1755, at the battle of the Monongahela, 
Braddock’s army was cut to pieces by a smaller force of French 
and Indians. In the same year the French built Ft. Machault at 
Venango (present Franklin) to strengthen their communications, 

Cut off from their usual trade with the British, impressed by 
French successes and perhaps recalling some old grievances about 
sales of land, the Indians took the French side and began raiding 
Pennsylvania’s outlying settlements. To protect the settlers the 
Pennsylvania government built a line of forts, and even staged a 
successful raid against the Indian village of Kittanning on the 
Allegheny (1756). In 1758 an expedition under Gen. John Forbes 
was successful in taking Ft. Duquesne, and in 1759 the capture 
of Ft. Niagara by Sir William. Johnson compelled the French to 
evacuate their other forts on Pennsylvania soil. When Forbes 
took possession of the ruins of Ft. Duquesne he named the place 
Pittsburgh in honour of the British prime minister, and a new fort 
was built there and called Ft. Pitt. (See also FRENCH AND INDIAN 
Wan. 

In о the forts in northwestern Pennsylvania were rebuilt, but 
they were taken and destroyed by the Indians in 1763 at the out- 
break of Pontiac’s War, and Ft. Pitt was besieged. Col. Henry 
Bouquet defeated the Indians in a two-day battle at Bushy Run 
and relieved Ft. Pitt. The next year he led a bloodless but im- 
pressive expedition into Ohio as far as the Muskingum river and 
compelled the Indians to sue for peace. Asa result, southwestern 
Pennsylvania was opened to settlement, which proceeded rapidly 
and made the area the first important trans-Allegheny extension 
of the American colonies. 

Pennsylvania and the Revolution.—Pennsylvania’s oppo- 
sition to the Stamp act and other tax measures by which Britain 
sought to raise revenue from the colonies was strong but quiet. in 
its expression. Philadelphia merchants adopted nonimportation 
agreements, and John Dickinson (g.v.) wrote the famous Letters 
From a Farmer in. Pennsylvania in defense of American rights. 
In 1770 Philadelphia citizens refused to permit a tea ship to unload 
its cargo, but there was no demonstration like the Boston “tea 
party" and the vessel returned to England. After the so-called 
Coercive acts were passed to punish Boston, protest meetings were 
held in Pennsylvania, and an extralegal government by committees 
of correspondence and committees of safety gradually took shape 

4. 
E attitude in the dispute with the mother country 
was of great importance because of its resources and central loca- 
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i m siti d Mennonites 
tion. The opposition of many Quakers, Dunkers an 

to war and revolution, the loyalty of the Church of England 
minority to Britain and the disinterest of the German population 
made Pennsylvania's position doubtful. The Scotch-Irish on the 
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frontiers strongly favoured independence, however, and the fact 
that the first and second Continental Congresses met in Philadel- 
phia (1774 and 1775-83) also helped Pennsylvania’s revolutionary 
leaders. After the adoption of the Declaration of Independence, 
which Pennsylvania’s delegation supported by only a narrow ma- 
jority, a provincial convention met in Philadelphia, took over the 
government and wrote a state constitution which went into effect 
in Sept. 1776 without being submitted to a vote of the people. This 
constitution provided for an assembly of one house and for a 
multiple executive, the supreme executive council, which consisted 
of 12 members, one elected from each county and one from the 
city of Philadelphia. By a joint vote the two bodies annually 
elected a president of the council, who was titular head of the 
government. Existing inequalities in representation were cor- 
rected in favour of the western counties, and the suffrage was ex- 
tended to all freemen who paid taxes. The Revolution in Pennsyl- 
vania was more than a break with Britain; it marked the end of 
Quaker dominance in the government. 

Under the leadership of Joseph Reed and George Bryan the new 
radical government ruled with a strong hand, disfranchising the 
opposition by a test act and even confiscating the estates of sus- 
pected loyalists. It contributed greatly to the success of the Revo- 
lutionary War by furnishing troops and supplies. By the divesting 
act of 1779 the Penn heirs were deprived of the proprietary lands, 
although they were allowed to keep the estates or manors which 
had been surveyed and were further compensated by a grant of 
£130,000, which was paid after the end of the war. The most 
lasting achievement of the radicals was the passage of the gradual 
emancipation act of March 1, 1780, which provided that no child 
born in Pennsylvania after that date should be a slave. Thus 
slavery was ended in a generation. While the radicals ruled the 
state, conservatives aided the Revolutionary cause in congress and 
the army. Robert Morris organized congressional finances, raising 
money when others failed. Dickinson wrote many important docu- 
ments, among them the Articles of Confederation. Anthony 
Wayne was the most brilliant of the generals from Pennsylvania, 

Some important campaigns of the war were fought on Pennsyl- 
vania soil (see AMERICAN REVOLUTION). Toward the end of the 
Revolution, a political reaction began which eventually brought 
the conservatives to power, and they confirmed their gains by 
repealing the test act. In spite of strong radical opposition, they 
secured Pennsylvania’s ratification of the federal constitution on 
Dec. 12, 1787, and went on in 1790 to draft a second state con- 
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stitution. The supreme executive council was abolished, the % 
of governor was restored with extensive powers and а todos, 
legislature was established. From 1790 to 1800 Philadelphia, the 
the largest and wealthiest city in the United States, was the sy 
of the federal government. 

Pennsylvania to the Civil War.—Under Goy, Thomas Mi 
flin (1790-99) Pennsylvania at first supported the Federalist patty 
and the state aided in suppressing the Whisky rebellion їп m 
ern Pennsylvania (1794) and the “Hot Water rebellion" in easten 
Pennsylvania (1799), both directed against unpopular federa] ts. 
tion. The rising opposition elected Thomas McKean governor A 
1799, and from then until 1860 the Democrats were the majority 
party, even though intraparty quarrels sometimes gave victory 
their opponents. The westward movement of population ші 
agrarian distrust of the metropolis moved the capital from Phil, 
delphia to Lancaster in 1799, and from Lancaster to Harrisburg 
in 1812. 

After the Revolution settlement increased beyond the mountains 
in western Pennsylvania. Purchases from the Indians at Ft, Stat} 
wix (1784), Ft. McIntosh (1785) and Ft. Harmar (1789) opetel 
northwestern Pennsylvania to settlers, a large part of these lan 
being granted to veterans. The upper Susquehanna valley ily 
had many settlers in this period. In 1800 the state's populatia 
reached 602,000, The extension of settlement led to а demand for 
better communications, and there was a widespread campaign fr 
internal improvements. Roads were extended to all parts of th 
state, and many bridges were built. The first important {шй 
in America was the Philadelphia-Lancaster turnpike, completedit 
1794, and by 1832 about 3,000 mi. of road had been built by 1 
turnpike companies, The building of canals began in 1797, bd 
the first long canal was the Union canal, completed in 1827 betwen 
Middletown on the Susquehanna river and Reading on the Sc 
kill. In 1826 the state undertook to build a line of “state works 
from Philadelphia to Pittsburgh, with the Allegheny portage nl 
road and the Columbia and Philadelphia railroad serving as lb 
in the canal system. This was opened for traffic in 1834. Num 
ous branch canals were also built. The canals greatly benefit! 
the economic development of the state, but they were ruinous! 
expensive and created such a burden of debt that they wert? 
between 1843 and 1858, and later abandoned when railroads t 
their place. The early railroads were mainly short lines 0 n 
coal from the mines to canals or rivers, but they eventually 
veloped into a great transportation network. й 

Throughout the period there was a trend toward more n d | 
government. A new constitution in 1838 lessened the bu 
the governor, increased the number of elective officers and s 
ened the tenure of office, In the political controversy y 
up to the Civil War, Pennsylvania generally held to a br 
course, helping to elect James Buchanan of Pennsylvania ў 
presidency іп 1856. However, the antislavery movement er 
much support from the Quakers and other humanitate, 
This and the growth of the protectionist movement drew à iW 
vania toward the newly formed Republican party. st 
Pennsylvania elected the Republican Andrew G. Curtin 4 
nor and gave Lincoln a majority for the presidency. m 

The Civil War.—As the crisis of Southern secession ve n 
early in 1861, the state legislature pledged support e men 
and Governor Curtin organized the state’s resources р army, P 
money. Pennsylvania supplied 323,629 soldiers to t eL 
well as 14,307 sailors and marines. Industrial develop! mo 
spurred by the need for munitions and supplies. рал wt 
Pennsylvania suffered several Confederate invasions, 471 quy 
ing point of the war came on Pennsylvania soil when pe 3 
E. Lee’s march into the Cumberland valley was halted a 
of Gettysburg (July 1-3, 1863). Nearly one-third 3 
troops in that battle were Pennsylvanians. (See ® 
Civit War; GETTYSBURG.) sai 

After the Civil War—Politically the state site E 
after the Civil War by a remarkable dynasty of Er. (üt 
by Simon Cameron and continued by his son James РЕТ ntl 
eron and by Matthew Stanley Quay and Boies es ent ihe 
latter's death in 1921. Under their astute manage 
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ANING GALLOWAY 


GENERAL VIEW OF THE CIVIL WAR BATTLEFIELD AT GETTYSBURG 


‘The Union battle line extended along the road from the lower right to the Round Tops in the left background, part of Cem- 


Way ridge, The equestrian statue at left is of Union Gen. George Meade 


publican party generally ruled Pennsylvania, although reform 
movements occasionally interrupted their control, as when the 
Democrat Robert E. Pattison was elected governor in 1882 and 
1890 During and after the Civil War there was tremendous 
expansion in the iron and steel industry, in coal mining and other 
‘industries, which transformed Pennsylvania from a predominantly 
Agricultural state to an industrial giant. The demand for labour 
the growing industrial economy brought a new wave of immi- 
gration from 1865 to 1914, and Poles, Italians, Czechs, Hungarians, 
8 and others supplemented the earlier population groups. 

the state grew industrially a labour movement developed and 
by rise to the American Federation of Labor and the Congress 
Of Industria] Organizations, both of which began in Pennsylvania. 
gress was made in extending the services of government. In- 

ü ce and banking departments were created in 1873 and 1891 
on” agencies. During the administration of Gov. Sam- 
| 'ennypacker (1903-07) а number of new departments were 

f , including forestry, health and highways, and a state police 

te Was organized. In 1915 a department of labour and in- 
the ч established. Under Gov. William С. Sproul (1919-23) 
fu їс-зсһоо1 system was reorganized, an extensive program of 

| Pod building was undertaken and a department of welfare was 


xi | ч More influence; Gifford Pinchot was elected governor 
ide 1930. During his first term (1923-27) the administra- 
Control, t Was enacted to consolidate departments and centralize 
nd made us increasing the governor's power. This was amended 
Gov, nee More complete under the intervening conservative 
| party and . Fisher (1927-31). The division in the Republican 
Democrat the coming of the New Deal brought victory to the 
ected Ge in 1934 for the third time since the Civil War, and they 
Re abe H. Earle as governor and one United States senator. 
EUM Publicans regained the governorship in 1938 by electing 
аур, ‘ames, and then elected three governors in succession, 
юу, run, James H. Duff and John S. Fine. The Democratic 
ected Geos did not revert to its former weak position; it 
01058, The M. Leader governor in 1954 and David L. Lawrence 
| у, Sc; € Republicans returned to power in 1962, electing Wil- 

Durin eon to the governorship. S 
£ the depression the state undertook a program of building 


.- 


| Aiter the death of Penrose, the progressives in the Republican 
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construction at health, penal, 
military and educational institu- 
tions through the General State 
authority, approved in 1937, 
The first section of the Pennsyl- 
vania turnpike from Carlisle to 
Pittsburgh was begun in 1938, 
At the close of World War II the 
state also undertook extensive 
highways and public works con- 
struction, and notable progress 
was made in a conservation pro- 
gram which involved clearing 
rivers of silt and pollution, refor- 
estation and soil conservation, 


GOVERNMENT 


Pennsylvania is governed un- 
der its fourth state constitution, 
adopted in 1873 and amended 
frequently after 1901. Amend- 
ments must be approved by a 
majority of each house in two 
successive legislatures and then 
ratified by a majority of a popu- 
lar vote. 

Executive.—The governor, 
lieutenant governor, auditor gen- 
eral and state treasurer are 
elected for four years and are in- 
eligible for a second consecu- 
tive term. The secretary of internal affairs is also elected for 
four years but without any limitation on succession. The gov- 
ernor has extensive powers, appointing, subject to the advice 
and consent of two-thirds of the state senate, the heads of all 
departments except those who are elected, the members of all 
independent administrative boards and commissions and—with 
few exceptions—the members of all departmental boards and 
commissions, He fills vacancies in various offices which occur 
when the senate is not in session. His power of veto extends to 
items in appropriation bills; it may be overridden by a two- 
thirds vote in each house. His power of pardon is exercised only 
on the recommendation of three members of a board of pardons 
consisting of the lieutenant governor, secretary of the common- 
wealth, attorney general and secretary of internal affairs. In the 
event of the governor's death, resignation, conviction on impeach- 
ment or other disability, the lieutenant governor succeeds him, 

A law known as the administrative code, adopted in 1923 and 
amended in 1927 and later, consolidated the administrative agen- 
cies of the state into 19 departments: state, justice, auditor gen- 
eral, treasury, public instruction, internal affairs, military affairs, 
agriculture, forests and waters, labour and industry, health, high- 
ways, public welfare, banking, insurance, mines, property and sup- 
plies, revenue and commerce. Important independent administra- 
tive commissions include game, fish, public utility, milk control 
and historical and museum; and similar boards include liquor 
control, parole and tax equalization. 

The governor and six department heads whom he designates 
constitute the executive board which standardizes employment 
in the various departments and approves the establishment or dis- 
continuance of bureaus or other divisions in the departments. 
Through the budget bureau, authorized in 1929, and the office of 
administration, established in 1955, the governor exercises con- 
trol of expenditures, personnel and policies in all but the three 
elective departments. 

Legislative.— The legislative branch of the government is of- 
ficially called the general assembly. It consists of a senate of 50 
members elected for four years and a house of representatives 
with members elected for two years; legislation reducing the num- 
ber of house seats from 210 to 209, reapportioned according to 
population (1960 census), was passed in 1963, The lieutenant gov- 
ernor presides over the senate but has no vote on the final passage 
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of legislation. The senate has the right of confirming or rejecting 
appointments made by the governor and sits as a court of im- 
peachment, The house originates appropriation bills and impeach- 
ment proceedings. The general assembly may not pass any local 
or special bills on a wide range of subjects but especially with re- 
gard to the affairs of counties, cities, townships, boroughs and 
school districts. It meets annually on the first Tuesday of Jan- 
uary; sessions in even-numbered years are limited to fiscal matters. 
The governor may call a special session, in which case legislation 
is limited to the subjects specified in his proclamation. 

Judicial.—The supreme court dates from 1705, with the num- 
ber of justices varying from three to five until the constitution of 
1873 fixed it at seven. They are elected for terms of 21 years 
by the voters of the state at large; minority representation is 
secured by the provision that each elector shall vote for one less 
than the number of justices to be chosen at each election, The 
work of the supreme court had increased to such an extent by 1895 
that the general assembly passed an act creating the superior court, 
consisting of seven judges elected for ten years and eligible for 
re-election, The supreme court handles all appealed cases involv- 
ing more than $2,500 or involving felonious homicide, and is the 
court of last resort. 

The superior court handles all other appealed cases. Below 
the appellate courts there are courts of common pleas, courts of 
quarter sessions and oyer and terminer and orphans' courts which 
function in 59 judicial districts, usually corresponding to counties. 
Philadelphia has a municipal court, and Allegheny county a county 
court. Justices of the peace, magistrates and aldermen, elected in 
townships, city wards and boroughs, have jurisdiction over lesser 
crimes and disputes. 

Local Government.—Counties, townships, cities, boroughs 
and other civil subdivisions in Pennsylvania derive their powers 
of self-government from the state, and the general assembly has 
enacted codes for each type of subdivision. Counties have been 
divided into eight classes on the basis of population, and cities 
into four classes. Under a constitutional amendment of 1922, the 
general assembly granted cities the right to frame and adopt their 
own charters, as was done by Philadelphia in 1951-52. The coun- 
cil-manager form of government was restricted to boroughs and 
townships until an enabling act passed in 1957 permitted cities to 
adopt the plan; Bradford and Titusville were the first to do so, in 
1962. 

Pennsylvania has 67 counties including Philadelphia (g.v.) 
where the functions of county government are performed by the 
city. The constitution provides for the election of various county 
officers, including a board of three county commissioners which 
acts as the chief administrative agency. The 51 cities are each gov- 
erned by a mayor and city council, but in the third-class cities the 
mayor is a member of council and he and the other members direct 
various departments. The 938 boroughs are governed by a bur- 
gess and borough council, and there is also one town, Bloomsburg, 
where the president of the council performs most of the functions 
of the burgess. Townships are divided into two classes. The 63 
first-class townships are populous suburban areas and are governed 

by township commissioners. The second-class townships, mainly 
in rural areas, are governed by township supervisors whose author- 
ity is relatively limited. 

Finance.—The chief sources of state revenue are a selective 
sales and use tax and taxes on motor vehicles, corporations, motor 
fuels, alcoholic beverages, tobacco and inheritance. In 1933 the 
state assumed control of the sale of alcoholic beverages, setting 
upa system of state stores for the sale of wine and liquor. From 
this source it derived an income of more than $80,000,000 an- 
nually in the 1960s. More than half the state’s income was spent 
on education and highways. The state net debt more than trebled 
during the post World War II period. It was greatly increased 
in 1949 and 1957 as the result of state-wide elections authorizing 


the payment of bonuses to veterans of World War II and the Ko- 
rean War. 


POPULATION 
The population of Pennsylvania in 1790 was 434,373; in 1830 it 
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was 1,348,233; in 1870, 3,521,951; in 1910, 7,665,111. in 195 
10,498,012; and in 1960, 11,319,366. This last figure термен 1 
an increase of 7.8% over 1950. The population per square b 
in 1960 was 249.7, as compared with 231.6 in 1950 and with hi 
for the U.S. in 1960. 

The urban area, defined as including all incorporated places of 
2,500 or more, all townships having a total population of 1099) 
and a density of 1,000 or more persons per square mile, the thith} 
settled suburban area or “urban fringe" adjacent to cities of s. 
000 or more and unincorporated places of 2,500 or more ouidi 
this fringe, had a population in 1960 of 8,102,051 or 71.6% of 
the state total. In 1950 the comparable figures were 74080 
and 70.5%. In 1960 the state's 12 standard metropolitan statis 
tical areas had a population of 8,813,274 or 77.9% of the sg 
total; enlargement of SMSAs in 1963 increased population in thy 
areas by about 111,000, Occupied dwelling units in 1960 number] 
3,350,839; average population per household was 3.3. 

The population of the state was distributed by colour andn 
tivity in 1960 as follows: 87.1% native white; 5.2% foreign-hom 
white; and 7,6% nonwhite, practically all Negro. Of the їое. 
born population in 1960, 20.4% were born in Italy, 12.0% in Po 
land, and 11.1% in the United Kingdom. There were 948 mile 
per 100 females in 1960, compared with 97.0 in 1950. Ten per til 
of the population was 65 years old or over; 38.9% of the popili- 
tion 14 years old and over was in the labour force, 

Of the total number of employed persons, 2.6% were engl 
in agriculture, 1.6% in mining, 4.2% in construction, 38.7% it 
manufacturing, 7.5% in transportation, 18.7% in wholesale al 
retail trade and 13.5% in service activities. 

In spite of the great volume of immigration from southern a 
eastern Europe which came mainly to the industrial centres in the 
latter part of the 19th century, the original population patter 
of the state is still noticeable in customs, architecture and speed 
This is especially true in Lancaster, Berks, Lebanon, Lehigh Li 
neighbouring counties where persons of German descent, the Penn 
sylvania Dutch, predominate. Of these the most distinctive at 
the “plain people,” members of the Mennonite, Amish, Dunk 
and other small sects, who make up less than 10% of the Penns! 


vania Dutch. The "plain people" tend to retain more of the 0 


HERBERT LANKS FROM A. DEVANEY—PUSLIX 


GEOMETRIC ''HEX" SIGNS ON A BARN IN BALLY. 
DOMINANTLY PENNSYLVANIA DUTCH AREA IN THE 
OF THE STATE 


speech, customs and dress than the other 


+ put 
pennsylvania Ты 
The industrious diligence of the Pennsylvania Dutch М "sgg 


N i А 
region as a prosperous farming country for two centur a 
are noted for their well-kept fields and large barns, © E 5 gift 
with geometric designs called “hex” signs. Aut orities Cg 
whether these are talismans for protective purpose and 
for decoration. The Pennsylvania Dutch love of colour 
ration is expressed in their folk art. 
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Pennsylvania: Places of 5,000 or More Population (1960 Census)* 
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3469 | 2330 || Monaca. . - 8,394 TAIS 
14,515 5721 || Monessen . > - 18,424 17,896 
383 603 || Monongahela. . : 8,388 8,922 
10,36 | 12316 || Monroeville. . . 22,446 – 
13'804 | . 7,160 | Montoursville . . $211 3,293 
8481 5762 || Morrisville adt 7,790 6,787 
6,162 2,555 || Mount Carmel . . 10,760 14,222 
1228 57369 || Mount Lebanont . 35,361 
5,954 1927 || Mount Oliver . . 1080 6,646 
6,952 8/042 || Mount Pleasant . . 6,107 5,883 
7,922 3479 | Munhall. . . - 17,312 16,437 
3,077 1/388 || Nanticoke . 4 15,601 20,160 
11,019 4948 || Narberth . . 109 5,407 
14/131 = Nazareth . . . ‚209 5,830 
Gass | Nether Providencet . 10,380 6113 3,793 2,344 
| ew Brighton . . у 
шир ына righton : 9,535 | 09630 9,361 
Б 525 


{Returned until 1940 as Greentree. 


§Returned in 1950 as Hershey-Swatara. [East 
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Pennsylvania: Places of 5,000 or More Population (1960 Census)* 


(continued) 
Population 
Place 
1960 1950 1940 
Roget ‚ул У 25,952 15,744 10,827 
St. Clair’ Se ИГЕ. 5,159 5,856 6,81 
St. Marys . 8,065 7,846 1,653 
Sayre . 4 7,917 7,135 7,569 
Schuylkill Haven , 6,470 6,597 6,518 
Seottt | vus 19,094 8,686 6,297 
Scottdale 6,244 6,249 6,493 
Scranton е, 111,443 125,536 | 140,404 
Sewickley . re « 6,157 5,836 5,614 
Shalert . 5 24,939. 16,430 11,185 
Shamokin 13,674 16,879 18,810 
Sharon... 25,267 26,454 25,622 
Sharon Hill . 1,123 5,464 4,467 
Sharpsburg . 6,096 7,296 8,202 
Sharpsville 6,061 5414 5,129 
Shenandoah. . 11,073 15,704 19,790 
Beer SINE INE. 
Shippensbury 4 Я a 2 
pem АЫ 6,347 5,936 5,430 
Souderton . , 5,381 non 1,036 
South Williamsport . 6,972 6,364 6,033 
Springdale . , ^. 5,602 4,939 4,989 
Springfield t 
(Delaware Co). . 26,733 10,917 5,488 
Springfeldt 
(Montgomery Co.) . 20,652 11,403 5,603 
Spring Garden} . 11,387 8,338 5,719 
State College. 22,409 17,227 6,226 
Steelton , 11,266 12,574 13,115 
Stowet . 11,730 12,210 12,577 
Stroudsburg . 6,070 6,361 6,186 
Sunbury. . 13,687 15,570 15,462 
Swarthmore, > . 5,753 4,825. 4,061 
Swüsal |. . . 15,089 16,488 15,919 
Swoyersville , 4 6,751 7,195 9,234 
Tamaqua 10,173 11,508 12,486 
Tarentum 8,232 9,540 9,846 
Taylor . 6,148 7,176 9,002 
Titusville 8,356 8,923 8,126 
Turtle Creek, 10,607 12,363 9,805 
Tyrone . k 7,792 8214 8,845 
Uniontown . , 17,942 20,471 21,819 
Upper Darby} 5 93,158 84,951 56,883 
Upper Moreland; 21,032 8,936 5,103 
Vandergrift . , 8,742 9,524 10,725 
Warminster t. 15,994 7,127 1,977 
Warren . 14,505 14,849 14,891 
Washington . 23,545 6,280 26,166 
Waynesboro . a 10,427 10,231 10,231 
Waynesburg. . : 5,188 5,514 4,891 
West Chester 15,705 15,168 13,289 
West Hazleton 6,278 6,988 7,523 
West Mifflin . 27,289 17,985 -— 
Westmont 4 6,573 4,410 3,741 
West Norritont . 8,342 4,879 3,016 
West Pittston 6,998 1,230 7,943 
West View . 8,079 7,581 7,215 
West York . 5,526 5,756 5,590 
Whitehall. 16,075 7,342 — 
White Oak . 9,047 6,159 
Wilkes-Barre, 63,551 76,826 | 86236 
Wilkinst. 8272 4,261 3,884 
Wilkinsburg , 30,066 31,418 | 29,853 
Williamsport. 41,967 45,047 44,355 
Wise . 25 . 8,465 8,159 8,217 
Windber. . . . 6,994 8,010 9,057 
Winton ; a 5,456 6,280 7,989 
Wyomissing . 5,044 4,187 3,320 
Yeadon . 11,610. 11,068 8,524 
York 54,504 59,953 56,712 


F т R 5 Т 
(repe dese ETE Te paige 
EDUCATION 

Public-School System.—Pennsylvania’s system of free public 
education began with the Free Public School act of 1834 which 
created local school districts, permitted the levy of taxes for the 
support of free elementary schools and provided state aid to dis- 
tricts accepting the act. Earlier laws had provided schooling for 
children 5 to 12 years old whose parents were unable to pay for it, 
but these were called pauper education acts and parents were re- 
luctant to educate their children on such terms. Despite some 
early opposition, the public-school system gradually expanded and 
the state constitution of 1873 definitely provided for the education 
of all children above the age of six years and for a state superin- 
tendent of public instruction. High schools were established in 
Philadelphia and Pittsburgh in 1836 and 1849 and were authorized 
in every district of the state in 1895, 

In 1834 the minimum school term was three months: by 1899 it 
had been lengthened to seven months; and it was finally extended 
to a minimum of 180 days of school. In 1895 the first compulsory 
school attendance law required all children 8 to 13 years of age 
to attend school 16 weeks a year, with certain exemptions A 


‘and sciences, liberal arts for women and genera 
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vided by law. This was subsequently extended to make attend 
compulsory for all children between the ages of 8 and 16 ihn Iit 
out the school year. About 1,750,000 children enrolled any 
in the public schools and about 460,000 in private and parochi 
schools. Even in 1834 the state made substantial contributions ty 
the support of the schools. In 1921 the state appropriations Wee 
made contingent on the maintenance of certain minimum Standard 
as to courses and teachers’ salaries and qualifications, p he 
second half of the 20th century the annual state appropriati 
amounted to almost $200,000,000. 

Higher Education.—After 1854 the need for trained teach 
led to the establishment of normal schools under private auspices 
These schools received a gradually increasing amount of state aj 
and in 1911 the state was authorized to purchase them, In 19 
they were reorganized as state teachers’ colleges at Bloomsbyy 
(originally founded in 1839), California (1852), Cheyney (18J), 
Clarion (1866), East Stroudsburg (1893), Edinboro (1857), Ing. 
ana (1871), Kutztown (1866), Lock Haven (1877), Mansi 
(1858), Millersville (1854), Shippensburg (1871), Slippery Ri 
(1889), and West Chester (1869). They offer four-year cours 
leading to the degree of bachelor of science in education and le 
came state colleges in 1959. 

Pennsylvania State.—Pennsylvania State university at Utk 
versity Park, a land-grant institution, receives almost its enit 
financial support from public revenue. Originally chartered i 
1855 as Farmers’ high school, it first gave instruction on the ah 
lege level in 1859. The name was changed to the Аф шш 
College of Pennsylvania in 1862, to Pennsylvania State colla 
in 1874 and to Pennsylvania State university in 1953. 

The university includes colleges of liberal arts, agricul, 
business administration, chemistry and physics, education, t 
gineering and architecture, home economics, physical educations 
athletics, and mineral industries and schools of journalism al 
forestry. Fourteen two-year branch campuses are located through 
out the state. A department of nuclear engineering was set p? 
1958, and the Research Reactor building on the University Patt 
campus contains an atomic reactor used in various research pro 
ects, Also in 1958 the Groth institute of crystallography ttl! 
centre for continuing liberal education were established, ‘The ut 
versity owns a student-operated FM station. m 

The University of Pennsylvania.—The University | 
Pennsylvania, Philadelphia, was founded in 1740 as ا‎ 
school. Largely through the efforts of Benjamin пани 
other leading citizens of Philadelphia, it was transformed Е i 
into an academy, with Franklin as president of the first bon 
trustees. Two years later it was chartered as the College " 
Academy of Philadelphia. With the foundation in 17650 
first medical school in North America the institution becam 


ә wis 
fact a university, but it was not so called until 1779 via 
for a time, state supported. Following the passage o 4 


t I 0 
the state legislature in 1791 it became a privately endo 
controlled institution, although it receives some state 010 


MSS Nen УЫ es 0) 
The divisions of the university include the ae st 


eter! 


of education, engineering, law, dentistry, medie an 


medicine, social work, allied medical professions, Rus 

arts and the Wharton School of Finance and Commerce. |,» yj 
versity's graduate school of arts and sciences offers П 1 
doctoral degrees in four divisions: biological and medica adult 


humanities; physical sciences; and social sciences. pm 
School offers a post-doctoral research fellowship in phe 
fered in the graduate school; a special post-doctora ia үш 
research in some phase of biophysics is also offered. уй 
Institute of Anatomy, the first anatomical institute 5 pit 
devoted entirely to research, was founded in 1892. tudy; I. 
the university are the Henry Phipps Institute for ue > pies 
ment and Prevention of Tuberculosis, affiliated wit Helping: Ё 
in 1910; the William Т. Carter foundation of Chi d (1 


Institute of Local and State Government; the А ical 
field Center for Human Relations; and the Psych olor op [И 
tory and Clinic, founded in 1887, the oldest such inte ill 
United States. Among its activities the university ° 


v Institute for Humanistic Studies a special program for cor- 
ion executives. Teaching and research programs in radio, 
ion and allied fields are given by the Annenberg school of 
munications. The university participates with Princeton in 
operation of a оту nuclear research centre sponsored 
¢ U.S. Atomic Energy commission. 

(оет Universities and Colleges.—Many institutions of 
tigher learning date back to the 18th century. Dickinson college, 
pn (Methodist), chartered in 1783, absorbed Carlisle Gram- 
mar school (founded 1773) ; Franklin and Marshall college, Lan- 
aser (United Church of Christ), the University of Pittsburgh 
tarian) and Washington and Jefferson college, Washington 
dela E f Жыз їп pe ese ps sos is 

a cultural centre in colonial times, is the seat of Temple 
wiversity (1884; nonsectarian), Drexel Institute of тыт 
и E cone vei meon à iini Catholic) 
t. Joseph's college (1851; Roman Cat olic), among others. 
Bryn Mawr college for women (1880; nonsectarian), Haverford 
college (1883; Society of Friends), Swarthmore college (1864; 
‘onsectarian) and Villanova university (1842; Roman Catholic) 
ar located nearby in municipalities of the same names. Other 
Pennsylvania universities and colleges include Allegheny college, 
Meadville (1815; Methodist), Bucknell university, Lewisburg 
(1846; nonsectarian), Duquesne university (1878; Roman Catho- 
10) and the Carnegie Institute of Technology (1900; nonsec- 
tarian), both at Pittsburgh, College Misericordia, Dallas (1924; 
Roman Catholic), Gannon college, Erie (1944; Roman Catholic), 
Geneva college, Beaver Falls (1848; Reformed Presbyterian), 
Gettysburg college, Gettysburg (1832; Lutheran), Grove City col- 
le; Grove City (1876; Presbyterian), Lafayette college, Easton 
(1826; Presbyterian), Lehigh university, Bethlehem (1865; non- 
tarian), the University of Scranton (1888; Roman Catholic) 
ind Marywood college (1915; Roman Catholic), both at Scranton, 
tstminster college, New Wilmington (1852; Presbyterian) and 
Wilkes college, Wilkes-Barre (1933; nonsectarian). See also 
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HEALTH AND WELFARE 


-Care of the needy was recognized as a public responsibility even 
Under the duke of York and again in the Great Law of 1682. For 
‘long period poor relief was administered by poor boards or over- 
of the poor in a complex system which had no uniform pat- 
шеге Were county homes or almshouses for institutional 
ef in most of the counties, In 1937 a uniform system was 
[om The county homes and similar institutions were 
Marr county institution districts and a state department of 
Се was created to function through county boards of as- 
the tin in administering old-age assistance, general assistance to 
bing employed, aid for dependent children and the disabled, 
m bs unemployment counseling, school medical assist- 
М Urial assistance and foster homes. In the 1960s almost 
bens. expended for these programs came from the fed- 
[нөн The department of assistance was merged with 
leere. a of welfare in 1958 to create the department of pub- 
„ € department of welfare operated 18 hospitals for mental dis- 
| т schools for mental defectives and ten state-owned 
EE The management of penal and correctional in- 
They К transferred to the state justice department in 1953. 
[ш le four penitentiaries, an institution for defective de- 
td two ine industrial home for women, an industrial school 
| Кш and classification centres. А board of parole 
Red in 1941, 


oro ih THE ECONOMY 
‘than an ture—Although Pennsylvania is an industrial rather 
1 digg, шига! state, it remains important for its farm pro- 
| im p ing among the first 15 states in cash receipts from 
iıı Cs in the second half of the 20th century. About 50% 
Was in farms and more than half of its farm acreage was 


| ШУА The number of farms increased from 127,577 in 1850 
7^5 in 1900 but gradually decreased thereafter as sub- 


bá 
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marginal farms were abandoned and also as small farms were 
consolidated into larger farms. The value of all farm property 
in 1930 was $1,535,484,000. This decreased by about one-third 
during the depression and World War II years, but the earlier 
position had been substantially regained by the 1960s. 

Farming in Pennsylvania began as general farming with em- 
phasis on grain growing. About 1790 livestock farming began to 
assume greater importance, but there was also diversification into 
fruit growing and truck farming. About 1900 dairy farming to 
produce milk became the most important farm enterprise, and 
milk, dairy products, poultry, eggs and other livestock products 
came to exceed by far all other agricultural products in value. 
Dairy farming predominates in the northern counties, where a 
shorter growing season favours pastures and the growing of hay, 
but the greatest number of cattle are in the south and west. More 
than 6,000,000,000 Ib. of milk are produced annually. The num- 
ber of sheep declined precipitously after 1900, but swine increased 
in both numbers and value. Chicken raising is an important source 
of farm income. 

Usually all the rough, and most of the concentrated, food for 
stock is raised on the farms. Corn is the leading crop in value. 
Others include tame hay, wheat, oats, potatoes, barley, rye, buck- 
wheat and commercial truck crops. Pennsylvania ranks high 
among the states in buckwheat production, Most of the buck- 
wheat, barley and oats are grown in the northern and western coun- 
ties, while corn, wheat and rye are raised more extensively in the 
northeast. Tobacco is raised chiefly in Lancaster county; Pennsyl- 
vania leaf is especially valued as a cigar filler and wrapper. 
Adams, Franklin and York counties in the south central part of 
the state and Erie county in the northwest are the principal fruit- 
growing sections. Adams county leads in the production of apples. 
Peaches are grown in most of the southern counties and grapes are 
raised mainly in the lakeshore section of Erie county. 

Important farm groups have formed state associations for the 
study of improved methods and the advancement of their interests, 
beginning with the dairy farmers in 1874. A state board of agri- 
culture was created in 1876 and this became.a department in 1895. 
Agricultural education has been developed extensively in the 
schools, and the extension services of the college of agriculture 
of Pennsylvania State university have helped to introduce scientific 
methods. Soil conservation districts have been set up by many 
counties in co-operation with the state department of agriculture 
to control and prevent erosion and otherwise maintain soil re- 
sources. 

Industry.—Pennsylvania consistently ranks second to New 
York in the value of its manufactures, which increased from about 
$2,800,000,000 in 1914 to more than $7,000,000,000 in 1923, de- 
clined to around $3,000,000,000 during the depression of the 1930s 
but rose to much more than $25,000,000,000 by the mid-1950s. 
Reflecting the same economic trends, the number of plants fell 
from around 27,500 in 1914 to about 12,000 in 1933 and then rose 
to about 20,000 in the’ 1960s, when there were about a third more 
employees than in 1914. These figures reflect a trend toward 
larger plants. 

The development of manufacturing resulted largely from abun- 
dance of fuel, the facilities for shipment through the port of 
Philadelphia, the availability of the ores of the Lake Superior re- 
gion and the development of transportation, first by canal and later 
by railroad. By far the most important industry is the production 
of iron and steel. The first ironworks in Pennsylvania was a 
bloomery forge, a hearth-type furnace loaded with alternate layers 
of charcoal and iron ore to produce wrought iron, erected by 
Thomas Rutter in Berks county in 1716. Charcoal iron furnaces 
were numerous in eastern Pennsylvania after that time, and the 
industry continued to prosper and expand there when anthracite 
took the place of charcoal. With the increase in the use of bitu- 
minous coal and of coke made from it, and with the development 
of the steel industry, western Pennsylvania became the iron and 
steel manufacturing centre and the Pittsburgh district in particu- 
lar received a new impetus from the introduction of iron ore from 


the Lake Superior region. iatis 
Pennsylvania's industries are remarkable for their diversity 
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and balance. Although metals are by far the most important, it 
is virtually impossible to mention a single manufactured product 
which is not made somewhere in the state. Such diversification 
has tended to diminish the effects of the decline in coal mining 
and similar but more temporary slumps in various industries. In 
the 1960s the leading»manufactures were primary metal prod- 
ucts, fabricated. metal products, electrical and other machinery, 


STEEL MILL ON THE ALLEGHENY RIVER AT ETNA, NEAR PITTSBURGH 


food and kindred products, textiles, apparel and related products, 
paper, pulp and products, printing and publishing, chemicals, stone, 
clay and glass products, transportation equipment and petroleum 
and coal products. 

Philadelphia is the great manufacturing centre of the state and 
one of the most important in the nation. It is surrounded by an 
area of highly diversified industry. In the 1960s, for example, 
there were within the city more than 4,000 factories which had a 
product valued at more than $5,000,000,000, or about one-quarter 
of the total produced in the state. Despite the development of 
steel mills in other parts of the state and nation, Pittsburgh re- 
mained the centre of the iron and steel industry. After Philadel- 
phia and Pittsburgh, the more important manufacturing cities are 
Erie, Scranton, Reading, Allentown, Bethlehem, Chester, Wilkes- 
Barre, New Castle, Lancaster, Harrisburg, York, Altoona and Wil- 
liamsport (99:0.). 

Mining.—Coal.—A large part of Pennsylvania’s mineral output 
is represented by coal.. With the exception of small areas in Colo- 
rado and New Mexico, Pennsylvania contains the only anthracite 
deposits in the United States. They are found within an area of 
less than 500 sq.mi, in the northeastern part of the state, chiefly 
in Lackawanna, Luzerne, Carbon, Schuylkill and Northumberland 
counties, In addition, Pennsylvania has extensive bituminous coal 
measures, and most of the coal obtained from these is of high qual- 
ity. They form the northern extremity of the great Appalachian 
coal field and underlie an area of 15,000 sq.mi. or more in the west 
of the state. The Pittsburgh district, comprising the counties of 
Allegheny, Washington, Fayette and Westmoreland, is exception- 
ally productive. The coal in Allegheny and Washington counties 
is noted for its gas-producing qualities, while the famous Connells- 
ville coking coal is obtained in Fayette and Westmoreland coun- 
ties. 

The output of coal in Pennsylvania rose steadily from 1880, 
when 28,650,000 tons of anthracite and 18,425,000 tons of bitumi- 
nous were mined, to World War I, when the peak figures were 99,- 
612,000 tons of anthracite in 1917 and 178,551,000 tons of bitumi- 
nous in 1918. Thirty years later, in 1948, the respective tonnages 
had fallen to 57,140,000 and 132,550,000, and by the 1960s had 
declined to about 17,000,000 and 65,000,000. This decline re- 
flected technological changes in industry and transportation and a 
shift from coal to natural gas and oil for home heating. It caused 
much unemployment in the coal regions, which have sought to de- 
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velop new industries. The state makes loans to aid local author. 
ties in attracting new plants to these depressed areas, and research 
is being conducted to find new ways of utilizing coal, Vast со 
reserves remain underground. In the early 1960s recoverable re. 
serves, assuming 50% recovery, were estimated at more than 35. 
000,000,000 tons. ; 

Petroleum.—Extending*from the southwest corner of the state 
is the Pennsylvania section of the Appalachian oil field whith, 
with a small section in New York, furnished nearly all of the 
country’s supply of petroleum for several years after the discovery 
of its value for illuminating purposes. The first petroleum wj 
was drilled by Edwin L. Drake near Titusville in 1859, and oj 
wells were developed rapidly in the Oil creek valley and up th 
Allegheny river from Franklin to Tidioute. The state's output oj 
petroleum reached its peak in 1891 with a production of 31,424,205 
bbl. Thereafter the yield declined as the older wells were qx. 
hausted and few new wells were developed; in the 1960s produc. 
tion was only about 5,000,000 to 7,000,000 bbl. a year. While the 
quantity produced has become relatively small, however, the phys 
cal and chemical characteristics of Pennsylvania oil give it specia 
value as a base for lubricants. 


Natural Gas.—Much natural gas was found and wasted in the 


early years of oil production, but later it was utilized as a ful 
and an illuminant. The peak recorded natural gas production, 
138,000,000,000 cu.ft., came in 1906 but it fell to 61,000,000,00 
cu.ft. in 1932. This figure was subsequently raised by the di 
covery of the Leidy gas field in Clinton county. 
Iron.—Deposits of various kinds of iron ore were found in the 
southeastern, eastern, central and some of the western counties, 
and from the middle of the 18th century until near the close of 
the 19th Pennsylvania ranked high among the states in produc. 
tion of iron ore, As late as 1880 it was first with 1,951,496 log 
tons, Ў 
After the first successful experiments in making pig iron with 
coke made from bituminous coal, the state's iron foundries тарй) 
moved westward into the bituminous coal area and away from th 
early producing centres, The shipment of iron ore from the Lake 
Superior region, beginning about 1853, caused a further decline 
of iron mining within the state, since Lake Superior ore could : 
shipped to the Pittsburgh region at less cost than ore mud 
shipped from mines within the state. In 1932 the ore en 
amounted to only 103,000 long tons, but it increased some 
thereafter, Most of this оге comes from one mine, the fam 
Cornwall ore banks, worked continuously since 1740. 
Miscellaneous Minerals.—Pennsylvania has extensive a e 
limestone rock suitable for making cement, and enormous pe 
ties of it are used in this industry in Northampton and 291 
counties. In Lehigh county the first successful portland ote 
plant in the United States was erected in 1870, and ШЕ 
Pennsylvania continued to lead all states in annual cement oll! 
Limestone and dolomites suitable for building purP 


ens d 


т e i ud. 
tained chiefly in Montgomery, Chester and gh des 

rand vire t mort Й 
Until increased facilities of transport broug in Philadelptit 


stones into competition they were used extensively 
There are limestone quarries in nearly two-thirds of furnaces; 
and great quantities of this stone are used for flux m id uidi 
for making quicklime, for railway ballast and in гой ost pit 
Northampton, Lehigh and York counties contain the mi p sli 
ductive slate quarries in the U.S. Northampton and Leh 

is the only kind in the United States used for schoo! 
There is an extensive area in the southeastern part 0 comm 
containing shale clay of a superior quality for making ant 
brick. Kaolin abounds in Chester and Delaware counties: ] othe 
clay in several of the western counties. The state leads | dant 
in the value of its clay and clay products. Glass sand 8 y 
in both the eastern and western regions, an 


the counti 


d for many 


Pennsylvania has ranked among the leading states 1 rm 
facture of glass. In Chester county, also, is one of ep е 
ductive deposits of feldspar, second only to those of лаб 

Trade and Finance.—From colonial days when her col! 
merchants developed a prosperous commerce with other sat! 
and with Europe, trade has been an important element In 
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The internal improvements of the 19th century opened 
channels of trade with the west, and Pittsburgh grew to economic 
importance as the commercial gateway to the Ohio valley. In the 

there were more than 15,000 wholesale trade establishments 
and 120,000 retail establishments in the state. 

Pennsylvania has one port of entry on the Atlantic coast, one 
on the Ohio river and one on the Great Lakes. Philadelphia, the 
Allntic port, exports chiefly coal, grain and flour and imports 
chiefly pus iron €: ey e Бас ооа manu- 

ured iron, hemp, jute and flax. as long ranked second 
E. the ports of the United States in the tonnage of its foreign. 
commerce, surpassed only by New York city. Pittsburgh has 
ranked high among U.S. interior ports. Erie has been an important 
port in the Great Lakes trade and received its first ocean-going 
vessel through the St. Lawrence seaway in May 1959. 

The thriving commerce of colonial Philadelphia built up surplus 
wealth for investment and gave it an early lead as a financial cen- 
tre. The first fire insurance company to be chartered in America 
jms the Philadelphia Contributionship, founded in 1752, and the 

first life insurance company was formed in 1759. In 1780, 90 
Philadelphians formed a bank to finance the Revolutionary army, 
and this bank was succeeded by the Bank of North America, 
chartered by congress in 1781 and by Pennsylvania in 1782, the 
first bankto be chartered in America. The first and second Banks 
of the United States were also located in Philadelphia, and many 
other banking institutions developed there and elsewhere in Penn- 
sylvania, Although New York city became the leading financial 
centre after the Civil War, Pennsylvania remained important in 
this eld with many insurance companies and with banks and 
savings and loan associations in all important centres of popula- 
E sh ne in the number of banks reflected the growth of 

ic nking. 

Transportation and Communication.— Transportation was 
i essential factor in Pennsylvania's development. Since the 
mountain ranges made east-west travel difficult, it was necessary 
overcome these difficulties by roads, canals and railways. After 
the early roads, turnpikes and canals (see History, above), a net- 
a of tailways began to develop between 1830 and 1860. The 
tia & Reading railway, begun in 1835, and the Lehigh 
d E Chartered in 1846, gradually extended their lines 
Bion ien regions with New York state. The Pennsylvania 
"rw artered in 1846, opened its line from Harrisburg to 
m m Ai 1852, using the tracks of the state's Allegheny por- 

rnm until its own mountain division was finished. Later, 
n у {һе таїп line of the state works and thus hada com- 

mbia = from Philadelphia to Pittsburgh, with the state’s 
hey E toad. It then extended its lines rapidly to become 
ille зан most important railroads, With these and 
Жнын the state had a virtually complete network of rail 

Ж, ars d boe time н са Civil War. gprs i 
i made later, the basic pattern was already estab- 
o анау mileage, 8,453 in 1890, increased to 11,693 
Кы had decreased somewhat by the early 1960s, but 
А 11 “ey a redii ues акы ка highway соп. 
М ап ап extensive proj > 
A 1918 funds were provided by bond issues, drivers’ 

em fields а gasoline tax. By the 1960s the state highway 

ту town “4 more than 40,000 mi. of improved roads, while 
i. In 1938 the city, and borough highways totaled over d 
Кани a е Pennsylvania turnpike was begun as а toll roa 
eastern е Allegheny mountains through seven tunnels to “| 
Access lid western Pennsylvania. This four-lane limited- 
Pittsburgh us psg PAPA from reno ie cereal 
“Жыл ‚ and later extended from the Ohio border 
Tike 5 Mec Where it was connected with the New Jersey turn- 
оне уз inde a northeastern Mee Clarks Summit 

le а е entire system totale mi. 

» i's па uication of jb was also important to Pennsyl- 
iia in 171 5. "The first newspaper was established in Phila- 
ne pape 9, the fourth in the American colonies. By 1775, 
Were 7, тр Were published in Pennsylvania and by 1810 there 

' These grew to more than 400-with a total circulation 
" 


economy. 
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of a 8,000,000. Other means of communication also developed 
early. 

The first commercial telegraph line in the United States was 
opened from Philadelphia to Lancaster in 1846 and the telephone 
was introduced in the 1880s. The first commercial radio broad- 
casting station in the world was KDKA, Pittsburgh, which began 
a regular daily schedule on Nov.2,1920. Pennsylvania has almost 
100 telephone companies and more than 5,000,000 telephones are 
in use. There are more than 200 radio stations and more than 
20 television stations. 

See also references under "Pennsylvania" in the Index. 

Вівмоскарну.—Тће chief published historical sources are the Penn- 
sylvania Archives (1852-1935) ; Colonia! Records, 1683-1790 (1838- 
53); S. Hazard, Register oj Pennsylvania (1828-38). The chief 
manuscript sources are in the collections of the Historical Society of 
Pennsylvania and the Pennsylvania Historical and Museum Commis- 
sion, both of which have published guides. The Historical Society of 
Pennsylvania has published the Pennsylvania Magazine of History and 
Biography (1877 et seq., quarterly). Another historical quarterly is 
Pennsylvania History (1934 et seq.), published by the Pennsylvania 
Historical Association. A detailed list of historical works and articles 
published down to 1952 is N. B. Wilkinson, Bibliography of Pennsyl- 
vanian History (1957). See also W. F. Dunaway, A History of Penn- 
sylvania (1948); W. H. Egle, An Illustrated History of the 
Commonwealth of Pennsylvania (1877); A. E. Martin and H. H. 
Shenk, Pennsylvania History Told by Contemporaries (1925); 
H. M. Jenkins, Pennsylvania, Colonial and Federal (1903); S. K. 
Stevens, Pennsylvania the Keystone State (1956), Pennsylvania, Ti- 
tan of Industry (1948), Pennsylvania History in Outline (1961) ; Isaac 
Sharpless, Two Centuries of Pennsylvania History (1901); Theodore 
Thayer, Pennsylvania Politics and the Growth of Democracy, 1740-1776 
(1954); R. L. Brunhouse, The Counter-Revolution in Pennsylvania, 
1776-1790 (1942); H. M. Tinkcom, Republicans and Federalists in 
Pennsylvania, 1790-1801 (1950); S. W. Higginbotham, The Keystone 
in the Democratic Arch, Pennsylvania Politics, 1800-1816 (1952) ; 
Philip S. Klein, Pennsylvania Politics, 1817-1832; A Game Without 
Rules (1940) ; C. M. Snyder, The Jacksonian Heritage, Pennsylvania 
Politics, 1833-1848 (1958); Federal Writers Project, WPA, Pennsyl- 
vania, a Guide to the Keystone State (1940), Pennsylvania Cavalcade 
(1942); Raymond E. Murphy and Marion Murphy, Pennsylvania, a 
Regional Geography (1938) ; Department of Internal Affairs, Pennsyl- 
vania's Mineral Heritage (1944); Fredric Klees, The Pennsylvania 
Dutch (1950) ; G. G. Korson (ed.), Pennsylvania Songs and Legends 
(1949) ; Harold F. Alderfer and Jacob Tanger, Pennsylvania Govern- 
ment, State and Local (1950) ; S. K. Stevens and D. H. Kent (eds.), 
County Government and Archives in Pennsylvania (1947) ; S. W. 
Fletcher, Pennsylvania Agriculture and Country Life, 1640-1840 
(1950) and 1840-1940 (1955); G. P. Donehoo, Pennsylvania, a His- 
tory (1926), A History of the Indian Villages and Place Names in 
Pennsylvania (1928); A. H. Espenshade, Pennsylvania Place Names 
(1925) ; Solon J. Buck and Elizabeth Н. Buck, The Planting of Civili- 
gation in Western Pennsylvania (1939) ; №. A, Hunter, Forts on the 
Pennsylvania Frontier, 1753-1758 (1960) ; W. C. Armor, Lives of the 
Governors of Pennsylvania, 1609-1873 (1874). p 

For current information the most useful sources are The Pennsylvania 
Manual (biennial) ; Pennsylvania Statistical Abstract (1958 et seq.) ; 
the Industrial Directory (triennial) ; and other official reports and pub- 
lications of the state catalogued in List of State Publications, issued 
periodically; the principal statistical data are summarized annually 
in the Britannica Book of the Year, American edition. (D. Н, Kr.) 

PENNSYLVANIA, UNI- 
VERSITY OF, U.S. institution 
of higher learning, founded 
(1740) at Philadelphia, Pa. (see 
PENNSYLVANIA: Education). 

PENNYROYAL, an aro- 
matic herb formerly much used 
in medicine, the name being a 
corruption of the old herbalist's 
name “Pulioll-royall,” Pulegium 
regium. It is a member of the 
| mint genus, and has been known 
to botanists since the time of Lin- 
naeus as Mentha pulegium. It is 
a perennial herb with a slender 
branched stem, square in section, 
up to a foot in length, and root- 
ing at the lower nodes, small op- 
posite stalked oval leaves about 
half an inch long, and dense 
clusters of small reddish-purple 
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flowers in the leaf axils, forming almost globular whorls. It grows 
in damp gravelly places, especially near pools, on heaths and 
commons. It has a strong smell somewhat like that of spearmint, 
due to a volatile oil which is readily obtained by distillation with 
water, and is known in England as Oleum pulegii. The specific 
name recalls its supposed property of driving away fleas (pulices). 
Like the other mints it has carminative and stimulant proper- 
ties, 

The similar American pennyroyal (Hedeoma pulegioides), also 
belonging to the mint family (Labiatae), occurs in dry fields from 
Cape Breton Island to Ontario and North Dakota, southward to 
Florida and Arkansas, 

PENOLOGY (or Correction), that part or division of crimi- 
nology concerned with the philosophy and practice of prison ad- 
ministration and the treatment of prisoners. See CRIME; CRIMI- 
NOLOGY; JUVENILE DELINQUENCY; PRISON. 

PENRITH, a market town and urban district of Cumberland, 
Eng., lies 18 mi. SSE of Carlisle on the trunk (A6) road to Scot- 
land and at the foot of Penrith Beacon (937 ft. [286 m.]). Pop. 
(1961) 10,931. In the town are the ruins of Penrith Castle, built 
in the 14th century as a defense against raids from the Scots and 
dismantled during the Civil War in the 17th century. The parish 

church of St. Andrew is of Norman foundation with a 14th-century 
tower and a list of vicars complete from 1223. In the churchyard 
are the “Giant’s Grave" (ancient hogback stones and cross shafts) 
and the “Giant's Thumb" (the remnant of a 10th-century rose 
cross). A 14th-century grammar school was refounded by Eliza- 
beth Tin 1564. Buildings of historical interest include the Glouces- 
ter Arms, associated with Richard III; Hutton Hall (1480), incor- 
porating an old peel tower; Roger Bertram's house, dated 1563; 
and Gerard Lowther's house (1584), now the Two Lions Hotel. 
Samuel Plimsoll, the social reformer, and John Loudon McAdam, 
the inventor, were temporary residents of the town. Long-case or 
"grandfather" clocks, manufactured by the Porthouse family, 
made Penrith famous during the 18th century. 

The ruins of Brougham Castle, with a 12th-century keep, stand 
on the site of the Roman fort of Brocavum, 13 mi. (24 km.) SE 
of Penrith, and 5 mi. (8 km.) N are the remains of Voreda, a Ro- 
man military settlement, Edenhall village, 34 mi. (54 km.) NE, re- 
calls the 13th-century Syrian enameled glass goblet, known as the 
“Luck of Eden Hall,” which belonged to the Musgrave family and 
is now in the Victoria and Albert Museum in London, Penrith 
Beacon, with golf course adjoining, is a fine viewpoint for the 
mountains of the Lake District (q.v.). 

Penrith is a rail and road junction. The nearest air services 
operate from Carlisle and in the early 1960s provision was made 
for a helicopter landing site. 

Penrith depends mainly upon agriculture, particularly livestock 
rearing, and weekly cattle sales. It is also a tourist centre by vir- 
tue of its position as the northern gateway to the Lake District, 
being only five miles from Ullswater. (C. H. Hv.) 

PENROSE, RICHARD ALEXANDER FULLERTON, 
JR. (1863-1931), U.S. economic geologist, who left a large for- 
tune to scientific societies, was born in "Philadelphia, Pa., on Dec. 
17, 1863. He was graduated from Harvard University (A.B., 
1884; Ph.D., 1886), where he acquired a broad view of science and 
a practical one of geology. After writing his thesis on phosphates, 

he managed mines for the Anglo-Canadian Phosphate Company 
(1886-88) and later surveyed mineral deposits for the states of 
"Texas (1888-89) and Arkansas (1889-92), 

In 1892 he became professor of economic geography at the Uni- 
versity of Chicago, and was full professor, 1895-1911. In 1895 
Penrose was a founder of the Commonwealth Mining and Milling 
Company at Pearce, Ariz., which produced gold; and in 1903 he 
founded, with his father and brother Spencer, the Utah Copper 
Company at Bingham, Utah. The property proved to be in the 
largest deposit of porphyry copper in the world and became the 
largest single producing area in the United States, 
pna e Society of Economic Geologists in 1920, he 

first president. He established the Penrose gold medal for 
economic geology and a similar medal for outstanding work in any 
aspect of geology, to be awarded by the Geological Society of 
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America. He was president of that society in 1930-31, He nev 
married and at his death on July 31, 1931, the bulk of hig esta 
of about $10,000,000 was left to the Geological Society of Americ 
and the American Philosophical Society. 

PENRY, JOHN (1563-1593), an Elizabethan. Puritan "s 
thor of some of the most famous early Puritan treatises, was bon 
in Brecknockshire and in 1580 proceeded to Peterhouse, Cam. 
bridge, where he graduated in 1584. Although he came froma 
farm in the uplands of Wales, he seems to have been in easy dr. 
cumstances. An anonymous pamphleteer maintained that Whey 
he went to Cambridge he was “as arrant a Papist as ever came oy 
of Wales,” but this is probably without foundation. At Cam. 
bridge, however, he became convinced of his own sinfulness, f 
thereupon adopted a Puritan mode of life and began to advocay 
Presbyterianism as the ideal form of church government. Afte 
graduating he left Cambridge, presumably returning to Wales, by 
in 1586 he was at Oxford, where he proceeded to the M.A, degree, 
He did not take holy orders. 

Penry’s primary concern after leaving the university was with 
the religious condition of Wales. On this he wrote three treatises 
which are known by their short titles, the Aequity (1587), the By 
hortation (1588), and the Supplication (1588), ‘They are violent 
and antiepiscopal intone. He advocated the preaching of the gos 
pel in Welsh, the return to Wales of Welsh-speaking incumbentsof 
English livings, and, if necessary, the use of lay evangelists, Th 
first treatise led to his being summoned before the Courtiof High 
Commission and to his imprisonment for a month. Presumably on 
this account, his subsequent treatises were printed on a secret press 
From the same press came the celebrated Martin Marprelate (п 
(see MaRPRELATE CONTROVERSY), which attacked the bishops with 
scurrility and wit. A bookbinder who turned informer accused 
Penry of being their author. Another suspect was his friend Jo 
Throckmorton; member of Parliament for Warwickshire. за 
ter from prison later, however, Penry denied that either he ot 
Throckmorton even knew who Martin was, and this denial is now 
generally accepted. When the search for the press intensified, 
Penry fled in 1590 to Scotland. In the meantime he had ma 
Eleanor Godley of Northampton. 

In Scotland Penry abandoned Presbyterianism in favour of is 
aratism, and one of his posthumous works, The Historie of бий, 
Dathan, and Abiram (published 1609), is a notable contribu 
to the literature of religious toleration. On his return in 159) 
threw in his lot with the London Separatists. At this time ie 
Bancroft (q.v.) was actively suppressing Puritanism. Pent 
arrested and was charged under the Act of Uniformity. АШ 
that act did not carry the death penalty, he was condemne 
death and executed on May 29, 1593. è 

BrBLIOGRAPHY .—W. Pierce, John Penry (1923) ; A. Peel (ed), M 
book of John Penry, 1503 (1944) ; John Penry, Three Treatises 
cerning Wales, introduction by D. Williams (1960). ( i, ү 

PENRYN, a market town, port, and municipal borough P А 
Falmouth and Camborne-Redruth parliamentary division NE d 
wall, Eng:, 2 mi. NW of Falmouth and 34 mi, (55 km.) the 

The town lies 4 


head of the estuary of the Penryn River, which opens e is de 


der the nnt 
pruiert 

Bros’ 
1. 
a fait 
the 


Feast of St. Vitalis. Mary I gave the parliamentary 
the burgesses in-1553.. James I granted and renewed saturi 
of incorporation, providing markets on Wednesdays an Er 

and fairs on May 1, July 7, and Dec. 21. The charter вдо? 
surrendered, James II by а new charter among other rai 
fined the parliamentary franchise to members of the o j 
This proviso, however, was soon disregarded. the ud pt 
freely exercised by all the inhabitants paying scot and rin 
1553 to.1832 the borough returned two members ® 


empt to deprive it of its members, because of corrupt prac- 
was defeated by the House of Lords in 1827. The act of 
extended the franchise to Falmouth, in spite of the rivalry 
etween the two boroughs. In 1885 the united borough 
ved of one of its members. 
is no parish church within the borough boundaries, but 
ch of St. Gluvias, to the north, fulfills this function. Al- 
largely restored in 1883 it retains a 15th-century tower. 
is the principal port for the shipment of granite which is 
ely quarried in the neighbourhood, and dressed and pol- 
{ Penryn. There are also engineering works, boat repairing, 
mberyards. The harbour dries at low tide, but at high tide 
(4 m.) of water. 
SACOLA, a city of Florida, U.S., located in the north- 
n part of the state on the northern shore of Pensacola Bay 
6 mi, (11-mi. by channel) N of the Gulf of Mexico and 
mi SE of Mobile, Ala.; the seat of Escambia County. The 
separated from the Gulf of Mexico by Santa Rosa Island. 
western end of the island is Ft. Pickens and across the 
mel to the west is Ft. Barrancas. Pensacola retains much of 
atmosphere of an old Spanish city, with its Plaza Ferdinand 
ville Square, Spanish street names, and religious festivals. 
the ochre-yellow banks of the bay the city rises gently to 
commanding views of beautiful bayous and the Escambia 
which flows into the bay on the east. Public parks and 
ive pleasure to thousands. There are two public junior 
Pensacola, organized in 1948, and Washington, opened 
049, The city has a council-manager form of government in 
(since 1931, 
city’s trade area includes parts of Alabama, Louisiana, and 
ia, Nylon yarn, paper, wallboard, industrial chemicals, 
у naval stores, tile, concrete, cottonseed oil, and small boats 
inate as manufactured products. The deep-water port of 
ola suffers because of its proximity to Mobile. 
ola Bay was discovered in 1516 by a ship's pilot, Diego 
0. In 1528 Pánfilo de Narvaez with 242 followers made a 
etstop at Pensacola. In January 1540 Diego Maldonado, com- 
"of Hernando de Soto's fleet, entered the harbour and 
it Puerto d’Achusi. 
tán de Luna in 1559 colonized the bay, which he renamed 
ie de Galvez, but the settlement was abandoned two 
ts later, 
expedition under Juan Enriquez Barroto and Antonio Romero 
rediscovered Pensacola Bay on Feb. 6, 1686, while searching for 
у planted by René Robert Cavelier, sieur de la Salle. Re- 
d scribing the friendly Panzacola Indians and the magnificent 
inspired an expedition, led by Adm. Andrés de Pez and Carlos 
Sigüenza Y Góngora, a noted Mexican mathematician, to ex- 
ensacola Bay in 1693. It was, however, renewed French 
Lin the area which galvanized the Spanish into action. In 
expeditions under Andrés de Arriola and Capt. Juan Jordán 
ii а established Ft. San Carlos at the entrance of the bay. 
the brief French-Spanish War of 1719-20 Pensacola was 
бу Jean Baptiste le Moyne, sieur de Bienville, almost im- 
Y recaptured by Spain, seized again and burned by France 
З tored to Spain in the treaty of Feb. 17, 1720. А small 
Бе Maintained by Spain after 1720 and, except for a hur- 
jj Wich destroyed the town in 1754, the post was undisturbed. 
ieee E of the Seven Years’ War the Floridas, including Pensa- 
ү. PST transferred to England. Although the Spanish inhabi- 
a t for Mexico and Cuba, the British swiftly reestablished 
ement and Pensacola was made the capital of West 


the American Revolution Pensacola was a haven for 
leon May 9, 1781, it was captured by Bernardo de Gálvez, 
med j Bovernor at New Orleans, and Spanish possession was 
In the definitive treaty of peace of 1783. 
18 the War of 1812 the British made Pensacola a centre 
ations despite Spanish protests, and in 1814 entered the 
0 take formal possession, but were repulsed by Gen. 
ie ion. In 1818 General Jackson captured the city 
8 Spanish, maintaining that they were encouraging the 
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Seminole Indians in raids against the U.S., and in 1821 Florida as 
a whole was finally transferred to the U.S, In 1824 Pensacola was 
chartered as a city and was selected as the site of a federal navy 
yard. Three months before outbreak of the American Civil War, 
on Jan. 12, 1861, the navy yard was seized by the state government 
but Ft. Pickens remained under federal control and on May 8, 
1862, the Confederates evacuated the city. 

Railroad development after the Civil War led to extensive lum- 
bering, which in a few years devastated the pine forests of the 
area. In 1872 commercial shipment of fish began and by the 
1880s Pensacola seafood, especially red snapper, was shipped to 
an ever-widening market. In 1913 the inactive navy yard was 
reopened as a naval air station and became a large aviation training 
school. 

Pop. (1960) 56,752; for comparative population figures see 
table in FroRma: Population. In that year, for the first time 
in a federal census, the population exceeded 50,000 and the Pensa- 
cola standard metropolitan statistical area (Escambia and Santa 
Rosa counties, pop. 203,376) was established. (E. C. Jo.) 

PENSHURST, a village in the Sevenoaks rural district of 
Kent, Eng., lies at the confluence of the Eden and Medway, 5 mi. 
(8 km.) SW of Tonbridge. Pop. (1961) 1,895. The village has 
some old houses, including timbered cottages of the 15th century. 
Penshurst Place is the home of the Sidney family, who have held 
itsince 1552. Sir Philip Sidney, the poet and scholar, was born 
there in 1554. His younger brother, Sir Robert, was created earl 
of Leicester in 1618. In 1945 William Philip Sidney, created Vis- 
count De L'Isle in 1956, became owner of the house. The mansion 
is quadrangular and has a court, chapel, and hall (c. 1341) with 
open timber roof and a minstrels’ gallery. The state rooms are 
open to the public during the spring and summer. (Fx. H.) 

PENSION, a term applied to periodic money payments to a 
person who retires because of age or disability. The payments 
usually continue for the rest of the natural life of the recipient. 
Pensions are provided by governments or by employers either as 
a direct charge, ie., by inclusion in the organization's regular ex- 
penditures, or as an indirect charge, i.e., by periodic contribution 
to a pension fund. Pensions are provided by governments for 
various reasons: (1) as compensation to former members of the 
armed forces or their dependents for old age, disability, or death 
(usually from service causes); (2) as old-age retirement or dis- 
ability benefits for civilian employees; (3) as social security pay- 
ments for the aged, disabled, or deceased citizens made in accord- 
ance with the rules governing social service programs of the 
country. Pensions under the first heading are of great antiquity. 
Under the second heading they have been in force in one form or 
another in some countries for nearly 100 years. Those coming un- 
der the third heading are of relatively recent origin, though they 
are of the greatest magnitude. They are not included in this ar- 
ticle but are discussed in SOCIAL SECURITY. 

The custom of providing pensions for aged employees who are 
no longer able to discharge their duties efficiently began during the 
19th century in Europe and then spread to other parts of the world. 
A new development in the 20th century was the appearance of 
pension plans for workers who were paid by the hour. These plans 
were often established under trusteeships as a result of union- 
management negotiations. A further development was the encour- 
agement, by means of a special tax release, of individual self- 
employed persons to establish their own pension funds. 

Pensions are variously viewed as charity, paternalism, deferred 
pay, rewards for service rendered, or as a means of promoting the 
general welfare. The fundamental provisions of any pension plan 
set forth rules of eligibility, conditions for the receipt of pen- 
sions, a pension benefit formula, and the source of contributions. 
The method of funding benefits on the death of the employee and 
the procedure for withdrawal prior to retirement are sometimes 
included; in nongovernmental plans the equities on termination 
are also stated. The cost of pensions granted to citizens by the 
government for military or civil services is normally met out of 
taxation, and only rarely is any reserve accumulated for payments 
beyond the current fiscal year. By contrast, pensions provided as 
old-age retirement or disability benefits are usually provided by 
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drawing upon a fund accumulated during the lifetime of eligible 
persons, Such pensions may be paid to the eligible person or to his 
widow or children, The accumulation of an adequate fund is a 
principal concern for such plans and the magnitude of the accumu- 
lation may depend upon the number of eligible persons, estimates 
of their annual earnings, the formula for determining the pension, 
the nature of secondary pension benefits to widows or children, 
and the current level of investment income that can be expected 
from the accumulated money. The true cost outlay of a pension 
plan can be known only in retrospect and may be expressed as 
benefits paid plus expenses less the interest earned on the reserve 
funds, An exact accounting can be completed only long after the 
source of income is closed. Through the application of actuarial 
principles, however, it is possible to prepare current estimates of 
annual contributions required to develop a reserve fund in satis- 
factory form to meet future liabilities. 


UNITED STATES 


War Veterans.—The history of military compensation and 
pensions in the United States goes back to the colonial period. 
The Pilgrims of Plymouth Colony in 1636, for example, enacted a 
law providing that “If any person shalbee sent forth as a soldier 
and shall return maimed hee shalbee mayntained competently by 
the Collonie during his life." Later, other American Colonies 
made similar provisions. The Continental Congress also passed 
laws during the American Revolution promising benefits to those 
who enlisted in the colonial army, but no funds were approved to 
finance the program. The first pension law in the United States 
was passed by Congress on Sept. 29, 1789. It was followed at 
intervals by other laws and developed into the comprehensive 
Servicemen’s and Veteran’s Survivor Benefits Act, which became 
effective Jan. 1, 1957. 

Public Employees and Teachers.—Public employment in- 
cludes not only the employees of federal, state, county, and 
municipal governments, but also those of publicly owned corpora- 
tions, municipal transit companies, the Tennessee Valley Author- 
ity (TVA), and the Federal Reserve System. The federal 
government, with other members of the United Nations, also con- 
tributes toward the provision of pensions for employees of inter- 
national bodies such as the United Nations, the International Bank 
for Reconstruction and Development, the International Monetary 
Fund, the International Labour Office, and other similar organiza- 
tions, The Federal Civil Service Retirement and Disability Fund 
was established in 1920 and by the early 1960s contained the fol- 
lowing main provisions: Employees with 15 years of service might 
retire at age 62 or continue to work until age 70, at which age 
retirement was mandatory. Under certain conditions, retirement 
before age 62 was possible for employees with 25 or 30 years of 
service. The amount of the pension was determined by the em- 
ployee’s length of service and by his highest five-year average 
annual salary. The employee received 14% of such annual salary 
for each year of service, or 1% of such salary plus $25 for each 
year of service if this yielded a higher return; the maximum bene- 
fit was 80% of the employee’s salary. The law also provided 
for a total disability pension after five years of service, deter- 
mined by the more liberal of the two formulas above. Employees 
contributed 6% of their salary to the fund; in case of death or 
termination of service prior to retirement they (or their bene- 
ficiaries) received a refund of their contributions with interest, 
1f, however, at the death of an employee with five or more years 
of service, a qualified dependent survived (widow or child), one- 
half of the regular pension was payable to the widow, beginning 
at age 50. Whether the mother was 50 or not, an additional 
one-fourth of the regular pension (with certain limits) was payable 
to each child under 18 years of age; if the child alone survived he 
received half the regular pension. In case of termination of serv- 

ice after five years the employee might leave his refund and be 
credited with a vested deferred pension (beginning at age 62) 
computed on the more desirable of the two formulas mentioned 
above; this method was automatic if he left after 20 years of 
service. Various optional death benefit forms of pension were 
available at retirement. Optional additional employee contribu- 
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tions might be made to augment the regular pension but vit 
direct additional government contributions. According to (he lay, 
the pensions and death benefits not provided by employee conh Н 
butions were to be met from annual appropriations by Con, 
Several special plans for other classes of federal employe 
were enacted after 1900, including one covering members of Con. 
gress. Other plans covered public school teachers in the Distrig 
of Columbia, policemen, firemen, the U.S. judiciary, certain com 
missioned services such as the Public Health Service, and organi, 
tions such as the Federal Reserve System, permanent TVA m 
ployees, and others. t а 
The earliest state pension plans for public employees Were thoy 
for superannuated teachers, starting in 1896 in New Jersey wher 
a noncontributory plan was adopted. The first contributory state 
teachers’ plan was adopted in Massachusetts in 1913, Peng 
plans for other state employees followed and were soon establish 
in most of the states. Pension plans for state employees aj 
teachers have many of the characteristics of other pension plns; 
some have adequate funding arrangements, others fund on retire 
ment, and still others meet costs as pensions are paid. Pension 
plans for policemen and firemen date back to the beginning of the 
century, but the large municipal employee plans came somewhat 
later. While large cities maintain their own plans, in many state 
the smaller towns and political subdivisions were permitted to par- 
ticipate in the general state employee plan. After 1950, state and 
local employees and teachers were permitted as groups to com 
under the federal Social Security Act. Many ‘teachers’ plans at 
money purchase plans, with various modifications; there isi 
tendency for these plans to be revised and to adopt a “final salary" 
basis whether they are on a full reserve basis or not. 
Discussion of the teachers" plans should include mention of the 
Teachers Insurance and Annuity Association of America (TIAA), 
which was incorporated in 1918 in the state of New Yorks! 
nonprofit legal reserve life insurance company. The Cam 
Foundation for the Advancement of Teaching financed the found 
tion of this company and gave it financial assistance for mat 
years in order to put it on a self-supporting actuarial basis, р 
1952 TIAA developed an affiliate called the College Retiremet! 
Equities Fund (CREF) to implement a new pension idea ber 
CREF annuities would vary according to the market value 0! ^ 
fund, which would be invested mainly in common stocks. be 
ers could decide what portion of their contributions shoul н 
toward the variable annuities of CREF, and the fixed m 
TIAA, subject to the restriction that at least 50% of such con 
butions must go to the fixed annuity form. atl 
Employees of Religious Bodies—The churches at an E 
date recognized their responsibility for the care of their m 
disabled workers and, in fact, the first pension fund in the 


К 
States was founded for such a purpose. The Roman Cal 
Church has a long tradition of taking care of all De реш 


its hierarchy during their dependent years. M 
Churches' funds have been started for the same purpo ais 
of them include widows’ annuities and orphan pensions a Jeadint 
pensions to the ministers themselves. More than 20 d t 
Protestant denominations established the С hurch Pension e fox 
ence in the mid-1950s and accumulated substantial reser" 
to meet their liabilities. їшї! Ё 
Employees of Nonprofit Organizations. Les ite 
1950 made it possible for all nonprofit organizations ie subject" 
States to be covered by the federal Social Security $t Ж й 
election by the individual employer and by at least ч ees D 
the employees. As a result, most of the nonprofit emp о) iit 
been covered by the Social Security Act and Eae indi 
their own pension plans with an additional benefit. tions. 50, 
such organizations as hospitals, charities, and founda hel the 
of them, notably the YMCA and YWCA, have estab, 
own pension plans. In order to make a start in som an we 
lem of the small nonprofit employer the National Hea centra 
fare Retirement Association was formed to help in cort 
pension planning and funding. The association Wee State d 
in January 1945 under the insurance laws of New Y ii ndet 
was made subject to supervision by the state supe! 
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. Benefit payments and guarantees were protected 
p reinsurance with a well-established insurance company. 
istrial Employees.—By the 1960s there were more than 


du private industry pension plans in operation in the United 
utes, including profit-sharing plans that were grouped with the 
jon plans by the Internal Revenue Service. All these plans 

en reviewed and approved by the Internal Revenue Service 
that the employer could claim his contributions as tax deduc- 


dins and the investment income of the fund would be exempt 
drm any federal taxes. Pension trust funds are usually set up 
| mo control in the hands of the corporate trustee with 


т assistance of.a stock broker or, possibly, of an investment coun- 
е administrative work is usually done in the office of the 


f the large employer pension funds are on a trustee basis, 
‘The U.S, Steel Corporation started its fund in this manner in 
Dil, and the American Telephone and Telegraph Company 
surted one in 1913, though it did not set aside separate funds 
inti 1927, Trust companies did not actually bid for the busi- 
ness until the early 1940s. Passage of the Social Security Act in 
1935 stimulated the growth of industrial pension plans. World 
War II restrictions on wage and salary increases caused workers 
io lum their attention to so-called fringe benefits that included 
pension plans. In 1949 pensions were classified by the courts as 
proper subjects for collective bargaining so that union interest 
in them was also stimulated. Since pension contributions were 
i deductible for income tax purposes, the excess-profits tax of World 
Nar II provided the stimulus for a broad expansion of pension 
programs, Tax deductions permitted by the Internal Revenue 
mu it possible for business concerns to provide pensions at a 
-reduced real cost. 
- Insurance companies began to offer contracts for pension plans 
inthe early 1920s. The pension instrument took various forms: 
theindividual policy held by a trustee; the group permanent con- 
{tact (life insurance to retirement age with maturity then as pen- 
| i); the group annuity contract (the direct purchase of units of 
[г a year of service rendered) ; the deposit йй 
Mon contracts (insurance companies administer unallocated fun 
ith the direct purchase of individual annuities at retirement); 
And the deposit administration contract with immediate participa- 
ба guarantee, by which the individual annuities are paid out of 
Unallocated funds and the guarantee of benefit applies only 
the termination of the contract. 
\ s normally not financially. feasible to fund a pension plan 
‘Unless it is eyed by the Internal Revenue, Service, for ya 
makes the contributions tax deductible. In general, in 
to qualify for approval, a fund must show that it is an ir- 
revocable trust, that the funds under it cannot be diverted prior 
ere of all liabilities under the trust, and that it 
Tip, o minate in favour of the more highly paid employees. 
шш o also be made known to the employees. ‘There is a 
“oval of UE of rules and regulations that governs the ap- 
of pension plans. 
ae, ner, pension plans fall into three main categories. In 
Senin ОУ the pension is related to the salary and length 
fied op ani the employee. In the second group the pension is 
tons, | Je pen pe years of Pai or monnit onidan 
tthe contributions іа egory the benefit is dependen 
| n ade by the member or on his behalf. The 
КЕ used generally for salaried employees; the salary 
пу thro the pension is calculated may be either the average 
few yea E Pout the period of service, the average salary of the 
tality of вашу prior to retirement ог, in a few cases, the 
И € year preceding retirement. When the pension 15 re- 
d the usual practice is to assign a percentage figure 
bath the vats T ferre so that the final pension takes into account 
and length of service. 
PS extension of the federal Social Security Act most pen- 
rd Make an adjustment to avoid duplication of benefits. 
the whole 55, the adjustment is a straightforward deduction for 
d „J Part of the Social Security benefit. A more common 
' However, is a determination of the benefit by means of 
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two percentages, one of which, the lower, applies approximately 
to that portion of wages and salaries subject to Social Security 
contributions, and the other, the higher, applies to all wages and 
salaries above that. As a result, whenever the level of wages 
subject to the Social Security tax is raised, a question arises about 
making corresponding adjustments in the private pension plan. 
Such adjustments, if they are made, are generally made only after 
some delay, which often has the effect of skipping one social se- 
curity adjustment and catching up on the next. 

Continuing depreciation in the purchasing power of the pension 
dollar due to constantly rising prices created during the 1950s 
some concern with the long-run adequacy of fixed pensions. The 
variable annuity plan was offered as a partial answer, Under such 
a plan, a portion of the total contribution is placed in a fund that 
is invested in common stocks. The dollar amounts invested are 
measured in terms of “units of accumulation" and benefit rights 
are expressed as “units of annuity,” The value of each type of 
unit varies with the market price of the securities comprising the 
fund. All the variable annuity plans involve payment of a pen- 
sion in annuity units that vary each year with the market price of 
the annuity fund as of a specific date. The underlying assumption 
is that the movement of prices of the common stocks in the fund 
will correspond to the movement of prices in general and will thus 
offer the pensioner some protection against loss of purchasing 
power. So far as is known, all of the variable annuity plans 
subscribe to the principle that at least 5095 of the contribution 
should go into fixed annuity benefits. 

Pensions for workers who are paid by the hour are usually not 
based directly on earnings. Most of the plans negotiated by 
unions provide a benefit expressed in terms of dollars per month 
per year of service, sometimes with a total dollar ceiling. While 
many of these plans, notably in the automotive industry, have 
been directly negotiated in the form of specified benefits, many 
of the other joint employer-union plans have been negotiated in 
terms of contributions of a certain number of cents per hour with 
the benefit to be determined on the basis of actuarial advice with 
full regard to all the circumstances in the case. 


GREAT BRITAIN 


The actuarial theories of pension plans and many of the current 
practices in connection with them originated in Great Britain, 
though the United States has initiated some modern improvements. 
The self-administered pension plan, for example, was developed in 
Britain but the corporate bank-trustee type with its more aggres- 
sive approach to the investment aspects had its origin in the United 
States, The insurance company contracts for group annuities and 
deposit administration are also due to American initiative. Gen- 
erally the interchange of ideas and personnel between the two 
countries has been to the advantage of both. The conditions for 
approval by the tax authorities in Great Britain are practically 
identical with those in the U.S. In Great Britain overall limits 
are placed on the size of the maximum pension and its relation- 
ship to the salary at retirement. These limits are larger if the plan, 
or scheme, as it is generally called in Britain, is noncontributory 
than if the employees contribute. 

A major difference between the U.S. and Great Britain is that 
British employees may claim contributions to an approved fund as 
a tax deduction. Pensions for self-employed persons are also 
granted tax privileges, if they are established by an approved 
contract with an insurance company, a friendly society, or a trus- 
tee. For those born in 1916 or later, contributions in general may 
not exceed £750 a year or 10% of "net relevant earnings.” For 
those born in 1907 and earlier the limits are £1,125 or 15%. The 
contract must provide for an annuity benefit to begin after age 
60 and before age 70 and not to be surrendered, commuted, or 
assigned. А great number of pension plans for salaried employees 
contain a benefit formula basing the pension on the average salary 
of the three or five years immediately preceding retirement. This 
is in large measure due to the standard set by the Local Govern- 
ment Superannuation Acts 1921-1953, which established uniform 
pension benefits and contributions for local government employees 
throughout Great Britain, In 1953 the Ministry of Pensions, 
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which dated from 1916, was combined with the ministry of na- 
tional insurance. E 

Civil Service.— The pension system for British civil servants 
is governed by special acts of Parliament. The cost of the cur- 
rent pension roll is a charge on the national budget, and no funds 
are accumulated other than for widows and orphans benefits. Only 
established (i.e., permanent) staff members are eligible for pen- 
sions, and contributions are required only to provide benefits for 
widows and orphans. A disability pension is payable on retirement 
due to ill health after ten years of service. The minimum retire- 
ment age is 60, after ten years of service, but early retirement 
may take place after age $0. In the latter case the pension be- 
gins at age 60 unless immediate payment is allowed on compas- 
sionate grounds. 

Pensions are computed at the rate of one-eightieth of the salary 
at time of retirement for each year of reckonable service. Lump 
sum payments are made in addition at the rate of three-eightieths 
of the retiring salary for each year of service. Not more than 40 
years of service up to age 60 may be reckoned, but those who 
serve after the age of 60 may count further service subject to 
a maximum of 45 years. Pensions paid to those who retire be- 

cause of ill health are calculated on the basis of years of service, 
except that for those retiring with between 10 and 20 years of serv- 
ice it is based on 20 years, or on the service the employee would 
have completed had he served for five years after the retiring 
age, if that is less. The average salary of the last three years 
of service is used in all these calculations. Temporary service 
after the age of 18 counts as established service if rendered after 
July 1949; if rendered before that date it counts as one-half. 
Officers who serve overseas in unhealthful climates receive addi- 
tional pension rights. The system provides for transfers of staff 
between the civil service and many other forms of public employ- 
ment. 

The pension for a widow is one-third of the civil servant’s own 
pension, or, if he dies while still serving, of the pension he would 
have been paid if he had retired because of ill health on the date 
of his death. The widow may also be paid a children’s pension 
varying according to the number of children from one-twelfth 
of the officer’s pension (for one child) to one-third (for four or 
more children). If there are children but no widow, the children’s 
pension is at a higher rate, varying from one-sixth to one-third 
of the officer’s pension. 

About half the estimated cost of these benefits is paid by the 
contributions of civil servants, made either by periodic deductions 
of one-eightieth of salary during service, or by a deduction from 
the lump sum or death gratuity payable at the end of the service. 
All married men must participate in this plan. A retiring civil 
servant may also, subject to his passing a medical test, surrender 
up to one-third of his pension to provide an actuarially equivalent 
pension for his wife or some other dependent. There is also a 
voluntary contributory plan for pensions to dependents other than 
widows and children. There is also provision for short-service 
gratuities on death, withdrawal, or dismissal before completion of 
ten years of service. A gratuity is also paid to women civil 
servants with not less than six years of service who resign or 
marry. 

Armed Forces.—Retirement pay and pensions for officers and 
men in the Navy, Army, and Air Force are governed by royal 
warrant or other appropriate prerogative instrument. The basis 
of the officers’ plan is a series of standard rates of retirement pay 
related to rank. These rates are payable to officers who are 
forced to retire either because they have reached the compulsory 
retiring age for the rank, because they have not been promoted, 
or because no further employment is available for them. Nor- 
mally, 20 years of service is necessary to qualify for retirement 
pay; ‘the service needed to qualify for the full standard rate 
ranges from 20 years in the lowest rank to 30 years in the highest. 

The rates take account of the relatively early retirement of many 
officers and are designed to provide some compensation for short- 
ness of career. Officers permitted to retire at their own request 
receive reduced rates of retirement pay. After 1950 officers 
also became eligible on retirement for a lump-sum terminal grant 
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in addition to retirement pay or pension, at the rate of thy 
times the retirement pay. The rates of retirement pay, po 
and terminal grant are published in the command paper uiid 
Services Pay and Pensions (HMSO, London). There isa hase 
scale of pension for men in various ranks completing 22 yeas of 
service, with additions for longer periods of service. The sta 
is based partly on length of service and partly on rank, Reli. 
ment pay and pensions for members of the women's Services an 
approximately two-thirds of those for men. 

Provision is also made for pensions for widows and orphan 
of regular members of the forces. The plan is noncontributoy 
and covers widows of officers and other senior ranking men yy 
had completed enough service at the time of death to qualify fu 
service pension. The plan also includes other ranks below staf 
sergeant, but with a longer qualifying period. 

Judges.—English judges receive pensions close to £3,000 per 
year and in Scotland nine-sixteenths of their salary at the time of 
retirement if they have completed 15 years of service or if thy 
retire because of permanent ill health. County court judg 
stipendiary magistrates, and the two full-time sheriffs and sheri 
substitute in Scotland receive pensions based on their salaries and 
length of service. A lump sum is also paid to the retiring judge, 
and from it is deducted a contribution to the widows’ and dil 
dren's pension plan. The lord chancellor of Great Britain recie 
a pension of £3,750 no matter how short his service. He usualy 
continues to sit judicially in the House of Lords without salary, 

Local Government.—The Local Government Superannuation 
Acts provide pensions on a uniform basis for employees of m. 
nicipalities, counties, and kindred political subdivisions. Corti 
of the larger authorities such as the London County Council, the 
City of London, Manchester, and some London boroughs operate 
their own pension schemes, which are similar. Superannuilit 
funds may be operated by a single municipality or county, which 
may admit an authority within its boundaries, or by local аши 
ties in combination with one another. Employees are classi 
as officers (i.e., salaried employees) or servants (wage employee) 
All full-time officers are compulsorily covered but servans 
part-time officers are included only at the option of the ш 
ing authority. Retirement may occur at age 65, at age 60 a 
years of service, or at an earlier age due to ill health after 
years'of service. Pension credits can be earned to the age ol" 
subject to a maximum of 45 years of service. m 

The pension is one-eightieth of the average salary of the b 
years immediately preceding retirement. multiplied by the T 
of service (noncontributory service, if any, counts at half Е. 
A lump-sum grant of three times the annual pension Is also к 
but it is reduced to one year's pension if the pensioner rn 
to the widows’ pension. The widows’ pension is one-thir T 
members’ pension and continues to the end of the widow's pr 

Officers contribute 6% and servants 5% of their currents | 
These contributions are refunded upon death or upon Wi 


ment to make good the deficiency shown at jd 
valuation. There is a system of transfer values for P! omi? 
pension rights on transfer to the Civil Service and other 
national employment. tion wë 
National Health Service.—A program is in un m. 
the Ministry of Health for employees of the regione fora 
boards and for medical and dental practitioners. реп i [^ 
for members and widows are similar to those provided lye 
government schemes, Contributions are 6% for the ort woke 
8% for the employer (5% and 69% in the case of тап ait 
The program is not funded but provision is made for h 
of rights on interchange with other superannuation par 
Teachers.—The teachers’ superannuation plan 15 2 2 over 
applicable mainly to teachers in schools aide by 87 yy 


grants. The main benefits are pensions and lumP тай plant 


at the age of 60 or upon retirement at a later 8E& . and gil 
provides disability pensions after ten years of servic y ү 
ties payable on death after five years of service. {0 


tribute 6% of their salary but the plan is not funde 


squer that contributions are paid and from which benefits are 


emen and Firemen.—Pensions for policemen and their 
ndents are provided under acts of Parliament. Pensions are 
ly calculated on the average pay during the three years 
ing retirement and an ordinary service pension rises from 
f of average pay after 25 years of service to a maximum 
jrds pay after 30 years of service. Members retiring 
ounds of health after 10 years of service are granted pen- 
‘on a proportionate basis. Injury in line of duty qualifies 
обсег for an ill-health pension even if he has less ‘than 10 
sof service, and it may be supplemented if his earning capac- 
affected. A widow’s pension is granted on the basis of the 
ands pay at the time of his death ог аз a lump-sum) award 
ding to his rank. Children's allowances are payable with the 
ysum award. Policemen pay contributions up: to 6}% of 
‘pay toward the cost of pensions and the balance is borne in 
shares by the exchequer and by the local government em- 
ngauthority. Broadly similar provisions apply to firemen un- 
separate act. Only 25% of the rest of the cost of firemen's 
ionis is met from government sources. 
e Civil List.—In this category are small pensions (£100 to 
per annum) granted by the sovereign upon the recommenda- 
of the first lord of the treasury. They are granted for per- 
[service to the crown, for performance of duties to the pub- 
or useful discoveries in science or attainments in literature 
he arts. The maximum annual allotment is £5,000; 
tual or Hereditary Pensions.—Pensions of these types 
ely granted in the 17th and 18th centuries but as the re- 
f parliamentary agitation they were gradually extinguished 
mmutation. Thereafter no further perpetual pensions were 
|, but capital sums were voted to certain distinguished com- 
after World War I. After World War II, neither capital 
т perpetual pensions were granted, but only titles as a 
nition of distinguished service. 
tical Pensions.—The only national political pensions are 
"payable to former prime ministers. These pensions are 
ted by acts of Parliament. Former prime ministers are 
litled to a pension of £2,000 a year provided they are not re- 
ga salary of more than £750 drawn from public funds. In 
lon, the House of Commons Members Fund enables payments 
Made to former members of the House of Commons or to 
PT widows or children if they are in reduced circumstantes. 
ments are made from funds provided solely by compulsory 
butions of members of the House of Commons. Public 
1$ not involved. 
àstical Pensions. —Archbishops, diocesan bishops, and 
bishops of the Church of England whose sees are in 
dûre entitled to receive pensions on retirement at or after 
Че of 70 under а contributory program governed by the 
opal Pension Measures, 1926 and 1945, and administered by 
lurch commissioners. All other Church of England clergy 
{ ng ecclesiastical service or holding educational, charitable, 
© appointments in England are entitled to receive pensions 
Шетепі at or after the age of 70 under a noncontributory 
З by the Clergy Pensions Measures, 1948 and 
Administered by the Church of England Commissioners. 
18 plan there are reciprocal arrangements for over- 
vice in many other countries. The Church of England 
Board also administers contributory programs for 
i widows and dependents and for deaconesses and 


OTHER COUNTRIES —. . 


development of pension plans in countries throughout the 

m E Very uneven. Some countries rely heavily on gov- 

vate snes 0f social security and others place more reliance 
€ Pension plans. In most countries social security and 

„Pension schemes exist side by side and are integrated in 

Y of ways. The section that follows indicates briefly the 

mec lopments in Canada, Australia, and a number of coun- 
Ope, 
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Canada.—Private pension plans in Canada are similar to 
their counterparts in the United States, Employees’ contributions 
up ‘to $1,500 are tax deductible... The employer may deduct as 
the result of the 1958 Income Tax Law the whole or any part of 
past service liabilities to the extent that he made a payment in 
the year; contributions for current service are deductible ир о 
$1,500 per employee. In 1957 Canada introduced a pension tax 
allowance for self-employed individuals, According to the law, 
a Registered Retirement Saving Plan may be set up and may enjoy 
freedom from taxes on interest and capital appreciation, The 
maximum yearly tax-deductible contribution under such a plan is 
$2,500. The same privileges are extended to an individual covered 
by a pension; he may contribute 10% of his salary up to а maxi- 
mum of $1,500 less his own pension contributions. The plan must 
provide an annuity beginning not later than his 71st birthday and 
must be based on a contract that may not be surrendered for cash 
or used as security for a loan. Each plan must be individually 
registered by the government and be issued by an approved under- 
writer—generally an insurance company, the government annuity 
branch, a trust company, or a mutual fund. 

In 1963 the Liberal government introduced a new pension plan 
but it was opposed by the governments of Ontario and Quebec, 
which had pension plans of their own jn process of adoption. 

The Canadian government has issued annuity contracts since 
1908. Group contracts on a formal basis have been issued since 
1938. The maximum annuity issued is $12,000 a year, and 
there is no cash value unless the annuity is greater than $10 per 
month. 

Australia.—The government old-age pension, which is subject 
to a means test, is reduced shilling for shilling for the excess of any 
private pensions over £3 10s. per week. This provision of the law 
influences employers to provide lump-sum benefits on retirement, 
mainly by means of insurance. Employee contributions to private 
pension plans up to £200 a year are deductible when calculating 
personal income tax. Employers obtain a deduction of £100 or 
5% of the employee's salary, whichever is greater, for each em- 
ployee if the plan is approved by the commissioner of taxes. 

Belgium.— Private pension plans in Belgium are nearly all in- 
stituted to supplement government pensions for salaried em- 
ployees. The majority of the plans are based on career earnings. 
Only a few base benefits on а more current average salary. Both 
employers and employees obtain tax deductions for contributions 
to properly constituted plans. Under a 1956 compulsory pen- 
sion scheme, self-employed persons are required to establish a 
pension account either by depositing funds or by obtaining an an- 
nuity policy providing a pension of 18,000 francs for a man at 65 
(one-half to the widow) or 12,000 francs for a woman at 60. 
Payments and pensions are raised or lowered if the retail-price 
index moves up or down at least 5%. 

France.—In addition to the regular old-age pension, engineers 
and management personnel have a supplementary retirement sys- 
tem (known as Régime Complémentaire de Retraites des Cadres) 
organized for various types of employment. Contributions are 
paid on that part of the employee’s remuneration between the 
ceiling for old-age contributions—660,000 francs and a maximum 
of 3,204,000 francs. The tax rate starts at 8% (6% by the em- 
ployer and 2% by the employee) and may rise to any figure be- 
tween 8% and 16% according to the circumstances of the insti- 
tution, Retirement normally takes place at the age of 65 if the 
employee has completed ten years of salaried employment. A 
widow, if she is over 50, receives 60% of the participant's pension, 
and orphans receive 20%. All pensions are determined in “реп- 
sion points” by the AGIRC (L’Association Général des Institutions 
de Retraites des Cadres). Rights acquired each year in points 
are determined by dividing the contribution for the period by a 
reference salary which is the mean of all salaries subject to contri- 
bution in the period (value about 650 points). Years prior to 1947 
have a value between 40 and 120 points per year. The pension is 
determined by multiplying the sum total of points accumulated by 
a participant by-a point value for each year. The point values are 
obtained by dividing the total contributions to the institution dur- 
ing the preceding year, less expenses and 10% for a stability re- 
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vol. 1, no. 1 (1949) ; J. J. Corson and J. W. McConnell, E 
Needs of Older People (1956) ; W. C. Greenough and F., Р. King fM 
ment and Insurance Plans in American Colleges (1959); Social SUR 
ity Administration, “Outline of Federal Retirement Systems,” Bae, 
Report #15 (1948) ; M. W. Latimer, Industrial Pension System; va 
and ii (1932); J. A. Hamilton and D. C. Bronson, Pensions (198); 
D. M. McGill (ed.), Pensions: Problems and Trends (1955), D.M, 
Gill, Fundamentals of Private Pensions, 2nd ed. (1964) ; Joint Соту 
tee Report, 82nd Congress, 2nd Session, “Pensions in the United State 
(1952); G. A. Hosking, Pension Schemes and Retirement Benjy 
2nd ed. (1956) ; W. F. Marples, Actuarial Aspects of Pension Securiy 
чю), (A 5 W. F. Mi) 
PENSIONARY, the designation, indicating that he cry 
a salary, of an official of importance in Netherlands’ history, 
From the 15th century onward the name pensionary, with d; 
and advocate as occasional alternatives, given to the secretay 
of certain town corporations in the Nett ds. The pensionay 
conducted the town’s legal business and was its representative 
meetings of the provincial estates. The office originated in 
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serve, by the present value of future charges in the institution over 
the next ten years. 

Effective April 1, 1957, a system similar to the AGIRC was 
set up for non-Cadre salaried employees. It is known as UNIRS 
(Union National des Institutions de Retraites des Salaries). 
Membership is voluntary and the system after two years of opera- 
tion covered nearly 5,000,000 employees. Total contributions vary 
from 24% (employer 14%, employee 1%) to 4% (employer 24%, 
employee 1.6%) and are paid on total earnings. There are many 
supplementary private pension plans, most of which are on a pay- 
as-you-go basis. Both employer and employee contributions to all 
pension plans are tax deductible. 

Federal Republic of Germany.—Such private pension plans 
as are established in the Federal Republic of Germany either cover 
personnel not included in the public pension system adopted in 
1957 or supplement the public pension, Employers may take a 
tax deduction for contributions, the amount depending upon the 


type of plan. Employees may obtain a tax deduction for contri- 
butions except that, in states where the employer does not pay the 
special 8% premium tax, the employee cannot claim that there is 
any insurance element in the contribution. Most private plans 
are not insured. 

Netherlands.—Private plans are numerous in the Netherlands 
and must be formally established and actuarially sound before 
being approved. Assets must be separated from the employer's 
assets, but up to 10% of the fund may be used to buy the employ- 
ers stock. Employers may deduct contributions as а business 
expense, and in addition they may deduct sums placed in an ear- 
marked retirement reserve not separated from their assets; Em- 
ployees may deduct contributions to an approved fund, and in 
addition may deduct premiums to an individual annuity up to 3,600 
florins a year. Private plans are usually designed to produce a 
pension of about 70% of final pay. A general pension plan for 
widows and children became effective in 1960. 

Norway.—Both private plans and group pension insurance 
plans exist in Norway, but the number of private funds is small. 
There are also non-actuarial funds that exist to accumulate money 
to set up private plans in due course. A further large pension ele- 
ment includes the collective plans set up by the large professional 
societies of which the Medical Society and the Dentists Society 
are thelargest. Norwegian pension plans provide old-age pensions, 
disability pensions, and pensions for widows and children. Old- 
age pensions amount to approximately 60% of the average pay 
of the last five or ten years after 30 years of service. It is reduced 
by one-thirtieth for each year the total service falls short of 30 
years. A widow’s pension is usually 60% of the pension the hus- 
Бапа. was receiving or would have received had he continued in 
service to pension age at the pay he was receiving at the time of 
his death. The children’s pension is 40%, 60%, 75%, 90%, and 
100% of the widow’s pension for one, two, three, four, five or 
more children, respectively. If the child has no mother the pension 
is doubled. The disability pension is paid during disability due to 
sickness or accident that has continued for three months; the 
amount is the fraction of the old-age pension representing the 
degree of disability. The disability pension is increased 10% for 
each pensioner's child under 18. About one-half of the pension 
plans do not include disability pensions. Retirement age ranges 
from 67 to 70 for men and from 65 to 67 (sometimes 70) for 
women. 

Sweden.—Practically all supplementary pension plans in Swe- 
den are underwritten by Svenska Personal-Pensionskasse, which 
has a virtual monopoly of pension insurance. These benefits are 
actuarially calculated and reserves are accumulated. Supplemen- 
tary pension plans for salaried employees are contributory and 
provide benefits geared to salary. Wage-earners’ benefits, if an 
are a flat annual amount and are arranged in some way so as not to 
reduce the governmental supplementary “means test" pensions 
There area number of cases of supplementary plans for wage earns 
ers negotiated on an industry-wide basis by unions and employer: 

See also references under “Pension” in the Index. Ой 


BIBLIOGRAPHY.—Annual Report of Church Pension. 
nual); D. C. Bronson, “Pensions: 1949," Trans. Sis [heir eas 


Flanders. The first towns in Holland to appoint a pensionary Were 
Dordrecht (1468) and Haarlem (1478) 
The order of nobles in the estates of Holland also had a pension 
ary to act on their behalf in the estates. As the nobility had the 
right to preside over the assembly, this pensionary was actually i 
chairman. This office was in Holland combined with that ol 
“land's advocate,” that is, legal adviser to the estates, an ОЙ 
whose appointment was found necessary for the first time in 154, 
After 1619 the name “land's advocate" was changed into гй} 
sionaris or councilor pensionary, usually translated into English as 
grand pensionary. The first to give the office its full importante 
was Johan van Oldenbarnevelt (g.v.), W ho from 1586 to 1% 
dominated the estates of Holland and through them the States 
General: all correspondence passed through his hands, and het 
fact controlled foreign policy; but his authority was the prodit 
of circumstances and of his personal influence and was not foul 
on any constitutional ruling. After his execution. the office lil 
its importance until Johan de Witt (g.v.), gr nd pensionary fron 
1653 to 1672, restored its glory during the “First Stadholderles 
period.” After him the best-known grand pensionaries of Hol 
Mere Antonius Heinsius (q.t. ; 1689-1720) and L. P. van de Spit 
(1787-95). The office was abolished in 1795. The estates ї 
Zeeland also employed a grand pensionary, but this official w 
much less important than his Holland counterpart. | 
(Е. Н.К 
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PENTAGON—PENTATEUCH 


grown in open sunlight. They produce seed freely, new kinds 


iing obtained by that means. 


- PENTAGON, a large five-sided building in Arlington county, 


virginia, near Washington, D.C. 


It was built in 1941—42 to bring 


‘unger one roof the U.S. war department offices then housed in 


widely scaltered buildings. After World War II it became the 


headquarters of the department of defense, including all three 
ides army, navy and air force. The largest office building 


inthe world, the Pentagon covers 34 ac. (including a 5-ac. central 


court), offers 3,700,000 sq.ft. of usable air-conditioned floor space 
‘and provides work space for about 30,000 persons, military and 
civilian, Built of structural steel and reinforced concrete, with 
` wme limestone facing, the entire structure cost $83,000,000. 


The Pentagon cons 


with ten spokelike main corridors connecting the whole. 


ts of five concentric pentagons or “rings” 


(See 


WASHINGTON, D.C., for photograph.) With only five floors, plus 
a mezzanine and basement, the height of the building is far less 


than its horizontal dimensions. 


A huge concourse, larger than 


two American football fields, provides a shopping centre for Penta- 
gon workers, Beneath the concourse are bus and taxi terminals. 
Parking areas adjacent to the building can accommodate over 
8000 cars. A heliport for the Pentagon was added in 1956. 


See Gene Gurney, The Pentagon (1964). 
(LiNGUATULIDA) are a small group 


PENTASTOMIDA 


(H. C. T.) 


(usually considered a class) of wormlike, bloodsucking arthropods 


that live as internal parasites of vertebrates, 


The body of an 


adult is externally ringed—and in many species looks like a thick 
string of beads—though there is no true internal segmentation: 
Thealternate name Linguatulida or “tongue worms" is descriptive 


of the linguiform or tongue-shaped body of other species. 


Al- 


though some authorities consider the pentastomes a separate 
phylum, certain characteristics point to their very:close arthropod 
relationship: (1) jointed legs in the embryo; (2) ecdysis or molting 
inthe larval stage; and (3) the presence of breathing pores scat- 


tered over the body. 


„е пате Pentastomida refers to the буе openings arranged 
Ша crosswise line on the head; the centrally located one is the 
wal, chitinous mouth, and the other two flanking pairs are the 
Openings Of pockets or sacs containing protractile hooks. The 
body is elongate and cylindrical in. most species, a few being 

tt and somewhat flattened, Adjoining:a short head region is 


long abdomen (from about 4 
*vatiable number: of superficial 
tings that do not represent true 
Mw body segments and de- 
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sphere. Reighardia sternae is a cosmopolitan parasite of gulls 
and terns. In America, Kiricephalus coarctatus is often found 
in the air passages of snakes. 

Linguatula serrata, usually found: in dogs, wolves, and several 
other mammals, and Armillifer armillatus have occasionally been 
found in man. The eggs of L. serrata are scattered in sneezing, 
and the larvae develop in the viscera of the intermediate host— 
usually a rabbit, rat, or sheep. After several molts the nymphal 
stage is attained, which may last for two or three years. Man 
can serve both as an intermediary and аз а final host. 

The adult of Armillifer armillatus is а common parasite in the 
lungs of large snakes in the Eastern Hemisphere. Pythons often 
become infected by devouring an infected mammal. In man, 
infection takes place by swallowing eggs scattered over vegetables 
orin water. The encysted larvae settle in various organs, and a 
heavy infection may lead to grave disturbances and may even 
result in death. 

Pentastomida are divided into two orders: (1) the Cephalo- 
baenida, with two families and four genera (Cephalobaena, Rail- 
lietiella, Reighardia, etc.); and (2) the Porocephalida, with two 
families and 14 genera (Porocephalus, Linguatula, etc.). These 
two orders are distinguished by the structure of their reproductive 
and nervous systems, the Cephalobaenida: being the more prim- 
itive. 

One of the best treatises is by R. Heymons, “Pentastomida,” in 
Bronn’s Klassen und Ordnungen (1935). Foran extensive list of litera- 
ture see Howard R. Hill, “Annotated Bibliography of the Linguatu- 
lida,” Bull. S. Calif. Acad. Sci., vol. 47, pt. 2 (1948). (H. R. Hr.) 

PENTATEUCH. The name Pentateuch (from the Greek 
pentateuchos biblos, “book of five volumes") designates the first 
five books of the Old Testament—Genesis, Exodus, Leviticus, 
Numbers and Deuteronomy—which embody the Law of Moses 
and hence are called also Torah. The Pentateuch consists of nar- 
ratives into which collections of laws are interpolated; the narra- 
tives begin with the creation of the world and conclude with the 
death of Moses, just before the entrance of the Israelites into the 
land of Canaan. They relate the primitive history of man, the 
stories of the patriarchs, the exodus of the Israelites from Egypt 
and their journey to Canaan, and the institution of the Israelite 
Covenant and laws at Sinai. 

Development of Criticism of the Pentateuch.—Jewish and 
Christian tradition until the 19th century, with a few rare and 
uninfluential exceptions, attributed the Pentateuch to Moses. The 
French physician Jean Astruc suggested in 1753 that Moses com- 
piled Genesis from two documentary sources, one of ‘which em- 
ployed the divine name Yahweh and the other the divine name 
Elohim. Astruc did not intend to question the authorship of 
Moses; but his introduction of the divine names as a criterion of 
documentary sources gave the impulse to the literary criticism of 
the Pentateuch which engaged'almost every major biblical scholar 
of the 19th century. 

The text of the Pentateuch exhibits numerous traits which in- 
dicate a complex literary origin. There are two creation accounts 
(Gen. i, 1-ii, 4a; ii, 4b-24). The account of the deluge (Gen. vi, 
5-ix, 17) shows evidences of two accounts which have been com- 
piled into one (the number of animals taken into the ark, the 
duration of the deluge, the two entrances of Noah into the ark, 
the blessings and covenant pronouncements after the deluge). 
Ex. iv, 19 is the logical sequence of Ex: ii, 23. The expulsion of 
Hagar by Abraham (Gen. xvi; xxi), the call of Moses (Ex. iii; vi) 
and the miracles of the quail and the manna (Ex. xvi; Num. xi) 
are narrated twice. The wife of a patriarch is taken into the 
harem of a foreign ruler, or threatened with this, three times (Gen. 
xii; xx; xxvi). When the text is studied closely, other similar 
phenomena are Observed. If these passages are analyzed and 
grouped, three strands of narrative emerge, each with distinctive 
characteristics of vocabulary and style, of which variation in the 
use of the divine names is only one. 

Proceeding on these data, J. G. Eichhorn (1781) distinguished 
various sources in Genesis. К. D. Ilgen (1798) observed the 
source called Elohist could not be considered as a single source 
but must be divided into two. Geddes (1792), Vater (1802-05) 
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and De Wette (1805) proposed the “theory of fragments,” which 
assumed that there was no single document in the Pentateuch; 
they found in it a compilation of fragments of numerous different 
documents. The most important contribution of De Wette was 
his isolation of Deuteronomy as а distinct source. The unity of 
the sources, however, was too evident to be denied; and Ewald 
(1823) and De Wette (1840) adopted the “complementary 
theory,” which assumed that one basic document was enlarged by 
the addition of fragments from other sources. This basic docu- 
ment was called the Elohist. Subsequently H. Hupfeld (1853) 
restored Ilgen’s theory of two Elohist documents. One of these 
(the Priestly source of later scholars) he called the First Elohist 
as the oldest; the Jahwist document followed, and the Second 
Elohist was the most recent. With the addition of Deuteronomy 
the lines of the four-document hypothesis were drawn. 

The decisive contribution was made in 1865 by Graf, who pro- 
posed that the First Elohist was actually the most recent of the 
sources and was postexilic, the work of the Jerusalem priesthood. 
He introduced the sign “P” to designate this source. Kuenen 
(1869) announced that he had reached the same conclusions inde- 
pendently. Julius Wellhausen, in a series of works published 
between 1876 and 1901 and remarkable for brilliant and persuasive 
clarity, presented this hypothesis both to scholars and to the gen- 
eral public, and after 1900 it was almost universally accepted. 
Wellhausen’s own contribution was a theory of the historical and 
cultural evolution of Israel and its religion, which explained the 
growth of Israelite belief as a rectilinear progress from the 
primitive polytheism of early Israel through the ethical mono- 
theism of the prophets, the great creative thinkers of Israel, to 
the formal legalism and sacerdotalism of postexilic Israel. This 
theory of the evolution of Israel cannot now be sustained; Well- 
hausen worked at the beginning of the period of the great dis- 
coveries relating to the history and culture of the ancient near east, 
and these discoveries have rendered the theory as a whole impos- 
sible. But since in the early years of the 20th century the theory 
of the religious evolution of Israel was not always distinguished 
from the theory of the literary origins of the Pentateuch, many 
conservative theologians of all churches regarded Wellhausen’s 
theory as an attack on revealed religion. 

Documentary Theory.—In its classical form the documentary 
theory finds the Pentateuch to be a compilation of four docu- 
ments; the Jahwist (German spelling; J), composed in the 9th 
century 5.C.; the Elohist (E), composed in the 8th century B.c.; 
the Deuteronomist (D), composed in the 7th century B.c.; and the 
Priestly document (P), composed in the 5th century B.c. The 
Jahwist is Judahite, the Elohist Ephraimite in origin. These two 
versions of early Israelite tradition were fused into one document 
after the fall of Israel in 721 в.с. Deuteronomy was added after 
the exile, These were amalgamated with the Priestly source into 
the present Pentateuch about 400 в.с. 

This hypothesis did not explain all questions of detail. Subse- 
quent work was devoted to further analysis of the documents, to 
the isolation of other sources and to a more precise dating of 
the documents. The analysis of the documents was pushed by 
some scholars to the point where it issued in a new "fragment the- 
ory,” and analysis based on minutiae has been proved exaggerated; 
the unity of the sources in some form must be explained. It is 
generally accepted that the documents represent strata of ma- 
terial rather than single unified compositions, and that the proc- 
esses of redaction and expansion are too complex to permit a 
definitive analysis of the entire text. For the same reasons a 
precise date for each of the sources is scarcely possible. 

Later critics, especially those of the Scandinavian school, have 
affirmed that the entire documentary hypothesis is false, since 
it does not reflect ancient methods of composition and transmis- 
sion. This school asserts the primacy of oral tradition; the 
$ documents,” they say, are modern historical conceptions. While 
the oral traditions may be designated by the symbols J, E, ete. 

ei ко are cycles of oral traditions not written until a 

lativel y late date, postexilic in any case. Most contemporary 
critics believe that the Scandinavian school exaggerates the place 
of oral tradition; ancient near eastern culture offers numerous 
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examples of the collection of traditions in writing, Itis айо 
probable, however, that most of the traditions of the Pentateuch 
were orally composed and orally transmitted in their early stags 
of development. 
Later criticism also emphasizes the importance of literary fom 
and of the “situation in life” in which the traditions arose, Noth 
von Rad and others see in these traditions not mere Popular or 
tribal memories, but traditions which have arisen from “йй 
recitals. On such great feasts as Passover the ritual included j 
recital of the saving deeds of Yahweh on behalf of Israel. The 
took variant forms in different cultic centres; the traditions of 
northern Israel, for instance, make Jacob prominent, while th 
traditions of Judah give greater prominence to Abraham. But ty 
traditions all have in common that they are “history of salvation! 
a profession of the faith of Israel. Scholars agree that the study 
of any particular tradition must take account of its preliterary 
history as far as this can be traced: its local origin, its clan y 
tribal emphasis, its cultic significance. The compilers of the wi 
ten sources were not creators; they found well-formed oral (rad. 
tions which they arranged into a new literary unity. 
Jahwist.—The literary composition of the Jahwist tradition 
probably may be placed in the reign of David or of Solomon aa 
expression of the new unity and prosperity of Israel under th 
monarchy. It began with the creation of man in Eden and con 
tained the stories of the fall, primitive man, the deluge and llt 
tower of Babel. The patriarchal stories of the Jahwist give th 
chief place to Abraham, who dwelt in the south, the later ten 
tory of Judah; it incorporates selected materials from the northern 
cycles of Jacob and Joseph, in particular the story of the marriage 
of Jacob and the births of the eponymous ancestors of the thes 
In the story of Joseph the Jahwist makes Judah the protagonist! 
the brothers. Analysis of the sources in Exodus and Numbers f 
more difficult; the Jahwist appears to have made Kadesh-barntt 
the focal point of his account of the wandering. Р 
The Jahwist has been called the national еріс of Israel, His at 
some of the best-known pieces of biblical narrative; they an 
concrete, vivid and moving. His conception of the deity i$ 
most anthropomorphic of all the sources, and his human chan 
are portrayed with earthy realism. In spite of the childlike 
primitive traits of his narrative, some of the most риш 
theological ideas of the Bible are expressed in such stories # 
those of the fall, the deluge, primitive man, the destruction 
Sodom. Israel escapes from the curse, which he traces to hum 
origins, by accepting the blessing granted to Abraham an 0 
seed; and the promises are obviously fulfilled in the peace 
prosperity of the monarchy of David. б 
Elohist.—Compared to the Jahwist, the Elohist ie и 
a torso; no doubt the document was edited by the уба 
pilers when it was fused with the Jahwist. The Elohist best 
Abraham and emphasizes Covenant rather than blessing. к 
tains at length the stories of Jacob and Joseph, the He 
northern tribes. The story of the exodus is centred a un 
Covenant of Sinai, The Elohist lacks the vividness of the НИ 
his conception of the deity avoids grosser anthropome r 
and his human characters are more idealized. The p 
position of the Elohist is to be placed after the estab! A d 
the divided kingdom; like the Jahwist, it is an ent Wi 
traditions of the kingdom, with more emphasis upon t 
element in those traditions. "m 
Priestly.—The Priestly source is often called à ( 1 
history. It begins with an elaborate account of creation gi 
but elsewhere it appears as brief notices, genealogie utis 
and the narrative is prolonged only when religious m es n» 
concerned, many of which it retrojects to earliest es d рі 
created an artificial chronological scheme. Its УН 0 
pedestrian and easily detected. The historical У ma 
Priestly source is intended as framework for the pt 
tion of law. J lect? 
Law and History.—In addition to the priestly © рей 
laws there are other collections of laws of Ha the ^y 
provenance. A historical prologue usually stood à ina s 
of ancient near eastern legal collections. This 5 


Поп which governs the compilation of the Pentateuch. 
Jaw arises out of the history of Israel, but not its secular 
Jaw is incorporated into the history of the saving deeds 
the revelation of Yahweh, who elects Israel as his people and 
‘down as terms of his Covenant the laws by which Israel should 


n the history of Judaism the Torah, the law of Moses, as the 
lıleuch was designated, was the dominant influence. The 

was the exclusive object of study and interpretation in the 
binial schools, whose interpretations were collected in the 
Talmud, The Pentateuch is designated as law in the prologue of 
à ticus (written about 132 B.c.) and frequently in the New 
Ё nt, From the Pentateuch arises the characteristic Jewish 
‘conception of Israel as a people chosen by God, delivered and pre- 

med by his saving deeds, established in a commonwealth by him 
‘and living under his revealed law. This conception of Israel as 
‘the people of God was incorporated into the teaching of primitive 
“Christianity and applied to the church. 

‘See Biete and articles on the separate books; for the special 
-publems of Deuteronomy see that article; on the extension of 
‘the Sources of the Pentateuch in subsequent books of the Old 
‘Testament see HExATEUCH. See also references under “Репќа- 

uch” in the Index. 

—BunocRAPHY.—C. R. North, “Pentateuchal Criticism,” in H. H. 
ley, The Old Testament and Modern Study (1951) ; A, А. Bentzen, 
luction to. the Old Testament, vol. ii (1952); Н. Cazelles, “La 
ou Pentateuque,” in A. Robert and A. Feuillet, Introduction a 
^ vol. i (1957); В. W. Anderson, Understanding the Old Testa- 
ent (1957). (J. L. McK.) 

PENTATHLON is an athletic contest involving five dis- 
lin types of competition (from the Greek penta, “five,” and 
m, Contest”). In the ancient Greek Olympics, the pentath- 
included a race the length of the stadium (about 210 yd.), the 
‘broad jump, discus throw, javelin throw, and a wrestling match be- 
nthe two athletes scoring highest in the previous four events. 
Greek pentathlon was adapted for modern track and field 
tition by setting the sprint distance at 200 m. and by sub- 
g û 1,500-m. run for the wrestling match. The event 
c to the Olympic Games in 1912 but discontinued 
The modern or military pentathlon, which has been included 
fn the Olympic Games since 1912, demands far greater diversity 
skills than its track and field counterpart. It requires each 
А t to perform the tasks that might confront a mounted 
pos Under historical battle conditions. 

trants are required to: (1) ride a strange horse, selected by 
Mh oe a 5,000-m. obstacle course; (2) engage each of his 
Nen E Vg: match; (3) shoot with pistol at a sil- 
| Bet; (4) swim 300 m.; (5) тип 4,000 т. on an un- 
^ Cross-country course. The competition takes five days. 
wii. nation enters three contestants and they are scored ac- 
ШЕ 2 point table established by the International Pentath- 

. Team prizes are awarded by adding up the three in- 
t Scores. World championships, under International 

Athletic Federation auspices, are held in non-Olympic 
e Women's pentathlon—shot-put, high jump, 200-m. 
"HR. hurdles, broad jump—was added to the program of 
ympic Games, See OLYMPIC GAMES: (E. J.G) 


tees are 
escribe 


_tndamentalist school (see FUNDAMENTALISM). No 
is applicable to all the bodies, but their beliefs and 
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practices follow a general pattern, Holiness is a work of grace sub- 
sequent to justification or conversion, the gift of tongues being 
a still higher experience. An intense premillenarianism and ex- 
pectancy of the imminent Second Coming of Christ is usually 
present (see MILLENNIUM) based on the theory of the verbal in- 
spiration of the Bible and the literal interpretation of the apocalyp- 
tic passages. Divine healing is frequently practised. Glossolalia, 
or speaking in tongues, is the characteristic feature, accompanied 
by a strong emotional element which induces motor automatisms 
and sometimes runs to wild and bizarre practices. In other aspects 
the Pentecostals do not greatly differ from other fundamentalist 
groups. Most of them have two sacraments, baptism (usually by 
immersion) and the Lord’s Supper (often accompanied by foot 
washing). Among numerous small Negro Pentecostal churches are 
several “Jesus Only” sects, which reject the doctrine of the Trinity 
and baptize only in the name of Jesus; and a parallel group of 
“Father Only” cults, which baptize only in the name of the Father. 

Many bodies, such as the Latter-day Saints, Foursquare Gospel 
adherents, and numerous small Negro sects, that inculcate the 
charismatic principle, including the gift of tongues, are not usually 
classed among the Pentecostal churches. 

Pentecostal denominations are widespread throughout the United 
States and are found in many other countries. Forty or more 
identifiable groups in America practise glossolalia; in addition, 
there are hundreds of obscure “storefront” congregations that 
cannot be included in any reliable computation. Pentecostal 
churches abound also in remote mountain and other rural areas, 
and it is mainly among these that the pronounced emotional mani- 
festations are found. The larger bodies are organized in the Pente- 
costal World Conference, an international fellowship which has 
headquarters in the United States and publishes in England a 
periodical called Pentecost. 

Most of the Pentecostal churches, properly so-called, in Amer- 
ica trace their origin directly or indirectly to the “Latter Rain” 
revival movement led by A. J. Tomlinson, founder of the Church 
of God, who promoted the revival so vigorously that it spread 
throughout the country during the first quarter of the 20th century. 
Schisms began to occur in 1917, and in a few years the movement 
split into numerous groups while many independent bodies were 
setup. The divisions were due mainly to the strong individualism 
of the doctrines preached, to the independence of the local congre- 
gations, to the rivalry of various leaders for power, and to 
Tomlinson’s insistence on the exercise of total authority. There 
were several splits during his lifetime, and after his death mis- 
understanding between his two sons and the leaders of the Cleve- 
land (Tenn.) church brought about further schisms. Four large 
Tomlinson sects survive. Other bodies indirectly derived from the 
Latter Rain revival are the Assemblies of God (q.v.); United 
Pentecostal Church, Inc.; Pentecostal Holiness Church; Interna- 
tional Pentecostal Assemblies; Pentecostal Church of God; 
Calvary Pentecostal Church, Inc.; and Pentecostal Fire-Baptized 
Holiness Church. There are a dozen smaller churches in North 
America and several elsewhere. ‘The revival flourished among the 
Italian communities in New York and Chicago and the resultant 
churches were federated in the Italian Pentecostal Assemblies of 
God and the Unorganized Italian Christian Churches of North 
America. See also Gop, CHURCHES OF; Gop IN CHRIST, CHURCH 


OF. 
BIBLIOGRAPHY.—E,. T. Clark, The Small Sects in America (1957); 
C. W. Conn, Like a Mighty Army, Moves the Church of God, 1886- 
1955 (1955); H. A. Tomlinson (ed.), Diary of A. J. Tomlinson, 3 vol. 
(1949); M. L. Bach, Report to Protestants (1948). (E. T. Cr.) 
PENTELIKON (ancient Greek Britessos or BRILETTOS, 
later called PENTELIKON after the village Pentele; Latin PENTELI- 
cus; modern Greek PENDELIKÓN), a mountain in Attica, Greece, 
about 10 mi. (16 km.) NE of Athens, height 3,638 ft. (1,109 m.), 
famous for its white marble. This was not regularly worked until 
late in the 6th century в.с.; later all the chief buildings and sculp- 
tures of Athens were made of it. The ancient quarries (still visi- 
ble) are mostly on the south side; the modern quarries on this and 
the north side. There was a sanctuary of Athena at the sum- 


mit. 
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PENTLANDITE, a sulfide of nickel and iron, is the chief 
source of nickel, It is abundant in the nickel mines of Canada, 
as in the Sudbury district of Ontario where the mineral has an 
average nickel content of 35%. It also occurs in Norway, Sweden, 
and South Africa; in the United States it is found in Nevada and 
Yakobi Island, Alaska. It was named after J. B. Pentland who 
first noted the mineral. The formula is (Fe, Ni)S. It crystallizes 
in the cubic system but is never found in distinct crystals. It has 
a metallic lustre and light bronze-yellow colour. It is nearly 
always associated with pyrrhotite, For production and uses see 
NICKEL, (W. Е. Ес.; X.) 

PENUMBRA (Lat. paene, “almost,” umbra, a “shadow”), 
in astronomy, the partial shadow of a heavenly body as cast by 
the sun, It is defined by the region in which the light of the sun 
is partially but not wholly cut off through the interception of a 
dark body. See also ECLIPSE. 

PENUTIAN, a superfamily of North American Indian lan- 
guages defined by the linguist E, Sapir as extending originally from 
British Columbia to Mexico. The families and languages are, Írom 
north to south: Tsimshian; Chinook (including Wishram); 
Sahaptian (Sahaptin, including Nez Perce, Yakima; Molala- 
Cayuse; Klamath); Oregon Penutian (Coastal: Alsea, Siuslaw, 

Coos; Kalapuya; Takelma) ; Californian (Wintun, Maidu, Miwok- 
Costanoan, Yokuts); Mexican Penutian (Zoque, Huave). Penu- 
tian is part of a larger grouping (phylum), Macro-Penutian, which 
includes Azteco-Tanoan (Uto-Aztecan, Kiowa-Tanoan), and, per- 
haps, Mayan and Totonac in Mexico. The relationships have not 
been worked out in detail, but all except the last two may be con- 
sidered valid. Zufi has been shown to be remotely related to 
California Penutian. About 5,000 speakers of Penutian remained 
in the 1960s, with some of the languages extinct. 

Penutian languages have structures reminiscent of Indo-Euro- 
pean—inflectional suffixes, internal stem-change, noun cases— 
with much variation, See also CENTRAL AND NORTH AMERICAN 
LANGUAGES; AMERICAN ABORIGINAL LANGUAGES; INDIAN, NORTH 
AMERICAN. (G. L. T.) 

PENZA. oblast of the Russian Soviet Federated Socialist Re- 
public, U.S.S.R., formed in 1939, lies southeast of Moscow on 
the western flank of the Volga uplands. Area 16,680 sq.mi. (43,- 
201 sq.km.). Pop. (1959) 1,509,566, From a maximum height 
of 1,089 ft, (332 m.) in the east its rolling interfluves drop gently 
to the Oka-Don plain in the extreme west. The north and east 
drain to the Volga by the Sura, the west to the Oka by the Moksha 
and its tributaries and the south to the Don by the Khoper and 
Vorona. The climate is continental: January average tempera- 
ture is —13° C to —11° C (8°-11° F), July average about 20° C 
(68°) and rainfall moderate, 16 to 20 in, annually. The oblast 
lies in the zone of forest-steppe and about one-fifth of the surface 
is in pine or oak forest, mostly in the Sura Basin, In forested or 
formerly forested areas are leached chernozems or gray forest 
earths; in the steppe areas аге chernozem. (black earth) soils. 
Natural vegetation has been widely removed for agriculture, and 
subsequent soil erosion has been severe. 

Of the 1959 population 499,384 (33%) were urban, living in 
11 towns and 13 urban districts, Apart from Penza (255,481) and 
Kuznetsk (56,880), the urban centres are all small. Agriculture, 
the occupation of the majority of the working population, is over- 
whelmingly dominated by grain growing, especially by winter rye. 
Oats, fodder maize (corn), millet, and wheat are also grown. In- 
dustrial crops (chiefly sunflowers, hemp, and potatoes) are less 
important, while livestock farming is underdeveloped. Engi- 
neering, the main industry, is concentrated in Penza and Kuznetsk. 
other towns being mainly concerned with processing food and 
agricultural products, flax retting, and making woolen textiles 
leather goods, and footwear. Timber working is important in the 
surviving forest areas, and paper is made. (R. A. F.) 

PENZA, a town and administrative centre of Penza oblast in 
the Russian Soviet Federated Socialist Republic, U.S.S.R., lies 
441 mi, (710 km.) SE of Moscow at the confluence of the Penza 
and Sura rivers, Pop. (1959) 255,481.. The town had its origin 
in 1666 as a strongpoint at the western end of the Syzran defensive 
line, although a fort was founded there earlier by Ivan IV (the 
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Terrible; 1530-84). With the settlement of the surr 
chernozem (black earth) lands, Penza became an important ак, 
cultural centre. Grain was sent to Moscow first by the Sur; ha 
and, after the 1870s, by rail. The processing of farm pode 
still one of the significant industries of Penza, but it hag е 
passed in importance by engineering. Textile and chemical my, 
chinery, diesel engines, compressors, calculating machines ш 
bicycles аге made; there are also watch making, paper tks 
and timber working. Penza has pedagogic and industrial institu, 
That part of the town lying on the right bank of the Sura yy 
formed into the separate satellite town of Zarechny in 1953, 
(R.A.F 
PENZANCE, a municipal borough, seaport, and bol 
sort, in the St. Ives parliamentary division of Cornwall, 280i 
(451 km.) WSW of London by road and the most westerly ton 
in England. Pop. (1961) 19,281. After 1934 the borough indui 
Newlyn, Mousehole, Gulval, and Heamoor. It is the only quite 
sessions borough in Cornwall. 
The town stands on rising ground overlooking Mounts Bay, uj 
has a remarkably equable climate, enabling many  subtropial 
plants to flourish in the open air, Great quantities of early vee 
tables, flowers, and fruits are raised locally and in the Sti 
Isles (g.v.), and are sent to London and elsewhere, Penzi 
is connected with the Scilly Isles by steamer and air senis 
Some fishing is done from Penzance Harbour, but most of the it 
ing boats work from Newlyn Harbour. From the mean sta lend 
in Newlyn Harbour—ordnance datum—is calculated the elevatie 
of all places shown on ordnance survey maps. Newlyn is a ml 
known centre for artists. 
Edward III granted Penzance a charter market in 1332, b 
1512 Henry VIII granted a charter as to profits from all sis 
visiting the harbour, although the town's importance as à fihi 
port dates from the 14th century. The charter of incorporilit 
was granted in 1614 and in 1663 Penzance was constituted a ot 
age town for tin, and so remained until 1838. The old name (Pe 
sans) is thought to have referred to a chapel of St. Anthony (pitt 
saint of fishermen) formerly on the headland south of the harlot 
The seal and coat of arms granted by the College of Heralds # 
1934 to replace the old corporate seal, however, make à 10 
free translation of the name and depict the head of St. Jona 
Baptist on a charger. pas 
PEONAGE, a form of involuntary servitude. The begini 
of peonage has been traced as far back as the conquest of 
by the Spaniards, Early in the history of Mexico the соф 
worked out a plan by which the poor, especially the Indians, (0 
be forced to do the work of the planters and mine operators. т 
word peon became synonymous with the English word Jabo 
but it later was restricted in its meaning to those labourers 
were compelled to serve their creditors to pay debts which 
tract they had pledged themselves to pay in labour. 
Although the 13th Amendment and congression? 
prohibited any such involuntary servitude in the U 
the former slave-holding states devised certain legislation, A 
emancipation, to make labour compulsory. Under these үз 
employers deceived ignorant men by inducing them юй 
tracts for labour in payment of debts, and those who p 
to pay fines imposed by the courts to sign other similar. ; P di 
In rural districts far removed from the populous centres o d 
gang system of forced labour under the pretense 0, B^ ? 
the services of penal offenders resulted in great Ll 
practice of leasing short-term prisoners, both white 4 ү 
to managers of labour camps was continued in a few о G. ү) 
ern states. I gni 
PEONY (Parony), common name for Paconiay &, ye 
plants remarkable for their large and showy oe n? 
to the buttercup family (Ranunculaceae). The peor (the 
tive mostly to Europe and Asia; one species, А i 
ern peony), is found naturally along the Pacific coas! 
in North America. «py the G 
Known from ancient times, and called фаёот@ p set 
after Paean (q.v.), a physician of the gods, the РЬ tu 
garded with the greatest respect. As late as the 17 


s, flowers, and seeds were 
іал edicine in England, In 
and Japan it has been 
for ages and esteemed for 
шу and fragrance. The 
Siberia were reported, 
Bih century, to have eaten 
roots and seeds of the peony. 
1 те two distinct general 
peonies: the herbaceous 
‘tree or moutan peonies. 
herbaceous are strong- 
ng perennials from. two to 
feet in height; the large, 
‘glossy, much-divided leaves, dec- 
olive from spring to fall, are 
T оп annual stems, which 
aise from the fleshy rootstock. 
te ample flowers, which blossom in late spring and early sum- 
mer, when few flowers equal them in effect, vary in form. from 
open single to the globular sorts of the double varieties. The 
¢ Paeonia lactiflora (or P. albiflora) and the European P. 
nalis (the common peony—an old garden favourite), along 
their many horticultural varieties, are the herbaceous garden 
which produce the large single and double flowers of white, 
‚ tose, and deep crimson. Modern garden hybrids are quite 
ful, the flowers being in many instances delicately tinted 
‘with more than one colour, such as buff with bronzy centre, carmine 
With yellowish centre, rose with orange centre, white tinted with 
T Hundreds of names are given to the colour variations 
К Li th the herbaceous and tree peonies. 
Те tree peonies, sometimes known as moutan peonies, have 
from the wild Chinese species P. suffruticosa. They are 
wing plants with woody permanent stems. They are re- 
their shrubby habit, forming vigorous plants some- 
ng a height of four to six feet, and producing in late 
magnificent flowers which vary in colour from white to 
Magenta, violet, rose, and red. These are produced on the 
shoots and are in consequence liable, unless protected, to 
cut off by spring frosts. Tree peonies require a thorough 
jn summer, and therefore a hot, dry season is desirable 
"heir well-being. They can be increased by grafting in late 
‘immer or autumn on the roots of herbaceous реопіеѕ. A race 


ms developed by crossing the tree peony with the yellow 


JAPANESE DOUBLE TREE PEONY 
(HORTICULTURAL VARIANT OF PAE- 
ONIA SUFFRUTICOSA) 


ese Species P, lutea has both single and double flowers some- 
tinged with red. A variety of P, lutea, discovered in south- 
E Tibet in 1936 and named Р, var. Ludlowii, bears mag- 
nt large butter-yellow flowers on stems about six feet high. 
ES earliest of the large tree peonies to flower in England, 
T" itis perfectly hardy. 
AA peonies thrive in rich, moist but well-drained garden loam 
Sunny location, planted—preferably in the spring—so that 
Or “eyes” of the fleshy roots are not more than three 
: dep. They are not commonly grown from seed, which 
xt ощ two years to germinate. After about a year they be- 
2 Well established and will produce blooms for years without 
j ity of dividing. 


Anual top-dressing of bonemeal or rotted manure is bene- 
Î. се peonies are heavy feeders; tree peonies benefit by a 

c proh leaves alone. МУК 
М нү.—7. Boyd (ed.), Peonies: the Manual of the American 
uum ty 20) TF, Ser Study of the Genus Paeonia (1946) ; 
1953) ; Handy Journal of the Royal Horticultural Society, 78:214 
ter (ed ook of the American Peony Society (1953); J. C. 
9, The Peonies (1962). (Ев, S). 
hae a city of north-central Illinois, U.S., on the Illinois 
en С} Те it widens to form Lake Peoria, roughly midway be- 
ago and St. Louis, Mo., is a leading commercial centre 

tate Illinois and the seat of Peoria County. — . 

Pe ОГ one of the five Indian tribes in the Illinois confed- 
| Oa represents one of the oldest settled locations in the 
€ French under René Robert Cavelier, sieur de La Salle 


vist built Ft, Crèvecoeur on the bluffs opposite the present 
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city in 1680, but it was plundered and deserted later that same year. 
Subsequent settlements around Lake Peoria by the French, Indians, 
and Americans give an almost unbroken history to the region. 
After 1813 the location was known as Ft, Clark and when Peoria 
County was established in 1825, the community reverted to the 
French-Indian name of Peoria and was established as the county 
seat. Peoria was incorporated as a town in 1835 and chartered as 
a city in 1845. It was there, on Oct. 16, 1854, that Abraham 
Lincoln publicly denounced slavery in a rebuttal to a speech by 
Stephen Douglas. 

Peoria is situated in the heart of the corn belt, with deposits 
of bituminous coal, sand, gravel, and gypsum nearby, It has ex- 
cellent rail, road and air transport facilities including the Illinois 
waterway, The city’s industry is both vast and varied, Producing 
more than 900 different products in more than 200 manufacturing 
plants, Peoria is as well known for its tractors, agricultural imple- 
ments, and earth-moving equipment as it is for products of its 
numerous distilleries and breweries. The output of chemicals, food 
products, household goods, brick, tile and stone, radio equipment, 
and electric power is also extensive. The U.S. Department of 
Agriculture Northern Regional Research Laboratory, which 
searches for new and improved uses for farm commodities, is 
located there. 

The city, extending for more than 10 mi, (16 km.) along the 
Illinois River, is noted for its setting amid the scenic beauty of the 
surrounding area. Six public parks totaling more than 2,000 ac. 
(809 ha.) offer opportunities for relaxation and recreation, Brad- 
ley University, located near the west edge of the city, was estab- 
lished by Lydia Bradley in 1897 and endowed by her with a gift 
of $2,000,000. 

Population (1960) 103,162; standard metropolitan. statistical 
area (Peoria and Tazewell counties), 288,833, to which Woodford 
county (pop. [1960] 24,579) was added in 1963. For compara- 
tive population figures see table in ILLINOIS: Population. 

(R, M, Sv.) 

PEPE, GUGLIELMO (1783-1855), Neapolitan general 
prominent in the Italian Risorgimento, was born at Squillace in 
Calabria on Feb. 13, 1783. He attended a military academy at 
Naples before joining the army of the Parthenopean Republic 
(see NAPLES, KINGDOM oF) in 1799, Fighting against the Royale 
ists, he was wounded and captured, but his life was spared because 
of his youth. Banished by the restored Bourbons, he made his way 
to France and joined the "Italian Legion" of exiled patriots at 
Dijon. He went back to Italy with Napoleon to fight at Marengo 
(1800) and later took part in operations against the anti-French 
brigands of central Italy. On a subversive mission to Naples, 
he was arrested and imprisoned. Set free when Joseph Bonaparte 
became king of Naples (1806), he resumed his army service. Hav- 
ing commanded a brigade in Spain (1811-13), he fought for 
Joachim Murat in 1814 and 1815. 

Under the Bourbon kingdom of the Two Sicilies, Pepe served 
from 1818 against brigands in Calabria, This brought him into 
contact with the Carbonari (q.v.) ; and when revolution broke out 
in 1820, Pepe was made commander in chief of the army by the 
constitutionalists, Internal quarrels weakened the regime, and 
Pepe could not prevent the defeat at Rieti (March 1821) and the 
overthrow of the constitutional government, He went into exile, 
living mainly in England, writing on Italian affairs and keeping in 
touch with revolutionaries in Italy. 

In 1848 Pepe returned to Naples after the revolution, was re- 
instated in the army and put in command of the force sent north 
against the Austrians (see ITALIAN INDEPENDENCE, WARS OF). 
The expedition was soon recalled, but Pepe refused to obey this 
order and crossed the Po with some of his troops to fight in the 
Veneto. Entering Venice (June 1848), he was made commander 
of the garrison and cooperated with Daniele Manin in defense of 
the city. The wisdom of his conduct there has been debated. 
When Venice surrendered (Aug. 1849), he went to Paris. After 
Louis Napoleon's coup d'état (1851), Pepe moved to Turin, where 
he died on Aug. 8, 1855. Pepe's publications in English include 
Narrative of the Political and Military Events .. . at Naples in 
1820 and 1821 (1821), Memoirs of General Pepe (1846), and 
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Narrative of Scenes and Events in Italy from 1847 to 1849, two 
volumes (1850). 

BIBLIOGRAPHY.—F. Venosta, Guglielmo Pepe (1864); G. M. Monti, 
La Реза di Venezia . . . (1933) ; R. Moscati, Guglielmo Pepe (1938), 
including letters from Pepe. 

PEPERINO, an Italian name applied to a brown or gray 
volcanic tuff (g.v.), formed from volcanic ash or dust and con- 
taining fragments of basalt and limestone, with disseminated crys- 
tals of augite, mica, magnetite, leucite, etc. The typical peperino 
occurs in the Alban Hills, near Rome, and was used by the an- 
cients, under the name lapis albanus, as a building stone and for 
the basins of fountains. Other tuffs and conglomerates in Au- 
vergne and elsewhere are also called peperino. The name orig- 
inally referred to the dark-coloured inclusions, suggestive of 
peppercorns. See also Rome: The Ancient City: Building 
Methods and Materials. 

PEPIN (PIPPIN), the name of several members of the Caro- 
lingian dynasty. 

PEPIN I (d. c. 640), called Pepin the Old or Pepin of Landen 
(after one of his estates near Trier), was a councilor of the 
Merovingian king Clotaire II and mayor of the palace in Austrasia. 
Through the marriage of his daughter Begga with Ansegisel, son 
of Arnulf (d. 641; bishop of Metz), Pepin was the founder of 

the Carolingian dynasty, Deprived of his mayoralty at the acces- 
sion (629) of Dagobert I, he regained power in Austrasia after that 
king’s death (January 639) but did not long survive to enjoy it. 

Pepin II (d. 714), called Pepin the Young, or sometimes Pepin 
of Herstal or Heristal, son of Begga and Ansegisel, escaped the 
massacre of his family which the ambition of his uncle Grimoald 
provoked in 662. After the death in 679 of Dagobert II of Aus- 
trasia, however, Pepin established himself as mayor of the palace 
in that kingdom and defended Austrasian autonomy against Thierry 
III of Neustria and Ebroin, Thierry’s mayor of the palace. De- 
feated by Ebroin in 680 at Lucofao (Bois-du-Fay, near Laon), 
Pepin gained his revenge in 687 at Tertry (near Péronne) and 
became sole effective ruler of all the Merovingian territory. He 
nevertheless maintained Thierry III on the throne and after his 
death replaced him with three successive Merovingian kings. For 
Neustria and Burgundy, he delegated the functions of mayor first 
to his adherent, Norbert, then (c. 700) to his own son Grimoald. 

Pepin, after several years of warfare, defeated the Frisians on 
his northeastern border (689) and married his son Grimoald to 
Theodelind, daughter of the Frisian chief Radbod. He also as- 
serted himself over the Alamanni and encouraged Christian mis- 
oe in Bavaria. He died at Jupille, near Liège, on Dec. 16, 

Pepin III (d. 768), called Pepin the Short, was the younger of 
the two sons between whom Charles Martel (q.v.) divided his suc- 
cession in 741, Pepin and his brother Carloman at first perpetuated 
the fiction of Merovingian sovereignty, placing Childeric III on 
the throne in 743. Carloman, however, retired to a monastery in 
747, leaving Pepin in sole control of the kingdom; and about four 
or five years later Pope Zacharias agreed to the deposition of 
Childeric from the kingship in Pepin’s favour. Pepin was then 
anointed, perhaps, as is often said, by St. Boniface, at Soissons 

between Oct. 31, 751, and Jan. 23, 752. This ceremony, new in 
Gaul, recalled Biblical traditions and the unction of the Visigothic 
kings of Spain. With his two sons, Charles and Carloman, Pepin 
was again anointed in July 754 by Pope Stephen II (III), who 
had come to seek his help against the Lombards in Northern Italy 
In pursuance of his agreement with the pope, Pepin took an army 
to Lombardy in 754 and in 756, in an attempt to make the Lombard 
king Aistulf restore to Rome territory which the pope assumed 
had originally been ceded by Constantine to the bishop of Rome 
(in A OF CONSTANTINE). In 763 Pepin acted as a 
mediator between the new Lombard ki ideri 
es d king, Desiderius, and Pope 

Meanwhile, Pepin had much to do to keep his own territory in 
order and to repel hostile neighbours. He drove the Muslims from 
Septimania, but was continually threatened by the Frisians and 
by the Saxons, who repeatedly devastated the Rhineland area 
Over Duke Tassilo III of Bavaria his authority was very uncer- 
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tain: though Tassilo helped Pepin against the Lombards jn 156 he 
withdrew his troops from Aquitaine in the middle of Pepin’, ü 
paign of 763 and thereafter acted quite independently, Айы 
itself caused endless trouble: between 760 and 768 there were 
two years during which Pepin was not at war in this region, Pein 
died at Saint-Denis, on his way back from one of his Aquitania 
expeditions, on Sept. 24, 768. 

From the earliest years of his reign Pepin had carried out ad. 
ministrative, ecclesiastical, and legal reforms, and his numery 
capitularies were to form the basis of Charlemagne’s work, 

Реріх (d. 810), king of Italy, the second son of Charlemagi, 
was given the title of king of Italy in 781. He took part in am 
paigns against Tassilo III of Bavaria from 787 and led an amy 
against the Avars in 796. His Venetian campaign (809-810) en- 
abled Charlemagne later to treat with Byzantium on favourable 
terms. As early as 806 Charlemagne, in planning the division of 
his lands, had determined that when he himself died Pepin should 
have Italy, Bavaria, and the territory of the Alamanni together a 
a kingdom. But Pepin predeceased his father, dying on July 8,810, 

Pepin I of Aquitaine (d. 838), second son of the emperor Louis 
I the Pious, was granted Aquitaine in July 814 and was recognized 
as king in 817, although it was clear that he was to remain stb 
ordinate to his elder brother Lothair, the heir to the imperial tite, 
It was Pepin who in 830 started the revolt of Louis T's elder the 
sons against their father, but in February 831 he became recon 
ciled with Louis. Rebelling again in 832, he was then deposed fron 
his kingship by Louis, but could still exploit separatist feeling 
Aquitaine and took part in renewed rebellion against Louis in 83. 
He finally repented in 834 and helped to restore the emperor 
authority, Aquitaine was then given back to him, with Anjou it 
addition, He died, probably insane, on Dec. 13, 838. 

Pepin II of Aquitaine (d. after 864) was the son of Pepin L 
When, in 839, the emperor Louis I granted Aquitaine to his young: 
est son Charles the Bald (see CHarres Il, emperor), à strong 
party in the kingdom repudiated Charles and proclaimed Pepi 
as king. In the war between Charles and his half-brothers afte 
Louis 15 death (840), Pepin supported his eldest uncle, шм, 
who found him a useful ally in Charles’s rear; and after the ‘Treaty 
of Verdun (843), which made no provision for him, he юй! 
on alone against Charles. He won a victory in Angoumois à 
June 14, 844; and about a year later, at Saint-Benoit-sur-Lat 
Charles received his homage and appointed him to rulein Aquitain 

War soon broke out again, and Charles occupied Aquitaine st 
by step. Having taken refuge with Sancho, duke of the Gus 
Pepin was handed over to Charles in September 852. He y 
tonsured and relegated to the monastery of Saint-Médard at ye 
sons. Escaping in 854, he renewed the struggle, but in 85 н 
Aquitanians began to abandon his cause. T hereafter he os 
wanderer, sometimes joining Viking raiders, with à band of wh 
he attacked Toulouse in 864. Captured soon afterward, he 
imprisoned at Senlis, where he died. m 

BrsrrocnAPRY.—F. Lot et al, Les Destinées de l'empire €" p" 
de 305 à 888 (1928); L. Dupraz, Le Royaume des Утай, ој 
(1948). For Pepin the Short, see L. Halphen, Charlemagne v ls 
carolingien (1947). For Pepin I and II of Aquitaine, fy ийй 
L'Aquitaine carolingienne, 778-087 (1937); L. Levillain, Кё 
actes de Pepin 1" et de Pepin II, rois d’ Aquitaine, 814-548 


ne the bi 
PEPOLI, an Italian family, important especially m " 100 


him on his death in 1347, but their rule was short 
superior power of Giovanni Visconti, lord of Milan, 
the city in 1350. The government of Bologna under in did ¥ 
revolutions in the following 100 years, but never ag 
Pepoli manage to obtain power. They kept their we? 


| „anda permanent place among the aristocracy of Bologna, 
фе Papal States, and also southern Italy. Most notable, perhaps, 
i the soldiers, statesmen, and writers of the family were the 
ante CARLO (1796-1881) and the marchese Groaccuino NAPO- 
ONE PEPOLI (1825-81), both of whom played an active part in 
the Risorgimento. Gioacchino Napoleone, who belonged to the 
ern branch of the family, held public offices after the unifica- 
tion of Italy. З ас 
 Взиоскарну.—С. Ghirardacci, Historia di Bologna (part i, 1596; 
fi, 1657; part iii, 1932); G. Gozzadini, Delle torri gentilizie di 
3 ‚.. (1875) ; V. Vitale, I1 dominio della parte Guelfa in Bologna 


1901); N. Rodolico, Dal comune alla signoria (1898) ; A. Sorbelli, La 
ia di Giovanni Visconti a Bologna (1901). (Р. J. J.) 
PEPPER is a name applied to several unrelated plants from 
which pungent spices are obtained: black, white, and long pepper 
(Piper); red, chili, and cayenne peppers (Capsicum) and Mele- 
gueta pepper (Aframomum melegueta). Pepperroot (Dentaria) 
whose underground parts and peppergrass (Lepidium) whose 
fruits have a pungent taste are members of the mustard family. 
Anumber of plants named pepper, including the California pep- 
per tree (Schinus molle), pepper vine (Ampelopsis arborea), 
and E E Pw f Clethra alnifolia), are grown as orna- 
mentals and are not used for spices. 
Black Pepper.—The true pepper or black: pepper (Piper 
шит, family Piperaceae) is native to northwest India, and in 
arly historic times was widely cultivated in the tropics of south- 
estern Asia, where it became highly regarded as a condiment. 
Marco Polo in the 13th century 
observed great quantities of pep- 
pes being used in China and 
Шей that their cultivation ex- 
tended as far as Java. Pepper 
îy became an important item 
ûl erland trade between India 
id Europe. It became a me- 
dium of exchange, and tributes 
Br in pepper in Greece 
Ш Rome. The Venetians and 
ese were two of the chief 
fbutors, and their virtual 
Monopoly of the trade helped in- 
the search for a sea route 
Far East. 
Pepper plant is a wood 
limber that by means of eral 
10018 reaches heights of 30 ft. or 
more The Shiny green leaves 
d, ee and alternately 
*. ihe inconspicuous 
Movers, Which lack a perianth, 


W. н. HODGE 

FRUITING BRANCH OF A BLACK PEP- 
PER TREE (PIPER NIGRUM) 
ranged in dense slender spikes of about 50 flowers each, The 
called à peppercorn, a small globose berrylike structure, 


Hin. in diameter, becomes yellowish red at maturity, and bears 
1 The E A number of cultivated varieties are known. 
«| Pant requires a long rainy season, fairly high temperatures, 
Partial shade to produce its best growth, Propagation is 
that j| by stem cuttings, which are set out near a tree, ога pole 
„Serve as a support. The plants are sometimes inter- 
to 11 tea or coffee plantations. Peppers start bearing in 
Years or Үе years and under good conditions may produce for 40 
ripen, d Harvesting is done by hand just before the fruits 
ional} ¢ Peppercorns are spread out to dry in the sun, or oc- 
pis. Over fires. In a few days the green fruits turn black 
Yields ae, for shipment. When ground, the whole peppercorn 
а m Pepper. For the preparation of white pepper, which 
from the *r flavour, the outer hull and pulp are first removed 
; E. *d by fermentation in water. White pepper also is 
Ser coating the whole dried peppercorns, by grinding off the 
Ping Owes its pungency to a resin and its flavour to a volatile 
Nonii ts 2n alkaloid with the same empirical formula as 
‘pice 0 15 present. It is probably the world’s most widely 
and also has a limited usage in medicine. 
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The pepper is rather widely cultivated in India, Thailand, the 
East Indies, and islands of the South Seas, with Indonesia produc- 
ing the bulk of the world’s supply. The plant has been success- 
fully introduced into tropical areas of Africa and of the Western 
Hemisphere. World exports have amounted to 170,000,000 Ib. a 
year, with U.S. imports reaching 50,000,000 Ib. a year. 

Long pepper, whose culture and preparation is similar to that 
of black pepper, is prepared from Piper retrofractum, native to 
Java, and Piper longum, native to India. Although it was popular 
in Europe during the Middle Ages, it is little used today outside 
the areas where it is grown. Of the 600 to 700 species of Piper, 
a few others are of economic importance. Cubebs from Piper 
cubeba, native to the East Indies and cultivated in the Far East, 
formerly were used as a spice or condiment and now have a limited 
use in medicine, The roots of Piper methysticum are used 
throughout Oceania to produce the beverage kavakava. ‘The leaves 
of the betel pepper (Piper betle) are chewed with the nuts of the 
betel palm in the Old World tropics. (C. B. H.) 

Fleshy Peppers.—The genus Capsicum, of the nightshade fam- 
ily (Solanaceae; q.v.), comprises all the varied forms of fleshy- 
fruited peppers grown as herbaceous annuals—the green, red, and 
yellow peppers used in seasoning and as a vegetable food. The 
edible fruit, a podlike, many-seeded berry with a thick rind, is 
variously shaped and coloured. All garden peppers are derived 
from C. frutescens (incorporating C. annuum and C. baccatum), 
a tropical woody shrub up to eight feet tall, apparently a native of 
Central and South America, Most authors consider them varieties 
of the single species. The cultivated peppers used as spices and 
condiments include the pungent cherry (cerasiforme); cone, 
Tabasco, and coral gem (conoides); red cluster (fasciculatum) ; 
and long “hot” chili and cayenne (longum), often called capsicums. 
The mild bell or sweet peppers (grossum) have larger, variously 
coloured but generally bell-shaped, furrowed, puffy fruits that are 
used in salads and in cooked dishes. The term "pimiento," from 
the Spanish for “pepper,” is applied to certain mild pepper varieties 
possessing distinctive flavour but lacking pungency; these include 
the European paprikas, which provide the paprika of commerce, a 
powdered red condiment. ("Pimiento," pronounced the same as 
“pimento,” should not be confused with the latter, which is all- 
spice; q.v.). Powdered red pepper is made from dried capsicums. 
An active principle obtained from capsicums is used as a counter- 
irritant in medicine and to add pungency to ginger ale. 

Pepper plants are treated as tender summer annuals outside their 
native habitat. Cultivation is the same as for their relative, the 
tomato (q.v.): seeds are sown under glass and the plantlets are 
set out when weather permits. 

See Howard Scott Gentry, “Introducing Black Pepper into America,” 
Econ. Bot., vol. ix, pp. 256-268 (1955); Albert F. Hill, Economic 
Botany (1952). 


PEPPERMINT, a strongly aromatic perennial herb furnishing 
the well-known flavouring of wide use. It is one of many species 
of Mentha—M. piperita—distinguished from others of the genus 
by its stalked leaves and oblong-obtuse spikelike heads of flowers. 
It is native to Europe and has become naturalized in North Amer- 
ica, found near streams and other wet sites, In several parts of the 
world, including Europe, Asia, and North America. it is cultivated 
for its essential oil. Many varieties of peppermint have resulted 
from natural hybridization among wild species; but only two 
varieties, the black and white, are recognized by growers, ‘The for- 
mer has purplish and the latter green stems; the leaves are more 
deeply toothed in the white. Black peppermint (also. known 
as English peppermint and mitcham mint) is the form exten- 
sively grown in the United States, probably because it is found to 
yield more oil. The white variety is less hardy and less produc- 
tive but its oil is considered more delicate in odour and obtains a 
higher price. 

After about 1900 the United States became an important pro- 
ducer of peppermint oil. Production on a large commercial scale 
was first attained in southern Michigan and was later extended 
to northern Indiana. Shortly after World War II, the states of 
Washington and Oregon became important centres of pepper- 
mint culture because of climatic factors, including long sum- 
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mer days with abundant sunshine, 
which favour the production of 
high yields of oil. In the begin- 
ning of the second half of the 
20th century, the United States 
was the leading peppermint-pro- 
ducing country, with production 
of over 2,000,000 Ib. accounting 
for nearly three-fourths of the 
world’s supply of peppermint oil. 
Bulgaria, Italy, the U.S.S.R., 
France, and other countries in 
Europe and Asia also produce the 
oil, Peppermint can be grown on 
a wide range of soil types but 
does best in deep, rich soils well 
supplied with moisture from rain- | 
fall or irrigation. In the United | 
States it is produced on muck |. 
soils in Michigan and Indiana and | 
sandy-loam soils in Oregon and М 
Washington. Peppermint | is 
propagated commercially by - 
planting stolons (underground 
shoots) taken from existing fields. 
It is often grown in rows the 
first year and then allowed to 
spread over the field in solid stands spoken of as meadow mint. 
Fields may produce satisfactory crops for two to five years or 
longer if weeds and diseases are controlled. Best yields of oil are 
obtained when peppermint is harvested by cutting at the full- 
bloom stage. 

Oil of peppermint is a volatile oil distilled with steam from 
the partially dried herb. It is widely used for flavouring dental 
creams, mouthwashes, toothpastes, cough drops, chewing gum, and 
confectionery, and to a lesser extent for masking the flavour and 
odour of numerous medicinal products. When pure, peppermint 
oil is nearly colourless and has an agreeable odour and a powerful 
aromatic taste, followed by a sensation of cold when air is drawn 
into the mouth. When oil of peppermint is cooled to 4? C it some- 
times deposits colourless hexagonal prisms of menthol, which are 
soluble in alcohol and ether, almost insoluble in water, and fusi- 
ble at 92° F; the oil consists chiefly of menthol and a ketone 
called menthone. Oil of peppermint is sometimes adulterated with 
phellandrene or other terpene compounds, water soluble glycols, 
or synthetic menthol. Adulteration with terpenes or glycols can 
be detected readily by using chemical or physical tests, but no 
satisfactory method has been found for proving adulteration with 
synthetic menthol. Oil of Japanese mint (M. arvensis var. 
piperascens) is a rich source of menthol, very: different from 
peppermint oil, The name Japanese peppermint is sometimes used 
for this plant, but it should not be confused with true peppermint. 

See E. Guenther, The Essential Oils, vol. 3. Jj " 
J. W. Parry, Spices, pp. 132-135 (1962). a КУРУК И 

PEPPERRELL, SIR WILLIAM (1696-1759), American 
merchant, colonial leader, and soldier who captured Louisburg 
in 1745, was born in Kittery, Me. (then a part of Massachusetts), 
on June 27, 1696, the son of Col. William Pepperrell. He studied 
navigation and suryeying, both valuable in his later life as merchant 
and landlord and as an associate of his father in one of the most 
respected mercantile firms in colonial America. The Pepperrells 
prospered from New England’s two major resources, lumber and 
fish, and from the flexibility of their trading policies, careful selec- 
tion of business agents, maintenance of a reputation for honesty 
and integrity, and investments in real estate. 

With Success came a position of importance in New England 
society and politics. Pepperrell married the daughter of a wealthy 
merchant, Grove Hirst, and took an active interest in public af- 
fairs. He served at various times as a member of the Massa- 
chusetts General Court and the Governor’s Council, as acting 
governor of Massachusetts, and as chief justice of the Court of 
Common Pleas, He succeeded his father as colonel of the Maine 
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militia and, because of his military experience and his familiari 

A 3 8 В її 
with the eastern frontier and with Indian affairs, he was ЕШШ 
to command the land forces in {һе:зїеде of Louisburg in i 
during King Georges War. His success in this expedition ч 
sulted in his being created.a baronet. For his service in "m 
troops during the French and Indian War he was given the fl 
of lieutenant general in the British Army. He died in Kitten, 
July 6, 1759. " 

See Byron Fairchild, Messrs. William Pepperrell: Merchants y 
Piscataqua (1954). (Ra. Mc) 

PEPSIN is the powerful enzyme, or ferment, in gastric jig 
that digests proteinous foods such as meat, eggs, or seeds thy 
are introduced into the stomach. Enzymes (q.v.), in genera 
are catalysts that in small quantities speed up biochemical n. 
actions. They are formed by living tissues, and all cells are dr 
pendent upon them to speed up the many reactions that othervig 
would proceed far too slowly. 

Pepsin was first recognized in 1836 by the German: physiolojg 
Theodor Schwann. Nearly a century later, in 1930, it was crystal 
lized and its protein nature established by John Н. Northrop of 
the Rockefeller Institute for Medical Research. 

The tissues lining the stomach make and store pepsin in ûl 
active form called pepsinogen, or propepsin. When pepsinogenl 
secreted into the stomach and mixed with the acidic gastric juices 
it'is rapidly converted into pepsin. Pepsin. speeds up this com 
version, and since it is also a product of the conversion, th 
reaction once started goes faster and faster; ie, it is seh 
accelerating or autocatalytic. ‘The digestive power of pesi 
changes with acidity, and, as might be expected, it is fastest 
the acidity of normal gastric juice (pH 1.5-2.5). 

Proteins, in general, are made up of about 20 different їй 
of amino acids linked together. Only the links between cert 
pairs of aminoacids are opened by pepsin. In the digestive tnd 
this leads to only partial degradation of proteins to smaller unit 
called peptides, which are then either absorbed from the intestine 
into the bloodstream or are broken down further by pand 
enzymes. The magnitude of the digestive power of pepsin my 
be indicated by pointing out that one ounce of pure pepsin o 
coagulate (an early step in the-digestion) 200,000 gal. of milk 
an hour at body temperature or can digest thousands of tins 
its weight of other proteins in a similar period. Although po? 
is a protein, it is resistant to its own digestive powers. 

Like other enzymes and proteins, pepsin is a large, ; 
molecule. Оп а weight scale in which an atom of hydrogen К, 
and ordinary table salt (sodium chloride) is 58, pepsin 15 90 | 

Pepsin is prepared commercially from swine stomachs, ¥ 
contain on the average about one gram ( one-thirtieth of an cae 
of enzyme per stomach, Crude pepsin is used in the leather үр i 
try to remove hair and residual tissue from animal hides pr d: 
their being tanned, It is also used in the recovery of d 
discarded movie films by digesting the gelatin layer that ho "m 
silver compound. Another commercial use is in the prep? 
of peptone (partially digested protein), an important ingre 
growth media for bacteria and related microorganisms. 

See also DIGESTION; Proteins; PROTEINS. 

BrstiocraPuy.—The original papers desc 
of Northrop and his colleagues on pepsin, аррез ў 
Physiol., vol. 13-32 (1930-48). also J. Н. Northrop, сй 
and R. M. Herriott, Crystalline Enzymes, 2nd ed. (1948); J (9s) 
and G. F. Somers, Chemistry and Methods of Enzymes p 


PEPUSCH, JOHN CHRISTOPHER (Jos 
TOPH) (1667-1752), Anglo-German musician, compe 
and teacher, was born in Berlin in 1667 and settled 1 
about 1700. In:1712 he became music director t° ^q 
Chandos and not long after was appointed music die or 
coln's Inn Fields Theatre, Among much other ue 0 
theatre he arranged the tunes and composed the over pi 
Gay’s Beggar’s Opera (1728) and its sequel Polly (hous а 
till 1777). In 1737 he became org: of the cd amont 
was in some demand as a teacher; William Boyce ir pooks 
pupils. He collected a magnificent library of musie gi 
scores and was deeply interested in music of the Re 
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of ancient Greece and Rome. He had a strong influence on the 
Шу development of musical antiquarianism in England, which 
fed to the publication of such collections as Boyce's Cathedral 
Music and to the performance of old music by societies of enthu- 
sists, He died in London on July 20, 1752. 
‘ee C. W. Hughes, “J. C. Pepusch" in The Musical Quarterly, xxxi 
(1945). f ү (Cs, Сн.) 
PEPYS, SAMUEL (1633-1703), English man of letters and 
mval administrator whose celebrated diary gives a valuable, en- 
tertaining, and intimate picture of the social life of his day, was 
bor on Feb. 23, 1633, in Salisbury Court near St. Bride's Church, 
London. He was the son of a working tailor who had come to 
London from Huntingdonshire, in which county, and in Cam- 
bridgeshire, his family had lived for centuries as monastic reeves, 
rent collectors, farmers, and, more recently, small gentry. His 
mother, Margaret Kite, was the sister of a Whitechapel butcher. 
But, though of humble parentage, Pepys rose to be one of the 
most important men of his day, becoming England’s earliest 
secretary of the Admiralty and serving in his time as member of 
Parliament, president of the 
Royal Society (in which office he 
placed his imprimatur on the 
title page of England’s greatest 
scientific work, Sir Isaac New- 
ton’s Principia), master of Trin- 
ity House and of the Clothwork- 
ers’ Company, and a baron of the 
Cinque Ports. He was the 
trusted confidant both of Charles 
II, from whom he took down in 
shorthand the account of his es- 
cape after the Battle of Worces- 
ter, and of James II, whose will 
he witnessed before the royal 
flight in 1688. The friends of his 
old age included Sir Christopher 
Wren, Sir Isaac Newton, John 
тетт or WE Trustees or тне Na- Evelyn, Sir Godfrey» Kneller, 
SK Penya E ero John Dryden, ew almost every 
TOM A PORTRAIT PAINTED BY ifr енин 1 Pi 
HLS IN 1666. IN THE NATIONAL Early Career.—Samuel Pepys 
PORTRAIT GALLERY, LONDON (pronounced Peeps) was sent, 
don, to $ ? after early schooling at Hunting- 
hii o Paul's School; London. In 1650 he was entered at 
y Hall, Cambridge, but instead went as a sizar to Magdalene 
Vs p obtaining a scholarship on the foundation. In March 
€ took his B.A. degree and in 1660 that of M.A.” Little is 
pe of his university career save that he was once admonished 
ing "scandalously overseene in drink.” In later years he be- 
ea great benefactor of his college, to which he left his famous 
саз апа manuscripts. He was also once offered—but 
Deca оер of King’s College, Cambridge. | 
beth Ma mber 1655 he married a penniless beauty of 16, Eliza- 
tchant de St. Michel, daughter of a French Huguenot 
_ At this time he was employed as factotum in the White- 
of Васе of his cousin, Adm. Edward Montagu, later Ist earl 
г avoir. an Who was high in the Lord Protector Cromwell's 
Young wife а diary Pepys recalls this humble beginning, when his 
ith her с used to make coal fires and wash my foul clothes 
rd Se hand for me, poor wretch, in our little room at 
lo» " 5, for which I ought ever to love and admire her 
He (a m Ше there, on March 26, 1658, he was cut for the 
Tri perilous operation), thereafter always celebrating 
solemnity и E ae by a dinner—‘the day of my 
cutting of the stone." 
"m Pepys accompanied Montagu on a voyage to the Sound. 
Ei me time he was appointed to a clerkship of £50 ned 
feque, p Office of George Downing, one of the tellers of the 
i did whom Downing Street was later named. It was 
Yard th 1 In Downing's office and living in a small house D 
liter he sail at on Jan. 1, 1660, he began his diary. A few months 
ed, as his cousin's secretary, with the fleet that brought 
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back Charles II from exile. Appointed, through Montagu's in- 
terest at court, clerk of the acts of the navy at a salary of £300 
per annum, and given an official residence in the navy office in 
Seething Lane, he became in the next few years a justice of the 
peace, a commissioner. for, and later, treasurer of, Tangier, and 
surveyor of naval victualling. When he entered upon his func- 
tions, he was ignorant of almost everything that belonged to them. 
His chief use of his position was to enjoy his newfound importance 
and the convivial companionship of his colleagues, Admirals Sir 
William Batten and Sir William Penn. But early in 1662 there 
came a change. The colleagues whose bacchanalian habits and 
social position had made them so attractive began to prove irk- 
some, and their insistence on their superior experience and status 
galled Pepys’s pride. In his isolation, he sought for ways by 
which he could show himself their equal. He had not far to look, 
for his fellow officers were anything but attentive to business. 
“So to the office," Pepys wrote, *whére I do begin to be exact in 
my duty there and exacting my privileges and shall continue to do 
so.” He had found his vocation. 

Naval Administration.—It was not in Pepys's nature to do 
things by halves. Having resolved to do his duty, he set out to 
equip himself for its performance. In the summer of 1662, he 
occupied his leisure moments by learning the multiplication table, 
listening to lectures on shipbuilding, and studying the prices of 
naval stores: “into Thames Street beyond the Bridge, and there 
enquired among the shops the price of tar and oil, and do find 
great content in it, and hope to save the King money by this 
practise." At the same time, he began his habit of making care- 
ful entries of all contracts and memoranda in large vellum books— 
beautifully ruled by Mrs. Pepys and her maids—and of keeping 
copies of his official letters. 

The qualities of industry and devotion to duty which Pepys 
brought to the service of the Royal Navy became realized during 
the Second Dutch War of 1665-67—Xyears in which he remained 
at his post throughout the Plague and saved the navy office in the 
Fire of London. Before trouble with his eyesight caused him to 
discontinue his diary in 1669—an event followed by the death of 
his wife—these qualities had won him the trust of the king and 
his brother, the duke of York, the lord high admiral. In 1673, 
in the middle of the Third Dutch War, when York's unpopular 
conversion to Catholicism forced him to resign his office, Pepys 
was appointed secretary to the new commission of admiralty and, 
as such, administrative head of the navy. In order to represent it 
in Parliament—before whom he had conducted a masterly defense 
of his office some years before—he became member first for Castle 
Rising, and, later, for Harwich. For the next six years he was 
engaged in stamping out the corruption which had paralyzed the 
activities of the navy. His greatest achievement was carrying 
through Parliament a program which, by laying down 30 new 
ships of the line, restored the balance of sea power, upset by the 
gigantic building programs of France and the Netherlands. In 
his work both at the Admiralty and in Parliament Pepys’s un- 
bending passion for efficiency and honesty (combined with a cer- 
tain childlike insistence on his own virtue and capacity for being 
always in the right) made him powerful and bitter enemies. One 
of these was Lord Shaftesbury, who in 1678 endeavoured to strike 
at the succession and at the Catholic successor, the duke of York, 
by implicating Pepys in the mysterious murder of the London 
magistrate Sir Edmund Berry Godfrey (q.v.), the crime on which 
the full credulity of the populace in the “Popish Plot" depended. 
When Pepys produced an unanswerable alibi his enemies en- 
deavoured to fasten Godfrey's murder on him indirectly by ac- 
cusing his confidential clerk, Samuel Atkins. Despite the third- 
degree methods employed against him, Pepys also proved an 
alibi for Atkins, who would otherwise almost certainly have per- 
ished. Six months later, his enemies brought into England a 
picturesque scoundrel and blackmailer called John Scott, who had 
begun his life of crime in what today is Long Island, N.Y., and 
whom Pepys had endeavoured to have arrested at the time of 
Godfrey’s death on account of his mysterious activities disguised 
as а Jesuit. Pepys was flung into the Tower on an absurd charge 
of treason brought against him by Scott and supported by the 
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Exclusionists in Parliament, as also оп a minor and equally unjust 
charge of popery, brought against him by a dismissed butler 
whom he had caught in bed with his favourite maid. Had not 
Charles II almost immediately dissolved Parliament and pre- 
vented a new one from meeting for a. further year and a half, 
Pepys would have paid the penalty for his loyalty, efficiency, and 
incorruptibility with his life. He employed his respite with such 
energy that by the time Parliament met again he had completely 
blasted the reputation of his accuser by collecting circumstantial 
details of his 1nfamies from almost every country. à 

In 1683, when the king felt strong enough to ignore his op- 

ponents, Pepys was taken back into the public service. He had 
accompanied the duke of York in the previous year on a voyage 
to Scotland, and he now sailed as adviser to the earl of Dartmouth 
to evacuate the English garrison of Tangier—a voyage which he 
described in a further journal. On his return, in the spring of 
1684, he was recalled by Charles II to his old post. Entitled 
secretary of the affairs of the Admiralty of England and remuner- 
ated by a salary of £2,000 per annum, he combined the modern 
offices of first lord and secretary of the Admiralty, both admin- 
istering the service and answering for it in Parliament. For the 
next four and a half years, including the whole of James II’s reign, 
Pepys was one of the greatest men in England, controlling the 
largest spending department of state. With his habitual courage 
and industry he set himself to rebuild the naval edifice which the 
inefficiency and corruption of his enemies had shattered, securing 
in 1686 the appointment of a special commission “for the Re- 
covery of the Navy." When, at the beginning of 1689, after 
James II had been driven from the country, Pepys retired, he had 
created a navy strong enough to maintain a long ascendancy in 
the world's seas. Hitherto there had been brief spells when the 
emergence of a naval genius like Sir Francis Drake and Robert 
Blake had given England a temporary advantage over its maritime 
neighbours, but for long periods the English “sovereignty of the 
seas” had been an idle boast. When Pepys became associated with 
the navy in 1660 the line of battle had consisted of 30 battleships 
of a total burden of approximately 25,000 tons and carrying 1,730 
guns. When he laid down his office he left a battle line of 59 
ships of a total burden of 66,000 tons and carrying 4,492 guns. 
Not only had he doubled the navy’s fighting strength; he had given 
it what it had never possessed before and what it never again 
lost—a great administrative tradition of order, discipline, and 
service, He had made the scabbard of the sword which the great 
l8th-century admirals used. 

"To your praises," declared the orator of the University of 
Oxford, "the whole ocean bears witness; truly, sir, you have en- 
compassed Britain with wooden walls." Pepys's last 14 years, 
despite attempts by his political adversaries to molest him, were 
spent in honourable retirement in his riverside house in York 
Buildings, amassing and arranging the library which he ultimately 
left to Magdalene College, Cambridge, corresponding with scholars 
and artists, and collecting material for a history of the navy 
which he never lived to complete, though he published in 1690 a 
prelude to it, describing his recent work at the Admiralty, en- 
titled Memoires of the Royal Navy. He died on May 26 1703 
at the Clapham home of his former servant and lifelong friend, 
William Hewer. His fellow diarist, John Evelyn, wrote of him: 
“He was universally loved, hospitable, generous, learned in many 
things, skilled in music, a very great cherisher of learned men of 
whom he had the conversation.” 

The Diary.—The diary by which Pepys is chiefly known was 
kept between his 27th and 36th year. Written in Thomas Shel- 
ton's system of shorthand or Tachygraphy with the names in 
longhand, it extends to 1,250,000 words, filling six quarto volumes 
in the Pepys Library. It is far more than an ordinary record of 
its writer's thoughts and actions; it is a supreme work of art 
revealing on every page the capacity for selecting the small as 
well as the large essential that conveys the sense of life, and it is 
probably, after the Bible and James Boswell's Life of Samuel 
Johnson, the best bedside book in the English language. One 
can open it on any page and lose oneself in the life of Charles Ils 
London, and of this vigorous, curious, hardworking, pleasure-lov- 
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ing man. Pepys wanted to find out about everything, беу 
found everything interesting. He never seemed to have a 
moment; he could not, indeed, understand dullness. One oft 
more comical entries in his diary refers to a country суң 
named Stankes, who came to stay with him in London, Pe. 
had been looking forward to showing him the sights of the town. 
“But Lord! what a stir Stankes makes, with his being crowd 
їп {һе streets, and wearied in walking: іп London, and Would w 
be wooed by my wife and Ashwell to go to a play nor to gy 
Whitehall, though he was carried in a coach. I never could hav 
thought there had been upon earth a man so little curious in the 
world as he is.” 

Pepys possessed the journalists gift of summing up a sceney 
person in a few brilliant, arresting words. Не makes us see yy 
he sees in a flash: his Aunt James, “а poor, religious, well-meri 
good soul, talking of nothing else but God Almighty and thi 
with so much innocence that mightily pleased me"; and his siste, 
Pal, “a pretty, good-bodied woman and not over thick, as I thoy 
she would have been, but full of freckles and not handsome ip 
the face.” He could describe with wonderful vividness a gui 
scene: as, for example, the day Gen. Monck's soldiers unexpected) 
marched into a sullen City and proclaimed there should be a ity 
Parliament—“And Bow bells and all the bells in all the chus 
as we went home were a-ringing; it was past imagination, Бой 
greatness and suddenness of it.” He described, too, the Rel. 
tion and Coronation; the horrors of the Plague; and the Fired 
London, writing down his account—so strong was the artist i 
him—even as his home and its treasures were being threaten 
with destruction; “We saw the fire as only one entire arch fm 
this to the other side of the bridge, and in a bow up the hi fit 
an arch of above a mile long; it made me weep to see it. th 
churches, houses, and all on fire and flaming at once; and ahi 
noise the flames made, and the cracking of houses at their nin 

Above all, Pepys possessed the artist's gift of being i et 
select the vital moment. He makes his readers share the Y€ 
life of his time: “As I was writing of this very line, the йш 
passed and cried. ‘Past one of the clock and a cold аш 
windy morning!" He tells us of the guttering candle, "i 
makes me write thus slobberingly"; of his new watch M 
Lord! to see how much of my old folly and childishnes hans 
on me still that I cannot forbear carrying my watch in my 
in the coach all the afternoon and seeing what o'clock it iso 
hundred times”; of being awakened in the night—“About 30 
this morning I waked with the noise of the rain, having N 
in my life heard a more violent shower; and then the ч 
locked in the chamber and kept a great mewing and leapt 
the bed; which made me I could not sleep a great Mes "m 

Pepys excluded nothing from his journal that seem Hr 
essential, however much it told against himself. He p 
corded his major infidelities and weaknesses; he put oe 
those little meannesses of thought and conduct of whic a 
are guilty but few admit, even to themselves. He is el 
his vanity—as, for example, in his account of the day Hu 
church for the first time in his new periwig: “I fount ija! 
coming in a perriwig did not prove so strange 
was afeared it would, for I thought that all the i 
presently have cast their eyes upon me, but I found по e inj 
about his meannesses over money, his jealousies, an va aum 
“Ноте and found all well, only myself somewhat n desi 
wife's neglect in leaving her scarfe, waistcoat and p u 
in the coach today; though I confess she did give e qiti 
look after." For he possessed in a unique degree the J 
complete honesty. He is both Everyman and the rec (ral Ó 
his diary paints not only his own infirmities but the 
mankind. 


church ¥ 
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BIBLIOGRAPHY. —Diary: After the successful publicati jh i^ 
Evelyn's diary in 1818, Pepys's diary was transcri 


accuracy—by John Smith, later rector of Baldock, Pn 0 
mde of the master and fellows of Magdal? Bays 


ge. About a quarter of it, ed. by the 3rd Lor vol. 
published as Memoirs of Samuel Pepys, Esq- FRS. ith the 
Many fuller editions followed, until the whole dia? 
ception of about 50 short passages omitted on groun 


‘Wheatley, appeared in 10 vol. (1893-99), The St. Olave 
48 vol, was published in New York (1903). Later editions 
ins include Everybody's Pepys, abridged and ed. by O. F. 
(1926) ; 24 о selections ed. by J. Warrington, Every- 
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d Po)» 1679-1703, 2 vol. (1926), Further Correspondence 
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all ed. by J. R. Tanner; The Tangier Papers of Samuel 
by E. Chappell (1935); Letters of Samuel Pepys and his 
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| new ed, Samuel Pepys, 3 vol. (1967) ; К, Kirk, Mr. Pepys Upon 
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(A. Br.) 

a state of the federation of Malaysia, is the largest 

tern Malayan states and a constitutional sultanate. 

м 8,030 sqmi. (20,679 sqkm.). Pop. (1961 est.) 1,384,- 

Induüding a large part of the west coast plains, the 

8 tres upon the Perak River (252 mi. [406 km.]), which 

0 hly north to south between the little-used heights form- 

ч range (over 7,000 ft. [2.135 m.]) to the east and 

mother range paralleling the river to the west. The river turns 

“Westward only at Telok Anson and meanders through a silting 

to the Strait of Malacca. Although the Perak River acted 

artery for the original Malay community and is still sym- 

ed by the sultan’s seat beside it at Kuala Kangsar (pop. 

7] 15.302), it is insignificant in the modern economy of the 

Which is based on the tin mines of the Kinta Valley, par- 

ticular Around Ipoh (see KrNTA; Ірон). This area produces half 

a's output of tin. In addition, the state has more than 

. (242,820 ha.) under rubber (equally distributed be- 

lates and smallholdings), 100,000 ac. (40,470 ha.) under 

(notably at Krian), large commercial plantations of coco- 

| the biggest fish production in Malaya, 

5 agricultural development dates from the end of the 

Чу when tin mining changed focus from Taiping to Ipoh, 

rd great acreages of rubber and coconut finally surpassed 

т es in value and number of people employed. As rubber 

ў П necessitated immigrant labour and capital, Perak has a 

in s mh structure, Chinese forming 44% of total popula- 

КО ays 40%, and Indians 15%. The state capital, Ipoh 

E ), Taiping (48,206), and the other mining towns are pre- 

„шалу Chinese, the Malays forming majorities only in the 
cultural districts of Krian, Sungei Manik, and Changkat. 

Sout 6,000 Sq.mi, (15,540 sq.km.) of Perak are under forest. 

R ү; "Covered ranges are scarcely inhabited and uncrossed by 

The ae pao e Cameron Highlands Road being the dead end. 

| There is às a mountainous border with Thailand to the north. 

| Rid network of modern roads supported by the 

inso 37 allway along the foothills; a branch line runs to Telok 

he oldes 1000) in the south. The Taiping Railway to Port Weld, 

and cha m Malaya, is a relic now used for transporting firewood 

te main ate from the Matang mangrove. Perak is served by 

t iland Mort at Penang but has airfields at Taiping and Ipoh 

| “Services. For historical aspects see MALAYSIA: History. 


PERA (E.H. G. D.) 
Жык CTA, a province in southern Dominican Republic. 
ЕШ АНЫ Pop. (1960) 107,990. It is largely mountainous, 
d ' cent led on the north by the Cordillera Central and crossed 
up "Tl part by the Sierra de Ocoa (to 5,678 iL). The 
Д digg, coastal plain is semiarid. Peravia is a leading coffee 
| vince and a Significant producer of rice and peanuts. The 
WaS created in 1944 from parts of Trujillo (San Cris- 
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tóbal) and Azua provinces; the older name, Trujillo Valdez, was 
changed to Peravia in 1961. The provincial capital is Bani (pop. 
[1960] 14.472). (D. R. D.) 
PERCENTAGE, a relative value indicating hundredth parts 
of any quantity, One per cent (symbolized 195) is a hundredth 
part; thus 100% represents the entirety and 200% specifies twice 
the given quantity. For example, 195 of 1,000 chickens equals 
riy of 1,000, or 10 chickens; 20% of the quantity is 205 X 1,000, 
or 200. These relationships may be generalized as 
(1) 


= A00 
where T is the total reference quantity chosen to indicate 100%, 
and x is the quantity equivalent to a given percentage P of T. 
Thus in the example for 1% of 1,000 chickens: T is 1,000, P is 1, 
and x is found to be 10. 

In many commonly occurring percentage problems x and Т are 
known, and the percentage of T that x represents is sought. For 
such cases it is convenient to use equation (1) in the form 


100x 
T 0) 


A frequent application of equation (2) is in calculating percentage 
of profit or loss in business transactions. Suppose a retailer buys 
a television set at a wholesale price 7 of $80 and sells it for $110 
at a profit x of $30. From the equation his percentage profit is 
100 X 30 
80 
novel on sale, lowering the price T of 20s. to 17; a reduction x 
of 3s., or 15%. (See also CAPITAL AND INTEREST: Interest: Rate 
of Interest.) 

In statistics the notion of cumulative percentage (percentile, 
centile) is in common use. For example, a student who scores at 
the 83rd centile on a history examination has exceeded the per- 
formance of 83% of the students with whom he is being compared, 
Related quartile and decile systems are discussed under STATISTICS: 
Averages and Dispersion. The probability that a given event will 
occur may be expressed as a percentage (or its equivalent decimal 
value or fraction). A perfectly balanced coin will tend to fall 
head-side-up once in every two tosses; this probability may be 
given with equal accuracy as 4, .50, or 50% (see PROBABILITY, 
MATHEMATICAL). (C. CE.) 

PERCEPTION is the process by which a living organism 
becomes aware of stimuli. Though the term has become well 
established through traditional usage, some modern psychologists 
prefer to use the word perceiving to emphasize that a process or 
activity is involved. In 1765 the Scottish philosopher Thomas 
Reid distinguished between sensation (g.v.) and perception, ap- 
plying the term sensation to the immediate data that come di- 
rectly from stimulation and the term perception to the larger 
awareness that includes the reference of these sensations to the 
stimulus. This distinction held until the third decade of the 20th 
century when, under the influence of Gestalt psychology (see 
GrsrALT PsvcHOLoGY), the concept of sensation tended to drop 
out of use and psychologists began to direct their attention to the 
larger systems of sensory stimulation, which, since objective ref- 
erence is implicit in them, properly involve perceiving. 

These definitions of sensation and perception, as well as the 
material that follows, are based on the commonplace assumption 
that there really are physical entities to be perceived, However, 
it should be noted that there are profound disagreements among 
philosophers concerning the very existence of physical reality; 
these are discussed under IDEALISM and KNOWLEDGE, THEORY OF. 


THEORIES OF PERCEPTION 


A theory of perception undertakes to explain how the organism 
becomes aware of itself and of the external world. If an organism 
is to survive and succeed, it must have adequate information 
about its environment; and there have been several answers to 
the question of how is it possible for organisms to perceive cor- 


rectly. 
Discrimiaation.—A laboratory animal or person must react 


P = 


‚ or 37.59. Similarly, a London bookseller may put a 
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discriminatively to objects or situations if others are to have evi- 
dence that the subject is perceiving. It is much easier to be 
assured of the occurrence of adequate discrimination than to 
know whether the process is consciously or unconsciously mediated. 
Unfortunately, the inner experiences of another organism cannot 
be directly observed; however, its manifest reactions can. 

A rat can learn always to choose between two disks of equal 
size if the brighter disk consistently marks the door to a food 
box. The rat thus detects a difference in brightness. In a sense 
the animal may be said to be aware of the disks, but actually that 
question does not have to be raised; clearly, it defies an empirical 
answer. A man engrossed in conversation with his dinner com- 
panions finds that the little pile of nuts by his plate has disap- 
peared and that he even has a nut in his mouth. Another man 
across the table saw him actually eat the nuts. He discriminated 
the nuts from other inedible objects which he did not try to in- 
gest. Most psychologists would say that such well-habituated 
discrimination is unconscious, although an exact answer to that 
question depends on the definition of consciousness, 

This general rule holds: efforts to study how other organisms 
perceive must be defined in terms of how they discriminate among 
stimuli. 

Representation in Kind.—The Greeks believed that objects 
emit faint copies of themselves, copies which are transmitted by 
the senses to the sensorium which becomes aware of the object by 
perceiving its copy. While this view was too naive to survive in 
the age of science, the basic idea recurs again and again in psycho- 
logical theory. For instance, John Locke in 1690 distinguished 
between primary and secondary qualities of perceived objects. 
Primary qualities are those for which the experience resembles its 
object, like spatial extension. Secondary qualities are those for 
which the experience does not resemble its object, like colour. In 
modern terms for secondary qualities there is a functional de- 
pendence between experience and stimulus without representation 
in kind: experienced redness of external objects depends upon 
light of long wavelengths, but there is nothing long or undulatory 
about the experience red itself (see VISION). 

About 1920 the Gestalt psychologists proposed psychophysio- 
logical isomorphism as a theory of perception, In respect to 
spatial relations this theory holds that there is a point-to-point 
correspondence between the experience and the underlying brain 
pattern, a correspondence such that all the spatial orders of one 
system are preserved in the other, although shapes and magnitudes 
may not be preserved, In other words, the correspondence be- 
tween the brain pattern and the experienced pattern is viewed as 
topological, but not necessarily topographical. The chief evidence 
for this view comes from the physiological discovery that excita- 
tion of the visual area of the brain corresponds topologically, point 
for point, to the excitatory pattern on the retinas (see TOPOLOGY, 
GENERAL), 

Thus there are four patterns, all held topologically isomorphic 
with one another: (1) the projected stimulus pattern of light; 
(2) the pattern of excitation on the retinas; (3) the neurally 
projected pattern on the visual areas of the brain; and (4) the 
pattern as experienced. In this way, for the visual perception of 
bidimensional spatial patterns, the simple theory of perceptual 
representation of the object in kind, a modern theory of primary 
qualities, is preserved. 

The Gestalt psychologists carried isomorphism further. They 
believe that the principle holds for perceiving tridimensional visual 
space, that visual awareness of depth and solidity corresponds to a 
tridimensional field of excitation in the brain, They also hold 
that experiences of intensity, time, and movement are isomorphic. 
In certain cases this theory requires that the characteristics of the 
stimulus object (which are represented functionally but not in 
kind in the initial phases of excitation) must be reconstituted in 
the brain fields that mediate the experience. For instance, depth 
is represented on the retinas, not in kind but by disparity Жюл 
the two retinal images. Isomorphism requires that this disparit 
operate in the action of the nervous system to reconstitute a a 
excitatory field in the visual areas of the brain. The evidence was 
not yet conclusive in the 1960s as to how or even whether 
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this reconstitution of the stimulus field actually occurs in the 
brain. 
Functional Representation.—It is quite clear that not al 
perceptual qualities are primary; some are secondary, Nota 
perceptual representation 15 In kind; some of it isa correspondence 
between dissimilars, a correspondence that is adequate because 
it is functionally specific. The longest visible wavelengths of 
light always look red if they fall, uncombined with other wiy 
lengths, upon the retina of a man who is not colour-blind, Тш 
is a functional correspondence of dissimilars, the case where jy, 
morphism in perception is certainly not the correct principle, 
This view is fully as old as Johannes Peter Müller's (qs) 
theory of specific nerve energies, first formulated in 1826 ка 
protest against the ancient doctrine that perceptual representatim 
is always in kind. Müller argued for the existence of five рей 
nerve energies or qualities, one for each of the five classical sengs 
The sensorium perceives, he said, not the properties of the objec 
themselves but the properties of the nerves that the objects affet 
Thus light and the experience of seeing are quite different, Thy 
reason that a person knows there is light when he sees is that there 
is, according to Müller, a “specific irritability” of the retina which 
makes it most easily excited by light. С. S. Sherrington lite 
(1906) used the term “adequate stimulus" to designate this sp 
ificity of relation between a sense organ and its normal stimuli. 
A misleading experience occurs when an unusual stimulus js t 
fective, in spite of its inefficiency, as when pressure on the суфй 
arouses the experience of coloured patterns. 
It would seem that all perceptual activities must imply fux 
tional representation of the perceived characteristics of the stin- 
ulus, both in the brain and in the experience. Sometimes, but nk 
always, this representation is in kind; i.e., isomorphic. Presundll 
there is a topological representation of the stimulus characterise 
in perceiving temporal duration, stimulus intensity, visual wl 
tactual spatial patterns in two dimensions, and visual, tactual, ul 
auditory movement. 
Perceptual Context.—Thus far only the sensory core ope 
ceiving, a core which in familiar perceptions is adequate by ft 
for the identification of the stimulus object, has been cons! 
Often, however, the core alone is insufficient to constitute 
complete perception that the organism seeks. A context mi 
be added to the core if identification of the perceived de 
to be satisfactory. I smell a rose. What have I perceived? | 
odour. But if, by association, there is added to the odour a vis 
image of a rose, then this visual context, accruing to the s 
core, provides greater specificity of meaning and further б 
pletes the perception. I see a face. It is strange. Then 4 3 
comes to mind, and, because of that added context, I have re 
nized the face. m 
This context theory of perception is basically an A 
theory of perceptual meaning. It was first elaborated Wa p 
Berkeley in 1709, then developed by the associationists К 
Brown їп 1820, James Mill in 1829, Wilhelm Wundt in 18) 
finally made the basis for Wundt's “mental chemistry Pis, 
meaning is always explained by compounding, 
of two or more conscious items (see ASSOCIATION, 
The associations that form these identifying contexts © | 
learned, but they may be inherited reflexes. For yen 
human infant instinctively gives the startle reflex when ^s i 
suddenly by a loud sound. That reflex is not lane 
constitutes the context which makes the sound perceive к, 
thing to be startled by.” Similarly a protozoan, that i 2 
from the light may be imagined to perceive the lig tas antes 
to be avoided. The light is the core; the turning, E 
, The context theory of perception was named by Ree "i 
in 1909. His chief contribution was to note that com jy e 
conscious or unconscious, that novel percepti 
conscious contexts for their specification, but tha д 
context tends to drop off аз the perception becomes ^. ye 
ing the meaning to be carried unconscious SU 
adequate discriminatory behaviour of the organis Деш Ў 
person first sees the word “argali” the perception js ina a qi 
does not know what the word means, When he has 


li is a kind of wild sheep or has been shown a picture of 
fora while the verbal core will arouse an identifying 
+ the word sheep or the visual image of an argali. When 

ord has become familiar, this awareness of context drops 
-He can now comprehend the meaning of argali without con- 
ting on the context, as is evidenced by the fact that later 
сап demonstrate his understanding of a text which contains 
New words need contexts, but in most reading there is 
r the perceptual contexts to accrue. Thus the context 
ecalls that evidence of perceiving is found in discrimina- 


¢ foregoing theories of perception are supplementary and not 
lly exclusive. In perceiving, the perceived characteristics 
have functional representation in the brain. Sometimes this 
tation is isomorphic, and there is further evidence that 
cases physiological mechanisms reestablish a topological 
spondence between the stimulus field and the brain field, even 
such correspondence has been lost in the initial phases of 
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i) 
iis discussion of theories of perception indicates that perceiving 
I be consciously or unconsciously mediated, that the functional 
ty of perceiving normally enables the organism to obtain 
information about its environment and that a perception, 
ally a novel one, normally receives further specification by 
tion to its sensory core of a context, either a learned as- 
lation or an innate reflex. It is now proper to discuss further 
reconstitution of objects in perception, the perception of rela- 
, ind unconscious discrimination, 
ptual Reconstitution.—Stereoscopic vision furnishes 
‘Of the best examples of how the characteristics of the stimu- 
"Object are reconstituted in perception (see BINOCULAR 
RUMENT; Stereoscopes). А solid object, viewed with both 
| produces somewhat disparate images on the two retinas. 
te both images are seen in a single perceptual field, one might 
‘to see this disparity as a double image. Instead, one 
165 à solid object in three dimensions, with no doubling, in 
| E fact that the two retinal images would not coincide in 
‘Superposition, 
| “Ше fact that one sees objects single in binocular vision thus is 
a an instance of this principle of reconstitution. In this case 
is known about the physiological basis for the perception: 
ponding points on the two retinas are projected to the same 
on of the brain, 
talt psychologists have made a great deal of what has been 
E the Constancy phenomenon; that is to say, the tendency to 
Objects as constant in size, shape, brightness, and hue, even 
the immediate stimulation from them varies greatly. For 
s its retinal image diminishes. Experiments have shown 
free binocular vision an illuminated disk in the dark 
Га distance of 20 ft. to a distance of 200 ft. although the 
[^m аде under those conditions shrinks to yy of its initial 
bility to the organism of clues to the distance, so that the 
ince. When the clues to distance are reduced by elimi- 
Б, Че Use of one eye and all reference-objects from the inter- 
f the Tetinal image. 
алаш in its struggle for survival and success. Experi- 
DW that chickens, trained to choose the larger grains of 
We small retinal images, in preference to near small grains 
ê larger retinal images. They tend to choose larger 


€ û receding object does not lose apparent size nearly so 

"tot Appear to diminish in size at all as the disk recedes 
Such perceived constancy depends, however, on the 

ени Mechanism can, as it were, correct the perception for 
Space, then the perceived size is found to diminish with the 
Obvious that perceptual constancy can be of great advantage 

sind to let the smaller lie, will choose remote large grains 
“father than responding directly to the size of the retinal 


Shape of objects also tends to be perceptually reconstituted 
que viewing changes the shape of the retinal image. 
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As the perceiver shifts from direct to oblique regard, a circle 
continues to look like a circle, even though its retinal images may 
have become narrow ellipses, 

The apparent brightness of an object likewise tends to remain 
constant in spite of varying illumination, Coal, recognized as 
coal, looks black even in bright sunlight. Snow, perceived as 
snow, looks white even in shadow. Actually the snow in shadow 
may be darker than the coal in sunlight. If both objects are 
viewed through tubes, which obscure the clues to their nature as 
objects and reveal only small circular patches of the two surfaces, 
then the illuminated coal will appear’ much brighter than the 
shaded snow. 

Discrete displacement of the retinal image will, with the right 
speeds and spacings, give rise to the visual experience of con- 
tinuous movement. The motion picture makes use of this prin- 
ciple of apparent movement (see Vis1on: Psychophysics of Visual 
Perception: Object Perception), Actually the interpretation of 
the discrete displacement as continuous movement is often a rè- 
constitution of an original stimulus. A moving object is seen 
clearly only when the eyes move with the object, allowing the 
image momentarily to remain stationary on the retina. Thus dis- 
crete retinal displacement is the rule in perceiving continuous 
movement, and the perception of continuity of movement is really 
a reconstitution of the original continuity. 

Auditory localization also illustrates how the stimulus situation 
is reconstituted in perceiving. A sound that originates in the 
median plane between the two ears affects both ears equally and 
is heard not as a double sound, one on the right and another on 
the left, but as a single sound localized correctly in the median 
plane. A sound from the right, however, coming earlier and 
louder to the right ear is localized at the right. Thus, in general, 
any sound that comes to both ears but is either earlier or louder 
at one ear will be localized as coming from the side of that ear 
(see HEARING: Localization of Sounds). 

The general rule is that perception, insofar as it is adequate, 
tends to reconstitute the characteristics of the stimulus object. 
Many of these principles were worked out in Gestalt psychology 
although such basic facts as singleness of vision with two eyes 
have been recognized since antiquity. 

Perception of Relations.—For the most part perception is 
relativistic rather than absolute. An object has no perceived 
size except as it is compared with another object. Precise judg- 
ments of tonal pitch, of visual brightness, and even of hue are 
possible only by reference to some standard. Accurate percep- 
tion is always the perception of a relation. 

It is well known that the perception of pitch is relative and 
that a melody or harmony depends on the relations among the 
musical notes and.not on their absolute pitches. In the same way 
the visual perception of brightness is relative, If a man or other 
animal learns to choose the brighter of two grays, he will take a 
given gray when it is combined with a darker one and reject it 
when it is combined with a lighter one. Human adults, children, 
apes, dogs, rats, and bees all react in this relativistic manner, 

The visual perceptions of up and down, of right and left, are 
relative. It has been known since Johannes Kepler (1604) that 
the optical image of the external world is inverted, up for down 
and right for left, in its projection on the retina of the eye, and 
the question used to be raised as to why we see right side up when 
the retinal image is upside down. Actually the image itself, being 
relative, is not distorted, for in it up is the opposite of down and 
right the opposite of left, whichever way the image is turned. 
It is, however, to this inverted image that the appropriate be- 
haviour becomes attached by association, so that one reaches down 
to touch an object that is projected upon the top of the retina, 
Sometimes an experimental subject wears for a week a system of 
lenses that reverses this already inverted retinal image; then, 
since the image is now right side up, the world at first looks 
upside down. Presently, however, as the associations with be- 
haviour become reversed, the inverted image seems to turn right 
side up again. When the lenses are removed the associations must 


again be reversed by experience. Gd MALE А 
Unconscious Discrimination —Whether a discrimination is 
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to be regarded as conscious or unconscious depends almost entirely 
upon the definition of consciousness (q.v.). It is usual, however, 
to regard an accurate discrimination as unconscious when it leaves 
no memory trace of its occurrence, when the perceiver cannot 
say minutes or even seconds afterward whether he perceived or 
what he perceived. Familiar, well-habituated discriminations fall 
in this class, as do all rapid discriminations. A man can perceive 
a familiar designated object quickly when it lies on a table with 
99 other strange objects, and he can pick out the designated object 
again and again from different sets of strange objects, quickly and 
accurately. He must indeed "see" the other objects in order to 
reject them and continue his rapid search for the specified object, 
but he cannot afterward tell much about these other objects. 
This hurried negative discrimination of wrong objects, discrimi- 
nated in order to reject them, is practically unconscious—for they 
do not stick in memory. 

There have been experiments in which a discrimination has 
been determined or aided by clues of which the discriminator 
declares he was fully unaware. In the same way judgments can 
be passed without the judge being aware of the motives and 
prejudices that influence his thought. 

There is also the case of contradictory perception which occurs 
with hypnotism, (See Hypnosts.) For example, the hypnotist 
may suggest to the hypnotic subject that they two are alone in the 
room, although actually there is a third person present, The 
subject then becomes “blind” to the third person and acts con- 
sistently as if he were not there. Nevertheless, the subject never 
collides with the third person, never tries to sit where the third 
person is sitting. If the hypnotist suggests that the subject take 
the chair occupied by the “invisible” person, the subject will find 
excuses and reasons for not doing what is, in fact, impossible for 
him to do, In this case it appears that the subject "sees" the man 
to whom he is blind so that he may know not to "perceive" him. 

Social Perception.—This term, which came into vogue in the 
late 1940s, is used to designate either: (1) such perceptions of 
social phenomena as the perception of anger or danger; or (2) 
those perceptions that are understood by reference to their social 
determinants, 

The first class of social perceptions presents no new problems 
or principles, It consists of perceptions of social meanings in 
which the determinants and even the sensory cores may be un- 
reportable by the perceiver and in that sense are unconscious. 


Thus a man may perceive anger in another man without knowing 


what bits of behaviour or facial expressions form the basis for 
his perception, Nor is this case different from the perception of 
the constant apparent size of a receding object when the observer 
does not know that he is unconsciously taking perceived distance 
into account. 

Of the other class of social perceptions it has been said that 
the perceived pattern of the external world always mirrors the 
pattern of the needs of the perceiver. There are many well-known 
subjective determinants of perception, and by no means do they 
all operate to create illusion, for true knowledge of the apparently 
real world is one of the fundamental needs of the organism. Per- 
ceptual mechanisms tend to reconstitute the perception in such 
a manner as to increase the accuracy with which perception 
represents external objects and other events. Stereoscopic per- 
ception of depth, the object constancies, and the perception of 
continuous movement with cinematic discontinuity are all cases in 
point, 

Organisms have, however, many other needs besides knowledge 
of the truth. Illusion may be created by the projection of wishes 
into perception. “If she be not fair to me, what care I how fair 
she be.” The Thematic Apperception Test (see PsvCHOLOGICAL 
"TESTS AND MEASUREMENTS: Tests of Personality and Tempera- 
ment) samples the needs of a subject or patient by having him 
describe what he sees in a series of pictures that can be given 
many interpretations. Sometimes children see desired objects as 
larger than undesired ones when all objects are of the same size; 
this tendency to subjective distortion has been measured in experi- 
ments that provide a set of neutral comparison objects. 

Social determinants operate like any of the other determinants 
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of perception. They may work, for instance, in a defensive man. 
ner, as when a person, given sufficient time to perceive a тар} 
exposed word, nevertheless fails to perceive it because it is 
unwelcome word, one that embarrasses or shames him, Percepiy) 
defense, as it is called, is an escape mechanism by which the 
organism avoids, either completely or partially, an intolerable e, 
perience. This case belongs with the contradictory perception 
of the hypnotic state, for presumably the respondent must fint 
have “seen” the word in order to be able to exclude it from his im. 
mediate memory. 

See HALLUCINATION; ILLUSION; PARAPSYCHOLOGY; Psycyo, 
ocv; PsvcHoLocy, History OF; see also references under “Percep. 
tion” in the Index. 
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(E. б. Bor) 

PERCEVAL, an important hero in Arthurian romance and 
Grail winner in the oldest extant account of the Quest for the 
Holy Grail, Le Conte del Graal or Roman de Perceval, written be 
tween 1179 and 1191 by Chrétien de Troyes (q.v.). Heis nol 
mentioned as one of Arthur’s knights in Geoffrey of Monmouthi 
Historia regum Britanniae, or in Wace’s poetic version of it, al 
though the name Peredur, which in medieval Welsh literature 
equated with Perceval, is mentioned in an early Welsh potm 
Gododdin (see WELSH LITERATURE). LM 

Perceval first appears as one of Arthur's knights in 4 list 0 
names at the beginning of Erec, the 12th-century romance A 
Chrétien de Troyes, and he is promoted to the rank of M 
Chrétien's last romance, Le Conte del Graal. Here his cit 
characteristic is an uncouth innocence, a variant of the, 5 
Fool” theme, and this remains his dominant characteristic й 
Arthurian romance. In Chrétien's poem, Perceval's faite " 
brothers having been killed in pursuit of chivalry, heis broug " 
by his mother in isolation from the world and in complete imm 
of knighthood. He meets some knights by chance, plies them 
naive questions and then determines to become à knight 
ignorance is shown by his strange behaviour during his a 
and on his arrival at Arthur’s court, but a great destin, у 
esied for him by a damsel and a court fool, He visits Ше 
Castle where he is received by the Fisher King who Be eil 
maimed by a spear thrust through his thighs. 
Sees a strange procession of a squire bearing а Jance, 
carrying ten-branched candlesticks, a damsel holding à #700 jit 
gives forth great light, and another damsel with a silver pm 
but he fails to ask the question which would have healed е ^ 
King and restored the Waste Land, It is only after [ys 
Grail Castle that he learns of the disastrous consequenti jo 
silence, first from a damsel, his cousin, and then from 4 of tt 
damsel. He sets out to find the Grail, and in the Tj wib 
romance this quest for the mysterious vessel is 285008 ed 
Perceval’s education in chivalry, He has a lady, Blanche yt 
unlike Lancelot (g.v.) his chivalry is not inspired by hU fot 
but is given а more spiritual motivation. As he 7° a 
Grail, so he gradually learns the true meaning of prt 
close connection with the teachings of the Church. 
finished the romance, although a number of con! 


tinuations 


jen, but it seems likely that had he done so, Perceval would 
returned to the Grail Castle and broken the spell by asking 
‘question about the Grail. 
"other works appear to be based on Chrétien's poem, al- 
there is some uncertainty as to their exact relationship 
ийй. These are the Parzival of Wolfram von Eschenbach (q.v.), 
the Welsh Peredur in the Mabinogion (q.v.), and the 14th-century 
Middle English rhymed romance, Sir Perceval of Galles. Perceval’s 
character remains fairly consistent throughout Arthurian romance, 
though his position in the hierarchy of Grail winners changes. 
fe is still the principal hero of two other French Grail romances, 
poth of the 13th century, the Didot Perceval and the Perlesvaus, 
along and complicated romance which relates the adventures of 
- Gawain, Lancelot, and Perceval (Perlesvaus) in the Quest for the 
Grall, However, in La Queste del Saint Graal of the Vulgate 
уй, the version which was to be the most widely read and to 
fave the greatest influence on later works such as the prose 
“Tristan (see Tristan) and Sir Thomas Malory's Morte Darthur, 
Perceval is only one of three knights (the others being Galahad 
ind Bohort) to achieve the Quest and is superseded by Galahad 
as chief Grail winner and as the knight entitled to the "Siege 
Perilous,” the seat at the Round Table reserved for the knight suc- 
tessiul in the Grail Quest. Perceval seems to have been displaced 
by Galahad for two reasons. First, to link the Grail Quest closely 
the story of Lancelot, and to give it its true significance, the 
‘Grail winner in the Lancelot prose cycle is made Lancelot’s own 
Galahad; second, the Grail theme itself has here been given a 
more austerely theological significance which demands a new Grail 
үн Perceval's past, one whose genealogy could be 
duod back to David and whose very name Galahad has been 
linked with the biblical place name, “Gilead,” one of the mystic ap- 
E of Christ, Perceval, however, both in the Vulgate-cycle 
‘Quest and in Malory still plays an important part. He preserves 
шн childlike innocence, already to be found їп Chré- 
Perceval, and it is this which protects him from temptation 
And sets him apart from the other knights. Unlike Galahad he is 
‘tot allowed to look into the Grail, but he sees in visions many of 
Ils mysteries and never returns to ordinary earthly life. 
Perceval figures as the hero of Wagner’s last opera, Parsifal 
(1882), in which, after various adventures, he heals the wounded 
em m riis spear and restores the service of 
e rmer glory. 
"Stt also ARTHURIAN LEGEND; GRAIL, THE HOLY; GAWAIN. 
r. L. Weston, The Legend of Sir Perceval, 2 vol. 
f 4 general study, but some of her theories are outdated ; 
‘Not generally accepted that Gawain preceded Perceval as Grail 
Or that a Perceval Quest once formed part of the Lancelot 
cle, For a detailed bibliography of texts and discussion of 
Па see J. D, Bruce, Evolution of Arthurian Romance from the 
g down to the Year 1300, 2nd ed. (1927) ; R. S. Loomis (ed.), 
Literature in the Middle Ages (1959): (E. М.К. 
mi ACEVAL, SPENCER (1762-1812), English statesman 
born minister from 1809 until his assassination in 1812, was 
Mn London on Nov. 1, 1762. He was the second son of the 
Canta of Egmont, Educated at Harrow and at Trinity College, 
bam. ы жаз ШЧ to the E Inn m я ШЕ 
S counsel in 1796. In the same year 
sa member for мона mes e prae 
m itt. In 1801, on the formation о 
at's deat маз appointed solicitor general, and from 1802 
dismissed th in 1806 he was attorney general. When the king 
mi у Де Grenville ministry in March 1807, Perceval, an 
the Rs of Catholic emancipation, became chancellor of 
lle dake eet and chancellor of the duchy of Lancaster under 
oe Portland, whom їп 1809 he succeeded in the premier- 
ў n May 11, 1812, Perceval was shot dead in the lobby of the 
pt vith Smmons by a madman named John Bellingham, a ies 
plied one grievance against the government who had vainly 
Me ase Deu for redress. Bellingham, though 
5 ged on May 18. 
Per Spencer Рес, шшщ (1963). (А. Ат.) 
б. “si either of two closely related, edible, freshwater bony 
> © common perch (Perca fluviatilis), generally distributed 
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over northern Eurasia, and the yellow perch (Р, flavescens), found 
in eastern North America. Together with the pike perches and 
darters they comprise the Percidae, a family of typical spiny- 
rayed fishes. Perches inhabit rivers and lakes but thrive best in 
waters with a depth of more than 
three feet; in large lakes they fre- 
quently descend to 300 ft. or 
more. The European form oc- 
curs in Scandinavia as far north 
as the 60th parallel; but the 
northern limit of the American 
species is about the 55th parallel. 
The species exhibit many varia- 
tions in shape, some specimens 
being high-backed, others low and 
long-bodied. A rich greenish 
brown, with golden reflections, 
covers the back and sides, which are ornamented with five or seven 
dark crossbands. A large black blotch occupies the membrane be- 
tween the last two spines of the dorsal fin; the pelvic, anal, and 
lower parts of the caudal fins are bright vermilion. 

Perches are carnivorous and voracious. They are highly es- 
teemed as food in inland regions, Exceedingly prolific, perch 
begin to spawn when three years old, depositing, in April or in the 
first half of May, the 10,000 to 40,000 eggs, which are extruded 
in long, netlike narrow bands on water plants. Perch often be- 
come so numerous and crowded that none has enough food and all 
remain small; they are then undesirable for food. 

Many spiny-rayed fishes belonging to a variety of closely related 
families are called perch, as surf perch (Embiotocidae) and some 
sea bass (Serranidae); distantly related families of the order 
Percopsiformes are also called perch, as trout perch and pirate 
perch. See Fisx; see also references under “Perch” in the Index. 

(C. Hv.) 

PERCHE, a district of northern France, on the borders of 
Normandy, lies mainly in the east of the département of Orne, 
with extensions into the adjacent départements of Eure, Eure-et- 
Loir, and Sarthe. Perche consists of hilly country, with summits 
between 700 and 1,000 ft. (213 m. and 304 m.), enclosing the upper 
basin of the Huisne tributary of the Sarthe and forming the water- 
shed between it and eastward drainage to the Eure and Loir. It 
is a district of pastoral farming, chiefly concerned with breeding 
cattle and dairying and especially famous for its breed of draft 
horses (Percheron). It lies north of the limit of viticulture, but 
cider-apple orchards are a ubiquitous feature of its hamlets and 
scattered farmsteads. Mortagne and Nogent-le-Rotrou are the 
chief market towns and in the Middle Ages were at different times 
capitals of the County of Perche. (An. E. S.) 

PERCHTA: see BERCHTA. 

PERCUSSION INSTRUMENTS, the name given to those 
musical instruments from which sound is produced principally 
by striking. They are divided into two main classes which some- 
times overlap: idiophones, in which sound is produced by striking 
or clashing together hard substances—wood, metal, etc.—and 
membranophones, in which sound is produced by vibrating a 
stretched skin, There are separate articles on all the main per- 
cussion instruments or classes of instruments in use in the modern 
orchestra or dance band; this article traces the development of 
early instruments, and also describes some unusual and interest- 
ing examples of instruments of this type used in folk music or 
in ancient civilizations. (See also ORIENTAL Music; CHINESE 
Music; JAPANESE Music; INDIAN Music; Arrican Music.) 

The first stage in the making of music and the development of 
musical instruments began when primitive man stamped on the 
ground or slapped his own body to produce rhythmic sound. The 
sounds produced varied in tone according to whether the heels or 
toes were used in stamping or whether bony or fleshy parts of 
the body were struck in slapping. With this preinstrumental music 
js associated the stamped pit, a hole dug in the ground and cov- 
ered at the top or midway down with a lid of bark. The earliest 
known prehistoric instrument, found always associated with the 
stamped pit in Paleolithic excavations, is the slung rattle, which 
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was shaken or hung from the ankle, arm or neck of the dancer. 
It consisted of several shaking pieces: nutshells, seeds, hooves, 
teeth or similar hard objects, The gourd rattle (a gourd contain- 
ing such hard objects) became an important instrument in ritual 
and to mark time for dancing. Like other primitive instruments 
it was believed to possess magical power. As a nursery toy, its 
modern equivalent soothes and amuses children. Under the name 
maraca (see below) it is an important instrument in the modern 
Latin-American dance orchestra. 

Primitive Drums.—Next in chronological order are the slit 
drum and the membrane drum found in Neolithic excavations. In 
its earliest form the slit drum was a hollowed tree trunk, the 
fashioning of the cavity giving the drum two distinct tones, one 
on each side of the opening. The original instrument was stamped 
upon, rammed with long sticks or struck with cudgels, the tone pro- 
duced being of considerable resonance and carrying power. Exist- 
ing specimens measure up to 20 ft. in length and 7 ft. in width. 
The size of the instrument diminished as it developed. In the 
modern orchestra, the slit drum is found in the form of the Chinese 
wood block, a small percussion instrument with з clear, penetrat- 
ing tone. 

The drum became indispensable in primitive life. Credited 
with powers of magic and having numerous other functions, it was 
held to be the most sacred of instruments, and was therefore de- 
veloped in several forms. The early membrane drum, which was 
struck with the bare hands, consisted of a section of hollowed tree 
trunk covered at one end with reptile or fish skin. Later, the end 
was covered with the skin of hunted game or of cattle, and sticks 
were used for striking the drum, which was played in an upright 
or slanting position, according to its length. The double-headed 
drum came later, and, with the advent of pottery, the clay drum, 
an earthenware vessel taking many shapes—goblets, cups, etc. 
Various methods were used for fastening the skins, some of which 
are still in use. The skin might be secured to the single-headed 
drum with pegs, nails, glue, buttoning or neck lacing with cord, 
while the skins of the double-headed drum were directly cord- 
braced (i.e., laced through the holes of the skin). 

Each of the early civilizations furnishes evidence of the develop- 
ment of the drum. А vase from Adab (с. 3000 в.с.) and other 
objects found in Mesopotamia at this period illustrate the shallow 
or frame drum and small cylindrical drums being played in hori- 
zontal and vertical positions. A drum (nailed head) as tall as 
the two players is depicted on a Sumerian vase of the same period. 
Early Egyptian artifacts show a drum with the skins stretched by 


(LEFT) BARREL DRUM, NAILED HEAD; (RIGHT) WOODEN FISH (TEM- 
PLE BLOCKS), ONE SHOWING CARVED HANDLE, THE OTHER SHOWING **MOUTH' SLIT IN BOTTOM 
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a network of thongs, and provide 
evidence of the use of clapper 
and concussion sticks, Struck 
together, the latter were Used to 
scare birds, as a musical ing. 
ment to accompany ritual dants 
and to provide rhythm for work 
in the fields and at the Stamped 
wine press. An ancient tomb of 
the Egyptian kings in the cata 
combs of Eleithya, near Thes 
depicts a group of perforin 
women, one of whom hold; 
curved concussion stick in ead 


hand. 
The origin of the hours 
drum is obscure. A waisted 


drum, narrower in the midde 
than at the ends and little longer 


than it is wide, is seen on one di 
the Bharatat reliefs, the oldest 
Indian temple reliefs (2nd cen 
tury в.с.). The instrument i 


suspended from an ape's shoul 
ders, and is being played with two 
sticks by the animal. The Indian 
clapper drum (damaru), à smal 
drum which is similar in shapeto 
the hourglass, has one or two cords fixed in such a manner that 
they strike the skins when the instrument 15 moved to and fro. М 
hourglass: drum with movable pitch (kalengo) is still used it 
Nigeria. Leather thongs stretch from end to end, connecting the 
two membranes. The drum is held in the hand or under the ат, 
the player squeezing the cords or releasing the pressure to alter the 
pitch. The kalengo is played with the hands or a curved Ван 
stick. It is used by the Yoruba for their Sakara dances and si 
naling. Skilled players are able to make the drum follow theit 
own tonal language and to interpret it. The manufacture of a 
important drum involves considerable ceremony, and its use 
observed with time-honoured customs. In east Africa, the dram 
is considered holy and the drumyard a place of refuge. The 09 
nation drums are struck with sticks made of human tibias, 
offerings such as cattle are made to the royal instruments. 
plex rhythms characterize the playing of African drums 4 
The barrel and shallow nail drum are associated with India 
the far east. The wooden frame of the shallow Chines! " 
is lacquered red, as a symbol of happiness, and the Hd 
blematically adorned with the dragon and phoenix. The fea 
normally suspended on a stand, the player striking the cen ving i 
leather-knobbed sticks, named male and female. A sp 
fixed inside certain types of shallow drums of Chines 
spring strikes the inner side of the skins w 
are struck: Giant drums were used in Asia in war. 
players (who were madmen recruited from prisons) tefo 
to wagons drawn by oxen, and placed at the head of bat em 
tion. The frenzied performers pounded their instrum 
ceasingly with heavy clubs and whips. The strength E 
from the opposing sides often proved a decisive factor js sil 
flict. The giant drum of the Chinese called Hiuen-K0u 
have been invented for use in the imperial palace S "T 
This instrument was a barrel drum with nailed heads, 4 al 
four inches in diameter and depth. It oscillated on 
prepared stand and had a smaller drum on each ee jt dum 4 
The wooden fish (China and Japan) is a form б^ т 
pertly carved to resemble a mythical fish. The th иш 
hollowed out through a ventral slit representing e ре? 
open mouth, lacquered red and gold and is struck i pe at 
painted stick similarly coloured. It is beaten to attra’ 
tion of the divinity, and is tolled in slow temp? dr und if i 
funeralservice. In modern times the wooden fish is ү x^ 
sizes in western orchestras under the name of temp 
often replaces the coconut shells used to imitate 
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hooves, and it adds humour to numerous situations on film (cleavers), and an assortment of marrow bones. A complete 
radio such as the sound ofa popping champagne cork. octave, rendering the effect of a peal of bells, was produced from 
The tabla player, who is a prominent musician in Indian cham- the cleavers, and rhythmic features were provided by striking 
jer music, performs on two drums, the bayan and daina. The the bones and also drums. Important weddings brought these 
piyon а small kettledrum (metal shell) with skin stretched by players considerable remuneration both for their attendance and 
means of leather thongs. T he daina has the shape of a truncated their abstention. On being informed that the “orchestra” intended 
one, is made of wood and is painted in multicoloured stripes, The to serenade the couple, the father of the bride would seldom 
skin is stretched by leather thongs which are tightened by movable refuse the gratuity in advance to escape the infliction. The mar- 
wooden dowels. Circular patches of a substance resembling hard row bones and cleavers can be observed in use in plate VI of 
uber ате affixed to the vellum of each drum. The skins are Holbein’s series "The Wedding of the Industrious Apprentice to 
truck with the hand, finger tips, or side of the thumb and vibrated His Master’s Daughter” (1538). An early use of percussion in- 
ly friction, the ingenious rhythms being enhanced by the different struments in domestic music making is seen in Bottom's remark 
ones obtained from various parts of the vellums. A skilled tabla in A Midsummer Night's Dream “. : . I have a reasonable good 
yer ranks as а virtuoso. Nakers is the name given in medieval ear in music. Let's have the tongs and the bones." A domestic 
times to small hand-drums with bowl-shaped bodies made of metal instrument associated with the marrow bones and cleavers was 
precursors of the orchestral timpani. MNaggdéra is the Arabic е saltbox. It was beaten with a rolling pin in such a manner as 
mme for similar instruments, which came to Europe as the result to produce varying sounds, and was used to provide a rhythmic 
of the Crusades. Nakers are often mentioned in medieval litera- accompaniment to an instrumental ensemble. The verse in Bon- 
ture, and depicted in the Louterell Psalter of the early 14th cen- nell Thornton's burlesque “Ode to St. Cecilia's Day" (1763), which 
шу, where a pair is seen suspended in front of the player by a so amused Dr. Johnson, describes the method of performance. 


Мар round the waist, a stick being held in each hand. In Hol- TU Mans more exalted the salt-box shall Join, 
bein’s wood engraving “Dance of Death” Death is seen beating a And clattering and battering and clapping combine; 
dnm with a thighbone.° ‘The instrument is similar in appearance With a rap and a tap while the hollow side sounds, 


(oand positioned like the medieval naker: Up and down leaps the flap, and with rattling rebounds. 


Bongoes are small Cuban drums, bucket-shaped wooden vessels The steel band originated in Trinidad; the instruments con- 
with strong vellum heads which are struck with the fingers and sisted at first of trash can (dustbin) lids, and later, of oil drums. 
thumb, ‘They form part of the Latin-American orchestra and It is believed that these domestic appliances replaced various 
modern dance bands and consist of a pair of drums of different bamboo instruments, and that the authorities prohibited their 
sie and pitch, normally tuned a fifth apart. The instruments are use on feast days in view of their possible use as weapons during 
fixed together, and held between the knees or affixed to a stand. periods of unrest. Dents are skilfully fashioned in metal re- 
Timbales, the French name for kettledrums, is a term loosely ap- ceptacles of varying size, and the base of the depression struck 
plied to instruments in the form of large bongoes in the Latin- with a mallet. The pitch of the note is determined by the diame- 
American orchestra. They are a pair of drums mounted on a ter and depth of the indentation. The steel band in commercial 
Sand and played with sticks. Often the player also performs entertainment has a considerable musical attraction, the range of 
ona cowbell or paila; the latter was originally an upturned bucket the instruments covering four chromatic octaves. 
bit Was later made in the form of a metal plate. (See Drum; Bell Instruments.—The Turkish crescent (chapeau chinois or 
Music, PRIMITIVE; Music IN ANCIENT CIVILIZATIONS.) jingling johnny) is an instrument introduced into the military 


Percussion Groups.—Marrow bones and cleavers is the name bands of Great Britain and elsewhere about 1800, at the time of 
given to the traditional music of the butchers of England and the popularity in western Europe of Janissary music. The crescent 
Scotland, for which the meat vendors of the old Clare market, is an upright pole surmounted by a tent-shaped construction and 
London, werelong famous. The players produced a musicaleffect metal headpiece, composed of a crescent and other symbols, from 


om their implements by a skilful manipulation of their knives 


which points and elsewhere on the pole hang small bells and 
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jingles. Plumes made from horsetails further ornament the in- 
strument, the bells and jingles of which are shaken in rhythm. 

The sistrum is an instrument of percussion of definite pitch (oc- 
casionally found in Italian scores) consisting of a series of small 
mushroom-shaped bells, mounted in pyramid-fashion on a handle. 
The compass of the instrument ranges from one to three octaves, 
with the bells mounted diatonically in a single row, or chromati- 
cally in two rows, (See GLOCKENSPIEL; BELL.) The tubaphone 
was a popular solo instrument in the military band repertoire 
during the early part of the 20th century. It consisted of a series 
of short metal tubes arranged in a frame in two rows. Similar 
in design and sound to the orchestral glockenspiel, it was played 
in the same manner. The jingles are a spray of bells, or metal 
pieces, smaller than the normal sleigh or harness bells. 

Percussion Instruments in the Orchestra.—"Slap-Stick" is 
a device used in the orchestra to produce the sound of the crack 
of a whip and consists of two pieces of wood hinged at the base. 
Maracas are Latin-American percussion instruments used in pairs 
in the rumba band. Each maraca is a gourd, or substitute, fixed 
to a handle filled with dried seeds which rustle when the instru- 
ment is shaken, or alternatively produce a clicking sound when 
the gourd is tapped with the forefinger. (See above.) Claves are 
round sticks of hardwood six to eight inches in length. In the 

Latin-American dance orchestra, rhythm is marked by the claves 

which the player strikes in a recurring pattern. One piece of 

wood, held over the upturned fingernails of one hand, is struck 
with the other, held lightly in the manner of a drum stick. Bones 
are a percussion instrument used in the 19th-century British or 
American Negro minstrel band. Two pieces of a rib bone of an 
animal are held between the fingers and clicked together, The 
cabaça is a Latin-American instrument consisting of a calabash 
shell surrounded with a network of beads. The handle of the 
саһаса is held in the right hand with the bowl of the instrument 
resting in the palm of the left hand. Rotation of the handle causes 
the resonant bowl to turn within its network of beads, producing 
a gentle rasping sound, The guiro (known also as scraper or 
reso-reso), an integral part of the modern rumba band, is a calabash 
gourd, or short length of bamboo stem into which is plowed a 
series of deep grooves in regular formation, Sound is produced 
by drawing over the grooves a thin strip of bamboo, or similar 
rigid object. 

See also MUSICAL INSTRUMENTS and references under “Регсиѕ- 
sion Instruments" in the Index. 

See Curt Sachs, The History of Musical Instrum 2 i 
W. Galpin, Old English pue of js ا‎ mie WW 

PERCY, a family whose deeds are prominent in English his- 
tory. It was founded by WILLIAM DE Percy (c. 1030-96), a fol- 
lower of the Conqueror, who bestowed on him a great fief in 
Yorkshire and Lincolnshire. The register of Whitby abbey, which 
he founded anew, and in later days the heralds, were responsible 
for exaggerating the origin and pedigree of the family. By Emma, 
daughter of Hugh de Port, a great Hampshire baron, William was 
father of several sons, of whom ALAN the eldest succeeded him. 
His grandson WiLLIAM (d. 1175) was the last of the house in the 
direct line, and left two daughters and coheiresses, Maud countess 
of Warwick, who died childless, and Agnes. Agnes de Percy had 
married Jocelin, brother of Queen Adelaide, second wife of Henry 
I, and from this marriage descended the second house of Percy 
(which name it assumed), till its own extinction in the male line 
five centuries later (1670). By it was brought into the family 
the great Petworth estate in Sussex, which Jocelin had obtained 
from his sister. His son RICHARD (c. 1170-1244) was one of the 
i ae to enforce the observance of Magna Carta 
and in was an active supporter i i 
King John. pporter of Louis of France against 

HENRY DE Percy (1273-1314) was one of Edward I’s most 
active agents in the subjugation of Scotland until the success of 
Robert Bruce drove him out of Turnberry castle, and made him 
withdraw into England. Summoned to parliament as a baron 
in the time of Edward I, he later, as one of the lords ordainer. 
supported. the baronial opposition to the personal rule of Ed- 
ward IL Hitherto the family had been mainly connected with 


PERCY 


Yorkshire, but Henry gave its fortunes a new direction by р, 
purchase of lands in Northumberland from Antony Bek iH 
of Durham, among them the great lordship of Alnwick, Which 
became the principal seat of the family. Henceforth the Pen 
now the greatest landowners in Northumberland, heme 
principal guardians of the northeastern border against the Scot 
and successive members of the family served regularly as vie 
of the marches. 

Henry’s son, another Henry (c. 1299-1352), did splendi 
service to his sovereign by defeating and taking prisoner David Il, 
king of Scotland, at the battle of Neville’s Cross (1346), 

To him succeeded his son, another Henry PERCY (1 322-1366) 
a feudal baron like his predecessors, who fought at Crécy durig 
his father's lifetime and whose brother THOMAS PERCY (133, 
1369) was bishop of Norwich from 1356 to 1360. Henry's sm 
Henry Percy, rst earl of Northumberland, father of the fami 
Hotspur, SIR HENRY PERCY (qg.v.), was killed at Bramham Mor 
in 1408, his title and estates being forfeited after his rebellion iı 
1405. Henry V formally restored them in 1416 to this eats 
grandson, HENRY (1394-1455), then a prisoner with the Scots 
whose liberation he procured. For the later history of the family 
see NORTHUMBERLAND, EARLS AND DUKES OF. (C. D, R) 

BIBLIOGRAPHY ~E. B. De Fonblanque, Annals of the House o] Рид 
(1887), and G. Brenan, History of the House of Percy, М.А. Lindsy, 
ed. (1902), both somewhat adulatory; Surtees Society, vol. 117, ТК 
Percy Chartulary (1911) ; Northumberland County History Commit. 
tee, History of Northumberland (1893-1940) ; W. Dugdale, The Ви 
age of England (1675); G. E. C(okayne), Complete Peerage, revised 
ed., vol. ix and x (1936, 1945). 

PERCY, SIR HENRY, called Нотѕрок (1364-1403), eldest 
son of Henry, 1st earl of Northumberland, was born on May Ld 
1364. He saw active service when he was 14 at the siege d 
Berwick, After 1384 he served almost continuously as warden d 
either the East or the West March toward Scotland, and his ae 
in border warfare won him the name of Hotspur from his o} 
ponents. In popular story and ballad he is known as one of the 
heroes of Otterburn or Chevy Chase. In the summer of 1388 the 
Scots sent a small body under the earls of Douglas, March, 
Moray to invade Northumberland. The earl of Northumbel 
dispatched his sons Sir Henry (knighted in 1377) and Sir 
against the enemy. In hand-to-hand fighting before the walls 
Newcastle, Douglas is said to have won Hotspur's pennon, V 
he swore to fix upon the walls of Dalkeith.. The Scots Ven 
treated to Otterburn where Hotspur, bent on recovering his рз 
attacked them оп Aug. 19. Douglas was slain in the battle, t u 
not (as is stated by the chronicler Thomas Walsingham) by 2 
spur'shand. Hotspur was captured by Sir John Montgomerie 
his brother Ralph by Sir John Maxwell. Hotspur was rele d 
the payment of a heavy ransom, to which Richard II contr 

In July 1399 Hotspur and his father were the first І um 
to join Henry of Lancaster (afterward Henry IV) on M m^ 
in England, and played an important part in his successful - 
tion. They were well rewarded for their support. s e 
appointed warden of the East March and captain of deli 
Castle, and received a series of offices and grants which ma 
virtual governor of northern Wales. With the young prince, ий 
(afterward Henry V), he led the Welsh campaign of n ing 
May was able to report considerable success ln p vi 
North Welsh, and the recovery of Conway Castle. Int ri 
of 1402 a Scots invasion of northern England led by A 
Douglas was met by Northumberland and Hotspur, 2? Ther 
were heavily defeated at Homildon Hill (Sept. 14). 
the Percys became, in the words of the chronicler 4 qu 
“too much puffed-up,” and their relations with the EE yn» 
Roxburgh had already been taken from Hotspur In March yg 
given to the earl of Westmorland. In disputes over 
ле r ыш Hill, the king refused to ame 
те ouglas as his personal prisoner. Nor wou! ‘ath, 
him to ransom his brass Draw, Sir Edmund Morti: T 
the hands of the Welsh rebels, Financial grievant? "m 
these differences. The Percys were unable to secuti Porth 
much of the money owed them for their charges In anand! 
in Wales, and were impatient of Henry’s genuine 


‚ By 1403 it was clear that the king could not be so easily 
ed as they had hoped, and, with the precedent of king- 
ng still fresh, they determined to replace him on the throne, 
July 1403 Hotspur raised the standard of rebellion in Chesh- 
where Richard II had won for himself a special loyaliy. 
was accused of having broken his promises, of murdering 
rd II, and of excluding from the throne Richard’s legitimate 

‚ the young earl of March, to whom Hotspur was related 
ош his wife, Elizabeth Mortimer. The king's speedy action 
nted Hotspur’s occupying Shrewsbury and joining his Welsh 
у, Glendower, and on July 21, 1403, Hotspur, accompanied by 
cle, Thomas Percy, earl of Worcester, and the earl of Doug- 
ith a force of Cheshire men, was forced to give battle out- 
Shrewsbury. Hotspur was killed, the earls of Douglas and 
orcester were captured, and the rebel army dispersed. Worces- 
was executed two days later. Percy's body was buried at Whit- 
h, about 16 mi. N of the battlefield, but was disinterred two 
later to be exhibited in Shrewsbury. The head was cut off 
fixed on one of the gates of York. 

IocRAPHY.—]. Н. Wylie, History of England Under Henry the 
lh, 4 vol. (1884-98) ; C. L. Kingsford, English Historical Literature 
he Fifteenth Century (1913) ; E. Е. Jacob, The Fifteenth Century 
(1961); J. M. W. Bean, “Henry IV and the Percies,” History, vol. 
‘ly (1959). (C. D. R.) 

PERCY, THOMAS (1729-1811), English scholar and bishop, 

hose Reliques of Ancient English Poetry (3 vol, 1763) made 
poetry of popular tradition accessible to educated readers 
dso transmitted its strength and simplicity to the early Ro- 
їс poets. Based on a tattered manuscript (known as the 
Folio), itself a collection of earlier poems written down 
in the 15th century, and, when Percy found it in a friend's 
about to be used to light a fire, the Reliques incorporated 
ity ballads, songs, and medieval romances supplied by friends 
Û, at Percy's request, "rommaged" in libraries, attics, and ware- 
for manuscripts and early editions. The judgment with 
ich it was edited, despite some sacrifice of authenticity to reada- 
influenced concern for original sources and collation of texts. 
m at Bridgnorth, Shropshire, on April 13, 1729, and edu- 
Lat Christ Church, Oxford, Percy held livings in Northamp- 
ite, at Easton Maudit (1753) and Wilby (1756). The Rel- 
dedicated to the countess of Northumberland, gained him her 
mage, and after editing The Household Book of the Earl of 
Munberland in 1512 (1768), а pioneer work of its kind, he 
€ the earl’s chaplain and secretary. Through the Northum- 
d interest he acquired in 1778 the deanery of Carlisle and 
the Irish bishopric of Dromore, where he died on Sept. 30, 
Percy’s geniality and scholarly interests made him many 
Johnson, who encouraged him to edit the Reliques and 
led his "minute accuracy of enquiry"; William Shenstone 
‚ who shared in its planning; Thomas Warton, who ransacked 
d libraries for comparative texts. With these, and with many 
y he discussed, by letter, his work and theirs, He has been 
the most knowledgeable man of his age." Translations 

inese, Hebrew, Spanish, and Icelandic, and the first English 
n of the Icelandic Edda (from Latin, in Northern Antiquities 
1770), show his linguistic ability, His projected edition of 
And Surrey, based on early texts; on his discovery, after 
Search, of Wyatt's Psalmes and Surrey's Aeneid and Ecclesi- 
a 9n the critical insight that made him the first to point 
j tionship between Petrarch and Surrey, illustrates his 
коа, Above all, his voluminous correspondence, tire- 
Peeking and generous and perceptive in offering information 

18е, confirms his determined pursuit of factual accuracy, 
Aces In context the work for which he is principally remem- 


. ted from the Spanisi 
7 (1932) ; I. L: Churchill, “Т! 
ohnson (1949), 
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PERDICCAS, the name of three kings of Macedonia who 
reigned respectively in the 7th century B.C., c. 450-413, and 365- 
359. and of one of Alexander the Great's generals (c. 365—321) ; 
the last is the subject of this article. 

Son of Orontes and a descendant of the princes of Orestis, one 
of the Macedonian provinces, Perdiccas served with distinction in 
Alexander's campaigns. At the time of Alexander's death (323) 
he had acquired a leading position at the court and in the army. 
He led the aristocratic party which supported the claim of the 
unborn child of Roxana, Alexander’s widow, to the succession, 
After the compromise under the terms of which a joint kingship 
and a division of the powers of regency were arranged, Perdiccas 
exercised a wide authority in Asia as "supreme general" and soon 
began to act as if he meant to make himself master of the whole 
empire. This attempted usurpation was strongly resisted by the 
regional governors Ptolemy in Egypt and Antigonus in Phrygia 
and by Perdiccas’ colleagues in the regency, Craterus and 
Antipater. In 322 Perdiccas conquered Cappadocia and installed 
as satrap his most reliable and efficient subordinate, Eumenes 
(q.v.) of Cardia. Antigonus refused obedience and fled to Europe, 
where he persuaded Antipater and Craterus that Perdiccas must 
be destroyed. Leaving Eumenes to hold Asia Minor against 
Craterus and Antigonus, Perdiccas marched against Ptolemy, But 
when he failed to force the Nile mutinous officers led by Peithon 
and Seleucus murdered him (321). 

See F. Geyer in Pauly-Wissowa, Real-Encyclopüdie der classischen 
Altertumswissenschaft, vol. хіх, 590-614 (1937). (К.Н. Sr.) 

PEREDA, JOSE MARIA DE (1833-1906), Spanish writer, 
the acknowledged leader of the modern Spanish regional novelists, 
a realist in the tradition of Cervantes and the picaresque writers. 
Born at Polanco near Santander on Feb, 6, 1833, of a family noted 
for its fervent Catholicism and its traditionalism, Pereda looked 
an authentic hidalgo. His first literary effort was the Escenas 
montafiesas (1864), starkly realistic sketches of the fisherfolk of 
Santander and the peasants of the Montaña. There followed other 
sketches and early novels of pronounced controversial spirit, such 
as El buey suelto (1878), a counterpart to Balzac's thesis in 
Petites misères de la vie conjugale; Don Gonzalo González de la 
Gonzalera (1879), a satire on the revolution of 1868 and a eulogy 
of the old patriarchal system of government; and De tal palo tal 
astilla (1880), a protest by a rigid Catholic against the liberal re- 
ligious tendencies advocated by his friend Benito Pérez Galdós in 
his novels Doña Perfecta and Gloria. With the exception of 
Pedro Sánchez (1883) and La Montálvez (1888), all his novels 
have a Montafia background. 

Pereda's best work, one of the finest Spanish novels of the 19th 
century, was Sotileza (1884), an epic of the Santander fisherfolk 
and a genuine novel of customs. The author's avowed aim was to 
paint the life of the old Santander fisherman with its virtues and 
its defects, and he has done this with great sympathy and realism, 
A masterpiece of characterization is the portrait of Sotileza, the 
haughty and enigmatic fishergirl. 

Pereda resembles Thomas Hardy in his regionalism and Dickens 
in his love for the “good old days,” but in his virile realism, tinged 
with a fund of human sympathy, he is thoroughly Castilian. He 
was not a good psychologist nor a good story-teller, but he pos- 
sessed the gift of creating human characters, particularly of the 
humbler variety, and, with his mastery of rich and flexible lan- 
guage, he excels, above all, as a painter of nature, in all its aspects, 
Pereda died at Santander on March 1, 1906, 

——]osé Montero, Pereda: biografía critica (1919); 
сь, La obra literaria de Pereda tase ; Jean Camp, 
José Maria de Pereda; sa vie, son oeuvre et son temps (1937), 

(Ju. M.) 

PERE DAVID’S DEER, a large, rare Asian deer, unknown 
in nature within historic time, that differs from all other deer in 
shedding its antlers twice, rather than once, each year, It is 
Elaphurus davidianus, the only species of its genus, Presumably 
its original home was in northern China, and fossil remains have 
been found in Japan. It is now found only in confinement on 
estates and in zoological gardens, This unusual deer stands more 
than three and one-half feet at the shoulder. The pelage is tawny 


600 PEREGRINAT 
red in summer, becoming uni- aL x E аа 
formly grayish in winter; the un- 
der parts, rump, area around the 
eyes, and muzzle are whitish. 
Fawns are spotted with white. 
The antlers, up to three feet long, 
fork shortly above the burr, the 
front prong branching once and § 
the hind prong extending back- 
ward, unbranched. The long, 
bushy tail, reaching the hocks, is EID OF NEW YORK ZOOLOGICAL $0- 
another unique feature of this Sucks AND pog or PERE DAVID'S 
deer, DEER (ELAPHURUS DAVIDIANUS) 

Description of this deer was 
based on specimens obtained in Peking in 1866 through a French 
missionary, Pére Armand David. Fortunately, before the Peking 
herds were destroyed around 1900, translocations to various Euro- 
pean estates had already been made. See also Deer. (H. K. B.) 

PEREGRINATIO ETHERIAE (PILGRIMAGE or ETHE- 
RIA), the anonymous incomplete Latin account of her travels in 
the Middle East written by a nun from western Europe for her 
colleagues at home toward the end of the 4th century Ap. It is 
important for the information it gives about religious life and 
the observances of the church year in the localities visited, which 
include the chief holy places of the Old and New Testaments in 
Egypt, Palestine and Syria. There is a detailed description of the 
daily and annual liturgical activities at Jerusalem. Discovered 
in 1884 by J. Е. Gamurrini in an llth-century manuscript at 
Arezzo, the account was first attributed to Silvia, the sister of 
Rufinus, but in 1903 it was shown that the author was a Spanish 
nun called Etheria or Aetheria (variants are Egeria and Eucheria). 
The date of the account, which depends on internal evidence, lies 
between 363 and 540; most scholars agree that within this period 
the most likely date is during the last years of the 4th century. 
See also CHURCH YEAR: Jerusalem. 

Brstiocr\pHy.—Edition with French trans. by H. Pétré in Sources 
chrétiennes (1959) ; Eng. trans. by M. L. MacLure and C. L. Fettoe 

(1919). See also A. Bludan, Die Pilgerreise der Aetheriae (1927). 

PEREGRINUS PROTEUS (2nd century a..), Greek Cynic 
philosopher celebrated for his spectacular suicide. According to 
Lucian, whose letter “On the Death of Peregrinus" is the main 
source of information about him, he was suspected of parricide in 
his youth and had to emigrate from his native city of Parium in 
Mysia. He later took up residence in Palestine, but his influence 
in the Christian community there led to his being arrested. On 
his release he left Palestine and became estranged from the Chris- 
tians, In Egypt he met the Cynic philosopher Agathobulus, whose 
views he combined with what he had learned from Christianity 

(see Cynics), He next went to Rome, but was expelled by the 
prefect for insulting the emperor Antoninus Pius. Aíter leaving 
Rome he went to Greece, where he was at first well received, but 
compromised his popularity by disparaging the public benefactor 
Herodes Atticus. He then announced his intention of cremating 
himself and finally did so on a funeral pyre during the Olympic 
Games of A.D. 165, in the presence of many spectators, among 
whom was Lucian. 

Though Lucian's account of Peregrinus represents him as an 
opportunist and an exhibitionist, not all ancient authors agree, 
and modern scholars are inclined to think of him as sincere, how- 
ever abnormal, in his enthusiasms. The influence of Oriental 
religion is suggested by the manner of his death, He assumed the 
name Proteus in allusion to the ever-changing mythological Proteus. 

See Lucian, “The Death of Peregrine,” i 
by H. W. and F. G. Fowler (1903); ako ent ре 
His Ria ас руй не der classischen Altertumswissen- 

; 

PEREIRA, NUNO ALVARES (1360-1431), called THE 
Hoty CONSTABLE, one of the outstanding Portuguese military lead- 
ers of his time, victorious throughout a long career of warfare, was 
born at Bonjardim, near Serta, on June 24, 1360, the illegitimate 
son of Alvaro Goncalves Pereira, prior of the Order of the Hos- 
pital of St. John of Jerusalem. On the death of King Ferdinand 
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(October 1383), he came forward at once as a supporter of the | 
master of Avis, the future King John I (g.v.), in defense of Porty. 
gal’s independence against the claims of Ferdinand’s heiress 
Beatriz, who had been married to John I of Castile. His talent 
soon became manifest, and it was his army that defeated the Cas. 
tilians in the Battle of Atoleiros (April 6, 1384). Further heroic 
actions won him appointment to the office of constable of the 
kingdom in 1385. The victories at Aljubarrota (Aug. 14, 1385) 
and at Valverde (Oct. 15 or 16), which demonstrated Portugal 
military superiority over Castile and assured the nation's ind. 
pendence, were largely due to his resolute conduct in leadership 
and in action; and he took part in the subsequent fighting against 
the Castilians until the peace of Oct. 30, 1411. Finally he gave 
all his support to the expedition that captured Ceuta from the 
Moors in 1415. His sovereign heaped honours upon him, giving 
him the countship of Ourém, Barcelos, and Arraiolos, with exten. 
sive lands and properties. By his wife, Leonor de Alvim, the con. 
stable had a daughter, Beatriz, who was married to John I's legiti 
mated son Afonso and so became the ancestress of the house of 
Braganza (g.v.). Pereira, who had had a Carmelite house built 
in Lisbon in fulfillment of a vow, entered it himself as Friar 
Nuno de Santa Maria in 1423. He died there on April 1, 1431, 
Pope Benedict XV beatified him on Jan. 23,1918. (V, К,А) 
PEREIRA DE SOUSA, WASHINGTON LUIS (186 
1957), president of Brazil, was born at Macaé, Rio de Janeiro, 
Oct. 26, 1869, He was reared in and identified politically with 
the state of São Рашо. A career politician for over 30 years, he 
held numerous public offices, including those of mayor of the city 
of São Paulo and of state governor (1920-24), His most Tasting 
contribution as president was the initiation of an ambitious high- 
way construction program, which was expanded by his successors 
Under the political system of the time his election as president 
in 1926 had been assured by his predecessor. However, in tht 
revolution of 1930, led by Getülio Vargas, the old system cole 
lapsed. Pereira de Sousa was deposed and exiled to Europe three 
weeks before completing his term. He was thus the last president 
of the so-called “old republic," He returned to Brazil in 1941 
and died in São Paulo on Aug. 4, 1957. (R. E. P.) 
PEREKOP, an isthmus in the Ukrainian Soviet Socialist Re 
public, U.S.S.R., between the Karkinitski Gulf of the Black Set 
and the Sivash, or Putrid Sea, which links the Crimea to the үт 
land, At its narrowest it is only five mile: As the ony 
land route to the Crimea, until the rail causev he's! 
was built in 1873, the isthmus for long had great strategic sign 
cance. An earthen bank and ditch across it at the narrowest P^ 
are of prehistoric date and are believed to have given the name У 
Taphros (“ditch”) to а nearby Greek colony. In the 13th id 
tury Perekop. with the rest of the Crimea, passed to the Tata 
Their khan, Mengli Ghirai, in the late 15th century pa 
dike and erected fortifications, including a new fort, Or- i 
on the site of Taphros, where the village of Perekop now bU 
The isthmus has been the scene of many battles. notably the ] 
sian onslaughts in 1736 under B. К. Minikh, in 1738 undei ij 
Lassi, and їп 1771 under Prince V. M. Dolgoruki. In 1% 
Red Army under M. V. Frunze defeated Gen. P. N. Wrangel (hert 
and during the German advance of 1941 and retreat of I 
were fierce engagements at Perekop. A road, a railway, ® 
irrigation canal now enter the Crimea by the isthmus. n 


(E. ran 
PERETZ, ISAAC LEIB (1852 or 1851-1915). Yu 
Hebrew man of letters, especially remembered for his ske PN 
Hasidic life whose rich spirituality he portrays with symp 52, of 
understanding, was born in Zamosc, Pol. on May 18, al J" 
May 20, 1851, A brilliant student. he acquired a tradi, | 
ish education before turning to secular studies partly bs t 
guidance of his father-in-law. A disciple of the mow genret 
enlightenment, Haskalah, he wrote poems in Yiddish a 0 
criticizing Jewish customs, meanwhile earning à liveliho0 abe 
attorney at law. Compelled to leave his native tow? ee in 
cause of a conflict with the authorities, he became 4 en ma 
Offices of the Jewish congregation in Warsaw, but was 1 "he ш 
for some months їп 1899 for socialist activities. During 
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rs of his life he became the recognized leader of the Yid- 
ment, whose aim—in opposition to the Zionists—was 
jp create а complete cultural and national life for Jewry in the 
Diaspora with Viddish as its language. A prolific and versatile 
writer of poems, short stories, dramas, allegories, satires, humour- 
qus sketches and feuilletons, Peretz was partly instrumental in rais- 
ing the standards of Yiddish literature to a high level. Although 
gathingly critical of the traditional modes of Jewish life and 
(hé bitter inequalities of the wider social order, he also recognized 
ihe nobility of spirit so frequently shrouded by a poverty-stricken 
and ugly environment. His stories, which are largely concerned 
wih humble lives, are episodic but keenly penetrating, while his 
sympathy for the poor and friendless is moving and sincere. He 
ded in Warsaw on April 3, 1915. 

BistroonAPRY.—Collected edition of Hebrew works (1899-1901), of 
Yiddish works (1901), of Hebrew works with Hebrew trans. of Yiddish 
works (1947-57) ; Russian trans, (1902-03). (D. Pa.) 

PEREYASLAV-KHMELNITSKI (formerly —PEREYA- 
say), a town in Kiev oblast of the Ukrainian Soviet Socialist 
Republic, U.S.S.R., stands on the right bank of the river Trubezh, 
fmi. (10 km.) above its confluence with the Dnieper and 45 mi. 
(2 т.) SE of Kiev. One of the oldest Russian towns, Pereya- 
sav (sometimes known as Pereyaslav Russki or Pereyaslav 
Yuzhni) was first mentioned in 907. In the 11th century the town 
flourished and was made the seat of a princedom by Yaroslav the 
Wise for his third son. There were princely and episcopal krem- 
ling at that time, and the commercial town was enclosed by ram- 
pts 3,500 yd, (3,200 m.) long, parts of which survive. In 1096 
the town was besieged by the Cumans (Polovtsy) and in 1239 it 
vas sacked by the Tatars. Thereafter the town passed to Lithu- 
mia and later to Poland but, after the failure of a Cossack upris- 
‘ng in 1648, the Cossacks under Bogdan Khmelnitski (Bohdan 
Chmielnicki ; q.v.) met at Pereyaslav in 1654 and acknowledged 
the supremacy of the tsars. After the Revolution the town’s 
mme was expanded to honour Khmelnitski. Modern Pereyaslav 
(1959 census, 14,361) is a small market town of only local sig- 
nificance, (В. А.Е.) 


n 
PEREZ, ANTONIO (1540-1611), secretary of Philip II of 
n Whose career presents one of the earliest examples of a 
бї familiar phenomenon, that of a man who is driven to treason 
оа of political absolutism in which he himself has played 
рүн part. Не was born at Madrid, the illegitimate son of 
mated 0 Pérez, secretary of the emperor Charles V, and was legiti- 
vil dim 1542. Charming, intelligent, and, through his father, 
Ned. Pérez quickly rose in the service of Philip II, 
P ro N the king’s secretary (1568) and secretary of several of 
tnis councils. A long line of historians, dramatists, and 
М s speculated on Pérez's supposed liaison with Doña 
lips f endoza, the one-eyed princess of Eboli and widow of 
t ые Ruy Gómez de Silva, although it is very unlikely 

е ї relationship was anything but a political alliance. 
is ett secretary was hated by many of the grandees and 
| n in the Spanish civil service. ,, The king’s favour was 
vith mie to safeguard himself, Pérez intrigued with all parties: 
n de E Їз half brother Don John of Austria and his secretary, 
John; pe Scovedo, against the king; with the king against Don 
Wien mes even with the Netherlands rebels against both. 
vedo Шо, then governor-general of the Netherlands, sent 
| libet pain in 1577 to plead for his plan to invade England 
expo € and marry Mary Stuart, queen of Scots, Pérez feared 
king that P» of his own intrigues. He persuaded the suspicious 
tason x OVedo was Don John’s evil genius and was plotting 
tez dud king gave his consent to the murder of Escovedo and 
Philip Ty ized his assassination on March 31, 1578. 
уз 1 5 never forgave Pérez for having forced his hand. On 
Por eleven 79, he had Pérez and the princess of Eboli arrested. 
| ү à full Tum Pérez remained in prison and all efforts to ex- 
‘led А nfession and all incriminating documents from him 
ed hims n 1590 he escaped from Madrid to Aragon and 
Ny, for f under the protection of the Aragonese courts. 
коео P first time, he accused the king of the murder of 
à ip thereupon tried to have Pérez handed over to 


ten yea 
dishist move! 
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the Inquisition, but the populace of Saragossa twice rioted (May 
and September 1591) and prevented this move. Philip consid- 
m ‘i rebellion and sent a Castilian army into Aragon (October 

Pérez fled to France in November. He spent the remainder 
of his life at the courts of France and England, carrying on 
his polemic against Philip II and contributing to the “black 
legend” about the king. After Philip II's death (1598), Pérez 
lost what little influence he had had. He failed to obtain a par- 
don from Philip III and died in poverty in Paris, on Noy, 3, 1611. 
„е ен of which there are many editions, was published in 

See G. Marañón, Antonio Pérez, 2 vol. (1947), abridged edition trans- 
lated into English by C. D. Ley (1954) ; K. O’Brien, That Lady (1946), 
a typical novel on the subject. » (H. G. Ko.) 

PÉREZ DE AYALA, RAMON (1880-1962), eminent 
Spanish novelist, poet, and critic, was born at Oviedo on Aug. 9, 
1880. He studied at Jesuit colleges and the University of Oviedo, 
traveled widely, wrote poetry, and indulged in journalism. The 
ruin and suicide of his father made him turn to writing as a pro- 
fession—so successfully that he was elected to the Royal Spanish 
Academy in 1928. A man of liberal, cosmopolitan outlook, Ayala 
worked for the establishment of the second republic and repre- 
sented it as ambassador to Great Britain from 1931 to 1936. He 
lived in Argentina for some years, but returned to Spain in 1954, 
His first novels, more or less autobiographical and realistic, were 
Tinieblas en las cumbres (1907), A.M.D.G. (1910)—a grim pic- 
ture of Jesuit education—La pata de la raposa (1912; English 
translation, The Fox's Paw, 1924), and Troteras y danzaderas 
(1913), a satirical presentation of Madrid literary and bohemian 
life. 

Three short tragic novelas poemáticas (1916) marked the tran- 
sition to Ayala's more stylized mature manner with its use of 
myth and symbolism. Belarmino y Apolonio (1921), by many 
considered his masterpiece, portrays with great comic force two 
rivals: the cobbler-philosopher whose preoccupation with language 
ultimately reduces him to silence, and the cobbler-dramatist, a 
garrulous extrovert. Luna de miel, luna de hiel (1923) and its 
sequel Los trabajos de Urbano y Simona (1923) describe a young 
couples emergence from sexual innocence into maturity. His 
last major work, in two parts, Tigre Juan and El curandero de 
su honra (1926; Eng. trans., Tiger Juan, 1933), is a reworking 
of the Don Juan and honour themes. His intellectual power, 
literary craftsmanship, sensitive use of language, and fine ironical 
humour make him one of Spain's foremost novelists. He died in 
Madrid on Aug. 5, 1962. 

See F. Agustín, Ramón Pérez de Ayala (1927); N. Urrutia, De 
Troteras a Tigre Juan (1960). z (H. B. Ні.) 

PÉREZ DE HITA, GINES (1544?-1619?), Spanish writer, 
is known for his authorship of the Historia de los bandos de Zegríes 
y Abencerrajes o Guerras civiles de Granada (modern edition by 
P. Blanchard-Demonge, 1913-15), the first Spanish historical 
novel and last important collection of Moorish border ballads, 
which punctuate the narrative like the lyrics in contemporary 
pastoral novels. The chivalrous Abencerrages (g.v.) of the first 
part (1595), which depicts the political disintegration of the king- 
dom of Granada preceding its fall, established the stereotype of 
the romantic Moor of European literature; the second part 
(1619), describing the campaign of 1568—71 against the Moriscos, 
in which the author served, is marked by compassion for the van- 
quished and a generous anger at Christian excesses. 

See P. Festugiére, in Bulletin Hispanique (1944). (Е. S. R.) 

PÉREZ GALDOS, BENITO (1843-1920), the greatest 
Spanish novelist since Cervantes. He was interested in the entire 
nation at a time when regionalism was prevalent; he looked for- 
ward to a more prosperous, free, and enlightened Spain. He 
revealed to Spaniards the meaning of their recent history and the 
forces which were making modern Spain, and also showed them 
their own national psychology through his masterly creation of a 
wide range of characters. 

Born at Las Palmas in the Canary Islands, 
Galdés went to Madrid in 1862 to study law, bui 


on May 10, 1843, 
t soon abandoned 


602 


the university for journalism. His youthful articles showed cau- 
tious liberalism in politics and intransigent opposition to the in- 
tolerant religious trends of the times. The same attitudes ap- 
peared in his early novels, the first being La fontana de oro (1870). 

Galdós saw that the Spain of the 1870s was the outcome of 
events of the Napoleonic Wars, an epoch neglected by Spanish his- 
torians. He began in 1873 to publish a series of historical novels 
—Episodios nacionales—which retold Spain's history from the 
Battle of Trafalgar (1805) to the death of Ferdinand VII (1833). 
For background material he used memoirs, old newspaper articles, 
and eyewitness accounts; thus his novels were vivid and accurate 
historically, and they achieved a great popular success. By 1879 
he had completed two series—each of ten volumes—and he then 
renounced the historical novel for the contemporary scene. 

He had already brought out four contemporary novels, begin- 
ning with Doña Perfecta (1876). In them the reforming spirit 
of his early period still prevailed. But after 1880 a new tone was 
struck, one of tolerant acceptance of Spain's idiosyncracies, of 
identification of the author with Spain, which he now chided be- 
nignly and admonished only indirectly for its faults. 

The new series, somewhat influenced by French naturalism, be- 
gan with La desheredada (1881) and reached its culmination with 
Fortunata y Jacinta (4 volumes, 1886-87), Galdós’ masterpiece 
and one of the monuments of world literature. Galdós had be- 
come the novelist of Madrid, displaying a phenomenal knowledge 
of the city which is the epitome of all Spain, and he had also be- 
come the analyst of the Spanish character, The realism which 
dominated this period gradually admitted more and more elements 
of spirituality, at first questioning their value—Angel Guerra 
(3 volumes, 1890-91)—later accepting the forces of the spirit 
as an integral part of reality—Nazarín (1895) and Misericordia 
(1897). 

In 1892 Galdós produced Realidad, his first acted drama. De- 
spite his denials, this work and his subsequent plays owed some- 
thing to the current interest in Ibsen. Galdós never handled the 
dramatic form with the same sureness as the novel; his career as 
a playwright was one of alternating stormy successes, often for 
fortuitous causes—e.g. Electra (1901) which expressed the 
progressive, anticlerical mood of a section of Spanish opinion 
and so achieved a spectacular success for political rather than 
literary reasons—and of equally startling failures. 

Galdós' financial difficulties caused him to resume the Episodios 
nacionales, beginning a third series in 1898, He went on to pro- 
duce a fourth and part of a fifth series so that by 1912 he had 
written 26 more historical novels, bringing his account of Spanish 
history down to 1877 and retelling events of which he himself had 
beena witness. But this period of Galdós' life was one of gradual 
decline. Financial difficulties made him suspicious of others; 
political activity in the republican cause disillusioned him; finally, 
gradual loss of eyesight culminated in total blindness (1912). His 
last works, four plays (1914-18) and a novel (1915) show a with- 
drawal and a weakening of creative energy. He died in Madrid, 
Jan. 4, 1920. 

Brsriocraruy.—L, B. Walton, Pérez Galdós and the Spanish Novel 
of the 19th Century (1927); J. Casalduero, Vida y obra de Galdós 
(1943) ; Н. C, Berkowitz, Benito Pérez Galdós, Spanish Liberal Cru- 
sader (1948) ; Walter Т. Pattison, Benito Pérez Galdós and the Creative 
Process (1954). ^ (W. T. P.) 

PEREZ JIMENEZ, MARCOS (1914- ), military 
leader and president of Venezuela (1952-58), was born April 25, 
1914, in Michelena. He became a professional soldier, receiving 
а commission from the Venezuelan Military Academy in 1934. His 
political activities began in 1944, and he took part in the coups 
d'état that overthrew the government on Oct. 18, 1945, and Nov. 
24, 1948. After the second coup he served as a member of the 
military junta that ruled Venezuela. In December 1952 he be- 
came provisional president by designation of the armed forces— 
an appointment confirmed by the Constituent Assembly of 1953, 
which elected him to a five-year presidential term (1953-58). 
Pérez’ administration continued the reformist programs standard 
in Venezuela since 1936, but failed to keep pace with increasing 
national needs. To maintain his regime he depended on popular 
apathy and armed forces support. Extravagance, corruption, po- 
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lice oppression, and mounting unemployment created conditions | 
of dissatisfaction in the armed forces and among the People. Mij. 
tary malcontents attempted a coup d'état on Jan. 1, 1958 and 
the subsequent armed forces crisis enabled civilian discontent to 
find expression. Pérez was forced out of office on Jan, 23, 1958 
and a civilian-military junta took control. He fled the country 
but was extradited by the U.S. in 1963 to stand trial for embezzling 
government funds. (R. L. Gr) 

PERFUME, a composition whose fragrance gratifies the sense 
of smell and which is commonly associated with personal adom. 
ment. A perfume is difficult to define; the expression “a pleasant 
smell” is inadequate; a well-cooked dinner provides a pleasant 
smell but not a perfume in the generally accepted meaning of the 
word. More appropriate as a definition would be “a blend of 
materials, each with its own particular odour, resulting in one 
over-all and pleasant impression.” It is preferable to use the 
word “blend” as distinguished from “mixture,” which suggests 
something that might result from haphazard additions and might 
easily give an unpleasant odour impression, Expensive materials 
can be mixed in an inexpert manner to produce an odour with 
little appeal; on the other hand, quite pleasing perfumes can 
be made by the expert blending of inexpensive raw materials, 

The nature of odour perception is not completely understood, 
although it is known that odorous substances must be capable of 
undergoing some degree of vaporization. An odorous chemical, 
whether liquid or solid, must change to the gaseous state and 
travel through the air to the nose. The sensory nerve system 
consists of (1) the receptor organ, where the odorous molecules 
are received; (2) the nerves, which transmit the response; and 
(3) the receiving area of the brain, which interprets the message 
(See SMELL AND Taste: Sense of Smell.) 

Perfumery is commonly associated with handkerchief perfumes, 
toilet waters, cosmetics, and soaps, but perfumes are employed it 
many industrial products, including detergents, polishes, Feather 
rubber, etc. ‘The psychological effect of a perfume is undeniable: 
it appeals to the senses in the same way as does a country scent, 
a fine painting, a pretty girl, or a piece of music. 


HISTORY 


The story of perfume touches on medicine, mythology, religion 
and anthropology, and its raw materials have been gathered in 
all parts of the world. One of its earliest associations was W 
man's offering of pleasant odours to his gods by the n: 
of incense (the word perfume comes from the Latin fer fum 
"through smoke"). The art of perfumery may well es 
practised 25,000 years ago by the Indo-European races. tant 
Chinese records mention incense, and China’s early and er 
contribution to perfumery was musk. Odorous products 5 
3,000 to 5,000 years old have been found. An Egyptian PP 
of 2000 в.с. refers to myrrh. hines 

Perfumery appears to have been handed down from thé v ud 
Hindus, Egyptians, Israelites, Carthaginians, Arabs, Gree "m 
Romans. During the reign of the Pharaohs in Egypt, Pet eroti 
were used for a variety of purposes. The Bible makes num 
references to perfumery materials, including frankincense, innt 
Spicy balm, aromatic substances, musk, hyacinth, almonds, 9 
топ, calamus, and cassia. Actual formulas for Ie e 
quoted in Exodus 30:23-25 and 30:34-35. From the fo pë 
tury B.C. perfumes were used in Greece in medicine and ea 
sure. The mythology of the Greeks speaks of many nie the 
and their scientists studied the art of perfumery. int i 
essential oils was certainly shown in Egypt, Persia, 20 e Ath 
(Probably the first oil to be distilled was turpentine 1? 
or Sth century в.с.) Queen Cleopatra of Egypt used pee 
charm Julius Caesar and Mark Antony, and the Romar e il 
back many Perfumery materials from Greece, Palmy exti 
Arabia. Fats were used in ancient Greece and Rome roug à 
ons from roots and flowers. Perfumery was probably be. | 
Britain first by the Romans and again by the Anglo-S3Y eg 
in the Middle Ages returning crusaders reintroduced P, jk 
from the East. The first authentic description of ess s it 
15 ascribed to Arnaldo de Vilanova, a Catalan physician, 


jd aD. 1240-1311. From the fall of Rome to the Renais- 
ce, the development of perfumery was mainly carried on by 
the Arabs and the Persians, who produced spices and gums and 
puilt up an important foreign trade. Between the 9th and the 
jh centuries, the Arabs knew of distillation. The discovery of 
alcohol as а vehicle for perfumes was probably made in the 14th 
century and the first toilet water was based on rosemary (“Hungary 
1). 

СРЖ of the arts during the Renaissance awoke a fresh 
interest in perfumery in Italy and France, Many books on per- 
fumery were written during the 16th and the 17th centuries and 
the earliest formula for a lavender water is said to have been 
published in 1615. In the 17th and 18th centuries pharmacists 
‘ad botanists and some early students of applied chemistry in- 
vestigated essential oils and methods of distillation. Toward the 
and of the 18th century the production of essential oils and flower 
ols began to flourish in France. One of the first characteristic 
types of "flower water” was orange flower water introduced by 
the duchess of Neroli. This flower water, also known as neroli, 
ims an important part of eau de cologne and: was introduced 
ty Johann Marie Farina about 1725. From 1725 to 1850 per- 
fumes changed from the fresh colognes to the more floral types. 
1850 the fancy or sophisticated perfumes of France made their 
pearance, Originally, they were based on tinctures of benzoin, 
vanilla, vetiver, patchouli, etc. The closing decades of the 19th 
century saw the advent of synthetic chemicals in perfumery and 
these made possible a greater variety of odour effects. Investi- 
tions since then have been associated with J. B. A. Dumas 
(1800-84), P. E. Marcelin Berthelot (1827-1907), W. A. Tilden 
мих 0. Wallach (1847-1931), and E. Charabot (1870- 
Another minor revolution came in the perfumery field when 
heavy flowery notes were modified with amyl (isoamyl) salicylate 
and methyInonylacetaldehyde. This vogue, still popular, was fol- 
loved by perfumes with the accent on green, woody, and animal 
Mtes, as typified by sandalwood, vetiver, musk, and civet. Just 
lore World War II, it became fashionable to accentuate the green 
Mtes; styralyl acetate (phenylmethyl carbinyl acetate) in particu- 
ps favour for this purpose. Great Britain is, greatly influ- 
y Paris in its choice of perfumes, although certain floral 

lih are very popular; e.g., lavender, rose, and lily of the valley. 
e Netherlands hyacinth and lilac are popular. About 1945, the 
Tench fashion houses brought in the “new: look,” a throwback to 
and perfumes likewise revived the powdery notes of the 

_ PX period—vanillin, orris, opopanax, etc. Spain and South 
ска to remain loyal to their heavy spicy notes, while 
шс ш ers їп the United States have been based on the heavy 
ns are T idiom, although ‘many’ of the famous French per- 
7 Hist so appreciated. (See also COSMETICS AND COSMETOL- 
is orical Development; EssENTIAL OIL: History; 018- 

ON: Historical Note.) 


RAW MATERIALS 


( jte Taw materials may be divided into three main groups: 
с cuu oils and products isolated from these oils; (2) 
Of animal origin: and (3) synthetic chemicals. 
Vr mist ntial Oils.—An essential oil (q.v.) consists of com- 
teu in vari of volatile liquid and solid chemicals. These oils 
pes of E parts of plants and in some cases quite different 
Mange oil ik are found in various parts of the same plant; ¢.8., 
On the flo om the peel, petitgrain oil from the leaves, and neroli 
in, ro Wers of the orange tree. Typical examples are: flowers 
% ong 1, © Mimosa, violet, ylang-ylang, orange blossom); flow- 
Маза: (lavender, rosemary, violet); leaves and stems 
); wo amon, patchouli, petitgrain); barks (cinnamon, 
angelica) ; (sandalwood, cedarwood, rosewood); roots (veti- 
1 bergamot rhizomes (orris, ginger); fruits (orange, lemon, 
mot); seeds (aniseed, nutmeg); resinous exudations 
i tmi styrax); 
Козу А Whether the essential oils are present as a result 
esis or whether they are simply by-products of plant 
One earlier theory suggested that two simple chemi- 
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cals, namely acetone and acetaldehyde, could be formed from car- 
bon and water. These two chemicals can react to produce the im- 
portant material citral and from citral many chemicals found in 
essential oils can be formed. A physiological synthesis from sugars 
has also been postulated. However, it now seems likely that acetic 
acid is the basic unit. Three molecules of this chemical may be 
converted biogenetically into senecioic acid with a loss of the car- 
boxyl group. This provides the basic five-carbon isoprene unit. 
Fairly straightforward reactions can now be visualized which will 
yield the terpenes and derivatives such as myrcene, geraniol, and 
linalool. Evidence for alternative biological routes has also been 
found, e.g., in the synthesis of the sterols. 

Constitution.—All essential oils consist of a complex mixture 
of chemicals and this is true even in the case of those that contain 
a preponderance (йе. 80-90%) of one constituent. The great 
bulk of the constituents of the oils belong to a group of organic 
compounds known as the terpenes (g.v.), which include hydro- 
carbons of the formula (C;Hg),, and their oxygenated derivatives. 
These compounds are peculiar in that most of them may be re- 
garded as being derived by the fusion of isoprene units. Thus two 
isoprene units when fused yield the monoterpene (e.g., limonene) 
structure, while three give the sesquiterpene (e.g., cadinene) skele- 
ton. 

Hydrocarbons such as these can give rise to a large number of 
oxygenated derivatives; e.g., alcohols and their esters, aldehydes 
and ketones. Some of the more important of these are geraniol, cit- 
ronellol and terpineol, citral and citronellal, and, finally, camphor. 

Besides the terpene family, a number of other organic com- 
pounds frequently occur in essential oils. These include a num- 
ber of aliphatic aldehydes and also aromatic compounds including 
phenols such as eugenol. 

Methods of Extraction—The essential oils are separated from 
the plant by steam distillation and by extracting with volatile sol- 
vents such as benzene, lythene (a low-boiling, purified fraction of 
petroleum), and, in some cases, alcohol and butane. Two other 
methods are extraction with fats (enfleurage method) and a simple 
pressing of the oil from peels, as, for example, with lemon oil. 
Although certain oils will not withstand the somewhat harsh treat- 
ment of steam distillation, many oils (including most of the root, 
wood, bark, and leaf oils) are processed in this way. 

In many cases the trees are cut down and the wood, etc., is taken 
to a local distillation unit, the oil obtained then being sent to cen- 
tral bulk depots before final distribution, For years the distilla- 
tion units were crude vessels; the wood, leaves, etc., were placed 
in the vessels, water was added and the vessels were heated by fire. 
Water and oil distilled over and the oil was separated. The mod- 
ern tendency is for processing plants to be erected where it is pos- 
sible to inject steam into the vessel and where extraction can be 
performed under modern conditions. 

Extraction by volatile solvent in most cases gives a bigger yield 
and extracts the oil in a more gentle fashion than does steam dis- 
tillation. In some cases, leaves, petals, mosses, etc., are simply 
stirred in a large vessel with the solvent and, when the extraction 
is complete, the solution is passed through a filter and the solvent 
distilled away. In another method, batteries of percolators, each 
with a capacity of about 100 gal., are fitted with perforated trays 
on which the flowers are placed. At one end of the series is a sol- 
vent tank and at the other end a vacuum still. The solvent runs 
slowly through the various percolators and finally reaches the 
vacuum still, where it is distilled away and returned to the solvent 
tank, the perfume remaining in the retort. The process is repeated 
many times until the flowers are exhausted of their perfume. The 
product left behind contains insoluble waxes in addition to the 
perfume oil and at this stage is known as a “concrete.” On treat- 
ment with alcohol and ultimate removal of the alcohol, the “abso- 
lute” is obtained. Jasmin flowers yield about 0.3% and roses 
about 0.24% of concrete. In some cases the petals are pressed to 
break up the cells and under these circumstances the yields’ are 
often higher. 

In the enfleurage extraction method, the petals are placed on 
hich a layer of specially purified ani- 


lass trays (chassis) upon wl 
ol fat 4 been spread, The trays are stacked together so that 
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the petals are contained between two layers of fat and then are 
left for about 24 hr., during which time the volatile oils are ab- 
sorbed by the fat layer. Petals are replaced by fresh ones every 
day until the fat is saturated with the flower oil. Extraction of the 
mass (the pomade) with alcohol separates the fat and yields the 
floral absolute. 

Enfleurage extraction is particularly valuable in the case of cer- 
tain flowers, e.g., jasmin and tuberose, that continue to produce 
perfume after picking, for only by the gentle process of enfleurage 
is it possible to extract the maximum yield of oil from the petal. 
With most other flowers, the production of essential oils ceases on 
picking and therefore a more drastic extraction process, such as 
with hot fat, gives the maximum oil yield. Hot fat extraction has, 
however, been almost entirely superseded by solvent extraction. 
The enfleurage process does not remove all the oil from the petal 
and valuable oil is also lost in the traces of fat adhering to the 
exhausted petal. The exhausted petals are therefore normally 
solvent-extracted so that they yield the so-called absolutes of 
chassis. 

As previously mentioned, oils are often distilled under very 
rough conditions. The collecting of the wood, leaves, etc., con- 
stitutes a great deal of work and time, and often one ton of vege- 
table matter will yield only a few pounds of oil. As the various 
small producers have to send their oils to central bulking depots, 
the oils that eventually arrive in the large collection centres (e.g., 
a seaport) have passed through many hands. Thus much time, 
labour, and transport, to say nothing of supervision, is required to 
produce an essential oil. 

The following chemicals are isolated from the essential oils, 
usually by distillation in a commercially pure state, and are em- 
ployed in perfumery: geraniol and citronellal from citronella oil 
(Java, Formosa, and Chinese grades) ; citral from lemon-grass oil ; 
eugenol from clove oil; linalool from bois de rose (rosewood) oil; 
and safrole from sassafras oil. In many cases the natural isolates 
are reprocessed to produce other important perfumery chemicals; 
e.g., geraniol is converted to citronellol, citronellal to hydroxycit- 
ronellal, citral to ionone, eugenol to isoeugenol and vanillin, linalool 
to linalyl acetate, and safrole to isosafrole and heliotropin. 

Products of Animal Origin.—Most of the animal products 
are used only in high-class handkerchief perfumes and in the form 
of alcoholic tinctures. They include musk from the musk deer, 
ambergris from the sperm whale, civet from the civet cat, and 
castoreum from the beaver. s 

Synthetic Chemicals.—There is a tendency to regard the syn- 
thetics in perfumery as "poor relations" of the natural products 
but this is completely unrealistic as an essential oil may cost much 
less than a synthetic. Further, the enormous number of man- 
made chemicals available to the perfumer make this group not only 
of great importance now but of even greater significance for the 
future. In addition, many of the important natural isolates have 
been synthesized and are available in large quantities; these prod- 
ucts include citral, geraniol, linalool, and derivatives made from 
them. Important milestones in the development of synthetic per- 
fumery chemicals include the synthesis of phenylethyl (phenethyl) 
alcohol by B. Radziszewski in 1876, musk xylol and musk ambrette 
by A. Baur in 1891, ionone by F. Tiemann and P. Kruger in 1893, 
hydroxycitronellal and undecalactone in 1905, and amyl cinnamic 
aldehyde in 1927 (synthesis published in 1927 although the chemi- 
cal had been available previously). 

The synthetic chemicals offer a wide selection of odour charac- 
teristics, ranging from those with typical floral effects to odours 
unknown in nature. Many thousands cover many types and 
strengths. Chemically, they include hydrocarbons, alcohols, esters, 
aldehydes, acetals, ketones, ethers, amino compounds, nitro bodies, 
lactones, phenols, and, in many cases, chemicals containing more 
than one of the foregoing groups. 

Odour effects of a chemical depend upon many factors, e.g., 
the presence of one or more active odour groups (osmophore), the 
position of the group, the presence and position of other groups in 
the molecule, the size of the molecule, and its vapour pressure. 
Literally hundreds of thousands of odorous chemicals are theo- 

retically possible and many thousands have been prepared. 
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Certain of the synthetic chemicals possess odours 
tinctly floral in character; the chemicals and their odours includ 
isoamyl salicylate (clover), amyl cinnamic aldehyde (аш), 
anisaldehyde (p-anisaldehyde; hawthorn), citronellol (rose) hind 
zyl acetate (jasmin), cyclamen aldehyde (cyclamen), geraniol 
(rose), heliotropin (heliotrope), hydroxycitronellal (lily of the 
valley, lilac), ionone (violet), phenylethyl alcohol (phenethyl alco. 
hol; rose), and terpineol (lilac). 

Of special interest is a range of chemicals made with castor oil 
as the starting material. These include the above-mentioned amyl 
cinnamic aldehyde; undecalactone (peach odour), and gamma: 
попу! lactone (coconut odour). 


PREPARATION AND USE 


The Architecture of a Perfume.—Is perfumery an art ora 
science? Without science little progress would have been made in 
perfumery. The scientist has given perfumery its raw materials, 
whether won directly from nature or produced by chemical syn: 
thesis; he adds continually to the vast store of raw materials and 
indicates the way in which they may be used in finished products 
However, perfumery is an art and not a science. It is not enough 
to say science has provided an analysis of, say, rose oil; artistic 
creation is the key to the production of a successful rose perfume 
and no ordinary application of scientific data will achieve this end, 
Scientific blending of perfumery ingredients is not yet possible, 
but research indicates that it may become so. 

It is not entirely fanciful to compare perfumery with music and 
painting. All three arts commence with a basic idea, the painter 
beginning with his background sketch, the musician with his theme 
or motif, and the perfumer with his skeleton or primary accord, 
Around and into these ideas are blended the harmonizing colours, 
sounds, and odours. The painter seeks to balance his light сох 
trasts so that even the sharp edge of a table blends naturally into 
the scene. Balance in music is accomplished by the judicious bar- 
monizing of instruments, or orchestration, and achieves accord by 
the use of different keys to avoid repetition. y 

The perfumer adds to his primary accord his harmonizing ot 
blending odours. His equivalent of key variation and shading is 
his "layer blending,” ñe., his harmony of “top notes,” “middle 
notes,” and “back notes," "The comparison may be pursued, ш 
example, in the selection of one outstanding ingredient, whe 
sound, colour, or odour, and in the building up of the work aro 
this basic subject. In music the concerto places emphasis on om 
instrument. with orchestral accompaniment; in painting, à colout, 
say blue, is selected and laid shade on shade; and so in perfumery 
it is possible to select one odiferous body, for instance, amyl si 
licylate, patchouli, or even a rose or jasmin accord, and to bui і 
a perfumery concerto around it. Even a strong ingredient, 5 
cult to use, may Successfully be made the central odour of a pr 
fume. Perfumery is more analogous to music than to any 018 
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other arts, if only on account of the intangible nature of ™ 
and perfumery, at 

Such a description of perfumery implies that perfumers ally 
artists, and it is true that a good perfumer must be aesthetic 
sensitive. Itis, however, a hard fact that perfumers must p ШУ 
tise their art against a commercial background, and sheet al 
Hon is not a sufficient guarantee of success. After all, pete 
low limit to the number of people who can be given the орот 
to spend their time in free experiment and the creation 0 thei 
perfumes without at the same time contributing something t0 © 
application and indicating the nature of future requirem и 
the form of new ingredients. Ideally, the successful Ре 
should have, аз well as artistic sense, a sound background p 
ganic, Inorganic, and physical chemistry. If he is солсет ai 
perfumes for cosmetics or soap, then he must possess 4? m thot 
knowledge of these subjects. Further, the perfumer has some 
sands of Taw materials to employ, he is concerned with the past 
his creation must eventually face, and, in addition, he ont Ш 
identify ingredients from a complex blend, and this calls ‘nals 
intimate knowledge of large numbers of separate items- f the 
most perfumers must be able to give a critical assessme? pd 
purity of the many raw materials with which they аге ®” 


that are dis 


are,—The actual mixing together of the various in- 
f a perfume is not a complicated process. Once the 
¢ been established and the raw materials checked and 
little remains but to stir them together into one 
mixture. However, perfumery materials may be 
in many cases subject to deterioration if harshly 
her, a perfume will often consist of liquids, solids, 
products, which means that some special technique 
opted to ensure a perfectly uniform mixture. 
f batch production will to some extent decide the type 
to be employed. Although glass may be used in 
small production, stainless-steel vessels are normally 
d In most cases, the batch is mixed by high-speed 
pestirrers. The nonliquid portion of the formula is 
› vessel and to this is added the relatively high-boiling 
The contents of the vessel are thoroughly stirred until 
effected. Under certain circumstances it is possible to 
t (up to 50° C) to speed up the rate of solution: 
olatile constituents are added when the mixture is cold 
hole is thoroughly stirred. The finished mixture is 
m the vessel through a filter system to the storage ves- 
‘essential that contact with copper and iron be avoided 
| stages of production, as these metals may have adverse 
the perfume constituents. 
the Finished Perfumes.—Alcoholic Solutions —The 
fame” is generally understood to mean the product sold 
‘ive container for use on handkerchief, dress, or body. 
is an alcoholic solution of a complicated mixture of 
zre dients. In a handkerchief perfume the odour ingre- 
cur to an extent of 5% to 20%. In a toilet water 
Water or eau de cologne) the amount may vary between 
0%. The concentrated perfume is dissolved in alcohol, 
i glass-lined vessels, and allowed to mature for several 
after which the solution is filtered and bottled. 
expensive type of perfume, use is made of tinctures 
Solutions) of certain products. Thus tinctures of musk 
tis are added at a late stage of manufacture. There are 
for this special treatment: in the first place, these ma- 
expensive and, secondly, they require an individual 
ction and cannot be added to the original concen- 


olic Solutions.—Important as the alcoholic perfumes 
in terms of tonnage they represent only a small portion 
5 products sold in the world. Soap alone accounts 
imount of the perfume used. In fact, many of the com- 
cts used in the 1960s contained perfume in some 
Ihetics account for a large share of the more expensive 
used but huge amounts of inexpensive perfumes are used 
ent industry. The rubber, leather, textile, plastic, and 
le industries also make use of perfume. 
lon of a perfume for a specific product requires knowl- 
‘chemical and physical properties of the perfumery 
and of the product itself, There are two distinct 
considered. In the first place, the odour of a chemi- 
Modified when placed in a new medium; ё.&., the odour 
Perceived in concentrated form or in alcoholic solu- 
be quite different when present in soap Or detergent. 
aso exert a great effect on odorous materials; the effect 
Selective, so that certain odours in a perfume may be 
edin a base such as talc, while others may be considerably 
This can result in a complete unbalancing of the original 
ts. The second effect that may occur affects stability 
е and product. For instance, soaps may have an 
оп а perfume. Colour may develop or the perfume 
Orate because of the alkaline nature of the soap. On 
4 cand, a perfume may itself exert an adverse effect on a 
he perfume may combine with ingredients in the prod- 
Се unwanted colour or it may change the consistency 
*.£., a perfume may reduce the stability of a cosmetic 
Change the original consistency in some way. 
Teferences under “Perfume” in the Index. 
HY.—Essentia] Oils: Steffen Arctander, Perfume and Fla- 
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vor Materials of Natural Origin (1960); E. Guenther et al., The Es- 
sential Oils, 6 vol. (1948-52) ; A. R. Pinder, The Chemistry of the Ter- 
penes (1960); Sir J. L. Simonsen, The Terpenes, vol. i-v (1949-57). 
Synthetics and Isolates: P. Z. Bedoukian, Perfumery Synthetics and 
Isolates (1951). Perfume Compositions: E. S. Maurer, Perfumes and 
Their Production (1958); Paul S, Jellinek, The Practice of Modern 
Perjumery, trans. and rev. by A. J. Krajkeman (1954) ; W. A. Poucher, 
Perfumes, Cosmelics and Soaps, vol. ii (1959). Journals: Soap, Per- 
fumery and Cosmetics (monthly); American Perfumer (monthly); 
Parjumerie, Cosmétique, Savons (monthly). (Jx. P.) 

PERGA (Greek Perce; modern MURTANA in the il of Antalya, 
Turkey), an ancient city of Pamphylia, situated about 8 mi. (13 
km.) inland from the Mediterranean at the junction of a small 
stream (Sarisu) with the Cestrus (Aksu Cayi). It was a centre 
of native culture, as contrasted with Greek, which was predomi- 
nant in Attaleia (Antalya), and a great seat of the worship of 
“Queen” Artemis, here represented as a human-headed cone, a 
purely Anatolian nature goddess. 

In Perga, Paul and Barnabas began their first mission in Asia 
Minor (Acts 13:13). A difficult mountain route into Phrygia 
began at Perga, and Alexander used it for his invasion of inner Asia 
Minor. Long the metropolis of Pamphylia Secunda, Perga was 
superseded in Byzantine times by its port, Attaleia, which became 
a metropolis in 1084. The extensive ruins all lie in the plain south 
of the acropolis. The walls, which are well preserved, are of late 
Roman or Byzantine reconstruction. The most notable monument 
is the theatre outside the walls on the southwest. Nearby is a fine 
stadium, while within the walls are ruins of two basilicas, baths, 
and the agora. (Wu. C. B.) 

PERGAMUM (Percamus; modern BERGAMA in the il of 
Izmir, Turkey), an ancient Greek city in Mysia situated 16 mi. 
(26 km.) from the Aegean Sea on a lofty isolated hill (about 1,000 
ft. [300 m.]) on the north side of the broad valley of the Caicus 
(modern Bakir) River. The peak of the hill served as a fortress 
and residence for the Attalid dynasty which ruled the city in the 
3rd and 2nd centuries B.C. The residential part of the city was on 
the lower slopes of the hill, on ground now mostly occupied by 
the modern town. In the time of the Roman Empire the city was 
situated in the plain below. 

Pergamum is known to have been in existence in the 5th century 
B.C., but practically nothing is known of its early history. As the 
capital of the Attalid dynasty it developed during the 3rd and 2nd 
centuries в.с. into a flourishing city. Though formally autono- 
mous, it was completely under the control of the kings, who even 
regulated the functions of the minor magistrates. и 

Excavations, begun іп 1878 under the auspices of the Berlin 
Museum, besides unearthing many artistic treasures, have enabled 
archaeologists to reconstruct the plan of the most important areas 
of the Hellenistic city. Cut into the western slope of the hill there 
stood a theatre. Above this lay the principal temple of the city, 
that of Athena Nicephorus, its courtyard set about with porticoes, 
with, on one side, the library (in fame second only to that of Alex- 
andria). To the south lay the great altar of Zeus with its richly 
decorated frieze, a masterpiece of Hellenistic art and one of the 
wonders of the ancient world. A part of this altar and its surviving 
reliefs, restored and mounted, now stands in the Pergamon Mu- 
seum in Berlin. On higher ground there was in Roman times a 
temple dedicated to the emperors Trajan and Hadrian (earlier 
probably the site of a temple of Zeus); the royal palace, the bar- 
racks, the storehouses, and the military arsenal stood close by. 
Below the altar of Zeus a street descended at a very steep incline 
to the central part of the city. Here lay what may be termed 
the civic buildings (as opposed to the royal structures óf the 
upper city): a large market place, a gymnasium, and temples of 
Hera and Demeter. Roman remains include an amphitheatre, a 
theatre, and a racetrack. Outside the city to the southwest there 
was a temple of Asclepius, associated in the 2nd century A.D. with 
the activity of the famous physician Galen, who was a native of 
Pergamum. 

Of the structures in the upper part 
would appear that the military buildings, the palace, and some 
of the religious monuments in their early form were erected in 
the 3rd century в.с. by the first rulers of the Attalid house. But a 
far-reaching program of rebuilding and new building was carried 
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through by the later kings Eumenes II and Attalus II, and it was 
chiefly their work that made the city famous for its architecture 
and its art (in spite of its library it never rivaled Alexandria in 
scholarship), Eumenes II built a very strong wall for the city 
and enlarged its area; he was also responsible for the development 
of the civic buildings referred to above, The work of the earlier 
king Attalus I, though overshadowed by the achievements of his 
successors, should not be overlooked. The kings after Attalus I 
are known to have collected many works of art from Greece to 
adorn the temples and courtyards of the city; these were additional 
to the numerous works of sculpture, painting, and decoration com- 
missioned from resident artists. 

Pergamum has a history of continuous occupation, Under the 
Byzantine Empire it was refortified. It passed into Muslim hands 
early in the 14th century.. It is still an administrative and com- 
mercial centre of importance with a population in 1960 of 21,689. 
Its population in the time of the Roman Empire has been estimated 
at about 200,000. 

See also ArrAum DYNASTY; ArTALUS; EUMENES; GREEK Ar- 
CHITECTURE; GREEK ART; and references under "Pergamum" 
in the Index. 

BIBLIOGRAPHY.—Königliche (later Staatliche) Museen, Berlin, Alter- 
tümer von Pergamon, 10 vol, (1885-1937) ; W. von Massow, Führer 
durch das Pergamon Museum, 2nd ed. (1936) ; W. Zschietzschmann in 
Pauly-Wissowa, Real-Encyclopüdie der classischen Altertumswissen- 
schaft, vol. xix, 1235-63 (1937); E. V. Hansen, The Attalids of Perga- 
mon (1947). (R. H. S1.) 

PERGOLESI, GIOVANNI BATTISTA (1710-1 736), 
Italian composer, whose intermezzo La serva padrona was one of 
the most celebrated stage works of the 18th century, was born at 
Jesi, near Ancona, on Jan. 4, 1710, the son of a surveyor. His 
family name was Draghi but, having moved to Jesi from Pergola, 
the family was called Pergolesi or Pergolese, meaning “of Pergola.” 
Pergolesi first studied music locally. From 1726 he attended the 
Conservatorio dei Poveri at Naples, where his masters included 
D. Matteis, G. Greco, L. Leo, and F. Durante and where he earned 
a high reputation as a violinist: In 1731 his oratorios La com- 
versione di S. Guglielmo d'Aquitania and La morte di S. Giuseppe 
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and his opera Salusti 


а Were per. 
formed at Naples but with litte 
success. 


In 1732, when he had 
become acquainted with the Work 
of A. Scarlatti, he was appointed 
maestro di cappella to the prince 
of Stigliano at Naples and ро 
duced a Neapolitan opera бщ, 
Lo frate "nnammorato, which "i 
well received. In December af 
the same year his Mass, commis 
sioned as a thanksgiving for de 
livery from an earthquake at 
Naples, was also performed with 
success. In August 1733 his most 
important stage work was first 
produced. This was not his oper 
seria, Il prigionier superbo, which 
received the cool reception uu 
ally reserved for his serious op 
eras, but the gay little intermezo 
retto by 
between 
In February 1734 Per- 
golesi was appointed deputy mae- 
stro di cappella of Naples and in 
May went to Rome to direct the 
performance of his Mass in F, In 
October 1734 he produced an 
other opera seria at Naples, Adr- 
ano in Siria, with the interme 
Livietta e, Tracollo. On his m 
turn to Rome his best opera send, 
L'Olimpiade, met with no mot 
success than his Neapolitan ven- 
tures. His comic opera Flaminio was well received in Napit 
1735; but his health was now failing, and in February 1736 he т, 
Naples for the Capuchin monastery at Pozzuoli, near pr 
There he managed to finish his work, the celebrated Sia i 
Mater. He died in extreme poverty at the age of 26 and v 
buried at the cathedral at Pozzuoli on March 17, 1736. a 
When Pergolesi died his fame had scarcely penetrated у 
Rome and Naples, but later in the century his reputation hs 
enormously. After the posthumous success of La serva dur i 
and particularly after its performance in 1752 in Paris, Pend 
led to the guerre des bouffons (see OPERA: 18th-Century Dew ш 
ments), forgers became busy producing spurious Pergola a 
a number of works bearing the composer’s name are either Thes 
to be by other composers or are of doubtful authenticity. inky 
include some of the works ascribed to Pergolesi by Igor srov , 
in the arrangements he made for his ballet Pulcinella, produ? ilie 
Sergei Diaghilev in 1920, Pergolesi’s serious style is bes! ond 
trated in his Stabat Mater, his ability to wield large choral puoi 
strumental forces, in his Masses, and his gift of comic charac 
tion in La serva padrona, ; ig 27 Vol 
His works, Opera omnia, were edited by F. Caffarelli TL auth 
umes (1939-42). They include some works of doubtíu 1 
ticity, such as the six concertinos for strings publishe Т 
Hague about 1730 by C. B. Ricciotti and the trio sonatas Y 
Ki early manuscripts are ascribed to D. Gallo. | 
IBLIOGRAPHY,—{ iciotti. Pergolesi, Germa o {Insti 
by A. Cherbuliez ЕИО B. Pergolesi Notes on йе S 
mental Works Attributed to Pergolesi,” Music and Letters Y Mir 
(1949); F. Walker, “Two Centuries of Pergolesi Forgeries û st) 
attributions,” Music and Letiers, vol, xxx (1949) and vol. cs Cn) 
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PERI, JACOPO (1561-1633), Florentine singer. an E 
Composer of opera. Born in Rome on Aug. 20. 1360 red te 
stock, he studied with C. Malvezzi in Florence and ente 
Service of the Medici about 1590. He became a member consid 
Bardi's Camerata, the learned coterie that attempted to ae th 
the authentic Presentation of ancient Greek drama; they d 
the plays were sung throughout, and their desire to find ® 


completely subse: ient to the words and the dramatic action 
[them to abandon traditional polyphony and to experiment with 
Bive—a lightly accompanied, naturalistic speech-song for 
and continuo alone. Ottavio Rinuccini’s Dafne, a pastoral 
modeled on T. Tasso and G. B. Guarini, was set to music in 
tyle by Peri (with some contributions from Count Corsi) 
formed with great success in 1597. The music of Dafne, 
E opera, is almost entirely lost, but Peri's next work (a 
of Rinuccini's Ewridice) was printed and survives; it 
commissioned for the wedding of Maria de' Medici and 
IV of France on Oct. 6, 1600. Tetide (1608) and Adone 
J, written for Mantua, apparently remained unperformed 
We now lost, Marco da Gagliano's Flora (Florence, 1628), 
hich Peri wrote and sang the part of Clori, survives. From 
o 1625, Peri composed or collaborated on ten ballets, feste, 
erades, and interludes for the Florentine court; none of these 
id a printer and most have disappeared. Further short pieces 
script and printed collections, together with Euridice and 
e continuo madrigals of Le varie musiche (1609), show Peri 
ensitive composer, remarkable as much for his control as for 
iring. He died in Florence on Aug. 12, 1633. 
ocraPHy.—Ewridice, facsimile ed. (1934); F. Ghisi, Alle fonti 
monodia (1940 . Goldschmidt, Studiem zur Geschichte der 
hen Oper im Jahrhundert. (1901) ; A. Solerti, Musica, ballo 
mmalica alla corte medicea . . . (1905). (B. L. Tr.) 


RIANDER (ruled c. 627-586 в.с.), the second tyrant of 
h(g.v.). In contrast with his father, Cypselus, the founder 
"dynasty, he is generally represented by Greek writers as a 
despot, the tyrant par excellence. Much of this tradition 
Шу derives from the Corinthian nobility, with whom he ap- 
lo have dealt harshly, The firmness and activity of his gov- 
nt are beyond dispute. It is said that under him. the com- 
| prosperity of Corinth was so great that he could rely for 
(100 on tolls on goods entering Corinthian ports. To promote 
protect Corinthian trade he established colonies at Potidaea 
lcidice and at Apollonia in Illyria; he is said to have built 
Bgeway (diolkos) across the Isthmus of Corinth and to 
nned a canal through it. In Greece proper he conquered 
tus and annexed Corcyra. He cultivated friendly relations 
Thrasybulus, tyrant of Miletus, and maintained a connection 
kings of Lydia and of Egypt; his nephew and successor, 
Mmetichus, was so called after the Egyptian pharaoh Psamtik. 
ler arbitrated in the struggle in northwestern Asia Minor 
Athens and Mytilene, and awarded Sigeum to Athens. 
der was also a patron of literature, for it was by his invi- 
that the poet Arion came to Corinth from Lesbos. He was 
done of the Seven Wise Men of Greece and was the re- 
Author of a collection of maxims in 2,000 verses. 
BIg ee Herodotus, iii, 48-53; v, 92; Aristotle, Politics, v, 
ti, ch. >. Н. T. Wade-Gery in The Cambridge Ancient History, 
sn ©' 22 (1925) ; А. Andrewes, The Greek Tyrants, esp. ch. 4 


I CARDIUM, DISEASES OF. The serous sac (peri- 
tio ) containing the heart may become the seat of inflam- 
О (pericarditis) just as the cardiac valves and heart muscle 
ring the course of such acute diseases as rheumatic fever. 
ny my, see Соктом AND SEROUS MEMBRANES.) The nor- 
jjj, SPDearance is lost; the membrane becomes congested; 
a Ж агу serum exudes into the cavity. In this stage 
th he and parietal layers grate upon one another with each 
Which e give rise to a “friction rub” over the front of the 
(o cn be heard with the stethoscope and may be per- 
9 the hand. As more inflammatory exudate collects, the 
S ate separated and friction disappears. Thereafter the 
the disease varies as the inflammation advances ог re- 
Wy inp. accumulation may become so extensive that it seri- 
TESS cardiac action; and if the pericarditis accompanies 
at exit Pneumonia the fluid may become purulent. In either 
Tithe ш St be given to the fluid surgically. à 
n recedes the roughened pericardial surfaces agam 

1-9 Contact through absorption of the exuded fluid and 
appears, Fibrous adhesions form between the pericardial 
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layers over a greater or smaller area; sometimes they become 
universally adherent and the cavity is obliterated. Occasionally 
when the covering of the heart and the lining of its sac become 
firmly adherent one to another, the mechanical function of the 
heart is disturbed and congestive heart failure results, Calcium 
may be deposited in the pericardium, making the diagnosis much 
easier by its appearance in X-rays of the chest. For this condi- 
tion there are highly successful surgical procedures. 

Exudation of fluid into the pericardial cavity, apart from inflam- 
mation, occurs in certain diseases of the kidney; however, in these 
cases, which are often unaccompanied by symptoms, it is a serious 
omen. In rupture of the heart or in certain varieties of aneurysm 
the pericardial sac is suddenly filled with blood. Distress is ex- 
treme, and death from mechanical interference with the action of 
the heart occurs after a few seconds. 

Another condition that occasionally results in accumulation of 
fluid in the pericardial sac is myxedema (hypothyroidism). This 
condition can be completely alleviated by the administration of 
thyroid extract. Tumours of the pericardium are very rare and 
are nearly always benign. They may cause mechanical difficulty 
in the heart's activity. See also Heart, DISEASES AND DEFECTS 
or; HEART AND LUNG, SURGERY or, (№. S. L.-B.; E. B. Bv.) 

PERICLES (с. 495-429 в.с.), Athenian statesman, largely re- 
sponsible for the full development in the later 5th century of both 
the Athenian democracy and the Athenian Empire. 

Background.—Pericles was the son of distinguished parents. 
His father. Xanthippus, a member of the leading house of a power- 
ful Attic clan, probably the Buzy- 
gae, was an outstanding figure in 
the generation of the Greco-Per- 
sian Wars. His sympathies were 
then with the democratic group 
in the state, and he led the prose- 
cution in the trial of Miltiades. 
In 485/484 he was ostracized by 
the people, who gave their favour 
to Themistocles, but he was re- 
called on the eve of the Persian 
invasion, commanded the Athe- 
nian squadron at Mycale, and 
conducted the siege of Sestos. 
Nevertheless he was rapidly dis- 
placed by Miltiades’ son, Cimon 
(тл); for the conservative 
group, led by the Areopagus 
Council, became dominant in the 
state after 478. The mother of 
Pericles, Agariste, was a niece of 
Cleisthenes, leader of the very 
wealthy Alcmaeonid clan, who 
had reformed the constitution in the democratic interest in 508— 
507 and had shown an unrelenting hostility toward Sparta. Peri- 
cles thus had an immediate entry into the ranks of the aristocrats 
and of the democratic group, “the people’s faction,” as it was 
called, and to his inherited assets of wealth and reputation he 
added an obviously able mind, a convincing integrity of character, 
and fine powers of oratory. By 465 when he was 30 years old, he 
shared the leadership of the democratic group with an older states- 
man, Ephialtes. 

Pericles grew up in a period of confidence. The Greek states 
had defeated the mighty power of Persia, and Athens had become 
the acknowledged leader of a great alliance. The older generation, 
whose views are represented at their finest by Aeschylus (d. 456), 
had a deep faith in the orthodox religion of the Greeks; but the 
younger generation contained men of adventurous mind who pre- 
ferred a more intellectual philosophy. Pericles combined a serene 
confidence with an original mind. His friends included Anaxagoras 
of Clazomenae, a rationalist who attributed the movements of the 
universe to physical processes activated by “mind”; Zeno of Elea, 
whose speculations on time, space, and movement gave rise later 
to the atomic theory of Leucippus; Damon of Athens, musician 
and philosopher, who inspired some of the tenets of the democratic 
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group; and Phidias of Athens, who sculpted the finest statues of 
Zeus, the god of the Greeks, and of Athena, the patroness of 
Athens. Pericles was, like them, progressive in his attitude to phi- 
losophy, music, and art, and he was a political theorist as well 
as a practical politician. 

The Development of Democracy.—In 465 Athens stood at a 
crossroads. The policy of the Areopagus Council—hostility to 
Persia, friendship with Sparta, and cooperation with the allies in 
the Delian League—had culminated in Cimon’s decisive victory 
over Persia at the Eurymedon River, and it was possible for Athens 
to continue the same policy, An alternative line of reasoning was 
that the defeat of Persia made it no longer necessary to be friendly 
with Sparta and to cooperate with the allies; a more strictly Athe- 
nian policy might now be pursued, but not so long as the Areopagus 
Council and Cimon were at the helm of the state. In 465 Athens 
inclined toward the second policy in attacking one of the strongest 
allies, Thasos, which had justifiably refused to give Athens a share 
in its possessions. At this time Ephialtes and Pericles opened a 
series of prosecutions against leading members of the Areopagus 
Council, who were tried in the people's courts. Some of these were 
successful, but a charge of corruption, laid against Cimon by Peri- 
cles, failed, probably in summer 462. A trial of strength occurred 
when Sparta appealed for help against the Messenians and the 
Spartan serfs, the helots. Ephialtes, describing Sparta as Athens’ 
rival in the struggle for power, advocated refusal, but Cimon re- 
called the days of Spartan and Athenian cooperation against Persia 
and persuaded the assembly to send help. The issue was decided 
at home when Cimon and the hoplites of the army were overseas 
on service. Then Ephialtes and Pericles obtained a majority in the 
assembly to rescind many powers hitherto held by the Areopagus 
Council and to transfer them to the democratic Council of Five 
Hundred (the boule; q.v.) and to the people's courts. When Ci- 
mon returned, the people confirmed their choice of the democratic 
leaders by ostracizing him in the spring of 461, A month or two 
later Ephialtes was assassinated, and Pericles found himself the 
surviving leader of the democratic group. 

Pericles was a firm believer in the sovereignty of the people, 
which was directly expressed in the majority vote of the citizens 
in the assembly and of a section of them in the people's courts, On 
his proposal the assembly removed further powers from the Are- 
opagus Council, and the people's will was now untrammeled except 
by the rules of procedure (which required, for example, a prelimi- 
nary recommendation by the boule) and by respect for established 
law and precedent. During the next ten years most offices of state 
were made open to any citizen, whatever his financial position 
might be; state judges were instituted to supervise local courts and 
curtail local influence; and on Pericles’ own proposal Athenian 
citizenship was granted only to men of Athenian parentage on both 
sides. Thus the privileged circle of citizenship was closed, and 
within it equality of political opportunity under the democracy 
was safeguarded. Thus in 462-454 the foundations of the Peri- 
clean type of democracy were firmly laid, and there is no doubt 
Pericles himself played the leading part in the development. 

The Policy of Expansion.—In the field of foreign affairs Peri- 
cles had less experience in 461. As a general he was far surpassed 
first by Cimon and then by Tolmides, Myronides, and others, but 
as an orator in the assembly he was able to influence the foreign 
policy of the state. In the hour of Sparta’s weakness the Athe- 
nians allied themselves with Sparta’s enemies Argos and Thessaly, 
and then with Megara against Sparta’s loyal ally Corinth; and 
they delivered a strong offensive against Epidaurus, Corinth, and 
Aegina in 458, Next year the Spartan army, weakened though it 
was, joined forces with the Boeotians and marched toward Attica. 
Pericles distinguished himself in the ensuing battle at Tanagra, the 
only occasion in his lifetime when the Athenian army faced a Spar- 
tan army in battle. The verdict was slightly in favour of Sparta: 
the Spartan army marched home through the territory of Megara, 
and the point was established that Athens had little or no hope 
of defeating Sparta on land, Boeotia, however, was exposed to 
attack by the Athenians, who overran the cities and set up a num- 
ber of democratic" governments. In the same year, 457, Pericles 
achieved his desire to conquer Aegina, “the eyesore of the Piraeus,” 
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as he called it, and he completed the task entrusted to 
assembly, the building of the Long Walls from Ath 
Piraeus which made the city almost impregnable and ensured ac. 
cess to the sea. The Athenian navy raided the Coasts of the 
Peloponnese, occupied Naupactus as a base in the Corinthian Gulf 
and under Pericles’ command in 455 won over most of Acamaniy 
The spectacular success of Athenian arms, except in the all-impor. 
tant trial of military strength with Sparta, seemed to Justify the 
adventurous foreign policy of the democracy, even if it involved 
some rough handling of the allies in the Delian League. (See also 
DELIAN LEAGUE.) 

Simultaneously, however, Athens engaged in a major war in 
Egypt against Persia. It is not known whether Pericles favoured 
this course, but he certainly learned from it to avoid a war on tyo 
fronts. At first all went well; an allied fleet, to which Athens 
contributed only a small squadron, won a victory on the Nile and 
the Egyptians expelled the Persians. But the Persians returned to 
the attack in strength and captured the entire expeditionary force 
in 454. This disaster shook Athens’ position as a sea power and 
as leader of the allies in the Delian League. The people turned to 
Pericles in this crisis. He took command of the western fleet and 
brought it to the Piraeus; he was given charge of the “allied (rea 
sury,” which the Athenians transferred from Delos, thus depriving 
the allies and making themselves masters of great financial re 
serves; he desisted from operations against the Peloponnese and 
then obtained a truce through the good offices of Cimon, who wis 
recalled, on the proposal, probably, of Pericles. The truce lasted 
to 446. Meanwhile Pericles concentrated on recovering a number 
of allied states which had seceded from the Delian League and on 
preparing for an offensive against Persia; in 450 Cimon led a flet 
of 200 ships to victory in Cyprus and died shortly afterward. Ne 
gotiations were opened with Persia, and peace was concluded in 
449/448 with defined spheres of interest. у 

The Athenian Empire.—Although Pericles left negotiations 
with Sparta and war with Persia to Cimon, he outmaneuvered him 
at home and carried through two radical policies. He confirmed 
the people’s loyalty to the democracy by enlarging the number and 
the powers of the people’s courts and by introducing, a system af 
state pay, which benefited the poorer citizens especially and & | 
abled them to fulfil political and judicial functions. Second, k 
converted the Delian League from an alliance to an empire y 
reducing to dependent status those states which had revolted an 
by planting outposts of Athenian citizens, known as cleruchies, at 
Strategic points on “allied” territory. His methods involved po 
litical, military, and judicial intervention, but he was probably cot: 
Tect in seeing that otherwise the Delian League would dissolve an 
leave Greece weaker in facing Persia, His main concern, as AM 
was the aggrandizement of Athens, and he tried to isolate Spar 
by a diplomatic offensive, probably in 448. He invited all б 
states to attend a panhellenic conference at Athens, where it " 
planned to celebrate the end of the Greek war with Persia, term 
nate all internal wars in Greece, and proclaim the freedom 0. 
seas for all Greek ships. But the members of the Spartan alli 
refused the invitation, and no conference was held. Per 

Even with Persia at peace and the empire under control, chs 
cles just saved Athens from disaster in 446445. The oe 
whom Athens had exiled from Boeotia, Locris, and Fut 
bined to defeat an Athenian army and liberated the whole 0 
tia from Athens. Then Euboea revolted, and while Pericles a ) 
army thither the Megarians rose and killed the Athenian e { 
Pericles hurried back to find a combined army of Peloponmest 
Megarians, and Boeotians invading Attica under the commi 
Spartan king. The army suddenly withdrew. Pericles, it W e 
lieved, had bribed the Spartan king. Negotiations were T 
for a settlement, During them Pericles reduced Euboea * gn 


him by th 
ens to the 


i i vas col 
dience, „In winter 446-445 the Thirty Years’ Treaty wont 
Чина: it was a pact of nonaggression between two blocs ot P ult 
= е 


ns and its empire and Sparta and its allies—and any А 
was to be settled by arbitration. Of disputed territories the 

nians were allowed to keep Naupactus, Aegina, and a 0 
extrication of Athens from its dilemma in 454, the formal the 
the Athenian empire, the strengthening of the democracy: ^" 


eace with Persia and Sparta were primarily due to 
had shown the highest gifts of diplomacy, foresight, 


an Age.”—Respite from war enabled Pericles to 
pire more securely. Cleruchies were planted at 
Chalcis in Euboea, at Brea on the Thracian coast, and 
nese. Athens still demanded tribute; With it Peri- 
@ а standing fleet of 60 triremes to police the seas 
a great building program to which the Parthenon 
laea on the acropolis, the temples of Athena and 
id Ares in the agora, and those of Poseidon at Sunium 
t Rhamnus still bear witness. The policy of exploit- 
allies was challenged by Thucydides, son of Mele- 
lative of Cimon, who claimed that the Athenians had 
the allies’ money in decking Athens out “like a har- 
sand statues and temples.” In 443 the people chose 
rialism and cooperation; Thucydides was ostracized. 
nto Pericles was thereafter expressed not in the assembly 
phlets such as the Constitution of Athens, falsely at- 
nophon and often referred to as “The Old Oligarch,” 
1. Opposition in the empire came to a head in win- 
hen Samos, one of the few allies still possessing a 
ed to accept arbitration by Athens in a quarrel with 


attacked at once and successfully, He imposed a 
А Samos, removed a hundred hostages, set up a 
H government, and left Athenian commissioners and a 
Ipport it. But the Samians, in collusion with the 
sian satrap, rebelled once more, and Byzantium rose in 
Pericles had to deploy 200 ships and conduct a siege 
mths before the Samians capitulated on condition that 
fleet and walls, paid the cost of the war, and gave 
hens. An example had been made of the strongest 
y," and the peace treaties with Sparta and Persia 
during this dangerous operation. 
also enlarged the area of Athens’ influence between 445 
ood relations with Egypt brought Athens gifts of grain; 
vere renewed with Rhegium in Italy and Leontini in 
was founded in south Italy as a colony under Athe- 
ship for volunteers from any Greek state; operations 
aciote Gulf brought an alliance with Acarnania; a col- 
lens and its allies was founded at Amphipolis on the 
r in Thrace; and a strong fleet, commanded by Peri- 
the Black Sea, planted colonies, and brought new ac- 
0 the empire, 
ant activity of Athens was viewed with alarm by 
d allies. At first Pericles was careful to observe the 
ad balance of power under the Thirty Years’ Treaty 
€ Western seas to Corinth and keeping the Aegean free 
ers, But in 435 a quarrel started between Corinth 
which endangered Corinth's sea power in the west. 
{ез sent embassies to Athens. Advocates of peace 
enjans to keep clear of the quarrel, but Pericles 
assembly to make a defensive alliance with Corcyra, 
in ships fought against Corinthian ships that autumn. 
cles proposed and carried a decree excluding Megara 
henian ports; and a colony of Corinth in the Aegean, 
ed to dismantle its defenses, refused, hoping for 
inth and Macedonia, The nature and timing of these 
ericles determined to apply severe pressure on 
€ven at the risk of a general war. In 432 the Spar- 
he challenge: “If Athens,” they said, “would retract, 
d continue"; the alternative was war. Pericles 
ople not to yield, and hostilities began in 431. 
Of Pericles” career was in 445-431, the so-called 
The balance of power with Persia and Sparta 
hens an assured peace and a growing prosperity was 
9 his intelligent statesmanship and lasted as long as 
to last. Some of the wealth which accrued to Athens 
at his direction on the magnificent temples and 
tifications and the fleet, and the policing of the 


: © democracy was developed and led by him. The large 
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and enlightened middle class provided unusual stability under a 
constitution which entrusted all powers of direct government to 
the people, and Pericles’ ideal of a liberal democracy with no social 
or financial barriers (as expressed by Thucydides the historian) 
came as near to actuality as was possible in an exclusive citizen 
body resting ona basis of slavery. Pericles was the pivot on which 
the constitution turned, He was elected each year by the whole 
people as their chosen general for 14 years in succession. His in- 
tegrity, ability, and experience enabled him to dominate the assem- 
bly and impose his will alike in domestic and foreign policy, He 
inspired the citizens with his unqualified loyalty to Athens and with 
his ambitions for its future. i 

Peloponnesian War and Death—Pericles was confident of 
defeating Sparta (see PELOPONNESIAN WAR) by a strategy of de- 
fense by land and offense by sea, causing a war of attrition in which 
a naval offensive would impoverish Megara, Corinth, Sicyon, and 
others, split the Spartan alliance, and force Sparta to a humiliating 
peace, whereas Athens had capital reserves, unassailable sea power, 
and an empire for supplies. For two years his strategy succeeded, 
He was chosen in 430 to deliver the funeral speech for the dead of 
the first year of the war and to command a raiding force of 150 
triremes, Then plague struck Athens. One-third of the best 
troops died, including two sons of Pericles. He was deposed and 
fined by the demoralized citizens. They elected him general again 
in 429, but he died before the end of the year. Whereas his succes- 
sors failed, Thucydides the historian believed Pericles would have 
led Athens to victory with that certainty of judgment and power of 
command which he had always shown. Posterity has been more 
impressed by the advanced democracy and the intellectual culture 
which he had created. 

Pericles had a high forehead (the Attic comedians called him 
"squill-headed") and a composed, dignified expression which can 
be seen in a copy of a bronze head by Cresilas at the British Mu- 
seum (no, 549). In private life Pericles associated himself with 
the progressive intellectuals, both thinkers and artists, some of 
whom suffered in the people’s courts, He was a close friend of 
Sophocles, whose plays had something of Pericles’ own serenity, 
confidence, and refinement. He formed a lifelong attachment to 
a courtesan, Aspasia (q.v.), who rivaled him in intellectual and 
cultural interests. His son by her, also called Pericles, was one of 
the generals at the Battle of Arginusae who were condemned to 
death in a mass trial by the democracy in 406. 

See also Greece: History: The Great Wars in Greece; and ref- 
erences under “Pericles” in the Index. 

Bipri0cRAPRY .—Ancient. sources: Thucydides, i-ii, 65 (especially his 
version of Pericles’ speeches in i, 140-144, ii, 60-64) ; Aristotle, Consti- 
tution of Athens, 25-28 and Politics, passim ; comments by Aristophanes 
and Plato; Plutarch, Pericles. 

Modern works: E. Abbott, Pericles and the Golden Age of Athens 
(1891) ; H. Berve, Perikles (1940) ; G. De Sanctis, Pericle (1944) A,R. 
Burn, Pericles and Athens (1948) ; L. Homo, Périclès (1954) ; V. Ehren- 
berg, Sophocles and Pericles (1954). (N. G. L. Н.) 

PERIDOTITE is a dark, heavy, igneous rock containing at 
least 10% olivine; other jron- and magnesia-rich minerals, gen- 
erally pyroxenes; and not more than 10% feldspar. Most 
peridotites are coarse-grained and granitoid, although some are 
coarsely porphyritic. Peridotite occurs in four main geologic 
environments: (1) interlayered with iron-, limes, and magnesia- 
rich rocks in the lower parts of tabular-layered igneous complexes 
or masses; (2) as irregular masses, rich in olivine (Mg,Fe)25iO,, 
with or without related gabbro, in alpine-type mountain belts; 
(3) in volcanic pipes (the variety known as kimberlite) ; and (4) 
as dikes and irregular masses with rocks exceptionally rich in 
potash and soda. The layered complexes are believed to have been 
formed in place by selective crystallization and crystal settling 
from a previously intruded fluid or magma; the remaining types 
seem to have ranged from fluid magmas to semisolid crystal 
mushes at the time of emplacement. Nearly all peridotite is 
more or less altered to serpentine (q.v.) and cut by many irregular 

surfaces. 1 
orm is the ultimate source of all chromium ore and nat- 
urally occurring diamonds, and of nearly all chrysotile asbestos, 
Tt is one of the main host rocks of talc deposits and platinum 
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metals and formerly was a major source of magnesite. Fresh 
dunite (pure olivine rock) is used in parts of glass furnaces. In 
warm humid climates peridotite and serpentine have weathered 
to soils and related deposits (see LATERITE) which, though now 
worked on a relatively small scale, are enormous potential sources 
of iron, nickel, cobalt, and chromium. Samples of peridotite from 
St. Paul Rocks have been dated at 4,500,000,000 years (margin of 
error 25%). (TEP ale) 


PERIER, CASIMIR PIERRE (1777-1832), French banker 
and statesman who exercised a decisive influence on the political 
orientation of the July Monarchy, was born at Grenoble on Oct. 21, 
1777. He was the son of the manufacturer and financier Claude 
Périer (1742-1801), who dealt in national property (real estate) 
and became one of the first directors of the Banque de France. 
After service with the staff of the French Army in Italy (1798- 
1801), Casimir Périer returned to France and, together with his 
brother Antoine Scipion, founded a new bank. By 1814 Périer 
was one of the most important bankers in Paris; and he then had 
some part in the financial negotiations between the fallen emperor 
Napoleon, the French provisional government, the victorious Al- 
lies, and the Bourbon dynasty. Under the Restoration, when the 
duc de Richelieu's government in 1817 relied chiefly on foreign 
banks, especially the Amsterdam House of Hope and the London 
House of Baring, for the floating of a loan, Périer proposed on the 
contrary that French banks should play the preponderant role in it. 
Elected to the Chamber of Deputies to represent first Paris (from 
1817) and then Troyes (from 1827), he sat with the moderate 
opposition of the left. 

On the revolution of July 1830, which made Louis Philippe king 
of the French, Périer was elected president of the Chamber. He 
promptly made himself the spokesman of the “party of resistance,” 
that is, of the right, in opposition to his rival Jacques Laffitte 
(q.v.). On March 13, 1831, he succeeded Laffitte as president of 
the Council of Ministers (premier) and minister of the interior. 
He thereupon set himself to restore order: the National Guard was 
brought into action against the demonstrations of the opposition in 
Paris; and later the Army put down the silkworkers’ insurrection 
in Lyons (November-December 1831). 

Périer pursued his own line in foreign affairs, Determined to re- 
sist the spread of revolution, he declined to intervene on behalf of 
the Polish insurgents against Russia. But he dispatched a naval 
squadron to Lisbon to force the absolutist government of Dom 
Miguel to compensate French merchants for damage (July 1831); 
he sent an army to defend the new kingdom of the Belgians against 
the Dutch (August 1831); and he ordered the occupation of the 
Adriatic port of Ancona by a French brigade, so as to check Aus- 
trian predominance in the Papal States (February 1832). Despite 
this active policy, he had to face continual attacks from the left 
and from the Legitimists; and his authoritarian manner sometimes 
alienated Louis Philippe also. Périer died in Paris on May 16, 
1832, during the cholera epidemic. (ЈЕ. V.) 

PERIGEE, in astronomy, that point in the orbit of a satellite, 
natural or artificial, which is nearest to the earth (Gr. peri, “near,” 
ge, “the earth”). The perigee of the sun’s apparent orbit and the 
earth’s perihelion are so related that they differ 180° in longitude, 
the first being on the line from the earth toward the sun, and the 
second from the sun toward the earth. 


PERIGNON, DOMINIQUE CATHERINE, MARQUIS DE 
(1754-1818), French army officer who made his name during the 
French Revolutionary Wars and became one of Napoleon I's 
marshals, was born at Grenade, near Toulouse, on May 31, 1754, 
of a family of lawyers. Having retired from the royal army, he 
was elected to the Legislative Assembly in 1791 but soon resumed 
active service. In 1793, when the Spaniards invaded Roussillon, 
he did well in the confused fighting there; and in 1794 he led the 
centre of Gen. J. F. Dugommier’s army of the Eastern Pyrenees, 
which expelled the invaders and advanced into Catalonia. When 
Dugommier was killed (Nov. 18), Pérignon assumed command and 
took Figueras ten days later and Rosas in Feb, 1795. Under the 
Peace of Basel (July 1795), he went as the French Republic’s 
ambassador to Madrid (1796-98). In 1799 he commanded a wing 
in Italy and was wounded and taken prisoner by the Russians at 
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Novi (Aug. 15). Released, he was made a senator of France jy 
1801. 

Pérignon was well treated by Napoleon, who made him a 
shal (1804), governor of Parma (1806), and comte (1808), "Fin 
1808 he served in Naples. Adhering to the Bourbons on 
leon's downfall, he was named a peer of France (1814) ad. 
pointed commanding officer first at Toulouse ( 1815), then in Pari 
(1816). Created marquis in 1817, he died in Paris on Deo, 2 
1818. 


PÉRIGORD, an ancient pays (district) of southern: 
corresponding to the bulk of the modern département of Dordogne 
(g.v.), with part of Lot-et-Garonne. It was bounded north by 
Angoumois, northeast by Limousin, east by Quercy, south anf 
southwest by Agenais, and west by Bazadais, Bordelais, and lı. 
tonge. The name was derived from that of the Gallic tribe of the 
Petrocorii or Petragorici, whose capital became Périgueux (qu), 
Sarlat, Bergerac, and Nontron were also important places, Counts 
of Périgord are recorded early in the 6th century Ар, and in 17%. 
After a period in which the countship was attached first to that ol 
Angoulême (c. 866-c. 963), and then to that of La Marche it be 
came a separate entity again c. 1006. Apart from quarrels with th 
bishops of Périgueux, the counts played their part in the troubled 
affairs of Aquitaine; and with the formal reduction of Aquitaine 
to Guienne in 1259 Périgord became an area of disputed suzerain 
between the French and the English crowns (see GUIENNE; Hui 
DRED YEARS’ WAR), Confiscated from the feudal dynasty of counts 
(1399), Périgord was granted to Louis de France, duc d'Orléans 
but Charles d'Orléans sold it to the House of Blois-Penthibvrei 
1438. Transferred to the House of Albret by marriage (1410) 
it was subsequently inherited by the crown of Navarre, and $ 
was finally united with the French crown by Henry. TV (1589) 
Under the ancien régime it was included in the province of Guitmt 
and the intendance or généralité of Bordeaux. ч 

BrsLr0GRAPHY.—Société Historique et Archéologique du Pm 
Bulletin (1874-1947) ; J. L. Dessalles, Histoire du Périgord, wi 
(1886) ; A. Escande, Histoire du Périgord, 2 vol. (1934). ^ 

2 

PÉRIGUEUX, а town of southwest-central France, Pé 
ture of the département of Dordogne (former capital of them 
dieval province of Périgord Blanc), and an episcopal see, lies 0t 
the right bank of the Isle River, 120 km. (75 mi.) ENE of Bor 
deaux by road. Pop. (1962) 36,585. sineli Te 

Its two nuclei are the Cité and Puy-Saint-Front districts: 
former occupies the site of the Roman town of Vesunna 0 
southwest; the latter, the medieval town to the east, surrounds” 
cathedral of Saint-Front. The modern town spreads to the Y 
and northwest of Puy-Saint-Front. The cathedral of Saint! à 
is a domed church of the Aquitanian school, built c. 1123-98. 
has the shape of a Greek cross, with five lofty domes; and | 


SY COURTESY OF THE FRENCH GOVERNMENT TOURIST OFFICE, CHICAGO 
THE CATHEDRAL OF SAINT-FRONT IN PERIGUEUX, BUILT ABOU 
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prioris very bare: Its somewhat Byzantine appearance is due to 
yholesale restoration in the 19th century by Paul Abadie (the 
ancitect of Sacré Coeur in Paris), There is a Romanesque bell 
отет and 13th-14th-century cloisters are on the south side, At 
jhe northern edge of Puy-Saint-Front. is the Musée du Périgord; 
with prehistoric and archaeological exhibitions as well as later secu- 
jar and ecclesiastical art. In the Cité is the 12th-century church 
of Saint-Etienne, which was the cathedral until 1669 despite se- 
vre damage in 1577 during the Wars of Religion. 

Northwest of this is a Roman arena of the 3rd century A.D.; 
md southwest stands the Cháteau Barriére (12th-15th century) 
built оп the boundary wall of the Roman civitas. Farther south, 
cross the railway, is the so-called Tour de Vésone, believed to 
have been part of a Gallo-Roman temple to the goddess Vesunna. 

Originally, Périgueux was the settlement of a Gaulish tribe, the 
Ditrocorii, who called it Vesunna after a local spring which became 
their tutelary deity. When the barbarians came it shrank to a 
gill encampment, the civitas Petrocoriorum—hence the modern 
forms, Cité (the part of the town where the civitas was situated) 
ind Périgueux. A medieval town, Puy-Saint-Front (after: Sti 
Tronto or Frontonius, the apostle of Périgord in the 2nd century 
ind Périgueux’s first bishop) grew up between the 5th and 14th 
centuries around an abbey. burned down in 1120 and later replaced 
bythe cathedral of Saint-Front. Périgueux struggled against the 
English throughout the Hundred Years’ War, although they held 
irom 1361 to 1369. It suffered severely under Protestant occu- 
pition (1575-81) during the Wars of Religion. »Amnestied by 
Louis XIV in 1654 for its part in the Fronde. it settled thereafter 
hilo an era of peace; but it had still to defend its privileges from 
Einem of centralized: bureaucracy. 

nder the Revolution, Périgueux continued as capital of a 
шетен! covering exactly the same area as Périgord. From 
lie July Monarchy (1830) onward many improvements were made 
tnd the town received new impetus under the Second Empire and 
E ense It is now one of the most attractive towns 

Awestern France, 
йеп is а road and rail junction, especially northeast. for 
ress dp ари It is about 300 enia 

. irom Paris by road and rail. There'is an airport mi. 
cd » at Bassillac. Motor coach tours are organized for 
1 ishing to see the surrounding countryside, 

т Metnationally known for its páté de foie gras, truffles, and 

Ens is alsoran important hog market. Vegetable pre- 

hardy 50 carried. on; and industries include the manufacture 
ware, cutlery, chemicals, textiles, and leather goods. 

the Bab al ferr Mavyux ), an island and British potesl in 

i» (1960 е i ndeb Strait about 100 mi. (160 km.) W of Aden. 
Ип ae "iw Area 5 sq. mi. (13 sq.km.). Perimis AA TEN 
thes point € om with boulders. aid ула — 
tour on the s vies mia the south. as ag ve 
a smal Southwest, with an entrance 860 yd. (786.m.) wide, 
ti plored ee Perim, called Diodorus in the Periplus, 
isis E у Affonso de Albuquerque. who set up a Cross there 
hing Шей it Vera Cruz. It was occupied by the French 

"апі by the British in 1799. It was abandoned shortly 


Mer as w, 1 
the ев but reoccupied in 1857, just prior to the cutting 


‘ney З У 
j Of Aden is the legislative authority for Perim, while ad- 


Ministration 5 
| i n is in the hands of a commissioner for Kamaran and 
PERIN (бу. Н. Is.) 
PERIOD HUS: see HERACLEA. i 
Шан, ICAL. This term, which was once applied to all 
ши 75 appearing at regular intervals, is now used by li- 
Wiper, and others to designate all such serials except news- 


atly Pers a: aW] 
hue d Periodicals, Тһе forebears of the literary periodical 
Be eal Century were the book notices inserted by publishers 
citis ewsbooks, Ву 1646 such notices, accompanied by 
out 16 cal comments, were appearing with some regularity; 
Se they began to be grouped together and to form a regular 


feature of the newsbook or paper: Of far greater importance than 
the book notice was the digest or abstract journal, of which the 
pioneer was the Journal des scavans (later Journal des savants), 
first issued in Paris on Jan. 5, 1665, by Denys de Sallo and con- 
tinued in a series unbroken except for a short period of suppression 
from 1797 to 1816. Though original material began to appear in it 
after the issue of the first few numbers, its primary aim was to 
give summaries of all important books published in Europe, to- 
gether with obituaries and bibliographies of prominent writers 
and reports on important philosophical, literary and scientific 
matters. The Journal des sqavans was closely followed by the 
Philosophical Transactions (Acta philosophica) of the Royal so- 
ciety of London (March 1665), the first abstract journal in English, 
designed to record “the present undertakings, studies and labours 
of the Ingenious in many considerable parts of the world." Italy 
followed with the short-lived Giornale de’ letterati (Rome, 1668— 
81)—another journal with the same title was published at Parma 
from 1668 to 1690 (with a break between 1679 and 1686)—and 
the Galleria di Minerva (Venice, 1696-1717); in Germany the 
Acta eruditorum, published in Latin, appeared in Leipzig from 
1682 to 1731. Christian Thomasius’ Monatsgesprüche (1688) was 
the first periodical in the German language. 

Meanwhile the book advertisements in the newsbooks had de- 
veloped into regular catalogues—of which the Mercurius librarius 
(1668-70) or Term Catalogues was the most noteworthy—though 
these were but “dry things, scarce able to raise in men that gust and 
appetite for learning" that the Weekly Memorials for the Ingenious 
(1681-83) hoped to foster by means of the critical notes that it 
attached to each title. This periodical was the precursor of the 
critical review; it was shortly followed by the Universal historical 
bibliothèque (1686) which announced its intention of printing 
reviews of important books, and for the first time invited con- 
tributions from scholarly critics. 

In 1690, Samuel Wesley, father of John and Charles, joined 
John Dunton in launching the Athenian Gazette (later the 
‘Athenian Mercury, ended 1697), the forerunner of Notes and 
Queries and Answers, which attempted a kind of information 
service on all literary and scientific matters about which its readers 
might ask. Daniel Defoe was one of the contributors. In 1692 
Dunton began to issue supplements dealing with natural history 
and natural phenomena. Dunton’s later journal, The Compleat 
Library (1692-94), virtually the successor of the Athenian 
Mercury, was the first periodical of importance to allot, in the 
manner now customary in learned journals, definite proportions 
of its space to original contributions and to book reviews. 

Side by side with these attempts to popularize learning were 
the periodicals of amusement, of which Mercurius Jocosus (1654) 
was one of the earliest, and Donneau de Vizé’s Mercure galant 
(Paris, 1672-1820) the most successful. Modeled on the latter, 
but more serious in content, was P. A. Motteux’s Gentleman's 
Journal (1692-94), which contained essays, verses, letters and 
stories. Edward Ward’s London Spy (1698-1700), with lively 
sketches of London manners and customs, was one of a number of 
short-lived journals whose contents were mainly humourous, vulgar 


or obscene. 
GREAT BRITAIN 


If the 17th century saw the establishment of the abstract journal 
or digest, the learned journal, the critical review and the periodical 
of amusement, the 18th century produced in the essay periodical 
its own characteristic contribution to English journalism. This 
form, itself one of the most important manifestations of r8th- 
century English literature, constituted the first attempt to create 
an organized popular opinion in matters of literary taste and 
manners in general. Richard Steele issued the Tatler in 1709-10; 
and a dozen similar publications appeared in the same year, at 
least half of them imitating the title as well as the form. Joseph 
Addison contributed to the Tatler and, with Steele, ran its suc- 
cessor the Spectator (1711-14) and also the Guardian (1713). 
Swift and Bolingbroke wrote political articles for the Examiner 
(1710-14); the Spectator and the Guardian replied on behalf of 
the Whigs, the latter finding itself in no way cramped in this 
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respect by its early profession of freedom from political contro- 


versy. 

The Stamp act of 1712 struck a hard blow at the essay periodi- 
cale—the Spectator's sales dropped from about 4,000 copies to 
1,600—but the very severity of the act is striking evidence of 
their success in forming public opinion not only in the literary 
but also in the political'sphere. 

Meanwhile a series of literary reviews—the History of the 
Works of the Learned (1699-1712), the Memoirs of Literature 
(1710717). and others—carried on the tradition of the Weekly 
Memorials for the Ingenious and the publications of John Dunton. 
‘The first Irish review, A Literary Journal (Dublin, 1744-46), falls 
within this period. Of importance was the Monthly Review 
(1749-1844). The first magazine or miscellany of modern type 
was Cave's Gentleman's Magazine (1731-1907), modeled 
on Motteux's Gentleman's Journal of 1692; Samuel Johnson 

the staff in 1738, The London Magazine or Gentleman's 
Monthly Intelligencer (1732-85) was the most formidable of a 
lige paabet of veio Ca Зерде رک‎ Magazine ; others were 
the Scots Magazine (1739-1826); the North Briton, edited by 
John Wilkes (1762-63); the European Magazine and London 
Review (1782-1826); and the Monthly Magazine (1796-1843). 
The most noteworthy t of the last few years of the 
century was the speci 
Curtis's Botanical Magazine (1787), the Philosophical Mi 
(1798) and the Farmer's Magazine (1800-25) being among the 
more important examples, and the first three the longest-lived. 

The 19th Century.—To Edinburgh is due the first high-class 
critical journal, the Edinburgh Review (1802-1929), established 
by Sydney Smith, Henry Brougham and Francis Jeffrey and issued 
in the buff and blue colours of the Whig party that it supported. 
Among its more eminent contributors were Carlyle, William 
Hazlitt and Macaulay. Its brilliant Tory competitor, the Quar- 
terly Review (1809), was begun by the London publisher John 
Murray at the instance of Sir Walter Scott, who, though at first 
contributing to the Edinburgh, soon found himself dissatisfied with 
it, George Canning, Robert Southey, Lord Salisbury and Glad- 
stone were all contributors to the Quarterly, and Scott himself re- 
viewed in it. The third of the famous 19th-century periodicals was 
Blackwood's Magazine (1817), with contributions from Scott, 
John Lockhart, John Galt and many others. The Edinburgh ceased 
publication with the end of its 2soth volume; the Quarterly and 
Blackwood's were still current at mid-20th century. 

Of other quarterlies may be noted the Westminster Review 
(1824-1914), Mind (1876) and а large number of denominational 
reviews. Among the monthlies and weeklies were the Christian 
Observer (1802~77), the Monthly Repository (1806-348), the 
Athenaeum. (1828, later combined with New Statesman and Na- 
tion), the Spectator (1828), the Fortnightly Review (1865-1050, 
monthly from 1866), the Contemporary Review (1866) and the 
Nineteenth Century (1577, called Twentieth Century after 1950). 
W. T. Stead's Review of Reviews (1890-1946) introduced a new 
development in printing criticisms of work published in other re- 
views. The Times (London) began to issue its Literary Supple- 
"Te ^ y TUARUM 

19th. century a of popular magazines. 
John Limburd published the Mirror (1822-49) as a twopenny il- 
lastrated magazine. A decade later came Chombers's Journal 
(1832), long conducted by the John Chamberses, father and son; 
the Penny Magazine (1832-46), published by Charles Knight: 
and the Saturday Magazine (1452-44), issued by the Society for 
Promoting of Christian Knowledge. Charles Dickens’ Household 
Words (1850-59) was followed by his АШ the Year Round (1859- 
95); the latter was continued by the novelist's son, Leading six- 
penny montblies were the Cornhill Magazine (1860-1939), 
initially edited by Thackeray and the first to publish serial fiction 
regularly; Fraser's Magazine (1830-82), which published much 
carly Thackeray and some of the best of Thomas Carlyle; and 
Temple ен ed br ЧЫ Se. Notes and 


Qu rs be Said the curious ani ‚ Nor 
were erests of women forgotten: Queen. 
Lady (1855) were destined for long lives. - шй) and the 


periodical—Archaeologia (1770), lowed 
ақазіпе 


PERIODICAL 


The 20th Century—The late 19th century saw the birth of 
illustrated magazine proper, and the 20th saw its great ^ 
ment. Many magazines had already inserted full-page ill 
and woodcuts in the 1860s, but none of these approached кетй 
now accepted as ап illustrated magazine. The continually dun, 
ing attitude of the public is clearly shown by Sala's statement h 
Temple Bar that, with due regard to the interests of his ready 
he preferred to give them 16 extra pages of print rather thes a 
illustration or two. The English Illustrated Magazine ( 
1913) may perhaps be considered the parent of illustrated 


Innumerable publishers forthwith adopted the view of & 
George Newnes that a magazine should give “wholesome and bass 
less entertainment to crowds of hard-working people craving leta 
little fun and amusement,” by providing light literature asd $ 
lustrations. The Strand Magazine (1891-1950) was designed t 
"contain stories and articles by the best British writers and sped 
translations of the chief foreign authors.” No limit was to bepa 
to illustration, It was a bold move, and even the publisher й 
that they were embarking “upon the wildest extravagance is te 
nishing no fewer than a hundred and ten illustrations in a ser 
number." This was before the general adoption of proces m - 
graving, and woodcuts were still in use. The success which i$ 

was enal. In a different category must be pial 
the illustrated weeklies in which the illustrations counted for mer 
than the letterpress; of these the /Ilustrated London News (the) 
was the pioneer, The Sphere began in 1900, the Tatler in sati 
Dor Post (1938-57) was the most striking example at mé 


century. 

Besides illustrations, 2oth-century magazines are notable i 
variety of specialization in the professions, industries, trades, tt 
gion, arts and letters, sports, etc. Radio Times (1923), ЭЙ 
reached a 9,000,000 circulation by mid-century 
continued to rise, was an outstanding example. There were maf - 
prosperous motion-picture periodicals, and many ۰ 
women's interests; the weekly Woman (1937) had over 40000 
circulation before the end of its second decade. | 

The outbreak of World War II wrote finis to the files of f 
periodicals; in 1939 death came to the literary Criterion (19h 
2 oer (a London Mercury (1919), and the madii 

indsor (1895). | 

Shortage of paper supply continued to cripple magazine pol 
tion for some years after the end of the war. r^ 

"s Another outstanding feature “ 
late 19th century was the development of literature for the vont 
Since the spread of education had inspired the 


“comics” 


suh св 
great ept 
of their numbers took place. Mention must be made, ое. 
а few outstanding earlier examples, such as the Lance 
1823); the Provincial Medical and Surgical J 
followed by British Medical Journal in 1857; the 
(1843); and Nature (general science; 1869). After 1 
art, profession and trade began to issue its 0P 
Fe Nar until er of activity, lone ый 
Tt must be sufficient here ' 
Баты 
۶ (1889), the Studio (art; 
RA 1991), the Hibbert Journal (theology алб 
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FRANCE 
E des scavans, the first number of which appeared on 
Hs, is acknowledged to be the parent of modern periodi» 
. About 1663, Francois Eudes de Mézeray obtained 
for а regular literary periodical, but the idea came to 
4 the credit for having produced the first periodical 
to Denys de Sallo, who at the time was regarded as a 
inventor for having framed the scheme, Its intention 
js given in the Encyclopédie méthodique: "Il a été in- 
Je soulagement de ceux qui sont ou trop occupés ou trop 
pour lire les livres entiers" (“It has been invented for 
Й of those who are either too busy or too lazy to read 
p"). 
evere literary and political censorship enforced in France 
Шу responsible for the introduction of the literary periodi- 
be Netherlands, where no fewer than 31 first-rate journals 
within the century 1680-1780 by French Protestant 


[manner appeared Pierre Bayle's Nouvelles de la répub- 
Heltres (1684-1718), one of the principal successors of the 
scavans; and Jean Le Clerc's Bibliothèque univer- 
ique (1686~93)—to mention only two, A few years 
Mémoires pour l'histoire des sciences et des beaux-arts, 
mown by the name of Journal de Trévoux (1701-67), 
ош at Paris under the auspices of the Jesuits. Their 
Object was to defend religion from attack, and it was prob» 
iis reason that the journal incurred the displeasure of 
or 30 years the printers of the little town of Trévoux 
busy, until it became more convenient to transfer the 
It of the journal to Paris. 
hile the Spectator and Tatler were appearing in England; 
ch were cautious in adopting the essay periodical, 
hcomplete translation of the Spectator appeared in 
in 1714. It was not until 1722 that Marivaux made 
ful attempt to rival the Englishmen by issuing his 
l francais (1722), ‘The Spectateur suisse (1723), Le 
fateur (1758) and others came after but were of 
| Le Pour et contre (1733-40), edited by the Abbé 
| full of anecdote and miscellaneous information, was 
orm to the English reviews, 
f periodical of high rank of the 18th century was the 
lopédique (1756-93), founded by Pierre Rousseau, 
jon his work for many years under the protection of 
Horion, minister of the prince bishop of Liège. When 
died, Rousseau was compelled to: transfer the journal 
Plo Bouillon on account of the phi articles it 
but permission was given him to establish his presses 
ire, Diderot and others contributed to the Paris Ga- 
from 1764 to 1766. During the revolutionary pe- 
il the abolition of the censorship in 1828, most 
pended or suppressed. 
Journals began in the Jatter half of the 17th century 
led in quantity. Revue des deux mondes (1829-1944) 
featest importance as a fortnightly in mid- roth cene 
ding literary figures were contributors. It was suc- 
: littérature, histoire, arts et sciences des deux 
8). Other zoth-century reviews are Nouvelle revue 
сиге de France (1890), Revue de Paris: (1894) and 
libres. (1931), L'Hlustration (1843-1944) was long а 
picture magazine.  Paris-match (1949). quickly 
on leadership among French weeklies by brilliant 
d timely, informative text. Periodicals a xy 2н 
sts and fashions have also been very sucoesstut, 
| Marie-Claire (1954). Children's. periodicals have 
аз Le Magasin d'éducation. et récréation (1864- 
published Jules Verne and was illustrated by Gustave 
E. Meissonier., “Comics” grew in favour, reach- 
Чоп of over 20,000,000 monthly at mid-zoth century. 
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ditorum (Leipzig, 1682-1731), the earliest of Ger- 
› Was not only limited in its choice of subjects to 
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mathematics, physics and botany, but was also handicapped by 
the use of the Latin language. Nevertheless, such German men of 
science as Leibniz and the botanist Michael Kttmüller, combined 
(о make the Acta a central meeting ground where the results of 
their researches might be read. The Acta had many imitators 
Soon after the English of Addison and Steele had 
reached Hamburg. the Germans taking these, especially the Spec» 
tator and the Guardian, as models, brought out Der Vernümftler 
(1713), Die lustige Foma (1718) and Discoursen der Maler 
(1725), J. C. Gottsched's Die vernünftigen Tadlerinmen (1725- 
26) was the first women's journal, In 1759 C. F. Nicolai intro» 
duced his Briefe, die neueste Literatur betre fend to the world, and 
enlisted as collaborators Lessing and Moses Mendelssohn ; it lasted 
six years. The Frankfurter gelehrte. Anzeigen (1772-90), а uc 
cessor of the Franchfurtische gelehrte Zeitungen (17136771), fol. 
lowed a few years later and is chiefly interesting because Goethe 
wrote for it as a young man; the Jenuische allgemeine Litteratur- 
Zeitung, of which Goethe may be said to have acted as editor in 
chief, was issued in 1804-41. С. М. Wieland's Der Teutsche 
Merkur (1773-89) stands out аз a literary periodical of the first 
importance, аз does also the Allgemeine Literatur-Zeitung (1786 
1849). 

The periodicals issued in the various German states during the 
next 60 years displayed an ever-increasing political consciousness, 
and some indeed, such as the Hallische Jahrbücher ( 1838-43). re 
ceived government support. The Jahrbücher fur wissenschaftliche 
Kritik (1827-46), first published by J, F. Cotta, was a noteworthy 

of this period. By the end of the period politics had 
almost ousted literature from German reviews. 

‘The revolution of 1848 was disastrous to the — press, 
and few journals survived it. Developments in ter part 
ofthe oth century followed much the same course as in England. 

the best-known journals of this time are the Deutsche 

Rundschau (1874), Historische Zeitschrift (1859), Newe Rund- 

schau (1889), Die Literatur (1898-1942), Deutsche Vierteljahrs- 
sehrift (1923), Erkenntnis (1930-39) 

The National Socialist revolution produced a further wave of 

, and the division of Germany into zones of occupa» 

tion іп 1945 resulted in many changes and gradual resumption of 

By the 19508 some 4,000 periodicals were in course 

of publication, Among reviews were Deutschland Review (1949, 

Hamburg), Die Besinnung (1946, Nürnberg) and Revue. (1945, 

Munich), Spiegel (1947, Hamburg) was a popular weekly; and 

among picture magazines were Heute (1045-61, Munich) and Zeit 

und (1947, Frankfurt). 


OTHER COUNTRIES 


Canada.— The бтм monthly in eastern Canada was the Novia 
Scotia Magazine (1789-92), and in Canada proper the Canadian 
Magazine (Montreal, 1823725). In addition to these were the 
bilingual Quebec Magazine (1791-93), а quarterly; and several 
others entirely in French: L'Abeille canadienne (1818-19), La 
Bibliotheque canadienne (1825-30; continued аз L/Obrervateur 
(1830-31]) and the Mogosin du Bar-Canada (1832). The Literary 
Garland had a longer life (1838-51) than most of those that pre- 
ceded it, and was for some time the only English magazine pub- 
lished in Canada, A series of interesting French-Canadian reviews 
followed; the foremost, La Revwe canadienne (1864-1922), con’ 
the best writings of contemporary French-Canadian men 


letters. 

Maclean's Magazine (1806) has long been the best known gen- 

eral magazine in Canada. It is published from Toronto, the coun- 
capital, whence are issued also the Canadian Home 

Journal (1904); and Chatelaine (1928), the leading Canadian 

women's journal, Some U.S. periodicals have large circulations 


ralia and New Zealand.—The Australian Mapzsine was 
"e in 1821-22, and was followed by the Sowth 
jan Quarterly Journal (2828) 
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periodicals are strongest in the weekly field. Greatest of general 
popular weeklies is the Bulletin (1880), founded in Sydney by 
J. F. Archibald, which became important in the development of the 
country's literature and art. Largest circulation in the common- 
wealth was claimed in the late 1950s by the Australian Women's 
Weekly (1933), which had publication offices in all the leading 
cities and was said to enter one-third of Australian homes. 

The Netherlands.—Apart from the journals of French origin 
already described, the earliest periodicals in the Netherlands were 
the Examinator (1719-20) and Den Amsterdamschen Hermes 
(1722-23). In 1837 De Gids was founded as the organ of liberal- 
ism and at the same time of a new movement in literature and it 
remained an important review. Haagsch Maandblad (1924) is a 
literary monthly, and Erasmus (1933) an important scientific 
journal. There are many technical and class periodicals. The 
official Radiogids has a wide circulation. 

Italy.—Conditions in Italy were long unfavourable to the 
growth of periodicals. Politics was not a safe subject for free 
comment, and the church interfered much in matters of science 
and literature as well as religion. Nevertheless, the Journal des 
s¢avans had its imitator in Rome when Cardinal Ricci began to 
print Giornale de’ letterati (1668-81); and Venice, always in the 
forefront in literary activities, issued the Galleria di Minerva 
(1696-1717). The rivalry, however, of both the academies and 
the princes acted as a continual curb, and the outlook of editors 
and writers remained circumscribed for a long period. G. Baretti, 
in La Frusta letteraria (1763-65), so mercilessly attacked the 
writers of Italy and even the ruling princes that after two years 
of precarious existence the Frusta was suppressed. /l Caffé (1764— 
66) was much influenced by French ideas. Important modern re- 
views have been Nuova Antologia (1866), Benedetto Croce's La 
Critica (1903-44), Scientia (1907), La Rassegna italiana (1918), 
Rinascita (1944) and Italia contemporanea (1953). Scena Illus- 
trata (1865) is one of the oldest of illustrated monthlies. Epoca 
(1944) is a popular illustrated weekly. 

Portugal.—Jornal Enciclopedico (1779-92) and Jornal de 
Coimbra (1812-20) were the chief early Portuguese reviews. 
Panorama was largely historical and literary; Alexandre Hercu- 
lano's historical tales were published in it. Most rgth-century 
journals were short-lived; but /nstituto (1852) had a long life as 
a literary and scientific review, and Naturalia (1936) enjoyed 
wide acceptance. 

U.S.S.R.—In Russia the Academy of Sciences led the way by 
the issue of Vezhemyesyatchniiya Sochineniya (“Monthly Works”) 
(1755-64) ; and four years later the first private undertaking, the 
Trudolyubivaya Pchela (“Industrious Bee") (1759) with critical 
essays and translations from the Spectator, appeared. Few peri- 
odicals appeared in Russia until the roth century, when the most 
representative magazines were the Vestnik Evropy (1802-30), 
edited by the historian N. M. Karamzin; the Biblioteka dlya 
Chteniya (1834-65), the first to obtain any commercial success; 
the Sovremennik (1836-66), founded by Pushkin; the Russky 
Vestnik (1856-1906), edited by the well-known publicist. M. N. 
Katkov; the Vestnik Evropy (1866-1919), a continuation of the 
earlier Vestnik, to which the novelist Turgenev contributed; 
Russkaya Misl (1880-1927) ; Letopis (1915-17), edited by Maksim 
Gorki. The Bolshevik revolution produced a great upheaval and 
was responsible for an enormous output of periodicals of all kinds, 
but without any real freedom of the press. Novyi Mir (“New 
World") (1925) was one of the more important reviews of the 
Soviet regime. The Soviet publication system calls for the produc- 
tion of a journal in every major field of industry, technology, 
art. Literaturnaia Gazetta (1929) was the leading literary journal. 
Two periodicals were published from Moscow in English, German 
and French as well as in Russian—Soviet Literature (1932) and 
Soviet Woman (1945). 

Scandinavian Countries. The northern countries of Europe 
—Sweden, Norway and Denmark—have never lagged behind in the 
production of literature. The earliest periodical in Sweden was 
Swänska Argus (1732-34), a journal similar to the Spectator. Of 
modern magazines the following are worth mentioning: Ord och 
Bild (1892) ; Nordisk Tidskrift (1878), which prints historical and 


philosophical articles; Nya Sverige (1907-28), a conservative re 
view; and the weekly /dum (1888). The first Norwegian periodical 
was Ugentlige Korte Afhandlinger (1760). Samtiden, begun 

Gerhard Gran in Bergen in 1890 and moved to Oslo a decade later 
was long the leading Norwegian journal. Nye Tidender om leri 
Sager (1720-1837) was the earliest critical journal in Denmark 
Leading 20th-century monthlies were Tilskueren (1884-1939), 
Gads Danske Magasin (1906), Danske Magasin (1952), ч 

Spain.—In Spain the periodical came much later than in France, 
and it was in the beginning dependent on its French prototype, 
Political and religious censorship was as severe as it was in Italy, 
The earliest periodicals date from the middle of the 18th century, 
the best known being Efemérides barometricomedicas matritenses 
(1743-47) edited by Fernández Navarrete; the Diario de los liter. 
atos de Espana (1737-38); and Memorial literario (1784-1808), 

Three early rgth-century periodicals are worth noting—Miscel- 
ánea de Comercio (1819), Artes y literatura (1819-21) and El 
Censor (1820-22). The influence both of the censorship and of 
the foreign periodical declined greatly during the regency of Maria 
Cristina (1833-41). Of a large number of reviews which began in 
the mid-rgth century, mention may be made of the Revista béri 
(1861-63), the Revista de Cataluña (Barcelona, 1862-63) and the 
Revista de Espana (1868-95). España moderna (1889-1914), la 
Lectura (1901-20), Revista de Occidente (1923-36; first edited 
by Ortega y Gasset) and Gaceta literaria (1927-32) were among 
the more important periodicals of the first quarter of the 2oth cen: 
tury. The outstanding weekly was Blanco y negro (1891-1930). 
The Revista hispano-americana de ciencias, letras y artes (191- 
36) was one of the better-known reviews of Latin-American inter- 
est published in Spain. Many Spanish periodicals fell victims to 
the strict censorship imposed by the Franco regime. Mundo 
Hispánico (1948) was a later monthly. 

Switzerland.—The Nova litteraria helvetica (1703-15) of 
Zürich is the earliest literary periodical which Switzerland ci 
show; followed by the Bibliothéque italique ( 1728-34) and the 
Bibliothèque britannique (1796-1815), both published at Gents 
The Bibliotheque universelle (1816) and Revue suisse (1838) 
amalgamated in 1858 as the Bibliothèque universelle et reve 
suisse. Among later periodicals may be mentioned Revue met 
suelle (1897-1926) ; Zwingliana (1897); Archives de psycholog 
de suisse romande (190r) edited by Flournoy and Clap 
Untersuchungen zur neueren Sprach- und Literatur geschid s 
(1903-12); Revue de Genève (1920-24); and Schweiseris 
Monatshefte (1921). In the second half of the 20th eni 
leading monthlies were Atlantis (1929), Schweitzer Journal ч 
and Gegenwart (1939); and leading weeklies were p 
familien-Wochenblatt (1881), Patrie suisse (1884), Schwert 
illustrierte Zeitung (1912) and Weltwoche (1933): м 

India.—The first Indian magazine was the Oriental Ийне 
or Calcutta Amusement (1785-86). Several periodicals were c 
ducted, usually for brief periods, by western missionaries. e 
Hindustan Review (1900, Patna) was founded and long editi ^ 
Sachschudananda Sinha, at Allahabad. "The /ndian Review (1#% 
Madras) was established by G. A. Natesan. In the court 
India’s economic development of the mid-zoth century, û f 
number of professional, technical and industrial periodicals sp 


South Africa. The South African Journal (1824; Cape Tr 
was the pioneer journal of this region. The periodicals 0 and 
Africa are chiefly centred in Cape Town and Johannesbur 
are largely trade and industrial journals of 2oth-century p d 

Japan.—The Meiji restoration of 1868 brought а renaiss 
culture and popular education in Japan and marked the th ce 
of magazines as distinct from newspapers. In the early 70 jn 
tury the leading figure in the publication of Japanese ДА dr 
was Noma Seiji, whose nine periodicals nearly all had rea aid 
culation in six figures. Many of the country’s leading ™ ra 
Survived World War IT; and by the end of the occupation cati 
there Were more than 2,000 periodicals in course Of P^ aint 
including popular miscellanies, women's journals, an 1 ig 
class of light literary reviews, magazines for youth an ot 
cals devoted to the stage, screen, radio, television а? 


a large group of small magazines devoted to verse, 
ews magazines issued by leading newspapers had large 
tions. Outstanding class periodicals were Shufu No Tomo 
man's Friend,” 1917), Voiko No Tomo ("Child's Friend,” 
and Shin Eiga (“New Movies,” 1938). 

„Тһе Christian missionaries William Milne, Robert 
on and Liang A-fa established the first successful Chinese 
| magazine, under the title Tsachihshu Maiyueh Tungchi- 
(‘Chinese Monthly Magazine”). Printed in Malacca, it 
irulated in Chinese territory (1815-22). The first to be 
hed in China itself came from Canton in 1833, was moved to 
four years later and published there for a decade; it was 
unghsiyankao Maiyueh Tungchichuan (“Eastern-Western 
Magazine”) and was founded by Charles Gutlaff, a mis- 
, but in 1837 it was taken over by the Society for the 
of Useful Knowledge, a British institution, Various and 
periodicals offering religious, philosophical, literary and 
fic matter were published in the chief Chinese cities in the 
entury; but it was not until the period of Liang Ch'i-ch'ao 
fellow reformers and publicists, beginning in the second 
ûf the 20th century, that modern periodicals came into 
ulation. Liang himself was editor, usually for brief pe- 
f eight different periodicals. Among long-lived magazines 
ig-fang Tsa-chih (‘Eastern Miscellany,” 1904) and 
Tsa-chih (Educational Miscellany,” 1908). The Com- 
evolution of 1949 resulted, after a few years, in wider 
jon of periodicals than formerly; but these were con- 
the government and highly propagandist. 
tal and South America.—Early gazettes and journals in 
and South American countries often partook of the nature 
es, being miscellaneous in character; but not until the 
mtury did periodicals as such flourish. By that time colour 
had been well developed, and illustrated weeklies and 
were widely popular. The largest Cuban magazine was 
tively illustrated Bohemia (1911), a weekly. In Mexico 
twas La Familia (1931), a fortnightly. In Brazil were 
standing magazines in the Portuguese language—Eu Sei 
(1920), a general monthly; and Vida Domestica (1920), а 
journal. Argentina had many more magazines than any 
uth American country, as well as wider readership. 
1932), rotogravure weekly miscellany, boasted at mid- 
ity a larger circulation than any other South American 
though Para Ti ( 1922), also of Buenos Aires, a women’s 
Was a close second, (C. T. Н. W.; F. L. K.; FL. Mr.). 


UNITED STATES 


t American magazines were two Philadelphia, Pa., pub- 
that dated their first numbers Jan. 1741. Actually first 
Was Andrew Bradford’s American Magasine, followed in 
y Benjamin Franklin’s General Magazine. The former 
months and the latter six: , About 100 magazines were 
in the Colonies, most of them very short-lived. Out- 
$ Were three Philadelphia periodicals—the Pennsylvania 
1775-1776), edited by Thomas Paine; the Columbian 
1786-92), called the Universal Asylum in its last two 
Years; and Mathew Carey's American Museum (1787- 
important were Isaiah Thomas’ Royal American Maga- 
4-75) and Massachusetts Magazine (1789-96); and 
and James Swords’ New-York Magazine (1790-97)- 

n 500 periodicals were published for shorter or longer 
d € first quarter of the 9th century; nearly roo were 
fd in 1825. There was marked development in weekly 


| ted to such reforms as antislavery and temperance; 
» legal and agricultural journals; and in theatrical and 


his class journalism increased rapidly and by mid- 


Em 
E famous for its stenciled coloured fashion plates; 
‘the done (1826-58, Philadelphia), which began as the 


PERIODICAL 


615 


Va.) ; and the Knickerbocker Magazine (1833-65, New York 
city). Chief quarterlies were the North American Review (181 5- 
1940), which developed from the Monthly Anthology (1803-11, 
Boston, Mass.) and had a famous line of editors, including Jared 
Sparks, Edward Everett, James Russell Lowell, Henry Adams, 
and George B. M. Harvey; The Dial (1840-44), famous transcen- 
dental magazine edited by Margaret Fuller, Thoreau and Emerson; 
and De Bow's Review (1846-80, New Orleans, La.). Notable 
weeklies were the Y outh’s Companion (1827-1929), a family peri- 
odical with a long line of famous contributors; and the Saturday 
Evening Post, founded in 1821, but brought to its later pre- 
eee sa popular weekly after its purchase by Cyrus Н. К. 

urtis in 1897. 

A New Era, 1850.—A new era began with the founding of 
Harper's New Monthly Magazine in New York city in 1850, with 
copious woodcut illustration, 144 pages and English fiction serials. 
A worthy competitor came in 1870, Scribner’s Monthly, later the 
Century (1881-1930). Scribner's Magazine (1887-1939) was 
another quality illustrated monthly. By 1890 these richly illus- 
trated general magazines surpassed anything of the kind ever 
before known in any country, The Atlantic Monthly, Boston, 
without illustrations, began its distinguished literary career in 
1857, under Lowell’s editorship. William Dean Howells, Thomas 
Bailey Aldrich, Walter Hines Page and Ellery Sedgwick were 
among its editors. Other famous monthlies of the latter roth cen- 
tury were the Galaxy (1866-78), New York; Overland Monthly 
(1868-1935), San Francisco, whose first editor was Bret Harte; 
Forum (1886-1940), New York; Lippincott’s Magazine (1868- 
1916), Philadelphia; and Frank Leslie's Popular Monthly, New 
York, which began in 1876 and from 1906 to 1956 was published 
as the American Magazine. Three prominent New York weeklies 
were Harper's Weekly (1857-1916) ; The Nation, founded by Ed- 
win Lawrence Godkin in 1865; and Outlook (1870-1935), which 
began as Christian Union under Henry Ward Beecher's editorship, 
By 1870 there were about 1,200 periodicals in the United States, 
close to 2,400 in 1880, and nearly 3,000 by 1890. 

In the 1890s came the high-class illustrated monthlies selling 
for ro or 15 cents in place of the 35 cents asked by the “quality” 
magazines. The only one of this spectacular group to survive was 
the Cosmopolitan, founded in 1886 by John Brisben Walker; 
others were McClure’s Magazine (1893-1933), Munsey's Maga- 
zine (1889-1929) and Everybody's Magazine (1899-1929). These, 
with the Arena (1889-1909), of Boston, and the weekly Collier's 
(1888-1957), were leaders in the muckraking which exposed cor- 
ruption in municipal government, finance, etc., throughout the 
decade 1902-12. Leading muckrakers for M cClure's were Lincoln 
Steffens, Ida M. Tarbell and Ray Stannard Baker, who later took 
over the ailing Frank Leslie's Popular M onthly and renamed it the 

erican Magazine. 

i PO Дагы phe Reader's рана а годе pek 
ine containing condensations of articles from other periodicals, 
oa founded in 1922 and by mid-century had attained the largest 
circulation of any serial publication ever known, said to be about 
21,000,000 monthly, including editions distributed in most foreign 
countries and printed in several foreign languages. Time, a weekly 
news magazine founded in 1923 by Briton Hadden and Henry R. 
Luce, met with much success and had a considerable effect on the 
art of reporting. - Newsweek (founded 1933) was the most suc- 
cessful of its followers. In 1936 Time, Inc., launched a weekly 
picture magazine whose title, Life, was purchased from the satiri- 
cal weekly (founded 1883) which had just suspended publication. 
Another picture magazine, the fortnightly Look, was fopnded in 
1937. In the 1960s both had circulations of about 7,000,000. 
(See also PHOTOJOURNALISM. ) The New Yorker, founded in 
1925 by Harold Ross, though smaller in circulation (about 440,000 
in the 1960s), had great influence on fiction writing, reporting, 
and cartooning. Prominent among U.S. periodicals in the 20th 
century were illustrated magazines for women, such as Ladies 
Home Journal (founded 1883), Harper's Bazaar (founded 1867), 
Woman's Home Companion (1873-1957), Good Housekeeping 
(founded 1885), Vogue (founded 1892) and Better Homes and 


Gardens (founded 1922). 
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PERIODIC LAW 


Taste IIL—TARe Long-Period Form of the Periodic System of the Elements 


Ar 
18 


Kr 
36 


Xe 
54 


Rb Sr Y 
37 38 39 
Cs Ba La 
55 56 57 


Ra 
88 


Ac 
89 


Rn Fr 
86 87 


"Lanthanons 


Yb 
70 


Tm 


69 


* 
*Actinons 


No 


Md 
102 


101 


ture of atoms, beginning with the work of Bohr in 1913. Impor- 
tant forward steps were the formulation of the general rules of the 
old quantum theory by W. Wilson and A. Sommerfeld in 1917, 
the discovery of the exclusion principle by W. Pauli, Jr., in 1925, 
the discovery of the spin of the electron by G. E. Uhlenbeck and 
S. Goudsmit in 1925, and the development of quantum mechanics 
by W. Heisenberg and E. Schródinger during the same year. The 
development of the electronic theory of valence and molecular 
structure, beginning with the postulate of the shared electron pair 
by G. N. Lewis in 1916, also played a very important part in ex- 
plaining the periodic law. 

Mendeléyev stated that a natural law acquires scientific impor- 
tance only when it yields practical results in elucidating unex- 
plained phenomena, in disclosing unrecognized occurrences and in 
evoking verifiable predictions. The periodic law has been found 
to be very useful indeed in the simplification of the science of 
chemistry through the classification of the elements; in the deter- 
mination of the correct multiples of equivalent weights to be taken 
as the atomic weights of elements; in indicating errors in atomic 
weights; in the prediction of the existence and properties of new 
elements; and especially as a basis for chemical reasoning ‘and pre- 
diction in the planning of experimental work. Its value has in- 
creased with increasing understanding of the law and its basis in 
the electronic structure of atoms. 

Survey of the Elements in Relation to the Periodic Sys- 
tem.—The long-period form of the periodic system, Table III, is 
used as the basis of the discussion that follows. This table has 
the great advantage over the short-period form, Table I, in that it 
does not confuse the user by placing in the same group such dis- 
similar elements as the halogens and manganese and its congeners. 
It is also more useful and in some respects more satisfactory than 
Table II, the periodic system with groups demarcated by the noble 


gases. In particular, the condensation of the very long per" 
cesium, 55, to radon, 86, by the omission of the rare-earth ps 
permits the closely related elements such as copper, silver 
gold to be placed close together in а compact column. ents, 
The long-period form of the periodic system of the len 
Table III, contains all the chemical elements that have bigs 
covered or made; they are arranged, in the order of their a А 
numbers, in seven horizontal periods, with the rare-earth m 
(cerium, 58,.to lutecium, 71) and the actinons бона ий 
lawrencium, 103) indicated separately below. The perio consist 
varying lengths. First, there is the hydrogen period, и 
ing of the two elements hydrogen, 1, and helium, 2. The ri 
are two periods of eight elements each: the first ded 
from lithium, 3, to neon, 10; and the second short рей 
sodium, 11,to argon, 18. There follow two periods of 18 п : 
each: the first long period, from potassium, 19, to krypton еў 
the second long period, from rubidium, 37, to xenon, 54 Ty 
long period of 32 elements, from cesium, 55, to radon, 8 | 
densed into 18 columns by the omission of the 14 peri" 
(which are indicated separately below), permitting the rem? 
18 elements, which are closely similar in their properties 0 
responding elements of the first and second long peri? tendit 
placed directly below these elements. The last period, gt 
from francium, 87, to lawrencium, 103, is incomplete. T! ond ve 
ties of these elements indicate that this period is а 8 yr 
long period of 32 elements. The elements from tho the 
nium are indicated in the table in two places: firsts ıı oy sot 
elements hafnium to tungsten respectively, to whic фе 
considerable similarity in properties; and second, below 
responding lanthanons, enon D 
The six noble: gases; helium, neon, argon, krypton ni d 
radon, occur at the ends of the six completed periods 2 


ite the 0 group of the periodic system, For convenience, this 
отур ae 
jum to fluorine ng elements sodium 
н ате Gp en M: groups, I, II, III, IV, V, VI 
respectively. Each of these seven groups is joined by 
-Ms Mb tue elements of the first long series. The 17 a 
nents from potassium, 19, to bromine, 35, are distinct in their 
properties, and might well be considered to constitute 17 sub- 
ups of the periodic system. Largely for historical reasons (the 
eof the short-period form of the periodic system, Table I), how- 
wer it is customary to describe them as constituting 15 subgroups, 
the three consecutive elements iron, cobalt and nickel and their 
трепет in the succeeding periods being placed in a single group, 
WIL The elements potassium, 19, to manganese, 25, are as- 
simed to subgroups Ia, Па, IIIa, IVa, Va, VIa and VIa respec- 
іку: and the elements copper, 29, to bromine, 35, are assigned 
{subgroups Ib to VIIb, respectively. (In some modern versions 
ofthe periodic system, the members of subgroups a and b in groups 
Ш and above are the reverse of the arrangement shown here. 
- Tiere is no one standard form of the system.) 
It is customary to consider the first group, that of the alkali 
` meals, as including, in addition to lithium and sodium, the metals 
af mor E (potassium, etc.), but not the much less similar 
metals of subgroup Ib (copper, etc.). Also the second group, the 
tkiline-earth metals, is considered to include beryllium, magne- 
sim, calcium, strontium, barium and radium, but not the elements 
(subgroup IIb. The properties of the elements do not indicate 
Wanbiguously whether the boron group might be better considered 
йиде the subgroup 1а or the subgroup IIIb. The other four 
groups include the corresponding “b” subgroups: the carbon group, 
IV, consists of carbon, silicon, germanium, tin and lead; the nitro- 
тор, V, includes nitrogen, phosphorus, arsenic, antimony and 
bismuth; the oxygen group, VI, includes oxygen, sulfur, selenium, 
E and polonium; and the halogen group, VII, includes 
Er не bromine, iodine and astatine. ‘The proposed in- 
Burr ыша and its congeners with lithium and sodium 
“жы ү; e in the table by representing the subgroup 
i VI) I(a), and similarly for П(а), IV(b), V(b), VI(b) 
Bait ). The ambiguity for group III, which is considered by 
Bo bes 2n D Sy аа алса and its 
| one hand, an: um and its congeners, on 
Es. | кычы in this table. men 
is indicated by tie-lines to be related to both the i- 
fu ind the halogen group. In its chemical properties 
rever it med to either the alkali metals or the eee 
i5 HF and gned the oxidation number +1 in its compoun' 
ше be vi i —1 in its compounds such as LiH; and it may 
pup vi de as being similar to a group I element and to 
illi 6 ement, respectively, in compounds of these two 
“isin fact zm е place first of Li and then of F in LiF. Hydrogen 
tet on most individualistic of the elements: no other ele- 
bine rese ied it in the way that sodium resembles lithium, 
ique ШЫ ез fluorine, and neon resembles helium. It isa 
idered a Tid oniy element that cannot conveniently be 
1 of the elements of each Ion i ition 
g period are called the transitio! 
(the Hone are usually taken 01 be scandium, 21, to zinc, 30 
(the riled transition metals); yttrium, 39, to cadmium, 48 
бл, зл е А transition metals); and hafnium, 72, to 
А абу platinum-group transition metals). — 
atomic i icity in properties of the elements arranged in order 
ital stat mber is strikingly shown by the consideration of the 
His as tha € of the elementary substances and such related prop- 
DD Oare melting point, density and hardness. The elements of 
h I Lus that are difficult to condense. The alkali metals, 
| lale ае Sofe, metallic solids with low melting points. „The 
eling point metals, in group II, are harder and have higher 
Neth Xn? than the adjacent alkali metals. The hardness and 
then crease 06 to increase through groups Ш and IV, and 
3 8 periods sh rough groups V, VI and VII. The elements of the 
Њеђер 10% а gradual increase in hardness and melting point 
' inning alkali metals to the centre of the period (cobalt, 
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thodium, iridium), and then a fairly regular decrease to the halo- 
gens and noble gases. 

_ The valence of the elements is closely correlated with position 
in the periodic table, the elements in the principal groups having 
maximum positive valence (oxidation number) equal to the group 
number; and maximum negative valence equal to the difference 
between eight and the group number. 

The general chemical properties described as metallic or base- 
forming, metalloid or amphoteric, and nonmetallic or acid-forming 
are correlated with the periodic table in a simple way: the most 
metallic elements are to the left and to the bottom of the periodic 
table; and the most nonmetallic elements are to the right and to 
the top (ignoring the noble gases). The metalloids are adjacent 
to a diagonal line from boron to polonium. A closely related prop- 
erty is electronegativity, the tendency of atoms to retain their 
electrons and to attract additional electrons, as shown by ioniza- 
tion potential, electron affinity, oxidation-reduction potential, the 
energy of formation of chemical bonds with other elements and 
other properties. The electronegativity depends upon position in 
the periodic table in the same way as nonmetallic character, fluorine 
being the most electronegative element and cesium (or francium) 
the least electronegative (most electropositive) element. 

The sizes of atoms vary regularly through the periodic system. 
Thus the effective bonding radius in the elementary substances 
in crystalline or molecular form decreases through the first short 
period from 1.52 A (angstrom unit = 10-8 cm.) for lithium to 
0.73 À for fluorine, then rises abruptly to 1.86 À for sodium, and 
gradually decreases through the second short period to 0.99 À for 
chlorine. The behaviour through the long periods is more complex: 
the bonding radius decreases gradually from 2.31 À for potassium 
to a minimum of 1.25 A for cobalt and nickel, and then rises 
slightly, and falls to.1.14 A for bromine. The sizes of atoms are 
of importance in the determination of co-ordination number, and 
hence of the composition of compounds. The increase in atomic 
size from the upper right corner of the periodic table to the lower 
left corner is reflected in the formulas of the oxygen acids of the 
elements in their highest states of oxidation, as shown in Table IV. 


Taste IV.—Formulas of Oxygen Acids of Elements in Their Highest. 


Oxidation State 
HsBe(OH) H:BOs HCO; HNO: 
> НАКОН) HiSiO« HPO: FSO. HCIO, 
HiGeOu HAsO, HıSeOu 
HaSn(OH)s HSb(OH)« HeTeOo HIO: 
and and 
H:TeO« но» 


The smallest atoms group only three oxygen atoms about them- 
selves; the next larger atoms, which co-ordinate a tetrahedron of 
four oxygen atoms, are in a diagonal belt; and the still larger 
atoms, which form octahedral oxygen complexes (stannic acid, 
antimonic acid, telluric acid, paraperiodic acid), lie below and to. 
the left of this belt. It is only the chemical and physical proper- 
ties of the elements that are determined by the extranuclear elec- 
tronic structure; these properties show the periodicity described 
in the periodic law. The properties of the atomic nuclei them- 
selves, such as the magnitude of the packing fraction and the 
power of entering into nuclear reactions, are, although dependent 
upon the atomic number, not dependent in the same periodic way. 
The Electronic Structure of Atoms as the Basis of the 
Periodic System.—The noble gases, helium, neon, argon, kryp- 
ton, xenon and radon, have a striking chemical property—that of 
forming few chemical compounds. It would be surmised that this 
property depends upon their possession of especially stable elec- 
tronic structures. During the development of modern atomic 
physics and the theory of quantum mechanics, à precise and de- 
tailed understanding has been obtained of the electronic structure 
of the noble gases and other atoms that explains the periodic law in 
oroughly satisfactory manner. 

г n РП ай principle states that no more than two elec- 
trons can occupy the same orbit (or, in wave-mechanical language, 
orbital) in an atom, and that these two electrons in the same orbital 
must be paired; that is, must have their spins opposed. The 
orbitals in an atom may be described by a total quantum number, 
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n, which may assume the values т, 2, 3,... ; and an azimuthal 
quantum number, I, which may assume the values о, 1, 2, . .. , 
п — 1. There are 2I + 1 distinct orbitals for each set of values of 
п andl. The most stable orbitals, which bring the electron closest 
to the nucleus, are those with the smallest values of л and /. The 
electrons that occupy the orbital with n = 1 (and } = 0) are said 
to be in the K shell of electrons; the L, M, N, . . . shells correspond 
respectively to » = 2, 3, 4,.... Each shell except the K shell is 
divided into subshells corresponding to the values o, 1, 2, 3,. . . of 
the azimuthal quantum number /; these subshells are called the 
s, p, d, f,. . . subshells, and they can accommodate a maximum of 
2, 6,10, 14, . . . electrons. 

The approximate order of stability of the successive subshells in 
an atom is indicated in Table V. Тһе most stable shell, the K 
shell, is completed at helium, with two electrons. The L shell 
is then completely filled at neon, with atomic number 10. The 
atoms of the heavier noble gases do not, however, have a com- 
pleted outer shell, but instead have completed s and p subshells; 
i.e. an outer shell of eight electrons, called an octet of electrons. 
The d subshells and f subshells are also filled with electrons after 
the less stable orbitals are occupied. 

The electron occupancy of the shells in the noble gas atoms is: 
Electrons ih К L M N о Р Q shell 


He 2: 2 
Ме 1 2 8 
Ar 1 2 8 8 
Kr 36: 2 8 18 8 
Xe 54: 2 8 18 18 8 
Rn 86: 2 8 18 32 18 8 
118: 2 8 18 32 32 18 8 


The numbers 2, 8, 18 and 32 correspond to filling the s; s and p; 
5, p and d; and s, p, d and f subshells, respectively. 

The first period of the periodic table is complete at helium, when 
the K shell is filled with two electrons, The first and second short 
periods represent the filling of the 2s and 2p subshells (completing 
the L shell at neon), and the 3s and 3p subshells (at argon), leav- 
ing the M shell incomplete, The first long period begins by the 
introduction of electrons in the 4s orbital. Then at scandium the 
five 3d orbitals of the inner M shell begin to be occupied. It is the 
successive occupancy of these five 3d orbitals by their complement 
of ten electrons that characterizes the ten elements of the iron- 
group transition series. At krypton the M shell is complete and 
there is an octet in the N shell. The second long period, of 18 
elements, similarly represents the completion of an outer octet and 
the next inner subshell of 10d electrons. 

The very long period of 32 elements results from the completion 
of the 4f subshell of 14 electrons, the 5d subshell of 10 electrons, 
and the 6s, 6p octet. The filling of the 4f orbitals corresponds to 
the sequence, of 14 lanthanons, and that of the 5d orbitals to the 
10 platinum-group transition metals, 

The next period, which is incomplete, involves the 5f subshell 
of 14 electrons, the 6d subshell of 10 electrons, and the 7s, 7p 
octet. The filling of the 5f orbitals corresponds to the actinons, 
the elements beginning with thorium, 90. 

The successive periods of the system hence correspond to the 
introduction of electrons into the following orbitals: 


The very short period, H, He. 2 elements. 1s, 

"The first short period, Li to Ne. 8 elements. 2s, 2p. 
The second short period, Na to Ar. 8 elements, 3s, 3p. 
The first long period, K to Kr. 18 elements. 3d, 4s, 4p. 
The second long period, Rb to Xe. 18 elements. 4d, 5s, Sp. 


The very long period, Cs to Rn. 
The incomplete period, Fr to 118. 


32 elements. 


4f, 5d, 6s, 6p. 
32 elements. 


5f, 6d, 7s, 7p. 


There are advantages to replacing the K, L, M, . . shells bya 
different grouping of the subshells, in which those with nearly 
the same energy are grouped together, in close correlation with 
the periodic system. The new set of shells is the following: 


The helium shell, 2 electrons. 1s. 

The neon shell. 8 electrons. 2s, 2p. 

The argon shell. 8 electrons. 3s, 3p. 

The krypton shell, 18 electrons. 4s, 4p, 3d. 
"The xenon shell, 18 electrons. 5s, 5p, 4d. 
"The radon shell. 32 electrons. 6s, 6p, 5d, 4f. 
The eka-radon shell. 32 electrons. 7s, 7p, 6d, 5f, 


PERIODIC LAW 


(See CHEMISTRY: Inorganic. Chemistry: Group ҮШ, the Ron 
Gases. 

нея Properties of the Elements of the Main Groups, 
The periodicity of properties of the elements is caused by th 
periodicity in electronic structure. The noble gases are chemical, 
unreactive or nearly so because their electronic Structures ar 
stable—their atoms hold their quota of electrons strongly, have m 
affinity for more electrons, and have little tendency to share y. 
trons with other atoms, An element close to a noble gas in the 
periodic system, on the other hand, is reactive chemically because 
of the possibility of assuming the stable electronic configuration 
of the noble gas, by losing one or more electrons to another atom, 
by gaining one or more electrons from another atom, or by sharing 
electrons, (See VALENCE.) The alkali metals, in group I, can 
assume the noble-gas configurations by losing one electron, whichis 
loosely held in the outermost (valence) shell, to another element 
with greater electron affinity, thus producing the stable singly 
charged positive ions. Similarly the alkaline-earth metals can fom 
doubly charged positive ions with the noble-gas electronic con 
figurations by losing the two loosely, held electrons of the valence 
shell; the positive ionic valences of the elements of the first 
groups are hence equal to the group numbers. The elements jut 
preceding the noble gases can form negative ions with the noble gas 
configurations by gaining electrons; the negative ionic valences of 
these elements are equal to the difference between eight and thelr 
group numbers. The covalence of an atom is also determined by 
its electron number and the stable orbitals available to it, An 
atom. such as fluorine, with seven electrons in its outer shell can 
combine with a similar atom by sharing a pair of electrons with 
it, thus achieving the noble-gas configuration, with three un: 
pairs, and one shared electron pair in the valence shell. 

The properties of elements in the same group of the periodic js 
tem are, although similar, not identical, The trend in properties 
from the lighter to the heavier elements may be attributed to 
changes in the strength of binding of the outer electrons and espè 
cially to the increasing size of the atoms. a 

The Transition Elements.—The nature of the three transition 
groups can be discussed by taking the iron group as an exami 
since the other two groups are similar. j 

In potassium and calcium the valence electrons, outside of the 
argon shell, occupy the 4s orbital. Additional valence elec 
in scandium, titanium, etc., enter not the 4s subshell but the 3dsi 
shell, which is then completely filled, along with 4s, in zinc. | 
elements potassium, calcium, scandium, titanium, vanadium, 
chromium and manganese have maximum oxidation numbers s 
range from one to seven, in that order, corresponding to theirs 
cessive positions following argon. The atoms titanium to mang 
hese are, however, not similar to the corresponding atoms Cà! 
to fluorine or silicon to chlorine in the short periods because үп 
are not directly followed by a noble gas, whose stable EN 
they might achieve by gaining or sharing electrons., Insteit ЫЛ 
atoms have a strong tendency to form bipositive or terpositivi p 
by losing two or three electrons, the remaining valence elec 
Occupying the 3d orbitals, which for these positive ions 01 
stable than the 4s orbital, : 

The elements copper, by losing one electron, and zint, 
two, can form the ions Cu* and Zn?^ with a completed ır that 
of electrons, If the 4s and 4p orbitals were much less Mum 
the 3d orbitals, instead of about equally stable, this electro nid 
figuration would be similar to the neon configuration; Ky [шше 
would be a noble gas, copper ап alkali metal and zinc an ® er a 
earth metal. The actual, different properties of nickel, cont as ip 
zinc result from their power of using the 4s an 


by Josing 


d 4p OF yg 
forming chemical bonds. Nevertheless, the effect of the ds 
configurations (of Cu*, Ag*, Au*) is evident in ИЛ wi 
valences of the elements of subgroups Ib, IIb, шь Iv» 
are equal to the group numbers. ort 
These elements may also assume other valences, ME 
greater (by losing additional electrons, leaving the 36 ab? 
incomplete) or two less (by having the 4s orbital ош 
unshared electron pair). jn each id 
It is convenient to consider ten of the elements 1? is 
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Representing Qualitatively the Relative Stability of Succes- 
DE (ЖУР in Atoms; the Relative Energy Values Change 
pm With Change in Atomic Number 
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priod or very long period to be transition elements, corresponding 
tothe introduction of ten electrons in a d subshell. There is some 
ubitrariness in the selection of these elements, because the sharp 
tiferentiation of s, p and d subshells for the outer electrons of an 
tiom in a molecule or crystal is not possible; these subshells are 
precisely defined only for a system with spherical symmetry; i.e., 
Mt a system containing only one nucleus. 
Although the selection is arbitrary, it is convenient to consider 
е elements titanium to gallium inclusive as the first transition 
"ments; Zirconium to indium as the second; and hafnium to 
lilium as the third. 
EM саз The existence of a long series of very 
^ diede elements, the lanthanons or rare-earth elements, has 
Bu н by the development of the understanding of the elec- 
ош мге of atoms. With increase in the atomic number of 
a hts the seven 4f orbitals become increasingly stable, until, 
Ih the = 57, or cerium, 58, these orbitals begin to be occupied. 
ET Roni nive gadolinium ion, 64, the 4f subshell is. half- 
ec і one electron in each of the seven orbitals; and in the 
Hag on, 71, it is completely filled with its complement of 14 


ji, anos thus comprise the r4 metals from cerium to 
m n: the same electronic structure except for the varia- 
Mith the sa, to 14 in the number of 4f electrons. Often lanthanum, 
Positive me electronic structure but with no 4f electrons in the 
ir timber to also included among the lanthanons, increasing 
SETS 
i "d они аге deep within the atoms—there is a stable 
Neutral ell of eight Ss and Sp electrons outside, as well as, in 
bag one qt) two valence electrons in the 6s orbital and per- 
ЕН 5d orbital, Because the 4f orbitals are in an inner 
| EM Properties of the atom or ion are changed only slightly 
ЕТ Sg the number of electrons that occupy them; hence 
| tical pium are closely similar to one another in physical and 
f Hle Breat gue This similarity was made strikingly evident 
| tures in ifficulty of separating them from the complex mineral 
Pty to es they occur in nature, which caused their dis- 
The lanth Spread over a period of more than a century. 

Anons all have +3 as their principal oxidation state, 
ng to the loss of the three valence electrons to more 
Karin tive atoms, Cerium, praseodymium and terbium also 
Mm in oxi ation state +4, and samarium, europium and ytter- 
The TU ation state +2. 
nons.—The only important general question about 
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the periodic system to which the answer remains doubtful con- 
cerns the nature of the last period. Because thorium is more 
closely similar to hafnium than to cerium in many of its properties, 
and uranium is more closely similar to tungsten than to neodym- 
lum, it has been thought that the uranium elements constitute the 
beginning of a transition period similar to the two long periods, 
and involving the occupancy of the 6d subshell. However, G. T. 
Seaborg has pointed out that the properties of the transuranium 
elements suggest that these elements are members of a second 
series of the lanthanon type, with occupancy of the 5f orbitals 
beginning at thorium. It is true that uranium is unlike the 
lanthanons in that the 4-6 oxidation state is the most stable of its 
oxidation states (+6, +5, +4, +3); but neptunium, instead 
of being similar to rhenium, is reported not to have a stable +7 
state; instead, neptunium and plutonium are said to have the same 
oxidation states as uranium, but with a general shift in stability 
toward the lower oxidation states. 

An answer to this question can be given by the consideration of 
the stability and nature of the electronic orbitals involved. Al- 
though d orbitals contribute to the formation of strong covalent 
bonds, inner f orbitals are not useful in this way, as is shown by the 
small tendency of the lanthanons to form covalent compounds. 
The fact that uranium does form covalent compounds shows that 
the 6d orbitals are stable enough to be used for this purpose; and 
the stability of the +6 oxidation state shows that the 5f orbitals of 
uranium are not sufficiently stable to attract any of the six valence 
electrons very strongly. Hence the uranium period differs from 
the immediately preceding period in that the 5f orbitals are less 
stable relative to the 6d orbitals than are the 4f relative to the 5d 
orbitals. However, with increase in atomic number the 5f orbitals 
will increase in stability more rapidly than the 6d orbitals, and 
ultimately the 5f orbitals will be filled. It is likely that this process 
has begun at neptunium; and presumably it is completed at ele- 
ment 103, which is similar to lutecium in structure and properties, 
with probably a greater tendency to the formation of covalent 
compounds. 

The 6d, 7s and 7p subshells are thus successively occupied, with 
element 118, eka-radon, as the next noble gas, though probably 
able to form some chemical compounds. The 14 elements from 
thorium to lawrencium are called the actinons. 

Thus this great generalization, the periodic law, which first 
showed its value through Mendeléyev’s prediction of the existence 
and properties of undiscovered elements, is again being put to the 
same use, the undiscovered elements of present interest being 
those that have greater atomic number than the known elements. 
The undiscovered elements will be sought not in nature’s minerals, 
but in preparations made by man. 

BrerrocraPHy.—J. W. Mellor, А Comprehensive Treatise on Inor- 
ganic and Theoretical Chemistry, 1:248 (1922) ; L. Pauling, The Nature 
of the Chemical Bond, 2nd ed. (1940) ; E. Rabinowitsch and E, Thilo, 
Periodisches System (1930) ; N. V. Sidgwick, The Chemical Elements 
and Their Compounds (1950) ; Therald Moeller, OE ЕК А 
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1 PERIODONTAL DISEASES are diseases of the soft tis- 
sues around the teeth. Periodontal tissue includes both the (1) 
gingiva, or gum, the tissue that surrounds the neck of a tooth; 
and (2) the dental ligament, or attachment membrane, the soft 
tissue that surrounds the root of a tooth. : 

The free edge of the gingiva surrounds the neck of a tooth like 
a collar and slopes away on the outside to become continuous with 
the oral tissue covering the bony process of the jaw. This outer 
surface of the gingiva is firm, pink, and slightly stippled (rough). 
As the healthy gingiva completely surrounds the neck of a tooth, 
a shallow sulcus, or crevice, lies between the border of the gingiva 
and the line of attachment to the tooth surface. The remaining 
inner surface of the gingiva is normally attached to the roots of 
the teeth and is continuous with the deeper periodontal tissue. 
(See also TEETH: Human Dental Anatomy.) 

The health of the gingiva is largely dependent upon the prac- 
tice of regular daily hygienic care by proper tooth brushing and 
the use of dentifrices and mouth rinses. A surface covering of 
epithelium protects the soft tissue from injury and infection. 


Beneath the epithelium is another tissue, the connective tissue, 
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which is well supplied with blood vessels. Protective blood cells 
gather rapidly in the event of injury or infection to heal the soft 
tissue and resist the infecting agent, but when there is continuous 
irritation in the gingiva, inflammation results. This brings about 
the beginning of gingivitis, the simplest and commonest periodontal 
disease. 

Gingivitis—Gingivitis begins as a mild inflammation that 
causes bleeding gums. It is seldom painful and therefore fre- 
quently overlooked or neglected. It is usually a chronic condi- 
tion brought about by a low-grade infection in the gums associated 
with constant mechanical irritation or irritation by dental calculus, 
food packing between two adjacent teeth, the retention of food, 
and soft deposits around the gum line. The commonest cause of 
all is the lack of brushing of the teeth. Inflammation in the 
gingiva gradually extends into the deeper periodontal tissues, 
loosening them from their normal attachment to the roots of the 
teeth. This eventually causes a pocket to form along the root sur- 
face beneath the collar of gum tissue, producing the beginning of a 
periodontal pus pocket, once called a pyorrhea pocket. Vincent’s 
infection, a gingivitis commonly called “trench mouth,” is an acute 
and painful form of gingivitis caused by specific microorganisms. 
It may be contagious, at least during the most active period of 
infection. 

Hyperplastic gingivitis, or inflammatory enlargement of the 
gingival tissue, often is associated with certain systemic dis- 
turbances, such as diabetes, blood diseases, metal poisoning, and 
nutritional deficiencies. A more fibrous type of gingival enlarge- 
ment, known as fibrous gingival hyperplasia, is frequently asso- 
ciated with hormone disturbance during adolescence or pregnancy. 
Another form of hyperplasia appears as a side effect in the use 
of diphenylhydantoin sodium in the treatment of epilepsy; this 
is a very firm, painless, but disfiguring type of fibrous hyperplasia. 

All these types of gingivitis are amenable to treatment and 
can be cured by the removal or correction of the cause. This 
includes thorough removal of calculus deposits, correction of 
mechanical irritation, control of infection, and practice of daily 
home care. 

Periodontitis.—Periodontitis, like gingivitis, is a progressive 
inflammation. It involves the deeper tissues surrounding and at- 
tached to the roots of the teeth. As the pocket deepens, the sup- 
port of the tooth is weakened by loss of surrounding bone. Food 
residue and bacteria accumulate and stagnate in the pocket. Pus 
is formed and discharged from the pocket opening into the mouth. 
Eventually the tooth loosens because of the loss of its bony sup- 
port. Sometimes an acute infection occurs in a deep periodontal 
pocket, causing much pain followed by swelling of the surrounding 
tissue. This is a periodontal abscess. It is not associated with 
the commoner abscesses that are found at the root tip when there is 
infection in the root canal. 

Periodontitis is curable if treated early. The pockets should 
be curetted and irrigated, and the roots made smooth. Very often 
the overlying unattached soft tissue wall of the pocket must be 
removed surgically to eliminate the pocket. Personal dental 
hygiene on the part of the patient also is important. (See also 
Onar SURGERY.) 

Gingivosis and Periodontosis. These degenerative diseases 
are difficult to explain and to control. 

Gingivosis is a rather uncommon and painful condition some- 
times found on the labial surface of the gingiva. The surface of 
the epithelium seems to peel or slough away because of degenera- 
tion of the underlying connective tissue, leaving a raw suríace. 
The cause is unknown. 

The cause of periodontosis, affecting the deeper periodontal 
tissues, also is not entirely clear. It seems to have several causes, 
probably being associated with some systemic disturbance that 
interferes with nutrition in this local tissue, causing it to break 
down. Periodontosis is characterized by drifting or separating 
teeth and by the sudden formation of pockets of considerable depth. 
There are seldom any calculus deposits on the affected teeth or 
any bleeding until a late stage of development. Injury from the 
occluding forces as the teeth are brought together results in de- 
struction of the supporting bone and loosening of the teeth. 
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Tissues that are continuously subjected to severe stress m 
affected by certain systemic factors that reduce the ability 
tissues to function and to repair the damage of daily wear an 


properly. Inherited tendencies may affect the quality of 
stantly developing new bone and muscle tissue. Teeth 
weakened support cannot take part in normal occlusion, 
teeth begin to separate and drift away from their normal positi 
it becomes evident that the supporting tissue is affected and 
early symptoms of periodontosis are appearing. The onset | 
periodontosis cannot be predicted, and no one can foretell 
teeth will become involved in a susceptible person. The condi 
most commonly occurs in the third or fourth decade of life, but sy 
temic diseases may bring about an earlier or later appearance, 
inflammation develops in the gingivae and the deeper tissues, | 
progress of both the inflammatory and degenerative forms 
disease is greatly accelerated, Deep pockets form along 
surfaces of the roots and discharge pus into the mouth, and 
is great loss of bony support of the affected teeth. 

The anterior teeth often separate and protrude, while the py 
terior teeth move from their normal positions and are broughtitl 
abnormal relation with posterior teeth of the opposing jaw. T 
often subjects those teeth to abnormal biting stress and h 
their loss because of injury to the surrounding periodontal tiss 
In the later stages of periodontosis, both the degenerative and! 
inflammatory symptoms become combined in a condition k 
as periodontitis complex. 

In its early stages periodontosis can be alleviated and Ой 
cured by correcting an unbalanced diet and. instituting М 
thorough home care of the teeth and gums, When the teeth 
to drift, retaining appliances are installed. Surgical remo 
pockets is essential to remove diseased tissue and restore heal 
underlying bone upon which new soft tissue can grow. | 

Traumatism.—The teeth normally are held firmly witht 
bony socket surrounded by very dense and strong tissue fibres ûl 
the periodontal attachment, or ligament, Although the teethm 
seem immovable, there is a slight movement when pressure J 
plied horizontally, Normal periodontal attachment tissue Ў n 
in thickness from 0.1 to 0.3 mm.; if the root of a tooth 
more than half that distance under pressure, the periodon 
will be crushed against the bony socket. 

When the teeth are brought into occlusion the cusps of 
teeth of one jaw should fit into the grooves of the teeth in the 
posing jaw in cusp-to-groove contact. Many factors int 
with this ideal arrangement, causing malocclusion, which 
in abnormal horizontal stress upon some tooth or teeth. Cons 
horizontal stress may force a tooth to move and eventually р 
it їп its socket. The effect of this causes traumatic injury Е: 
Supporting tissue. This has been known as traumatic o 
but is more correctly called traumatism. р 

Periodontal Atrophy.—Atrophy is a wasting away or sh E 
of tissue. Periodontal atrophy is classed as a degenerative © 
tion, although it is not classed as а disease. Receding EU 
a healthy colour and a normal attachment to the crown orik 
a tooth are evidence of shrinkage and not of disease. 
have no occluding contact or function, the attachmen 
the root surface undergoes a degenerative change, just inel 
Most any other unused muscle or organ. This is ca 
atrophy. Another form of atrophy, occurring late In йы E 
senile atrophy. Atrophic changes in the gingival tissue m m 
at any time after middle life, Brushing the teeth ое 
case nih trauma to the gingiva and early пе 

0 n n 
oes Pun = of the gums, although it does no! (Ex D.C 
, Bruxism.—Bruxism is a voluntary or involuntary y 
tional movement of the lower jaw. It is expressed 85 
casional or habitual grinding, clenching, or clicking 0 i 
at any time of day or night. Many individuals who hav? 
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are unaware ofit. Although the major cause of bruxism is psycho- 
pgical, there may be local, systemic, and occupational factors, 
jn children, the cause may be of a developmental nature. Acts 
of bruxism- vary in type, frequency, duration, intensity, and direc- 
tion of force. Though not always destructive, the major effects 
we primarily wear of the teeth and loss of the bone structure 
that supports the teeth. T raumatism and disturbances in the 
joints of пе йй may — Bruxism should — Ó in 
cases of periodontal disease. . C. NA: 
cce. D. Coolidge and M. K. Hine, Periodontology, а 
ed, (1958); В. Orban, Periodontics (1958); Н. M. Goldman, Peri- 
sdontia, 4th ed. (1957); Н. M. Goldman et al., Periodontal Therapy, 
md ed, (1960), An Introduction to Periodontia, 2nd ed. (1962); S. 
Sorin, Practice of Periodontia (1960); I. Glickman, Clinical’ Peri- 
wlontology, 2nd ed. (1958). (Er. D. C.) 
PERIOECI (Greek Prnrorkor, “dwellers around") had a spe- 
tialized meaning in several ancient states, notably in Laconia, 
where it designated the free but voteless inhabitants ruled over by 
the Spartan aristocracy. Their origin is disputed, some ancient 
writers maintaining that they were the older Achaean inhabitants 
conquered by the invading Spartans, others that, like the Spartans 
themselves, they were Dorians. They lived in numerous cities of 
varying size, with a large measure of local independence but ex- 
duded from Spartan citizenship and subject to the supervision of 
theephors and probably also of governors called harmosts. Sparta 
depended heavily on their military service: at Plataea in 479 в.с. 
inequal number of Spartans and perioeci fought in separate units; 
y the Peloponnesian War they fought together, and at Leuctra 
"d11 thearmy consisted mainly of perioeci with a Spartan cadre. 
Trade and industry, forbidden to Spartan citizens, were open to 
them, ‘They were generally content with their status, and after 
10 only the northern frontier areas, Arcadian by race, fell away 
on rk In the Roman period the perioeci mostly formed 
arate states, 
In Crete, on the other hand, this name was used for the serfs 
vho tilled the land round each separate city, Elsewhere the 
үш meaning, if any, depends on the circumstances, but the 
leral geographical sense is always important. (A. As.) 
UERIPATETICS, the name given in antiquity to members 
Ше school of Aristotle and their successors. The name was 
m p the Peripatos, a covered walk in the Lyceum in 
Dues Aristotle began to teach in the year 335 B.C., on 
Pato m Macedonia. Previously, he had attended the school 
м d е Academy (up to Plato’s death in 348-347 в.с.); it 
Mini i Peripatos that he completed his transformation of the 
ind ag асв, abandoning the doctrine of transcendent ideas 
feted ү ing in its place an empirical attitude to reality as mani- 
“Sohal and in history. This led to the most compre- 
орек system of thought that was ever known іп 
PM ARISTOTLE.) 
immediate successor as leader of the school was 
Mle any qa: Neither he nor Eudemos of Rhodes (9.2.) 
Othe devel ical change in the teaching; they concentrated rather 
ied to тех of individual aspects. Theophrastus, however, 
futher à engthen the systematic unity of the whole, giving 
B evelopment to nearly every part of Aristotle’s doctrines. 
tether win teasing decline of the metaphysical elements, to- 
E way for de expansion of empirical methods, was preparing 
h the p he coming independence of the specialized subjects. 
af Philosophy, 02495 could hardly any longer be called a school 
M Since it had lost even its unity of ethical teach- 
Н Sintegrating into a number of separate disciplines. 
nd Aristoxenus (gq.v.), abandoning ће cardinal 
ristotelian metaphysics, renounced belief in the im- 
to the ee soul. Furthermore, Dicaearchus ceased to sia 
Atistoxen ntemplative ideal of life preached by Theophras = 
аць 145 confronted the ethics of Plato and Aristotle wi! 
tes, thagorean theory reconstructed from traditional 
rt] : 
у А roof of how soon the school lost its philosophical 
UCM 5 led by Clearchus of Soli who, like Aristoxenus and 
position ta still have been a personal disciple of Aristotle. 
© the other two, he clung to the idea of the soul's 
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immortality. However, he attempted to prove this not through 
the dialectic methods of Plato and Aristotle but by means of 
popular tales about states of ecstasy, which he tried to link to 
Primitive shamanistic traditions. In his treatment of ethical 
questions Clearchus seems to adhere to a general ideal of modera- 
tion" which was not bound to any particular philosophical 
premisses. Thus in his treatise Peri Bion, in which he explains 
his attitude toward hedonism, the Aristotelian idea of the co- 
existence of several equally justified ways of life seems to have 
been forgotten. 

A characteristic of this disintegration is the increasing num- 
ber of specialized treatises on the natural sciences. Some such 
treatises written by Theophrastus are extant, and we know at least 
the titles of certain monographs on zoology, on physiology and 
on medicine by Strato of Lampsacus and by Clearchus. Strato 
moreover, in his physics, separated himself entirely from the 
teleological principles of Aristotle, approaching more nearly to 
the atomic theories of Democritus. According to the scientific 
qualifications of each investigator, this specialization in the 
sciences proved to be sometimes an advantage and sometimes a 
drawback: thus some Peripatetics contributed to the development 
of empirical disciplines of considerable stature, while others pro- 
duced a number of works on the miraculous intended only for 
entertainment. 

The achievements of the Peripatos are equally uneven in the 
field of the humanities. The foundation had been laid by Aristotle, 
who gathered material for his teaching on statecraft from political 
history, studied the philosophy of his predecessors as a basis 
for his own theories and discovered in ancient poetry important 
and vital examples for his own ethics. Here again the various 
branches became increasingly independent as time went on. Thus 
Demetrius Phalereus, who ruled as Macedonian governor in Athens 
from 317 to 307 B.C., wrote on Athenian constitutional history as 
well as on his own political activities. In their commentaries on 
the poets, the Peripatetics were able to refer back to old tradi- 
tions that had begun with the explanations of Homer by the 
Rhapsodists; and their biographies of the poets were based on 
popular books on the life of Homer or Hesiod, from which they 
often borrowed the fictional embellishments. Aristotle, Dicae- 
archus, Demetrius Phalereus and Chamaeleon (a representative of 
the first generation of disciples) are all attested to have written 
works on Homer; and lyric and dramatic authors were equally 
favourite subjects for dissertations. The Peripatos notably stimu- 
lated the Alexandrian grammarians from Zenodotus to Aristarchus, 
whose editions and interpretations of the classical texts preserved 
that literature for posterity. 

A new period in the history of the Peripatetics began in the 
1st century B-C., when Andronicus of Rhodes (g.v.) published the 
long-neglected works of Aristotle and thus aroused interest. in 
the philosophical tradition proper to the school. With Andronicus 
there came into being a way of interpreting the main writings of 
Aristotle which was to last as long as the Roman empire, reaching 
its climax with Alexander of Aphrodisias (q.v.). Admittedly 
Alexander interpreted Aristotle in a nominalist sense, maintaining 
that the universal was a mere abstraction from the particular 
(whereas Aristotle had in fact given it ontological priority, though 
conceding that our knowledge may spring from the particular). 
Alexander’s interpretation, as Strato’s long before him, involved 
opposition to Platonism at a time when other exponents were at- 
tempting on the contrary to smooth out as far as possible the 
differences between the teachings of Plato and the teachings of 
Aristotle. 

Asa synthesis of the two philosophies was actually brought about 
soon after Alexander’s time by Plotinus, Aristotelian thought 
came to exert an influence in Neoplatonism (q.v.). This survived 
long after the school of the Peripatetics had perished. (F. Wr.) 

PERIPATUS, a genus of remarkable wormlike Arthropoda 
(q.v.) belonging to the class Onychophora. The name is often 
loosely applied to all members of this class, which at one time 
were believed to be intermediate between Annelida (segmented 
worms) and Arthropoda (insects, spiders, crabs). 

See ONYCHOPHORA. 
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PERISCOPE, an optical instrument used in land and sea 
warfare and submarine navigation to enable an observer to see 
his surroundings while remaining under cover, behind armour or 
submerged. Technicians engaged in nuclear research employ ex- 
tremely long periscopes to observe the functioning of nuclear 
reactors from a safe distance. 

A periscope always includes, among its optical elements, two 
mirrors or reflecting prisms to change the direction of the light 
coming from the scene being observed: the first reflects it down 
through a vertical tube and the second diverts it horizontally so 
that it can be viewed conveniently. There is usually a telescopic 
optical system. which may be very complex, which gives magni- 
fication, provides as wide an arc of vision as possible and includes 
a crossline or a reticle pattern which establishes the line of sight 
to the target. There may also be devices or accessories for esti- 
mating the range and course of the target, and for photographing 
through the periscope. 

The simplest type of periscope consists of a tube at whose ends 
are two mirrors which are parallel to each other but at 45° to 
the axis of the tube. This device produces no magnification and 
does not give a crossline image for gun-sighting use. The arc of 
vision is limited by the simple geometry of the tube—the longer 
or narrower the tube, the smaller the field of view. Periscopes of 
this type found very wide use in World War II in tanks and other 
armoured vehicles, as observation devices for the driver, gunner 
and commander. When fitted with a small auxiliary gunsight 
telescope at the side of the tube, the tank periscope can also be 
used in pointing and firing the guns. By employing tubes of rec- 
tangular cross section, approximately 7 in. by 2 in., wide horizontal 
fields of view can be obtained—large vertical fields are not neces- 
sary in surface combat. The vertical displacement of the line of 
sight is of the order of one foot. Sometimes solid prisms of glass 
or plastic are used in place of the end assemblies consisting of a 
mirror and two sealing windows. The periscopes and their swivel 
mounts are designed and constructed so as to be as water- and 
dust-tight as possible. The top mirror assembly or prism may be 
detachable, and readily replaceable with a spare unit in case it is 
shattered by enemy gunfire or is otherwise damaged. 

Turret Periscopes.—Periscopes are installed in the gun turrets 
and armoured conning towers of battleships and cruisers in order 
that the gunnery officer can sight on the target and, if desired, 
can bring the guns to bear on it, when the turret is in “local 
control.” The shape and construction of the turret may necessi- 
tate a periscope length of as much as 10 ft., for unobstructed 
vision. A simple instrument of the two-mirror type would have 
much too narrow an angular field of view; so a telescopic optical 
system is always employed. This may be thought of as having 
the effect of placing the observer’s eye much closer to the top 
end of the periscope, thereby greatly increasing his arc of vision. 
It also makes possible magnification, which is necessary because 
the guns fire at long ranges. A crossline reticle can easily be 
included for gun-sighting use. 

A typical optical system for such a periscope is shown schemat- 
ically in fig. 1, in which the outline of the instrument is indicated 
also, for reference. The function of each optical part, described 
in order, is as follows: the upper sealing window A, through 
which light enters from the target scene; the head mirror or 
prism B, which reflects the incoming light down the periscope 
tube; the objective lens C, a cemented achromatic doublet lens 
which brings the light to a focus; a plano-convex collective lens 
D, located at this focus, and upon which the crossline or other 
reticle pattern may be etched; a pair of similar achromatic 
doublet lenses E and F which erect the image; the lower deflecting 
prism G, which turns the light into a horizontal path; the sealing 
plate H, at the lower end of the main periscope tube; one or 
more colour filters 7, for haze and glare reduction, usually inter- 
changeable red, yellow, polarizing and clear plates; the eyepiece, 
which consists of two doublet lenses, a so-called field lens K and 
an eye lens L. If it is desired to be able to illuminate the reticle 
for night use, the crossline may be etched on the lower sealing 
plate H rather than on the collective lens D. The sealing plate 
must then be located at the second focal point, J. The reticle 


markings may include several short vertical lines equally space 
on each side of the vertical crossline; these are used in estimati 
the deflection error of the projectiles. Moving parts outside i 
sealed main portion of the periscope are the interchangeatj 
colour filters and the eyepiece which can be adjusted jn id 
to suit the individual observer. 
This optical system can be thought of as consisting of typ 
astronomical telescopes. The upper one is made up of lenses (, 
D and E. It provides little magnification but transfers the target 
image and field of view down the periscope tube to lens F which 
is the objective lens of the second telescope; К and L consti 
tute its eyepiece. This second astronomical telescope magnifies 
the image in the ratio of the focal lengths of the objective and 
eyepiece. It also erects the image, which has been inverted in both 
the up-and-down and left-to-right senses by the first telescope, 
The mirror or reflecting prism at the upper end of the per. 
scope tube is so arranged that it can be tilted by means ofa 
mechanism that is actuated by a handwheel located near the eye 
piece; the line of sight may thus be carried through as much as 30° 
above and below the horizontal, 
The entire periscope can be n. 
tated in its mount about its ver- 
tical axis through 360°, so a 
to scan the horizon. In order t 
prevent fogging of optical su- 
faces and the consequent loss of 
vision, the interior of the peti 
scope must be thoroughly dried, 
filled with dry air or nitrogen 
and sealed tightly against the at 
mosphere. Gas inlet and out 
valves are ordinarily provided fo 
this purpose. Е 
A typical turret periscope wil 
have an optical magnification of 
approximately 10 and an angulir 
field of view of 4° to 6^. Ti 
brilliance of the image seen by 
the observer depends 0n the 
over-all light transmission of the 
instrument and on the size of 
exit pupil; że., the beam of light 
that emerges from the eye es 
Conditions imposed on the oF 
tical design usually permit 4 
fairly large exit pupil, say ўла 
in diameter, which is suffice 
for day use. For night us M 
ever, the emergent beam of ^ 
should entirely fill the Pup! 
FIG. 1.—OPTICAL SYSTEM OF TURRET the observer's eye for mis 
PERISCOPE USED IN WARSHIPS (see brightness of image. ‘This if 
hey Е sitates an exit pupil of n d 
mm. diameter, which usually entails larger diameter opti kj 
ments throughout, with a concomitant increase in overa b 
Weight and cost of the instrument. The percentage of light ait 
mitted by an optical instrument can be greatly increased by zi 5 
all air-to-glass surfaces of the various lenses and prisms ai or 
called Teflection-reducing films. The use of such films E yn 
tical system of fig. 1 will increase its light transmis m 
around 30% to more than 50%, a gain of almost 100%. are 
image rendition is improved in that crisper, clearer іта mj 
tained and ghost images and flare spots are eliminate ‘al 
technique of Coating optical surfaces came into wide use 
MM instruments during World War II. аб 
marine Periscopes.—Periscopes used їп subm 


at 
"RS " " 8 | ed 
similar in principle to the turret periscopes of warships fol 


from them in certain important respects because of t ч 0° 


1 T j 
special conditions which are imposed: the submarine Ps 
must be much longer. and the top few feet of its b un 
greatly reduced in diameter. iscope must be US уй 
The periscor sh 


being raised and lowered into the hull of the submarine; 


ave available both low and high optical magnifications, 

‘The over-all length of a periscope may exceed 40 ft., and a’ 
ше fraction of this length will be exposed, outside the hull of 
ihe submarine, at maximum. extension of the periscope. Great 
fes are exerted on the tube in dragging it through the water 
when the submarine is underway submerged. Thus, the tube must 
fe large enough to give sufficient rigidity without offering too 
much resistance to motion through the water; a diameter of from 
фо 8 in. is usually selected, depending on the length. This tube 
must be made of a corrosion-resistant material and must be very 
шешу machined for perfect roundness, straightness and uni- 
fımity in diameter, since it must permit both rotation about 
is vertical axis and raising and lowering of the periscope in the 
lng watertight gland through which it enters the hull of the sub- 
marine. Near the upper end of the periscope tube is a tapered 
portion above which is a narrow tube 2 or 
}{t in length, surmounted by a slightly 
lager head which contains the entrance 
window and the elevating prism. 

The diameter of this tube is made as 
small as possible, often less than 2 in., to 
reduce the probability of its detection by 
бету observation and to cut down the 
sw of the wake or "feather" caused when 
the submerged submarine is in motion 
with its periscope elevated into observing 
position, 

All of the joints in the periscope tube, 
the sealing of the upper window and the 
Packing of the stuffing box at the hull line 
| must be made tight enough to withstand 
the considerable hydrostatic pressures en- 
егей when the submarine submerges. 
Rotation of the periscope is usually ac- 
complished by the observer, who grasps 
two folding handles at the lower end; 
emnt of the stuffing box per- 
an crap without allowing sea 

A к into the submarine. д 
mm он is raised, or is lowered into 
; oed into the hull of the boat, 
i ваним electrical hoist- 
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) E а 6. The first gives the ob- 

zm Impression of normal viewing, 
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hi rien The field of view as- 
E. the 14 power is in the range 
iterations Sem on other design con- 
les the 9 bs е of the higher power en- 
lail, but ты to see greater target 

1 ана the field of view to 8°- 
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tes, т field, but one-sixteenth the 
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ат 
Mating ication change is effected by 
ier end of à the folding handles at the 
other hy the periscope. Rotation of 
% ап e moves the line of sight 
Огош between 10° depression be- 
ad pric and 45° elevation, by tilting (NOT TO SCALE) 
bunt [o "ism. The wide use in World War II of aircraft to 
Vide isi. My Submarines, however, made it necessary to pro- 
ШУ a “angle” or sky-searching periscopes capable of viewing 
it ons as to be able to scan the entire sky, from horizon 


FIG. 2.—UPPER PORTION 
OF LONG, NARROW-TUBE 
SUBMARINE PERISCOPE 
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the head prism must be increased, Therefore, it is impossible to 
retain the very small diameter of the upper portion of the peri- 
scope tube. 

Certain schools of thought maintain, however, that too much 
emphasis has been placed on, and too high a price paid for, keep- 
ing this dimension so small. The light transmission of the most 
complicated periscopes may be around 15%, which is undesirably 
low. Treatment of the air-to-glass surfaces of all the lenses 
and prisms with reflection-reducing films raises the transmission 
by as much as 200%, according to the number of surfaces in- 
volved. The resulting gain in image brightness is very noticeable 
and is particularly valuable during nighttime, dawn and dusk, 
the most favourable periods for submarine torpedo attacks. 

The reticle lens has engraved upon it special telemeter scales 
which make possible a rough calculation of the distance of a 
target vessel, based on an estimate of its length or height. More 
accurate ranges can be determined by the special stadimeters 
usually built into or attached to submarine periscopes. 

The optical system of a submarine periscope may be essentially 
that of fig. 1, except that the focal lengths and spacing of the 
lenses are adjusted to give a magnification of 6. However, for 
very long periscopes in which the narrowest possible top portion 
is desired, which severely restricts the diameter of the upper 
lenses, this optical system will not provide the observer with 
sufficient field of view. A solution to these difficulties is illustrated 
in fig. 2. In a location corresponding to above lens C of fig. 1 
there are added two complete astronomical telescopes, M and N; 
each consisting of two or three lenses. The telemeter scales are 
then engraved on a plano-convex lens in the uppermost astronom- 
ical telescope, rather than on lens D of fig. 1. 

In order to provide the lower magnification of 14 and still retain 
a wide field of view and sizable exit pupil, additional lenses must be 
added at the top end of the complete telescopic system. This is 
usually done as illustrated in fig. 2, by bringing into the line of 
sight a small four-power reversed Galilean telescope O which con- 
sists of two achromatic lenses, the upper of which is diverging and 
the lower converging. The higher magnification of 6 is obtained 
when these lenses are swung to the side, The provision of movable 
lenses and the necessary controls in this already crowded portion 
of the tube calls for very careful mechanical design. The periscope 
just described employs the most complicated optical system used 
in any common military instrument. 


See also SUBMARINE. 

Влвоскарну. К. T. Glazebrook, Dictionary of Applied Physics, 
vol, iv, pp. 350-375 (1922-23) ; A. M. Low, Submarine at War (1941) ; 
National Research Council, Annotated Bibliography of Submarine 
Technical Literature, 1577-1953, no. 307 (1954); C. W. Rush, W, C. 
Chambliss and H. J. Gimpel, The Complete Book of Жене ОЧ ME 

PERISSODACTYL, any of the hoofed mammals of the 
order Perissodactyla, which includes horses, tapirs, rhinoceroses, 


and their extinct relatives. 
GENERAL FEATURES 


Structure.—The most characteristic feature of these animals is 
the structure of the feet. In perissodactyls the axis of the foot 
passes through the middle toe, whereas in artiodactyls, the other 
large group of hoofed animals, the axis passes between the third 
and fourth toes. The outer toes tended to disappear during the 
evolution of hoofed animals, leaving perissodactyls with an odd 
number of functional toes (hence the common term odd-toed 
ungulates) and artiodactyls with an even number (even-toed un- 
gulates). Other features more or less characteristic of peris- 
sodactyls are the general tendency for the premolar teeth to re- 
semble molars (“molarization” of the premolars), the presence of 
a full set of incisor teeth (absent in the upper jaw of most artio- 
dactyls) and the presence of a third trochanter on the femur. The 
stomach is simple, and there is a large caecum at the juncture of 
the large and small intestines. All living perissodactyls lack a gall 
bladder. (See ARTIODACTYL.) aiy : 

Origin and Evolution.—The living perissodactyls are only a 
flourishing group that reached the peak of its 
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PALEOCENE CERATOMORPHA HIPPOMORPHA 
FIG. 1. —ÉEVOLUTION OF THE PERISSODACTYLS. WIDTH OF BAND INDICATES 
RELATIVE ABUNDANCE OF SPECIES IN EACH BRANCH 


years ago, when its members were the dominant hoofed animals 
in most of the world, occupying about the same position among 
the animals of that era that deer, antelope, and oxen do today. 
After the Middle Tertiary they declined rapidly. Most of the 
families died out completely, and there can be little doubt that 
the whole order is on the verge of extinction today. The reasons 
for the decline of the perissodactyls and the rise of the artiodactyls 
are unknown. | At the peak of their development the perissodactyls 
seem to have been highly evolved and intelligent animals. 

The ultimate ancestors of the perissodactyls undoubtedly were 
among the Condylarthra, a primitive stock of Paleocene mammals 
that gave rise to most of the later hoofed mammals, The direct 
ancestors of the perissodactyl stock must have resembled Hyraco- 
therium, the ancestral four-toed horse, which lived in the Early 
Eocene, about 50,000,000 years ago. Hyracotherium was primitive 
in most respects, but its legs were slender and adapted for running. 
Almost at its beginning the perissodactyl stock divided into two 
major lines, the Hippomorpha, or horselike perissodactyls, and 
the Ceratomorpha, or rhinoceroslike perissodactyls. Both lines 
evolved rapidly, and before the end of the Eocene the perisso- 
dactyls had reached the peak of their radiation, with.no fewer than 
12 families represented. By the end of the Eocene, about 35,000,- 
000 years ago, they had already passed their peak. Only nine 
families survived into the next epoch, the Oligocene, and four of 
these died out before the end of the epoch, Only three families 
are extant today. 


SURVEY OF THE ORDER 
HiPPOMORPHA 


The suborder Hippomorpha is divided into four families: Palaeo- 
theriidae, Equidae, Brontotheri- 
idae, and Chalicotheriidae. 

Paleotheres (Palaeotheri- 
idae).—These were the closest 
relatives of the true horses, and 
their remains are known only 
from Europe and Asia. For a 
time the evolution of the paleo- 
theres in Europe paralleled the 
evolution of the true horses in 
North America. Unlike the horse 
line, the paleothere line was rela- 
tively short lived; the last paleo- 
theres died in the Early Oligo- 
cene, more than 30,000,000 years 

ago. 
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The paleotheres were rather tapirlike browsing animals wi 
low-crowned cheek teeth and short stout legs ending in three к. 
The earliest species were small, but some of the later species ве 
as large as rhinoceroses. The best-known genus is Palaeotherig 
(meaning “ancient beast”), which occurs in abundance in gypsum 
deposits within the city of Paris. These Parisian fossil were 
studied in detail by the great French anatomist Cuvier in the early 
19th century, giving Palaeotherium the distinction of being one | 
of the first fossil mammals so studied. ; 

Horses | (Equidae).—The fossil record of the horses is the | 
best known of all mammals. It begins in the Early Eocene, about 
50,000,000 years ago, with Hyracotherium, the eohippus (¢.0,) o 
dawn horse. Hyracotherium, known from North America and 
Europe, was very close to the ancestral type of the perissodactyl 
stock, being a small mammal with a primitive skull, the primitiye 
mammalian number of 44 teeth, and the cheek teeth low crowned 
for crushing leaves. From this beginning the horse stock under. 
went a progressive evolution accompanied by a great deal of split. 
ting up into numerous branches, especially during the Miocene, 
Only one of these branches leads to the modern horses, (See 
EQUIDAE.) 

Titanotheres (Brontotheriidae).— The titanotheres or brow 
totheres left a fossil record nearly as complete as that of the horses, 
making this one of the best-known groups of fossil mammals. 

The titanothere family is remarkable for its short life and for 
the degree of evolution that took place in this relatively brief period 
of time, The first titanotheres appeared in the Early Eocene along 
with the first horses, and the family was completely extinct in 
North America by the Early Oligocene, about 55,000,000 yeus 
later. 

The titanotheres were essentially a North American group. The 
whole span of their history is represented in North American 
fossil beds; the huge bones of these beasts are particularly abundant 
in the White River Oligocene beds of South Dakota. ı Late in 
their history they pushed into Asia, where the group survived into 
the Middle Oligocene after all American forms had disappeared 
A few members of the titanothere family ranged as far west 4 
Eastern Europe. 

There were two main trends in the evolution of the titanotheres! 
a rapid drift toward large size and a tendency to develop bizare 
bony knobs on the nose. In other respects the titanotheres It 
mained relatively primitive throughout their history. The earliest 
were scarcely larger than a dog, and lightly built; whereas the 
latest forms were as large as elephants. Brontotherium st 
about 8 ft. high at the shoulders. The cheek teeth remained squatt 
and low crowned throughout all the history of the family. There 
was only slight molarization of the premolars, suggesting t à 
throughout their history the titanotheres were browsers on EC 
and other soft vegetation, In the latest giant species the i 
became extremely large, contrasting with the premolars, whic 
mained relatively small. In the first titanotheres the forefeet 7 
the primitive Perissodactyl number of four. toes, the hind б 
three. This toe formula was retained in all the later forms. Int 
larger and heavier species the skeleton was adapted to supp pi 
great weight: the pelvis flared out; the legs were columnar ie 
the feet were broad and short. The thoracic vertebrae Werê © 
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ized by long spines for sup- 
ig the weight of the heavy 


The titanotheres diverged into 
gveral lines in the course of their 
olution, One line, represented 
Manteoceras, led to the giant- 
homed titanotheres. In another 
hne, the dolichorhines  (long- 
headed titanotheres ), the skull 
came very long and horns were 
never developed. In still another 
ranch, the. telmatheres, there 
yere no horns, but the canine 
teth. became large and tusk- 

е, 
ре (Chalicotheriidae).—Compared with the 
titanotheres, the chalicotheres were a long-lived group; the last 
thalicothere died in the Pleistocene, only a few thousand years 
цо. At no time during their long history were they very numer- 
us; they never underwent the spectacular evolution that char- 
acterized the titanotheres. 

The first chalicotheres were small creatures similar to the other 
primitive perissodactyls of Eocene times. During the Oligocene 
ind Early Miocene these developed into bizarre animals that have 
no counterpart among living mammals. The hooves of the earliest 
thalicotheres evolved into huge claws on both front and hind feet; 
the body was short; and the front legs were longer than the hind 
ls so that the animal sloped from front to rear like a giraffe. 
They were most ungainly looking animals, and it is difficult to 
imagine what their habits were. The teeth, like those of the 
lanotheres, were low crowned and square, adapted to. crushing 
vit food, From North America the chalicotheres spread into 
lisi, The best-known chalicothere is the North American 
Moropus, which was the size of a large horse. 


CERATOMORPHA 


The suborder Ceratomorpha is typified by the modern tapirs 
‘nl thinoceroses, The group is divided into eight families: the 
Itiophidae, Helaletidae, Lophiodontidae, Tapiridae, Hyrachy- 
эӊ Hyracodontidae, Amynodontidae, and Rhinocerotidae. Only 

of these, the Tapiridae and Rhinocerotidae, have living repre- 
tentatives, 

e 'sectolophids, helaletids, and lophiodonts were early and 
si ee agg side branches of the tapir stock. Nearly all 
Sender efore the end of the Eocene, They were mostly small 
Vct S ores generally similar to the other primitive peris- 
% ne d though Lophiodon of the Late Eocene of Europe was 

Bo nu às a rhinoceros. js 1 we? 
бе peris бае in many ways the living tapirs are priml- 
оја асу, ve y similar to the common ancestors of all 
habits El This is in part because they have retained the 
browse on n carly perissodactyls: they live in forests and ath 
Basses, The S and soft vegetation instead of grazing on hare 
“inning a ack is curved instead of being straight as in fast- 
Sp Ssodactyls. The cheek teeth are low crowned. have а 
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e in size. 
ino, st-dwelling animals. 
"d ез (Rhinocerotidae).— The rhinoceroses and their 
«St сопу yj rachyids, hyracodonts, and amynodonts) have the 
lij, shit ted history of any group of the perissodactyls. The 

Scetoses are the only survivors of this large assemblage, 
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(LEFT) HORSE (EQUUS CABALLUS); (CENTRE) SOUTH AMERICAN TAPIRS 


(RIGHT) AFRICAN BLACK RHINOCEROS (DICEROS BICORNIS) 


and several species of these are on the verge of extinction. There 
can be no doubt that this group of perissodactyls, once numerous 
and VN is about to disappear forever. (See also RHINOC- 
EROS. 

The earliest known rhinocerotoid is Hyrachyus, a small slender 
creature the size of a large dog, rather similar to the earliest horses 
in appearance. Hyrachyus lived in North America in Eocene 
times. In the Late Eocene the hyrachyid stock gave rise to two 
lines that continued the further evolution of the rhinocerotoids. 
One of these lines was the hyracodonts or “running rhinoceroses," 
typified by Hyracodon of the North American Oligocene. These 
were long-necked, slender-legged animals, with three toes in front 
and three behind. None of them had horns, They probably paral- 
leled the early horses in their habits, and may in fact have com- 
peted with them. The running-rhinoceros line died out at the end 
of the Oligocene. A second branch of the hyrachyid stock was 
the amynodonts, represented by Amynodon and Metamynodon. 
The amynodonts were heavy-bodied, short-legged animals about 
the size and build of a hippopotamus. They had no horns, but the 
canine teeth were large and daggerlike. The premolar teeth never 
became molariform. Their bones are usually found in river-channel 
deposits, and it is likely that their habits were similar to those 
of the river-loving modern hippopotamus. 

The known history of the true rhinoceroses begins in the Oligo- 
cene, but these earliest-known forms were probably derived from 
the running-rhinoceros stock at some time during the Eocene. The 
rhinoceroses, in contrast to the running rhinoceroses, tended toward 
large size very early in their history. The premolar teeth rapidly 
became molarized, as in the horses, but the incisors formed a 
special chisellike cropping tool, Some, but not all, of the later 
species developed horns on the nose; these are not true horns, how- 
ever, being composed entirely of matted hairs. Although the true 
rhinoceroses seem to have originated in North America, most of 
their evolution took place in the Old World. i 

One of the early true rhinoceroses was Caenopus from the Oligo- 
cene of North America, a heavy-bodied hornless creature standing 
about 5 ft. high at the shoulders. From this and other early species 
the rhinoceroses radiated into several phyletic lines during the 
Oligocene and Miocene. Thus Teleoceras and its relatives. were 
remarkably short-legged animals, apparently with amphibious 
habits similar to those of the modern hippopotamus. The elasmo- 
theres were giant rhinoceroses, with a large horn on the forehead 
instead of on the nose, that lived in Eurasia in the Pleistocene. 
The Asiatic baluchitheres were the largest of the rhinoceroses, and 
Baluchitherium itself was the largest land mammal that ever lived. 
It stood about 18 ft. high at the shoulders, had a head about 4 ft. 
long, and was hornless. 3 Н 

The direct ancestors of the modern rhinoceroses appeared in the 
Late Miocene. The modern species belong to several different 
groups with slightly different ancestries, The one-horned Indian 
rhinoceros (Rhinoceros) most closely resembles the ancestral 
form, The two-horned Sumatran rhinoceros, (Ceratorhinus) is ap- 
parently related to the woolly rhinoceros depicted in the cave paint- 
ings of Stone Age man. The two-horned rhinoceroses of Africa, 
the black (Diceros) and white (Ceratotherium), represent a sepa- 


rate branch. 
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CLASSIFICATION AND DISTRIBUTION 

The following classification is one of several taxonomic outlines. 
An asterisk (*) indicates an extinct group. 
Suborder Hippomorpha 

Superfamily Equoidea 

Family Palaeotheriidae* (Eocene: Asia; Eocene-Oligocene: Eu- 
rope). 

rack? Equidae—horses (Eocene-Pleistocene: North America; 
Eocene-Recent: Europe; Miocene-Recent: Asia; Pliocene- 
Recent: Africa; Pleistocene: South America; worldwide in 
domestication). 

Superfamily Brontotherioidea* 

у E (Eocene-Oligocene: North America, Asia, 

urope). 

Superfamily Chalicotherioidea* 

Family Chalicotheriidae* (Еосепе-Міосепе: North America; 
Eocene-Pliocene: Europe; Eocene-Pleistocene: Asia). 

Suborder Ceratomorpha 

Superfamily Tapiroidea 

Family Isectolophidae* (Eocene: North America, Asia). 

Family Helaletidae* (Eocene-Oligocene: North America, Asia). 

Family Lophiodontidae* (Eocene: Europe, Asia). 

Family Tapiridae—tapirs (Eocene-Pleistocene: North America; 
Oligocene-Pleistocene: Europe; Miocene-Recent: Asia; Pleisto- 
cene-Recent: South America). 

Superfamily Rhinocerotoidea 

Family Hyrachyidae* (Eocene: North America, Asia). 

Family Hyracodontidae* (Eocene: Asia; Eocene-Oligocene; North 
America). 

Family Amynodontidae* (Eocene-Oligocene: North America; 
Eocene-Miocene: Asia; Oligocene: Europe). 

Family Rhinocerotidae—rhinoceroses (Eocene-Pliocene: North 
America; Eocene-Pleistocene; Europe; Eocene-Recent; Asia; 
Miocene-Recent: Africa). 

BIBLIOGRAPHY.—E, C. Colbert, Evolution of the Vertebrates (1955); 
H. F. Osborn, “Monograph of the Titanotheres,” U.S. Geol. Surv. 
(1929) ; А. S. Romer, Vertebrate Paleontology, 2nd ed. (1945) ; W., B. 
Scott, A History of Land Mammals in the Western Hemisphere, 2nd ed. 
(1937) ; G. G. Simpson, Horses: the Story of the Horse Family in the 
Modern World and Through Sixty Million Years of History (1951). 

(D. D. D) 

PERITONITIS, is an acute or chronic, localized or generalized 
inflammation of the peritoneum. Before the development of 
aseptic surgery in the latter half of the 19th century, almost all 
patients who underwent abdominal surgery developed peritonitis 
and died; consequently, such surgery was seldom attempted. 
Even with the improvements brought about by aseptic surgery, 
about 33% of all peritonitis cases terminated in death, although 
a much greater amount of abdominal surgery was attempted. With 
the advent of sulfonamides, antibiotics, and improved surgical and 
therapeutic techniques in the 1940s, the peritonitis mortality rate 
dropped to between 5% and 10%, and early in the second half 
of the 20th century, the incidence of peritonitis in abdominal 
surgery was only about 2%. Infection following surgery was, 
however, no longer the main cause of peritonitis. 

Acute peritonitis commonly arises as a result of extension of 
infection from an appendix that has been permitted to become 
gangrenous in appendicitis and to perforate, discharging infected 
fecal material into the abdominal cavity. It may also follow the 
perforation of a gastric or duodenal ulcer; the bursting of abscesses 
or cysts into the abdominal cavity; or the extension of gonorrheal 
infection of the uterus in the female. It may arise as a complica- 
tion of abdominal surgery, usually when a leak develops after the 
intestines are sutured together following the removal of a segment 
for cancer or some other disease, The escape of bile from the gall- 
bladder or a bile duct into the peritoneal cavity may produce a 
rapidly fatal acute peritonitis, 

At onset of the inflammation, the peritoneum loses its shiny 
appearance, becoming rough, granular, and markedly congested. 
An exudate begins to flow into the peritoneal cavity; it is at first 
thin and turbid, later becoming thick and purulent with increasing 
amounts of fibrin. The intestines become glued together and 
adherent to the omentum, abdominal wall, and other abdominal 
organs. The inflammation of the peritoneum is usually due to 
the aerobic and anaerobic bacteria commonly present in the in- 
testinal tract, which overcome the resistance of the peritoneum 
when constantly replenished, as from a leak in the bowel, or from 
infected foreign material such as food or a bit of necrotic appendix. 

Acute peritonitis usually begins with a chill, vomiting, and pain 


PERITONITIS—PERIWINKLE 


in the abdomen with extreme tenderness so that Pressure 

of the bedclothes, cannot be borne. The patient lies on i 
with the knees drawn up to relax the abdominal muscles; the 
breathing becomes rapid and shallow and is performed by how 
ments of the chest only, the abdominal muscles remaining quiescent, 
which is not the case in healthy respiration. The abdomen by. 
comes swollen as a result of gaseous distention of the intestines 
and there is usually constipation. The pulse is rapid and feeble 
and the temperature rises to 104° or 105° F (40? or 40,56» 0), 
There is а complete absence of intestinal peristalsis, A ti 
clammy sweat appears on the forehead, and the eyes are with 
drawn into the orbits. The expression is one of great anxiety, but 
the mind remains clear even when death approaches, 

Death results from the cessation of movements in the intestinal 
tract so that gastric and duodenal secretions accumulate in the 
stomach and are lost to the body as a result of vomiting, The 
continued escape of the digestive secretions produces a progres. 
sive demineralization, dehydration, and alteration in the chemical 
composition of the blood. The secretion of urine decreases and 
finally stops. When these disadvantageous factors are combated 
by decompression of the stomach and intestines by suction tube 
and intravenous administration of salt solution, many patients 
make a remarkable recovery. It is probable that paralysis of the 
intestines, secondary to the infection of the peritoneal cavity, is 
more important as the cause of death in generalized peritonitis 
than is invasion of the bloodstream by bacteria or the absorption 
of poisonous materials from the peritoneal cavity. 

The treatment of generalized peritonitis consists in the ad 
ministration, systemically, of drugs such as penicillin, strepto- 
mycin, chlortetracycline (Aureomycin), or sulfadiazine; and û 
surgical operation designed (1) to remove from the peritoneal 
cavity foreign material that serves as a nidus, or focus of infec 
tion, (2) to close perforations of the intestinal tract, and (3) to 
provide drainage. Decompression of the intestinal tract by tubes 
introduced through the nose into the stomach, with constant sue 
tion, is of great value. Blood transfusions and intravenous ad 
ministration of physiological solutions of sodium chloride and 
other salts are very helpful. (L. R. Dt) 

PERIWINKLE, in zoology, any small marine snail belonging 
to the family Littorinidae. They are widely distributed short 
(littoral) snails, Chiefly herbivorous, usually found on rocks, stones 
or pilings between high and low tide marks; a few are found o 
mud flats and some tropical forms are found on the prop 10080 
mangrove trees. Of the approximately 80 species in the world, p 
are known from the western Atlantic. The common periwinkle 
Littorina littorea, may be found in great abundance on the p^ 
Shores of northern Europe and northeastern North America. 1 
the largest, most common and widespread of the northern species 
It may reach a length of 14 in., is usually dark gray and ing 
solid spiral (turbinate) shell that readily withstands the bull 
of waves. è 

Formerly, periwinkles were an important source of food, pë 
ticularly for the poorer classes in the British Isles, France an " 
Netherlands. Tn 1858 the London market consumed 76,000 yy 
Since that time periwinkles have been considered a pee 
many people and are still consumed in large quantities. In ail 
they are frequently sold by street vendors, particularly ™ S ii 
towns. In France, where they are known as vignot САИТИ 
the snails are usually boiled in a small amount of heavily The 
Water (the salt tends to loosen the animal from the shell) ier 
meat is then either made into periwinkle soup or served Wi 
Or a variety of sauces, 

The breeding habits of periwinkles are quite variable. f salt 
saxatilis, which lives high up on rocks and is often out © til the 
for long periods of time, holds its eggs in a brood sac UP a 
young are fully developed, at which time they emerge as tiny 
ing replicas of the adult. rica d 

ле common periwinkle was introduced into North АЙН в 

Nea Nova Scotia about 1857 and has spread as far is pr 

£ tidal also occurs on shallow muddy bottoms, along ah 
0 estuaries and among the roots and blades of 2 


Littori 


PERIWINKLE—PERJURY 


re the water is only moderately salty. 

All species in the Littorinidae are important as a favourite 
jod of many shore birds, particularly ducks. 

Ip many sections of the southern United States the term peri- 
vinkle or penny-winkle is applied to any small fresh-water snail, 
$e also MoLLUSK; SNAIL; SHELLS AND SHELL COLLECTING. 
Sie J.C. Bequaert, “The Genus Littorina in the Western Atlantic,” 
Johnsonia 1, no. 7, рр. 1-27, pl. 1-7 (1943) ; C. M. Yonge, The Sea 
Shore (1949) . (R. D. T.) 
PERIWINKLE, in botany, the name given to various plants 
the genus Vinca, of the dogbane family (Apocynaceae). The 


Í 
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mme periwinkle is possi 
fom pervinka, the Rus: 
ofthe flower, which in turn is de- 
ted from pervi, "first," as it 
} ше of the first flowers of 
gring, The lesser periwinkle ( V. 
sin), with lilac-blue flowers, 4 
jn, across; an evergreen, trailing 
perennial, has run wild through- 
quteastern North America, It is 
mlive to Europe and is found in 
the British. Isles.. The similar | М 
greater periwinkle (V. major), § 
wth purplish-blue flowers, 1 to 
Jin, across, native to continental 
Europe, has become naturalized 
h England, The Madagascar 
periwinkle (У. rosea) is of world- 
wide distribution in the tropics. 
PERIYAR, a river and lake 
y southern India. The river 
tis in the Cardamom Hills and flows westward for about 140 mi. 
though the state of Kerala into the Arabian Sea, Its source is in 
‘vet part of the country with a long rainy season, and it flows 
‘toss well-watered terrain where no irrigation is required. The 
Wer valley was accordingly dammed, and from the large ir- 
maultt-shaped Periyar Lake thus formed the water was taken by a 
me for more than one mile through the mountains to the dry 
tm side in the state of Madras. There the water from the 
нщ а large area in the vicinity of Madurai, This has 
vinde ee operation since 1895,and.one of the later projects 
fom merat India was the development of hydroelectric power 
hut of a The Periyar hydroelectric scheme, with a planned 
PERJURY. » kw., was commissioned in 1958. (L. D. S.) 
bing under è in a general sense and by etymologic origin, means 
tense jg SR ғ The common definition of perjury as a criminal 
Aca intentional misstatement of material fact made under 
ied to ante in a legal proceeding before a tribunal author- 
codes Sram proceeding, Related offenses under modern 
‘nd with а ath false swearing” under other circumstances, 
nner Sworn falsification in official matters. EI 
hnd ноп of spiritual significance, it was formerly in 
tistical avin only to religious sanctions administered by ec- 
Of Star Porites, In the 17th century in England the Court 
Mony as a 2 si began to punish: the giving of false sworn sto 
American le eu ar offense akin to obstruction of justice: Anglo- 
af ибо lation thereafter defined and expanded the Mime 
‘Se sworn, in official matters. It was broadened to in le 
tie ang ad tstimony not only before judges but also in legisla- 
perjury ministrative hearings. Either by further enlargement 
ln of a by special enactments, on “false sweating, falsifica- 
0 che was made punishable. Penal sanctions were e 
Natutes Would cation on "affirmation" as well.as oath, so bee 
UY, crim apply to those unwilling to be sworn. In the 
Concept e minal law in this area, departing entirely from the oath 
Weve ray need ina variety of statutes penalizing any written 
; ^ classic ıı representation in official inquiries or ишге ШЕ; 
n Smaa ment of the law of perjury is that the fa n 
Û Ours have ial" With. few exceptions, the lega pe 
| itis Rares to treat trivial or irrelevant lies as felonies 
that anything “capable of influencing the tribun 
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GROUND COVER UNDER TREES OR IN 
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on the issue before it” is material. But the scope of perjury has 
sometimes been restricted by stringent and arbitrary interpreta- 
tions. Thus a New York case held that it was not perjury falsely 
to testify ina divorce suit that the husband had committed 
adultery with X on one occasion, when the divorce complaint 
charged only the commission of an adulterous act with X on 
another occasion, since only the latter was material in the suit 
(People v. Teal, 196 N.Y. 372, 89 N.E. 1086 [1909]). In reac- 
tion against such decisions, some codes have eliminated materiality 
as an element of the offense. Examples of this approach are seen 
in the Indian Penal Code, par. 193; Canadian Criminal Code, par. 
99(a) and 112; and the Model Perjury Act recommended by the 
commissioners on uniform state laws in 1952. More commonly, 
the materiality requirement has been retained for felonious perjury 
but eliminated for “false swearing,” a statutory misdemeanour. 
The American Law Institute approved this solution in 1957. 

To establish perjury the prosecution must prove that the state- 
ment was false and known to be so. Furthermore, it is commonly 
provided that the testimony of a single uncorroborated witness 
shall not suffice to prove falsity. On the other hand, it has been 
held that a person may be convicted of perjury regardless of 
the objective truth of the statement made, if, true or false, he 
did not believe it. In such case, it is said, he falsely represented 
his own belief. 

A special problem of some importance in the law of perjury is 
whether a person commits the offense by lying under oath in a 
criminal or other proceeding directed against him. Under some 
legal systems, of or derived from continental Europe, defendants 
and other litigants are not sworn or the perjury statute has a 
restricted application to them. It is thought to be unfair or un- 
realistic to impose penal sanctions on a witness who is so ob- 
viously under pressure to give an account favourable to himself. 
On the same principle, in a minority of English-speaking jurisdic- 
tions, including England and the state of Georgia, the defendant 
in a criminal case may make an unsworn statement. Generally, 
however, U.S. law makes no such distinctions in favour of de- 
fendants, who, if they choose to testify, may be prosecuted for 
perjury. In consequence, there have been cases where a person 
has been tried for crime, acquitted and subsequently convicted 
of perjury based upon his sworn denials of guilt in the earlier 
trial; an example is State v. Leonard, 236 N.C. 126, 72 S.E. 2d 
1 (1952). Ina contrasting case, United States v. Williams, 341 
USS. 58 (1951), the defendant was convicted of perjury for false 
self-exculpating testimony in a prior trial in which, nonetheless, he 
was convicted of the crime charged. 

The opportunity to question a supposed culprit under oath as 
to alleged misconduct in the remote past has also been used to 
secure from him sworn denials which can then be prosecuted as 
perjury, notwithstanding that prosecution for the original of- 
fense would be barred by the statute of limitations. It has been 
argued that this violates the spirit of limitations provisions, which 
are intended to prevent prosecution where lapse of time, death of 
witnesses and dimming of recollection make it difficult to deter- 
mine the truth. (See comment on the prosecution of Alger Hiss, 
40 J. Crim. Law 344 [1949]; Note, 102 U. Pa. Law Rev. 630, 649 

1954]). 
; Бб Ac limits of the area in which the criminal law may be 
usefully or safely employed to repress lying are reached when 
legislatures undertake to penalize unsworn oral misrepresentation 
to any sort of official; e.g., a policeman or an individual legislator 
making informal inquiries. In King v. Manley (1933), 1 K.B. 
529, the English court of criminal appeal affirmed conviction: of 
a woman who falsely reported that she had been robbed, thus ef: 
fecting a “public mischief” by wasting police time and public 
money in investigating false leads. A few statutes go so far as to 
punish any false statement relating to an alleged offense. з The 
American Law Institute in 1957 tentatively approved provisions 
on this. subject in its Model Penal Code which would cover the 
offense of Manley, but would reach other oral misrepresentation 
to law enforcement officials only if it falsely implicates another 
person in crime. The danger sought to be avoided is that people 
might be subjected to criminal prosecution for denying their 
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own guilt; e.g., when stopped by a policeman for a traffic of- 
fense or for denying knowledge of a crime under investigation, 
out of fear, friendship or mere reluctance to become involved. 
See also OATH AND AFFIDAVIT. 
BIBLIOGRAPHY.—C, S. Kenny, Outlines of Criminal Law, J. W. C. 
Turner (ed.), 16th ed. par. 459 et seq. (1952) ; R. M. Perkins, Criminal 
Law, p. 382 et seq. (1957) ; American Law Institute, Model Penal Code, 


Tentative Draft No. 6, par. 208.20 et seq. and comments Meek ў 


PERKIN, SIR WILLIAM HENRY (1838-1907), English 
chemist, the discoverer of aniline dyes (i.e., synthetic dyes pre- 
pared from coal tar), was born in London on March 12, 1838. He 
attended the City of London School and in 1853 entered the Royal 
College of Chemistry and studied under August W. von Hofmann, 
to whom he later became an assistant. He devoted his evenings 
and vacations to private investigations in a rough home laboratory, 
and was inspired by one of Hofmann’s papers to undertake the 
synthesis of quinine. In the course of his experiments in 1856 he 
oxidized impure aniline with potassium dichromate and obtained a 
black product from which he was able to extract a bluish substance 
with excellent dyeing properties. This was the first aniline dye to 
be prepared, and it subsequently became known as aniline purple, 
tyrian purple, or mauve. A patent for the process of manufac- 
turing the dye was taken out in 1856, and in 1857, with the aid of 
his father and an older brother, Thomas, Perkin set up works at 
Greenford Green, near Harrow, for the commercial production of 
mauve. 

In 1858 he and B. F. Duppa synthesized glycine, the first amino 
acid to be prepared artificially, and in 1861 they synthesized tartaric 
acid. Perkin also had an important share in the development of 
artificial alizarin, which entirely replaced the red dye of the madder 
root. C. Graebe and C. T. Liebermann in 1868 prepared the sub- 
stance synthetically from anthracene, but their process was not 
practicable on a large scale. In 1869 Perkin patented a com- 
mercially feasible process that secured for his Greenford Green 
works a monopoly of alizarin manufacture for several years. He 
also carried out investigations on other dyes and on flavouring 
materials, in the course of which in 1868 he synthesized the first 
artificial perfume, coumarin (q.v.), the odoriferous principle of 
woodruff and the tonka bean. He also investigated the constitu- 
tion of salicyl alcohol, or saligenin. 

About 1874 Perkin abandoned manufacture and devoted himself 
exclusively to research. In 1878 he discovered the Perkin reac- 
tion for the preparation of unsaturated acids (e.g., cinnamic acid), 
which depends on the condensation of aromatic aldehydes with the 
salt of a fatty acid. Later he made a comprehensive study of the 
relation between chemical constitution and the rotation of the plane 
of polarization of light in a magnetic field and calculated the mag- 
netic rotatory power of various elements and radicals. 

Perkin was elected a fellow of the Royal Society in 1866 and 
was awarded the Royal Medal of the society in 1879 and the Davy 
Medal in 1889. He was knighted in 1906, on the 50th anniversary 
of his discovery of mauve. 

He died at Sudbury near Harrow on July 14, 1907. 

See also CHEMICAL INDUSTRY; Coat Tam. 

See also R. Meldola, Jour. Chem. Soc., p. 2214 (1908) ; R. Meldola, 
A. G. Green, and J. C. Cain, Jubilee of the Discovery of Mauve and 
of the. Foundation of the Coal-Tar Colour Industry by Sir W. Н. 
Perkin, Perkin Memorial Committee (1906). 

PERKINS, WILLIAM (1558-1602), one of the most noted 
English Puritan theologians and preachers, whose “sermons were 
not so plain but that the piously learned did admire them, nor so 
learned but that the plain did understand them,” was born at 
Marston Jabbett, in Warwickshire. As many another Puritan 
divine, he was a graduate and a fellow (1584) of Christ’s College, 
Cambridge. He was appointed lecturer in the Church of Greater 
St. Andrews, and it was there that he became famous for his power- 
ful, learned and persuasive sermons. 

Perkins was one of the few Puritan divines who attempted to 
write a systematic theology, and his was the most successful. He 
was widely quoted not only by Puritans but by non-Puritan Angli- 
cans as well. Theologically, his Golden Chain represents a point 

of view very similar to that of John Calvin, but it was not simply 


an English version of Calvin's Institutes. Perkins Prepared 

catechism, wrote a powerful treatise defending the Church ot 
gland against Roman Catholicism (The Reformed Catholike 150) 
and produced numerous other writings. a 

Many of the key Puritan leaders such as William Ames 
John Robinson were his students. In the 17th century, Perkins. 
theology probably was more widely read than that of any other 
Puritan. He died in 1602 and was interred in St. Andrew's church 

(Je. C. B) 

PERLIS, a state of the federation of Malaysia (q:.), is the 
smallest and most northerly of the Malayan states with a seaboard 
on the Andaman sea. It is a constitutional sultanate, Until 1999 
the state was a dependency of Thailand and then became one of 
the unfederated Malay states and a British protectorate; it was 
temporarily annexed by Thailand in 1942, but became a British 
protectorate again in 1945 until Malaya's independence in 195), 
Area 310 sq.mi. Pop. (1961 est.) 101, 

A large part of Perlis is a closely cultivated and densely settle 
plain formed by short erratic streams from the steep range in the _ 
northeast which combine into the Sungei Perlis river, To its north 
is the Nakawn (Sithammarat) range of cave-ridden limestones 
forming the boundary with Thailand. The eastern boundary is 
among similar mountains and barely 18 mi: from the sea, Malaya 
there being at its narrowest, The Perlis plain merges into fresh- 
water swamp southward where it borders Kedah state. 

Perlis has 49,000 ac. under paddy, the growing of which is thè 
main occupation, the rice yield being the highest among the fed 
eration states. The coarse alluvium and erratic streams present - 
frequent problems of water shortage for wet farming, so thil - 
regular crops of dry paddy are sown. TH 

Malays form 78% of the total population and about 2,000 Chi- 
nese live in two or three mining villages outside the caves in tht 
northern limestone range, within which irregular but rich pockels 
of alluvial tin have collected, the annual output being only about 
220 tons. i 

Kangar is the state capital (pop. [1957] 6,064) and the sultans 
residence is at Arau nearby, Kangar is a dispersed, open settle 
ment, rather a village than a town. Kuala Perlis is an’ open settle 
ment of fishermen who live in stilted houses built over the rivet 
mouth. Itis inaccessible except by water. Inland and well awy 
from the coastal swamps runs the Malayan railway, the single tni 
of which crosses into Thailand at Padang Besar, the Malayan ol 
toms station, but the traffic has little economic significance fot 
Perlis which has negligible exports. (E. Н. GD) 

PERLITE (PEARLSTONE), a natural glass generally of om 
Position equivalent to granite with concentric cracks, such 
the rock breaks into small pearllike bodies ог “pebbles, 9 
formed by rapid cooling of viscous lava or magma. A ee 
(q-v.), it is commonly gray or greenish but is known to er | 
shades of brown, blue and red. The lustre is pearly to waxy: ] af | 
to about 1950 perlite was virtually unknown in commeme 
in the second half of the 20th century great deposits Were pu i 
in New Mexico, Nevada, California and other western Won 
Production outside the United States increased very slowly. (7 
crushed perlite is rapidly heated to its softening ber 
(c. 1,500°-2,000° F.), the contained water is converted to 3 Jes 
to form multitudes of tiny bubbles within the softened pitt 
The perlite is thus “popped” or suddenly expanded up to 20 
its original volume. This frothy glass may be consider 
artificial pumice. Because of its very low density, heat dt 
Perlite is a substitute for sand in lightweight wall plaster an | for 
Crete aggregate. Due to its porous nature the material i5! pnt 
heat and sound insulation and the manufacture of jnsulati а j 
board and acoustic plaster. Other uses include lightweight 
products, filters and fillers. 


The spherical or perlitic cracks which characterize 


his n 
on 


E: generally considered to be due to contraction of ! A hy 
bw Some studies indicate the cracks form in respaa pele 
ration. The concentric arrangement of cracks causes ST? phle” 


of glass to separate from the rest of the rock. These Р 


may range up to an inch across but are usually the size 0 d 
S hro 
Shot. They may appear as spherules widely distributed ! 


atrix, or they may be so closely packed as to mutually 
elc and form polygon-shaped pellets somewhat resembling 

as; The pearly lustre is attributed to reflections from 
he thin air films formed along the concentric fractures. 

Some perlites are of intrusive origin (dikes), but others consti- 
ше major portions of lava flows. These glassy rocks may grade 
о nearly completely crystalline volcanic types. Like obsidian 
(js) they may carry large crystals (phenocrysts) of quartz, alkali 
feldspar, and plagioclase and in some cases biotite or hornblende. 


aort of m 


talline bodies (see SPHERULITE; 


(7 CRYSTALLITE) тау also 


sound, and curved or wavy trains of these are common evidence 
ui fowage of the viscous molten material. 

Microscopically some of the small glass pellets show slight 
duble refraction indicating a strained condition in the material, 
md doubly refracting glass at the contact with phenocrysts sug- 
gts strain due to differential contraction. 

The chemical composition, index of refraction, and specific 
guvity of perlite are similar to those of obsidian. The water con- 
int, however, is considerably higher (generally 396—446), much 
hing been added subsequent to consolidation. (See PrrcH- 
STONE.) 

Devitrification or conversion of the glass to a microscopically 
fte crystalline aggregate is usually initiated spontaneously along 
tds or at the surfaces of phenocrysts and spherulites. Some 
minutely crystalline rocks show well-developed perlitic structure 
md undoubtedly represent completely devitrified perlite. The 
halization of spherulites along curved and concentric bands in cer- 
ttinglass-free rocks suggests a devitrified perlite with spherulitic 
goth along the perlitic cracks. 

For chemical analyses of perlite and related glassy rocks, see 
PitcHstoNE, (C. А. CN.) 

PERM, an oblast of the Russian Soviet Federated Socialist 
Republic) U.S.S.R.\ formed in 1938, covers an area of 62,780 sq.mi, 
(162.600 sq.km.) and had a population (1959) of 2,992,876. The 
‘ist lies on the western flank of the central Urals, extending from 
te cestline in the east, across the broad basin of the middle 
Kama to the Upper Kama uplands in the west. The northwest 
Corer is occupied by the Komi-Permyak National Okrug (q.v.). 
E continental, with a January average temperature of 
"n (О? Е.) and a July average of 17° C. (62° F.). Rainfall 
‘nowt 20-22 in. a year in the west to 24-25 in. on the Urals. 
fa the whole oblast is thickly forested with taiga of spruce, 


ial i. and birch. Along the rivers are extensive flood plain 
M 


1959'a high proportion (5994) of the population were urban 
E. There are 22 towns and 47 urban districts, the largest 
li у sii (629,118), the administrative centre, Berezniki (106,- 
ШШК (82.874), Lysva (72,989), Kungur (64,796), 
This ке (60,658), Kizel (60,687) and Krasnokamsk (54,715). 
Was population reflects the oblast's position as part 
(5m industrial area, Like the remainder of the Urals it is 
ih М rich їп minerals. Most important are the huge de- 
À the н the Kama of salt and potassium (among the largest 
Кейн; Which are the basis of the chemical industry ‘of 
ply the Solikamsk and Perm, Iron ore, copper and chromite 
Ln Li Metallurgical and engineering industries found in most 
i bn towns, especially Chusovoi and Lysva. Perm oblast 
athe ги етп end of the Second Baku oil field, drilled chiefly 
" Usovaya valley. Coal, fire clays and glass sands are also 
forests supply paper, pulp and other timber- 
ult ` The northerly latitude and poor podsol soils 
Mond the ре а minor role, except for intensive market gardening 
Te are Owns. “Rye, potatoes and wheat are the main crops. 
tet ын large power stations, notably the Kama hydro- 
Plant, north of Perm city. (R. A. 
He adn known as Mororov from 1940 to 1957), а town and 
ае ation centre of Perm oblast in the Russian Soviet 
nud Republic, U.S.S.R., stands on both banks of 
га M below the Chusovaya confluence „ыран 
of J а А 
USSR Pop. (1959) 629,118, making itt 
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Where phenocrysts are abundant the rock passes into vitrophyre. — 
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In 1723 V. N. Tatishchev founded a copper-smelting works 
where the little stream Yegoshikhi joined the Kama at a small 
village, Bryukhanovo, founded in 1568. In 1781 the settlement 
of Yegoshikha became the town of Perm, although another town, 
Perm the Great (Perm Velikaya, now Cherdyn), had existed 150 
mi. upstream since the 14th century. 

Perm’s position on the navigable Kama, leading to the Volga, and 
on the great Siberian highway (established in 1783) across the 
Ural mountains led to its development as an important trade and 
manufacturing centre. As industrialization proceeded in the Urals, 
especially after the Revolution, Perm grew considerably. Rail- 
ways now focus on it from Solikamsk and the Kama chemicals 
region, from the Tura valley and Sverdlovsk in the Urals mining 
and metallurgical regions, and from Kirov in the west. Consider- 
able transshipment takes place at Perm’s busy river port. The 
town extends for 25 mi. along the high river banks. Its wide range 
of metallurgical and engineering industries produce equipment and 
machine tools for the petroleum and coal industries, agricultural 
machinery and telephones. There are large shipyards and an air- 
craft factory. A big refinery depends on petroleum from the im- 
mediate neighbourhood and oil is also piped from Almetyevsk. 
The chemical industry makes fertilizers, and timber working and 
flour milling are also carried on. Power is supplied by the 
500,000-kw. hydroelectric plant just above the town, 

Perm has the A. M. Gorky State university (founded 1916) and 
also has mining, pedogogical, pharmacological and medical insti- 
tutes. Among its cultural institutions are opera and drama theatres 
and an art gallery with a noted collection of wood carvings. The 
town gives its name to the Permian geological series, first identi- 
fied in this locality. (R. A. F.) 

PERMAFROST, any part of the earth’s mantle, including 
bedrock and all types of surficial materials, at any depth, main- 
taining a temperature of 0° C. or lower continuously for two or 
more years. Unfrozen ground is included as well as that commonly 
referred to as permanently frozen or, more correctly, perennially 
frozen ground, 

Permafrost and the geomorphic processes associated with it have 
a significant effect on the development and distribution of plant 
and animal life in areas where it occurs; its practical importance 
to human affairs is that it presents special problems in essentially 
all engineering projects. Its distribution is not precisely known 
but more than one-fourth of the earth’s surface bears it in some 
degree. It is a phenomenon of high latitudes in both hemispheres 
and of high altitudes of major mountain systems, this relationship 
reflecting the primary control by climatic regimes typified by a 
perennial, negative radiation balance. 

Permafrost is essentially continuous in polar regions, becomes 
increasingly interrupted in distribution at lower latitudes and 
occurs only sporadically toward its geographic limits. The con- 
tinuous zone occupies an area of about 2,950,000 sq.mi. in the 
northern hemisphere and the entire 6,000,000 sq.mi. of Antarctica 
in the southern hemisphere. The discontinuous zone and sporadic 
zone include about 2,860,000 and 2,820,000 sq.mi., respectively, 
exclusive of alpine areas which may total 1,000,000 sq.mi. 

Permafrost is thickest’in the ice caps of Antarctica and Green- 
land where depths of several thousand feet are attained. Ground 
permafrost in the continuous zone generally ranges from 800- 
1,200 ft. in northern Alaska and 1,000-1,500 ft. in Siberia. Depths 
of about 2,000 ft. and 1,050 ft., respectively, have been measured 
at Nordvik, Sib., and Cape Simpson, Alaska. Estimates based on 
extrapolation of temperature profiles near Point Barrow, Alaska, 
indicate thickness of 670 ft. near the ocean shore and 1,330 ft. 
eight miles inland. In the discontinuous zone thickness is gen- 
erally between 200-400 ft. and in the sporadic zone usually less 
than 100 ft. ч x Д э 

Composition may be organic or inorganic; water, usually in the 
form of ice, furnishes the cementing medium of all otherwise un- 
consolidated materials. Well-drained deposits of gravels devoid 
of ice are termed dry permafrost. Within frozen ground brines 
with salt concentration several times greater than sea water qualify 


as permafrost but are unfrozen. 4 1 
ke occurs in many forms and variable amounts in ground 
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EXTENT OF THE ZONES OF PERMAFROST 


permafrost and often exceeds all other materials in quantity, It 
is present as crystals of diverse size and shape, as grains, films, 
veins and lenses, and as large masses either horizontally or irregu- 
larly disposed or as vertically oriented, downward tapering wedges, 

The origin of permafrost probably dates from the Pleistocene 
Epoch, although that of the continuous zone is in equilibrium with 
present climates and all materials added to the surface become 
part of the permafrost body. In the sporadic zone isolated bodies 
of permafrost are in large part relicts of historical climates. Such 
fossil permafrost, often deeply buried beneath surficial deposits, 
is long-enduring but is gradually reduced under conditions result- 
ing in annual net transfer of heat to depth, 

The production, preservation or dissipation of permafrost de- 
pends upon a complex of climatic factors (solar radiation, sky 
radiation, back radiation, winds, vapour pressure, precipitation, 
cloudiness), properties of surface (vegetation, albedo, snow, 
standing water), and physical properties of substrate components 
(organic and inorganic types, texture, structure, density, specific 
heat, thermal conductivity and diffusivity, thermal gradients). 
Both formation and preservation are enhanced by long, cold 


winters with low snowfall ay 
clear skies and summers that arg. 
short, dry, cloudy and cool, 
Overlying all frozen 
frost is a layer ıof variable thie, 
ness subject to thaw in We 
seasons. This layer, called theag. 
tive layer, may penetrate only the | 
surface mat of vegetation or may | 
extend to depths of a few inches 
to several feet. In continuous | 
permafrost, thaw averages only | 
one to two feet over large агы, | 
The upper limit of frozen ground | 
beneath the active layer, the 
permafrost table, is deepest on | 
well-drained gravels lacking vege. 
tation cover and topographically - 
exposed to maximum insolation | 
Minimum thaw occurs in peats 
and fine-textured inorganic ma 
terials of low, poorly drained 
sites protected from the sun by 
topography, vegetation or snow 
cover. Sporadic’ bodies. of 
permafrost are often buriedly | 
perennially thawed ground over 
lain by the seasonally frozen at- 
tive layer. Such unfrozen layers, 
as well as islands of thawed 
ground surrounded by реш 
frost, are called (Russian) talit 
Aggradation and degradation 
of frozen ground produce chit 
acteristic landscape features and 
influence the course and tech 
niques of man’s activities. Br 
treme stresses and pressures It 
duce heaving, thrusting, splitting 
cracking, stirring and slump 
of substrate materials. Stress 
often relieved by polygonal a 
rays. of vertical «лии 
cracks which become filled wi 
ice. Repeated cracking i 
growth lead, in time, to deve! 
ment of ice-wedges several Я 
wide and many feet deep. Sim 
imilarly i? 
wedges are formed simi 
conditions of great aridity: 
Pressures deform si 
\ inject fluid muds into vo! f 
raise fine materials vertically to the ground surface or force ai 
into the active layer, Forces of complex nature produce ite 
surface features as mud spots or silt boils, frost bise | 
mounds, and pingos. Pingos, hills composed largely of Jd and 
mate in swampy lowlands and attain heights exceeding "m 
diameters of several hundred feet. Noteworthy examples 
on the Mackenzie River delta, Can. «action, mas 
Thaw and gravity movements (creep, flow, soliflucio a 4 
caving and slumping) of saturated materials across the tg 
lubricated permafrost table of all slopes are import E 
morphic processes shaping arctic landscapes. Thaw i phys 
Sidence produce thaw lakes, cave-in lakes, thermokarst Wer 
beaded streams and surface expression of ice-wedge polye e an 
„ This instability of surfaces is destructive to vegeta i | 
interferes with orderly processes of soil formation. 10% " asset" 
ridges and other relief structures differentiate biological Pr 
blages largely by improving drainage and related environ ts 
Conditions.’ Plant remains contribute large annual ui. co 
organic material to perma frost which constitutes a long, yr 
Storage repository of both plant and animal fossis. 


EXTENT OF PERMAFROST 
| ZONE OF CONTINUOUS 
|BR iom 
| BRA] тош or visconrinuous| 
A piso 
ш ZONE OF SPORADIC 
PERMAFROST 


CONTINUATION OF LINES 
= _DELIMITING ZONES 


m ration is employed for food preservation by man by the 
simple expedient of excavating cellars in the frozen ground. 

Where permafrost occurs, procurement of potable water sup- 
jies, disposal of waste, mining, well drilling, and road, airstrip and 
фп construction pose critical engineering problems. Avoid- 
me of sites most subject, to frost action and preservation of 
[шеп ground by maintaining natural insulation and protection 
against transfer of heat from structures to the ground prevent 
йу damages or total loss of structures. 

BenocrarnY.—R, Е, Black, “Permafrost—A Review,” Geological 
ely oj America Bulletin 65, pp. 839-856 (1954); J. L. Jenness, 
permafrost in Canada,” Arctic, 2, pp. 13-27 (1949); S. W. Muller, 
Pumajrost; or Permanently Frozen Ground and Related Engineering 
Problems (1947); S. Taber, “Perennially Frozen Ground in Alaska; 
Is Origin and History,” Geological Society of America Bulletin 54, 
p. 1433-1548 (1943) ; K. Terzaghi, “Permafrost,” Boston Society of 
(ий Engineering Journal 39, рр. 1-50 (1952). (M. E. B.) 

PERMANENT COURT OF INTERNATIONAL JUS- 
TICE: see INTERNATIONAL COURT OF JUSTICE. 

PERMEABILITY (FLUID). The permeability of a solid 
vith respect to fluids is a measure of the facility with which 
fuids can penetrate or flow through the solid. Thus, of two solids, 
that one is the more permeable through which, under identical 
anditions, the greater quantity of a given fluid will pass in a fixed 
time. Solids owe their permeability to the existence of an internal 
porosity comprising a three-dimensional network of intricately 
gone and interconnecting channels. (See also GROUND 

ATER; HYDROLOGY.) 

Darcy's Law.—The fluid permeability of a solid is defined and 
measured in terms of a flow experiment analogous to that illus- 
ined in the accompanying figure. Here a liquid is made to flow 
through а porous solid into which two manometers along the same 
fowline have been tapped. It is found experimentally (and can also 
le deduced theoretically) that the volume of liquid, g, crossing 
the unit gross area normal to the flowlines in unit time is given by 


\ 4= (Nd*)(p/u)(—gah/dl) 

ү N is a dimensionless shape factor and d a length param- 
д amcterizing the geometry of the solid, p and p are E 
"ly and viscosity of the fluid, g the acceleration of gravity, 


nS the rate of increase with distance in the flow direction 
€ manometer height / with respect to a reference elevation. 


2 MANOMETER — 
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Nation, which is known as Darcy's law, is valid for flow in 


recti 
CHEN and for all velocities small enough so that forces of 
© negligible, 
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Of the three groups of factors on the right-hand side of the 
above equation, the first, Nd?, depends only on the pore geometry 
of the solid; the second, р/р, is a property of the liquid; and the 
third, —g(0R/ol), is the impelling force acting upon each unit of 
mass of the liquid. In the past, various combinations of these 
factors have been taken as a measure of permeability, but opinion 
and usage have gradually converged toward agreement that the 
term “permeability” shall pertain to a property of the solid only. 

Of these factors, only the first, Nd? (often expressed by the 
symbol £), satisfies this condition, and it is accordingly taken as a 
proper measure of the permeability of the solid. Transposing the 
equation, the permeability of the solid is given by 


el OEE 171 
bo NP = ORT 
and its dimensions are [12] (length)?. 

Units of Permeability.—Hence, in any consistent system of 
measurement in which one of the fundamental units is that of 
length, the unit of permeability is the square of the unit of length— 
for example, the square centimeter or the square foot. 

For granular solids, if the mean grain diameter is taken as the 
characteristic length d, the factor N has an order of magnitude 
of ro. Hence the permeabilities of clastic sediments, ranging 
from fine silts, with mean grain diameters of 107* cm., to coarse 
sands, with mean grain diameters of 10—! cm., vary from about 
10—1? to 107° sq.cm. Since the useful range of permeabilities 
of most sedimentary rocks is from about 1071% to 1078 sq.cm., 
there would be some advantage in having a practical unit defined 
by 1 practical unit = 10—!? sq.cm. 

Inconsistent units in wide current use are the Meinzer unit 
(5.42 X 10-19 sq.cm.) and the darcy (0.987 X 1078 sq.cm.). 

BinriocRAPRY.—Norah Dowell Stearns, “Laboratory Tests on Physi- 
cal Properties of Water-bearing Materials,” U.S. Geol, Survey Water- 
Supply Paper 596-F, pp. 121-176 (1928); P. G. Nutting, “Physical 
Analysis of Oil Sands," Bull. Amer. Ass. Petrol. Geol., v. 14, pp. 1337- 
49 (1930) ; R. D. Wyckoff, H. G. Botset, M. Muskat, and D. W. Reed, 
"The Measurement of the Permeability of Porous Media for Homo- 
geneous Fluids," Rev. Sci. Instrum., v. 4, pp. 394-405. (1933) ; M. King 
Hubbert, *The Theory of Ground-water Motion,” J. Geol., v. xlviii, 


pp. 785-944 (1940), “Permeability: Its Dimensions and Measurement,” 
Trans. Amer. Geophys. Un., v. 27, рр. 259-263 (1946), “Darcy’s Law 
and the Field Equations of the Flow of Underground Fluids,” Trans. 
‘Amer. Inst. Min. Metal. and Petrol. Engrs., v. 207, pp. 222-239 (1956) ; 
and Bull. Ass. int. Hydrol. sci. no. 5, 24-59 (1957). (M. K. H.) 
PERMEABILITY, MAGNETIC. The force between two 
magnetic poles varies as the product of the strengths of the poles, 
and inversely as the square of the distance between them. It de- 
pends also on the nature of the intervening medium. In the 
(centimetre-gram-second) electromagnetic system of units, unit 
pole is defined as one which repels an equal pole at a distance of 
one centimetre in empty space with a force of one dyne, Let F 
be the force between two poles of strengths тү, ma at à distance r 
mima mina, 


apart. Then, in a vacuum, F= More generally, F = 


The constant и depends on the medium, and is known as the 
permeability. The permeability may also be defined as the ratio 
of the magnetic induction B to the magnetizing force H; the in- 
duction being a measure of the magnetic force which would be 
exerted on unit pole placed in a narrow crevice in the medium, 
perpendicular to the direction of the magnetic force. — 

Thus u = В/Н. The conception of permeability is due to 
Michael Faraday, who spoke of it as "conducting power for mag- 
netism," and the term was introduced by William Thomson (later 
Lord Kelvin) in 1872. ] Й 

Substances are divided into two main magnetic classes: dia- 
magnetics, with the permeability и less than 1; and paramag- 
netics with и greater than 1. In diamagnetics the directions of 
the magnetization and the magnetizing force are opposite, in 
paramagnetics the same. For most substances the permeability 
differs very little from 1, and does not vary with the magnetizing 
field. A few paramagnetic substances, below certain critical tem- 
peratures, are ferromagnetic, having magnetic properties resem- 
bling those of iron. The permeability of ferromagnetics (which 
include iron, nickel and cobalt and some of their alloys) is a 
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function of the magnetic force, and generally depends on the 
previous history of the specimen. The permeability may be very 
large; the maximum for some generator steels and for iron-nickel 
alloys being greater than 100,000. A knowledge of the perme- 
ability characteristics of iron and iron alloys, in particular, is of 
great technological importance. Material having a high perme- 
ability for definite ranges of magnetic force is generally required 
in the construction of electrical machinery. 

See Macnetism: General Description of Magnetism: Magnet- 
ization and Permeability Curves. 

PERMEAMETER, an instrument for measuring magnetic 
permeability and other magnetic characteristics of substances. See 
Macnetism: Measurement of Magnetic Quantities; Common 
Methods: Yokes and Permeameters; PERMEABILITY, MAGNETIC. 

PERMIAN PEOPLES, used by ethnologists and linguists 
outside of the Soviet Union to designate collectively two groups 
who speak closely related languages belonging to the Finno-Ugric 
family: Udmurt or Votyak and Komi or Zirian (Ziryen). Some 
Soviet scholars also distinguish a third Permian branch, the Komi- 
Permyak, who constituted (1960s) 70% of the 200,000 inhabitants 
of the Komi-Permyak national okrug (q.v.); but this tripartite 
division seems based on political considerations alone, for Permyak 
is simply the southernmost dialect of Komi (see FINNO-UGRIC 
LANGUAGES), 

The common ancestors of the Udmurt and Komi separated from 
the westbound Volga-Finns (Cheremis and Mordvin; qq.v.) during 
the 1st millennium B.c., and continued as a uniform speech com- 
munity for about 1,500 years thereafter. This period is known to 
specialists as the Permian (it has no connection, of course, with 
the geological period of the same name). The Permian com- 
munity split into two branches during the 9th century А.р. 

Udmurt Peoples.—Udmurt was spoken in the 1960s by more 
than 600,000 persons in the Udmurt Autonomous Soviet Socialist 
Republic (9:0. ; capital, Izhevsk, an industrial centre), in the area 
between the Vyatka and Kama rivers. The Udmurt, organized in 
strong clan relations, are almost entirely peasants; each village 
was governed by a council of clan elders (ken’esh), which even 
farm collectivization did not succeed in wiping out. The Udmurt 
came under Russian administration in 1587, and were slowly con- 
verted to Christianity after 1740 under the influence of Archbishop 
Veniamin, who set up a church near the old Udmurt capital, Glazov. 

Komi Peoples.—Komi was spoken by about 400,000 people in 
the 1960s, in an immense area, from the neighbourhood of the 
Udmurt northward almost to the Arctic Sea, and on the Kola 
Peninsula. The Komi Autonomous Soviet Socialist Republic (q.v.; 
capital, Syktyvkar) is the largest of all such republics in European 
U.S.S.R. Komi society has been shaped to a great extent by geo- 
graphic location and climatic conditions, by the type of economy 
suitable for the area, and by Russian influence in cultural and 
political life. The location is responsible for the people’s isolation 
and tardy progress; the uninviting climate protected them from 
extensive colonization until after World War II. The agricultural 
form of economy that prevailed for centuries remained dominant, 
though by no means uniform. After 1932 the Ukhta-Pechora re- 
gion was gradually transformed into a mining and industrial area, 
and into a fuel producer for Leningrad industries; the modern de- 
velopment of the area is synonymous with that of three big under- 
takings: the oil trust, the coal trust, and the Northern Pechora 
Railway. The principal focus of the new Arctic mining activities 
is Vorkuta. In its vicinity the Komi changed after World War II 
from owners of large reindeer farms into workers on state farms, 
along with many Russian settlers. See also PERM. 

BisLr0GRAPHY.—W. Kolarz, Russia and Her Colonies: (1952); К. 
Ishimoto and J. Strmecki, The Votyaks (Udmurt) (1955); J. Strmecki, 
The Zyrians (Komi) (1955) ; T. Fitzsimmons et al., U.S.S.R. (1960). 

(T. A. Ss.) 

PERMIAN SYSTEM, a geological term designating the 
uppermost system of rocks and the final period of the Paleozoic 
era (the era of ancient life)—a time believed to have begun 
about 260,000,000 years ago, and lasting about 25,000,000 to 
35,000,000 years, as indicated in the accompanying geologic time 

chart. 
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Geologic Time Chart 


Distinctive 


Series 
. and Epoch Records of Life 
CENOZOIC ERA 


t 
11,000 years) 


Early тап; . . 
Large carnivores . , | 
Whales, apes, grazing forms 
Large browsing mammals 
Rise of flowering plants 

First placental mammals 


MESOZOIC ERA 
P Extinction of dinosaurs 
inosaurs' zenith, primii 
birds, first small sdb 
Appearance of dinosaur ү 


OIC ERA 


Reptiles developed, conifer 
abundant . D 


nu 


PALEOZI 


First reptiles, coal forests . 
Sharks abundant HAS 
Amphibians appeared, fishes _, 
abundant о. 
Earliest and plants and 
animals zx 
First primitive fishes 
Marine invertebrates 


RIAN TIME 
Few fossils... 


PRECAMB: 


General Conditions of Permian Time.—The Permian wast 
time of crisis in world history. During much of preceding and 
succeeding Paleozoic and Mesozoic time, the continental areas 
were low and widely flooded by shallow seas, and the climate was 
equable over much of the earth. During the Permian, wide arts 
of the continents were emergent, there were extensive mountat 
chains and harsh climatic contrasts, with widespread deserts а 
continental glaciers; conditions were thus not unlike those of ou 
modern era. Plant and animal life underwent many chang | 
toward the end of Permian time, all species and many genera di 
appearing, some families and orders declining, others increas 
in prominence, bringing about a change from the characteristit 
Paleozoic life to the characteristic Mesozoic life, (See also Pato 
BOTANY; PALEONTOLOGY.) { j 

Nevertheless, one should not think of these critical ine 
a cataclysm; their distinctive features began and ended ШИШ 
Many of the mountain chains, such аз the Appalachians of NS 
America, had been growing since middle Paleozoic time. реш 
marine invertebrates were not impoverished by the harsher 15 
ditions, but exceeded in variety and number those of some el 
periods. Many genera persisted into the Triassic, and m 
tionary forebears of Triassic life can be found in Permian mi i le 

Some Permian geographic and climatic features are inexp di 5 
in terms of the modern world, and suggest a radical rearrange 
of its surface between then and now. Permian rocks and ИТ 
are much alike in all continents of the southern hemisphere wi 
India, and include deposits of continental glaciers. It 5s m 
believed that these southern lands were once joined into 
continent, Gondwanaland (g.v.), and have since been a 0 
either by foundering of the connections into the ocean bes 0 
by drifting apart of the continents, But there are as mle 
jections to continental foundering or continental drifting ash 
are arguments for them, and the anomalies of Permian ge 
remain one of the riddles of у. 

Definition of Permian E ihe Permian system б 
named by Sir Roderick Impey Murchison in 1841, after a ac Ud 
European Russia, for the province of Perm not far west of Г П 
mountains; rocks of the same age had long been know? mys 
Europe, where they had been termed the Dyas in Germ yt 
had been considered the basal part of the New Red a E 
in Great Britain. Murchison originally used the term vere # 
are now called the Kungurian, Kazanian and Tartarian “ge 
sequence of red beds, evaporite deposits and fossiliferor ert 
stone. The underlying Artinskian limestones of the (Уре er 1 
thought to be equivalent to limestones of the Carbonifere 
tem in western Europe. 

Later work has'shown that the Artinskian, and eve? 
Uralian beneath it (termed the Sakmarian series) is YU" 
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PERMIAN DEPOSITS 

Deposits of Permian time are 
characterized by several distinc- 
tive assemblages, which reappear 
from one continent to another 
around the world. These types 
include: 

(1) Red beds and other clastic 
rocks composed of fragments of 
pre-existing rocks, evaporites 
(gypsum, anhydrite, rock salt, 
potash minerals), dolomites and 
limestones. Red beds contain 
vertebrates (amphibians and rep- 
tiles) and plants, the limestones 
and dolomites an invertebrate 
fauna, mainly brachiopods, pelec- 
ypods and gastropods, relatively 
impoverished and without great 
diversity of genera and species. 
They were formed on extensive, 
flat, continental areas, partly on 
the surface of the land, partly in 
dessication basins, partly in shal- 
low ephemeral seas, probably in 
a dry climate. Deposits of this 
type occur widely in the northern 
hemisphere, as in the U.S.S.R., 
Germany, Great Britain and the 
mid-continent region of North 
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HG, L—LANDSCAPE OF CHARACTERISTIC PERMIAN ANIMALS AND PLANTS, DETAIL OF A MURAL BY RUDOLPH ZAL- 


UNGER America. 
Pin (upper left) trunk of Lepidodendron, a scale tree; (upper centre) group of Walchia, a conifer. "Fin-back” anl- (2) Marine deposits, in some 
"00: (lower left) Edaphosaurus; (centre) Dimetrodon; (right) Sphenacodon areas of considerable thickness— 


the typical Carboniferous farther west. Beds between typical shales, sandstones, and limestones, in places with thick reefs 
Rmian and Carboniferous were, for a time, designated as "Permo- formed by lime-secreting organisms. Rocks of this type contain 
Carboniferous,” but this usage has passed out of favour, and gen- a large and diversified suite of marine invertebrates—fusulinids, 
fl practice now is to extend the base of the Permian considerably bryozoans, brachiopods, pelecypods, gastropods, ammonoids, and 
tlw the base originally designated. the last of the trilobites. Such deposits are extensive in the south- 
North American stratigraphers usually put the base of the Per- ern part of the northern hemisphere and into the tropics—in Eur- 
thn at the bottom of the Wolfcamp series and the zone bearing asia from the Mediterranean eastward to Indonesia in the ancient 
= of Pseudoschwagerina, a genus of the fusulinid family of seaway called Tethys; in North America in western Texas, and 
„на (q.v.), which is about equivalent to the bottom of Mexico. г T р d 

t Sakmarian in the U.S.S.R. It is thought that a boundary so (3) Volcanic rocks, mainly marine—lavas, pyroclastics and 
paced can be recognized more readily than one at а higher level, tuffs, with some nonvolcanic shales and limestones. Some beds 
‘od that it marks a significant stage in invertebrate evolution. contain marine invertebrates, such as fusulinids and brachiopods, 
Шап stratigraphers differ as to the classification of the Sak- and at some localities the fish Helicoprion. These deposits are 
Marian, but some place it in the Carboniferous. On the other hand, characteristic of the most mobile parts of the geosyncline sur- 


E part of the German 
E ms to be a continental 
ШӨ of the Sakmarian and 
Olícamp, 
N boundary of the Permian 
е overlying Triassic can 
Tie sa Successfully in most 
Mens on the basis of 
i VA Invertebrate fossils, 
e ТСЕ 15 uncertain where 
“mating es boundary are 
fas iia poorly fossilifer- 
iine {е їп тапу places. 
а 5 the classification, 
mian and Triassic, 


ten Рег 
and whole series 


Ormations 


iet much debated. 
tolo: assification of rocks in 
Ооу Stems is dealt with in 
Aiton i Historical Geology. 
a Information on the 
{eating іп Classifying and prow cant o. punoan, “HISTORICAL role. 
ù Tossa deposits will be found dei . 
Rog, Ne ее also SEDIMEN- (Left) Leptodus americanus, showing skeletonized dorsal val 

» STRATIFICATION. (right) Prorichthofenia permiana, 


JOHN WILEY а SONS, INC. 
2.—PERMIAN BRACHIOPODS (ACTUAL SIZE) 

Ive and corresponding flanges in spoon-shaped ventral valve} 
two specimens showing position of growth 


rounding the Pacific ocean, from California 
through British Columbia into Alaska, in 
Japan and New Zealand. An outlying vol- 
canic sequence occurs at Las Delicias, 
Coahuila, Mex. 

(4) Glacial and continental beds, gen- 
erally with tillites near the base and a thick 
sequence of shales and sandstones above, 
with beds of coal. These deposits contain 
the distinctive seed fern, Glossopteris, and 
some reptiles. They are characteristic of 
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7 wide areas in the continents of the southern 

AS Wy A hemisphere—southern Africa, eastern 
RSQ NS A South America, Australia, Antarctica and 
@ peninsular India. Continental beds inter- 

Gf Я finger marginally in places with cold-water 


marine deposits containing the pelecypod 
Eurydesma and a few other invertebrates. 

Permian of Europe.—Below are de- 
scribed some of the principal sequences of 
Permian rocks in the various continents, 
belonging to one type or another of the 
assemblages just listed. 

The type Permian, in European Russia, 
lies in a broad basin that extends westward 
from the Ural mountains to Moscow. 
"Thickness and nature of the rocks vary 
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NS 7 deposits on the east to thinner limestones 
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is of type 1, above. The following suc- 
cession occurs (descending order) : 


4 
А 


NN ZZ EUROPEAN RUSSIA 

RN EEA 2 x f 

INN РА Tartarian series.—Continental red beds, 
N ЕА about 500 ft. thick, with many vertebrate 
N А fossils; upper part is Triassic. 

EN 


Kazanian series.—In the west, marine lime- 
stone with invertebrate fossils, about 500 ft. 
thick, passing eastward into thicker nonmarine 
red beds. 

Kungurian — series—Largely — evaporites, 
with interbedded clays and marls; more than 
2,500 ft. thick in the east, but thinning west- 
ward, 

Artinskian series.—In the east, shales and 
sandstones, partly marine, partly continental. 
about 5,000 ft. thick, represented westward 
by upper part of limestones of Ufa plateau. 
Contains several zones of the fusulinid Schwagerina, as well as many 
ammonoids and brachiopods. 

Sakmarian series—In Ufa plateau, limestones 500 to 750 ft. thick, 
with large reef bodies, containing the fusulinid Pseudoschwagerina, the 
gastropod Omphalotrochus, the ammonoid Artinskia and other in- 
vertebrates, Passes eastward into much thicker sandstones and con- 
glomerates. Formerly included in the Artinskian of the Urals and 
in the Uralian elsewhere. Lies on earlier Uralian limestones that contain 
the fusulinid Triticites. 

In Germany, where the Permian has been termed the Dyas, the 
section is somewhat thinner, but of the same general type as in 


Russia. The sequence is as follows (descending order): 
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FIG. 3,—LEAF OF THE 
PERMIAN "TONGUE FERN" 
(GLOSSOPTERIS INDICA) 
THAT LIVED UNDER GLA- 
CIAL CONDITIONS 


GERMANY 

Zechstein (Thuringian) —At base, a copper-bearing black shale a 
few feet thick, the Kupferschiefer, overlain by roo ft. of dolomitic 
limestone containing an impoverished marine invertebrate fauna. 
Above it, several thousand feet of evaporites, which give rise to the 
salt domes of northern Germany, and which are mined for rock salt and 
potash at Stassfurt. 

Upper Rothliegende (Saxonian) —Red sandstones and shales with 
much interbedded lava, 

Lower Rothliegende (Autunian) —Shales, red beds and some coal, 
containing Walchia, Callipteris and other plants. A much more local 
deposit than the two higher divisions, but locally attaining a thickness 
of several thousand feet. 

The Permian of Great Britain resembles that of Germany. Its 
magnesian limestone appears to be the same as the dolomitic lime- 
stone of the lower Zechstein; and is likewise overlain by evaporites. 

Permian of North America.—In North America the stand- 
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ard Permian section is that in west Texas, where Most of the 
sequence is marine and highly fossiliferous (type 2, above), anj 
attains a thickness of 10,000 ft. Best exposures are in the Сий 
lupe and Glass mountains lying, respectively, оп the northwest 1i 
south sides of the Delaware basin, a depositional area of Permian 
time. There the sequence is as follows (descending order); 


NORTH AMERICA 

Ochoa series—Evaporites, mainly anhydrite below and rock salt 
above, the latter containing workable potash-bearing layers, At top, 
a widespread thin dolomite (Rustler) with the only fossils in the seris 
(brachiopods, gastropods, pelecypods). Overlain with hiatus by Upper 
Triassic, so relation to lowest Triassic is unknown. 

Guadalupe series—Marine sandstone, shale and thin limestone № 
Delaware basin, passing marginally in upper part into thick barrier refs 
(Capitan limestone). Contains the fusulinids Parafusulina and Poly. 
diexodina, the ammonoids Waagenoceras, Timorites and Xenaspis, and 
a rich and varied brachiopod fauna. 

Leonard series.—Mainly black shale and thin-bedded limestone in 
Delaware basin (Bone Spring formation), passing marginally into lime. 
stone banks and small reefs. Contains the fusulinids Schwagerina and 
Parafusulina, the ammonoids Perrinites and Medlicottia, and numeros 
brachiopods, including Dictyoclostus ivesi. 

Wolfcamp series.—In Glass mountains, shale with thin beds of lime. 
stone and conglomerate, but farther northwest a more solid body ol 
limestone (Hueco). Contains the fusulinids Pseudoschwagerina and 
Schwagerina, the ammonoid Artinskia, the gastropod Om phalotrochus, 
and numerous brachiopods. Lies on Virgil series of Pennsylvanian 
(Upper Carboniferous), with Triticites and Uddenites, in places with 
angular unconformity. 


North and northeast of the Delaware basin in the midcontinent 
area of central Texas, Oklahoma and Kansas, marine beds largely 
give place to red beds and evaporites; the Permian is of type 1. 

Toward the northwest, also, the marine beds pinch out. At the 
Grand canyon in northern Arizona the Permian is about 2,000 fl. 
thick and consists, below the Triassic, of the Kaibab and Toro: 
weap limestones, Coconino sandstone, Hermit red shale and Supi 
red beds. Only the Kaibab and Toroweap (with Dictyoclosiiis 
ivesi and D, bassi) are marine; the Coconino is an ancient dune 
deposit and the strata below are flood-plain deposits, with plant 
remains and reptile and amphibian tracks. Much of the sequent 
is of Leonard age, but the lower nonmarine beds include Wolk 
camp equivalents, 

Farther north, the Park City and Phosphoria formations form t? 
interfingered set of deposits 200 to more than 1,000 ft. thick, which 
cover wide areas in contiguous parts of Utah, Wyoming, ian 
and Montana, They lie on Pennsylvanian, are overlain by E 
Triassic and cover a wide span of Permian time; parts are as 00 
as the Leonard or Wolfcamp, but the main body, with the иң 
Jerina pulchra brachiopod fauna, is of Guadalupe age. The a 
City and Phosphoria beds interfinger eastward with the red lie 
of the midcontinent area and are bordered on the west by volca 
rocks of the circum-Pacific belt, the 

Permian of Southern Hemisphere.—Permian rocks bale 
southern hemisphere belong mainly to type 4, above. The ee 
in South Africa is representative and forms the lower part 0 А 
Каттоо system. The Permian part of the Karroo varies from 


in 
Tew thousand feet thick in most of the region to nearly 15,000 
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THE PERMIAN RECORD IN NORTH AMERICA UU 
LUPE MOUNTAINS IN WEST TEXAS, WHERE 1,300-FT. CLIFFS A 
EF LIMESTONE CAP 3,000 FT. OF DARKER PERMIAN SANDSTON 


Cape mountains on the south. It consists of the following (de- 


(ling order) : 

SOUTH AFRICA 

ries —Interbedded sandstones and shales, probably flood- 

phi deposits, containing reptiles at many levels and a few Glossop- 
in the lower part. Reptiles indicate that only lower part of series 

Permian, the higher being Triassic. 

ica series —Mainly shale and mudstone, but with interbedded sand- 
qne in places, and coal measures in the middle in Transvaal and 
Malal, Contains abundant Glossopteris-Gangamopteris flora. 

Dwyka series —In the south, thick tillites, with shales below and 
above, lying conformably on upper beds of the Cape system. Farther 
north, the series is missing entirely in places; in others, only the tillite 
f present, lying on a striated pavement of pre-Cape rocks. Upper 
“ales contain sparse marine fossils in southwest Africa, including the 
“pelecypod Eurydesma and the reptile Mesosaurus. 

The tillites of the Dwyka are boulder-bearing clays which are 
moraines of a continental ice sheet; striae indicate that its centre 
"ms in Transvaal or farther north, from whence the ice moved 
‘uth and southwest, the thick tillites on the south probably being 
terminal moraine deposited at the edge of the continent. (See 
"do Арса: Geology.) ‘The Dwyka tillites record a climax of 
“фий conditions, but relations elsewhere indicate that the period 
a i ч 5 1 pi 
ÛÎ refrigeration was prolonged; in eastern Australia boulder beds 
iS) ? 
glacial origin are interspersed through more than 10,000 ft. of 
tion, 
_ Correlation of the Permian rocks of the southern hemisphere 
‘with those of the northern is difficult because the Glossopteris 
tora and cold-water marine fauna of the former extend but rarely 
tocks of the latter region. Age of the tillites is especially 
A ed, geologists placing them variously entirely in the Car- 
lmiferous, entirely in the Permian or partly in both, In northern 
iia (Salt Range and Kashmir) and in western Australia, tillites, 
kwater marine beds and beds with Glossopteris flora are fol- 
td by beds with marine fossils which can be correlated with 
Artinskian (Leonard) of the northern hemisphere, thus sug- 
fisting that the climax of glaciation was during Sakmarian (Wolf- 
йа ip) time. In other areas, where tillites extend through a greater 
ness of strata, glaciation may have begun earlier and ended 
ч than the Sakmarian. See also references under “Permian 
Jitem” in the Index, К 
aed —General information about the Permian system is 
In most textbooks on geology and paleontology (see GEOLOGY: 
eh Рлгкомтогосу: Bibliography). Authoritative articles 
Specific phases of the subject include: C. O. Dunbar, “The Type 
Û (Russia) Its Classification and Correlation,” Amer. Ass. 
i eal, Bull., vol. 24, pp. 1-46 (1940) ; “Permian Faunas: a Study 
0 Geol, Soc. Amer. Bull., vol. 52, pp. 313-332 (1941) ; A. L. Du 
f ¢ Geology of South Africa, 3rd ed., pp. 264-370 (1954); C. 5. 
їй Gondwana System and Related Formations,” Geol. Surv. 
Be emote 58, pp. 1-241. (1931) ; P. B. King, “Permian of West 
" ind Southeastern New Mexico," Amer. Ass. Petrol. Geol. Bull., 
(009-995-763 (1942) ; C. Е. Laseron, Ancient Australia, pp. 106- 
la d iN. D, Newell and others, The Permian Reef Complex of the 

M Mountains Region, Texas and New Mexico: а Study in 

ortant M (1953); Charles’ Schuchert, “Correlations of the More 
Yun arine Permian Sequences,” Geol. Soc. Amer. Bull., vol. 46, 
ijj h (1935); R. L. Sherlock, The Permo-Triassic Formations: а 
д ке (1948); Curt Teichert, “Upper Paleozoic of Western 
al, vol. Correlation and Paleogeography,” Amer. Ass. Petrol. Geol. 

25у pp. 371—415 (1941). (P. B. Ko.) | 
375. UCO, a northeastern Atlantic state of Brazil. 
mors, 46 sqmi. (98,280 sq.km.); pop. (1960) 4,136,900. It 
м И, 4 comparatively narrow coastal zone, a high inland pla- 
"w z intermediate zone formed by the terraces and slopes 
ient pl two. Its surface is much broken by the remains of the 

я p which has been worn down by erosion, leaving es- 
іс and ranges of flat-topped mountains, called chapadas, 
б places by horizontal layers of sandstone. The coastal 
W, well-wooded and fertile. It has a hot, humid climate, 

9 some extent by the southeast trade winds. This region 
can $ nown as the matus (forests). The middle zone, called 
А, E. or agreste region, has a drier climate and lighter vegeta- 
a inland region, called the sertão, is high, stony and dry 
lale is ently devastated by prolonged droughts (sécas). The 

? characterized by hot days and cool nights and is generally 
h to healthful. ‘There are two seasons, a rainy season from 
une and a dry season for the remaining months. 


Beaufort зе 
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The rivers of the state include a number of small plateau streams 
flowing southward to the Sào Francisco river, and several large 
streams in the eastern part flowing eastward to the Atlantic. The 
largest of the coastal rivers are the Goiana, the Capibaribe, the 
Tpojuca, the Sirinhaém and the Una. 

The state of Pernambuco is, for the most part, agricultural, the 
lowlands being devoted to sugar and fruit, with coffee in some of 
the more elevated localities; the agreste region to cotton, tobacco, 
Indian corn, beans and stock; and the sertão to grazing and in 
some localities to cotton. Sugar, molasses, rum (aguardente or 
cachaça), tobacco and fruit are largely exported. Coconuts, cacao, 
bananas, mangoes and other tropical fruits are produced in profu- 
sion, but the production of foodstuffs (beans, Indian corn, man- 
dioca, etc.) is not sufficient for local consumption. Mangabeira 
rubber is collected to a limited extent, and piassava fibre is an 
article of export. Orchids are also collected for export in the dis- 
tricts of Garanhuns and Timbaúba. Cotton weaving and cigar 
making are leading manufacturing industries, after the large 
engenhos devoted to the manufacture of sugar and rum. The rail- 
ways of the state concentrate at the port of Recife. 

The capital of the state is Recife; pop..(1960) 788,569. There 
are a number of large towns in Pernambuco; the most important 
are: Bom Conselho, a town of the higher agreste region, Caruarü, 
Garanhuns, Goiana, Limoeiro, Olinda, the old colonial capital and 
episcopal see, Timbaüba and Vitéria. These towns range in popu- 
lation from about 7,000 to more than 100,000. 

Pernambuco, at its inception in 1526, was settled by Christováo 
Jacques, who founded a settlement on the Rio Iguarasst that was 
afterward abandoned, The first permanent settlements were made 
at Recife (1535) and Olinda (1537) by Duarte Coelho Pereira, 
who had been granted a capitania of 50 leagues extending from the 
mouth of the São Francisco northward to that of the Iguarassü. 
Adjacent to this grant on the north was the capitania of Itamaraca, 
granted to Pero Lopes de Souza, which covered the remainder of 
the present state. The capitania of Pernambuco was ably governed 
and took an active part in the expulsion of the French from the 
trading posts established along the coast northward to Maranhao, 
and in establishing Portuguese colonies in their places. In 1630 
Pernambuco was occupied by the Dutch and continued under their 
rule until 1654. Although an active guerrilla warfare was waged 
against the Dutch during a large part of that period, they did much 
to promote the agricultural and commercial interests of the colony, 
especially under the wise administration of Maurice of Nassau. 
Asa result of their victory over the Dutch the people of Pernam- 
buco developed a strong regional feeling and resentment of all for- 
eign domination, including the Portuguese. 

Та 1817 Pernambuco was the scene of a revolutionary outbreak, 
which resulted in the temporary separation of the present states 
of Alagóas and Rio Grande do Norte, Ceará and Paraiba, There 
was another insurrection in 1822 when the Portuguese were ex- 
pelled; and in 1824 dissatisfaction with the arbitrary proceedings 
of Dom Pedro I at Rio de Janeiro led to a separatist revolution 
for the formation of a new state, to be called the Federagao do 
Equador. There was another outbreak in 1831 and frequent dis- 
orders to 1848, which culminated in another unsuccessful revolu- 
tion. The population of the Pernambuco sertão became noted for 
its turbulent, lawless character, due partly to the distance from 
the coast where the bulk of the population is concentrated. partly 
to difficult means of communication and partly to the fact that 
this remote region became the refuge of ri $e 3 ae oe 

P (R. D’ E.; R. E. P. 
OW RNICIOUS ANEMIA: see AeA; BLOOD. 

PERNIK: see DIMITROVO. 

PERÓN, JUAN DOMINGO (1895- ), Argentine gen- 
eral and president (1946-55), led one of the most significant of 
Latin America’s 20th-century revolutions. Born Oct. 8, 1895, in 
the province of Buenos Aires, Perón entered military school in 1911 
(when the Argentine army was advised by a German military mis- 
sion) and rose to captain in 1924. He had a minor part in the 
military-conservative revolution of 1930 which overthrew the 
democratically elected president, Hipólito Irigoyen, and which 
began a period of considerable political repression and increased 
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state authority. During these years Perón served as an observer 
with the Italian army (1938-39). d 

Popular dissatisfaction with the widespread social and economic 
injustice and with the corrupt regime of Pres. Ramón S. Castillo, 
together with profound divisions of opinion over Argentina's neu- 
tral position in World War II, formed the background for a coup 
d'état that overthrew Castillo in June 1943. An army clique 
which included Colonel Perón and which was known as the GOU 
(Group of United Officials) engineered this coup. The provisional 
governments during the following three years came increasingly 
under the domination of Perón, who at the outset shrewdly took 
the minor post of secretary of labour and social welfare. By 1945 
he had added the offices of vice-president and war minister, and 
it was clear that he was bidding for undisputed power based on 
the support of the underprivileged labourers (the descamisados, 
or "shirtless ones") and on control of the army. 

Ousted briefly from all his positions by a coup of the liberals 
(Oct. 1945), Perón, aided by the bold and loyal Eva Duarte (see 
below) whom he married on Oct. 26, 1945, emerged from a week's 
imprisonment on Oct. 17, 1945, and in a dramatic appeal to the 
people voiced his determination to lead them to victory in the 
pending presidential elections. After a campaign marked by 
violent repression of the rights of the liberal opposition by the 
Perón-controlled police and strong-arm squads, he was elected 
president in Feb. 1946 by a plurality of 250,000 out of approxi- 
mately 5,000,000 votes. 

Assuming office in June 1946, Perón set out on a course of 
nationalism, industrialization, statism, encouragement of anti-U.S. 
feeling and favouring of the proletariat. Basing his action on a 
doctrine of social welfare which he called justicialismo, Perón 
showered needed improvements upon the labourers in the form of 
wage increases and fringe benefits. He stimulated rapid industri- 
alization and nationalized the banks, the railroads (which he pur- 
chased from the British in 1947) and other utilities, and financed 
public works on a large scale. Money and equipment for these 
costly innovations—and for the graft which corroded his regime— 
came from the foreign exchange accumulated by Argentina during 
World War II and from the profits of Instituto Argentino de 
Promoción del Intercambio (I.A.P.I.), a state trading institution 
which controlled agricultural production. Perón dictated the 
political life of the nation by his command of the army, the police, 
the labour unions and the Peronista party. He nearly eliminated 
constitutional liberties such as the free press, as demonstrated in 
his seizure of the newspaper La Prensa in 1951. 

Re-elected by a slightly larger margin in 1951, Perón modified 
some of his policies, particularly his pell-mell industrialization, 
his disregard of agriculture and his anti-U.S. propaganda. He 
was overthrown by an army-navy revolt (Sept. 16-19, 1955) led 
by democratically inclined officers who reflected general discontent 
with inflation, corruption, tyranny, demagoguery and the anti- 
Roman Catholic policies that Perón had begun in 1954. The 
dictator fled to exile in Paraguay, eventually settling in Spain. He 
continued to influence Argentine political life through his numerous 
followers. His supporters, allowed on the ballot for the first time 
since 1955, polled about 35% of the vote in 1962, but the armed 
forces immediately annulled the election. In 1963 the Peronistas 
joined to form a united front with the Intransigent Radical party 
of former president Arturo Frondizi. When the military leaders 
disqualified many of the front's candidates for electors, both Perón 
and Frondizi urged their followers to cast blank ballots in the 
election as a protest. About 17% of the voters did so. 

In December 1964 Perón made an attempt to enter Argentina, 
but his plane was turned back at Rio de Janeiro, and he returned 
to Spain. The indifference with which most Argentinians reacted 
to the incident was considered a blow to the Peronistas. 

Eva Marfa Duarte DE PERÓN (1919-1952), wife of Juan 
Perón, was a powerful political figure in her own right. Born 
May 7, 1919, in a small town in the province of Buenos Aires, 
“Evita,” as she was popularly known, moved to the city of 
Buenos Aires in the 1930s and played minor roles in motion pic- 
tures and on radio. She met Colonel Perón after the 1943 revo- 
lution that first brought him onto the national political scene, 


and she had much to do with organizing the labourers of Buen 
Aires for the mass demonstration (Oct. 17, 1945) that marked his 
release from political imprisonment and cleared the Way for his 
drive to the presidency. Evita and Perón were married the fd. 
lowing week. When her husband assumed the presidency in Tm 
1946, Evita devoted her boundless energy to extending his revo. 
lutionary dictatorship into areas peculiarly her own. She headed 
the feminine branch of the Peronista party, directed the Eva Perón 
Social Aid foundation (a vast fount of charity for the under. 
privileged, who did not observe that the funds came from the 
state and not from Evita personally), controlled the newspaper 
La Razón, in fact ran the ministry of health and in effect was 
the minister of labour, thus helping her husband control the abou _ 
unions, which formed a pillar of his authority. Her bid to be 
come vice-president at the time of her husband's re-election (1951) 
was blocked by the army. She died July 26, 1952, in Buenos Aires, 

Bretiocrapuy.—A. P. Whitaker, The United States and Argentin 
(1955), Argentine Upheaval: Perón's Fall and the New Regime (1956); 
R. J. Alexander, The Perón Era (1951); G, I. Blanksten, Perón's Argen 
tina (1953) ; Tad Szulc, Twilight of the T'yrants (1959) ; Mary Main, 
The Woman With the Whip: Eva Perón (1952). (T. F. McG.) 

PEROTIN (PrnorINUS) (d. 1238?) French composer of sacred 
polyphonic music who worked at Notre Dame in Paris toward the 
end of the 12th century and who now is believed to have been re 
sponsible for the introduction into Western music of writing in 
four parts. Nothing is known of his life. "Though he is one of 
the composers of the time who did not remain anonymous, his 
identity remains in doubt, The name Pérotin, or Perotinus, is held | 
to be a diminutive of Pierre, or Petrus, and it has been suggested 
that he was one of the figures of whom records have survived at 
Notre Dame, Diaconus Petrus praecentor (d. Paris, 1197) or, more | 
probably, Petrus succentor (d. Paris, 1238). Early references to 
Pérotin are in a treatise by the 13th-century English theorist known 
as Anonymous IV (c. 1275), who refers to him as Perotinus tle 
Great. These references are reproduced in E. Coussemakers 
Scriptorum de musica medii aevi, vol. i (1864-76). 

Until the middle of the 20th century research on the work af 
Pérotin as the founder of 12th-century polyphony remained inat 
elementary state. It is established, however, that he was the com: 
poser of two four-part polyphonic pieces, Viderunt and Sederun. 
Another four-part composition, Mors, is also believed to be the 
work of Pérotin. Anonymous IV also attributes to him various 
vocal works for one and three voices. Armand Machabey an 
other medievalists showed that the four-part polyphonic bo i 
Pérotin were revolutionary, since the religious music of the i 
century was almost entirely in the form of the two-part orga 


(q.v.). In the compositions of Pérotin the liturgical cae 


Liber Organi,” The Musical Quarterly (July 1963) ; G. Reese ји 
the ets Ages (1940) ; 79 Chailley, ре musical du mero) 


л d 
Я PEROVSKITE, essentially calcium titanate, orginally 2: 
in a chlorite schist at Achmatovsk in the Ural mountains 
named after Count L. А. Perovski, Crystals are lustrous, Aly 
to brownish black, highly twinned cubes or octahedra (ad catt 
orthorhombic very nearly cubic symmetry). Common ys 
rences are as accessory constituents of basic or alkalic-basi¢ Men 
rocks oF af metamorphic contacts of these rocks with ime otis 
The composition is CaTiO,. Rare-earth elements, sodium. P j- 
sium and iron substitute for Ca, and niobium and tant d 
tute to a considerable extent for Ti in the natural miner?" 


ul 
А 7 с 
The name perovskite is also applied to an important Jm 


structure family, includi; tum t CaTiOg) 82016 
tiütüral-aadisga ing calcium titanate (CaTiOs TE рой, 


thetic compounds, all ing simi 

s : ‚ all possessing 

box or cubic structures, Element substitutions in nature Кү 
te suggested many of the chemical variations late! 
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ble by synthesis. The importance of this family to the 
| industry was recognized with the discovery of ferro- 
in barium titanate, ВаТіОз. Members of this family, 
including the titanates, zirconates and niobates, have become very 
important to the entire electronics industry, where they are used 
for their high dielectric constants and as transducers (trans- 
formers of а ару "e ee A бор of 

xhstanding high temperatures (see ULTRASONICS). v. R. 
"BEROXYACIDS are oxyacids which contain one or dum 
peroxide groups, -0-O-, or they may be regarded as oxyacids in 
‘hich an ОН group has been replaced by an -OOH group. They 
үк formed by boron, carbon, titanium, zirconium, germanium, 
tin, nitrogen, phosphorus, vanadium, columbium, tantalum, sul- 
fır chromium, selenium, molybdenum and tungsten. Some are 
scribed under the corresponding elements; e.g., peroxysulfuric 
acid and peroxydisulfuric acid under SULFUR. (J. B. Ps.) 

PEROZ: see FIRUZ. 

PERPENDICULAR PERIOD, in architecture, the final 
phase of English Gothic (c. 13th-17th centuries). The term was 
first used in 1817 by Thomas Rickman, who divided English Gothic 
| three stylistic phases: Early English, Decorated (or Curvilin- 
tar) and Perpendicular. 

Perpendicular style is characterized by a predominance of verti- 
ul lines in the decorative work or traceries which appeared on 
windows and wall paneling (see TRACERY). The vertical lines 
were crossed by horizontal ones so as to form rectangular pat- 
tms which suggested the possibility of endless repetition. For 
this reason, Edmund Sharpe in 1851 introduced the term Recti- 
‘ear to characterize a style he believed to be a reaction to the 
Curvilinear, Although this belief was accepted for nearly a cen- 
tuy, it is now known that the Curvilinear, which began in England 
in 1192 with the Eleanor crosses, was actually contemporaneous 
wih the first Perpendicular design in the undercroft of St. 
Stephen’s chapel in Westminster. Its stylistic continuation can 

found a generation later in the eastern part of Gloucester 
Cathedral (с. 1331—50). In structure, the Perpendicular tendency 
Nis toward the reduction of wall surface, the increase of window 
dm the continuity of vertical lines and supports and the lavish 
lopment of decorative vaulting ribs. Later, structural vault- 
ribs were eliminated altogether and cut-stone traceried fan 
os Were substituted (see ARCH AND VAULT). 
ннн ceilings and roofs were developed to a point of 

Bine om and richness, as in Westminster hall, London 
Bt Nod: and in countless simpler parish churches; e.g., Chip- 
Tete man on, Holy Trinity, Hull. Also constructed in this style 

y beautifully outlined and lavishly detailed church towers, 


he possil 
electrical 
electricity 


E y 
sully square and without spires. Those of Gloucester cathedral 


(1450-5 


tomer 7), Magdalen college, Oxford (1492-1505), the central 


fig. o) Canterbury (1495) and the west towers of York 
Style is m are typical. In decorative detail the Perpendicular 
the arked by the introduction of the four-centred, or Tudor, 
ie ly Pep iE of wall surfaces with ranges of traceried panels, 
ШИ s Rush the general flatness of molding profiles, the 
Told "i of door and window arches within a rectangular hood 
the replacement of an earlier naturalism in carved orna- 
neni үш dry and incisive though, at times, mechanical 
€ infl alism. It was a style so vital that it yielded but slowly 
Че corel Renaissance ideas, and, particularly in Oxford, its 
тесто t in building well into the 17th century. See GOTHIC 
йс, URE: Late Gothic; see also references under “Рег- 
ien Period" in the Index. 

Mig, прау To у, ; Maurice 
Wet, Sopher Chapa ҮЗ б. Н. Cooky The Slom ° 
ppa carol (1952). É (T. F. H.; P. F2 
бшу E TUAL MOTION is the action of a device that in 
fom outside € by itself forever, without any supply of energy 
Че е. In some cases the motion is supposed to be in- 
1Y plays Of any external agent, but frequently the force of grav- 
ation im essential part in the scheme. More often, perpetual 

Wee е aken to imply a machine which, once in motion, will 
ply gf Mal work for an indefinite period, either without апу 
energy or by drawing heat energy from the immediate 


surroundings, The possibilities of perpetual motion have fascinated 
many and retain great historic interest because, as a result of the 
vain quest for it, there grew up one of the great generalizations of 
p eer science: the principle of conservation of energy (see 

NERGY). 

The 0.5. Patent Office refuses to accept any patent application 
for perpetual motion without a working model, and “understands 
the term ‘perpetual motion’ to mean a mechanical motion creating 
energy, that is, a machine doing work and operating without the 
aid of any power other than that which is generated by the ma- 
chine itself, and which, when once started, will operate for an 
indefinite time." The British Patent Office refuses any applica- 
tion that claims perpetual motion on the ground that this is ob- 
viously contrary to well-established physical laws. 

Such devices as self-winding clocks or watches might appear to 
exhibit perpetual motion, but do not. Some are wound by the ac- 
tion of the wearer's movements on a small weight (see WATCH). 
Others have been devised to be wound by the variation of atmo- 
spheric pressure or temperature. 

A mechanical device that would move perpetually without any 
supply of energy would violate the principle of conservation of 
energy. Although this fundamental law of science was not formally 
enunciated until the 19th century, many earlier workers realized 
that mechanical perpetual motion was a contradiction of nature; 
this was clearly stated by Thomas Savery (c. 1650-1715), who 
made the first commercially successful steam engine. Earlier 
(1586) the Dutch mathematician Simon Stevin (q.v.) based his 
demonstration of the laws of equilibrium on an inclined plane on 
the impossibility of perpetual motion. 

By the first law of thermodynamics (g.v.) the law of conserva- 
tion holds for changes of heat energy. This, however, would not 
prohibit the construction of a machine that should draw heat from, 
say, a large body of water, such as a lake, and convert it to work. 
This would amount to perpetual motion, since removal of energy 
to lower the temperature of a lake 1 mi. wide and 10 ft. deep by 
1? C would supply heat corresponding to more than 10,000,000 
horsepower hours, and heat from the sun and the surroundings 
would prevent the temperature of the lake from falling indefinitely. 
By the second law of thermodynamics, however, it is impossible to 
obtain a continuous supply of work by cooling a body to a tem- 
perature below that of the coldest of its surroundings. For exam- 
ple, the use of the heat of a boiler for doing work requires a colder 
body such as a condenser. This second law denies the schemes of 
a 20th-century school of perpetual motionists who claim some- 
how to use the heat of bodies at atmospheric temperature to 
produce a continuous supply of work. 

The perpetual motionist of another modern school declares that 
he fully recognizes that work cannot be derived by any machine 
without a supply of energy of some kind, but that his machine, 
being supplied with energy, will produce a greater amount of en- 
ergy. Such an inventor may claim that conservation of energy 
and the first and second laws of thermodynamics lack universal 
validity but that so far, for one reason or another, he has been 
unable to construct an engine to demonstrate this practically. | 

It has been suggested that if a substance could be found which 
cut off completely the action of gravity, it would be easy to 
achieve perpetual motion by holding a sheet of the substance be- 
neath a weight being lifted and by removing the sheet while it fell. 
A similar scheme has been suggested as feasible if a substance 
could be found that would cut off completely the action of mag- 
netism. These ideas neglect the work necessary to introduce and 
to remove the substance. Similarly, although a grounded conduct- 
ing plate will cut off the attraction of an electrostatically charged 
body, a perpetual motion device has not been made on these lines 
with electric charges. А 

The words of the civil engineer Henry Dircks (1806-73) con- 
cerning claimants to perpetual motion, continue to be echoed. “A 
more self-willed, self-satisfied, or self-deluded class of the com- 
munity, making at the same time pretension to a superior knowl- 
edge, it would be impossible to imagine. They hope against hope, 
scorning all opposition, with ridiculous vehemence, although cen- 
turies have not advanced them one step in the way of progress. 


= = 3 x The first recorded attempt to 
construct a perpetual motion ma- 
Е chine apparently was that of 
Villard de Honnecourt (g.v.), an 
architect of the 13th century, who 
noted that skilful workmen 
often tried to contrive a wheel 
that would turn of itself. His 
crude sketch (fig. 1), offered as a 
solution to the problem, is the 
forerunner of a large number of 
different types of overbalancing 
wheel. The absence of perspec- 
tive in this ancient picture makes 
the wheel appear in the same plane as the supporting frame, whereas 
actually it must be at right angles to it. The principle is clear, al- 
though not very well represented; the weights at the end of the 
hinged arms, which are on the ascending side of the wheel, are 
to lay flat against its circumference, while those on the descending 
side are to project. Actually, of course, however the weights and 
their attachments are designed, the moments of the gravitational 
forces about the wheel’s axis will be the same. 

A numerous class of machines that utilize the force of gravity 
on rigid solids includes many descendants of Honnecourt’s wheel. 
Fig. 2 represents one described by Thomas Young (q.v.) in a 
lecture in which he denied the possibility of perpetual motion, 
saying: "To seek for a source of motion in the construction of 
a machine betrays a gross ignorance of the principles on which 
all machines operate." He pointed out that in every such over- 
turning wheel, although some of 
the weights are more distant from 
the axis than others, there is al- 
ways a correspondingly smaller 
number of weights on the side on 
which the wheel has the greater 
moment. Probably the most 
elaborate of such wheels, with 13 
weights (each operated by a com- 
plicated system of levers, pulley 
wheels, and chains) was put for- 
ward in 1751, apparently by the 
printer Edward Cave (q.v.). 

The most famous perpetual 
motion wheels were those of 
Edward Somerset, 2nd marquess of Worcester (1601-67) and of 
Johann Ernst Elias Bessler (1680-1745), generally known as 
Orffyreus, Worcester's wheel of 14 ft. diameter carried 40 weights 
of 501b. each. In A Century ој... Inventions . . . (1633) he wrote 
that all the weights of the descending side of the wheel were always 
farther from the centre than those of the mounting side and yet 
that the numbers oh both sides were equal. He did not claim 
that perpetual motion was the result, but said that Charles I, with 
various court personages, observed the trial and the behaviour of 
the weights (c. 1638-39), and concluded: “Be pleased to judge 
the consequence,” This wheel was extensively discussed by authors 
from J. T. Desaguliers onward and in particular by Dircks, with- 
out definite conclusion. It seems that the wheel was started by 
hand, that the weights behaved as Worcester said, and that, having 
a large moment of inertia, the wheel continued to rotate without 
noticeable slowing during the brief period of its inspection, al- 
though coming to rest later. 

Worcester’s is the only contemporary record of his wheel, but 
there is a copious literature about that of Orffyreus, or rather 
about his last one, for he appears to have constructed more than 
one. In particular the Dutch physicist W. J, Gravesande (1688— 
1742) wrote a description of the externals of the wheel; the in- 
ventor would not permit him to see the inside. It was a drum 
about 12 ft. in diameter and 14 in. thick, consisting of a wooden 
framework covered with canvas. It turned on iron axes which 
Gravesande was convinced did not transmit the motion. He wrote 
that the wheel continued to rotate for two months (November 
1717-January 1718) in a carefully locked room in the castle of 


FIG, 1.—V. DE HONNECOURT'S OVER- 
BALANCING WHEEL 


FIG. 2.—OVERTURNING WHEEL DE- 
SCRIBED BY THOMAS YOUNG 
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Charles, landgrave of Hesse-Kassel He spoke favorably of the 
invention but recorded that he had no opportunity of inspect 
the working parts of the machine or of learning anything Bu 
the principles upon which it was constructed. It is stated Ш 
Orffyreus admitted that his wheel was set in motion by wej n 
A servant of the inventor later declared that she had Hertel the 
turning of the wheel from an adjoining room, but her word has 
been doubted. According to an apparently reliable account, 
Orffyreus broke his machine because of what he considered to ly 
the impertinent curiosity of Gravesande. There is an atmosphere 
of charlatanry, mixed with a little madness, about the affair, 
The overturning wheel rests on ignorance of the laws of me. 
chanics. Another class, involving liquids, is based upon ignorance 
of the laws of hydrostatics and hydrodynamics. Waterwheels that 
hopefully would raise water to 
feed their own millstreams fre- 
quently occur in the history of 
the subject. John Wilkins, bishop 
of Chester, in his Mathematicall 
Magick . . . (1648) described a 
machine in which water was to be 
raised by an Archimedean screw 
kept in rotation by the falling of 
the raised water (see ARCHI- 
MEDES, SCREW OF). His account 
is often quoted as if he believed 
this to be a solution of the prob- 
lem of perpetual motion, but he 
wrote: “, . , upon trial and ex- 
perience I found it altogether insufficient for any such purpose” 
Another device (fig. 3) founded on the erroneous belief that the 
pressure at a given distance below a large surface of liquid is 
greater than that below a small surface, was proposed (1686) bythe 
Abbé de la Roque, proprietor of the Journal des scavans, and stb: 
sequently by later inventors. The hope was that the water in the 
wider part would force up the water in the narrower part to product 
continuous circulation. Most of the hydraulic schemes put forward 
up to the present are more elaborate but just as unsuccessful 
Some involve capillary action; i.e., surface tension (q.t.), 8$ that 
(fig. 4) conceived by the artillerist Sir William Congreve (177 
1828). EFG represents an inclined plane that supports pulleys 
an endless sponge band abcd, and jointed heavy weights in ban 
ABCD. With the expectation that ab would become saturat 
with water while the weights were squeezing ad dry, the unful 
hope was that the extra weight in segment ab would produ 
continuous motion in the direction of the arrow. ei 
Wilkins classified the methods by which perpetual motion H 
been sought in his time as chemical, magnetic, and gravita 
As a chemical method he cited a reaction supposed to pen 
small particles which, if sealed in a vessel, would move contin! i 
This, and self-moving liquids discussed by a few others bi 


FIG, 3.—ABBÉ DE LA ROQUE'S HY: 
DRODYNAMIC DEVICE 
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never much pursued, probably because they were not adap 
drive machines. A magnetic method mentioned by Mer 


pended upon an implied sudden diminution of magnetic att 
at a certain point when a steel ball was attracted up an! : 
plane by a lodestone; more complicated schemes involving m 
netism were equally untenable, including designs that involve $ 
stances which cut off the magnetic field. 
With the development of the Volta pile (see BATTERY); 
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FIG. 4.—WILLIAM CONG, 
REVE'S 
SPONGE AND WEIGHT MACHINE 
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are two large piles, their upper ends, of opposite polarity, 
connected by à wire and their lower ends each bearing a bell. 
brass ball suspended by a silk thread oscillates from one 
ihe other, producing a sound. This has been operating since 
Û and probably is the most perpetual of all so-called perpetual 
‘yn devices, but in principle it is no different from an electric 
run by a battery (see ELECTROCHEMISTRY). 

the availability of liquid air started a fresh crop of schemes 
perpetual-motion engines that could do appreciable work. 
@ air obviously can be used as a boiler fluid to power 
without a furnace of any kind. The trouble is that 
energy is required to make the liquid air than can be derived 
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have been notable perpetual-motion frauds, one of the 
celebrated being John W. Keely's motor which created a 
mation in the U.S. about 1870. The inventor supported his 
m with an abstruse theory that included such expressions as 
iro-pneumatic-pulsating-v :uo-engine and etheric force. Using 
Гаеп demonstrations, Keely collected considerable sums of 
in support of his project. He declared at one time that 
ne gallon of water he could propel a steamship from New 


e energy 
thing. However, nuclear 
es clearly consume atomic 
and in this sense are analo- 
0 the burning of ordinary 


first example of the use of 
energy to produce motion £ 
1903, when R. J. Strutt | 
fourth Baron Rayleigh) 
Med a sensation with an ap- 
в called the radium clock. 
fine gold leaves, arranged 
| the electroscope much used 
time in laboratories, hung 
thin-walled vertical glass 
ntaining radium, the whole 
held by an insulating sup- 
side an evacuated glass 
(ig. 5). Attached to the 
Walls of this vessel were 
Ounded tinfoil strips, so 
d that when the gold 
became heavily charged 
tongly repelled each other, | 
| touched these strips. and 
üarged. As it lost beta 
through the thin glass, 
lOactive preparation be- 
Charged, the leaves di- 
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complete isolation or to use the heat of its surroundings as a 
source of energy without a colder sink is so improbable that it is 
most likely to be impossible of realization. 

BIBLIOGRAPHY.—H. Dircks, Perpetuum Mobile; or, Search for Self- 


Motive Power, vol. 1 (1861), and yol. 2 (1870); D. W. Hering, Foibles 


and Fallacies of Science (1924) ; J. Phin, The Seven Follies of Science, 


3rd ed. (1912); S. К. Smedile, Perpetual Motion and Modern Research 
for Cheap Power (1962). 

_ PERPETUITY, literally, means an unlimited duration; but 
in law it refers to a provision which is in breach of the rule against 
perpetuities. For more than seven centuries, Anglo-American law 
has assumed that social interest requires freedom in the alienation 
of property. (Alienation is, in law, the transferring of property by 
voluntary deed and not by inheritance.) When English land 
conveyancers in the late 16th century invented a form of con- 
veyance designed to make land inalienable forever, the courts held 
it an invalid human attempt to rival the permanence of God. Thus 
they utilized the word “perpetuity” to describe such an invalid 
limitation, borrowing it from the Latin phrase in perpetuum, used 
constantly in the Scriptures with reference to God's eternal con- 
tinuance (Ps. 103:9; Job 14:20). 

The term perpetuity thus became, in law, the antithesis of 
freedom of alienation. It took little effort to extend the applica- 
tion of the word from present interests of perpetual duration to 
future interests which would prevent the alienability of the affected 
property for "too long" a time. The applicability of this regula- 
tion to future interests became clear by the end of the 17th cen- 
tury. The next century and a half (1687-1833) were spent by 
English courts in determining how long was “too long" for the 
purposes of this rule. 

By this masterpiece of judicial legislation, the permissible period 
for the tying up of property became fixed at the lifetimes of human 
beings alive when the conveyance was made plus 21 years, plus 
one or more periods of gestation, to allow for the inclusion of per- 
sons conceived but not yet born at any of the times which were 
important in applying the permissible period. (See REAL. PROP- 
ERTY AND CONVEYANCING, Laws OF.) This period corresponded 
with the English marriage settlement, under which the land would 
be tied up until the eldest son of the marriage was of full age. The 
rule invalidated any interest in property, whether real or personal, 
which, when created, might take longer than this period to vest in 
the donee; it regarded possible, rather than actual events. This 
became the “common-law rule against perpetuities," and this rule, 
with slight modifications, now operates in England and in a very 
large percentage of the American states with respect to dispositions 
of both land and personal property. It serves simultaneously to 
assure the alienability of property by the end of a not incon- 
veniently long period of time, and to set an outer limit on the power 
of the dead hand to control the future. 

In 1830 the New York Legislature adopted statutes substantially 
shortening the permissible period and applying the rule's regula- 
tion not only to future interests but also to the duration of the 
most common form of private express trusts. This statutory in- 
novation spread in varying degrees to 13 other states (Arizona, 
California, Idaho, Indiana, Kentucky, Michigan, Minnesota, Mis- 
sissippi, Montana, North Dakota, Oklalioma, South Dakota, and 
Wisconsin) and the District of Columbia. The century following, 
however, witnessed a gradual abandonment of the New York leader- 
ship on this point, and even New York itself returned largely to 
the common-law permissible period in 1958. In England, in 1956, 
the Lord Chancellor’s Law Reform Committee's Fourth Report 
recommended far-reaching reforms of the rule, including the 
substitution of actual events for possible events. Since the whole 
rule rests on social policy, exceptions to it based on social policies 
recognized as superior have gained acceptance as to perpetual 
trusts for burial lots, trusts for pension plans, charitable gifts, 
and some other less frequent types of conveyance. 

—A. J. Casner, American Law of Property (1952); 
L C Gay, The Rull Against Perpetuities, 4th is (1942) 1 R.R. 
Powell, Law of Real Property (1949-58) ; J. H. C. Morris and W. B. 
Leach, The Rule Against. Perpetuities (1956) ; Law Reform Committee, 
Fourth Report, Cmd. 18 (HMSO, 1956) ; R. E. Megarry and H. W. R. 


Real Property, 2nd ed. (1959). 
s E (Е: R. Ро; R. E. Mv.) 
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PERPIGNAN, a town of southern France, capital of the 
département of Pyrénées-Orientales and the seat of a bishopric, 
is situated on the Tet river, 15 mi. from the Spanish frontier and 
7 mi. inland from the Mediterranean sea, in luxuriant fruit and 
wine country. It is dominated to the southwest by the Canigou 
massif (Mont Canigou, 9,137 ft.). Pop. (1962) 82,626. 

Perpignan was one of the leading fortified towns of the Pyrenees. 
The citadel (17th-18th centuries) dominates it from the south; 
this incorporates the palace begun by the kings of Majorca (13th- 
14th centuries), a notable specimen of Catalan Gothic archi- 
tecture. There is also the Castillet, a charming rose-brick chateau, 
mostly of the 14th century, which contains a folk museum. A 
fine complex of civic buildings testifying to Perpignan's com- 
mercial and administrative importance includes the Hótel de Ville 
or town hall (13th-17th centuries) and the Loge de Mer (begun 
1397), The chief religious monument is the 14th- to 15th-century 
cathedral of St. Jean. A notable museum is the Musée Rigaud in 
the 17th-century university building; it contains canvases by 
Hyacinthe Rigaud (1659-1743), a native of Perpignan. 

Perpignan has a flourishing trade in fruit, wine and vegetables. 
There are also ceramic and other craft industries, including doll 
manufacture. The town's easy access to the Mediterranean 
beaches, thermal baths and mountains makes it a leading tourist 
centre; and by virtue of its good rail, sea (via Port-Vendres, 19 
mi. S.E.) and air communications it is also a junction for travelers 
for southern Europe and north Africa. There are air routes to 
London, Paris and the Balearic islands. 

The first mention of Perpignan occurs in the 10th century, when 
it was called Villa Perpiniani. It rose to importance on becoming 
capital of the medieval Spanish countship of Roussillon. The 
kings of Aragon held it from 1172 until 1278, and the kings of 
Majorca until 1344. It then passed between Aragon and France 
until 1475, when it was occupied by troops of the French king 
Louis XI, but it did not become permanently French until it was 
secured in 1659 by the treaty of the Pyrenees. (Y. Н.) 

PERRAULT, CHARLES (1628-1703), French writer of 
fairy tales and influential literary controversialist, was born in 
Paris, Jan. 13, 1628. After studying law, he began work under 
his brother Pierre but won some reputation about 1660 as a writer 
of burlesque verse and amourous poems. From 1663, when J. B. 
Colbert assumed the protection of literature and the arts, Perrault 
did important work under him, envisaging the establishment of a 
general academy such as Napoleon was later to set up in the 
Institut. Elected to the Académie Francaise in 1671, he died in 
Paris on the night of May 15-16, 1703. 

Perrault is chiefly remembered for his charming fairy tales, 
Histoires ou contes du temps passé (with the alternative title 
Contes de ma mére l'Oye), published in 1697 but written, accord- 
ing to the abbé J. B. du Bos, sometime earlier, to amuse Perrault's 
children. The tales are notably free from the affectation and 
spurious naivete that disfigure other fairy tales of the period. 
(See CHILDREN’S LITERATURE: Fairy Tales and Fantasy.) In his 
own time, however, Perrault was most important as the champion, 
in the Académie Française, of the “moderns” against the “an- 
cients” (see ANCIENS ET DES MODERNES, QUERELLE Des). His 
poem “Le Siécle de Louis le Grand,” read to the Académie on 
Jan. 27, 1687, was an outspoken polemic that provoked Boileau to 
protest forcefully on the spot. Perrault, however, maintained his 
attitude in his Paralléle des Anciens et des Modernes (1688-92). 

The most systematic and the most radical of the moderns, he 
believed that the human mind made continuous progress and that 
a nation’s literature corresponded to its state of civilization, so 
that ancient literature was inevitably coarser and more barbarous 
than modern. Shocking to his contemporaries and to later critics, 
Perrault’s extremism makes his thought a historic landmark in 
the revolt against the humanist tradition. 

Three of his four brothers are also noteworthy: PIERRE (1611-с. 
1680), an official in the revenue department who upheld the 
moderns against the ancients in the preface to his translation of 
Alessandro Tassoni’s La Secchia rapita (Le Seau enlevé, 1678) 
and in Critique des deux tragédies d'Iphigénie d'Euripide et de M. 
Racine (unpublished); CLAUDE (1613-1688), a doctor of medicine 


whose activities as an architect were derided by Boileau in D 
poétique, book iv (1674); and NicoLas (1624-1662), a qi. 
of theology who inclined to Jansenism. Аш 
See Р. Bonnefon, “Charles Perrault . . . ," three articles Rey 
d'histoire littéraire de la France (1904-05), a most important study; 
also A. Adam, Histoire de la littérature française au XVII* sid, vii 
and v (1952-56). (Ar, A) 
PERRERS, ALICE (d. 1400), mistress of the English king 
Edward III, probably belonged to the Hertfordshire family of 
Perrers, although some sources state that she was of humble birth 
She married Sir William Windsor, king's lieutenant in Ireland 
(1369-72) and governor there (1373-76). She entered the sery. 
ice of Edward’s queen, Philippa of Hainaut, before 1366, Her 
intimacy with the king began about 1367. A few years after the 
queen’s death (1369) Alice was given her robes and jewels, Ip 
May 1376 her removal from court was demanded by the commons 
in the Good parliament. It was alleged that she had drawn £20 
or £3,000 a year from the royal coffers, and that she frequently st 
on the judges’ bench and “maintained” (supported) her friends 
in their lawsuits. A decree of banishment and forfeiture was 
passed against her. Although the bishops had sworn to excom- 
municate her if she returned, they remained passive when she was 
brought back to court later in 1376 by the king’s brother, John of 
Gaunt. The parliament of Jan. 1377 reversed the sentence against 
Alice and she was with the king when he was dying (June 1377). 
After Edward’s death she fled from court and the government 
seized more than £2,500 belonging to her; two chroniclers assert, 
however, that she took with her the rings from the dead kings 
fingers. In Dec. 1377 she was again condemned, this time before 
the lords, for defying the ordinance of 1376 and continuing 0 
interfere with the course of justice. In 1378 she appealed agains! 
her conviction, on technical grounds, and the sentence was It 
versed in 1379. A 
PERRIN, JEAN BAPTISTE (1870-1942), French phys- 
cist, who was awarded the Nobel prize for physics in 1926 for is 
extensive studies on the motion (called Brownian movement) 
distribution of small particles suspended in a liquid, was bomi! 
Lille, on Sept. 30, 1870, He was educated at the École Normale 
Supérieure in Paris and from 1898 to 1940 was professor of physt 
cal chemistry in the University of Paris, He was elected a member 
of the French Académie des Sciences in 1923 and was president ® 
1938. His researches were mainly concerned with colloids, Brow 
ian movement and the determination of absolute molecular eli 
He was the first to establish experimentally (1895) that cath 
Tays consist of negatively charged particles. His researches v 
Brownian movement gave experimental confirmation of d 
Einstein’s theoretical studies in which it had been shown that и 
Suspended particles should follow the gas laws even to the ext 
of giving a means of determining Avogadro's number ( "ie 
important physiochemical constant, namely, the number of Per 
cules in a gram molecule of any gas, the number obtained by 0) 
being 6.8 X 1023, His book, Les Atomes (1913; 3d ed, | di 
describing this work, became a classic. He died in New e ) 
on April 17, 1942, В. 1940 
PERRON, (CHARLES) EDGAR DU (18% ese 
Dutch man of letters and influential critic, was born at lante 
Cornelis, Dutch East Indies, on Nov. 2, 1899, the son of a p^ 
In 1921 his family (which was of French origin) moved 
and settled in Brussels, Du Perron himself lived in MOT? 
for some time, among the Paris artists, where he ерат й 
with modernistic poems and stories. In his novel Een Voor "T 
ing (1927; “A Preparation”) he gives an account of this p J 
apprenticeship. Later, with his friend Menno ter Braak NE 4 
founded the publication Forum (1932-35) which tur шай 
the exaggerated worship of beautiful form rather than =i com 
content, and judged literature by standards of honesty ® 
mon sense, Gide anf 
Du Perron did much to publicize the works of Andté Pi je 
o M friend André Malraux, and translated into р cated 0 
i novel La Condition humaine which had been d? a 
im. His collected essays, De smalle Mens (1994), det face ú 
precarious position of the self-sufficient personality 1" 


| she threatening collective attitude of left and right. His poems, 
collected in Parlando (1941), contain so-called poesie parlante, 
which achieves а new effect through the use of everyday words. 
shortly before World War II du Perron spent a few more years 
jı the Dutch East Indies, collecting material for his books on 
Multatuli published in De Man van Lebak (1937). He returned 
othe Netherlands and died at Bergen, Neth., on May 14, 1940, 
` ffs collected works were published in 1954. 

See G. Н. *-Gravesande, E. du Perron (1947); H. A. Gomperts, 
Tagen om te Leven (1949). (Gp. W. Hs.) 

PERROT, SIR JOHN (c. 1527-1592), lord deputy of Ire- 
lind from 1584 to 1588, whose boldness in action provoked ex- 
mmes of admiration or hatred and marred much of his work, was 
generally reputed to be the son of King Henry VIII. His mother 
yas Mary Berkley, who later married Thomas Perrot. John Per- 
wot, as he was named, was probably born at Harroldston, Pem- 
hrokeshire. He was attached to the household of William Paulet, 
Ist marquess of Winchester, and was knighted at the coronation 
(1547) of Edward УІ. Though imprisoned by Mary I on a charge 
of harbouring heretics, he was soon released and was later granted 
the castle and lordship of Carew in Pembrokeshire. Early in the 
mim (1558-1603) of Elizabeth I he was entrusted with the naval 
defense of south Wales. He was appointed lord president of 
Munster in Nov. 1570, and did much to pacify the province after 
the rebellion (1569) of James (Fitzmaurice) Fitzgerald. He with- 
drew to England in July 1583 and resigned his Irish office. 

Sir John returned to Ireland as lord deputy in 1584. The end 
ofthe Desmond war (1579-83) provided the opportunity for the 
{ernment to confiscate land for plantation by English settlers 

lite IRELAND: History). But the area made available was not 

Wilized adequately and the colony acquired only a thin super- 

сше of English landlords. Perrot's work in regard to Con- 

Wught land titles was more satisfactory. He succeeded in induc- 

ing the great and small gentry to compound the services due to the 
_ (wn by paying instead a fixed money rent. 

Always ready for military action, Perrot opposed the renewed 
tnbitions of Sorley Boy MacDonnell (g.v.), who was supported 

the MacLeans from Scotland. He managed to restrict the use 
[i Stots mercenaries by the Irish lords, but obtained the submis- 
Jm (1586) of Sorley Boy only by excessive concessions. 

Tn the Trish parliament of 1585-86 much legislation introduced 

Perrot was blocked in the house of commons. The English 
Memment rejected his advice to punish the opposition leaders 
anda Compromise was provided which gave the Dublin govern- 
Ment greater freedom in drafting legislation. l 
n] of Perrot's to convert the revenues of SU Patrick's 
En, Dublin, for a projected new university, precipitated 

(nsn Quarrel between him and Archbishop Adam Loftus of 

Born Loftus successfully opposed the plan and then brought 
‚ОЕ recall in 1588 on a charge of treasonable negotia- 

5 with Philip IT of Spain. The correspondence is now known 
er been forged, but he was found guilty and imprisoned in the 

E EV xm in Sept. 1592. testet 
[7 es Perrott, Chronicle of Ireland, 1584—1608, ed. by tt. 
Жаы C Mee eror Papera” dns a 
ау, BLISS (1860-1954), U.S. writer, chiefly known as 
IKO, He and critic, was born at Williamstown, Mass., Nov. es 
ining Fa dated from Williams college in 1881 (A.M., i ) 

ms pot S studies at the universities of Berlin and Siras Dt 
it of ee of English at Williams college, 1886-93; profes 
1893. ЕЛУ, and aesthetic criticism at Princeton university, 
149.3. , Professor of English literature at Harvard university, 
0 ae Harvard lecturer at the University of Paris, 1909- 
LUNAM m editor of the Atlantic Monthly, 1899-1909. E 
"prec iu a Gladly Teach appeared in 1935. Perry die 
Enp Hs Feb. 13, 1954. 
Am ck, MATTHEW CALBRAITH (1794-1858), US: 
United t, who concluded the first treaty between Japan am 
m А States, was born at South Kingston, R.I., April 10, 
ts. е Commanding officer (1838-40) of the “Fulton Il, 
m warship. In 1843 (with the honorary rank of com- 
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modore) he commanded a squadron that was sent to Africa, under 
the terms of the Webster-Ashburton treaty, to aid in suppressing 
the slave trade. During the Mexican War, Perry commanded a 
naval force that captured Frontera and Tabasco, thereby cutting 
off Mexico from Yucatan; and in March 1847, his unit carried out 
a bombardment that permitted the landing of troops at Veracruz. 

In March 1852, Perry was appointed commander of a naval expe- 
dition to be sent to Japan to induce the government to establish 
diplomatic relations with the U.S. After studying the situation, 
Perry concluded that Japan’s traditional isolation policy would be 
altered only if superior naval forces were displayed and if the 
Japanese officials were approached with a “resolute attitude," He 
decided “to demand as a right, and not to solicit as а favour, 
those acts of courtesy which are due from one civilized country to 
another...." With two frigates and two sailing vessels he entered 
the fortified harbour of Araga on July 8, 1853. He refused to 
obey Japanese orders to leave and sent word that if the Japanese 
government did not delegate a suitable person to receive the docu- 
ments in his possession, he would “go on shore with a suitable 
force and deliver them personally, be the consequences what they 
might." A high Japanese official was finally dispatched and, amid 
much ceremony, the U.S. documents were delivered. Perry then 
reported that he would return the following year, with a much 
larger naval force, to receive a reply to Pres. Millard Fillmore's 
request for a treaty. 

In Feb. 1854 Perry reappeared in Edo, (modern Tokyo) bay 
with more ships than before and on March 31 concluded the first 
treaty between the United States and Japan. The presents given 
by Perry to celebrate the occasion filled several boats and included 
a model railway, telegraph instruments, modern guns, telescopes 
and other items that served to impress the Japanese with the tech- 
nological and scientific achievement of the west. 

The treaty merely assured better treatment of shipwrecked sea- 
men and permitted U.S. ships to obtain fuel and supplies at two 
Japanese ports. But it demonstrated the military government's 
inability to enforce its traditional isolation policy and thus con- 
tributed to the collapse of the feudal regime and (o the moderniza- 
tion of Japan. 

"The success of the expedition made Perry a recognized authority 
on the far east. Through his writings and speeches he stressed 
the danger of British and Russian expansion and urged that the 
United States play a more active role in the orient. He died 
in New York city, March 4, 1858. 

See also JAPAN: History: The Opening of Japan, 

See the official record, Narrative of the Expedition of an American 
Squadron to the China Seas and Japan (1856); Edward M. Barrows, 
The Great Commodore (1935). (D. M. Br.) 

PERRY, OLIVER HAZARD (1785-1819), U.S. naval of- 
ficer who became a national hero when he defeated a British squad- 
ron in the Battle of Lake Erie during the War of 1812, was born 
on Aug. 23, 1785, at South Kingston, R.I. Appointed midshipman 
in 1799, he saw service in the Mediterranean and was commander 
of a gunboat flotilla when the War of 1812 began. In February 
1813 he was sent to complete the building of the squadron at 

a. 

Ao s 10, 1813, Perry, with nine vessels, engaged Capt. 
Robert Heriot Barclay, who commanded six British warships. 
Perry was greatly superior in short-range firepower, but only 
slightly superior at long-range, and light wind prevented him. from 
closing quickly with Barclay. After his flagship "Lawrence" had 
suffered heavy casualties and been reduced toa defenseless wreck, 
Perry transferred to the “Niagara,” a sister-ship, and sailed into 
the British line firing broadsides, soon forcing its surrender. With 
US. control of Lake Erie thus regained, Perry sent his famous 
message to Brig. Gen. William Henry Harrison: “We have met the 
enemy and they are ours. Two ships, two brigs, one schooner, and 
one sloop.” The battle had begun 8 mi. from Put-in-Bay and 
ended 14 mi. to the northwest, near West Sister Island. Y 

Perry died at sea of yellow fever on Aug. 23, 1819, while re- 
turning from Venezuela. 

See C. J. Dutton, Oliver Hazard Perry (1935); C. S. Hera The 
Age of Fighting Sail (1956). (R. J. Do.) 


644. 


PERRY is an alcoholic beverage made by fermenting pear 
juice. Mostly it is produced in those northern countries, of 
temperate climate, where it is easier to grow pears and apples than 
grapes, Dessert pears cannot be used for perry; the fruit must 
have "vintage" qualities, and where the soil is suitable for cider 
(q.v.) orchards it will also bear perry orchards successfully. In 
England, in Herefordshire, Worcestershire, Gloucestershire, and 
in parts of Monmouthshire, Somerset, and Kent, perry orchards 
flourish; they like best a sandy loam. In France only a little 
perry is produced in Brittany, but in Germany it is preferred to 
cider. Formerly there was a large production of perry in the 
eastern states of the United States. 

Many English varieties of perry pears, such as Barland, Holmer, 
Huffcap, and Taynton Squash, can be traced to the end of the 17th 
century. The origin of some varieties, for instance Cheat Boy, 
Longland, and Blakeney, cannot be traced, but others can be dated 
to the 18th century (such as Buff) or to the early 19th century 
(Aylton Red). It was then that perry lost popularity; the orchards 
became derelict and were widely uprooted. 

After World War II popular taste in Britain adopted sparkling 
perry, and pear juice is imported from Switzerland, as it possesses 
“vintage” quality when blended with English pear juice. 

See R. Hogg, The Apple and Pear as Vintage Fruits (1886). 

(C. C. H. F.) 

PERSE, SAINT JOHN (pseudonym of Marte RENÉ Au- 
GUSTE ALEXIS LÉGER) (1887— ), French poet and diplomatist, 
who was awarded the Nobel Prize for Literature in 1960. Не was 
born at Saint-Léger des Feuilles, Guadeloupe, March 31, 1887, 
studied at the Universities of Bordeaux and Paris and in 1914 en- 
tered the diplomatic service. He went to China and was succes- 
sively consul at Shanghai and secretary at Peking. In 1921 he at- 
tended the Washington Disarmament Conference as an expert on 
Far Eastern affairs. He was later secretary to Aristide Briand. 
In 1933 he was appointed secretary general of the Foreign Minis- 
try, with the rank of ambassador. Dismissed from office in 1940, 
and deprived of French citizenship by the Vichy government, he 
went to the U.S., where he worked in the Library of Congress. 
He continued to live there after the liberation of France, although 
his French citizenship was restored and he retained an estate on 
the Riviera. 

His early poetry, published before his diplomatic career gained 
momentum, includes Éloges (1904-08) and Images à Crusoe 
(1909), and shows the influence of Symbolism, though he later 
developed a more personal style. The language of his poetry, 
admired, especially by poets, for its precision and purity, is dif- 
ficult, and he has made little appeal to the general public. His 
best known early work is the long poem Anabase (1925; Eng. trans. 
by T. S. Eliot, 1930). In the poems written in exile—Exil (1942), 
Vents (1946), Amers (1957), and Chronique (1960)—he achieved 
a more deeply personal note and, by some American readers, 
was regarded as an embodiment of the French national spirit: 
intellectual yet passionate, deeply conscious of the tragedy of life, 
a man of affairs with an artist's feeling for perfection and sym- 
metry. 

PERSEPHONE (Latin PRosERPINA), in Greek mythology the 
daughter of Zeus and Demeter, the goddess of agriculture, and 
wife of Hades, king of the underworld. In Homer, Persephone 
is queen of the underworld, and there is no mention of her rela- 
tionship to Demeter. Hesiod, in his Theogony, is the first to re- 
late that she was the daughter of Demeter and was carried off by 
Hades (g.v.). The Homeric Hymn to Demeter tells the story in 
full: Persephone was gathering flowers in the Vale of Nysa when 
she was seized by Hades and removed to the underworld. Her 
mother sought her in vain, sorrowing, and after nine days asked 
the all-seeing sun-god, Helios, if he knew what had happened. After 
learning the truth, Demeter ceased, in her misery, to be concerned 
with the harvest or the fruitfulness of the earth, so that widespread 
famine ensued. Zeus therefore intervened, commanding Hades to 
release Persephone to her mother. But Persephone had taken 
food in the underworld—a single pomegranate seed—so she could 
not be completely freed but had to remain one-third of the year 
with Hades, spending the other two-thirds with her mother, 
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One of the variants of the name Persephone is Ре 
form with a pre-Hellenic suffix that suggests that she was û 
Hellenic deity, no doubt a goddess of the dead. If this js 80, i 
connection with Demeter came later, when she was identified Wil 
Kore (the Greek word for "maiden"), the young Srain-podde 
and daughter of Demeter; Demeter and Kore were the абу 
goddesses іп the Eleusinian mysteries (see MYSTERY), with vii 
the Homeric Hymn to Demeter is connected. The Story that 
Persephone/Kore spent four months of each year in the under. 
world was no doubt meant to account for the barren appearance of 
Greek fields in full summer (after harvest) before their revival in 
the autumn rains when they are plowed and sown. 

Persephone also appears in the Orphic myth of Zagreus, her son 
by Zeus, who as a child was torn apart by Titans (see Dionysus), 
See DEMETER (with bibliography); see also references unde 
“Persephone” in the Index. 

PERSEPOLIS (Old Persian Parsa; modern Taxnme 
JausHID), an ancient capital of the Achaemenian kings of Persia, 
situated about 32 mi. NE of Shiraz in Fars province, southwest 
Iran, not far from the point at which the small river Pulvar 
(Rudkhaneh-ye Sivand) flows into the Kor (Cyrus) river, The 
site is marked by a large terrace with its east side leaning on Kult 
Rahmat (“the Mount of Mercy"). The other three sides are 
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RUINS OF THE RESIDENTIAL PALACE OF DARIUS THE GREAT AT PERSEPOLIS; 
NEAR THE WEST TERRACE WALL, JUST SOUTH OF THE APADANA 


formed by a retaining wall, varying in height with the slope 
the ground from 14 to 41 ft.; on the west side a magnificent ор 
stair in two flights of 111 easy stone steps leads to the En 
this terrace are the ruins of a number of colossal buildings e 
constructed of a dark gray stone, often polished to the сое 
of marble, from the adjacent mountain, ‘The stones, of great wi 
cut with the utmost precision, were laid without mortar, and e 
of them are still in situ, Especially striking are the huge colum ў 
13 of which still stand in Darius the Great's audience hall, ke it 
as the apadana, the name given to a similar hall built by Ded 
Susa (there are two more columns in the propylaeum or ER 
hall of his son, Xerxes). Col 
These ruins, for which the name “Sad-Sutun” (“the me 
umns”) can be traced back to the 4th century A.D., are Now sit 
as Takht-e Jamshid (“the Throne of Jamshid,” a mythical rout 
hero), That they represent the Persepolis captured and P 
destroyed by Alexander the Great in 330 m.c. has been pin 
dispute at least since the time (early 17th century) of ш ot Ht 
traveler Pietro della Valle. It was not wholly deserted. а ш 
the Apocrypha (II Mace. ix, 2) it is stated that the ms 
Antiochus IV (Epiphanes) during an incursion into Persi? " 
pelled by the inhabitants of Persepolis shortly before МЕ 
(163 в.с.). In 1933 two sets of gold and silver plates E 
in the three forms of cuneiform, Ancient Persian, 
Babylonian, the boundaries of the Persian empire Wer 
in the. foundations of Darius’ hall of audience. 
Scriptions, cut in stone, of Darius I, Xerxes I and 
indicate to which monarch the various buildings 41% 


dint 


a 
е discover 


ted, The oldest of these on the south retaining wall gives 
Durus! famous prayer for his people: “God protect this country 
"inm foe, famine and falsehood.” : There are numerous reliefs of 
Persian, Median and Elamite officials, and 23 scenes separated by 
ress trees depict representatives from the remote parts of the 
“empire who, led by a Persian or a Mede, make appropriate offer- 
to the king at the national festival of the vernal equinox. 

Behind Takht-e Jamshid are three sepulchres hewn out of the 
mountainside, the facades, of which one is incomplete, being richly 
wnamented with reliefs. About 8 mi. N.N.E., on the opposite side 
of the Pulvar, rises a perpendicular wall of rock, in which four 
similar tombs are cut, at a considerable height from the bottom of 
lle valley. This place is called Naksh-e Rostam ("the Picture of 
Rostam") from the Sasanian carvings below the tombs, which were 
thought to represent the mythical hero Rostam. That the occu- 
pants of these seven tombs were kings might be inferred from the 
sculptures, and one of those at Naksh-e Rostam is expressly de- 
dared in its inscriptions to be the tomb of Darius I Hystaspes, 
toncerning whom Ctesias relates that his grave was in a cliff face 
шй could be reached only by means of an apparatus of ropes. 
Ctesias mentions further, with regard to a number of Persian 
Kings, either that their remains were brought “to the Persians,” 
orthat they died in Persia. It is certain that Cyrus was buried at 
Pisargadae (q.v.), and if there is any truth in the statement that 
the body of Cambyses was brought home “to the Persians’ it 
might be assumed that his burying place would be near that of his 
ltr. A rectangular ruin, however, containing several massive 
ers of stone of proportions identical with those forming the 
of the tomb of Cyrus at Pasargadae, and taken from the same 
, exists at Takht-e Gohar on the Pulvar, and may have been 


nd that it was the custom for a king to prepare his own 
bin his lifetime. This was certainly so in the case of Darius I, 
in an inscription beside the entrance to his tomb describes his 
character and states that God had given him two special 
ез, namely wisdom and activity. The three other tombs at 
iksh-e Rostam, besides that of Darius I, are probably those of 
Ants I, Artaxerxes I and Darius II. Xerxes II, who preceded 
dius TI, reigned for a very short time and could not have ob- 
ed so splendid a monument, still less could Sogdianus (Secydi- 
Ais), who usurped his brother’s throne and reigned for less than 
iyw. The two completed graves behind Takht-e Jamshid 
Wild then belong to Artaxerxes II and Artaxerxes III. The un- 
Ч one might be that of Arses, who reigned at the longest 
NW years, but is more likely to be that of Darius III (Codoman- 
b » Who is one of those whose bodies are said to have been 
En to the Persians” (Arrian, Anabasis, iii, 22, 1). _ 
ince Cyrus was buried in Pasargadae, which moreover is men- 
“in Ctesias as his own city, and since, to judge from the 
E B the buildings of Persepolis commenced with Darius I, 
B Probably under this king, with whom the sceptre passed 
‘new branch of the royal house, that Persepolis became the 
| Of Persia proper, As a residence for the rulers of the em- 
emote place in a difficult alpine region was far from con- 
and the real capitals were Susa, Babylon and Ecbatana, 
к being visited mainly in the spring season. This ас- 
2 for the fact that the Greeks were not acquainted with the 
ШЇЇ it was taken and plundered by Alexander the Great. 
Wi? Persepolis was still the capital of Persis as a province 
1; Breat Macedonian empire. The city gradually declined 
E. after the Seleucid period, but the ruins remained as à 
lo its ancient glory. It is probable that the principal 
the country, or at least of the district, was always in this 
Urhood. About др. 200 the city of Istakhr (Estakr, 
E the seat of local governors. There the foundations of 
ond Ereat Persian empire were laid, and Istakhr acquired 
importance as the centre of priestly wisdom and ortho- 
t t from the stone ruins which still stand a few miles 
m of Persepolis, it is clear that Istakhr dates from 
“Шап times, The Sasanian kings (3rd-7th century AD.) 
face of the rocks in this neighbourhood, and in part 
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even the Achaemenian ruins, with their sculptures and inscriptions 
in Pahlavi, and must themselves have built largely here, although 
never on the same scale of magnificence as their ancient predeces- 
sors. The Romans knew as little about Istakhr as the Greeks 
had about Persepolis, in spite of the fact that for 400 years the 
Sasanians maintained relations, friendly or hostile, with the Roman 
empire. 

At the time of the Arab conquest Istakhr offered a desperate 
resistance. The city was still a place of considerable importance 
in the first century of Islam, although its greatness was soon to 
be eclipsed by the new metropolis Shiraz. In the 10th century 
A.D. it had become an insignificant place, as may be seen from the 
description of the Arab geographer al-Maqdisi (c. 985). In the 
mid-11th century it was razed by the Seljuk amir Qutulmish and 
its population was transferred to Shiraz. This fruitful region was 
covered with villages until the frightful earthquakes of the 19th 
century, and even in modern times it is, comparatively speaking, 
well cultivated. The “castle of Istakhr" played a conspicuous 
part as a strong fortress several times during the period of Arab 
ascendancy, It was the middlemost and the highest of the three 
steep crags which rise from the valley of the Kor, at some distance 
west or northwest of Naksh-e Rostam. See PERSIAN HISTORY; 
see also references under “Persepolis” in the Index. 

BIBLIOGRAPHY.—E. Flandin and P. Coste, Voyage en Perse, 2 vol. 
(1851); F. Stolze, Die Achaemenidischen und Sassanidischen Denk- 
miler und Inschriften von Persepolis (1882) ; G. Perrot and C. Chipiez, 
Histoire de l'art dans l'antiquité, vol. v (1890) ; Е, Sarre and E, Herz- 
feld, Iranische Felsreliefs (1910) ; A. Sami, Persepolis, Eng. trans, by 
R. N. Sharp (1955). (R. N. 81.) 

PERSEUS (c. 212-с. 165 в.с.), the last king of Macedonia 
(179-168), whose imperialist ambitions in Greece brought him 
into conflict with the Romans. He was the elder son of Philip V, 
probably by Polycrateia of Argos; insinuations of spurious or 
slave birth deserve no credence. While still young he commanded 
troops in his father’s wars against Rome (199) and Aetolia (189). 
From 184 onward he intrigued against his brother Demetrius, 
representing him as coveting the succession through Roman favour, 
and in 181 persuaded Philip to execute him; the tradition con- 
cerning this is distorted in Polybius? pro-Demetrian account. 

On succeeding (179) Perseus renewed his treaty with Rome and 
recalled debtors and exiles to Macedonia, He extended his in- 
fluence in Thrace and Illyria, but made special efforts to win over 
the Greek world. He married Laodice, daughter of Seleucus IV, 
and gave his sister to Prusias II of Bithynia; he established ex- 
cellent relations with Rhodes and resumed control of the Delphic 
amphictyony. In Aetolia and Thessaly, however, he encouraged 
the revolutionary party, and after subduing a revolt in Dolopia 
created widespread alarm by visiting Delphi with his army; an 
attempt to re-establish his influence in Achaea failed, but he made 
a treaty with Boeotia (perhaps 174). In alarm Eumenes п of 
Pergamum visited Rome (172) and by his incitement precipitated 
the Third Macedonian War (171-168). Helped by ineffective 
Roman strategy, Perseus during three campaigns held his enemy on 
his southern frontiers near Mt. Olympus; but in 168 niggardliness 
lost him the support of Genthius of Illyria, thus exposing his 
western flank, and a reinforced Roman army forced him to fight 
at Pydna. There his phalanx broke before the more flexible co- 
horts (see PYDNA, BATTLE OF), and Lucius Aemilius Paulus was 
victorious. Perseus was captured on the island of Samothrace and 
walked in Paulus" triumph (167). He died at Alba Fucens two 

т. ж 
урты character was not unattractive, and alike as adminis- 
trator, general and diplomatist he stands high. That he planned 
war with Rome is unlikely, though war was the logical outcome of 
his policy. His failure revealed his inability to reconcile the needs 
of Macedonia with the reality of Roman predominance. 

245 i books xxii-xxx (fragmentary); Livy, 
Mon caen ЭУ; AT Aemilius Paulus; Diodorus Siculus, books 
xxix-xxxi ; Appian, Macedonica, fragments 11-16; C. F. Edson, ‘Perseus 
and Demetrius,” in Harvard Studies in Classical Philology, val. xlvi, 
pp. 191 ff. (1935) ; F. Geyer in Pauly-Wissowa, Real-Encyclopádie der 
classischen "Altertumswissenschaft, xix, 996-1021 (1937) ; F. W. Wal- 
bank, Philip V of Macedon (1940); P. Meloni, Perseo € la fine della 
monarchia Macedone (1953). (F. W. WA.) 
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PERSEUS, in Greek mythology, the slayer of the Gorgon 
Medusa and the rescuer of Andromeda from a sea monster. The 
son of Danaé (q.v.) and Zeus, as an infant he was cast into the 
sea in a box with his mother by her father, Acrisius, king of Argos, 
to whom it had been prophesied that he would be killed by his 
grandson. After Perseus had grown up on the island of Seriphus, 
where the box had grounded, Polydectes, king of Seriphus, desired 
Danaé, and to rid himself of Perseus tricked him into promising 
to obtain the head of Medusa, the only mortal among the Gorgons 
(see Gorcon). The story of his accomplishment of this task 
contains a series of folktale motifs. 

Aided by Hermes and Athena, Perseus went to the end of the 
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BY COURTESY OF THE TRUSTEES 
DETAIL FROM AN EARLY-STH-CENTURY-B.C. ATTIC WATER JAR, SHOWING 
PERSEUS AND THE DECAPITATED MEDUSA, HER HEAD IN HIS BAG; ATHENA 
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earth to obtain the help of the Graeae, sisters of the Gorgons. 
They were three hags who shared the use of one eye and one 
tooth which Perseus seized from them and would not return until 
they provided him with winged sandals (which enabled him to 
fly), the helmet of Hades (which conferred invisibility), a curved 
sword to decapitate Medusa and a bag in which to conceal the 
head. (According to another version, the Graeae, merely directed 
Perseus to the nymphs of the north, who told him where to find 
the Gorgons and gave him the bag, sandals and helmet; Hermes 
gave him the sword, or sickle.) Armed with these, and with a 
shield from Athena, he set off on his task. Since the gaze of 
Medusa turned all who looked at her to stone, Perseus guided 
himself by her reflection in his shield and beheaded her as she 
slept. Safe from pursuit by her sisters because of his magic hel- 
met, he returned to Seriphus and rescued his mother by turning 
Polydectes and his supporters to stone at the sight of Medusa’s 
head. 

A further legend inserted into Perseus’ travels is that of his 
rescue of the Ethiopian princess Andromeda, when he was on his 
way home with Medusa’s head. Andromeda’s mother, Cassiopeia, 
had claimed to be more beautiful than the Nereids, so Poseidon 
had punished Ethiopia by flooding it and plaguing it with a sea 
monster. Andromeda’s father, King Cepheus, had been informed 
by the oracle of Zeus Ammam that these ills would cease if he 
exposed Andromeda to the monster. Perseus, passing by on his 
winged sandals, saw her chained to a rock on the seashore awaiting 
the monster, and fell in love with her. After obtaining Cepheus? 
permission to marry her if he killed the monster, Perseus turned 
it to stone by showing it Medusa's head. This legend appears to 
be a fairy tale from the middle east. The rescue from the monster, 
which according to some early authorities took place at Joppa, near 
Lydda, may have been a source for the much later legend of St. 
George and the dragon. 

After taking Andromeda to Seriphus and disposing of Poly- 
dectes, Perseus gave the Gorgon's head to Athena, who placed it 
on her shield, or aegis, and his other accoutrements to Hermes. 
He then took his mother back to her native Argos, where he 
accidentally struck Acrisius dead when throwing the discus, thus 
fulfilling the prophecy that he would kill his grandfather. He con- 
sequently gave up the kingship of Argos and founded Mycenae 
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as his capital, becoming the ancestor of the Perseids, am 
was Heracles. 

Perseus bearing the Gorgon's head or rescuing Andromeda Was 
a favourite subject in painting and sculpture both ancient and 
Renaissance. Freud reinterpreted the Gorgon’s head in terms of 
castration, and the English novelist Iris Murdoch used jt for 
modern symbolism in A Severed Head (1961). 

The chief characters in the Perseus legend, Perseus, Cepheus 
Cassiopeia, Andromeda and the monster (Cetus), all figure in the 
night sky as constellations. 

BIBLIOGRAPHY.—Pauly-Wissowa, Real-Encyclopüdie dey Classischen 
Altertumswissenschaft, vol. 19, col. 978-992 (1937); J. E. Fontenrog, 
Python (1959); J. M. Woodward, Perseus: a Study in Greek Art and 
Legend (1937). (Н. W. Pa) 

PERSEUS, in astronomy, a constellation of the northem 
hemisphere, named after the Greek legendary hero. It contains 
double cluster forming an interesting object for low-power tele- 
scopes. The second brightest star in the constellation is the 
famous eclipsing variable Algol (g.v.). A number of naked-ye 
stars—of which a Persei is the brightest—make up a loose cluster, 
which is located at a distance of about 400 light years from the 
sun. The double cluster itself is much more remote; its distance 
is of the order of 7,000 light years. The radiant, or apparent 
centre, of the Perseid meteor shower lies in Perseus. 

PERSHING, JOHN JOSEPH (1860-1948), U.S. army of 
ficer, commander in chief of American troops in Europe during 
World War I, was born in Laclede, Mo., on Sept. 13, 1860, After 
graduation from the U.S. Military Academy at West Point, NY, 
in 1886 he participated in several Indian wars. In 1891 he became 
instructor in military science at the University of Nebraska, Lin 
соп, and later taught tactics at West Point. The Spanish-Amer- 
ican War gave Pershing an opportunity for rapid promotion, He 
served with distinction in Cuba and then campaigned in the Philip 
pines against the Moros of Mindanao. While a military attaché 
in Japan in 1905 he observed the Russo-Japanese War in Man 
churia. Pres. Theodore Roosevelt recognized his distinguished 
service by promoting him to the rank of brigadier general in 1906, 
passing over 862 senior officers, Pershing served in the Philippines 
until 1913. He next gained attention as commander of the [ШК 
expedition sent against the Mexican revolutionary Pancho Villa, 
who raided Columbus, N.M., in 1916. 

After the United States declared war on Germany in March 1911, 
President Wilson selected Pershing to command the American 
Expeditionary Force (AEF). Pershing went to Europe in d 
and soon submitted a “General Organization Report" recom 
ing an army of 1,000,000 men by 1918 and 3,000,000 by 1) 
Early American planning had not contemplated a large army. Ёё 
Allies had asked for financial, economic, and naval assistance ні 
suming the AEF could not be organized in time to provide 
sistance, but Pershing’s recommendations prevailed, especially" 
Allied fortunes worsened during 1917. By early 1918 АЧ 
plans called for concentrating an independent army оп the wes 


ong Whom 


ES ive 
front. Pershing hoped it would spearhead a decisive ee 
against Germany. s of 

The exhaustion of the Allies, stemming from the E " 


1917, increased Allied dependence on U.S. arms. ae 
gendered Pressure on Pershing to condone “amalgamation y 
American troops by small units'into European armies. 196: 
wanted replacements for their depleted formations to or 
pected attacks, Pershing adamantly opposed amalgamati 
received support from his government, although and Fo 
released his troops to the interallied commander, Ferdinan al 
during the German offensives of March-June 1918. Pers е 
opposed proposals to divert some U.S. troops to secondary fiche La 
The Supreme War Council, an interallied institution estat y 
coordinate the political-military strategy of the Allies, C " 
recommended amalgamation and diversionary operation The 
where than in France, but Pershing remained unmovec duri 
pressures subsided when the Allies assumed the offensive 
the summer, jd 
condit 


Pershing's army never became self-sufficient, but it forces 
two significant operations, In September 1918 the Us 


m 
an 


‘ied the Saint-Mihiel salient successfully. Then, at Foch’s 
‚ Pershing quickly regrouped his forces for the Meuse- 
mne offensive, although he had originally planned an advance 
1 Metz. Incomplete preparations and inexperience slowed 
euse-Argonne operations, but the interallied offensive in 
nee destroyed German resistance and precipitated the Armistice 
“November. Pershing made some operational and logistical er- 
ors but the creation of the AEF was a remarkable achievement, 
Pershing returned to the United States with a great reputation 
jn 1919 received the rank of general of the armies, a title 
шей in 1799 for George Washington but never held by him. 
wshing’s stern bearing and rigid discipline earned him the nick- 
me “Black Jack." His determination and dedication gained 
п respect and admiration if not affection. Eschewing politics, 
g remained in the Army and was appointed chief of staff, 
1,1921. He held that post until his retirement in 1924. In 
he published a two-volume memoir, My Experiences in the 
Word War. Pershing died on July 15, 1948, and was buried in 
ington National Cemetery. (D. F. Tr.) 
RSIA, the name used for centuries, mostly in European and 
et Western countries, for the kingdom of Iran in southwest 
Asia, It originates from a geographical region in southern Iran, 
idjoining the Persian Gulf, formerly known as Persis (q.v.) (Pars, 
ša; modern Fars), It was during the rule of the Persian 
Achaemenid dynasty that the ancient Greeks first came into con- 
| litt with the inhabitants of Pars on the Iranian plateau. The 
Was gradually extended beyond the province of Pars to the 
kingdom which became known as the Persian Empire. 
шош their history the people of Iran have never used the 
Persia” for their homeland.’ They have always called it 
! (the land of the Aryans). 
March 21, 1935, the government of Iran officially re- 
ed other governments to adopt and use the name “Iran” 
of “Persia,” However, as the name “Persia” was widely 
by historians outside Iran and the country was better 
Wn under that name, in October 1949 the government of Iran 
i E: would no longer insist on the use of “Iran” in- 
d ersia,”” 
Do ethnography of ancient Iran and an account of Persian 
see PERSIAN History. The geography, people, archae- 
К Е social conditions, and economy of ће "M 
are treated under Iran. (M. H. Ga. 
А PERSIAN ART. Pictorial art flourished in Persia before 
| тА although no traces of frescoes or illuminations have 
x E to posterity from the Sasanian period (с. A.D. 224— 
dis known from other evidence that that great age of Iranian 
атча painting among its many creative activities. Ernst 
linis тасей to Sasanian models the motifs (dancing girls, 


е 


e favour at Baghdad, probably through the Manichees. 
kove Howledge of their book painting was gained through the 
n Made by Sir А. Stein and by the German expeditions 
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More important, however, was the part played by calligraphers 
of Iranian origin in the development of the various forms of the 
naskhi, the round correspondence character, which early began to 
take a dominant place beside the vertical script. The inventor of 
the decorative thuluth, which derived from this, is said to have 
been Ibrahim Segzi of Sijistan, and his pupil Ustad Ahwal Segzi 
has the reputation of having been the first, under the caliph 
al-Ma'mun, to elaborate and discuss rules of calligraphy. He in 
turn was the teacher of the celebrated Ibn Muqla, who brought the 
naskhi into general use in place of the Kufic and is regarded as the 
greatest authority on all the principles of the art. Ibn Mugla's 
school produced, among other famous pupils, Ibn al-Bawwab, 
Hasan al-Sirafi (d. 979), who was of Mazdaic origin, and the 
Buyid prince Fana-Khusru (d. 982), reputed to be a descendant of 
the Sasanian kings. 

The Baghdad School.— The first extant works of the Baghdad 
school of painting date only from the 12th century, when the Seljuk 
period had already begun, but in their content and their artistic 
tendencies they go back unmistakably to older traditions, and con- 
tinue with little change until the middle of the 13th century. They 
include scientific treatises (by Dioscorides, Galen and others) 
translated from the Greek by Nestorian scholars or based on an- 
cient models, with explanatory illustrations; Arabic versions of the 
Bidpai fables (Kalila va Dimna) wa-Dimna which were imported 
from India; and the anecdotes of al-Hariri, then in great favour, in 
which the bold jests and witty conceits of Abu Sa'id of Serruj were 
illustrated. These three types of text were all equally well adapted 
to direct the artist to the study of nature and to emphasize the im- 
portance of problems of composition and colour, and the works of 
this school are veritably astonishing in their wealth of colour shad- 
ing and their forcible depiction of their subjects. To what extent 
Persian masters are represented is not exactly known; but the cir- 
cumstance that the minai pottery of Ray (Rhages) (c. 1200) 
borrowed the Baghdad style of painting suggests that the whole 
tendency had already spread from Mesopotamia to centres in Iran. 

As early as about the 10th century, paper had supplanted parch- 
ment, not only in secular works but also in copies of the Koran 
and other religious texts, its manufacture having gradually spread 
from Samarkand to all the countries of Islam. Ornamental decora- 
tion of manuscripts, from which for religious reasons figures were 
excluded, also made continual strides, and soon the craft of the 
illuminators and gilders began to break away from that of the cal- 
ligraphers and painters and to develop on its own lines. Кийс 
was now no longer used except in chapter headings and title pages; 
elsewhere the script employed was either one of the many variants 
of naskhi, or a decorative script representing a more graceful and 
stylistic development of the vertical character. 

The Il-khan Period.—The Mongol invasion in the 13th century 
proved unexpectedly fortunate for the art of book production in 
western Asia. Hulagu and his successors not only took pains to 
promote it in every possible way, but also brought it into contact 
with the highly developed painting of the far east, and directed 
it toward new subjects, with the important effect of immensely en- 
larging the painters’ outlook. The main tendency was now to the 
pictorial representation of historic events and legendary episodes, 
in world histories conceived on a large scale like Rashid al-din 
Fadlullah’s and the principal result of acquaintance with the works 
of the Chinese masters of the Sung period was to enhance the feel- 
ing for landscape. In manuscripts of the early 14th century the 
strong foreign stimuli are seen combining with older traditions, and 
in course of time there developed a new Persian-Mongol style of 
painting which reached a high standard in the two capitals of the 
Tl-khans, Baghdad and Tabriz. The profane texts were now no 
longer in Arabic, but generally in Persian, and the whole art of 
miniature painting was soon iranized when the great national epic 
of Firdausi and other poems, such as those of Nizami and Khwadju 
Kirmani, became increasingly common in illustrated and often 
sumptuous copies. New and effective uses were found for devices 
of composition, and, moreover, the arrangement of the verses in 
vertical columns, which could be broken up wherever desired, made 
possible a much more intimate and aesthetically satisfying conjunc- 
tion of picture and text than had been known previously. Heroic 
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rge size and their few and 
incomparably imposing lines of script in black and gold, Persian 
masters were primarily concerned; and they carried to Tabris and 
Samarkand the new principles for the decoration of the holy book, 
the rich arabesque illumination. 
urid $chools.—When Timur altered the whole politi- 
«al complexion of western Asia, a highly productive centre arose at 
his capital of Samarkand, His chief secretary, Amir Mohammed 
Badr ud-din, gained a reputation as a master of all forms of writ- 
ing, and two of the great emperor's grandsons, Ibrahim Mirza and 
Baisonqur Mirza, were famous calligraphers, At Timur's court 
«ame into favour, through the stimulus of far eastern models, 
the separate sheet bearing a light ink sketch, sometimes with some 
touches in gold and colour, to be pasted on cardboard and col- 
lected in albums, The traditional miniature illustration in body 
colour found in this period a new and prosperous evolution in the 
schools of Herat and Shiraz, 
Baisonqur Mirza, who unfortunately met with an early death in 
1434, earned much honour by founding at Herat an academy in con- 
with his library; for years it employed 40 calligraphers, 
illuminators and painters. In this academy the 
Persian texts were no longer written in narkhi, but in mastaliq, an 


ginning of the idth century the backgrounds were still carefully 
coloured red or yellow; subsequently a rich blue became gene 
eral, and it was not until the end of the period that a gold back- 
ground came into favour, The incidental landscape is generally 
of а steppelike character; jagged rocks, isolated and little 
brooks rippling among stones and bordered by growing flowers, 
are the essential features of almost all open-air scenes, and only 


of a tree in blossom, which is often used in smaller pictures, is 
obviously taken from Chinese models of the Ming period. Under 
the Timurids direct contact with the far east became increasingly 


frequent. 
Behzad of Herat.—An undeniable weakness of Timurid paint- 


so astonishing, and the appearance of a completely revolutionary 
personality was needed before a change could be brought about and 
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character fields and borders 


new paths indicated. This personality was found in the 7 
Behzad of Herat, who is rightly honoured as the greatest mange 
Persian painting. Behzad understood how, even in his may 
ulous compositions, to differentiate every single figure in с. | 
nance and bearing; his palette «ғаз extraordinarily rich, 
in warm, full tones, and this enabled him to individualize т 
traits by the employment of numerous colour nuances for pe 
and even for fesh,- He was also a reformer ín the treatment g 
landscape, which appears more naturalistic in his pages thas а 
those of his forerunners, and in the choice of subject a matted 
realistic note is likewise seen, Moreover, it was he who гени 
the dictation of the calligraphers, and admitted ш ма 
t all, or only a few lines of verse іп one corner, in the pape te 
justrated; even a number of double-page miniatures pe 
can be seen, 
|, who was born before 1450 and died after 1520. 
zenith of the Timurid and the opening of the 
in Persian painting, He was head of the Herat 
1506, when Shah Ismail took him to Tabriz, made him 
, and covered him with honours, Only а few ere 
indisputably by his hand, Both in Herat and ia Tie 
pils, who carried his style far and wide ia fena. 
and India; and even in the 16th centan ie 
so famous that his art was imitated oe emmy 
on pages of the most various origins were fumie 
to enhance their value. 
School.—The next generation of painters ia Ter 
dominated by the highly gifted Sultan Mohammed, who ешт 
influence in the whole field of art at the esati 
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Shah Tahmasp. In collaboration with other masters he illus 
de luxe editions of the Persian epics, several of which have 
down to posterity; but for the most part he preferred gen 
jects and portraits, which were produced as single shots pA 
designed to be bound in volumes together with specimens èl 
handwriting of famous calligraphers. He opened new dás 
activity to the painters by bringing lacquer bindings into fukin 
and also by inducing them to design patterns for textile M 
knotted carpets to be made at the royal factories. Some ol B 
studies for the celebrated hunting and animal rugs of the Lh t 
tury were made in his studio, as were also a few velvet a 
brocades with figure subjects. 

From the end of the 15th century an immense impetus bad WE 
given to Koran decoration at Tabriz. It was here that the pi 
esque division of the title pages into star- or m 

with a reciprocal pattern or a cartouche 
жаз devised, and this again brought about a revolution in te 
of Persian carpetmaking. The ornament grew richer 


text complicated; to the arabesque were added slender floral (wit 


a profusion of lines, palmettes, rosettes and cloud patter 
In Behzad's time Shah Mahmud of Nishapur came to 


scribe 

у . Many other calligraphers 
heard the call of the Ottoman rulers and founded "| 
decoration at Constantinople, which adhered closely 2 
en they were accompanied by painter № 


Isfahan School—Late in the 16th century, wade 
were once more being concent 
Isfahan, under the powerful impulse c 
the Great, there arose also in Isfahan 
for the art of book production in 
al-Husni (d. 1618) and Riza ‘Abbasi 
for the royal favour, while others каны 
animal figures ingeniously construct 
mottoes and similar jests, or by a perfect mastery of the 
complicated script so full of flourishes as to verge 0а ш 
Painting there is a link with the schools of Herat sm 
in the person of Ustad Mohammedi, who was undoubtedly ГІ 
A his observations of nature on to paper in the t 
ind technique without any reference to a text. His "c 
Of the painters’ guild at Isfahan was Riza ‘Abbasi Ma 
nature, or ul, is frequently met with; it 
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Gazelles, froma 
bestiary dated 12% 
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Scene from a 
Shahnameh manuscript, 
Mei Tabriz; c. 1330—40 


Portrait of a young man. Ву Riza Abbasi, Isfahan; 
late 16th century 


* راس‎ ) 
Bahram Gur hunting. From а Persian anthology made for the Library of Baisonqur; dated 1420 
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ond dispute whether this artist is identical with 
‚ thought to be of an older generation, Be that 
as he who filled the albums of Persian and Indian 
ith his gay, sure-handed colour sketches and draw- 
k on the most everyday subjects, and with carefully 
jn rich colour; and he ultimately became so much 
ost to overshadow, for a time, the fame of Behzad. 
we a new impulse to the illustration of manuscripts, 
ant, fashionable style gained him a great influence 
lecorative arts also; wall paintings, figural tiles and 
jn the garden palaces of Isfahan clearly show the 
elier. Riza's best pupil, and his bosom friend, was 
whose extant works is a portrait of his master. The 
by the latter was still a living force at the end of 
tury, when Shah Abbas II's effort for an assimilation 
painting had already failed, as is shown by the fact 
ung artists he sent to Rome only Mohammed Zaman 
"reputation. 
th century European paintings and engravings were 
, and Nadir Shah's expeditions to India introduced 
fluences of the Mogul school. At the beginning of the 
‘an enormous impetus was given to lacquer painting, 
з ап ordinary bazaar industry, and decoration also 
orm of large canvases. Since the end of the 19th cen- 
growing interest for Persian miniatures has called into 
onsiderable number of workshops for the production 
where single pages and even complete manuscripts are 
іп the style of any old master or period. This some- 
tionable development has at least the advantage of main- 
ontact with the masterpieces of the past. (E. K) 


ITECTURE, CERAMICS, TEXTILES, METALWORK 


h painting and calligraphy, a certain strain of decora- 
dating from the Islamic conquest permeates all other 
islamic art generally known as Persian, but pre-Islamic 
not absent, and such Sasanian motives as twinned 
each other appear constantly. 
re—In architecture, the love of barrel-vaulted 
be traced directly to Sasanian palaces and were the 
s of the great mosques where they were flanked by 
in the design of which appears that emphasis on 
is universally Persian, A second characteristic was 
dome with two shells, the outer onion-shaped and sup- 
| high drum, and the swelling slight in early examples 
ronounced later. Daring ingenuity of construction 
se vaults and domes. The stalactite (see STALACTITE 
s, elaborate intersections of curved surfaces, delicate 
and scalloped forms display great skill and differ 
m similar Islamic buildings elsewhere. 
$s of architecture from the Seljuk domination con- 
û rich climax in the 16th and 17th centuries. j 
18th century there developed rich and delicate 
truction including slim columns, intricate cornices 
lavish carving and inlays used frequently in the ex- 
al gardens so important to Persian life. The Muslim 
ornament led to dominance of plane surfaces Cov- 
es so that walls, vaults, domes and minarets glowed 
ns and turquoise, rose and yellow. In no other style 
d colour become such an integral part of architectural 
ee ISLAMIC ARCHITECTURE; TILE.) 1 
-—Springing from the most ancient Mesopotamian de- 
f Lof pottery Persian ceramics developed in about the 13th 
MO one of the most exquisite of all arts. The pottery 
MIS Coarse because of the available clay but the glazes were 
d (o a high degree of perfection and the coloration, espe- 
ues ranging from turquoise to cobalt, became worl 
Sanian, Parthian and Byzantine influences lent vigour 
b By the 14th century floral ornament became more im- 
or ted i the designs were freer and less formal. Vases were 
їр ЇЇ low relief and covered with monochrome blue glaze. 
the 16th century the Chinese influence made itself felt and 
С strong in the 17th century not only in design but in 
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methods of manufacture and at the same time Persian influences 
were felt in China. Tiles were of course an important phase of 
the ceramic industry. (See POTTERY AND PORCELAIN: Islamic 
Pottery; Mosaic.) 

Textiles.— Church treasuries throughout Europe reserve textiles 
that are obviously of Asiatic origin showing the same Sasanian 
and Byzantine influences felt in Persian ceramics. Lions, eagles 
and imaginary beasts enclosed in geometric patterns form the dec- 
oration on a material of woven silk and sometimes gold and silver, 
Prior to the 13th century these textiles came from different parts 
of the Islamic world but later from Turkey and Persia, the Turkish 
development appearing in conventionalized ornament and the Per- 
sian from the 18th century onward showing greater complexity in 
formality and realism, and influenced eventually by Chinese ele» 
ments as a result of the Mongol domination. 

Rugs are the most important of Persian textiles, the best of 
them, which date from the 16th and 17th centuries, displaying 
amazing delicacy in technique and great decorative skill in design 
with rich soft colours marvelously adapted to the texture. (See 
EMBROIDERY; TEXTILES; RUG AND CARPET; BROCADE, ) 

Metalwork.—The Persians were aesthetic craftsmen in metal 
and their delicate inlaying of silver and gold into copper and steel 
of intricate geometric and naturalistic ornament shows decorative 
genius and the greatest of technical facility. The motives in this 
work were similar to those used in ceramics and textiles. 

A rinceau or branching scroll ornamented with sharp pointed 
spearlike leaves was widely used. Much of this artistry was em- 
ployed, of course, in the decoration of arms and armour and al- 
though there is a definite resemblance between the work of Turkey 
and Persia, the Persian far surpasses with its richness and delicacy. 
See IRAN: Archaeology; METALWORK, DECORATIVE; SILVER AND 
Gorn Work; see also references under “Persian Art” in the Index. 

(T. F.H.; X.) 

Вівосварну.—С. .Huart, Les Calligraphes et miniaturistes de 
l'Orient Musulman (1908) ; E. Kühnel, Islamische Schriftkunst (1942), 
*History of Miniature Painting” in Survey of Persian Art from Pre- 
historic Times to the Present ed. by A, U. Pope and P. Ackerman 
(1938), Miniaturmalerei im islamischen Orient (1922); F. R. Martin, 
The Miniature Painters of Persia, India and Turkey (1912); W. Ph. 
Schulz, Die persisch-islamische Miniaturmalerei (1914); С. Marteau 
and H. Véver, Miniatures persanes (1913) ; E. Blochet, Les Enluminures 
des manuscrits orientaux de la Bibliotheque Nationale (1926), Musul- 
man Painting XIIth-XVIIth Century, Eng. trans, by C, M, Binyon 
(1929) ; T. W. Arnold, Painting in Islam (1928) ; A. Sakisian, La 
Miniature persane (1929) ; A. Coomaraswamy, Les Miniatures orientales 
de la Coll. Goloubew (1929) ; L. Binyon, J. V. Wilkinson and B. Gray, 
Persian Miniature Painting (1933) ; L. T. Guzelian and M. M. Diakonow, 
Transkiye miniaturi (1935) ; T. Stchoukine, La Peinture iranienne sous 
les derniers Abbasides et les Il-Khans (1936), Les Peintures des manu- 
scrits timürides (1954); G. D. Guest, Shiraz Paintiny of the Sixteenth 
Century (1949) ; E. Porada et al, The Art ol Ancient Tran (1965); 
K. A. C. Creswell, 4 Bibliography of Painting in Islam M M 

PERSIAN GULF extends southeastward for about 500 mi, 
(805 km.) from the mouth of the Shatt al Arab to the Musandam 
peninsula and varies in width from 50 mi. (80 km.) at the head 
to 200 mi. (322 km.) at its widest part. However, ‘the Gulf” is a 
term frequently used to refer not only to the Persian Gulf proper 
but also to its outlets, the 50-mi. (80-km.) wide Strait of Hormuz 
and the Gulf of Oman, which open into the Arabian Sea, In the 
Persian Gulf the depth of water rarely exceeds 50 fathoms and 
increases more rapidly from the Iranian than from the Arabian 
shore. Off the Arabian coast there are large areas of water less 
than 20 fathoms deep where valuable pearl banks occur. 

There are nine political units with shorelines on the gulf. Iran 
occupies the entire northeastern shore and the head east of the 
Shatt al Arab. Iraq has a 40-mi. (64-km.) wide frontage west of 
that river. The Arabian side is divided among „Kuwait (Al 
Kuwayt), the Neutral Zone, the kingdom of Saudi Arabia, the 
sheikhdom of Bahrain, the sheikhdom of Qatar, the seven sheikh- 
doms of Trucial Oman, and the Sultanate of Muscat and Oman. 


PHYSICAL GEOGRAPHY 


Coasts.—The coasts of the Persian Gulf have a total length of 
nearly 2,000 mi. (3,219 km.) and there are important contrasts 
between the Iranian and Arabian sides, On the Iranian side, moun- 
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TOPOGRAPHY OF THE COUNTRIES SURROUNDING THE PERSIAN GULF. 
RICKS INDICATE MAJOR OIL-PRODUCING AREAS 


tain ranges which make up the edge of the Iranian plateau run 
parallel to and at no great distance from the shore so that the land 
rises abruptly from a narrow coastal plain. On the Arabian side, 
the rise is much more gentle and there are broad lowlands between 
the Gulf and the interior plateau. 

The Iranian coast extends southwestward from the Strait of 
Hormuz to Lengeh, cutting across the southeastern ends of a num- 
ber of parallel mountain chains. The large island of Qeshm 
(Qishm), 67 mi. (108 km.) long, is separated from the mainland by 
the Clarence Strait (Khuran). The mainland coast is an alterna- 
tion of cliffs and alluvial lowlands, The latter represent the deltas 
of small rivers descending from the mountains and contain man- 
grove swamps. Beyond Lengeh the coast turns northwestward 
parallel to the mountain ranges. The coastal plain is narrow except 
where valleys open out into areas of swamp, marsh, and mud flat. 
North of Bushire (Bushehr) the plain is much wider and the coasts 
low and sandy, 

The head of the Gulf is a deltaic area fed by the only major 
rivers which flow into it, The Shatt al Arab (the lower course 
of the combined Tigris and Euphrates), together with the much 
smaller Karun and Jarrahi rivers, bring down large quantities of 
silt and extend the land steadily seaward. Thus a zone of swamps, 
up to 40 mi. (64 km.) wide, characterizes this stretch of coast. 

The whole of the Arabian shore is desert, the only water being 
provided by springs, The desert is stony in the northwest but 
predominantly sandy in the southeast. Numerous small shifting 
creeks occur and there are stretches of mangrove swamp and salt 
marsh, the latter most widespread along the Trucial Coast. Coral 
reefs lie offshore and there are many small islands. The northern 
part of the Musandam Peninsula is precipitous and rocky. 

Geology.—Structurally the Persian Gulf is a continuation of 
the Tigris-Euphrates trough, the whole forming a median zone be- 
tween the fold mountains of southern Iran (the Zagros Mountains) 
and the stable continental block of the Arabian foreland. Minor 
folds within this median zone have little effect on surface relief 
with the exception of the Musandam Peninsula and the southern 
side of the Gulf of Oman. There, an upfold of Jurassic and 
Cretaceous rocks, with an igneous core, forms the Jabal al 
Akhdar, a much-dissected plateau with peaks rising to nearly 10,000 
ft. (3,048 m.). This area is a product of mid-Cretaceous earth 
movement and formed a northward-projecting buttress against the 
Pliocene folding of the Zagros system. This arrangement accounts 
for the bowlike, curved form of the Iranian folds on either side of 
Bandar Abbas and for the narrowness of the Strait of Hormuz. 
The remainder of the median zone, from the strait to northern 
Iraq, is deeply infilled with sedimentary materials. Miocene, 
Pliocene, and Quaternary rocks, for the most part little disturbed, 
outcrop over wide areas in Mesopotamia and are continuous along 


most of the Gulf coast. The surface outcrops along the shores 

a variety of sandstones, marls, limestones, and gypsum, With у, 
casional exposures of Eocene and Upper Cretaceous limesto 
The latter occur in elongated dome structures which form the 
Peninsula and the island of Bahrain. The numerous islands of 
eastern half of the gulf are developed on intrusive salt plugs, (y 
the Iranian mainland there are many of these features, Which in 
some cases form great salt mountains rising to nearly 4,009 fi 
(1,219 m.) above the surrounding plain; e.g., near Borazjan, The 
salt masses are 4-6 mi. (6.4-9.7 km.) wide and appear as intrusions. 

The oil resources of the area occur in the sedimentary rocks af 
the median zone. Those of southwestern Iran are found jn Ter 
tiary rocks which have been strongly folded. The oil fields of 
southern Iraq and of Arabia, in contrast, are a good deal olde 
geologically, occurring in rocks of Jurassic and Cretaceous age, 
"These lie at considerable depth beneath Tertiary deposits, Folding 
has been very restricted because of the protective presence of thy 
rigid Arabian foreland so that the structures are broad, gentle 
anticlines. Asa result, surface relief offers no guide to the distribu- 
tion of oil pockets, a fact which has added to the difficulties of 
prospecting in the area, Other minerals of less importance areas 
sociated with the sedimentary rocks. Gypsum and salt are the most 
widespread and large quantities of the latter are now exported from 
the islands. In Oman some poor coal has been found and thereis 
copper in the interior, but neither of these can be considered a 
major resource. 

Climate.—The climate is characterized by high temperatures 
and low precipitation, In the winter months mean temperatures 
increase from west to east; in the summer the reverse is the cist 
so that the annual temperature range is somewhat greater at the 
head of the Gulf than at its outlet. Temperatures below freezing 
have been recorded on a few occasions at the head of the Gulf in 
January, and readings above 38° C (100° F) are common through: 
out the area in summer. 

Rainfall is appreciably higher on the Iranian coast than on the 
Arabian side, mean annual amounts being: Khorramshahr 84 i. 
(213 mm.), Kuwait 4.9 in. (124 mm.), Bushire 10.8 in, (274 mn) 
Bahrain 3.2 in. (81 mm), Jask 4.7 in. (119 mm), Inthe 
Jabal al Akhdar the annual total rises above 20 in, (508 mn). 
Throughout the area, most of the rain comes in the winter munt 
in the form of heavy showers. The average number of dijs 0 
rain varies from 27 at Khorramshahr to 7 along the Arabian short 
Relative humidity is high; values over 80% are common. 
prevailing wind is the northwesterly shamal. This occursass 
of short duration in the winter but blows regularly in summer 
may rise to gale force for several days. The southeastetly ind 
and the southwesterly suhaili are less common but more danget 
since they blow directly into otherwise sheltered anchorage 
the Gulf of Oman easterly winds are more frequent than 1 
Persian Gulf and predominate in the summer months. L $ 
sea breezes are important along these coasts, particularly m 
and autumn when there is a large diurnal temperature Hd ui 

Vegetation and Land Use. Throughout the islan m 
Coastal fringes of the Gulf natural vegetation is apare 7 
desert is confined to the Arabian side: the Iranian shore ^" 
classified as semidesert steppe, but over the whole Hed 
tion is limited to areas where irrigation water is per 
Cause of its higher rainfall and the rivers descending m 
Zagros, the Iranian side is slightly more favoured and ™ m 
agricultural districts exist there; one of the largest dg Я 
Bandar Abbas. Along the Arabian coast there are p d 
freshwater Springs, probably fed from the western we 

ia, emerge and support oases of cultivation. The T 
ductive of these occurs around the periphery of Bahra" ice 
much of which is covered with date groves and smaller m mi 
citrus fruits, cereals, and fodder crops. Similar cultiva and u 
Smaller scale occurs from the coast opposite Вашаш id ar 
Al Hufuf, around the fringes of the Qatar peninsula y 1 T 
Sharjah on the Trucial coast. In Kuwait dates, Ve d Ag 
cereals ате produced, but the water supply is very lime sue 
cial case is provided by the northern coast of Muscat, Woy, й 
and springs from the Jabal al Akhdar provide irrigation 


gonsiderable area on the lower slopes. The crops include millet, 
shest, barley, fruit, and coffee. Over most of the Arabian coast- 
however, cultivation is impossible and the area is one of 
И oral nomadism. Camels are bred extensively, particularly in 
min, and flocks of sheep and goats are kept. 
Fish—About 200 varieties of fish are known, including the 
ш, mullet, sea bass, members of the horse mackerel family, the 
Julian shad, several species of sea perch and sea bream, and va- 
wies of the sardine. Sharks, rays, porpoises, and swordfish are 
on and the narwhal is sometimes seen. The edible fish are 
mosty caught by trap or stake net and dried fish is an important 
tment in the diet of some areas. 


THE ECONOMY 


| Fearling.—The Great Pearl bank is in the waters of the bight 
ауел Sharjah and the north of the Qatar peninsula and south 
Га line from this point to the island of Abu ‘Ali off the Saudi 
Anbian coast, Small quantities of pearls are also found off the 
(аіл coast. Although the industry has declined greatly since 
ihe introduction of the cultured pearl, it is still of some importance, 
the pearling fleet being based mainly on the Trucial Coast. 
0il—The economy of the area has been completely transformed 
Wythe discovery and exploitation of oil, This applies particularly 
ithe states on the Arabian side of the Gulf, where oil is the major 
"ure of revenue, The Khuzistan fields of southwest Iran, to- 
her with those of southern Iraq, may be considered as part of 
te Persian Gulf oil area, The former occupy a belt along the 
thwestern flank of the Zagros mountain ranges and are six in 
"Number: Lali, Masjed Soleyman, Naft-e Safid, Haft Gel, Agha 
ts (Aqa Jari), and Gach Saran, There is also a gas field at 
mmn, The Masjed Soleyman field was opened in 1908 and the 
mainder at various dates between 1928 and 1938. The six fields 
ther account for about 95% of the total Iranian production. 
n fields of southern Iraq, in contrast to those in the interior of 
mcountry, were discovered later, that at Az Zubayr having been 
‘fed in 1949 and that at Rumaylah (Rumaila) in 1953. These 
j Mields, to the southwest of Basra, rapidly increased their pro- 
БШ and in 1960 accounted for about half the Iraqi production. 
Iranian and southern Iraqi oil fields were connected by pipe- 
lo the Abadan refinery and to the new oil terminal at Al Faw 
tively, Iranian oil is also shipped from Bandar-e Ma'shur 
from the new refinery on Khark Island. 
“Although oil was discovered at a number of points along the 
Mian coast in the 1930s, the only field developed оп any scale 
Ше World War II was that on Bahrain Island. In the postwar 
jy owever, many important discoveries were made and pro- 
"lon increased very rapidly. Exploration, including that of sub- 
"10 resources, continues and output is likely to rise still further. 
E the Present zone of oil production, stretching about 700 mi. 
Р к to Trucial Oman, there are about 12 main producing 
3 Камаі oil was first discovered in the Al Burqan district in 
ite 1930s but it was not until after 1945 that the vast potential 
Es state was fully recognized. Al Burgan, together with 
„cent Ahmadi field and the Raudhatain field near the Iraq 
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57). The various fields were linked to refineries and terminals at 
Ras Tanura (Ra's at Tannurah) and Bahrain. In order to obviate 
the long sea passage around the Arabian peninsula and through the 
Suez Canal, Tapline (Trans-Arabian pipeline) was completed in 
1950; it linked the Saudi Arabian fields to Sidon on the Lebanese 
Mediterranean coast. Total production from the Saudi Arabian 
fields in 1963 was 81,142,000 metric tons (592,336,600 bbl.). 

The Bahrain field began production in 1932 and output doubled 
after World War II. However, reserves there are limited, and pro- 
duction was not expected to rise much above the 1963 level of 
2,236,000 metric tons (16,322,800 bbl.). The refinery and terminal 
on the island handle the entire output. 

Qatar contains the large Dukhan field on the west coast, from 
which crude oil is piped across the peninsula to the Musay'id 
terminal, The field was opened in 1940 and produced 9,096,000 
metric tons (66,440,800 bbl.) in 1963. Production from the 
Murban field on the Abu Dhabi (Trucial Oman) coast began in 
1963, a year after the opening of the large offshore Umm Shaif 
field. Production from these two sources in 1963 totaled 2,342,000 
metric tons (17,096,600 bbl.). The development at Umm Shaif 
illustrated both the rapidity with which new reserves were being 
discovered and exploited, and the increasing attention being paid 
to the underwater fields of the Gulf. 

Total output from the Persian Gulf fields, excluding Iran and 
Traq, rose from 1,100,000 metric tons (8,030,000 bbl.) in 1938 to 
208,454,000 metric tons (1,521,714,200 bbl.) in 1963, The latter 
figure was somewhat above those of Venezuela (170,000,000 metric 
tons; 1,241,000,000 bbl.) and the U.S.S.R. (200,000,000 metric 
tons; 1,460,000,000 bbl.) for the same year and was exceeded 
only by that of the United States (410,000,000 metric tons; 2,993,- 
000,000 bbl.). Iran as a whole (72,825,000 metric tons; 531,622,- 
500 bbl.) is the world's sixth largest producer, and Iraq (56,669,- 
000 metric tons; 413,683,700 bbl.) the seventh. 

Until 1950 control of the oil fields was completely in the hands 
of European (predominantly British) and U.S. concerns, subject 
only to royalty agreements with the local authorities, The Iranian 
fields were run by the Anglo-Iranian Oil Co., and those of Iraq 
were controlled by the Iraq Petroleum Co. Ltd., a joint British- 
Dutch-U.S.-French concern. The Kuwait Oil Co. Ltd. was owned 
jointly by British Petroleum and the U.S. Gulf Oil Corp. In Saudi 
Arabia the concession was held by Aramco (Arabian American Oil 
Со.), a consortium of four major U.S, concerns. The American 
Independent Oil Co. and the Getty Oil Co. (U.S.) held jointly 
operated concessions in Kuwait, Saudi Arabia, and the Neutral 
Zone, The Bahrain Petroleum Co. Ltd. was a joint subsidiary of 
two U.S. concerns and the Qatar field was run by the Iraq Petroleum 
Co. This situation marked a considerable increase in U.S. interest 
in the area compared with prewar years. 3 

After 1950 а number of important developments occurred. First, 
the concessionaires relinquished control of parts of their holdings 
to the local states. In 1951 the Anglo-Iranian Oil Co, was taken 
over by the Iranian government and in 1954 agreement was reached 
between the National Iranian Oil Co, (N.I.O.C.) and a consortium 
of British, Dutch, French, and U.S. operators whereby the con- 
cessions were the property of the N.L.O.C, and profits were divided 
equally between the national company and the foreign operators, 
In 1962 the Kuwait Oil Co. Ltd. relinquished to the state of 
Kuwait its rights over about three-fifths of the territory. Although 
the area given up contained no proven reserves, it might well 
eventually become productive. J f 

A second development was the entry into the arca of capital 
from new sources. This trend is represented by Japan’s Arabian 
Oil Co. Ltd., which in the 1960s held the concession for the offshore 
area of the Neutral Zone. Production on a significant scale began 
in 1961, the crude oil being shipped to Japan. 

The sudden influx of wealth into the area has had a tremendous 
effect on its economy, particularly in the case of the states of the 
Arabian peninsula, whose national incomes previously were negli- 
gible. That of Saudi Arabia in 1930, for example, was £150,000. 
In 1960 oil royalties alone amounted to £100,000,000, Much of 
this wealth, the actual proportion varying greatly from one country 
to another according to government policies, has gone into economic 
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development of many kinds. Large numbers of formerly semi- 
nomadic people have settled down to regular paid employment. 
The political implications have been numerous. Apart from the 
increased significance attached to the area by the great powers, in- 
creased wealth has enabled the states to adopt a more independent 
policy. At the same time dissension among them has been increased 
by their division into oil-rich and oil-poor groups. Since the Mid- 
dle East as a whole is reputed to contain between 50% and 75% of 
world petroleum reserves, the significance of the Persian Gulf 
states is likely to increase still further. 

Ports.—No part of the Gulf coast is particularly favourable for 
port development. Natural harbours are rather more common on 
the Iranian side, but even they have little shelter from the prevailing 
wind, Bandar Abbas, on the Strait of Hormuz, and Bushire are 
connected by road to the interior. Bandar-e Shahpur, however, is 
the chief port of Iran. Standing at the head of the Gulf, it is con- 
nected to the Iranian rail system. Abadan, 40 mi. up the Shatt al 
Arab, is of more recent origin and owes its existence to the oil 
traffic. Apart from the oil terminal at Al Faw on the coast, the 
only other Iraqi port is Basra, on the inland side of the marsh zone. 

On the Arabian side ports are of two kinds: the older are small 
centres of trade, fishing, and pearling; the newer are large oil 
terminals constructed at points suitable for tanker access, In the 
first category are Al Manamah (Manama) in Bahrain, Ad Dawhah 
(Dohah) in Qatar, Dhahran (Az Zahran) and Ad Dammam in 
Saudi Arabia, and Ash Shariqah (Sharjah) and Dubai (Dubayy) on 
the Trucial Coast. The new oil terminals are at Mina’ al Ahmadi 
and Mina’ ‘Abd Allah in Kuwait, Mina’ Su‘ud in the Neutral Zone, 
Ras Tanura in Saudi Arabia, Bahrain, and Musay‘id in Qatar. 

(J. C. De.) 
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The continuing theme of Persian Gulf history has been its evolu- 
tion as an area linking East and West, starting from the time when 
the Sumerians pioneered navigation from Eridu (q.v.), then on 
the sea. About 700 в.с. the Babylonians were trading with India, 
but history is largely conjectural until the time of Alexander the 
Great (d. 323 в.с.). Most of it then derives from classical writers. 
Gerrha (modern Al ‘Uqayr on the Gulf of Bahrain) early became 
an important trading centre. 

The Arab conquests brought Islamic rule to all the Gulf countries 
in the 7th century. In the 9th, Siraf, visited by Chinese vessels, 
and Basra were the principal ports. During the 14th century 
Hormuz, with an immense Indian trade, was the chief entrepôt. 

European Trading Rivalries.—Early in the 16th century the 
Portuguese captured world trade supremacy, and control of the 
Gulf became an important objective in securing the route to the 
Far East. By 1515 Affonso de Albuquerque had secured Hormuz 
and closed the Gulf to other shipping. "Throughout the 16th cen- 
tury the Portuguese controlled all trade through Hormuz but to- 
ward its end Dutch and English adventurers began to compete for 
spices. 

In 1600 the English East India Company was formed, and ob- 
taining a licence from Shah Abbas I of Persia in 1616, started 
trading at Jask. The Portuguese opposed them, but with reluctant 
English help the shah took Hormuz in 1622: he had taken Gombrun 
as a countercheck upon Hormuz and renamed it Bandar Abbas. 
He allowed the English company to establish a factory there in 
1623, but the Dutch, who had formed the Dutch East India Com- 
pany in 1602, quickly followed and took the lead. In 1639, there- 
fore, the English started trading at Basra under a Turkish licence. 
A factory was established in 1643. The French East India Com- 
pany, formed in 1644, started a factory at Bandar Abbas but the 
Dutch remained predominant until toward the end of the century. 
With their withdrawal from Basra, Bushire, Bandar Abbas, and 
Khark (Kharg) Island between 1752 and 1766 Dutch influence 
ended and chaotic conditions in Persia left the British virtually 
supreme, 

Soon after 1793, Saiyid Sultan bin Ahmed, brother of the inef- 
fective imam of Oman, established himself on the Persian coast 
and became a new force in the Gulf area. In 1798 the East India 
Company made an agreement which secured his support and 
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strengthened the English position. 

British Influence in the Gulf. During the 18th centu; 

Й E \ ty 
interests of the English in India ensured their Continued cong 
with the Gulf. In 1698 the English, Dutch, and French had gi 
to share responsibility for policing gulf waters, but the Be 
responsibility gradually passed to the English. The shah’s pU 
in 1763 described the English agent as “Governor-General for the 
English nation in the Gulf of Persia," and gave the East Ind 
Company virtually exclusive liberty of trade. The residen 

+ hir А 3 ty 
established at Bushire in 1763 was entirely commercial at first byt 
increasingly assumed political control. 

In the early 19th century the “pirate coast” of Arabia became the 
main problem. After expeditions against the headquarters of the 
dominant seafaring tribe, the Qawasim, at Ras al Khaimah in 19) 
and 1819, the sheikhs signed a general treaty of peace in 183) 
agreeing to abstain “from plunder and piracy by land and sq! 
except by way of acknowledged war. Following the Maritime | 
Truce in 1835 the coast was renamed the Trucial Coast, Thy 
Perpetual Maritime Truce of 1853 outlawed all sea warfare and 
gave Britain formal responsibility for enforcement. Great Britan | 
avoided internal commitments though the Wahhabis of Arabia wer | 
expelled from the Al Buraymi (Buraimi) Oasis in 1869. 

A British agreement with the Trucial sheikhs in 1869 restraining 
them from relations with other governments alarmed the Turks, 
who occupied Al Hasa and Dohah on the Qatar peninsula in 1871, 
Although Britain recognized Turkish influence over Kuwait, the 
Turks feared British use of the port would lessen Basra's trate, | 
and so exercised some control. 

In 1892 Britain signed agreements with the rulers of both the 
Trucial Coast and Bahrain which placed their territories unde 
British protection. Russian attempts to secure a railway col 
cession linking the Mediterranean with the Persian Gulf (wih 
implications of Russian influence at Kuwait) also caused the British 
to meet the Sheikh of Kuwait’s request for protection and in 1% 
а comprehensive treaty was signed. In 1902 the Germans obtain 
a concession to extend the Anatolian Railway to Baghdad and Bast 
but an Anglo-Turkish agreement in 1913 gave Britain representi 
tion on the board and control of extensions south of Basta. I 
recognized Kuwait as an autonomous Turkish kaza (district), atl 
the validity of Anglo-Kuwait agreements. Turkey abandoned 
pretensions to sovereignty over Bahrain, Qatar, Muscat, and ^ 
Trucial Coast and recognized the British right to police, light, 4% 
buoy the Gulf. Turkish limits were defined by a line rouh 
marking the southern boundary of Najd, including Al Hast ш 

In 1913 Ibn Saud’s capture of Al Наза brought the Walt i 
back to the coast. He was warned against interference with hed 
or the Trucial sheikhdoms. Qatar became a British-protected чү 
in 1916 and in the Treaty of Jidda (1927) Ibn Saud agree " 
maintain friendly and peaceful relations" with Great Britain, 
wait, and Bahrain, i TI 

Effects of Oil Discoveries. The discovery of oil met 
change in the British role, particularly on the Arabian coast. dirett 
tection of natural resources from hostile powers require d 
concern with landward boundaries, and defense of the pm 
states became more important. In 1914 World War I forced T 
Britain to occupy Basra to protect the oil fields and the s 
refinery, The disappearance of the Turkish Empire Mem ig 
emergence of Iraq, under British mandate until 1932. pe 
resident at Bushire, responsible to the government of In " 
much influence on the Persian coast until the Persian military 
Reza Khan consolidated his position, In 1935 the naV pan) 
was removed to Bahrain. After Reza Shah Pahlavi's (Rea 
abdication in 1941 British functions were merely rr the 

By the 1930s oil developments had made the United "n 
principal western influence in Saudi Arabia, but later discov? he & 
to greatly increased British political activity. To Pree nd 
ploitation of the Gulf rulers, Great Britain persuaded thes able 
grant oil concessions without approval but did not hinder ГР 
non-British companies from competing for concessions oi 

The oil industry led to air travel, making the Gulf p centu 
а link between East and West as it had been in the ү i 

lo-Persian agreement in 1928 resulted in Imperi? 
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lishing a service along the Persian coast in 1929 but the route 
as, in 1932, transferred to the Arabian coast via Basra, Bahrain, 
уй Shariqah, and Gwadar to Karachi. By the outbreak of World 
War II, the British, Dutch, and French were operating regular 
ices to the Far East via these ports. 

After World War IL.—World War II made little direct im- 

« on the Persian Gulf. The. British residency at Bushire was 
moved to. Bahrain in 1946 and in 1947 full control of British in- 
rests Was transferred to the foreign office. 

Militant nationalism ended Britain's close relations with Persia 
[ш after 1935). The Soviet-supported Tudeh Party organized 
йе at the Abadan oil refinery and in the Khuzistan oil fields 
jı 946. In 1951, with Muhammad Mossadegh (q.v.) as prime 
minister, the government of Iran nationalized the oil industry. The 
Abadan refinery was closed and the British staff of the Anglo- 
Innian Oil Co. was withdrawn. Diplomatic relations were broken 
їп 1952 and were not resumed until December 1953. A solu- 
tion of the oil dispute was not reached until 1954 when a consortium 
ms formed to operate the oil fields (see Oil above). 

Britain’s ties with Bahrain, Qatar, and the seven Trucial sheikh- 
doms (Abu Dhabi, Dubai, Sharjah, Ajman, Umm al Qaiwain, Ras al 
Khaimah, and Fujairah) continued on their former footing. A 
British political resident at Bahrain was in charge of relationships 
with these states: subordinate to him were British political agents 
al Bahrain, Qatar, Abu Dhabi, and Dubai. The treaty signed in 
18) with Kuwait was replaced in 1961 by an agreement under 
which Britain undertook to help the Kuwaiti government if so re- 
qusted. Kuwait thus became fully independent. The Sultanate 
of Muscat and Oman remained an independent state, bound to 
Briain only by treaty relationship. Britain maintained a consul- 
eral and а vice-consul at Muscat who were subordinate to the 
ident at Bahrain. Consuls at Dhahran (Az Zahran) and Kuwait 
looked after the important interests the United States had in the 
л m ЖЫ its oil companies. 

y 1961 there were international airports at Basra, Abadan, 
oy Dhahran, and Kuwait. Regional airports included Ad 
p (Dohah), Abu Dhabi, and Muscat, and there were many 

tional landing strips. 

Pu developments of the postwar period were: 

Di tis Saudi Arabia claimed the Al Buraymi Oasis, an area 

‘tially rich in oil, The claim was disputed by Muscat and 
quen by Abu Dhabi, supported by Great Britain. The course 

it ig described in Savpr ARABIA: History. san te 
b establish m o Oman, Sheikh Ghalib bin Ali, attempte 

ii ish Oman as an independent state. This led to a pro- 
Hace between the imam and the sultan of Muscat, for 
h ns s which see MUSCAT AND OMAN. 3 

à a slowing the termination of the 1899 agreement with 
Abdul aie Kuwait was claimed by the Iraqi prime minister, 

iiie assem, as an integral part of Iraq. Threatened 

al Brita SRI (Sir) Abdullah as-Salim as-Sabah appealed to 
O British n or help. The danger was averted by the dispatch 
йм ha nee) which were later replaced by Arab units after 

Political опей the Arab League. $, 

51 British -Tends,—A fter the seizure of the Abadan refinery in 

i Sh influence in Iran declined and when diplomatic rela- 
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| үөн the two countries were resumed in 1953 they were 
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ilie. K ctor of increasing importance. At the same time the 
ч the United States in the Middle East generally and in 
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Чы TAN HISTORY, The name “Persia” in its strict sig- 
notes the area inhabited by the people known as Per- 
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sians; i.e, the district known in antiquity as Persis (q.v.), the 
modern Fars. In western countries, following classical usage, 
custom extended the designation to the whole lranian plateau 
and then to the empire and political state occupying most of that 
region of southwest Asia. 

"The archaeology of this area is dealt with in the article on the 
modern country, IRAN. This article discusses the history of Persia 
from the earliest period to contemporary times and is divided into 
the following sections: 

I. Pre-Achaemenid History 
II. Achaemenid Empire 
ПІ. Hellenistic Period 
IV. Parthian Empire, 2nd Century 8.c—3rd Century AD. 
V. Sasanian Empire, c. A.D. 224-651 
VI. From the Fall of the Sassanids to the Rise of the Safavids, 
651-1501 
VII. Safavids, 1501-1736 
УШ. Aísharids, 1736-49 
IX. Zand Dynasty, 1757-94 
X. Qajar Dynasty, 1794-1925 
XI. Pahlavi Dynasty 
I. PRE-ACHAEMENID HISTORY 


Ancient Ethnography.—In the 3rd and 2nd millenniums 
B.C. the Zagros mountain chain was inhabited by the Guti, whose 
territory lay north of the Sulaymaniyah; the Lullubi in the 
Shehrizor district; the Elamites who occupied the plain of Susiana 
and the surrounding hill country; and the Kassites to the northeast 
of Elam. Elamite was an agglutinative (noninflective) language, 
related to no other known tongue. Kassite appears to be con- 
nected with a linguistic group found in the Caucasus. 

Among the Kassites, however, there was a second linguistic 
element. The names of Kassite kings of Babylonia are com- 
pounded with the names of Indo-European gods, for example, the 
pest-god Maruttash and the sun-god Shuriash, which may be com- 
pared respectively with Sanskrit Marut and Surya. It is, there- 
fore, to be presumed that prior to the Kassite invasion of Baby- 
lonia in the late 18th century в.с. an Indo-European people had 
entered Iran and imposed itself as a ruling aristocracy on the 
native Kassite tribes. This migration formed part of an exten- 
sive movement of Indo-Europeans into Asia. About the begin- 
ning of the 2nd millennium the Hittites and related peoples ap- 
peared in Asia Minor; by the 16th century B.C. another group, who 
worshiped the Aryan gods Mithra, Varuna, Indra and the Nasat- 
yas, had seized the leadership of the native Hurrian population 
of north Mesopotamia; and about the 15th century the Vedic 
Aryans reached northwest India. Some authorities, for example 
G. G. Cameron and A. T. Olmstead, maintain that the Indo- 
Iranian Medes and Persians also occupied the highlands of north- 
ern Iran early in the 2nd millennium. These tribes, however, do 
not appear in the records until the 9th century, and the view of 
E. E. Herzfeld and R. Ghirshman that they, together with other 
Indo-Iranian peoples, entered Iran from south Russia at the begin- 
ning of the 1st millennium seems more probable. 

Tn the Achaemenid period the principal tribes were the Persians, 
Medes, Parthians, Arians, Drangians, Arachosians, Bactrians, Sog- 
dians and Chorasmians (for the location of their territories see 
the list of provinces in Achaemenid Empire: Provincial Admin- 
istration, below). They were divided into minor tribes or clans 
and included both settled and nomadic people, Different dialects 
of the Old Iranian language were spoken among them. For Old 
Persian and Avestan, the language of the Avesta or sacred writings 
of the Zoroastrians which was probably current in northeast Iran, 
there are contemporary sources. For Median the evidence is in- 
direct. Parthian, Sogdian, Chorasmian (Khwarazmian or Khorez- 
mian) and Bactrian are known from post-Achaemenid sources. 
The various tribes to the north and northeast of Iran, called Scyth- 
jans (Saka) by the Persians, also spoke an Old Tranian language 
or languages. In his inscriptions Darius I of Persia calls himself 
an Aryan (Ariya) of Aryan lineage. From the term Ariya is de- 
rived Middle Persian Eran and modern Iran, (See also IRANIAN 

NGUAGES. 
дан M to 553 B.C.—Information on the political his- 
tory of Iran prior to the Achaemenid period is limited to the west- 
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ern part of the country, Native records are relatively few and 
intermittent and almost entirely confined to Elam (q.v.), where 
a literate, urban civilization developed early in the 2nd millen- 
nium. A native pictographic script, known as proto-Elamite, first 
appears on clay tablets at Susa and at Sialk, near Kashan, in levels 
contemporary with the Jamdat Nasr period of Sumer (c. 2900 
B.C). The archaeological evidence indicates that Sialk had been 
forcibly occupied by Elamites, probably as a trading outpost. The 
proto-Elamite script was derived from that of Sumer, where the 
first inscribed tablets were earlier in date (c. 3100 в:с.). By about 
2500 в.с, it had developed into a linear script, which has been 
deciphered. This died out toward the end of the 23rd century, 
being replaced by the Akkadian cuneiform script, which, as the 
result of the political and cultural influence of Sumer, had also 
been used for writing Elamite since the 25th or 24th century. 
Very few texts have been found outside Elam and on present evi- 
dence it would appear that much of the country remained illiterate 
until the 1st millennium. The records of Babylonia and Assyria 
(q.v.) are far more informative than the native sources. For po- 
litical and commercial reasons both countries sought to control 
western Iran. 

The turbulent hill peoples of the Zagros were a perpetual men- 
ace to their internal security and to their trade with Iran, which 
provided essential raw materials in which they were deficient, in 
particular metal, stone and building timber. Between Babylonia 
and Elam, which forms part of the south Mesopotamian plain, re- 
lations were often intimate but seldom amicable. 

In the 3rd millennium the chief districts or cities of Elam were: 
the commercial centre of Susa; Awan, possibly near Shushtar; 
Barahshi in the northwest; Anshan in the Bakhtiari mountains of 
western Persis; and Simash, north of Susiana. Wars between their 
rulers and the city-states of Early Dynastic Sumer are recorded 
from about the middle of the millennium, and for a brief period 
Awan was recognized as suzerain by the whole of Sumer. In the 
24th-23rd century Sargon of Agade (c. 2370-15, or, according to 
some authorities, c. 2350-2300) and his successors incorporated 
Elam into their empire and campaigned against the hill tribes of 
Lullubium and Gutium. Their inscriptions gave the names of 
Elamite rulers and officials, among them Luhhi-ishan of Awan, the 
chief opponent of Sargon, who is known from Elamite sources to 
have been the eighth ruler of his dynasty. At Susa Akkadian in- 
fluence on the local culture was strong. The Akkadian language 
largely replaced Elamite and many of the personal names were 
Semitic. Other parts of Elam may have been less affected since a 
treaty between Hita, a ruler of Awan, and Naramsin of Agade (с. 
2290-54, or, according to some authorities, 2267-30) is in Elamite. 
The rock inscriptions of two kings of Lullubium, near Hulwan, are 
in Akkadian, however, and the accompanying victory reliefs are 
modeled on those of Naramsin. 

On the breakup of the Akkadian empire about the time of Shar- 
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Kutik (Puzur)-Inshushinak of Awan, who as governor of fy 
under Naramsin had campaigned as far north as the Kirkuk 
not only rose in revolt but invaded Sumer and Akkad à 
trating to Opis. He expressed the revival of national feelin 
reverting to the Elamite script and language and by Hé 
temple to Inshushinak, chief deity of Susa. His reign was mh 
lowed by an obscure period in Elamite history which may be ut 
nected with the invasion and domination of Sumer by the uiis 
of the northern Zagros, who controlled the country for Over û 
century. After their expulsion the 3rd dynasty of Ur revived the 
expansionist policy of Sumer. Shulgi (c. 2095-48, or, according 
to some authorities, c. 2112-2064) conquered much of Elam and 
made numerous expeditions into the Zagros. Close commerts| 
relations were developed with Susa, where the Ur kings erected 
temples and dedicated votive objects to the local gods, Duri 
the reign of Ibbi-Sin of Ur (c. 2029-06, or c. 2046-21) Amorite 
pressure in the west and internal dissensions so weakened the em. 
pire that the Elamites, under the leadership of Simash, were able 
to regain their independence. About 2006 they sacked Ur, which 
they held for several years, and carried Ibbi-Sin captive to Anshan, 
so ending the Ur dynasty. Toward the end of the 20th century 
Elam for a time fell under the domination of Gungunum of Lars 
(1932-06). In 1834 Larsa was itself seized by Kudur-Mabug, 
probably not, as has been supposed, an Elamite king but an Amo- 
rite, whose tribe had settled on the western borders of Elam, In 
1764 Elam and Gutium joined with Assyria, Eshnunna and Mil 
gium in an unsuccessful attack on Hammurabi of Babylon. 

In 1742 there occurs the first reference to an attack on Baby- 
lonia by the Kassites, whose Indo-European leaders must have 
reached the Zagros prior to that date. In the course of the next 
150 years they occupied much of the country and after the Hittite 
raid of c. 1595 entered Babylon. A Kassite dynasty ruled Baby- 
lonia until the 12th century. There is no evidence of a Kassllt 
occupation of Elam, but the absence of native records between the 
16th and 14th centuries suggests a political collapse which may 
have been due in part to Kassite pressure on the frontiers. 

Elamite recovery began at the end of the 14th century with the 
establishment of a new dynasty, the members of which bore the 
title “king of Anzan (Anshan) and Susa.” Hubanumena, the 
third king, inaugurated a policy of foreign conquest, extending his 
rule as far as the island of Liyan in the Persian gulf. Toward te 
end of the 13th century Kidin-Hutran twice invaded Baby 
and 60 years later Shutruk-Nahhunte I attempted to establish 
permanent control over that country. In 1160 he суете! 
Zababa-shum-iddina, appointed a governor and exacted tributt 
In 1157 Kutir-Nahhunte removed the last Kassite king, 20 
nadin-ahhe, who had continued to resist, and carried off the or 
of the god Marduk as symbol that Babylonian independent k 
atan end. Still wider conquests were made by his brother, Shilha 
Inshushinak, the greatest of Elamite rulers. The whole Тай 
area as far as the lower Zab river and the borders of Assy" ^j 
J into his hands, while in the 50 
east his rule extended e 
Persepolis district. He hine 
ever, unable to hold D nd 
where power passed to Neb 
dynasty of Isin. Un 
chadrezzar I d \ 
Babylonians avenge! in 
defeats, invading and phe 
Elam and killing Hutet 
Inshushinak, Shilhak 
ak’s successor. 
smashed the power 0 
for over 300 years its $ 
silent. 
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extended from the northern border of Elam as far as 
nshah and Nahavand; Zamua in the Sulaymaniyah district; 
, south and east of Lake Urmia; and to the southwest of 
e Parsua or Parsuash, probably the first halting place of the 
nsin western Iran. Southeast of Manna lay Mada (Media), 
itory of the Median tribes, which included Hamadan (an- 
(Ecbatana) and extended as far as Mt. Demavend. Parsua 
e Medes are first mentioned by Shalmaneser III in 835 and 
fter occur with increasing frequency in the Assyrian records. 
ttlement pattern in these districts of western Iran was one 
tered villages and occasional fortified citadels, such as those 
ted at Hasanlu in Manna and at Sialk. The economy was 
on agriculture, but metalworking was highly developed, par- 
ily in Manna, and horse breeding was important, western Iran 
he main supplier of horses to the Assyrian army. 
ing the 9th century the Assyrians won control of all the 
s from Manna to the borders of Elam. Local rulers and 
chiefs were laid under tribute and, where possible, Assyrian 
ms were established at strategic points. Nevertheless con- 
М ‘and arduous campaigning was necessary to maintain Assyrian 
ity. When at the end of the century the power of Assyria 
ed, Urartu (q.v.) under Menuas I and Argistis I expanded 
into Manna and Parsua, Tiglath-pileser III (745-727) 
the Urartians back, but in the time of Sargon II (722-705) 
anti-Assyrian intrigues led to serious revolts in Manna in 
Thdo-Iranian chiefs were implicated. Sargon re-established 
nauthority and also conducted punitive expeditions against 
ша and Mada, in 713 receiving tribute from 45 Median chiefs. 
the south the re-emergence of Elam as a strong military 
presented a serious threat to Assyrian interests in the cen- 
оз and in Babylonia, now an Assyrian vassal state, For 
30 years its kings actively supported anti-Assyrian elements 
ê territories. Humbanigash of Elam formed an alliance 
h the Chaldean Merodach-baladan, who in 721 had revolted 
inst Sargon and seized the Babylonian throne, and in a battle 
tht at Der in 720 compelled the Assyrian to abandon his cam- 
Against the rebel. Although his successor, Shutruk-Nah- 
unt П, failed to support Merodach-baladan when Sargon re- 
JN his attack in 710, he assisted his revolt against Sennacherib 
Th 707 he was also involved in an anti-Assyrian intrigue 
Di. The failure of both these undertakings was probably 
use of his overthrow by his brother, Hallushu-Inshushinak, 
Tn 694, while Sennacherib was campaigning against Chal- 
ls in the marshlands at the head of the Persian gulf, 
hu-Inshushinak raided Babylonia, captured its governor, 
b’s son, and set Nergal-Ushezib on the Babylonian 
4 Не was unable to prevent the removal of his nominee by 
herib, however, and in 693 was deposed by his disappointed 
Within ten months his successor, Kudur-Nahhunte, was 
ted, following an Assyrian attack on Elamite territory, 
5 succeeded by Huban-immena. In co-operation with the 
an Mushezib-Marduk, Aramaeans of the east Tigris dis- 
pi and other peoples of western Iran, Huban-immena 
'à major offensive against the Assyrian forces in Baby- 
ED. In 689, however, he was smitten with a fatal paralysis 
"*lamite forces withdrew. Weakened by the long struggle 
Hi à and by the pressure of the Persian tribes on its fron- 
qum Was torn by rival factions and ceased to be a major 
; international politics. Henceforth no single ruler exer- 
i poen over the whole country, which was split 
$ à number of independent princes. 
E the 7th century Scythian y Cimmerian hordes swept 
bea) OM the north. In Manna they allied themselves with 
m er against Assyria and despite the claim of Esarhaddon 
Am he suppressed the revolt it is evident that by pun 
trol of the district was seriously weakened. In 67 
| A Successful raid through Mada as far as Patusharri, a 
On the edge of the Salt desert bordering Mt. Demavend, 
è most easterly point in Iran ever reached by an Assyrian 
Шау have been in connection with this campaign that 
ted three Median chieftains who had appealed to him 
Against their rebellious subjects. The location of their 
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territories is uncertain. One of them, Ramataia of Urukazabarna, 
together with seven other rulers of western Iran, in 672 signed 
treaties with Esarhaddon, the purpose of which was to secure the 
succession of Ashurbanipal to the Assyrian throne. Relations be- 
tween Elam and Esarhaddon were cordial, but the intrigues of 
Tepti-Huban-Inshushinak (c. 663-653) provoked an attack by. 
Ashurbanipal in which the Elamite was slain. In an attempt to 
secure a pro-Assyrian policy in Elam Ashurbanipal placed two 
Elamite princes, to whom he had given asylum, on the thrones of 
Hidalu and Madaktu. Enmity toward Assyria, however, was too 
deep rooted for this maneuver to have any chance of success. 
When in 652 Shamash-shum-ukin of Babylon revolted from Ashur- 
banipal, Huban-nugash of Madaktu sent a strong force to his as- 
sistance, Although military defeats led to rapid changes of rulers, 
the Elamites continued to support Shamash-shum-ukin and, fol- 
lowing his defeat and death, the rebel Chaldean Nabu-bel-shumati. 
After a further unsuccessful attempt in 646 to install an Assyrian 
nominee in Elam, Ashurbanipal invaded the country, sacked Susa 
with great ferocity and ended Elamite independence (c. 639). 

Thereafter Assyrian sources fail. In 615, as recorded in the 
Babylonian chronicle, the Median tribes, united under Cyaxares 
(q.v.; Uvakhshatra), had begun the attack on Assyria which was 
to lead in 612 to its overthrow. According to Herodotus the 
Medes were united into a strong, independent confederation by 
Deioces (q.v.) at the beginning of the 7th century. This account 
cannot be reconciled with the Assyrian evidence. Although some 
authorities identify Deioces with a certain Daiukku (Dayukku), 
who in 715 participated in an unsuccessful revolt of Manna 
against Sargon, it is evident that in the time of Esarhaddon there 
was no unity among the Medes, many of whose chieftains recog- 
nized Assyrian suzerainty. The movement toward unification, 
the driving force of which was resistance to Assyria, may, how- 
ever, have started in 674 when Medes, Cimmerians and Manna- 
eans united against Esarhaddon under the Mede Kashtaritu 
(Iranian Khshathrita), generally identified with the Phraortes 
(q.v.), son of Deioces, of Herodotus. According to Herodotus, 
Phraortes was killed in battle against the Assyrians, but before his 
death he had made the Persians subject to the Medes. 

By this date the Persians had migrated to Parsa (Persis; mod- 
ern Fars), and were led by Teispes (c. 675-640), perhaps the son 
of Achaemenes (c. 700-675), the eponymous ancestor of the 
Achaemenid dynasty. Their territory included the Elamite dis- 
trict of Anshan. The sons of Teispes, Cyrus I and Ariaramnes, 
were both kings, and each was followed by kings in his own line. 
In the opinion of some authorities this implies that the kingdom 
of Teispes was divided between them; an alternative view is that 
there was alternation in succession between the senior and junior 
line. Following the final campaign of Ashurbanipal against Elam, 
Cyrus I acknowledged Assyrian overlordship, sending his eldest 
son, Arukku, to Nineveh as hostage (с. 640). Оп a gold tablet, 
Ariaramnes calls himself “great king, king of kings," a title that 
should imply that he was an independent ruler and leader ofa 
considerable federation. This inscription, however, is considered 
by some scholars to be a forgery of late Achaemenid date. 

Herodotus states that Cyaxares, the son of Phraortes, was for 
28 years subject to the Scythians. On regaining his independence, 
he reorganized the Median army, hitherto a loose mass of tribal 
contingents, dividing it on the Assyrian model into bodies of spear- 
men, archers and cavalry. With this united and formidable fight- 
ing force the Medes were at last a match for the Assyrians and 
took the leading part in the destruction of their empire. The 
Babylonian chronicle records that in 615 Cyaxares invaded the 
Assyrian province of Arrapkha (Kirkuk). In 614 he took Tarbisu, 
near Nineveh, and then sacked Ashur. ‘There is archaeological 
evidence that he also attacked Kalakh (Nimrud). After the sack 
of Ashur he concluded a treaty with Nabopolassar of Babylon, who 
since his revolt in 626 had been engaged in attacks on Assyrian 
territory. In 612 the Medes and Babylonians, probably reinforced 
by Scythians, sacked Nineveh. й у 

Jn 610 their capture of Harran ended the last Assyrian resistance 
in Mesopotamia. While Babylonia won control of the western 
provinces of the Assyrian empire, Cyaxares extended his power in 
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lran and Asia Minor. By 590 the conquest of eastern Anatolia 
had brought him to the borders of Lydia and for five years he 
was involved in inconclusive fighting with its ruler, Alyattes. The 
war ended in 585 when a battle was interrupted by a solar eclipse. 
By a treaty, for which Nebuchadrezzar of Babylon and the ruler 
of Cilicia acted as mediators, the two powers recognized the river 
Halys as their common boundary. Cyaxares was succeeded by his 
son Astyages (Arshtivaiga) c. 585. 

Tn Persian territories, once again subject to Media, Ariaramnes 
was followed by his son Arsames, called “king of Parsa" in an 
inscription which, like that of his father's, is of uncertain author- 
ship. In the other branch of the family Cyrus I was followed by 
Cambyses I, called by the Babylonians “king of Anshan,” and in 
559 by Cyrus II the Great. 


Il. ACHAEMENID EMPIRE 


Political History.—The history of the Achaemenid empire is 
treated under individual kings (see also History sections of BaBy- 
LONIA AND ASSYRIA; EGYPT; GREECE). This article gives only a 
brief conspectus of the main events. The order of kings is as fol- 
lows: 


Cyrus IT (559-530) Xerxes II and Secydianus or 
Cambyses II (530-522) Sogdianus (424-423) 

Smerdis (Gaumata) (522) Darius II (423-404) 

Darius I (522-486) Artaxerxes II (404—359/358) 
Xerxes I (486-465) Artaxerxes III (359/358-338/337) 
Artaxerxes I (465-424) Arses (338/337-336/335) 


Darius III (336/335-330) 


The chronology is established by the Ptolemaic canon, by numerous 
Babylonian and a few Egyptian documents and by the evidence 
of the Greeks. 

In 553 Cyrus II rebelled against Astyages, having previously 
formed an alliance with Nabonidus of Babylonia, who wished to 
evict the Medes from Harran. In 550 Cyrus captured Astyages 
and made himself master of the Median confederation. Naboni- 
dus took Harran but soon realized that Cyrus constituted a greater 
danger to his empire than Astyages, in whose overthrow he had 
assisted. When war broke out between Cyrus and Croesus of 
Lydia, possibly in 547, Nabonidus entered into an alliance with 
Croesus, as did Egypt and Sparta. Before help could be sent, 
however, Cyrus defeated Croesus and seized Sardis. During the 
next few years he and his generals secured the submission of the 
rest of Asia Minor and probably detached part of Syria and Pales- 
tine from the Babylonian empire. The attack on Babylonia itself 
opened in 540 and Babylon fell the following year. Cyrus also 
subdued northern and eastern Iran, but details of these campaigns 
are unknown. He died in 530 in battle against the nomads of 
eastern Iran. In the brief span of 20 years he had raised an ob- 
scure and secluded tribe to the mastery of an empire that stretched 
from the Mediterranean to the Indus. Able generalship and the 


fighting qualities of the Persian army contributed to this remark- 
able achievement, but a major factor was the liberal and lenient 
treatment accorded by Cyrus to conquered states, a policy without 
parallel in the previous history of the near east, In consequence 
many peoples welcomed him as a liberator from existing tyranny, 
whether foreign or native. Thus it is probable that the provinces 
of the Babylonian empire offered him little, if any, resistance, while 
in Babylonia he had the support of a large part of the population 
and, in particular, of the priesthood, which had been antagonized 
by the religious policy of Nabonidus. К 
The conquest of Egypt, which had shown its hostility to Persian 
expansion by allying itself with Croesus, was carried out by Cam 
byses II in 525. The usurpation of the Persian throne by Smerdis 
(Gaumata) in 522 and his assassination by Darius I led to serious 
revolts in Iran and Babylonia and the defection of the Persi 
governors of Egypt and Sardis. Lack of co-ordination among the 
rebels, however, enabled Darius to deal with them individual 
and by 518, when he visited Egypt, he had established his author 
ity and restored order throughout the empire. The revolts M 
nevertheless demonstrated the strength of separatist tendencies | 
and, while not departing from the system devised by Cyrus, Dus 
took steps to strengthen the imperial administration. He ed 
pleted the division of the empire into provinces, introduced che d 
on the power of their governors and fixed the annual ишн 
each province. In foreign policy his main concern was to (ОШ | 
external threats to the security of the empire. To protect i 
northern borders from incursions by the Scythian nomads к 
tacked the tribes east of the Caspian in 519 and those of Europ e 
Scythia in 513. Although the latter expedition had to br 
doned because of failure of supplies, it resulted in the submi 
of Macedonia, Thrace and the islands of Lemnos and Ibe 
thus held the approaches to Greece, conflict with which was esol 
table, for Persian control in western Asia Minor was threa 
by the support given by the Greeks to their Asian И 
Nevertheless it was not until Athens and Eretria assis 
Ionian revolt of 499 that Darius attacked European Cr w 
expeditions led by Mardonius (492) and Datis (490) VO jj 
successful, and the carefully prepared campaigns of Xene 


in the defeats of Salamis (480), Plataea and Mycale a 
victory of Cimon on the Eurymedon followed c. 466. pric milita 


of Greece had failed completely, largely through 
and diplomatic blunders of the rione edi and his comma ig 
The European territories were lost and large numbers 0 
Greeks, Carians and Lycians joined the Delian league. oint Ht 

The failure of Xerxes’ expeditions proved a turing P 
the history of the empire. Although the territoria 
of no great significance. its prestige and military вет i 
sufiered a severe blow and thereafter it declined into а siste 
of immobility and stagnation, a process which was 355 ogg 
the deteriorating influences of civilization and impeP? 
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Se character of the ruling race. The royal line degenerated 
and the successors of Darius were weak, capricious, pleasure-loy- 
"er potentates, easily acce ible to personal influence. Only the 
уша! Artaxerxes ш possessed the will and energy to prosecute 
vigorous and positive policy. At court the influence of the royal 
larem and the eunuchs made disastrous progress, dynastic dis- 

jes became EV зн. i Sus ситса were rife, 

of energy and ambition began to find the temptations of 
E stronger than their patriotism and loyalty to the crown, 
High court officials such as Artabanus, who murdered Xerxes, and 

s, the assassin of Artaxerxes III and Arses, attempted to 
sire the reins of power in fact if not in name. In the provinces, 
atas aspired to independence and as the central authority weak- 
med and the checks on their power diminished their revolts be- 
ате more frequent and dangerous. In considering the subsequent 
` wr and disorders, however, it must be borne in mind that they 
wally affected restricted parts of the empire; only on isolated 
wasions were extensive areas involved in prolonged strife. For 
most of the provinces the Achaemenid domination was synony- 
mous with two centuries of peace, order and improved economic 
conditions, 

Under Artaxerxes I and Darius II the situation in the empire 
remained stable, Isolated satrapal revolts and a rising in Egypt 
Were suppressed and Persian diplomacy, backed by gold, was able 
lo exploit the dissensions of the Greeks to Persian advantage. 
Athens had not the strength to undertake a serious offensive against 
theempire. It failed in its attempts to detach Egypt and Cyprus 
fom Persia, and c. 448 its difficulties with the other Hellenic states 
(onstrained it to conclude the peace of Callias whereby it re- 
Wuxed the Persian war while Artaxerxes acknowledged the 1055 
tithe cities in Asia Minor under Athenian rule. The collapse of 
pon power before Syracuse (413), however, gave Darius the 
portunity to regain the lost territories. An alliance was formed 
wth Sparta, part of Ionia was recovered and Persian subsidies 
Фей Lysander to complete the overthrow of Athens in 405. 
When war subsequently broke out with Sparta, Artaxerxes II sup- 
Mrted its Greek adversaries. The annihilation of the Lacedae- 
Шап fleet at Cnidus in 394 crippled Spartan power and gave 

tsia the Mastery of the Aegean. Exhausted by their struggles, 

Greeks in 386 accepted the peace of Antalcidas and recognized 

Ian rule over the Greek cities 
age Minor and Cyprus. 

la becam i 
Greece, and the cae ess st 
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forced Athens, which had supported some of them, to conclude 
peace (355) and, after an initial reverse, reconquered Egypt (343). 
Asa result of these measures the empire appeared to be more pow- 
erful and more firmly established than at any time since Darius. 

Tn the Greek world, however, the rise of Philip II of Macedonia 


-had fundamentally changed the situation. Philip's immediate pur- 


pose was Macedonian expansion at the expense of Thrace and 
Thessaly and the subjugation of the Balkan peninsula, but in his 
efforts to extend his power over the Greek states he was bound to 
assume the leadership of the movement which, inspired by writers 
such as Isocrates, aimed at the unification of Greece for the struggle 
against Persia. Artaxerxes, pursuing the traditional Persian policy, 
supported Perinthus, Byzantium and Athens against Macedonia, 
but in 338 Philip defeated Athens and in 337 formed the League 
of Corinth, embracing the whole of Greece except Sparta, for the 
purpose of liberating the Greeks of Asia Minor from Persian rule. 
"The invasion of Asia Minor, begun by Philip in 336, was resumed 
by Alexander (334; see ALEXANDER III the Great) aíter Philip's 
assassination. By the autumn of 333 Alexander had won most of 
Asia Minor and defeated Darius III at Issus. It was probably 
after Issus that he first thought of conquering the whole Persian 
empire. To hold Asia Minor meant a defensive war, since Persia 
would certainly seek to regain it; Phoenicia and Egypt were known 
to be disaffected; and the superiority of the Greek army over that 
of Persia had been decisively demonstrated. ‘The overtures of 
Darius were therefore rejected. Except at Tyre and Gaza Alex- 
ander met no serious resistance and the occupation of the western! 
provinces, including Egypt, was completed by 332. In 331 Darius 
was defeated at Gaugamela (see GAUGAMELA, BATTLE оғ) and fled 
to Bactria, where in 330 he was murdered by Bessus. Although 
it took Alexander several years to complete his conquest of Iran, 
the victory at Gaugamela gave him the mastery of Asia and brought 
the Achaemenid empire to an end. 

The Monarchy.—The Achaemenid king ruled by divine right, 
“By the grace of Ahura Mazda I am king; Ahura Mazda gave me 
the kingdom,” says Darius I, and on the monuments Ahura Mazda, 
in the winged disk, regularly hovers over the king, symbolizing the 
divine favour and protection so much insisted on in the royal in- 
scriptions. The succession was hereditary, but the rule of primo- 
geniture does not appear to have been strictly observed. The king 
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apparently had the right to choose his successor from among his 
sons and was expected to do so before risking his life in foreign 
war. Thus 12 years before his death Darius named as heir ap- 
parent not his eldest son but Xerxes, the first son born to him 
after his accession. Notwithstanding the nomination of a crown 
prince the succession, after the time of Xerxes, was frequently 
disputed, harem intrigues being a main cause. The succession of 
a new king was generally followed by the assassination of close 
relatives; in consequence the royal house was so decimated that on 
the death of Arses the throne passed to a collateral branch, 
While the power of the king was, at least in theory, absolute, 
he acted in consultation with his high officers of state. There are 
references in Ezra to seven counselors, but there is no exact in- 
formation on their titles and functions, It is probable that the 
hazarapat (Greek chiliarchos), the commander of the royal body- 
guard, was the foremost among them; his office corresponded to 
that of vizier. The head of the chancellery must also have occu- 
pied a leading position in the government. The chief Persian and 
Median nobles were closely connected with the court. Among 
them the descendants of the six men associated with Darius in 
the murder of Gaumata held the highest rank and were influential 
in the king’s counsels. They alone had the right to enter the royal 
presence unannounced and possessed princely estates. 
Provincial Administration—The Persian empire was far 
more exténsive and comprised a greater variety of peoples than 
any that preceded it. In relation to the subject population the 
Persians were in a small minority. They were, moreover, inferior 
in civilization to the ancient nations that lay to the west of Iran. 
To hold the empire by force alone was therefore an impossibility. 
Recognizing this, Cyrus and Darius sought to govern by persuasion 
and consent. Propaganda was effectively used as an instrument 
of policy, especially by Cyrus. Vanquished peoples were treated 
with clemency and permitted as much freedom in the conduct of 
their affairs as was consonant with the efficiency of the imperial 
administration. This policy, however, was only partially success- 
ful in reconciling the subject populations to foreign domination, 
and national revolts led to departures from the liberal principles 
laid down by Cyrus, 
Among the peoples of the empire the Persians occupied a lead- 
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ing and privileged position, for it was on their loyalty that the 
Achaemenid dynasty ultimately depended, They alone were 
exempt from taxation. They were liable for military service 
however, and, together with the Medes, provided the standing 
army. Persian military colonists were settled in the provinces 
and endowed with lands; they formed the nucleus of the provin- 
cial levies and were the mainstay of the satrapal governments, 
The leading Persian families supplied the majority of the army 
commanders and the chief officers of the central and provincial 
administration. To train them in their duties, sons of the nobility 
were brought up at the royal and satrapal courts, where they were 
instructed in the handling of arms, riding and hunting, and in his. 
tory, religion, law and judicial procedure. 

Although for geographical reasons the administrative capital 
of the empire was Susa, the associations of the monarchy were 
with the ancestral homeland of the dynasty. The kings wer 
buried in Persis and were consecrated at Pasargadae, the city of 
Cyrus II. In the interior of the country Darius founded the city 
of Parsa, the Persepolis of the Greeks, the most magnificent of 
the royal capitals. Pride of race and country was strong in king 
and people. Darius calls himself “а Persian, the son of a Persian, 
an Aryan of Aryan stock.” à 

The Achaemenid monarch was no less conscious of his unique 
position as supreme ruler of a great diversity of nations. Darius 
was “one king of many, one lord of many, . . . the great king, king 
of kings, king of the countries possessing all kinds of peoples, king 
of the great earth, far and wide.” In the subject territories Per- 
sian rule was direct, native dynasties being. suppressed and те 
placed by Persian governors, Only іп а few states which had 
submitted voluntarily were native kings permitted to remain in 
vassalage to Persia. 

This was the case in Cilicia, where the governor belonged to 
the native royal house, and in Byblos, Sidon and Citium (in Cy. 
prus), the rulers of which, although subordinate to a Persian B 
ernor, called themselves kings. In Babylonia Cyrus retained ү 
monarchy but assumed the kingship himself, adopting the a 
“king of Babylon,” a measure designed to flatter national pride 
and reconcile the Babylonians to foreign rule, In his official m 
nouncements he represents himself as the king chosen by Mar ү 
the national god, and therefore the legitimate successor (0 
Babylonian throne. ieu 

A similar policy was followed by Cambyses and Darius in 1 
The revolts of Babylonia and Egypt against Xerxes led, m 
to a change of policy. The Babylonian monarchy was eb 
the statue of Marduk, without which no king could e И 
tule, being destroyed. In Egypt Xerxes refused to adopt ! the 
tive royal titulary, thus abandoning the fiction that he was 
legitimate successor to the Pharaohs. d limits 

The empire was divided into provinces, the number an i 
of which varied with changes in the imperial frontiers i n 
administration, Different lists are incorporated in the Wer 
of Darius I. The earliest, in the Bisitun text (complete P 3 
B.C.), gives 23 lands, and the latest, in the tomb inscripto 
as follows: 

The Iranian provinces of: 

l. Persis (g.v.; Parsa) in modern Fars, 
Carmania (Karmana) to the east ; 

B UU UCM in x northwest ; wd 

А m 0.5 - á P 

4. Parthis Gis OR ) in huie; which at this date па 
Hyrcania (Varkana) southeast of the Caspian sea in the 
(Gorgan) district ; 4 

5. Aria (Haraiva) along the Arius (Harirud) river; f the Hinde 

6. Bactria (q.v.; Bakhtrish) on the northern slopes OF, ned Mar 
Kush as far as the Oxus (Amu-Darya) river, to which was Joes the ai 
giana (Margu), centred on the oasis of Merv, which preser 
cient name; the Onis 

7. Sogdiana (Suguda), the mountainous region between 
and Jaxartes (Syr-Darya) rivers; Ў hi lower 0% 

8. Chorasmia (Uvarazmish), the Khiva oasis along the 


which probably included 


which still bears the name Khwarizm; the gni 
9. Drangiana (Zranka; Sarangia in Herodotus) along 
river in Seistan; d river 


10. Arachosia (Harahuvatish), the district of the Helma™ 
its tributaries round Kandahar; 
11. Maka, probably Makran. 


ее provinces lying east of Iran: 


gydia (Thatagush), of uncertain location; 
ага (Gandara), also called Paruparaesanna (Paropami- 
е land beyond the mountains"; ie. the Hindu Kush) in the 


У? sind (Hindush) in the Indus valley. 
lawma-preparing (?) Scythians (Saka haumavarga; the 
Scythians of Herodotus) in the Pamirs, 
[һе pointed-cap Scythians (Saka tigrakhauda) east of the Cas- 
à ylonia. (Babairush). 
tia (Athura; Aramaic Ebir-nari, “across the river" [Eu- 
hich included Syria, Phoenicia and Palestine and prior to 
administered jointly with Babylonia; the later list of 
05 includes Cyprus in the province. 

bia (Arabaya). 

pt (Mudraya). 

¢ Libyans (Putaya). 
he Ethiopians (Kushaya). 
nenia (Armina), which according to Herodotus stretched to 


QW. 


sea. 
docia (Katpatuka) . 
(called Sparda after Sardis the capital). 
[оша (Yauna). 
ians across the sea (Saka paradraya) on the steppe north 


sea. 
ce and Macedonia (Skudra). 

ns wearing the petasos cap (Yauna takabara), elsewhere 
(Tonians) “by the sea” (Tyaiy drayahya), possibly to be iden- 
h Hellespontine Phrygia. 

ins (Karka). 
provinces a list of Xerxes adds Dahae (Daha), east 
pian, and “men of the mountain land” (Akaufaciya), 
in location. 
of tributary provinces given by Herodotus, which must 
n derived ultimately from an official Persian source, per- 
axerxes I, differs considerably from those of Darius 
хеб. The reduction in the number to 20 reflects the loss 
in Europe and administrative changes. A number of 
ously listed separately are combined, notably Parthia, 
ia, Sogdiana and Aria (province xvi), Drangiana and the 
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BY COURTESY OF ERICH F. SCHMIDT, ORIENTAL INSTITUTE, THE UNIVERSITY OF CHICAGO 
AERIAL VIEW OF THE RUINS OF SUSA, CAPITAL CITY OF THE PERSIAN EMPIRE 
AT THE TIME OF DARIUS 1 
Mycians (Maka) with other tribal districts and islands in the 
Persian gulf (xiv), Sattagydia and Gandhara (vii) and Egypt and 
Libya with Cyrene and Barca (vi). Caria is joined to Ionia, which 
also includes Magnesia on the Maeander (Menderes) river, the 
Aeolians, Lycians, Milyans and Pamphylians (i). Cappadocia in- 
cludes the Hellespontines or Greeks of northwest Asia Minor, 
Phrygia, Asiatic Thrace or Bithynia, Paphlagonia and the Marian- 
dynians (iii). This province was sometimes called Dascylitis by 
the Greeks after the capital Dascylium. Herodotus gives a num- 
ber of provinces which do not appear in the Achaemenid lists, for 
example Cilicia (iv), and omits Persis because it was exempt from 
taxation and Arabia and Ethiopia because they did not pay a fixed 
annual tribute. 

‘The central government retained rights over foreign policy and 
the assessment of tribute, but the provinces were as far as possible 
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left to govern themselves. Each was under a governor or satrap 
(q.v.), normally a Persian of high rank, who was head of the civil 
administration, supreme judicial authority and commander of the 
provincial troops. Assisting him was a council of Persians and 
native representatives. It became evident in the time of Darius 
that such wide powers could encourage the satraps to aim at in- 
dependence and a system of controls was therefore devised. Gar- 
rison commanders in the province were made independent of the 
satrap; a royal secretary was attached to him to deal with his 
correspondence with the king; and inspections of the provinces by 
royal officials were instituted. By the time of Artaxerxes 11, 
however, these controls had weakened and the satraps had greatly 
increased their military strength by recruiting large numbers of 
Greek mercenaries. 

The subject peoples occupied a tolerably independent position. 
Their forms of local government were generally retained, their 
laws and customs were respected and they provided subordinate 
officers of the provincial administration and army. National re- 
volts led in certain instances, however, to a curtailment of these 
privileges. Thus in Babylonia Darius replaced many of the native 
officials by Persians, a process which was accelerated under his 
successors. The system of local government within the provinces 
varied according to local conditions. In large cities, such as Baby- 
lon, Jerusalem and the Egyptian towns, internal affairs were con- 
trolled by the elders or the officials of the community. The great 
temple dominions, such as Bambyce in Syria and the two Comanas 
in Asia Minor, were administered by the priests. City-states might 
have a monarchy, as at Byblos, Sidon and Citium; an aristocracy, 
as in Bithynia, Caria and Lycia; or tyrants, as in the Greek towns. 
In tribal districts authority was in the hands of the chieftains. 
Complete subjection of many of the wild and warlike tribes in 
inaccessible mountain and desert areas was impossible or not worth 
the effort. When in 401/400 Xenophon marched from the Tigris 
to the Black sea, the tribes of the Pontic mountains were com- 
pletely independent. Outside the authority of the satraps were 
the royal domains, with great parks and hunting grounds (the 
paradises), and the estates bestowed by the king on Persians or 
members of subject peoples who had rendered signal service to 
the crown (the “benefactors”). Мапу of these estates formed 
large principalities; e.g., those of the house of Otanes in Cappa- 
docia, Hydarnes in Armenia, Themistocles in Magnesia and Lamp- 
sacus, 

To maintain close liaison with the provinces and to facilitate 
the movement of troops, Darius I improved and extended the 
earlier network of routes. Best known is the Royal road, which 
ran from Susa to Sardis and thence to Ephesus, Linked with this 
was a branch running south through Syria and Palestine to Egypt. 
Other routes traversed Iran to India. Royal messengers traveled 
along these roads in a system of relays. At intervals of a day’s 
ride were posting stations where men and horses were changed, 
Whereas it took caravans 90 days to travel from Susa to Sardis, 
couriers could by this method do the journey in a week. As Herod- 
otus says: “They are stayed by neither snow nor rain, nor heat 
nor darkness from accomplishing their appointed course with all 
speed. The first rider delivers his charge to the second, the second 
to the third, and thence it passes on from hand to hand.” Strict 
security measures ensured that the roads were safe and free from 
brigandage. 

Language and Writing.— The royal inscriptions were usually 
trilingual, in Old Persian, Elamite and Akkadian, the Old Persian 
text being the original from which the others were translated; in 
provinces where none of these languages was spoken a fourth leg- 
end might be added in the native tongue. Thus the Suez canal 
stelae of Darius I were inscribed in the three official languages and 
in Egyptian hieroglyphs. The Old Persian text was written in a 
simplified form of the cuneiform script consisting of 41 characters, 
In the time of Darius and Xerxes payments to workmen from the 
Persepolis treasury were recorded in Elamite cuneiform and the 
personnel of the accounting department was largely Elamite. 
There is some evidence, however, that the orders were first. issued 
in Old Persian. 

Aramaic, with its alphabetic script which could be written 8s 


ink on papyrus, parchment or clay, was employed throughout th 
empire for imperial administration and also for diplomatic о t 
respondence. Royal pronouncements and decrees and оласе 
of the imperial chancellery were provided with an Aramaic trans. 
lation, as is shown by an Aramaic copy of the Bisitun inscription 
preserved among the papyri of the Jewish garrison at Elephantine 
In Egypt correspondence between Persian and Egyptian officials 
and even between Persians was conducted in Aramaic, and in 
Asia Minor coins minted by Persian satraps and generals usual 
bore an Aramaic legend. Aramaic characters were adapted for the 
writing of Iranian languages, the earliest-known example being 
an inscription in Persian on the tomb of Darius at Naksh-e Rostam 
dateable to the first half of the 3rd century B.C. 

Law.—No collections of Persian laws have survived and in. 
formation on the legal system is scant. The traditional, tribal 
law was unalterable, but the king could issue decrees, In matters 
of law and custom he was advised by the royal judges. They held 
their office, which was usually hereditary, for life and could be 
removed only for professional misconduct. Herodotus mentions 
the case of a judge who was executed by Cambyses II for accept- 
ing bribes and giving an unjust judgment. The punishment for 
treason was death, usually by beheading or crucifixion, but for 
other crimes the death penalty was not imposed for a first offense, 
It was customary to weigh the good deeds of an offender against 
his crime, as for example in the case of another corrupt judge who 
was reprieved by Darius because of his previous services to the 
crown. In the provinces the satrap was the chief judicial author- 
ity and there were Persian judges. Civil matters in the lower 
courts were usually decided by native officials in accordance with 
the native law. In Egypt Darius I caused the native law to be 
written down by the wise men, priests and scribes. There is evi 
dence, however, that the administration of justice was often cot 
rupt. 

Armed Forces,—All the peoples of the empire were liable for 
military service. The standing army was composed mainly of 
Persians and Medes. The core troops were the Immortals, 80 
called because their number was never allowed to fall below 10,000, 
a replacement being always available if a man fell sick or died. 
The first 1,000 formed the royal bodyguard, which was under the 
command of the chiliarch. In time of war contingents were drawn 
from the provinces, each being under the command of the satrap. 
There were permanent garrisons in the chief cities and bor И 
forts, many of the troops being mercenaries, as for example 0 
Jews at Elephantine. In the higher ranks the command was D 
dominantly Iranian, The army was organized in divisions it 
10,000, battalions of 1,000, companies of 100 and squads к 
It was divided into cavalry, infantry and archers. In all branch 
the usual arms were the bow, spear and dagger, but the equi 
ment could vary according to nationality. Although the "n 
and dagger might be used in a charge, the bow was the chief 
sian weapon. The aim was to overwhelm the enemy with 4 r 
of arrows and never to allow him to come to close quarte 
While the infantry knelt to shoot, the cavalry swarmed Т A 
the hostile squadrons, threw their lines into confusion and co 
pleted their discomfiture by a vigorous pursuit. Since 1 
essential for the archers to be mobile and their use of 
to be unhampered, armour and shields were light. 
was won by such tactics, but in the Greek wars, when E n 
generalship of a Miltiades or Pausanias had brought 4? 
hand-to-hand conflict, the Persians, despite their bravery, 
cumbed to the heavily armed hoplites. After the time of as 
therefore, the bow became a subordinate arm. The P ү, 
had plenty of good cavalry, since each landowner maintail a 
troop of mounted retainers. The foot soldiers, howe ir 
mainly undisciplined tribesmen or serfs, and in the latet Pol 
of the empire the king and satraps came increasingly to 
on Greek mercenaries for their trained infantry. ian, 

The naval forces were supplied by Phoenicians, BE в 
Cypriots and seafaring peoples of Asia Minor. The co gui 
of the fleet were, however, high-ranking Persians, ani dian 08 
against defection each trireme carried 30 Persian, Me 
Scythian marines. 


nomic Policy—The financial basis of the empire was the 
"ment of tax, in cash or kind, by all the subject peoples. Under 
fiscal system introduced by Darius I, each province was 
jii for a fixed annual amount, which was assessed according 
uis oductivity. The largest contributor was Babylonia, which, 
wording to Herodotus, provided 1,000 silver talents, 500 eunuchs 
vf four months’ supply of food for the army. Egypt, the gran- 
oj the empire, supplied 700 talents, 120,000 measures of 
and profits from the fisheries. From India was exacted 
dust to the value of 4,680 talents. Herodotus assessed the 
imul cash payments, including the Indian gold dust, at 14,560 
Tic talents. -Tax collection was the responsibility of the 
gimp, who, after deducting the cost of his administration, for- 
waded the balance to the king. Surplus revenues accumulated 
ıi reserve fund which was stored in the royal treasuries, mostly 
lion, the gold and silver being melted down and poured into 
‚ Estimates of the amount of treasure seized by Alex- 
ier the Great vary, but according to Quintus Curtius he found 
900 talents of uncoined silver at Susa, 120,000 talents at 
Jisepolis and 6,000 talents at Pasargadae. Taxes in kind, which 
JG horses and cattle, foodstuffs, clothing materials and all 
tis of manufactured goods, provided for the support of the 
imyand the households of the king and the satraps. 

Lis difficult to assess the burden of this taxation, It was 
ТОВУ not as onerous as is sometimes suggested, but corrup- 
LE fiscal administration was undoubtedly a major cause 

content, Against the taxation must be set the economic and 
Mal advantages conferred by peace, security and the develop- 


es эзет шка =‏ وم 


ZOROASTRIAN FIRE TEMPLE AT NAKSH-E ROSTAM 


ante among all parts of the empire. | a 
Mite the exact calculation of tax, Darius standardize 
Weights and measures. The gold coin of 129 gr. was 
as dareikos, a word derived by some authorities 
It Ng's name, by others from Old Persian darantya, 
m. Contained about as much gold as an English guinea 

E equivalent of 20 silver shekels. The coinage of gold 
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was the exclusive prerogative of the king, but silver and copper 
could be coined by the satraps, generals, dynasts and autonomous 
cities. In the commercial centres of the west, where various 
forms of metal currency, including coinage, had previously been 
in existence, this monetary reform was of great advantage to 
trade and banking, but it can have had little effect in the more 
backward parts of the empire where the method of exchange was 
still by barter. The introduction of a money economy to a com- 
munity which had hitherto known only payments in kind is 
strikingly illustrated by the wage lists from Persepolis. Payment 
based on coined money was introduced there by Darius about 
493. In the first part of Xerxes' reign two-thirds of the wages 
were paid in kind and the balance in cash. Later in the reign 
the payment in kind was reduced to a half and in one instance 
to a third of the total amount due. 

Imperial trade was further assisted by the improvement of 
land and sea communications. The great road system, while 
primarily developed for political and military reasons, also served 
the interests of commerce, as did the completion by Darius of 
the canal between the Nile and the Red sea and the exploration 
by Scylax of the sea route between India, Persia and Egypt. 

Persian Religion.—During the Achaemenid period the poly- 
theistic nature worship of the Aryan tribes was reformed by 
Zoroaster into an ethical dualism centred on Ahura Mazda (q.v.) 
as the only true god. The prophet preached the new faith 
in eastern Iran, probably in Chorasmia, in the 7th-6th century. 
How widely it was spread in its pure form is difficult to determine, 
but by the Sth century a religion had developed combining certain 
of Zoroaster’s tenets with the cult of the old Aryan gods. (See 
also ZOROASTRIANISM. ) 

The extent to which the Achaemenid kings were influenced by 
Zoroaster's teaching is the subject of keen controversy. In- 
scriptions of the early rulers throw no light on the exact nature 
of their religious beliefs. Those of Darius I and Xerxes give 
pre-eminence to Ahura Mazda; no other gods are named, though 
their existence is recognized. Darius constantly insists on the 
aid and protection accorded him by Ahura Mazda and also stresses 
the nefarious role of the lie, which, he says, caused the provinces 
to rebel against him. Since exclusive devotion to Ahura Mazda 
and the concept of the dualism of truth and falsehood are basic 
to Zoroaster’s religion, it is considered by many authorities that 
the beliefs of Darius were ultimately derived from those of 
Zoroaster, who, however, is never mentioned by the king. It 
has further been argued that Zoroastrian ideas were introduced 
into western Iran by Darius and that at first they were adopted 
only by the royal family and court circle. That the old nature 
worship continued among the common people is evident from the 
statement of Herodotus in the 5th century that the Persians sac- 
rificed to the sky, sun, moon, earth, water and winds. Under 
pressure from the old religion, Zoroastrianism eventually became 
fully polytheistic. Artaxerxes II and Artaxerxes III invoke not 
only Ahura Mazda but also Mithra, the ancient Aryan god of 
the contract, and Anahita, who appears in the Avesta as à goddess 
of water and later as a fertility deity. — f 

The gods might be represented by their particular symbols. 
So on Achaemenid reliefs Ahura Mazda is depicted rising from 
the winged disk, a symbol derived from Assyria though ulti- 
mately Egyptian in origin. The worship of divine images, how- 
ever, was first introduced by Artaxerxes II, who was presumably 
influenced by cult practices in the western part of the empire. 
Herodotus says that the Persians had neither temples nor altars, 
that they offered blood sacrifices but lit no fire and made no 
libations. Although there is no evidence for temples housing 
a divine statue, at any rate prior to Artaxerxes II, places of wor- 
ship certainly existed, for Darius states that he restored those 
destroyed by Gaumata. The towers at Pasargadae and Naksh-e 
Rostam are identified by some authorities as fire temples, while 
a terraced structure at Pasargadae and a building of unusual 

lan at Susa may also be shrines. Libations by a Magian priest 
Poet to be mentioned in an Elamite tablet from Persepolis. 
s refer to the offering of анта (hoama), an intoxi- 

E d for eastern Iran in the Avesta. A 
cating drink, well attested tor 
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fire altar is depicted on the royal tomb reliefs and also on a 
tomb at Qez Qapan in the district of the Shehrizor, for which a 
date of 600-550 is suggested. Actual examples of fire altars 
standing in the open occur at Pasargadae. The blood sacrifices 
to the gods are described in detail by Herodotus and Achaemenid 
kings are frequently mentioned by the Greeks as sacrificing 
horses and cattle and even on occasion human beings. 

Sacrifices could take place only in the presence of a Magus, a 
member of a separate clan or caste of the Medes. The Magi 
(q.v.) were distinguished by certain peculiar customs, notably 
exposure of the dead. During the sacrifices they chanted a 
hymn and held a bundle of reeds (the barsom). They wore felt 
caps and covered their mouths with a band (paitidana) so that 
their saliva might not defile the sacred fire which it was their 
duty to tend. In addition to officiating at sacrifices, they par- 
ticipated in the coronation ceremony, guarded the royal tombs, 
accompanied the army with the sacred fire, interpreted dreams 
and assisted in the education of the royal princes. They con- 
stituted the professional priesthood of western Iran, serving all 
cults, and it is to their influence that the fusion of Zoroastrian 
and pre-Zoroastrian doctrines must be attributed. 

The Achaemenids adopted a tolerant attitude toward the diver- 
sity of religions within the empire. In part this was a matter 
of policy, for by conciliating the native priesthoods they hoped 
to win influential support for their rule. This is well illustrated 
in Babylonia, where Cyrus II presented himself as the defender 
of the faith against the heretic Nabonidus and as the king chosen 
by the national god, Marduk. He not only permitted the priests 
to maintain existing rituals but himself participated in them and 
also restored the temples. A similar policy was followed by 
Cambyses and Darius in Egypt, although the former suppressed 
certain abuses in the temples and thereby earned the enmity of 
the priests. Cyrus permitted the exiled Jews to return to 
Jerusalem and rebuild the Temple, a decision which was con- 
firmed by Darius, and Artaxerxes I afforded protection to Ezra 
and Nehemiah. With all the Greek oracles, even those in Greece, 
the Persians maintained excellent relations. In Babylonia, how- 
ever, national revolts caused Xerxes to abandon a conciliatory 
policy. To prevent any future pretender from legitimizing his 
rule he destroyed the statue and temple of Marduk, 

Sources for the Period.—For the inscriptions of the Achae- 
menid kings see R. G. Kent, Old Persian: Grammar, Texts, Lexi- 
con (1950). Important details on the rise of Cyrus to power 
and his capture of Babylon are contained in the Persian verse 
account of Nabonidus and the Nabonidus chronicle (see S. Smith, 
Historical Texts Relating to the Capture and Downfall of Baby- 
lon, pp. 27 #.; 1924). In the Old "Testament, only the con- 
temporary books of Ezra and Nehemiah are of importance, but 
there are a few statements in the later Esther romance. In- 
formation on the struggle of Egypt for independence in the 4th 
century is given in the Demotic Chronicle (see W. Spiegelberg, 
Die Sogenannte Demotische Chronik, 1914). The tablets from 
the Persepolis treasury and fortifications provide important in- 
formation on religion and economic affairs in the time of Darius 
and Xerxes (see G. G. Cameron, Persepolis Treasury Tablets, 
1948). Large numbers of business contracts from Babylonia 
throw light on economic and social conditions in that country. 
In Egypt Aramaic documents of the 5th century give informa- 
tion on administration and judicial procedure (see Aramaic 
Papyri of the Fifth Century B.C., edited by A. Cowley, 1923; and 
Aramaic Documents of the Fifth Century B.C., edited by G. R. 
Driver, 1957), 

Among Greek sources, the most ancient work preserved is that 
of Herodotus, which is very valuable for the period up to 479, 
His material was drawn partly from sound tradition, partly orig- 
inal knowledge, as in the account of the satrapies, the Royal 
road and the army of Xerxes, but there is also much that is 
fabulous. The physician Ctesias of Cnidus, who for 17 years 
(414-398) was in the service of Artaxerxes II, composed a great 
work on Persian history, known from an extract in Photius and 
numerous fragments. Ctesias possessed a more precise ac- 
quaintance with Persian views and institutions than Herodotus 
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did, and where he deals with matters that come und 
cognizance he gives much useful information. For the ey 
period, however, he proves how rapidly the tradition had d. 
generated since Herodotus, and his narrative must be Used with 
caution. Also of value is the work of Dinon of Colophon (ç 
340), known from fragments, and a few statements бод 
Heraclides of Cyme, which afford evidence on Persian insti 
tions. To these must be added the testimony of the other Greek 
historians (e.g., Thucydides, Ephorus, Theopompus, with the his. 
tories of Alexander) and, before all, that of Xenophon in the 
Anabasis and Hellenica. The Cyropaedia is a didactic romance 
written with a view to Greek institutions and rarely preserving 
genuine information on the Persian empire. (J. M. MR) 
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HI. HELLENISTIC PERIOD 

Alexander's conquest of the whole of the Achaemenid empire 
cannot be related in detail here. (See ALEXANDER III the Great) 
The essential fact, however, is that after the victory of Gauge 
mela and still more completely after the assassination of Dariu- 
avenged, according to the Persian laws, on the perpetrators 
Alexander regarded himself as the legitimate head of the Persian 
empire and therefore adopted the dress and ceremonial of the 
Persian kings. With the capture of the capitals the Persian wir 
was complete: a truth symbolically expressed in the burning ûf 
the palace at Persepolis. 

Then began the world conquest—not in the sense of the “world 
kingdom" concept that subsequent to Alexander grew to compre 
hend specifically a plan to conquer the Mediterranean shores to 
the Strait of Gibraltar (the Alexander Romance had the greit 
Macedonian actually accomplishing this feat) but in the mor 
general and accepted sense of the vast Persian empire, whose ruler 
had become the nearest approach of the orient to its ancient idal 
of universal king and whose domain Alexander probably expected 
to secure and extend. The basis of this new world order was t0 
be the union of Macedonia and Persia, which Alexander beg? 
even while campaigning in the east and carried forward upon his 
return from India. It was in support of this program that the 
ceremonial of the Persian court, including proskynesis (prostri: 
tion), was adopted by Alexander. This development was adl 
accepted by the Persians but not by the Macedonians, who, V! 
few exceptions, acquiesced in it only with great reluctance, | 
union of the two nations was consummated by a great n 
feast at Susa, at which all Alexander's officers, with about 10 
Macedonians, were married to Persian wives (324 BC). , 
Macedonian veterans were released and the army reor is 
with Persians serving on an equal footing. At this critical jum 
ture Alexander died in Babylon, in June 323 B.C. his 

The Diadochi—Alexander left no heir. Consequently 
death not only ended the scheme of universal conquest but ry 
an immediate Macedonian reaction. The Macedonian н! 1 
which was considered as representative of the Macedonian peor! 
took over the government under the direction of its generi, i 
policy of partnership between Macedonians and Persians I! 
by Alexander was entirely abandoned; the Persian "n 
practically all discarded and the Persian satraps removed, ái T 
from all important provinces. But the attempt to maine 
empire in its unity proved impracticable, and almost imme фу the 
there began the embittered war, waged for several decades PY, 
“successors” (Diadochi) for the inheritance of the gr^? 
(See HELLENISTIC Ace.) cil 

It was soon obvious that the eastern rulers, at all eie d 
not dispense with the native element. Peucestas, the pope 
Persis, there played the role of Alexander and won the ي‎ 
completely to his side, for which he was dismissed by i by 
Monophthalmus in 316. A similar position was attained ^^y 
leucus—the only one of the Diadochi who had not d su 
Persian wife, Apama—in Babylonia, which he governed e who 
to 316 and regained in the autumn of 312. While Аан ig 
since 316 had striven to win the kingdom of Alexander gelewt® 
self, was detained by the war with his rivals in the we of 1 
with Babylon as his headquarters, conquered the whole outs! 
as far as the Indus. In northern Media alone, which by 


ne of operations and had been only partially subject 
Achaemenids, the Persian satrap Atropates, appointed 
nder, maintained his independence and bequeathed his 
to his successors. His name is borne by northern Media 
day (Atropatene, modern Azerbaijan). So, too, in 
е Persian. dynasty of the Hydarnids held its ground. 
‘must be added, in the east of Asia Minor, the kingdoms 
d Cappadocia, founded about the end of the 4th cen- 
‚ by the Persians Mithradates and Ariarathes. These 
fragments of the Achaemenid empire which had safely 
themselves to the Hellenistic state system. 
ids.—The annexation of Iran by Seleucus I Nicator 
ar for the, countries on the Indian frontier, Seleucus’ 
being Sandrocottus or Chandragupta (q.v.) Maurya, the 
‘of the great Indian Maurya empire with its capital at 
utra (Gr. Palibothra, modern Patna). The result was that 
‘abandoned to the Indian king not merely the Indian 
nquered by Alexander but even the frontier districts 
the Indus. As compensation for this cession of imperial 
he received 500 elephants, with other presents (c. 303 
5 next expedition was to the west to assist Lysimachus, 
and Cassander in the overthrow of Antigonus (qq.v.). 
"battle of Ipsus (g.v.), in 301, gave Seleucus Syria and 
Mesopotamia, and from that time he made the Syrian 
ntioch on the Orontes river his residence. Shortly after- 
handed over the provinces east of the Euphrates to his son 
TSoter, who in the following years exercised in the east 
getic and beneficial activity, which continued the work 
ther and gave the new empire and the oriental Hellenistic 
their form. In his campaigns Alexander had founded 
lies in Bactria, Sogdiana and India in which he settled 
s, and before his death he had begun or planned the 
of Greek cities in Media and other parts of Iran. 
were now executed by the Seleucid kings on the largest 


the new cities were probably military colonies in the 
lace and only later evolved to the class of city. They 
Strategic needs, serving as a screen against unruly hill 
thin the frontiers of the empire (e.g. in Media) or against 
enemies. Some, however, were from their foundation 
overning Greek cities of the normal type. Of this class 
mentioned Antioch in Persis, founded by settlers from 
| Asia Minor; Alexandria (also known as Charax) at 
f the Tigris; Seleucia (g.v.) on the Tigris; and Seleucia 
оп the Eulaeus (Karun) river. 
many of the inhabitants were Asians or people of mixed 
lew colonies preserved their distinctive character as 
reek life and influence. The Seleucids counted upon 
distributed settlements for active support in main- 
r authority in the various regions of their empire. 
асіна, where after about 250 B.C. they supported their 
, the Greek settlers did in fact usually identify their 
th those of the Seleucid kings and proved their loyalty. 
Or this loyalty they were apparently allowed much 
in their internal affairs. The degree of control exercised 
the provincial governors, either satraps or strategi 
» and the variation in this control between one place 
cannot in the absence of sufficient evidence be deter- 
New foundations, as had no doubt been envisaged by 
*I5, greatly aided the growth of commerce throughout 
with foreign countries. 8 
fter his conquest of Babylonia, Seleucus Nicator had 
New capital, Seleucia on the Tigris, his intention being 
lace the ancient Babylon from its former cent 
d to replace it by a Greek city. This was followed by 
Other foundations in Mesopotamia, Babylonia and 
Elymais). “Media,” says Polybius (x, 27), “was 
а sequence of Greek towns, designed as a barrier 
barbarians.” Among those mentioned are Europus 
gae) near modern Teheran, Laodicea (? modern 
‚ Apamea and Heraclea. To these must be added 
Parthia and, farther to the east, Alexandria (Herat) 
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in Aria, Antioch (later Merv) in Margiana (on the site of a de- 
stroyed Alexandria) and many others; farther still, Alexandropolis 
or Alexandria (usually identified with Kandahar) in Arachosia, 
Alexandria Prophthasia in Drangiana, and the towns founded by 
Alexander in Bactria, Sogdiana and the mountain country of the 
Hindu Kush (see Avexanprta [cities]). 

Thus an active Hellenic life soon arose in the east; Greek set- 
tlers must have come in numbers and founded new cities which 
afterward formed the basis of the Greco-Bactrian kingdom. Jour- 
neys of exploration, which were aimed at seeking out and develop- 
ing new routes for commerce, were undertaken by Seleucid gen- 
erals in central Asia beyond the Jaxartes (Syr-Darya) river, the 
northeastern frontier of the empire, and around the shores of the 
Caspian sea. 

While Hellenism was thus gaining some footing throughout the 
east, the native population remained absolutely passive. Apart 
from the rude mountain tribes, no national resistance was dreamed 
of fora long time. The Iranians quietly accepted the foreign 
yoke, and the higher classes adopted the external forms of the 
alien civilization even though they actually retained their own 
characteristics. Eratosthenes, for instance, spoke in high terms 
of the Iranians, ranking them (as well as the Indians, Romans 
and Carthaginians) on a level with the Greeks in their capacity 
for adopting city civilization. The later Parsee tradition contends 
that Alexander burned the sacred books of Zoroaster, the Avesta, 
and that only a few fragments were saved and afterward recon- 
structed by the Arsacids and Sassanids. This however is abso- 
lutely unhistorical. The Persian religion was never attacked by 
the Macedonians and Greeks, Under their dominion, on the con- 
trary, it expanded with great vigour, not only in the west (Ar- 
menia, north Syria and Asia Minor, where it was the official 
religion of the kings of Pontus and Cappadocia) but also in the 
east, in the countries of the Indian frontier. That the pre- 
Zoroastrian gods—Mithra, Anahita (Gr, Anaitis), etc.—had come 
to the forefront has been mentioned above. This movement, 
however, was void of all national character and ran on precisely 
the same lines as the movement in the Syrian, Jewish and Egyp- 
tian cults. Only in Persis itself did the national character of the 
religion survive side by side with the memory of the old Persian 
empire; there a local Persian dynasty continued to rule in the 
centre of the province at Istakhr (see PERSIS). 

Decline of the Seleucids.—The gigantic empire conquered by 
Seleucus I, stretching from the Aegean sea to India, was not easy 
to control, and everywhere it offered points of attack to external 
enemies. The wars which the Seleucid kings of the 3rd century 
в.с. had to fight with their Ptolemaic rivals in Egypt and with 
lesser states such as Galatia and Pergamum inevitably had reper- 
cussions in the eastern regions of their empire, the more so since 
the vast empire with its many races held together only in a loose 
administrative framework was always threatening to break apart. 
The borders of Iran were severely affected. In Parthia two broth- 
ers, Arsaces and Tiridates, revolted against their Seleucid satrap 
and founded an independent kingdom and the Parthian era, be- 
beginning in 247 B.C. Tn vain did Seleucus II toward the end of his 
reign (228 B.C.) attempt to suppress the new state. The Bactrian 
Greeks had established an independent state at about the same 
time. 

At the accession of Antiochus III (223 BC) the greater part 
of Iran was, however precariously, still in Seleucid hands. In 220 
Antiochus suppressed an insurrection of the satraps of Media and 
Persis. Ten years later he led a great expedition into the eastern 
provinces with the purpose of restoring the imperial authority in 
its full extent. Media was reduced to order (2 10), and successful 
campaigns were waged against the Parthians (209) and against 
Euthydemus, king of Bactria (208-206). In spite of his successes 
‘Antiochus concluded peace with both kingdoms, rightly consider- 
ing that it would be impossible to retain these remote frontier 
provinces permanently. He next made a pact of friendship with 
the Indian king Sophagasenus (Subhagasena; 206), then returned 
by way of the southern provinces—Arachosia, Drangiana, Car- 
mania and Persis—to Babylonia, which he reached in 205 or 204. 
This great expedition had fully re-established the Seleucid do- 
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minion in Iran and its border lands. But Antiochus’ defeat by 
the Romans іп 190/189 B.C., with the resultant loss of territory 
in Asia Minor and the heavy war indemnity imposed, enfeebled 
the rest of his empire. In order to raise money he plundered a 
wealthy temple of Bel in Elymais but was killed by the inhabitants 
(187). His presence in Elymais suggests that he had decided to 
undertake new measures to strengthen his hold on the eastern 
provinces. 

The governors of Armenia now asserted their independence. 
Artaxias founded the kingdom of Greater Armenia and Zariadres 
the kingdom of Sophene on the Euphrates and the source of 
the Tigris. In other districts rebellions also occurred; and in 
the east the Bactrian kings, Euthydemus and his successors, 
began to conquer the eastern Iranian provinces (Arachosia, Aria, 
etc.) which were still nominally Seleucid. (See Bacrria; DEME- 
TRIUS [king of Bactria]; EucRATIDES; EUTHYDEMUS.) 

Antiochus IV Epiphanes (175-163 в.с.) restored once more (at 
least in part) the eastern dominion. He defeated Artaxias of 
Armenia, restored several towns in Babylonia and subdued the 
Elymaeans. Persis, also, and Media were still subject to him. He 
tried to strengthen Hellenism throughout his empire by settling 
Greek colonists and mercenaries in the native towns and granting 
them the status of Greek cities. But his premature death at 
Gabae (Isfahan) in Persis prevented his achieving his next aim: 
the conquest of Parthia and the reincorporation within the Se- 
leucid empire of the independent Bactrian state in east Iran. In 
161/160 Demetrius I Soter (162-150 в.с.) suppressed the revolt 
in Media and Babylonia of Timarchus, the governor of the upper 
satrapies. During his reign the Seleucid empire still embraced 
those provinces and perhaps also Persis. See also ANTIOCHUS; 
SELEucID Dynasty. (R. H. Sr.) 


IV. PARTHIAN EMPIRE, 2ND CENTURY B.C.- 
3RD CENTURY A.D, 


Arsacids.—Meanwhile, in the east, the Parthian Arsacids had 
begun their expansion (see Arsaces). Phraates I (@.®.; c. 176- 
171 в.с.) subdued the Mardians in the Elburz mountains. His 
brother Mithradates І (g.v., c. 171-c. 138 в.с.) had to sustain a 
difficult war with Eucratides of Bactria, but eventually succeeded 
in wresting from him the districts of Tapuria and Traxiana which 
lay in the vicinity of Tus and Meshed. However the tradition 
that Mithradates advanced eastward beyond the Indus depends 


TABLE I.—Arsacid (Parthian) Kings 


Name Reign years Name Reign years 
Arsaces . . , [6.250/247 B.c.-?|| Orodes III. — ".— . | лр. 4c. 6/7 
Tiridates I 211 Vonones Т. . . [7/812 
Artabanus I , Artabanus III. 12-c. 38 
Priapatius à Tiridates III с. 36 
PhraatsI . . |e 176-171 Cimamus , . c. 37 
Mithradates I , . | c. 171-138/137 | Gotarzes IT , . | 39 or 44-51 
Phraates IL 38-128 Vardanes . . . | с. 39-47/48 
Artabanus II . 51 


8-124/123 || Vonones II € 
.87 51/52-79/80 


Mithradates IL 123-c Vologaeses I 
Gotarzs] . . 91-81/80 Pacorus ИП. . 78-115/116? 
Ordel. . . 80-17/76 Artabanus IV . , | 80-81 
Sanatruces , — . | 77/76-70 or 69 | Osroes . , . | € 109/110-128/129 
Phraates ШІ. . | 70 or 69-58/57 | Parthamaspates LAITY 
Mithradates III , 56-55 Vologaeses Il . , | 105/106?-147 
Orodes II >“ Se S7-37 Mithradates IV ‚ | 128/1297-1472? 
Pacorus I, . . | d. 38 Vologaeses III . — . | 148-192 
Phraates ТҮ . . | c. 38-с, 32 Vologaeses IV . , | 191-208/209 
Tiridates II. — . | c. 30-25 Vologaeses V. , | 208/209-228/229 
Phraataces Artabanus V . , | 212/213-224 
(Phraates V) , | 2 в.с.-л.р. 4 Artavasdes Eee E 


only on a doubtful interpretation’of a passage in Orosius. In the 
west he conquered Media and invaded Babylonia. Though in 140 
the Seleucid king Demetrius II Nicator took the field in order to 
save the east, the latter was defeated and captured. Mithradates 
next reduced the province of Elymais, according to Strabo and 
Justin, sacking an important temple of Artemis in the mountains, 
and capturing the Greek city of Seleucia on the Hedyphon (Sur- 
raq, near Behbehan in southwest Iran). His son Phraates II (c. 
138-128) was attacked in 130 by Antiochus VII Sidetes, brother 
of Demetrius II, whom Phraates promptly released. Antiochus 
advanced and once more recovered Babylonia, but was defeated 
during 129 in Media, and fell in a desperate struggle. With this 
battle Seleucid dominion over the countries east of the Euphrates 
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was finally lost. The Babylonian towns, especially Seleuci; w 
handed over by Phraates to the Hyrcanian Himerus, who punished 
them severely for their resistance. 

During these wars great changes had taken place in eastern Tran, 
Powerful nomadic tribes, the Sacae and the Tochari (or Тик. 
jans, called Yue-chi [Yiieh-chih; g.v.] by Chinese writers), forced 
their way into Sogdiana, and about 130 overran Bactria, From 
Bactria they began to advance farther into Iran and India, 
Phraates II marched to encounter them. He pressed into Service 
Greek prisoners from the army of Antiochus, but these deseri 
him in the battle. Phraates was defeated and slain, while his 
country was extensively ravaged. His successor was Artabanus I 
(also numbered І; c. 128-124/123), the uncle of Phraates, who 
likewise fell in battle against the Tochari; but his son Mithradates 
IH, called the Great (c. 123-c. 87), apparently defeating the 
Scythians, restored for a while the power of the Arsacids. He als 
defeated Artavasdes, king of Greater Armenia, whose son Tigranes 
(q.v.) became a hostage in Parthian hands, and was redeemed, a 
Strabo related, only for the cession of 70 valleys. Tigranes sub 
sequently attempted to seize Cappadocia, and the Roman praetor 
L. Cornelius Sulla advanced against him. In 92 в.с. Mithradates, 
whose forces were also advancing into north Syria against the 
declining Seleucids, concluded the first treaty between Parthia 
and Rome, 

Meanwhile a prominent Parthian, Gotarzes, named as satrap of 
satraps in the Greek inscription at Bisitun, was establishing him- 
self as an independent monarch in Babylonia. Mithradates still 
controlled Iran and northern Mesopotamia until his death (not 
before 87 в.с.), after which, profiting from the division of the 
Parthian kingdom, Tigranes of Armenia extended his power and 
assumed the dignity of “great king." Soon, however, a son of 
Mithradates II, Orodes I, had risen in Iran to assert his hereditary 
right against Gotarzes. Cuneiform tablets show that by 80 80 
Orodes had replaced Gotarzes in Babylonia. His reign was brief, 
It was followed by the period of the famous “campaign coins 
which, exceptionally, bear mint names Rhagae (Ray), Trax, 
Margiana, Aria and an inscription in Greek meaning “оп an expedi- 
tion,” They seem to attest a reconquest of territory from Orodes, 
though whether by a Gotarzes returned to power ог by an “ui 
known king” is still disputed. This period of confusion came to 
an end when in 77 в.с. the octogenarian king Sanatruces was % 
on the Parthian throne by the central Asian tribe of the Siti 
raucae, Yet it was not until Sanatruces’ successor, Phraates T 
(с. 70-с. 57), that the kingdom was once again in a completely 
settled state. 


its territories, it was an early example of a feudal type 
zation, in which the greater part of the empire was £0 to he 
behalf of the “king of kings” by vassal princes belonging king 
reditary local dynasties. Thus the direct possessions p e mr 
— provinces governed by their satraps—consisted ofa m Baby” 
row strip of land, stretching from the Euphrates and nort sia (й 
lonia through southern Media and Parthia as far as Arach® 

Southeastern Afghanistan). In addition to the vassal stale id 
were also a number of Greek cities of Seleucid foundation wince’ 
retained some degree of local autonomy within the royal Prish 
and the states of the vassal kings. Nicephorium, Ang 
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Artemita and Chala are all mentioned as Greek cities in 
ia, but by far the most important of the autonomous 
Seleucia on the Tigris. The documents of the royal ad- 
ion were often dated according to the Arsacid era, which 
ed in 247 в.с. In contrast the Greek cities continued to 
he Seleucid era, which in the Babylonian reckoning com- 
311 в.с. (used for instance on the Parthian tetradrachma 
minted at Seleucia), or with a double dating referring 


aphy of the Parthian Empire.—The main axis of the 
y along the principal trade route running from west to 
jn the ist century B.C. there was a shift in the centre 
of the Parthian kingdom from the northeast to the 
Mesopotamia. This was no doubt the result of pressure 
rom the nomadic central Asian tribes. Thereafter the 
the empire was generally at Ctesiphon (q.v.), the Par- 
urb opposite Seleucia on the east bank of the Tigris, the 
a twin city. It is noteworthy that the mint for the 
yal tetradrachma coinage seems always to have re- 
it Seleucia. 

west, on the Euphrates, excavations at the Parthian fron- 
of Doura-Europus (g.v.) have revealed many notable 
etween Doura and the Tigris lay Hatra (Arabic Al Hadr), 
fortress held by Arab allies of Parthia, and also the 
portant excavations by the Iraq government. Eastward 
pital lay Artemita, and farther along the eastward route 
var, a town which still exists and was in Parthian times 
fa temple of Artemis (Anahita) of which traces survive. 
л) seems to have retained its importance un- 

ans. 

tant centre farther east was Rhagae (Ray), of which 
€ situated a few miles southeast of the modern capital 
‘Teheran. Eastward again from Rhagae were the dis- 
arene and Comisene. In the latter district Polybius 
important city and early Parthian capital at Heca- 
Ought to be in the neighbourhood of modern Damghan, 
IP site has not been identified on the ground. Near 
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Hecatompylos was a mighty castle, Tagae, sometimes identified 
with the medieval stronghold of Girdkuh, rather than the site 
northeast of Damghan known as Taq. 

Not far from this point the main route crossed to the north of 
the Elburz range into Hyrcania (Gorgan province). Here the pro- 
vincial capital was Zadracarta; this site may be marked by the 
findspot of the Hellenistic inscription near Asterabad (Gorgan). 
In the same province are mentioned the towns of Tambrax and 
Syrinx, of uncertain location. 

The next district was Astavene (Ustawa), with its chief city 
Asaak (apparently in the vicinity of modern Quchan) where 
Arsaces, the first Parthian king, was proclaimed. "There a per- 
petual fire was reverenced. Farther to the northeast was the dis- 
trict of Parthyene, with its capital city Mithradatkert (Nisa), 
near to the modern Ashkhabad, the scene of important Soviet 
excavations. Then followed Apavarcticene (Abivard) and Mar- 
giana (the district of Merv). 

Southward of Merv, following the Royal road, lay the province 
of Aria (Herat), with its two cities of Artacavana and Alexandria 
of the Arians. Beyond these to the southwest came the territory 
of Anauon, in which lay the cities of Farah, Bust and Neh, all of 
which still retain their names in virtually the same forms as in 
Parthian times. There followed the districts of Drangiana, Saka- 
stan (Sanskrit Sakasthana, known also as Paraetacena) and Ara- 
chosia, the latter comprising the modern province of Kandahar. 
These eastern provinces were only for limited periods subject to 
the central government of the Parthian king. During the Ist 
century A.D. they appear to have formed part of the independent 
Indo-Parthian kingdom, with its best-known centre at Taxila in 
West Pakistan. 

Vassal States.—The royal provinces were surrounded to the 
south by a ring of minor states, which as a rule were dependent 
on the Arsacids, though occasionally transferring their allegiance 
on the rise of a new power, such as that of Tigranes of Armenia, 
or a Roman invasion. Of the vassal kingdoms, only Characene, 
Elymais and Persis together with some of the city-states, such as 
Hatra and Seleucia, were permitted to issue coinage while under 
Parthian control. The most im- 
portant of the Parthian vassal 
states were the following: 

l. The kingdom of Osroene 
(q.v.) in the northwest of Meso- 
potamia, with Edessa as capital. 

2. The desert of Mesopotamia, 
which came to be known in 
Parthian as Arabistan, after its 
population of Arab tribes under 
the rule of chiefs. One of these, 
Alchaudonius, became prominent 
in the period of Tigranes and 
Crassus. According to Plutarch 
and Pliny the former encouraged 
the Arabs to settle in Mesopo- 
tamia. In the 2nd and 3rd cen- 
turies д.р. the Arab city of Hatra 
in this region became an impor- 
tant Parthian frontier fortress, 
governed by its own dynasty, of 
Aramaic origin. 

3 and 4. To the east of the 
Tigris two kingdoms, Gordyene 
(Cordyene), the country of the 
Carduchians, a mountainous dis- 
trict south of Armenia; and 
Adiabene (Hadyab), the ancient 
Assyria, with its metropolis at 
Arbela (Irbil; g.v.), situated on 
either side of the Zab river. 

5. On the farther side of 
the Zagros mountains, adjoining 
Adiabene to the east, the kingdom 
of Atropatene in north Media, 
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the name of which is preserved in the modern Azerbaijan. By 
the ancient writers this kingdom was often referred to simply as 
Media (q.v.). 

While the power of Armenia was at its height under Tigranes in 
the 1st century B.c., all these states acknowledged his rule. After 
the victories of Pompey, however, the Romans claimed the suze- 
rainty, and during the expeditions of Crassus and Mark Antony 
they oscillated between Rome and Parthia, though their inclina- 
tion was generally to the latter. 

6. In the south of Babylonia, in the district of Mesene (Per- 
sian Meshan), on the fall of Antiochus VII Sidetes in 129 B.c. a 
local prince, Hyspaosines or Spasines, son of Sagdodonacus, 
founded a kingdom which survived until the rise of the Sasanian 
empire. In a cuneiform inscription of 127, on a clay tablet dated 
after that year, he is called Aspasine. A town originally founded 
by Alexander near the junction of the Eulaeus (Karun) with the 
Tigris was refortified with dikes by Spasines and became known 
as Spasinu Charax (“the fort of Spasines"), or, in Pliny, simply 
Charax. In the following centuries it was the main mercantile 
centre on the Tigris estuary, but the site has not been precisely 
located in modern times. 

This kingdom of Mesené, also called Characene, is known from 
occasional references in various authors, especially Lucian. The 
chief source of information, however, is to be found in the nu- 
merous coins of the dynasty, to which a large find of coins from 
Basra brought important accessions. The coins are dated accord- 
ing to the Seleucid era and make it possible to compile the follow- 
ing fairly complete list of the local kings: 

Hyspaosines (127-c. 121 в.с.) Abinerglus (с. A.D. 10-с. 13) 

Apodacus (c. 109-c. 105) Adinerglus (c. 22) 

Tiraeus I (c. 90-c. 89) Attambelus III (c. 38—c. 44) 

Tiraeus II (c. 78-c. 48) Thionesius II (c. 46) 

Artabazus (48-47) Thionesius III (c. 52) 

Attambelus I (c. 46—c. 28) Attambelus IV (c. 54-64) 

Thionesius I (c. 20) Attambelus V (c. 73) 

Attambelus II (c. 17 B.c.—c. A.D. 8) Attambelus VI (c. 104-с, 105) 

Thionesius IV (c. 111-c. 112) 


7. East of the Tigris lay the kingdom of Elymais (Elam), to 
which belonged Susa and its modern representative Ahvaz, farther 
down on the Karun. The heart of the kingdom lay not at Susa, 
however, which seems to have fallen into Parthian hands and to 
have been administered by a Parthian satrap, but close under the 
mountains of Luristan near Behbehan and Izeh (formerly called 
Malamir), where the local dynasty has left rock reliefs and in- 
scriptions in a form of Aramaic. The monuments of Tang-e 
Sarvak, north of Behbehan, which relate to a King Orodes of this 
dynasty, were studied in detail by W. B. Henning. The dynasty 
seems to have been founded by a ruler named Kamnaskires, known 
from coins dated 81 m.c. The coinage of another Orodes, who 
reigned shortly after A.D. 59, displays Aramaic script. The king- 
dom, though seldom mentioned, survived until its extinction by 
Ardashir I. 

8. In the district of Persis (g.v.), the local dynasts became in- 
dependent in the time of Antiochus IV, and on their coins appear 
as zealous adherents of Zoroastrianism and the fire cult. These 
coins bear inscriptions in the Persian language but written ide- 
ographically with Aramaic characters. They were forced, however, 
to acknowledge the suzerainty of Parthia, to which they stood in 
the same position as the Persians under the forefathers of Cyrus 
had stood to the Medes. Later, before the foundation of the 
Sassanid power, Persis disintegrated into a number of small local 
states, Even in Carmania (Kerman) there were independent 
kings. 

9. The east of Iran was never subject to the Arsacids. In 
Arachosia and the Punjab, however, there appears in the 1st cen- 
tury A.D. an independent dynasty with Iranian and indeed pecul- 
iarly Parthian names, This was the Indo-Parthian dynasty. Its 
best-known representative, Gondophares (qg.v.), reigned over 
Arachosia and the Indus district from c. A.D. 19 to 45. According 
to a legend which may contain a substantial core of historical 
truth, it was under Gondophares that the apostle Thomas visited 
northern India to preach there. A vivid picture of life in Taxila 
under the Indo-Parthians is also given by Philostratus in his Life 
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of Apollonius of Tyana, which describes in somewhat legen 
terms a visit to that city of the sage Apollonius, Apolloni 
reached Таха after visiting the Parthian capital in the third yop 
of Vardanes I (a.D. 42/43), and having resided there for at lea 
one year and four months; other indications suggest that Ара. 
lonius was in Taxila in A.D. 49. There is a description of the Tidi 
Parthian “satrap of the Indus,” presumably one of the satraps of 
Chukhsha known from inscriptions, who was corresponding cor. 
dially with the Parthian king in the tone not of a vassal but ofthe 
representative of a fully independent power, an impression that js 
likely to be historical. It was the Kushan invasion of the Indo. 
Parthian empire in the second half of the 1st century Ab. which 
brought about its downfall. This event may have occurred around 
A.D. 78, and approximately contemporary is the reference in the 
anonymous Periplus of the Erythraean Sea to Parthian princes a 
Minnagar in the Indus delta (an unlocated site) “continually ex 
pelling one another.” 

Remains of the Parthian Language.—Knowledge of the 
history and culture of the Parthian empire is largely based on de- 
scriptions given by Greek and Latin authors. Research in the 
20th century, however, has made available an increasing body of 
material relating to the language employed by the Parthians them. 
selyes. The speech of the nomadic founders of the Parthian state, 
the Parni and Dahae, was described by Justin as “halfway between 
Scythian and Median, and a mixture of both.” They seem, how 
ever, to have adopted the speech of the original Iranian inhabit- 
ants of Parthia (Parthava), and the language subsequently at- 
tested as Parthian is a standard north Iranian dialect. Until the 
middle of the Ist century B.C, it retained unvoiced consonants be 
tween vowels, together with the other characteristics of an Old 
Tranian dialect. Later came the transition into the Middle Iranian 
phase. To this Middle Iranian dialect, however, a peculiar writing 
system was applied, that which in later times was called Pahlavi, 
meaning “Parthian.” In modern usage, however, the term Pahlavi 
is specifically applied to the form of writing used by the Sasanians 
(see PAHLAVI LANGUAGE), the term Parthian being reserved for 
the earlier form. The script was a derivative of Achaemenid 
chancery Aramaic, and in the writing of many common Tranian 
words the Aramaic equivalent was written to represent the той 
but with the addition of the terminations proper not to the Аташ! 
but to the Iranian dialect itself. The resulting hybrid forms wert 
simply pronounced as Iranian. With the passage of time the pro 
portion of Aramaic ideograms diminished and that of Паш 
phonetic spellings increased, this process evidencing the grad 
falling out of use of the Aramaic language in Iran. ` 

Among the earliest monuments of this ideographically written 
Parthian language are the ostraca discovered in Soviet excavation 
at Nisa, а site named Mithradatkert after its Parthian fount 
in ancient times. It is situated not far from Ashkhabad in 
Turkmen S.S.R. Also in ideographically written Parthian is 0 
of the three parchments found at Avroman (Owraman) in ЫТ 
stan and dated to A.D. 53, the other two being in Greek an dat н 
from the 1st century в.с. Apart from these the extant texts 7 
ideographic Parthian are limited to а small number of minor? 
scriptions and to the Parthian texts of the bilingual and trilin 
Sasanian inscriptions, discussed below. in Pat 

There exist, however, a considerable number of texts in ih 
(Шап dialect, written phonetically in a form of the Syriac b ! 
among the Manichaean documents recovered by expeditions 
central Asia. The work of piecing together these frag 
manuscripts was carried on over many years by F. dr From 
Müller, C. Salemann, W. B. Henning, M. Boyce and others. ght 
this material a considerable body of linguistic evidence was kr 
together, which greatly extended knowledge of the spoke? rs. 
of Parthian and contributed to the interpretation of the more 
cult texts in ideographic writing. nma 

Besides these written texts, there is substantial evidence е. 
existence among the Parthians of an extensive literature di and 
Poetry, recited by minstrels, notably at the courts of pe 0 
nobles. This poetry, mainly devoted to heroic subjects, 50 jy 
have been composed, unlike the later Islamic Persian Y? py 
stressed rather than syllabic metre and without the use of ” 
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B OF THE TRUSTEES OF THE BRITISH MUSEUM 

Йй арк. (ТОР) SIGLOS OF DARIUS; (SECOND) TETRADRACHMA OF 

ШИТ PTISSAPHERNES; (THIRD) TETRADRACHMA OF MITHRADATES П OF 
i (BOTTOM) DRACHMA OF SHAPUR 1 [ENLARGED] 


М ШЫ innovation. It is reflected, though in reworked form, 
the moe poem Vis u Ramin, and in the episode of Godarz in 
Weran а of Firdausi; also more directly in the Yadgar i 
уге Middle Persian poem in the Pahlavi script. Though 
Poetry mi Of great richness and extent, this Parthian minstrel 
ot y set down in the cumbrous ideographic script and 
Шыгы оз entirely perished. 4 

lines e епз in the Parthian Empire.—Three na- 
Af the Wirt of widely differing kinds contributed to the origin 
ШҮ ian empire. On the one hand the state sprang from а 
ijj ;, 4 Omad tribe, the Scythian Dahae, which had established 
Mere fu urasan, on the borders of civilization, and gradually 
Mis nej Ted districts as the political situation or the weakness 
Min villa ours allowed. Consequently these nomads were the 
Me ret m of the empire, and from them appear to have derived 
роу рне, with their huge estates and hosts of serfs, who 
- 5 and m € imperial council, led the armies, governed the prov- 
— the mili àde and unmade the kings. 

Made y itary organization was nomadic in character and was 
Mich ¢ zn two arms. First the heavy cavalry (cataphracti), in 
Dur mes and often even the horse were fully protected in 
| steel scales. These were armed with the great lance 
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(contus) and employed shock tactics to break an enemy line. The 
heavy cavalry with their elaborate equipment were recruited 
mainly from the wealthier retainers of the nobles and composed 
the bodyguard of the generals—for example that of Surenas (the 
Suren, a Parthian hereditary title) on the occasion of the Roman 
defeat at Carrhae (53 в.с.). The mass of the Parthian cavalry, 
however, was composed of horse archers, less heavily armoured 
but of legendary equestrian skill and mobility. From these is 
derived the familiar picture of the Parthian horseman shooting 
over his shoulder as he retires. 

i The importance of the nomadic element in the Parthian empire 
is obvious from the fact that in the civil wars the deposed kings 
consistently took refuge among the Scythian Dahae and were re- 
stored by them. Yet in Parthia these nomads became assimilated 
to the local peasantry and came to adopt their dress and manners 
as well as their religion. Even the kings, after the first two or 
three, wore their hair and beards long after the Iranian fashion, 
whereas their predecessors were beardless. 

Unlike the Achaemenians and the Sassanids, the Arsacids seem 
to have lacked any strong religious conviction; yet they appear 
to have acknowledged at the same time the old Iranian gods and 
the leading tenets of the Zoroastrian fire cult. They erected fire 
altars and, according to Justin, obeyed the commandment to aban- 
don all corpses to the dogs and fowls. At the same time archaeo- 
logical excavation both at Susa and in Soviet territory suggests 
that inhumation burial in sarcophagi of terra cotta continued to be 
practised in Iran under Parthian rule, at least among the subject 
populations, The union recommended by the Zoroastrian creed 
between brother and sister—and even son and mother—occurred 
among the Parthians. And besides the council of the nobility there 
was, according to Strabo, a second council of “Magians and wise 
men." 

At the same time, the dominant world culture of Hellenism had 
also penetrated Parthia and Media. Parthia was indeed the suc- 
cessor state of the Seleucid empire, and some acquaintance with 
Hellenic culture was indispensable to every state which hoped to 
play a part in world affairs and was not so utterly secluded as 
Persis and Atropatene. Moreover the Arsacids lacked any strong 
cultural tradition of their own. Many of their institutions were 
borrowed from the Seleucid empire—their coinage with its Greek 
inscriptions, its nomenclature and Attic weight standard, and in 
all probability much of their administrative practice also. In the 
towns many Greek merchants were settled. The first Mithradates 
himself assumed, after his great conquests, the title Philhellene, 
“friend of the Greeks,” which was retained by many of his succes- 
sors. There follow the surnames Epiphanes, (God) Manifest”; 
Dikaios, "the Just"; and Euergetes, “the Benefactor.” All these 
were essentially Greek in their reference and were regularly borne 
by the Parthian kings. Orodes I spoke good Greek, and Greek 
tragedies were staged at his court, as Plutarch relates. 

It was not until the Ist century A.D. that Greek influence began 
to weaken. The Greek script of the chanceries in Media and Baby- 
lonia was replaced by Parthian, as can be seen from the third of 
the Avroman parchments. The Hellenistic character of the coin- 
age succumbed to a process of conventionalization, and as the 
Greek coin inscriptions become increasingly illegible the name of 
the king is in several cases indicated by Parthian inscriptions, 
usually in the form of abbreviations. This decline of Parthian 
Hellenism can naturally be associated with the seven-year revolt 
of Seleucia from the royal authority between A.D. 35 and 42, The 
city was finally brought to terms by Vardanes. Subsequently 
Vologaeses I (q.v.; A.D. 51/52-79/80) founded nearby in the dis- 
trict of Nahr Malka (ie., of the royal canal, which joined the 
Euphrates to the Tigris near Seleucia) the city of Vologesias or 
Balashabad. The new city took over much of the commercial 
prosperity of the old, and from this moment the influence of Baby- 
lonian Hellenism was greatly reduced. i 

Wars With Rome.—The feudal and decentralized structure 
of the Parthian empire may help to explain why, though founded 
on annexation and perpetually menaced by hostile armies both in 
the east and the west, it never took a strong offensive after the 
days of Mithradates IL It was bound to protect itself against 
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attack both from the Scythians in the east and from the Romans 
in the west. To maintain or regain suzerainty over Mesopotamia 
and the vassal states of that region, as also over Atropatene and 
Armenia, was the imperative task. Parthia thus tended to remain 
on the defensive and even in this role was often lacking in energy. 
Whenever it made an effort to enforce its claims, it retreated as 
soon as confronted by a resolute foe. 

The wars between Parthia and Rome therefore were initiated 
not by the Parthians—deeply injured though they were by the 
encroachments of Pompey—but by Rome itself. Rome felt itself 
obliged, reluctantly enough, to enter upon the inheritance of 
Alexander the Great, and since the time of Pompey had been sub- 
jecting the Hellenistic countries as far as the Euphrates. The 
task now faced the Romans of annexing the remainder of the Se- 
leucid empire, which had covered the whole east from the Eu- 
phrates to the Indus, and thus of saving Greek civilization (as is 
argued by Plutarch in his comparison of Nicias and Crassus). The 
aristocratic republic quailed before such an enterprise, though 
Lucullus at the height of his success entertained the thought. 
However the ambitious men whose goal was to erect their own 
sovereignty on the ruins of the republic took up the project. With 
this objective M. Licinius Crassus, the triumvir, in 54 B.C. took 
the offensive against Parthia, the occasion being favourable be- 
cause of dynastic troubles between Orodes II, the son of Phraates 
III, and his brother Mithradates III. The Roman infantry 
proved incapable of countering in open country the cavalry tac- 
tics of the Parthians; Crassus’ forces were reduced to the last ex- 
tremity, and he met his death at a parley, allegedly by treachery 
(June 9, 53 в.с.), after his army was routed at Carrhae. After 
this battle Mesopotamia was regained by the Parthians, and King 
Artavasdes of Armenia entered their alliance. But apart from the 
ravaging of Syria (51 в.с.) by Pacorus, the son of Orodes, the 
threatened attack on the Roman empire materialized neither then 
nor during the civil war of Caesar and Pompey. 

At the time of his assassination Caesar was intent on resuming 
the expedition of Crassus. The Parthians formed a league with 
Brutus and Cassius, as previously with Pompey, but gave them no 
support until in 40 в.с. a Parthian army led by Pacorus and the 
republican general Q. Labienus harried Syria and Asia Minor. It 
was repulsed by Publius Ventidius, Mark Antony's lieutenant, and 
Pacorus himself fell on June 9, 38 B.C., at Gindarus in northern 
Syria. Antony then attacked the Parthians in 36 B.c. and pene- 
trated through Armenia into Atropatene, but was defeated by 
Phraates [V—who in 37 B.C. had murdered his father, Orodes II— 
and compelled to retreat with heavy losses. The continuation of 
the war was frustrated by the conflict with Octavian. Armenia 
alone was subdued in 34 в.с. by Antony, who treacherously cap- 
tured and executed King Artavasdes. 

Roman Settlement.—That the Romans expected Augustus to 
take up the work of his predecessors, annihilate the Parthian 
dominion and subdue the east as far as the Indians, Bactrians and 
Seres is clear from Virgil, Horace and the other Augustan poets. 
Augustus, however, disappointed these expectations, since his whole 
policy and the needs of the newly organized Roman empire de- 
manded peace. His efforts were devoted to reaching a modus 
vivendi by which the authority of Rome and its most vital claims 
might be peacefully vindicated. This the weakness of Parthia en- 
abled him to do without much difficulty. His endeavours were 
assisted by the revolt of Tiridates II (g.v.), before whom Phraates 
IV was compelled to flee (32 в.с.) until he was restored by the 
Scythians. Augustus lent no support to Tiridates in his second 
march on Ctesiphon in 26 B.C., and Phraates was all the more in- 
clined on that account to stand on good terms with him. Conse- 
quently in 20 в.с. he restored the standards captured in the vic- 
tories over Crassus and Antony and recognized Roman suzerainty 
over Osroene and Armenia. In return the Parthian dominion in 
Babylonia and the other vassal states was left undisputed. 

Shortly after the restoration of the standards in 20 B.c. Augus- 
tus sent as a present to Phraates IV an Italian slave girl named 
Musa, by whom Phraates had a son, Phraataces, known later as 
Phraates V. Subsequently Musa persuaded her husband to send 
his older children to Rome, where they remained as hostages to 
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Augustus. In 2 в.с. Musa secured the throne for her son 
ing Phraates IV, and in A.D. 2 she and Phraataces were married 
event which horrified the Greeks and Romans but which s 
doubt an example of the kin marriages advocated by the Magi i 
apparently adopted in this period, as later under the Sasaniang 
by the Iranian people in general. The portrait of Musa appears 
with that of Phraataces on the coinage at this time, In др 4 
however, Phraataces was driven into exile and died soon afterward 
The Parthians then obtained the release of the eldest of the princes 
interned at Rome, Vonones I (9.2.), but his foreign manners and 
dependence on Rome soon caused them to call in another Arsacid, 
Artabanus III (see ARTABANUS), known chiefly for his letter of 
Dec. д.р. 21 to the magistrates and city of Susa, the only Аи 
royal document which has been preserved. His reign was inter 
rupted c. A.D. 36 by another Roman nominee, Tiridates III, whose 
rule was of short duration. 

Decline of Parthia.—The close of the reign of Artabanus III 
(c. A.D. 38) was followed by the rebellion of Seleucia, which lasted 
for seven years, and by a period of civil war between Gotarzes II, 
whose power was centred in Hyrcania, and Vardanes, who seems to 
have controlled Babylonia. These ended only with the assassin. 
tion of Vardanes in д.р. 47/48. Another pretender to the throne, 
the Roman nominee Meherdates, was defeated and captured by 
Gotarzes, whose own death followed in A.D. 51. Further conflict 
with Rome broke out under Vologaeses (Volagases) I (reigned 
51/52-79/80), who made his brother Tiridates king of Armenia, 
After a long war, described by Tacitus, in which the Roman amy 
was commanded by G. Domitius Corbulo, peace was concluded in 
63, confirming Roman suzerainty over Armenia but recognizing 
Tiridates as king (see CoRBULO, GNaEus Domitius). Tiridates 
himself visited Rome and was invested with the diadem by Nero 
(66). After that Armenia continued under the rule of an Arsacid 
dynasty. During this fighting Vologaeses was diverted by attacks 
on his eastern frontier in Hyrcania. “Hyrcanian” emissaries even 
visited Corbulo, and if Tacitus is correct in saying that they re 
turned home by way of the Indian ocean, they must have ben 
representatives of the Kushan power, which in this period Ws 
expanding to the detriment of the eastern frontiers of Parthie. 
Later the Alans (Alani), a great Iranian tribe of south Russ, 
broke for the first time through the Caucasus passes and ravi 
Media and Armenia. j 

After the reign of Vologaeses I came a period of great dis 
turbances in the history of Parthia. А continuous narrative 1 
lacking, but the evidence of coins, added to that of isolated liter 
ary references, shows that at certain periods there were two of 
more kings reigning concurrently. Опе of the best-known 0" 
sodes was the invasion of Parthia by the Roman emperor Trajan. 
With the Parthian kingdom divided between Osroes, Vologaes 
and perhaps also Pacorus II, the Romans were able to march d0" 
the Euphrates, haul their fleet across to the Tigris and p 
Ctesiphon unopposed (115). Trajan then sailed down the Tin 
to the Persian gulf, receiving on the way the submission? 
king of Characene, and is even said to have contemplated an [ 
pedition to India. However he returned to Babylon in И?) 
learn that the greater part of the conquered territory WS iii 
volt. Though he encompassed the death of the Parthian lue 
Sanatruces by embroiling him with his cousin Partha, 
Trajan's position was untenable, and in 117 he retreated UP 
Tigris, evacuating Parthian territory after a fruitless sieg? ie 
desert fortress of Hatra. Hadrian, who succeeded him in i i 
year, favoured a peaceful settlement of the Parthian proble on 

In 161 Vologaeses III invaded Cappadocia and Syria; 8%. 
Sequence a powerful Roman expedition was sent to the un ener 
Lucius Verus, the colleague of Marcus Aurelius, and the Wm 
Avidius Cassius. In 165 the latter led the legions into Pa 
territory, capturing Doura-Europus and reaching and $ py? 
Ctesiphon, but was forced to evacuate the Parthian capital est 
Outbreak of smallpox. Subsequently sporadic fighting ЇЇ y 

yet 
fro! iP 


by poison, 


potamia and Armenia led to further reductions of P art p 
ence. Septimius Severus also campaigned on the Parthian а 
but it was not until 198 that he penetrated deep int? hon ## 
territory, occupying Seleucia and Babylon, while Giese 
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storm and sacked. On his return march Septimius 
like Trajan, failed to capture Hatra. 
repeated invasions appear to have crippled the Parthian 
1. Vologaeses IV was succeeded in 208/209 by his son of 
name; yet from 212/213 the latter was obliged to share 
m with a rival, Artabanus (Ardavan) V, whose control 
215 is attested by an inscription discovered at that 
eanwhile the dated coinage of Seleucia continued until 
with the types of Vologaeses V. The Roman emperor 
was not the only one to exploit the weakness of the 
y an invasion of Media. In southern Iran the new dy- 
the Sasanians was gathering strength, and by 226/227 
had overthrown both the Arsacid princes, leaving only 
$ (Ardavazd), the son of Artabanus, to carry on a hope- 
for a few years in the mountains of Azerbaijan. 


V. SASANIAN EMPIRE, с. A.D. 224-651 


dashir I.—At the beginning of the 3rd century A.D. 
empire had been in existence for 400 years. It had 
mined, however, by repeated Roman invasions, and the 
m was once more divided, this time between Vologaeses V, 
ems to have ruled at Ctesiphon, and Artabanus V, who con- 
Tran, and whose authority at Susa is attested by an inscrip- 
AD. 215. The moment was thus ripe for the overthrow of 
ids, and it was against Artabanus V that the blow even- 


M 


borders there arose in Persis (Fars)—just as Cyrus had 
inst Astyages the Mede—a great personality. Ardashir 
оп of Babek (Papag or Papak) and descendant of Sasan, 
Sovereign of one of the small states into which Persis 
lually been divided. His father had taken possession of 
id district of Istakhr (Estakhr), which had replaced the 
polis, long a mass of ruins. Babek was succeeded by his 
|, Shapur, who was soon killed in an accident, so that in 
Ardashir came to the throne. He first built for himself 
regnable stronghold at Gor (Gur), also called after its 
t Ardashir-Khurre, the modern Firuzabad in the recesses 
Southeast of Shiraz, Then he subdued the neighbouring 
& disposing also of his own remaining brothers. Arda- 

€ of Carmania (Kerman), Isfahan, Elymais and 
(Mesene) quickly led to war with his suzerain, Arta- 
‘The conflict lasted for several years, and the Parthians 
ted in three battles, The last of these was the battle of 
n (224), which resulted in the death of Artabanus. 
igh Ardashir appears subsequently to have occupied the 
tesiphon, his progress to suzerain power could not have 
out setbacks. Thus Vologaeses V struck coins at Seleucia 
the Seleucid year 539 (A.D. 228/229). Another Parthian 
Vasdes, а son of Artabanus, is known also from coins 
his distinguishing feature is his forked beard. This 
' retained a portion of the empire to an even later date. 


TL—Sasanian Dales Established on Direct Ancient Evidence 


Regnal Seleucid Christian 
years era era 

1 212/213 
215 

5 527 216/217 
224 

538* 226/227 

539 228/229 

3 539 228/229 

553 241/242 


Ardashir on his coins is distinguished by no fewer than 
ent crowns: (1) as king of Fars; (2) before the battle 
dagan as claimant to the empire; and (3) and (4) with 
Separate crowns as emperor. This situation suggests 
had more than one coronation ceremony as suzerain 
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ruler, the second perhaps following on some short-term setback by 
which he temporarily lost the throne. A rock sculpture near Firu- 
zabad depicts the overthrow of Artabanus by Ardashir. In another 
at Naksh-e Rostam near Persepolis, Ardashir tramples underfoot 
the vanquished Artavasdes. The members of the Arsacid line who 
fell into the hands of the victor were put to death. Yet a number. 
of the princes found refuge in Armenia, where the Arsacid dynasty 
maintained itself until 428. 

Ardashir then subdued Seistan (Sakastan), Gorgan (Hyrcania), 
Abarshahr (modern Khurasan), Merv (Margiana), Balkh (Bac- 
tria) and Khwarizm (Chorasmia). Since most of these territories 
had formed part of the Kushan empire, the implication is that he 
overcame the Kushans. This deduction is confirmed by the state- 
ment of al-Tabari that after these campaigns the kings of the Ku- 
shans, of Turan (Quzdar, south of Quetta) and of Makran made 
their submission to Ardashir. The victorious Ardashir also took 
possession of the palace at Ctesiphon, assuming the title "king of 
kings of the Iranians.” The city of Seleucia he refounded after 
the fighting under the name of Veh Ardashir, "the good deed of 
Ardashir." 

The chronology of events in the early Sasanian period was cal- 
culated by T. Nóldeke in 1879, and many authorities still adhere 


Taste III.—Chronological Systems of Nöldeke, Henning and Tagizadeh 


Event Nüóldeke Henning Tagizadeh 
Ardashir's "first year" begins Sept, 27, 223 | Sept. 26, 226 
Ardashir's actual accession , Sept. 26, 226 | April 28, 224 | April 6, 227 
Shapur's first year begins Sept. 23, 239 | Sept. 22, 241 
Shapur’s actual accession Sept. 22, 241 1 
Shapur's coronation ч April 12, 240 | April 9, 243 
Shapur’s death... ay 270 April 273 
Accession of Ormizd (Hormizd) Sept. 14, 272 1 
Ormizd's death, . . . June 271 April 274 
Accession of Bahram і. . Sept. 14, 273 З 
Death of Mani (about age 60) March 2, 274 | Feb. 26, 277 
Death of Bahram 1... , Sept, 274 July 271 
Accession of Bahram II . Sept. 13, 276 


Geschichte der Perser und Araber sur Zeit der Sasaniden (E. J. 
W. E “The Dates of Mani's 
1957). 


Source: T. Nóldeke, 
Brill Ltd., Leiden, 1879); 5. H. Taqizadeh and 
Life," Asia Major, vi, part 1, pp. 106-121 (London, 
to his system of dating. The discovery, however, of evidence from 
later manuscript finds concerning the date of events in the life of 
Mani (q.v.), a religious leader active in the early Sasanian period, 
led W. B. Henning to call for a reassessment of this system of 
dating in favour of a revised system in which the chief events are 
dated about two years earlier. This view was disputed by S. H. 
Taqizadeh, who prefers another alternative in which the chief 
events are placed about six months later than the dates established 
by Nüldeke. Since the dating systems employed by the Sasanians 
themselves were based on the regnal years of the kings, whose 
exact coronation dates are often subject to dispute, a final solu- 
tion of the problem is not yet possible. Errors in the various com- 
putations may have arisen from such circumstances as the possible 
second coronation of Ardashir, and the unknown lapse of time be- 
tween the demise of one ruler and the coronation of his successor, 
a common source of discrepancy. Where the ancient authorities 
quote dates in terms of the Seleucid era—either according to the 
reckoning which prevailed in Babylonia, which commenced from 
зи B.C., or the Syrian reckoning, counted from 312 B.c.—a firmer 
basis of calculation is obtained. In Tables II and III are set out 
dates established on the direct testimony of ancient coins or lit- 
erary evidence, and the differing chronological systems of Nóldeke, 

ing and Tagizadeh. 
pes of chaste I.—Shortly before his death, no doubt as a 
consequence of failing health, Ardashir abdicated the throne in 
favour of his chosen heir, Shapur I. The latter, however, though 
assuming the responsibilities of government, delayed his corona- 
tion until after his father's death. Thus coins exist portraying 
Ardashir together with his son as heir apparent, and Shapur alone 
wearing the eagle cap as prince regnant before his coronation, be- 
sides the normal series of Shapur crowned as king. Immediately 
after his accession, Shapur was faced with an invasion of Persian 
territory by the Roman emperor Gordian III. He confronted the 
Roman forces at Massice on the Euphrates, defeating them in a 
major battle in which Gordian was killed. From this event the 
town of Massice received the name of Fi iruz-Shapur, though in 
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later history it is usually known as Al Anbar (see ANBAR). The 
survivors of the Roman force raised Philip the Arab to the purple, 
and he was able to negotiate a peace with the Persians, ransoming 
the Roman prisoners for a large sum of gold. In A.D. 256 (A.D. 
252 according to other authorities) a dispute over Armenia led 
Shapur to invade the Roman provinces of Syria and Cappadocia, 
destroying a Roman army of 60,000 men at Barbalissus and captur- 
ing 37 cities, including the capital city of Syria, Antioch itself. 
When the emperor Valerian marched with a large force to the de- 
fense of Edessa, he was utterly routed by Shapur, who performed 
the unparalleled feat of personally taking prisoner the Roman 
emperor. The destruction of the Roman force laid Syria and 
Cappadocia open once more to devastation and plunder by the 
Persian armies, while the hapless Valerian was held prisoner in 
Persia for the remainder of his life. 

Knowledge of the reign of Shapur I was greatly extended in 
1938 through the discovery by the expeditions of the Oriental 
institute, Chicago, of a long inscription containing Shapur's own 
account of these events, This was found near Persepolis on the 
walls of an Achaemenian monument known as the Ka‘aba-e 
Zardusht. The text is in three languages, Sasanian Pahlavi, 
Parthian and Greek, and, besides its narrative of the military 
operations, contains a description of the Persian empire of the 
time and an account of Zoroastrian religious foundations estab- 
lished by Shapur to commemorate his wars. These were fire 
temples dedicated to the memory of members of the Sasanian 
royal family and of the prominent officials who had served under 
Shapur and his predecessors; the officials are individually speci- 
fied by name in a list which throws considerable light on the ad- 
ministrative arrangements of the kingdom at that time. 

Organization of the Empire.—In contrast to his father, 
Shapur I assumed the title “king of kings of Iran and non-Iran” 
(shahan shah Eran ut Aneran), thus emphasizing his claim to world 
dominion. This formula was retained by his successors and be- 
came the regular designation of the Sasanian emperors. The 
supremacy of the ruler was powerfully emphasized under the 
dynasty of Ardashir. The hereditary local dynasties which under 
the Arsacids had ruled many of the most important provinces were 
to a large extent abolished. Instead, such fiefs as Maishan 
(Mesene) and Sakastan (Seistan) were ruled by members of the 
Sasanian family appointed by the sovereign with the title of shah 
(king). Among such viceroys precedence was often held by the 
heir to the throne, who was placed in control of great territories 
such as the conquered lands of the Kushan empire (Kushanshahr), 
or of Armenia, and entitled vuzurg shah (“great king”). Next in 
the hierarchy to royalty came a few remaining hereditary vassals, 
including the kings of Iberia (Georgia) in the Caucasus, and the 
chief nobles of the kingdom, of whom the Varaz, Suren and Karen 
retained their prominence from Parthian times. ‘These were fol- 
lowed by the satraps, whose importance had considerably dimin- 
ished since the Achaemenids and who were now no more than the 
administrators of substantial cities, and by the various officials 
of the court. 

The extent of the Sasanian empire under Shapur I is defined by 
the list of provinces given in the inscription of the Ka‘aba-e 
Zardusht, No fewer than 27 provinces are enumerated: (1) 
Persis; (2) Parthia; (3) Khuzistan; (4) Maishan; (5) Asuristan 
(Le., Iraq, the province of Ctesiphon); (6) Adiabene; (7) 
Arabistan (ie. northern Mesopotamia); (8) Azerbaijan; (9) 
Armenia; (10) Iberia; (11) Machelonia; (12) Albania; (13) 
Balasakan, extending to the Caucasus mountains and the Alans’ 
Gates; (14) Patishkhwagar (ie. the Elburz mountains); (15) 
Media; (16) Hyrcania (ie, Gorgan); (17) Merv; (18) Aria; 
(19) Abarshahr; (20) Carmania; (21) Seistan; (22) Turan; (23) 
Makran; (24) Paratan; (25) India (the exact extent of the 
Sasanian province is undefined, but it may have been restricted to 
the Indus delta); (26) Kushanshahr, extending from before 
Peshawar to Tashkent, Sogdiana and the borders of Kashgaria; 
and (27) on the further side of the sea, Mazun (i.e., Oman). This 
empire, considerably more extensive than that controlled by the 
Arsacid dynasty, was governed on behalf of the Sasanian dynasty 
not by feudal chiefs but by members of the dynasty and by ap- 
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pointed officials directly responsible to the throne, The greater 
degree of centralization attained by the Sasanian government ns 
doubt partly explains its increased military effectiveness їп com. 
parison with the preceding administration of the Arsacids, 
Another tendency which developed in the Sasanian period (ang 
which indeed had already made itself felt under the Arsacids) Was 


TABLE IV.—Sasanian Kings* 


Reign d 
Name years Nim Reign years 

Defeat of Artabanus Firuz «hos 457 or 45 

doe cem conl Entre о, iu M 
Ardashir I . 226-241 | Kavadh I (first reign) 488-496 
Shapur I 241-272 Aen VT dist) coire 496-498 or 499 
Ormizd I £ .]| 272-273 | Kavadh I (second reign) . 498 or 499-531 
BahramI . . 273-276 | Khosrau I MARS EDS 
Bahram II . 5 | 276-293 | Ormizd IV . | | 519-890 
Bahram IIT 293 Khosrau II Parvez (first reign) | 590 
Narses (Narseh) 293-302 | Bahram VI Chobin . «|| 590-591 
Ormizd IE . ^. : | 302-309 | Khosrau II Parvez (second reign)| 591-628 
Shapur II . 309-379 | Bistam (rebel in Media) . ‚| 591-596 
Ardashir II + + | 379-383 || Kavadh II Shiruya (Siroes) 628 
Shapur II1. . . | 383-388 | Ardashir III Өф: 628-630 
Bahram IV + + | 388-399 | Shahraras . 630 
Yazdegerd l1 , | 399-420 | Borandukht . 630-631 
Bahram V бог. , | 420-438 | Ormizd V _. 631-632 
Yi erd IE... | 438-457 | Yazdegerd III 632-681 
Ormizd IL. — . | 457-4592, 


*Based mainly on Т. Nüldeke's chronology. 


a strict principle of dynastic legitimacy. For a usurper not of 
the royal blood to achieve the throne was an extremely rare 0¢ 
currence, though it was in fact accomplished by Bahram Chobin 
(q.v.). Allegiance attached, however, to the whole royal house, 
rather as it did in the later Ottoman empire. The person of the 
individual ruler was a matter of less importance, and one member 
of the dynasty could readily be removed and replaced by another. 
In accordance with this principle of legitimacy, Persian tradition 
carried the Sasanian line back to the Achaemenids and, still further, 
to the kings of the legendary period. " 
Religious Developments.—The forebears of Ardashir had 
played a leading role in the rites of the fire temple at Istakhr, 
known as Atur-Anahid, “The Anahit fire." With a dynasty having 
such priestly antecedents, it is natural to expect that important de 
velopments would have taken place in the Zoroastrian religion 
during the Sasanian period. Indeed the evolution of Zoroastrian 
ism as an organized religion in something resembling its modem 
form can be regarded as having commenced in the period of this 
dynasty, Prior to the Sasanian period, there is little evidence 
any centralized religious organization in Iran. Under the Be 
local Magi (g.v.) had no doubt continued to perform the Кы à 
tional ceremonies associated with the old Iranian deities, the fire 
cult, the creed preached by Zoroaster, with its emphasis 0” | 
worship of Ahura Mazda, and even the cults of cosmop tan 
deities introduced in the Hellenistic period and later. — , ш 
It is probable that the Parthians enforced no sharp distinct 
between these diverse forms of religious activity. Under 
Sasanians, however, stress came to be increasingly placed 00 ert 
fire cult and the worship of Ahura Mazda. Strong io a 
developed between religion and the state, and an ecclesiast 
ganization was evolved in which every considerable ber 
its mobed (magupat, “chief priest"). At the head ditioni 
stood the mobedan mobed (supreme priest), who in e 
his religious jurisdiction appears in later times to have exei d 
considerable influence in connection with the choice of ® Siir 
cessor to the throne. There is some evidence that Башен 
religious function the Magi, by virtue of their proficiency sid 
complicated Pahlavi writing system necessary for the шаа 
ing of the Iranian scriptures, performed the offices of 168% 
and scribes, after the fashion of the Christian clergy ЇЇ p 
Europe. The magukhana (Magus house) will thus have ГР, 
the office of the Hellenistic bibliophylax (archivist) as the "oy 
tory of the local archives, title deeds and other similar 168% 
ments. ania 
In the matter of religious practice, the rites of the MY their 
appear to have developed from those previously current a 
home province of Persis. There extraneous religious 17 ht ond 
The opposition between the good spirit of И and 
of evil—between Ahura Mazda (q.v.; 
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? till remained the principal dogma of the creed. All 
ther gods and angels, however estimable their aid, were but 
dinate servants of Ahura Mazda, whose highest manifesta- 
ion on earth was less the sun-god Mithra than the holy fire guarded 
his priests. At the same time the names of such deities as 
Verethragna (Bahram), Mithra and Anahit were still associated 
wilh the names of fire temples or classes of fire. All the prescrip- 
tins of purity—partly connected with national customs and im- 
ible of execution abroad—were diligently observed. The 
borate ritual still maintained by the modern Parsees (q.v.) for 
rification and custody of the sacred fire were no doubt ob- 
E under the Sasanians. The responsible priest was girt with 
sword and carried in his Re» the barsom, or bundle of sacred 
i, His mouth was covered to prevent the sacred flame sus- 
fining pollution from his breath. Yet the practice of animal 
wufice, abhorred by the modern followers of Zoroaster, is at- 
(ised in the history of the Sasanian period at least as late as the 
sim of Yazdegerd I ( 399-420). On the great festivals, such as 
кау of Nauruz (the Iranian new year) and the day of Mihrajan, 
е астей fire was displayed to the faithful populace at nightfall 
fomsome point of vantage, a platform on rock or hill. Moreover 
шт the Sasanians the injunction not to pollute the earth with 
йе but to expose the dead on the mountain tops to vulture and 
dog as observed in its full force. At the same time Ahura Mazda 
preserved his character as a national god, who bestowed on his 
Wrshipers victory and world dominion. In the sculptures of the 
p a also in Armenian traditions, he appears on horseback 
a war god. 
“Under the Sasanians theology was further developed and an 
Mimpi made to modify the old dualism by envisaging. both Ahura 
and Ahriman as emanations of an original principle of in- 
file time (Zurvan), This doctrine enjoyed a degree of official 
E under the earlier Sasanian reigns. Indeed the innova- 
i had even been known earlier to the Mithra cult of the west, 
“уап appears as Aion, However, in the reign of Khosrau 
sect of the Zurvanites" was pronounced heretical. The 
Î development of Sasanian religion, apart from the process of 
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institutionalization to which reference will be made later, was the 
peste of ritual and of the doctrine of purity. There was 
Er ved a complete and detailed system of casuistry dealing with 
al things allowed and forbidden, the forms of pollution and the 
expiation of each, which recalls the similar prescriptions in the 
Pentateuch, The consequences of this development were that 
orthodoxy and literal obedience to priestly injunctions assumed 
an increasing importance, Heathenish cults and forbidden man- 
ners and customs came to be regarded as a pollution to the land 
and a deep insult to the true God. It became the duty of the be- 
liever to combat and destroy the unbeliever and the heretic. In 
short, the tolerance of the Achaemenids and the indifference of 
the Arsacids came to be replaced by increasing intolerance and 
religious persecution, 

Such was the religious background to the inauguration of the 
Sasanian dynasty. Yet despite his priestly origins, Ardashir him- 
self seems not to have been the person responsible for giving re- 
ligious affairs this new direction. It was once believed that the 
institutionalization of the Zoroastrian church and the codification 
of its scriptures and beliefs was the work of a high priest named 
Tansar, contemporary of Ardashir I, of whose doings an account 
is preserved in the Letter of Tansar contained in the History of 
Tabaristan of Ibn Isfandiyar. The later interpretation of the 
Sasanian inscriptions of Fars, however, suggests that if Tansar 
was in fact a historical personage his role in these matters may 
have been less significant than that of Kartir, a Magus, or rather a 
herbed, prominent under Shapur I, who in the subsequent reign of 
Bahram II (a.p. 276-293, by Nüldeke's chronology) appears as 
the dominant figure in the Zoroastrian church. He claims credit 
for the suppression of non-Zoroastrian religious communities in 
Iran, for the imposition of orthodoxy and discipline in the Magus 
estate, and for the establishment of royal foundations making pro- 
vision for the maintenance of Magi and of sacred fires, 

"The reference in the Pahlavi inscriptions of Kartir to two sects 
of Christians, besides Buddhists, Brahmans and other foreign re- 
ligious communities, confirms the indications from Syriac sources 
that Christianity had by this time gained a firm footing in the 
countries of the Tigris and Eu- 
phrates, where it was naturally 
strongest among the Aramaic- 
speaking communities. Yet ulti- 
mately Christian missionary en- 
terprise came to stretch over the 
whole of Iran and even farther 
afield, As long asthe Roman em- 
pire remained pagan, the Chris- 
tian communities of Iran lived 
undisturbed by persecution. At 
the same time the Christians 
themselves evidenced the strong- 
est hostility toward the heterodox 
sects, such as the Manichaeans 
and the Gnostic followers of 
Marcion and Bardesanes, who ex- 
isted side by side with them 
(see BARDESANES; GNOSTICISM; 
MaNICHAEISM; MARCIONITES). 
However, when the emperor Con- 
stantine made Christianity the 
official religion of the Roman 
world, the Iranian Christians 
were, on the one hand, drawn to 
feel a certain sympathy for their 
foreign coreligionists, while, on 
the other, political significance 
came to be attached by the 
Sasanian rulers to these religious 
connections with an often hostile 
power. After A.D. 339, therefore, 
the Christians of Iran were sub- 
jected to severe persecutions. at 
the hands of Shapur II and his 
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successors. Nonetheless, substantial Christian communities sur- 
vived in parts of Iran long after the close of the Sasanian dynasty. 

At the same time, the old idea that every religion contained a 
portion of the truth and that it was possible to borrow something 
from one and amalgamate it with another had not lost all its 
power. From such a conception arose the teaching of Mani. 
Knowledge of Manichaeism was greatly increased by the discovery 
of many fragments of its literature in eastern Turkistan; these 
include portions of the Shapuraghan, a work in Middle Persian 
dedicated to the Sasanian emperor Shapur, and the Evangel. Sub- 
sequently a large part of the Kephalaia, a book of the religious 
injunctions of Mani, was recovered in a Coptic text from Egypt. 
These texts can be collated with the versions of Manichaean doc- 
trines reported by the Church Fathers, among others St. Augustine. 
It is clearly seen that Manichaeism originated from a Gnostic sect. 
Mani was the offspring of a Parthian family resident in Babylonia 
but himself a speaker of Aramaic. He proclaimed himself as the 
last and greatest apostle of Jesus and as the paraclete announced 
in the Gospel of St. John. With the Gnostic interpretation of the 
Gospel he tried to combine the doctrines of Zoroaster and of Jesus 
to create a new universal religion. There is a tradition that he 


made his first appearance as a teacher on the coronation day of 
Shapur I, but other evidence suggests that Mani was not neces- 
sarily in Iran at that time but may have been occupied with his 
journey by sea to India when he commenced to preach. He sub- 
sequently returned and found many adherents, among whom are 
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SASANIAN ROCK RELIEF AT NAKSH-E ROSTAM SHOWING THE INVESTITURE IN 
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TILL THE MID-7TH CENTURY 


numbered Firuz (Peroz), a brother of Shapur, and Mihrshah, gov- 
ernor of Maishan, the province at the head of the Persian gulf. 
Even the king is said to have been impressed and to have granted 
the prophet no fewer than three interviews. The prophet’s deci- 
sion to dedicate to him the Shapuraghan is further evidence of a 
degree of royal favour. During the reign of Shapur the religion 
of Mani was thus propagated in Iran and beyond. Even the heir 
to the throne, Ormizd (Hormizd) I, was favourably disposed to- 
ward him; but Shapur’s younger son, Bahram I, yielded to pressure 
from the priests, and Mani was executed. After that Manichaeism 
was persecuted and extirpated in Iran. Yet it maintained itself 
not merely in the west, penetrating far into the Roman empire, but 
also in the east, in Khurasan and beyond the bounds of the Sasa- 
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nian dominion. There the seat of its pontif was at Samarkand 
whence Manichaeism penetrated into central Asia, "There, burgi. 
in the desert sands which entomb the cities of eastern Turki 
have been discovered numerous fragments of the works of Mani 
and his disciples. They are written in a form of the Syrie 
adapted by the Manichaeans for their scriptures, and in the Middle 
Persian and Parthian languages; others are in the east Trajan 
Sogdian dialect. 

Art and Literature.— Perhaps the most characteristic and cer 
tainly among the most striking relics of Sasanian art are the great 
rock sculptures carved on the abrupt limestone cliffs which ag 
found in many parts of the country. The best-known groups are 
at Naksh-e Rostam and Naksh-e Rajab, near Persepolis, and at 
Shahpur (Bishapur), the ancient city a few miles north of Калт 
in Fars. At Firuzabad, the ancient Gor, in the same province, are 
two reliefs of Ardashir, one depicting his overthrow of Artabanus 
V, the other an investiture scene. Not far away in the lonely val. 
ley at Sar Mashad, a representation of Bahram II slaying two 
lions was discovered by E. Herzfeld in 1932. At Darabgirda ruler 
of uncertain identity, perhaps Ardashir, is shown triumphing over | 
a Roman emperor, while at Naksh-e Bahram, north of Kazerun, 
Bahram II is depicted enthroned; the same ruler appears in small 
reliefs at Qasr-e Abu Nasr, near Shiraz, and at Guyom, not far 
away. Sasanian sculptures are less numerous outside the province 
of Fars, where such work may have been put in hand by the Magus 
Kartir, but an equestrian figure which once existed at Ray waste 
placed in the 19th century by a representation of the Qajar king 
Fath Ali Shah, At Shahpur (formerly Salmas) on Lake їй 
(Reza'iyeh) Ardashir is shown on horseback receiving the sure | 
der of Parthian personages. There are later Sasanian sculptures 
at Taq-e Bostan, near Kermanshah, showing Ardashir II, Shapur 
II and Khosrau II. In many of these sculptures the Sasani 
kings can be recognized by their individual crowns, but a poorly 
preserved relief at Finik, near Jazirat Ibn Umar in Iraq, reported 
by Sir A. Н. Layard and G. Bell, may be of pre-Sasanian date, № | 
Sar-e Pul in Afghanistan a rock carving seen by J. P. Ferrier befor 
1856 has never been relocated. It may, however, be Sasanian. 

The most celebrated architectural achievement of the dynasty 
is no doubt the vast palace at Ctesiphon (g.v.), built by Khosrt 
II, of which a part is still standing. It is known as the Taq-e Кі? 
and is notable for its great barrel vault in baked brick, а typically 
Sasanian device. Many Sasanian buildings can also be seen P 
Fars, where the characteristic construction is of limestone blocks 
embedded in strong mortar. The most important of these is the 
palace of Ardashir at Firuzabad (q.v.), and a small, well-prese 
palace at Sarvestan, in which the rooms are roofed with domt 
and squinches, features often found under the Sasanians. Freni 
excavations at Shahpur near Kazerun have revealed some me A 
floors, among other features of the considerable Sasanian bn 
Numerous fire temples of the period survive, especially in P 
these are Square buildings roofed by a dome over four arc ia 
Moreover Sasanian remains of considerable extent exist at Q | 
Shirin, on the Baghdad-Teheran road, and at Jundai Shapur (m 
ern Shahabad, south of Dezful). 

The Sasanian epoch was indeed one of a genera 
Iranian art, which if not on the same level as the jin 
achievement was of no small importance, Metalwork of the He 
enjoyed a high reputation, its most characteristic decorative iti 

ing hunting scenes portraying the Sasanian kings. The i 
of Iran on the silk route between China and the west а а 
the establishment of an important silk industry, which 0 үш 
plied the Roman world and of which the influence can be j, 
in the west. The art of gem engraving produced many s 
Stamp seals, especially of the characteristic domed shari » 
en Ше cameos. The coins invariably bear a Pahlavi l ae ш 

verse the head of the king, wearing his character's e fit 

and accompanied by his name and title; on the reve dash 

altar with its guardians and the inscription “fire of AT rg 

Shapur, ete.” or, in the later period, an abbreviated m! 

the regnal date, : gir 

ые acquaintance with the Greek language and literatur "n 
ined by the Arsacid court was already in decline during 
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of that dynasty. Nonetheless Greek translations accom- 
inscriptions of Ardashir I and Shapur I, notably the long 
Greek version of the latter's great inscription at the Ka'aba-e Zar- 
, which may show traces of Parthian official terminology. 
ает inscriptions, however, are only in Parthian and Pahlavi (in 
cages of the inscription of Narses at Paikuli) or in Pahlavi 
one, Little of the surviving literature in book Pahlavi is as old 
gs the Sasanian period. A few works, however, contain material 
hich goes back to the period of Khosrau I (531-579). The 
Dadhastan i Menoghkhrad (“Doctrine of Celestial Wisdom”) and 
the Ardagh Viraz-Namagh (“Vision of Ardagh Viraz”) contain 
material on Zoroastrian theology. The Madhighan i Hazar Dad- 
шш (“Account of a Thousand Decisions") is a compendium of 
ашап law, which names many Sasanian jurists and quotes their 
nons. The Karnamak-i Ardashir-i Papakan contains a version 
ol he life of Ardashir I which, though legendary, is shown by 
Маназ to have been current in the late Sasanian period. The 
Luter of Tansar, mentioned above, though perhaps also legendary, 
istaken froma Pahlavi work of the time of Khosrau. The later 
compilations, especially the Denkard, though mainly concerned 
vith cosmology and religious legend, contain some important his- 
ша] references relating to the Sasanian period. According to 
«eof these, Shapur I ordered the collection and translation of 
їй, astronomical, medical and philosophical texts from the 
Byzantine empire and from India. Other translations from Indian 
E inum under the Sasanians; e.g., the book of tales 
ilah and Dimna, the legends of Barlaam and Josaphat 
id the Indian legends in the Letter of Tansar. The books of 
moral precepts (amdarz) constitute another important genre in 
{usinian literature, which, with the orally transmitted popular 
E in verse, are often reflected in the writings of the Islamic 
Foreign Policy.—In foreign policy the problems under the 
зап kings remained, as of old, the defense and, when pos- 
e, the expansion of the eastern and western frontiers. In the 
est Ardashir I had quickly defeated the Kushans, annexing the 
y Part of their empire. There are indications that Shapur I 
i his accession had played a leading part in these operations, 
Mir probably the first Sasanian prince to bear the afterward 
ыа title of Kushanshah, “Viceroy of the Kushans.” 
tei rcs Sogn sd bmn 
e Indus to Sogdiana an! е boul 
А (кс n the Kushans seem to have one some 
endence only in the Punjab, where they were still sul ject to 
Чай inroads until they finally DH to the expanding 
"fa empire of India in the mid-4th century. Farther south, the 
Ee ihc cn на out arae 
оўн 0 the shores of the Indian ocean. iu: 
|ы» of Baluchistan had come under Sasanian control. 
i a m contest ше OE and a unies 
x ortresses of Carrhae, Nisibis usa; 

lr ИШ smoldered. The Sassanids were all the more eager 
enia because there the Arsacid dynasty still survived 
N var ‘or protection to Rome, with which, in consequence, 
Be inpetually broke out. In the reign of Bahram аба. 

f тана burning to avenge the disaster of Valerian, inva 
Meri) Та without meeting opposition and reduced Coche (near 
ev Rn Ctesiphon; but his mysterious death in Dec. 283 
NN rid Success, and the Roman army returned eren 
Lm ® en diverted from the scene by the dangerous rebe- 
ied ey the Kushanshah Ormizd (Ormies), who had oc- 
уау, pen claiming доре ни for m чя 

FERE vas however defeated by Bahram, who | 

шін Ha Younger son, the future Bahram III, as viceroy E 
| Wem the father's death, Narses, the youngest son. © 
JU m viceroy of Armenia, contested the succession 
eda great and won the crown, In memory of his victory he 
i, discov. tower at Paikuli, in the mountains west of the m 
Hii, thras Cd in 1843 by Sir Henry Rawlinson and invest 
M Narses th expeditions by E. Herzfeld. Decorated with ie 
LT Sasa lé monument bears a long inscription Jn Parti 
nian Pahlavi, recounting the history of these events: 
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After his victory Narses occupied the independent portion of 
Armenia. In the following year he sustained a severe reverse in 
that province, losing his war chest and his harem, He then con- 
cluded a Peace, by the terms of which Armenia remained under 
Roman suzerainty, and the steppes of northern Mesopotamia, with 
Singara and the hill country on the left bank of the Tigris as far 
as Gordyene, were ceded to the victors. In return Narses re- 
covered his household. By this peace, concluded in 296, which 
lasted for 40 years, the Sasanians withdrew completely from the 
disputed districts. f 

After the death of Ormizd II, the son of Narses, the nobles im- 
prisoned or put to death his adult sons, one of whom, Ormizdas 
(Hormisdas), later escaped to the Romans, who used him as a 
pretender in their wars. Shapur II (q.v.; 309-379), a posthumous 
child of the former king, was raised to the throne, proof that the 
great nobles held the sovereignty in their own hands and attempted 
to order matters at their own pleasure. Shapur, however, when 
ы to manhood proved himself an independent and energetic 

er. 

Renewed Conflict With Rome.+-Meanwhile, the Roman em- 
pire had become Christian, so that the Syro-Christian populations 
of Mesopotamia and Babylonia began to feel some sympathy with 
Roman policies. For similar reasons Christianity became predomi- 
nant in Armenia; as early as 294 King Tiridates was converted by 
St. Gregory the Illuminator and adopted the Christian faith. The 
Sasanian empire was thus the more constrained to consolidate its 
Zoroastrianism. Under Shapur 11 the compilation of the Avesta 
was completed, and state orthodoxy perfected by the chief mobed, 
Adhurbad. All heresy was proscribed by the state, defection from 
the true faith was pronounced a capital crime and the persecution 
of the heterodox—particularly the Christians—began. Thus the 
duel between the two great empires became simultaneously a duel 
between two religions. 

In this situation a fresh war with Rome was inevitable. It was 
begun by Shapur in 337, the year that saw the death of Constantine 
the Great. The conflict focused upon the Mesopotamian for- 
tresses, Shapur thrice besieging Nisibis without success. The em- 
peror Constantius conducted the war feebly, but Shapur was di- 
verted by the appearance of a new enemy, the nomadic Chionites 
(Huns; see HEPHTHALITES), on his eastern frontier, He cam- 
paigned against them for five years (353-358) in Khurasan, giving 
its modern name to the great city of Nev-Shapur (Nishapur; q.v.), 
formerly known as Abarshahr. Finally, winning over the Chionites 
as his auxiliaries, he returned to Mesopotamia and stormed Amida 
(359), an episode vividly narrated by Ammianus Marcellinus; the 
next year he also reduced Singara. ` 

Julian the Apostate (363) undertook an invasion of the Persian 
empire, also described in detail by Ammianus. He pressed forward 
to the neighbourhood of Ctesiphon but succumbed to a wound. 
His successor, Jovian, found himself in such straits that he could 
his army only by a disgraceful peace at the 
close of 363; this ceded the possessions on the Tigris and the great 
fortress of Nisibis, and pledged Rome to abandon Armenia and its 
Arsacid protégé, Arsaces III, to the Persians. After desperate 
Armenian resistance, the greater part of the kingdom was made 


a Persian province under a marzpan. | 
From Yazdegerd I to the Turks.—After several disturbed 


reigns Yazdegerd I (9.2.; 399-420) came to the throne. His reign 
is differently viewed by Christian and Magian sources. The 
Christian writers praise his clemency, but the sources dependent 
on the Magian tradition refer to him as “Yaadegerd the Sinner.” 
Inclined to tolerance of the Christian and Jewish religions, Yaz- 
degerd was concerned to limit the power of the nobles, whose 
finally drove him to severity. Furthermore, 
the growing fanaticism of the Christians made repression at last 
unavoidable. In the end Vazdegerd was probably assassinated, 
The nobles refused to admit any of his sons to the throne, but one 
of them, Bahram V, was supported by al-Mundhir, Arab prince of 
Hira, and also apparently by Mihr-Narseh, chief minister of Yaz- 
degerd’s last years, whom Bahram retained in office subsequently. 
As king Bahram (g.v.); surnamed Gor, “the Wild Ass,” became the 
favourite of Persian popular tradition, which is eloquent on his 
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adventures in the chase and in love. Unsuccessful in a war with 
Rome (421-422), Bahram made a peace granting freedom of wor- 
ship to the Christians. On his eastern frontier he was successful 
in repelling an invasion by a new wave of nomadic Hephthalites. 
However, in the succeeding reigns continued Hephthalite attacks 
harassed and weakened the Sasanians. Firuz (g.v.; 457 or 459- 
484) fell in battle against them; his treasures and family were 
captured and the country devastated. His brother Balash (484- 
488), unable to repel them, was deposed and blinded, the crown 
being bestowed on Kavadh I (g.v.; 488-531), son of Firuz. As 
the empire continued to suffer distress, he was dethroned and 
imprisoned; but he escaped to the Hephthalites and was restored 
in 498 or 499 by their assistance. The Nestorian doctrine had now 
become dominant among the Christians of Iran. Already favoured 
by Firuz, in 483 it was adopted by a synod and definitively estab- 
lished as the regular form of Christianity in the Sasanian empire. 

Kavadh proved himself a vigorous ruler. He restored order in 
the interior and in 502 attacked the Romans and destroyed Amida 
(modern Diyarbakir), but was compelled to ratify a peace because 
of an inroad of the Huns, Toward the close of his reign (527) he 
resumed the war, defeating Belisarius at Callinicum (531), with 
the zealous support of the Arab al-Mundhir II of Hira, Early in 
his reign he had inclined away from the Zoroastrian church and 
favoured Mazdak, the founder of a communist sect which had 
made headway among the people (see Mazpaxism). The crown 
prince, Khosrau, however, was an orthodox Zoroastrian; toward 
the close of his father’s reign, in conjunction with the chief mobed, 
he contrived the condemnation of the Mazdakites, who were butch- 
ered in a great massacre (528). On his father’s death, acceding 
as Khosrau І (q.v.; 531-579), surnamed Anushirvan (“of the im- 
mortal spirit”), he concluded peace with Justinian (532). He 
re-established Zoroastrian orthodoxy, yet though some persecution 
of the Christian communities occurred during periods of hostilities 
against Byzantium, the restoration of peace saw a return of tol- 
erance. 

Khosrau I was one of the most illustrious sovereigns of the 
Sasanian empire. From his time dates a new and equitable adjust- 
ment of the imperial taxation. The levying of land revenue in 
kind was replaced by a fixed assessment in cash, and these assess- 
ments continued in force later under the Arabs. His reputation as 
an enlightened ruler stood so high that when Justinian in 529 closed 
the philosophy school at Athens, the last Neoplatonists bent their 
steps to him in hopes of finding in him the true philosopher-king. 
"Though disillusioned with conditions at the court, their gratitude 
was great when Khosrau by the peace of 549 obtained for them 
the right to return. From 540 onward he had been conducting a 
great war against Justinian, which, interrupted by several armis- 
tices, lasted until the 50 years' peace of 561. The net result, in- 
deed, was merely to restore the status quo; but during the cam- 
paign Khosrau sacked Antioch and transplanted the population to 
a new suburb of Ctesiphon (540). He also extended his power 
to the Black sea and the Caucasus. On the other hand, a siege of 
Edessa failed (544). 

The Turks.—Meanwhile, about 560, a new nation, that of the 
Turks, had appeared in the east. By concluding an alliance with 
them Khosrau crushed the Hephthalites and conquered Bactria 
south of the Охиз. Inevitably this alliance soon turned to hostil- 
ity, and in the second Roman war the Turkish khan was leagued 
with Rome. 

Khosrau bequeathed this war to his son Ormizd IV (579-590), 
who in spite of repeated negotiations failed to re-establish peace. 
Ormizd had not the ability to keep his father’s authority, and he 
further affronted the Magian priesthood by declining to take action 
against the Christians. Eventually he succumbed to a conspiracy 
of his nobles headed by the general Bahram Chobin (g.v.), who 
had defeated the Turks and was afterward beaten by the Romans, 
Ormizd's son, Khosrau II, was set up against his father and forced 
to acquiesce in Ormizd’s execution. But immediately new risings 
broke out, in which Bahram Chobin—though not of the royal line 
—attempted to secure the crown, while simultaneously a Prince 
Bistam entered the lists. Khosrau fled to the Romans and the em- 
peror Maurice undertook his restoration at the head of a great 


army. People flocked to his standard; Bahram Chobin Was roy 
(591) and fled to the Turks, who slew him, and Khosray again 
cended the throne at Ctesiphon. In Media Bistam held out until n 

Khosrau II (590-628), though distinguished by the sumam 
Parvez (“the Victorious”), lived to witness unparalleled vicis. 
tudes of fortune. He achieved a splendour and material wealth 
unprecedented in a lavish period. The assassination of Maurice 
in 602 impelled him to a war of revenge against Rome, in 
course of which his armies penetrated as far as Chalcedon Opposite 
Constantinople, ravaged Syria, reduced Antioch (611), Damascus 
(613) and Jerusalem (614), and carried off the true cross to 
Ctesiphon; in 619 Egypt was occupied. Meanwhile the Romn 
empire was at its lowest ebb. 

The great emperor Heraclius, who assumed the crown in 610, 
took years to create the nucleus of a new military power. Ths 
done, however, he took the field in 622, and retaliated vigorously 
against the Persians, Their armies were everywhere defeated, In 
624 he penetrated into Atropatene (Azerbaijan) and destroyed the 
great fire temple; in 627 he entered the Tigris provinces, Khosrau 
attempted no resistance, but fled from his residence at Dastagerd 
to Ctesiphon. A revolution followed in which Khosrau was de. 
posed and slain by his son Kavadh II (628). When Kavadh died 
a few months later anarchy resulted. The true cross was mea 
while returned to Heraclius. After a succession of ephemenl 
rulers, the nobles united, and in 632 elevated to the throne Yaz 
degerd III (q.v.), grandson of Khosrau. 

The Arabs.—Prolonged hostilities had drastically enfeeblel 
both the great powers. Room was given to a new enemy that now 
arose against both states and religions—the Arabs. After several 
encounters the fate of the Sasanian empire was decided at the bit- 
tle of Kadisiya (637) on one of the Euphrates canals. Ctesiphon 
with all its treasures was laid at the mercy of the victors. The 
king fled to Media, where his generals attempted to organize те 
sistance; but the battle of Nahawand (641) decided matters there. 
Yazdegerd sought refuge in one province after another, until i 
last, in 651, he was assassinated near Merv (see CALIPHATE). 

The fall of the empire sealed the fate of its religion, The Mus 
lims officially tolerated the Zoroastrian faith, though persecutions 
were not unknown. But little by little it vanished from Iran, t 
cept for the few survivors who remain at Yazd. Other Zorns 
trians found refuge in western India, where they are now chiely 
concentrated at Bombay. These Parsees (g.v.) have pron 
but a small part of their sacred writings; but they still numb i 
their years by the era of Yazdegerd III, the last king of their foi 
and the last Sasanian sovereign of Iran. (A. D. H. B) 


VL FROM THE FALL OF THE SASSANIDS TO THE 
RISE OF THE SAFAVIDS, 651-1501 


Arab Caliphates. After the Arab conquest the greater PA 
of Iran was divided into four provinces: Khuzistan and р tt 
attached to Basra; Media or Iranian Iraq, attached to ni 
Khurasan; and Seistan. Arab tribal forces were establishes 
number of garrison towns (such as Qom and Shiraz), the Binh 
bodies of them being settled in Khurasan (Nishapur, Mer efit 
and later on Balkh, Bukhara and Samarkand), to serve 4 fered 
tives for further conquests in central Asia. The Arabs mer 
little with the Iranian population or their religions. Ls Ki in 
part the feudal nobility (dihkans) and the small princip! 
the east were left in possession of their lands and prine af 
Ject to good behaviour and the payment of a stipulated f ctore 
taxation or tribute, for which the local dikkans acted as CÓ di 
Relations between the Arab administration and the feudil ^ y 
Seem to have been generally good, and a contingent of stably 
troops assisted the Arabs in the conquests in Transoxiana (к attt 
under Kutaiba ibn Muslim, 705-715) and in repelling U^ 
counterattacks of the central Asian Turks, There is evi sion a 
the Arabs intermarried extensively with the Iranian popula 
that at an early date the mingling of the two speeches 2% 
to lay the foundations of the modern Persian language- the 0 

On the other hand, increasing fiscal pressure under wns 

ayyads caused discontent among the cultivators ап i rest 
as well as among a number of dihkans. The social strains 


A 


he old feudal system also were intensified as large num- 
anians were converted to Islam, with its equalitarian 
ese discontents were exploited by the missionaries of 
lutionary groups opposed to the Omayyad caliphate, and 
‚ from 745, by an emissary of the Abbasid family 
Muslim (see CALIPHATE). By clever tactics he took 
the tribal feuds by which the Arabs in Khurasan were 
and, adding his weight to a general rising of the Yemenite 
em Arab) faction, he drove the Omayyad governor, 
yar, out of Khurasan and, on the occupation of Iraq 
asanian forces, succeeded in supplanting the Omay- 
Abbasid caliphate (750). 
caliphs based their military power upon a stand- 
"of Khurasanians, both Arabs and Iranians, stationed 
id, and their administration, under the influence of 
nian nobles, notably the Barmecides (g.v.), was closely 
| to the former Sasanian regime. When, however, the 
sid caliph, al-Mansur, suspicious of Abu Muslim’s 
designs in Iran, murdered him in 754, a series of in- 
by his followers disturbed the peace in Khurasan for 
gars. After the overthrow of the Barmecides a serious 
roke out and Harun al-Rashid died at Tus on the 
ess it (809). 
ment of Khurasan passed to Harun’s son al-Ma’mun, 
order but quarreled with his brother, the caliph al- 
ew Khurasanian army was raised, commanded by the 
eral Tahir ibn Husain, who besieged and captured Bagh- 
Killed al-Amin (813). After much fighting the Khurasan- 
blished the caliph’s control over the Arab provinces, but 
insurrection threatened to break out in Iran under 
leadership al-Ma’mun found it necessary to appoint 
0 of Khurasan and the east (821). Tahir was suc- 
his sons, and until 872 the Tahirids constituted a prac- 
pendent dynasty and at the same time held the com- 
the caliphs’ Khurasanian guard at Baghdad. During the 
y of Tahirid government a great part of northeastern 
ly enjoyed a measure of security and prosperity greater 
d known for several centuries. Tahirid power, however, 
effective only in the region of Khurasan centred on 
at Nishapur, But their influence extended farther 
iembers of the family held posts at Baghdad and Samarra, 
int Tahirid influence on areas governed either directly 
lis or by its nominees, Conditions in Khurasan 
70 and the capture of Nishapur by Yaqub ibn al-Layth 
at prosperity did not long survive the decline of Tahirid 


Dynasties. The Tahirids, though semiautonomous in 
Tepresented a continuation in altered terms of the Arabs' 
With the Iranian landowning aristocracy. The caliph- 
ing weakness; its distraction on account of the Zanj 
869-883), which engaged al-Muwaffak, who might 
ve restored Abbasid power; and the disappointment 
lian masses, who had rallied to Abu Muslim and helped 
Abbasids, in the Abbasid family—all were factors 
neouraged movements claiming greater independence. The 
ahi id regime in Iran could only with difficulty suppress 
litical rebellion of the khurramis in Azerbaijan and 
у against Iranian chiefs and Shi'ite refugee leaders 
(littoral and in the adjacent mountains. From 865 
aching movements than these local insurrections arose. 
helped by the prevailing insecurity consequent upon 
vities. "This sect carried to extremes the democratic 
tin Islam and practised excessive puritanism. To them 
fy yads nor the Abbasids were acceptable, while to 
ton, the Shi'a, only descendants from the Prophet 
dew, Ali, had the right to lead the Muslim com- 
n became the scene of Kharijite depredations and 
ез. The latter flourished for a time when al-Ma'mun 
Suis conciliation with Shiite leaders, and, in the mean- 
та € dynasty had become established in the Caspian 
"influence in neighbouring Dailam. Kharijite outrages 


"Ule rise in Seistan of the Saffarid dynasty (see SAF- 
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FARIDS), whose founder, Yaqub ibn al-Layth, posed as a suppressor 
of their disorders while recruiting Kharijite warriors into his army. 
He was thus soon strong enough to control the whole of eastern 
Tran from Balkh to Shiraz, and from bases in Khuzistan eventually 
threatened the caliphate itself. He liquidated Tahirid power in 
Khurasan. Although his achievements have left Tranians the 
memory of a great hero, ousting the Tahirids from the north left 
a power vacuum in Khurasan to be filled by forces that had coa- 
lesced under another Iranian, Ismail the Samanid, who defeated 
Yaqub's brother Amr in 900. 

The Saffarid (“coppersmith”) dynasty's origins had been popu- 
lar. The Samanids (q.v.) were aristocrats, but they also expressed 
Tranian reaction against Arab domination. Their main cities, 
Samarkand and Bukhara, enriched by extensive commerce with 
the far east, became centres of learning and the arts. Persian 
emerged as the language of great poetry; philosophy and history 
were encouraged and the foundations of Iranian Islamic culture 
laid. The Samanids were unable to conquer the Shi'ite leaders in 
the mountains of Байат, whence issued the Buyids (q.v.). The 
three sons of Buya, a former Samanid officer, succeeded in gaining 
control of the caliphate and, as the Samanids did in the northeast, 
established an Iranian interlude in western Iran and Iraq. Both 
powers, their vassals and those who ruled where their power was 
not effective, were supplanted in the 11th century by the Seljuks. 
Arab power had either been infiltrated or repulsed altogether, but 


-the way had been opened to another race of nomad tribes, this 


time from central Asia. 

Ghaznavid and Seljuk Turks.—After the middle of the 9th 
century, the practice grew up in all Muslim kingdoms of purchas- 
ing Turkish prisoners and slaves from central Asia and forming 
them into regiments of guards (see MAMELUKE). As each dynasty 
weakened, its Turkish officers acquired an increasing measure of 
control and occupied the chief political offices at the capital and in 
the provinces. This led in due course to armed rivalries and re- 
volts, by which the power and authority of the dynasty were under- 
mined. The Samanids, after their conquest of Afghanistan, had 
established a Turkish officer as governor in Ghazni; this officer’s 
son, Alptigin, ousted by a rival from his command in Khurasan, 
withdrew to Ghazni in 962 and defied the Samanid prince. He was 
succeeded by his son and several of his Mamelukes, the third of 
whom, Subuktigin (977-997), made his peace with the Samanids 
and obtained the government of Khurasan in addition to Ghazni. 
Subuktigin was succeeded after a year’s interval by his son Mah- 
mud (see MAHMUD oF GHAZNI), the first of the great military 
sultans, under whom the Muslim invasion of India began, When 
the Turkish Il-khans destroyed the Samanid kingdom, Mahmud 
kept them out of Khurasan and finally forced them to acknowledge 
his suzerainty. His government was a centralized military des- 
potism in which the old feudal structure was gradually broken 
down; his administrative officers, however, were drawn from the 
landowning classes in Khurasan, where the old traditions of the 
Tahirids were still preserved; and their strong Sunni sympathies 
contributed to Mahmud’s championship of the Abbasid caliphs 
against the Buyids and other Shi'ite sectaries. : 

At the end of the 10th century the converted Turkish tribes of 
central Asia, under the leadership of the Il-khans, had occupied 
Transoxiana. Among the nomadic Turkmen groups that had mi- 
grated into the country, one, the Ghuzz, was transported by Mah- 
mud to Khurasan. During а struggle between Mahmud’s sons, the 
Ghuzz, led by Togrul (q.v.) and Chagri of the Seljuk family, allied 
themselves with the nobles of Khurasan. defeated the Ghaznavid 
army at Dendenkan (1040) and set out on the conquest of western 
Jran (see SELJUKS). Togrul entered Baghdad in 1055, and he 
and his successors Alp Arslan and Malik Shah ( qq.v.), aided by 
the great Khurasanian vizier Nizam al-Mulk, united the whole of 
Iran, with Iraq and Syria, under their rule. Each province was 
assigned to a Seljuk prince (malik), whose army was maintained 
by military fiefs (ikta). After Malik Shah's death the rivalries 
of these princes led to renewed disintegration, except in Khurasan 
where his son Sanjar maintained order until 1153. Most of the 
other principalities were taken over piecemeal by former officers of 
the Seljuk army, called atabegs, who founded new dynasties, the 
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most important of which in Iran were the atabegs of Azerbaijan 
and the Salghur Turkmens of Fars. Favoured by this disintegra- 
tion, the Shitite sect of the Assassins (g.v.) firmly established 
themselves in the highlands of Dailam and by their terrorism con- 
tributed to the demoralization of the governing classes. 

The massive immigration of Turkmen tribes accompanying the 
Seljuks also made heavy inroads on the economy of Iran. Much 
cultivated land was turned into pasture, and only the walled cities 
and fortresses provided a measure of security for their environs, 
from which the revenues of the military fiefs were drawn. The 
devastation was increased when fresh bands of Ghuzz swarmed 
into Khurasan, defeated and captured Sanjar and looted its cities 
before moving on to occupy Kerman and to extinguish the Seljuk 
principality there. Sanjar’s territories were disputed between his 
former vassals, the shahs of Khwarizm (Khiva), and the chiefs of 
Ghor in Afghanistan; eventually the Khwarizm-shah Takash 
(1172-99) conquered Khurasan and Isfahan, and his son Ala 
ud-Din Mohammed (1199-1220) drove out the Ghorids, con- 
quered the rest of Iran and occupied Transoxiana. Their armies, 
recruited mainly from the half-pagan Kipchaks of the steppes, 
added to the general rapine and disorder, and the Khwarizm-shah 
himself devastated the border lands of Transoxiana in his conflicts 
with the Turkish khans in central Asia, 

Mongols.—It is thus historically false to represent the Mongol 
invasions as suddenly and ruthlessly tearing down a flourishing 
civilization and prosperous economy and reducing Iran to a desert. 
Their effect was rather to intensify the process of nomadization, 
by destroying most of the cities—especially those of Khurasan 
during the first invasion under Genghis Khan in 1220—and dis- 
rupting the organizations in which the old traditions of Persian- 
Islamic culture were still cultivated. It was as if, in medieval 
Europe, the cities and schools of Italy and France had been laid 
in ruins and their populations killed or dispersed. Except for a 
few individuals in the service of the Mongols, learning and culture 
survived only in the peripheral regions, of which Fars was the most 
important. There is therefore some symbolic truth in the popular 
view of the Mongols, insofar as they finally destroyed the social 
and economic foundations upon which the culture of Persia had 
rested, even if more and more precariously, for a thousand years. 

Under the successors of Genghis Khan the Mongols extended 
their power over the whole of Iran and consolidated it by a fresh 
invasion led by his grandson Hulagu (g.v.), who destroyed the 
Assassin fortresses in 1256 and captured Baghdad in 1258, putting 
the last of the Abbasid caliphs to death. Hulagu thus became the 
first of the new "provincial dynasty" (Il-khans; q.v.) of Iran, 
which, though nominally subordinate to the Mongol Great Khan in 
China, governed their territories as autonomous princes until 1335, 

The Il-khans.—Except for occasional conflicts with their Mon- 
gol kinsmen of the Golden Horde to the north and the Jagatai 
khanate to the east, the external policy of the Il-khans was directed 
for about 50 years toward the conquest of Syria. This brought 
them into conflict with the Mamelukes of Egypt (see Ecvpr: 
History) and some ineffectual negotiations with the crusaders and 
the Christian powers, but their ephemeral seizures of Aleppo and 
Damascus in 1260 and 1303 were terminated by crushing defeats. 

In internal affairs the most constructive policy of the Il-khans 
was their interest in trade, which was directed through Azerbaijan 
to the Black sea and made Tabriz a centre of international com- 
merce. They introduced a new system of administration and 
taxation which continued into the Safavid period but was con- 
stantly impeded by tribal risings and military disturbances. Re- 
ligious questions also created many difficulties. The early Mon- 
gols were Buddhists, but were generally tolerant toward Islam 
and all other religious communities. The third Il-khan, Ahmed 


Takudar, adopted Islam in 1282 but was dethroned by the Mon- Shi 


gol nobles and replaced by his nephew Arghun, under whom there 
was a reaction against the Muslims. His employment of a Jewish 
doctor, Sa'd al-Dawla, as finance minister in 1288, and the lat- 
ter’s severe measures against the Muslims, led to such general 
disorder and discontent that Sa‘d al-Dawla’s downfall and execu- 
tion was followed by violent pogroms in all the provinces. A 
still more disastrous attempt was made in 1294 to issue paper 
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currency, in imitation of the Chinese chau, but without mone 
backing. In the following year Arghun’s son Ghazan was 
to the throne, although he was already converted to Iş] 
set on foot an impressive series of measures of reform, 
of them aimed at reconstituting the pre-Mongol land system, 
including military fiefs, and restoring order and securit 
Ghazan’s early death (1304) prevented him from carrying 
through. 

Although the economic results of Ghazan’s reign were q 
dissipated, the political and religious results were impo 
Islam again became the official religion of the state, and its 
ligious and social institutions benefited from state support, 
of the Mongol nobles and tribesmen in Iran had by now 
converted to Islam, and the faith was making rapid progress aly 
in the neighbouring khanate in central Asia. The reign of Gh man's 
brother Ulja'itu (1304-16) was a period of relative tranquilli 
and moderate prosperity. Under his nephew Abu Said (13163 
the internal and external forces of disruption became too stron to 


princes. The contest was won finally by the Mongol Jelairs, whose 
chief, Hasan Buzurg (1336-56), established them in power in Iraq 
and Azerbaijan, Á 
Out of the confusion which attended the decay of the Il-khans, 
Fars and Herat (in both of which local dynasties had continued 
under Mongol rule for several decades) regained independent. 


under the dynasty of Muzaffar. Besides the Jelairs, other no 
chiefs governed parts of Iran, notably in Luristan. A more 
markable phenomenon was the success of an association of lo 


trolled most of the province, an instance of the new kind of 
sociations which were growing up (mostly in relation to some Sul 
leader or group) among the general population, in reaction to the 
political anarchy of the preceding centuries. The most notable 
political event of the period was the failure of an attempt by tht 
Golden Horde to seize Azerbaijan (1357), while the economic dė 
cay of Iran was accentuated both by the disruption of trade routes 
and by disastrous plagues. А 
Whatever elements of urban culture survived these disas! T 
were almost entirely destroyed by Timur (g.v.). The Маш 
Il-khans had only with much difficulty protected the east 
frontier against the Jagatai khans of Transoxiana. This task, ч 
passing to the Kurt kings of Herat, was eased for a time by inter 
nal dissensions in the Jagatai khanate. But when, between | 
and 1380, Timur recreated a centralized power at Samarkand, 
were powerless to resist, and after the fall of Herat in 1383 a 
swept over Iran without meeting effective opposition. Lm к. 
ings were put down with ruthless cruelty; city after city he 
destroyed and their populations were massacred, except a "n 
craftsmen who were transported to Samarkand to embelli 
conqueror’s capital. (Н. A. R. G.; P. W. 
Timurids and Turkmens.—— Timur died as he was "P 
on an expedition to China (1405), and his conquests were ah ü 
between numerous descendants, of whom his sons Miransh 
1407) and Shahrukh (g.v.) held western and eastern Iran sal. 
tively, and a grandson, Pit Mohammed, held Fars. The devi 
and depopulation of Iran had left only three centres of e com 
side Transoxiana; these were Herat, Fars and Tabriz, and t Het i 
flicts of the next century developed into a struggle ا‎ 
and Tabriz. Rivalries and warfare among the Timurids wea thee 
them against the Turkmens of Azerbaijan and Атпа i 
selves grouped in two rival confederacies, the Kara- pad 
(Black Sheep) and Ak-Koyunlu (White Sheep). Түү 
еер were at first the more powerful, and their chiefs Kara 7 
(1388-1420) and Iskandar (1420-38) repeatedly occupies gy 
baijan and Mesopotamia. Nevertheless Shahrukh (1405 his 08 
ceeded in time in reuniting most of Timur’s empire under gessit 
Unlike his father, he devoted himself to restoring some rene 
of prosperity and made his capital Herat the centre of d by j 
and artistically brilliant Persian culture, He was succede oy d 
only surviving son, Ulug-Beg (1447-49), formerly EO" 


айап; Ulug-Beg’s name was made famous by the astronomi- 
al tables (zij) drawn up under his patronage, but in his time the 
(bek Turkmens began to challenge the Timurid government in 
Transoxiana. His murder was followed by further struggles among 
ihe Timurids, during which the Black Sheep under Jahanshah (d. 
467) extended their rule over Iraq, Fars and Isfahan (1453). 
Garcely had Miranshah’s grandson Abu Said established his power 
i the east than Jahanshah invaded Khurasan and seized Herat 
(1458), but the growing power of the White Sheep under Uzun 
isan brought about an agreement between Abu Said and Jahan- 
duh to divide Iran between them. Defeated by the Ottoman 
Turks in 1461, Uzun Hasan turned against the Black Sheep and 
pleated and killed Jahanshah (1467), whose son appealed to Abu 
id for assistance. Rejecting Uzun Hasan's overtures for peace, 
Abu Said marched into Azerbaijan and was defeated and killed 
(1469). The White Sheep were now supreme in the west, but were 
preoccupied with the growing Ottoman power, and the Timurids 
mained in possession of Herat, where the sultan Husain Bayqara 
(1468-1506) maintained a brilliant and luxurious court. After the 
deaths of Uzun Hasan (1478) and his son Yaqub (1490), the 
White Sheep confederacy began to break up, and western Iran 
md Iraq gradually became fragmented between petty govern- 
ments, which opened the way to the conquests of the Safavids. 

(X) 
ҮП. SAFAVIDS, 1501-1736 


Sih Ismail T (q.v.), the founder of the Safavid (Safawid) 
dynasty, was sixth in descent from the saintly Sheikh Safi al-Din 
(1152-1334) of Ardabil, who had founded an order of Sufis there. 
Sheikh Safi claimed descent from the Prophet Mohammed through 
the imam Musa al-Kazim, the seventh of the imams or spiritual 
laders of the Shia. Sheikh Safi and those of his descendants who 
suceeded him as the head (pir or murshid) of this order were 
ally revered. They formed a theocratic form of government at 
Ardabil, ruling only as spiritual leaders. Their theocracy became 
popular and influential that it excited the fears of Jahanshah, 
tte Black Sheep chieftain who ruled over central and northwestern 
Inn from 1457 to 1467. 

Sheikh Safi and his son and successor Sheikh Sadr al-Din were 
teede ү but Sheikh Sadr al-Din’s son Khwaja Ali, who suc- 
es tothe headship of the order in 1399, adopted Shi'ism (q.v.) 
ps moderate form. His successor, Sheikh Ibrahim, became, how- 
Miet with extreme Shiite views, as was his son Sheikh 
уы perished when fighting against the Sunnis of Dagestan 
[ San) in 1455. Sheikh Haidar, who became head of the 

ШЕ his father’s death, gave to his followers, who were all 
tie Turkmens, the scarlet cap with 12 gores (one for each of the 
(Red Sow Which earned for them the nickname of Qizilbash 
Wd ). Sheikh Haidar married Marta, the daughter of 
tm е Sheep ruler Uzun Hasan and his Christian wife Despina 
Bia! daughter of Kaolo Joannis, the penultimate emperor of 

d (Trabzon); by Marta Haidar had three sons and one 
skied Haidar, like his father, was a militant Shi'ite, and he 

Is when fighting against the Sunnis in 1488, when his third 
inler ne was only one year old. Ismail and his two elder 
0 оао trowly escaped capture by their enemies on а number 
hg on} I з. Eventually both the elder brothers were killed, leav- 

bil Smail, who thus succeeded to the headship of the Sufis of 
tior, ail, by virtue of his position, won the support not 
Sight s; local Turkmens but also of many other tribes which had 
Tuy pu in order to escape the persecution of the Ottoman 
Tabriz Еа the aid of these tribes Ismail was able to capture 
the coy еге he was enthroned as shah of Azerbaijan in July 1501. 
th Кы, Зе of the next few years Shah Ismail gained control over 
(SN Part of Persia, He thereupon attacked the Sunni 
ina 0 had occupied part of northeast Persia and defeated 
hay °З battle near Merv in 1510. Despite the fact that 
Vüyerteq i Subjects had at the outset been Sunnis, Shah imd 
№ had Po majority to Shiism, which he made the state > gon. 
10 cona. Wider religious aspirations, a fact which brought him 
: ct with Sultan Selim I (g.v.) of Turkey, а fanatical 


үш Sunnism. The clash came at Chaldiran in northwest 
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Persia in Aug. 1514. Though they fought with great bravery, Shah 
Ismail’s tribal levies proved in the end no match for Selim’s well- 
trained Janizaries and his corps of artillery. Selim followed up his 
victory by taking Tabriz, but a mutiny of his troops soon after 
forced him not only to relinquish it but to withdraw to Turkey. 

The defeat at Chaldiran was a severe blow to Persian morale, 
but, on the other hand, Ismail was able thereafter to keep both the 
Ottoman Turks and the Uzbeks at bay and to retain the provinces 
of Baghdad and Mosul, which he had wrested from the former in 
an earlier campaign. 

One of the consequences of Vasco da Gama’s discovery of the 
sea route from Europe to the east by the Cape of Good Hope was 
the appearance of the Portuguese in the Persian gulf under the 
able leadership. of Affonso d’Albuquerque early in the 16th cen- 
tury, when they captured the island of Hormuz and also made 
themselves masters of part of the adjoining mainland. Owing to 
his life and death struggle with the Ottoman Turks, Shah Ismail 
could do no more than make a protest to Portugal, but this aggres- 
sive action rankled not only in. his mind but also in the minds of 
his successors. 

Shah Ismail died, deeply regretted by his subjects, in 1524. 
During his reign he had welded his peoples into a nation; in this 
connection, the fact that he had made Shitism the dominant faith 
in Persia was of importance since the threat of attack by the 
Sunni powers on both the northwestern and northeastern frontiers 
served to knit the various racial elements together in defense of 
their common creed. 

Tahmasp I and His Successors.—Shah Tahmasp (reigned 
1524-76), Ismail's eldest son, was only 11 years old when he suc- 
ceeded to the throne; he was thus for a number of years no more 
than a puppet in the hands of the powerful Turkmen chiefs. The 
early years of his reign were disturbed by repeated onslaughts 
of the Uzbeks and also by local revolts. Fortunately for Persia 
it was not until after these troubles had ceased that Sultan Sulei- 
man I (q.v.) the Magnificent invaded Persia, capturing Tabriz 
and recovering the territory in Mesopotamia which Shah Ismail 
had conquered. The Turks soon relinquished their possession of 
Tabriz and withdrew to their own country, but in 1538 they re- 
newed their onslaught, taking Tabriz again; once more, however, 
their possession of the Persian capital was brief. It was the 
proximity of Tabriz to the Turkish frontier which induced Shah 
Tahmasp to make Kazvin his capital in 1548. 

Tn the course of Tahmasp's reign the western European powers 
were often hard-pressed by the Turks. The fact that the latter 
had a relatively strong and often hostile power on their eastern 
border was a factor of importance; on one occasion Augier de 
Busbecq, the emperor Ferdinand's envoy at Constantinople, re- 
marked, “It is only the Persian who stands between us and ruin." 

In 1561 the English merchant and traveler Anthony Jenkinson 
arrived at Kazvin bearing a letter from Queen Elizabeth to the 
shah, his object being to establish trade between England and 
Persia across Russia. Tahmasp received Jenkinson courteously, 
but brusquely bade him depart on discovering that he was a 
Christian. y 

When Shah Tahmasp died in 1576, Persia had grown appreciably 
weaker than it had been at the outset of his reign, one reason 
being that he had allowed the Turkmen chiefs to increase their 
power and influence. On the other hand, he had managed to pre- 
vent the Ottoman Turks and the Uzbeks from permanently alienat- 
ing any of his territory. (See TAHMASP I.) е ; 

On Tahmasp's death the crown passed to his elder son, Ismail, 
a drunken and dissolute tyrant who was poisoned after reigning 
for only a few months. His brother Mohammed Khudabanda, 
who succeeded him, was purblind and of weak character. The 
Turkmen chiefs took advantage of the situation to make them- 
selves practically independent; when the Turks and Uzbeks once 
again invaded the country, they paid little or no heed to the shah's 
appeals for help. ji ort ph 

Abbas L—So serious did the situation become that a patriotic 
chieftain belonging to the Ustajlu tribe deposed Mohammed 
Khudabanda in 1587 in favour of his son Abbas (see ABBAS I, 
shah of Persia), who was then a youth of 16. The outlook for the 
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young monarch was most discouraging. Not only was much of his 
realm in the hands of the Turks and Uzbeks, but in the territory 
which remained free of their control the Turkmen tribes enjoyed 
a monopoly of military power. It being essential to break this 
military monopoly, Shah Abbas made a beginning toward this end 
by creating a special force which was paid directly from the royal 
treasury. Realizing that with his still very limited military 
strength he could not hope to contend successfully with both the 
Turks and the Uzbeks simultaneously, Shah Abbas made peace 
with the former on unfavourable terms in 1590 in order to con- 
centrate on the latter. Fortunately for him, the Uzbeks were at 
that time weakened by internal dissensions, so the Persians’ first 
onslaught on them was successful. The Uzbeks thereupon com- 
posed their differences and forced the Persians to evacuate Balkh, 
which they had occupied; they were unable, however, to renew 
their incursions into Persia, Early in 1599 the English adventurer 
Sir Anthony Sherley, his brother Sir Robert and a number of other 
Europeans arrived at the Persian court on an unofficial mission 
from the earl of Essex, with the object of inducing the shah to ally 
himself with the Christian powers against Turkey and to improve 
commercial relations between England and Persia. 

As the trial of strength with Turkey had yet to come, Shah 
Abbas was most anxious to reform his army, By a fortunate 
chance, Sir Robert Sherley was a well-trained and capable soldier, 
and with his aid the shah formed three bodies of troops, all of 
whom were properly trained and armed and, moreover, were paid 
out of the royal treasury. One of these bodies of troops was a 
cavalry corps called the Qullar or “Slaves”; they were not in fact 
slaves, but were so called because they were recruited for the most 
part from Caucasia whence the Persians had for long been wont to 
take slaves. Like the Turkish Janizaries, the Qullar were mostly of 
Christian descent. The Tufangchis (musketeers) formed the sec- 
ond corps; they were at first infantry but were later converted into 
cavalry. The Topchis (artillerymen) formed the third corps. 
With his new army in being, Shah Abbas greatly reduced the 
strength of the Qizilbash levies and then, in 1603, he attacked the 
Turks. In this war his troops acquitted themselves brilliantly, 
proving more than a match for their formidable foes, with the re- 
sult that Turkey had to relinquish the territory it had seized. 
Moreover, in a later campaign, Shah Abbas carried the war into 
Mesopotamia, capturing Baghdad. By his wise leadership and the 
valour and efficiency of his army, Persia’s prestige was greatly en- 
hanced. Although endeavours were made on more than one occa- 
sion to form a definite alliance between Persia and the western 
powers, these met with no success; but, as had previously been the 
case, the fact that Turkey had a strong military power on its east- 
ern frontier curbed to some extent its activities in Europe. 

Shah Abbas’ reign was remarkable not only for his striking mili- 
tary successes but also for the efficiency of liis administrative sys- 
tem, the magnificence of his court and his genius and zeal as a 
builder. Having made Isfahan his capital in 1598, he replanned 
and largely rebuilt it, endowing it with many splendid buildings 
such as the Masjid-i-Shah (masjid, "mosque"), the smaller but 
exquisite Masjid-i-Shaikh Lutfullah, the Ali Qapu and the Chihil 
Sutun; all these, with the exception of the Chihil Sutun, front onto 
the splendid Maidan-i-Shah or royal square. In consequence of 
Shah Abbas' endeavours, Isfahan became a worthy capital of his 
realm, rivaling even London in size (see ISFAHAN). 

Shah Abbas fostered trade and industry in his new capital by 
settling many Armenians from the north of Persia in a new suburb 
called Julfa (Jolfa). He encouraged the English and Dutch East 
India companies to establish branches in Persia, giving them special 
trading facilities. He ruthlessly put down brigandage, making the 
routes once more safe for caravans and travelers; he also im- 
proved communications by constructing many bridges and cara- 
vansaries. 

As Shah Abbas was an ardent nationalist, the Portuguese foot- 
hold in southern Persia was extremely irksome to him. In 1602 
he expelled them from the mainland to the north of their trading 
centre on the island of Hormuz. Twenty years later, with the aid 


of the fleet of the English East India company, he ousted the hı 


Portuguese from Hormuz itself; to show his gratitude to the com- 
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pany he gave it valuable privileges at the 
(which was named after him). 

In religion Shah Abbas was a zealous Shi'ite. As Most of thy 
holy cities of Islam were in the hands of the Sunni Turks, he y 
his subjects to confine their pilgrimages to shrines of the {man 
Riza at Meshed and of his sister Fatima at Qom; he set them a 
example by performing the pilgrimage from Isfahan to Mele 
on foot. Notwithstanding his religious zeal, Shah Abbas Was mog 
tolerant toward Christians, allowing the Carmelites and Other or. 
ders to set up missions and build churches at Isfahan and elu. 
where. 

Although he had so many admirable qualities, Shah Abbas! char- 
acter was marred by a cruel streak which manifested itself mostly 
against members of his own family. He not only blinded and in. 
prisoned his father and his two brothers, but he also had his om 
son Mohammed Baqir Mirza executed and another son, Imam Qui, 
blinded. 

Shah Abbas unquestionably raised Persia from the depths of 
degradation to the status of a great power, yet he was nevertheles 
partly responsible for its subsequent decline by introducing the 
practice of immuring, for purposes of security, the heir apparent 
(as well as the other royal princes) in the harem, with the result 
that when the moment came for him to mount the throne he was 
totally inexperienced in the art of government. Shah Abbas died 
in Jan. 1629 at the age of 58, having reigned 42 years, 

Decline of the Safavid Dynasty.—After the death of Shab 
Abbas the Safavid dynasty lasted for nearly a century, but, except 
for an interlude during the reign of Shah Abbas II (1642-66) i 
was a period of decline. One of the main reasons for this decline 
was the deterioration in the character of the sovereigns, which wis 
due largely to the above-mentioned pernicious practice of inar. 
cerating the heir apparent in the harem until the moment cane 
when he had to succeed his father. In the circumstances, the cout 
eunuchs obtained an undue measure of influence and power. & 
had been the case in Achaemenian times, this undoubtedly co 
tributed to the decline of the dynasty. Shah Safi (16294) 
showed himself indifferent to affairs of state or the good of А 
country, He was cruel and bloodthirsty and he put to death шш] 
of his own relations as well аз а number of the generals and state 
men who had greatly contributed to the glory of Shah Abbas 
reign. Sultan Murad IV, the last of the Turkish warrior ЫШ 
invaded Persia repeatedly, massacring the inhabitants of Hamîd" 
and Tabriz and recovering Baghdad. Under Shah Abbas II ien 
recovered some of its glory, and the pomp and pageantry 0 jl 
court dazzled European envoys and travelers. Shah A ý 
successor, Shah Suleiman, was a debauched tyrant, шанса 
the welfare of his people or to governmental affairs, and sal 
Set in once more; it became accentuated under the pious but on 
Shah Sultan Husain who ascended the throne in 16%. rei 
his inglorious reign the control of affairs came more and more 
the hands of the court eunuchs and the mullahs. ful 

А ^ 2 Pi uoces 

The first outward sign of impending disaster was the $ heal 
revolt of the Ghilzai Afghans of Kandahar in 1709 under the a 
leadership of their chief Mir Vais. He defeated the forces & 
against him and ruled as an independent monarch until d d 
in 1715. In 1720 his son Mahmud raided Persia, penetra ae 
far as Kerman; he was then forced to return to Kandahar а i 
а revolt there. In 1722 he again invaded Persia, once үү Т m 
Kerman. He then continued his advance. Although he її û 
pulsed at Yazd, he marched boldly on Isfahan. Near the er 
Gulnabad, 12} mi. Е. of the capital, the Afghans encoun ts 
vastly superior Persian forces. Due mainly to bad leaders x 
Persian troops were routed and fled in confusion back to id the 
tal. Mahmud thereupon resumed his advance and inves 5 
city, gradually cutting off all sources of supply from b 
due course, famine set in and was followed by pestilence W% ари" 
а terrible toll of the inhabitants. Tahmasp Mirza, the levi 
ent, escaped from Isfahan with the object of raising à anual 
force, but he failed to take any active steps to do 50. > j 
on Oct. 23, 1722, Isfahan surrendered and Shah S un 

ad to Surrender his crown to his uncouth Afghan сопи of the 
the Ghilzais were never in control over more than a port! 


Port of Bandar Abbas 


j 
ultan Be 


ver, and as the Safavids were restored in 1729, the 
y be regarded as continuing until its complete suppres- 
ars later. 
the Great of Russia had for long been contemplating the 
of a trade route to India across the Caspian sea and 
s beyond. The losses sustained by some Russian mer- 
in northern Persia in the course of a tribal uprising there in 
ave him the pretext for invading that country in the follow- 
"Peter's action alarmed the Turks, who likewise invaded 
rder to prevent Russia from gaining control over the 
contiguous to their country. For a time war between 
and Russia seemed imminent, but a settlement was reached 
‘when the two powers agreed to partition much of Persia 
them, Russia taking part of the northern provinces while 
cupied the northwest and west portions. Mahmud, the 
usurper, was left in possession of central and part of south- 
| Persia, while the remainder of the country was in.loyalist 


ad died or was put to death in 1725 and was succeeded by 
¢ capable cousin Ashraf. Although he held the capital and 
t, Shiraz and other parts of southern and southwestern 
position was most insecure, as his Afghan troops were 
outnumbered by those who remained loyal to the Safavids. 
‘Afghans were detested by the Persians on racial grounds and 
‘because they were stanch Sunnis. Tahmasp Mirza, who had 
med himself shah on hearing of his father’s deposition, was 
ng troops in the northeast, and Russia and Turkey were 
dto retain the Persian territories they had seized. As 
Great had alleged that he would endeavour to restore 
id dynasty, Ashraf remonstrated with Turkey for allying 
ilh Russia, a Christian power, in order to deprive him, a 
г, of his throne in favour of a Shi'ite claimant. _ Ashraf's 
met with some favour in Turkey, but the latter never- 
red war on him. Ashraf, by skilful propaganda, 
the morale of the Turkish troops and won a victory 
By his studied moderation after his military success 
appeal for unity among Sunnis, he made peace with 
telatively favourable terms, being recognized as shah of 
ey, however, refused to cede to him any of the prov- 
d occupied. 
ili Beg.—Ashraf was no sooner freed from the Turkish 
‘he was confronted with another danger the serious 
Of which he failed at first to realize. Tahmasp Mirza was 
ture joined by Nadr Quli Beg, a member of the Afshar 
former leader of a band of robbers, Nadr Quli Beg 
With him 5,000 Afshars and other tribesmen to whom he 
dy given some military training. In gratitude for his 
ahmasp Mirza gave Nadr Quli Beg the title of Tahmasp 
| Tahmasp Mirza had already obtained the support of 
tribesmen under their chief Fath Ali Khan. Both 
Quli Khan and Fath Ali Khan were intensely ambitious 
а keen struggle for supremacy immediately ensued, 
itle ended in Tahmasp Quli Khan’s favour when Tahmasp 
al executed on a charge of treason. Е 
Quli Khan soon showed that he was a soldier of genius. 
Breat pains to train the prince's forces, inspiring them 
dence not only in him but also in themselves. Deeming 
Ta Afghans too formidable to be attacked by his still only 
Y disciplined men, he first led them against rebels who had 
ves up as independent rulers in Meshed and Herat, in 
achieving complete success. х 
е, Ashraf, having at last become aware of his danger, 
d eastward to attack Tahmasp Mirza and his formidable 
n а series of brilliant victories, Tahmasp Quli Khan 
4nd almost annihilated the Afghans; on the recovery of 
in 1729, Tahmasp was able at last to ascend the throne. 
D Quli Khan then attacked the Turks and drove them out 
the territory they had occupied; a revolt in Khurasan 
im, however, from completing their expulsion. In his 
Xhurasan, Shah Tahmasp rashly attacked the Turks; 
Stained a heavy defeat, he had to make peace on humili- 


terms, Tahmasp Quli Khan hastened back from Khurasan, 
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deposed Tahmasp and placed the latter's infant son Abbas on the 
throne. „Не thereupon resumed the war with Turkey, retrieving 
the provinces lost by Tahmasp and completing the expulsion of the 
Turks from Persia, By threatening war, Tahmasp Quli Khan made 
Russia relinquish its conquests in Persia. 

Tn the spring of 1736 Tahmasp Quli Khan felt himself strong 
enough to cast all pretense aside, deposing Abbas III and mount- 
ing the throne himself; on so doing, he took the title of Nadir 
Shah (q.v.). 


УШ. AFSHARIDS, 1736-49 


Nadir Shah had successfully dealt with both the Turks and the 
Russians, having previously shattered the Ghilzai Afghans. Never- 
theless, the Ghilzais, under Husain, Mahmud’s brother, still main- 
tained themselves in the province of Kandahar, a fact which made 
Nadir determined to attack them. Husain had ample warning of 
Nadir’s intentions and had accumulated large stocks of provisions 
and military stores. The fortress of Kandahar, moreover, was 
very strong. As Nadir had no siege artillery, a long blockade fol- 
lowed the investment of the fortress. For many months the siege 
went on, great damage being done to the defenses; at length, after 
nearly а year had elapsed, Kandahar fell. Nadir treated the sur- 
vivors of the garrison with moderation and enlisted many of them 
in his army. With the capture of Kandahar and the subjugation 
of the surrounding district, the recovery of the lost provinces of 
Persia was complete. 

Indian Campaign.—Nadir, who was an intensely ambitious 
man, was not satisfied with this achievement, great though it was. 
For some years past, the lure of India and its incalculable wealth 
had had him in thrall. It so happened that the Mogul dynasty, 
like that of the Safavids, had for some time been on the decline, 
and Mohammed Shah, the degenerate descendant of Babur and 
Akbar, and his imbecile ministers were not the men to be in con- 
trol of a vast empire at a time of serious crisis. As soon as Nadir 
could complete his preparations after the fall of Kandahar, he and 
his well-trained veterans set out on their eastward march. After 
capturing Kabul, Nadir pressed onward, but found the Khyber pass 
held in force by the Indian troops. Nothing daunted, Nadir trav- 
ersed the mountains by the parallel Tsatsobi pass and attacked and 
routed the Indians from the rear, The Persian forces then re- 
sumed their advance, capturing Peshawar and crossing the Indus 
without meeting serious resistance. 

Meanwhile, Mohammed Shah had at last realized the danger 
confronting him. He and his main forces marched from Delhi to 
Karnal, 70 mi. to the north, where they formed a strongly en- 
trenched camp in which to await the oncoming enemy. Nadir, 
when his army drew near, realized the strength of the Indian posi- 
tion, and decided to give battle only if the emperor's forces 
emerged; if they failed to do so, he would march directly on Delhi, 
At this juncture, Sa'adat Khan, the subahdar of Oudh, joined 
Mohammed Shah with 30,000 men. Hearing a report that the 
Persians were plundering his baggage, Sa'adat Khan impetuously 
attacked them, but was lured into a trap, defeated and taken pris- 
oner. Part of the emperor's forces who had gone to Sa'adat Khan's 
assistance then became involved with the Persians. In the battle 
which ensued Nadir’s forces obtained a complete victory. He 
thereupon surrounded the Indian camp and cut off all supplies. - 

Mohammed Shah, knowing that his troops would not fight again 
and that supplies would soon be exhausted, surrendered. 1 Nadir 
treated him outwardly with respect but in reality made him and 
his nobles prisoners. In company with the luckless emperor, 
Nadir thereupon marched in triumph to Delhi, which he entered in 
March 1739. He then proceeded to strip the emperor and his 
people of their treasures, obtaining, it is said, booty to the value of 
Rs. 700,000,000, As the Indian historian Anand Ram Mukhlis 
remarked, “the accumulated wealth of 348 years changed owners 
in a moment.” Р Y 

Nadir remained for two months in Delhi. He put down with 
such terrible severity a rising of the citizens against his troops that 
a nadir-shahi is still synonymous there with a massacre. After 

Nadir demanded and obtained the hand of a 


this tragic event, о 
granddaughter of Aurangzeb for his second son, Nasrullah Mirza. 
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When, in accordance with Mogul etiquette, inquiries were made as 
to Nasrullah’s descent to the seventh generation, Nadir said: 
“Tell them that he is the son of Nadir Shah, the son of the sword, 
the grandson of the sword, and so on until they have a descent 
of 70 instead of seven generations.” : 

Realizing that he could not hold Delhi, Nadir restored it and 
the bulk of the empire to Mohammed Shah, but he annexed the 
provinces on the right bank of the Indus, which during the reign 
of Darius had been incorporated in the Achaemenian empire. 
Then, after a stay of less than a year, he returned to Persia with 
greater power, wealth and glory than any other Asian conqueror 
since Timur. 

Campaign Against Bukhara and Khiva, 1740.—During the 
siege of Kandahar, Nadir had dispatched Reza Quli Mirza, his 
eldest son and heir, against Balkh, whose ruler had promised help 
to Husain, the Ghilzai ruler. The prince had proved himself 
worthy of the command and succeeded in taking the city. He 
then crossed the Amu-Darya river and defeated a strong force of 
Uzbeks. Nadir, who was unwilling to attack Bukhara at that 
juncture, then recalled Reza Quli. After the Indian campaign the 
situation, however, was completely changed. Nadir had not 
forgotten the raids made on Khurasan by the Turkmens of Khiva, 
and he realized that a campaign against the two Uzbek states 
would form a natural corollary to the conquest of India, besides 
protecting Khurasan against Turkmen raids for some time to 
come. Large quantities of grain had been collected at Balkh and 
loaded into boats, and the expedition then began its march down 
the Amu-Darya to Charjui (Chardzhou) where a crossing was 
made by means of a bridge of boats. The amir of Bukhara, realiz- 
ing that he could not hope to resist Nadir’s veterans, promptly sub- 
mitted and went to the Persian camp. There he was at first treated 
with disdain, but Nadir finally restored him to the throne on con- 
dition that the Amu-Darya should again form the boundary of 
Persia and that the amir should supply a contingent of troops for 
the Persian army. 

After Bukhara it was the turn of Khiva. On learning of Nadir’s 
approach, Ilbars, the khan of Khiva, set out to destroy the bridge 
of boats at Charjui, but Nadir forestalled him and routed his 
forces. Taking his supplies by boat down the Amu-Darya, Nadir 
pursued Ilbars along the river bank and decisively defeated him 
near Khiva. Soon afterward Ilbars surrendered, As he had put to 
death the envoys whom Nadir had sent to him before the cam- 
paign, the conqueror executed him together with 30 of his coun- 
cilors. At Khiva Nadir found two Englishmen who were mem- 
bers of the staff of Jonas Hanway, the intrepid merchant who 
endeavoured to establish trade between Persia and central Asia 
across Russia and who has left a most valuable account of the 
state of Persia at this time. Nadir treated the Englishmen kindly, 
giving them passports and promising them compensation for their 
losses. One result of this campaign was the release of thousands 
of Persian and Russian slaves; furthermore, the crushing of the 
Khivans stopped for some time their incursions into Persian ter- 
ritory. 

Nadir was now at the zenith of his fame. Not only had he 
driven all Persia's foes from its soil, but he had made its territories 
more extensive than those of the Safavids, Through him Persia 
was once again a great military power. Had he possessed any 
foresight and any real concern for his people, he would have 
abandoned all further idea of war and conquest and so would have 
enabled Persia to become prosperous and settled. Nadir, how- 
ever, had no administrative capacity or thought for the well-being 
of his people; he lived only for war. 

While Nadir was besieging Kandahar, Ibrahim Khan, his only 


the successes of his nephew Reza Quli 


! S He rashly attacked 
the formidable Lezgian tribe, but lost his life in so dus Nadir, 


on learning of this disaster, felt bound to avenge his brother. He 


he was shot at and 


: was jealous of his 
eldest son, whom he unjustly suspected of having instigated this 
attempt on his life. He subsequently had the unfortunate prince 
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blinded. The prince reproached his father, saying, 
eyes but those of Persia which you have put out.” 

At the outset of Nadir’s campaign against the Lezgians all Went 
well, but the main bodies of these hardy and warlike tribesmen 
retreated to the densely wooded higher country where conditions 
were ideal for ambushes and surprise attacks. The result жаз that 
the Persian troops were repeatedly defeated, suffering heavy log, 
These reverses infuriated Nadir, but despite the utmost efforts at 
his troops, the stubborn Dagestanis more than held their Own and 
eventually forced him to retreat baffled and sullen. At the Close 
of the campaign Nadir found himself with an exhausted and 
depleted army and with his prestige much impaired, 

The success of the Lezgians caused revolts to break out in 
various parts of the country, but Nadir suppressed them with 
merciless severity. He had unwisely endeavoured to reunite Islam 
by making his people abjure Shitism and join the Ja'fari sect, 
which he intended to be a fifth sect of the Sunnis. At the time 
his subjects did not openly object to the change, but it was.neye. 
theless most unpopular, Moreover, in Turkey it met with 4 
hostile reception, the religious leaders there giving the following 
decision: “The new sect is contrary to the true belief, and it is 
permissible to kill the people of Persia." This decision was fol 
lowed by the invasion of Persia by an enormous army, which wis 
determined to avenge former defeats. Nadir, however, as great 
a general as ever, inflicted a crushing defeat on the Turks, captur. 
ing the whole of their artillery and stores. Negotiations for peace 
followed in the course of which Nadir agreed to abandon his claim 
to found a new sect and to release his prisoners, This was his 
last victory, 

Death of Nadir Shah, 1747.—During the last few years of 
his life Nadir became increasingly savage and cruel, being subject 
to sudden outbursts of rage. In these paroxysms he put to dealh 
so many of his officers and advisers that no one felt safe. The 
consequence was that he was assassinated in his tent one night 
when endeavouring to suppress a revolt in Khurasan. Thus ended 
the career of Nadir Shah, who, endowed with superb physique, 4 
voice of thunder, dauntless courage and а real genius for Wi 
had hewn his way to the throne. As іп the case of Napoleot, 
with whom he may be compared, success had caused moral b 
oration, and when he died the nation which he had saved from! 
Afghans, Turks and Russians received the news with ipaum It 
lief. Had the attempt on his life in 1741 been successful, 
would have been the national hero for all time. "n 

Nadir's assassination was the signal for the breakup 0 
composite army, Ahmad Khan Abdali and his Afghans, who k 
remained loyal to Nadir to the last, marched off to Kandi 
the way Ahmad had the good fortune to intercept NA 
treasure convoy. He thereupon marched on and founded the 
dom of Afghanistan, taking the title of Ahmad Shah Du M 
Persian throne was seized by Nadir's nephew Ali Quli EE ү; 
took the title of Adil Shah. His reign was very brief, а. 
soon deposed and blinded by his brother Ibrahim. The c j 
attempted to seize Shahrukh, the son of the ill-fated Ri “lel 
Mirza, but failed to do so. Not long afterward Ibrahim № 
by his own troops, and Adil Shah also lost his life at this Py 
Shahrukh was then made shah, but in Dec. 1749 i Ж 
planted and blinded by a Safavid claimant, who style 
Suleiman П. 

At this juncture the Afsharid dynasty may be 5 rani afi 
although Shahrukh was reinstated by Ahmad Shah nm depose! 
the brief rule of the Safavid usurper (who was es author 
and deprived of his sight after ruling for only 40 days); for mat! 
ity, such as it was, was limited to Khurasan which was 
years merely an appanage of Afghanistan. ver the т 

Meanwhile, а stern triangular contest for control у ing Kati 
of Persia had developed, the aspirants for power E d 
Khan, of the Zand tribe of Fars; an Afghan general a Ali Kb! 
Khan; and Mohammed Hasan Khan, a son of Fat went 
Qajar whom Tahmasp had put to death in 1726. Мей i}, aft 
to one and then to another of the three claimants n had 8I 
Mohammed Hasan Khan had been killed and Azad Kha 
rendered, Karim Khan was left supreme. 


“Tt is not my 
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IX. ZAND DYNASTY, 1757-94 
karim Khan, a man of humble birth, had served in Nadir's 
amy, without, however, achieving any distinction as a leader. He 
тей his popularity to his probity, his tolerant views and his 
Under his rule Persia enjoyed a much-needed period 


Vindliness. 4 j 
of peace and justice, with the result that there was some return to 
prosperity. He never styled himself shah, being content with the 


tile of vakil (regent). Being a man of the south, he made Shiraz 
jis capital and adorned it with many noble buildings and beautiful 
gardens. 
rsia’s period of peace and prosperity was ended on Karim 
Khan's death іп 1779, when various members of the Zand family 
rove for the succession. For a number of years one of the 
hostages at Karim Khan's court was Agha Mohammed Khan 
ajar, a son of Mohammed Hasan Khan. When very young he 
lad fallen into the hands of Adil Shah, who had made him a 
anuch, a cruel act which permanently warped his character. 
When Agha Mohammed learned that Karim Khan was in extremis, 
le escaped from Shiraz and hastened to the Qajar tribal country 
inthe northeast where he gathered together a strong force, Sub- 
sequently, he gained over to his side Hajji Ibrahim, the redoubtable 
vizier of the Zand family, with whose help he was able to defeat 
ind capture the gallant Lutf Ali Khan, the last of the Zand 
dynasty, whom he most cruelly tortured and put to death. 


X. QAJAR DYNASTY, 1794-1925 


Agha Mohammed Shah.—Agha Mohammed owed his success 
nt so much to his generalship as to his statesmanship and guile. 
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As Hajji Ibrahim remarked after his death, “That monarch's head 
never left work for his hand.” As pointed out, his mutilation when 
a mere youth had left a permanent mark on his character, making 
him vindictive and inordinately cruel. 

After Agha Mohammed’s final defeat of his rival, he attacked 
King Erekle (Heraclius) II of Georgia who, after Nadir Shah's 
death, had declared the independence of his country and had an- 
nexed territories extending southward to the Aras river He had 
subsequently placed Georgia under the protection of Russia. Agha 
Mohammed acted so swiftly that he was able to defeat Erekle in 
the field and capture and sack Tbilisi (Tiflis) before Russia could 
respond to the Georgian ruler’s appeal for aid. Agha Mohammed 
then evacuated Tbilisi and returned to Teheran which he had made 
his capital city. 

In the spring of 1796 Agha Mohammed, yielding with feigned 
reluctance to the pleadings of his courtiers, had himself enthroned 
in Teheran, Almost immediately after the ceremony the shah 
set out for Khurasan, where Shahrukh still held his pathetic court. 
Being unable to offer resistance, Shahrukh submitted, but Agha 
Mohammed had a further motive; he knew that the prince had 
in his possession many of the priceless jewels which his grand- 
father had looted in Delhi in 1739. He thereupon subjected the 
prince to torture, forcing him gradually to give up his treasures. 
Finally, after Aurangzeb’s famous ruby had been extorted in this 
way, Shahrukh, worn out by his sufferings, fell ill and died, curs- 
ing the Qajar monarch. 

Agha Mohammed had intended to attack Bukhara after attain- 
ing his object in Khurasan, but, on learning that the Russians had 
invaded northern Persia, he hastened westward with his forces to 
oppose them. The Russians succeeded in taking Derbent and 
Baku but failed to capture Enzeli. Later they entered Shamakhi, 
in Shirvan, and were thus in a position to threaten Azerbaijan 
when-the news of the death of the empress Catherine caused them 
to withdraw. 

In the spring of 1797 Agha Mohammed Shah set out for Georgia 
to attack Erekle again. Before he came to grips with the 
Georgians, he was murdered in his tent by two of his servants 
whom he had sentenced to death for some trivial offenses but had 
nevertheless allowed to continue in attendance on him. Thus died 
the founder of the Qajar dynasty (q.v.), who had made himself 
detested and feared by all his subjects. 

Fath Ali Shah.—The assassination of Agha Mohammed Shah 
was followed by a struggle for the throne which ended with 
the triumph of his nephew Fath Ali (reigned 1797-1834), a man 
of very different stamp. He was in general kindly and humane, 
though he could on occasion be capricious and cruel. It was during 
his reign that Persia, due to its position on the overland route to 
India, became involved in the rivalries of European powers. In 
1798 Zaman Shah, the amir of Kabul, invaded India, advancing 
as far as Lahore. Lord Wellesley, the governor general, sent an 
envoy to Teheran to request the shah to take any steps short of 
war to curb the ambitious amir. Zaman Shah at this juncture de- 
manded the cession of Khurasan by Persia, which led Fath Ali 
Shah to co-operate with the British by sending military aid to two 
Afghan pretenders; the amir thereupon withdrew his forces from 
Indian soil. Hardly had this danger to India been averted when 
what appeared to be a far more ominous menace developed. 
Napoleon and his Russian ally, the emperor Paul, planned to in- 
vade India jointly, by way of Persia. Although in the light of 
modern knowledge of the territories concerned it is clear that the 
scheme would have been impracticable, it was taken seriously at 
the time. Lord Wellesley sent Captain (later Sir John) Malcolm 
to Teheran, at the head of an imposing mission, to take all pos- 
sible steps to persuade the shah to put pressure on the amir of 
Kabul to counteract the French designs and to negotiate a politi- 
cal and commercial treaty. Malcolm, who conducted the negotia- 
tions in an able manner, obtained the desired assurances from the 
shah and concluded a political and commercial treaty with him. 
Unfortunately; when Malcolm returned to India, no one was sent 
to replace him at the Persian court. 

The murder of the emperor Paul in 1801 removed the danger of 
a joint Franco-Russian attack on India, but the threat from France 
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remained. In Dec. 1801 Russia formally annexed two provinces 
of Georgia and four years later declared war on Persia, taking 
Derbent and Baku. As the government of India failed to respond 
to the shah’s appeals for help, he turned, but with some reluctance, 
to France (he had for long been unwilling to become the ally of 
a nation which had put its own monarch to death). By the treaty 
of Finkenstein, signed in May 1807, France undertook to help 
Persia to recover the provinces of Georgia and the other terri- 
tories which Russia had seized. Almost immediately afterward, 
Napoleon made peace with Russia, with the result that the treaty 
of Finkenstein became a dead letter. Persia therefore received 
no help in its struggle with Russia, which ended disastrously in 
1813 with the conclusion of the treaty of Gulistan (Golestan). By 
this treaty Persia had to renounce all claim to Georgia and to 
cede Qareh Dagh, Ganja (Kirovabad), Shirvan, Derbent and 
Baku. In 1814 the British government concluded a treaty with 
Persia whereby the latter agreed not to sign treaties or to co- 
operate militarily with countries hostile to Great Britain; in return 
Persia was to receive a subsidy of £150,000 a year, which would 
cease if Persia engaged in a war of aggression, What the British 
government failed to realize was that, while the French peril was 
a thing of the past, Persia’s enforced cession of territory to 
Russia under the terms of the Gulistan treaty had created an en- 
tirely new situation. 

Owing to ambiguous wording, the treaty of Gulistan led in 1825 
to a dispute between Persia and Russia concerning three districts. 
While negotiations were in progress, Russia arbitrarily occupied 
these districts, an act which so stirred Persian public opinion that 
the shah had to declare war (1827). At the outset the Persian 
forces carried all before them, recovering much of the lost terri- 
tories. Due to the parsimony of Fath Ali Shah, most of his troops 
had to be disbanded when the shah refused to pay them during 
the winter. Russia then gained the upper hand and forced Persia 
to conclude peace on ignominious terms by the treaty of Turk- 
manchai (Torkaman) in 1828. By this treaty, Persia had to cede 
Erevan (Yerevan) and Nakhichevan, besides giving up all claim 
to Georgia and the other areas lost in the earlier war. Persia was 
forced to pay a heavy indemnity and to grant extraterritorial rights 
to Russian nationals on Persian soil. By a commercial treaty 
concluded at the same time, Persians in Russia and Russians in 
Persia were to be allowed to export and import goods on payment 
of an ad valorem duty of 5%. These treaties inaugurated a new 
era and became the basis on which other European nations con- 
ducted their intercourse with Persia. Great Britain recognized 
the changed position; moreover, as Persia had been the aggressor 
in the war, Britain refused to continue the subsidy. 

Fath Ali Shah realized that his country’s defeat by Russia was 
final. He thereupon turned his attention eastward in order to 
endeavour to regain the territories which had been lost there. The 
Prospects did not seem unpromising, as the Durrani dynasty had 
greatly declined since the death of its founder, Ahmad Shah. The 
shah sent Abbas Mirza, the heir apparent and commander in chief 
of the royal forces, to Khurasan to restore the situation there be- 
fore attacking the Afghans, Abbas Mirza successfully attacked 
the Turkmens, who, although aided by the khan of Khiva, were 
effectively subdued. Abbas Mirza thereupon summoned Kamran, 
the nominal Sadozai ruler of Herat, to submit, but Abbas Mirza 
died before he could lead his main forces against Kamran, 
Mohammed’ Mirza, Abbas Mirza’s eldest son, had meanwhile laid 
siege to Herat, but withdrew his army and hastened to Teheran 
when the news of his father’s death reached him. Not long after- 
ward Fath Ali Shah died, aged 63, having reigned for 37 years. It 
was his misfortune that his reign coincided with the rivalry of 
France, Great Britain and Russia over eastern affairs and with 
the revival of Russia's Drang nach Osten, which Peter the Great 
had inaugurated a century earlier, 

Mohammed Shah. Fath Ali Shah's successor was his grand- 
son Mohammed Mirza, but his accession was disputed by several 
rival claimants to the throne. His bid for the throne succeeded 
because of the skilful handling of his troops by their commander. 
Sir Henry Lindesay-Bethune. Z 


Mohammed Shah (reigned 1834-48) was obsessed with the de- 
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sire to win military renown, but he was sensible enough to 
that he could not hope to do so if he resumed hostilities vib, 
Russia. With the active encouragement of the Russian minister 
the shah determined to resume operations against Herat, Creat 
Britain, anxious as ever to protect India, endeavoured, but Without 
success, to dissuade Mohammed Shah. Great Britain feared that 
if Persia conquered the province of Herat and Possibly addition 
territory to the east, Russia would be able, in virtue of the treaty 
of Turkmanchai, to appoint consuls in those regions and 80 extend 
its influence both commercially and politically almost to the 
Indian frontier. At this juncture a British military mission 
reached Teheran, but the shah received it with coldness and 
pressed on with his plans. In 1837 the Persian forces began the 
siege of Herat. Yar Mohammed, Kamran’s able vizier, had had 
ample warning of the shah’s intentions and had not only repaired 
the fortifications but had also laid in large stocks of food and 
munitions; moreover, Eldred Pottinger, a British artillery officer, 
opportunely arrived on the scene and gave valuable help to the 
besieged forces. In the spring of 1838 Sir John MeNeill, the 
British minister, reached the Persian camp and endeavoured 0 
persuade the shah to raise the siege. The shah, however, ре 
ferred to follow the advice of Count Simonich, the Russian mix 
ister, whose aide-de-camp proceeded to direct the siege opere 
tions. McNeill, being thus flouted, left the Persian camp, Soon 
after the envoy's departure, the shah's forces made their final as 
sault, but it was repulsed with heavy loss. The shah was very 
dejected at this costly failure; consequently, when he received û 
communication from the British minister that the British govern 
ment would regard the occupation of Herat as a hostile act and 
that British troops had already occupied the island of Khark 
(Kharg) in the Persian gulf, the shah broke off the siege. The 
last few years of Mohammed Shah’s reign were troubled by the re 
volt of the Aga Khan, the spiritual leader of the Ismailis, a dispute 
with Turkey and disturbances caused by the Babi movement. 
The Aga Khan’s revolt was crushed and he was forced to take 
refuge in India. The dispute with Turkey was settled by the joint 
intervention of Great Britain and Russia, but the Babi movement 
remained unsuppressed. The founder of this movement was Мий 
‘Ali Mohammed, the son of a merchant of Shiraz, who, after long 
meditation and having performed the pilgrimage to Mecca, д 
claimed himself to be the Bab (gateway) to the Divine Truth 
The Babi movement rapidly gained strength in the years ji 
followed, despite the imprisonment of the Bab himself in i 
(see Ban; Вавіѕм). In the following year Mohammed Shah, V 
had for long been in failing health, died. r 8-00) 
Nasir ad-Din Shah.—Nasir ad-Din (q.v.; reigned 184 
was only 17 when he succeeded his father. Though 50 АЧ 
had for several years been governor general of Azerbaijan M i» 
customary in the Qajar period for the heir apparent to po ‘bl 
sition), and he brought with him from Tabriz his тёп ү 
and scrupulously honest minister Mirza Taqi Khan, whom Sani j 
his vizier. With this minister’s aid some serious дыш wet 
which had broken out on the death of Mohammed ы move: 
quelled. Taqi Khan, who had been impressed by the е 
ment in Turkey, induced the shah to introduce some mut! т regu! 
reforms. For the first time for many years the army wat ‚в 
larly paid and the sale of offices, titles and justice was $0] 180 
were also a number of other abuses. Taqi Khan was û 
sponsible for the founding of the École Polytechnique P nfo 
and for the publication of the first Persian newspaper, “елш 
nately, Taqi Khan's reforms made him a number 0 A 
among whom was the queen mother, whose influence B. 3 
was great. She alleged to the shah that his minister was h. Ta 
too powerful and persuaded him to have him put to dea ja, i 
Khan's execution had most unfortunate results for s abuse 
put an end to the reform movement and many of the 0 absolute 
were revived. Thereafter Nasir ad-Din ruled as a? umant 
monarch, but he was on the whole a more enlightened a 
man than his father or indeed any of his Qajar successors 
Meanwhile, the Babi movement had become such : 
menace that the Bab himself was executed in 1850. 
later an unsuccessful Babi attempt to assassinate the 5 
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ha fierce persecution of the sect that most of the survivors fled 
fh country. The Baha'i faith (q.v.), an offshoot of the sect 
founded by the Bab, still exists and has many followers not only 
in Persia, but also in the Levant and the United States. 

Nasir ad-Din was, like his father, desirous of obtaining com- 

sation for the territorial losses to Russia in northern Persia 
ийет in the century by conquest in the east, Herat being as 
уйше the primary objective. These aspirations were encouraged 
by the Russian minister at Teheran. Yar Mohammed, Kamran’s 
capable vizier, had died, leaving the government of the province 
of Herat to his imbecile son, whose first action was to open up 
negotiations with Persia. Great Britain thereupon protested and 
imposed a treaty on Persia whereby the Persian government un- 
drtook not to send troops to Herat unless that province were 
attacked from outside. Notwithstanding this undertaking, Persia 
subsequently gained possession of Herat (1856) through an Afghan 
nominee, Great Britain thereupon seized the island of Khark 
agin and landed an expeditionary force under Sir James Outram 
near Bushire, This force marched inland and defeated a strong 
body of Persian troops; it then withdrew to the coast, crossed the 
head of the Persian gulf, sailed up the Shatt al Arab and captured 

Mohammerah (Khorramshahr). Meanwhile, unknown to both 

the belligerent forces, Britain and Persia had concluded the treaty 

of Paris (1857) whereby the shah undertook to evacuate Herat 
ind to recognize the kingdom of Afghanistan. 

As already stated, Russia, earlier in the century, had enveloped 
Persia on the north. Moreover, in the reign of Mohammed Shah, 
ithad established a naval base on the island of Ashurada in the 
southeast corner of the Caspian sea in order to keep the piratical 
Тиктеп in check, An attempt to subdue the khanate of Khiva, 
bowever, failed. The serious revolt in the Caucasus, together 
with the Crimean War, prevented Russia from pursuing its expan- 
Slonist policy in central Asia for a number of years. Once freed 
from these difficulties, however, Russia resumed its advance, sub- 
ling the khanates опе by one. In 1881 Gen. Mikhail Skobelev 
stormed Geok-Tepe, the stronghold of the formidable Tekke 
Turkmens, and three years later Russia completed the conquest of 
Central Asia by the occupation of the Merv oasis. Persia thus 
ш ең enveloped by Russia оп the northeast as well as on 

orth, 

„але, trouble had arisen between Persia and Afghanistan 
ls Seistan. This question was settled in 1872 by the Seistan 

y, ation commission, the province being divided between the 
ine ines: Subsequently, the frontier between Persia and 
" Baluchistan was satisfactorily settled. : 

im tough the influence of the enlightened Mirza Tagi Khan, 
Р ih Bin had become imbued to some extent with liberal ideas, 
ak (дц of the constitutional movement іп Turkey and 

tage dul-Hamid II's reversion to autocratic rule in 1878 dis- 

D he Persian liberals and caused the shah to modify his 

ET With the result that he became strongly opposed to reforms 
бте ater years, Nevertheless, some progress was made during 

such li the modernization of Persia in a number of ways, 
fem the introduction of the electric telegraph and a postal 
Ше е establishment of a college in Teheran where science 

Of the Subjects could be studied on modern lines, the growth 

Was Bee and the construction of roads for wheeled traffic. It 
rough Y to Nasir ad-Din's credit that he established security 
iit Rect his realm. He was able to leave his country and 

kin ae in 1873, 1878 and 1889. Although he was in Loses 

lis E ird be stern and cruel at times; he was for most o 

Westion € and respected by his subjects and he was, without 

; he best of the Qajar sovereigns. In his later years, 
tanting con lost his popularity partly because of his action in 

AY gain o j ions to foreigners more with the object of раси. 

у a himself than for the development of his country = 

toms 2186 Of his refusal to accede to the growing demand E 

ШЙ аг € Was assassinated in May 1896 four days before the 

Моана iversary of his accession. у 
йг ad ad-Din.  Nasir ad-Din was succeeded Dm a 

ше th -Din (reigned 1896-1907). Though not unkindly by 

vie new shah was of weak character and lacking in initia- 
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tive. He suffered much from ill health and made this the excuse 
for costly journeys to Europe; his extravagance and that of his 
court brought the country to the verge of bankruptcy. After his 
accession the agitation for reforms grew rapidly in intensity. One 
of the chief leaders of the popular movement was Jamal al-Din 
al-Afghani (g.v.), an extremely able man who had gained con- 
siderable influence in the closing years of the previous reign. He 
was a pan-Islamist rather than a constitutionalist (see PAN- 
Istamism). Another prominent leader was Malkom Khan, who 
was for many years Persian minister in London. Like Jamal 
al-Din, he was a great enemy of Amin as-Sultan, the shah’s chief 
minister. He published in London a paper entitled Qanun in 
which he advocated the promulgation of a code of laws and other 
reforms; this paper, though officially banned in Persia, neverthe- 
less had a wide circulation there. Ў 

In 1905 a number of merchants, in protest at the extravagance 
of the shah, the misgovernment and corruption of his ministers 
and the introduction of an onerous customs tariff, following an 
ancient custom, took bast (sanctuary) in one of the mosques in 
Teheran, where they were joined by some mullahs. On being ex- 
pelled from this mosque, they went to the shrine of Shah Abdul- 
Azim, a few miles to the south of the city. When efforts to 
disperse them failed, the shah promised to dismiss the chief min- 
ister and to convene an adalat-khaneh (“house of justice"). 
The bastis thereupon dispersed, but the shah failed to implement 
his promises, whereupon many of the ulema went to Qom and 
threatened to go from there to Mesopotamia. 

In consequence of further acts of oppression by the govern- 
ment, a large number of persons, including merchants, bankers and 
members of the ulema, took bast in the grounds of the British 
legation whence they renewed their demands for the dismissal of 
the obnoxious minister, the promulgation of a legal code and the 
recall of the ulema from Qom. Though the shah yielded to the 
extent of dismissing the unpopular minister, the people persisted 
in their demands, which included for the first time a request for 
a constitution. With great reluctance the shah complied with 
this last demand, with the result that in Oct. 1906 the first majlis 
(national consultative assembly) was convened. A committee of 
members was then formed which drafted the Fundamental Law of 
the constitution. This law was signed by the shah, who was by 
then moribund, on Dec. 30, 1906. Five days later he died. 

The achievement of the constitutionalists was a truly remark- 
able one; except for the few reactionaries who continued to sup- 
port the shah, practically the whole nation took part in the 
struggle. Although it ended in failure, the attempt by the Russian 
constitutionalists to end the autocratic rule of the tsar had a 
considerable effect on Persian public opinion, particularly in 
Azerbaijan. 

Mohammed Alii—Mohammed Ali (reigned 1907-09), Muzaf- 
far ad-Din’s eldest son, succeeded his father; he was aged 34. 
While governor general of Azerbaijan, he had shown himself bit- 
terly opposed to the movement for reform. Although on his ac- 
cession he took a solemn oath to preserve the independence of the 
country and the rights of the people and to observe the Funda- 
mental Law of the constitution, he speedily showed that he had 
no intention of abiding by it. He was forced, however, by popular 
clamour to agree to the drafting of a supplementary Fundamental 
Law, to reaffirm that Persia had a constitution and to dismiss the 
Belgian head of the customs administration who had made him- 

t unpopular. 
оне He reactionary Amin as-Sultan, who had been exiled, 
was recalled at this stage and reinstated as vizier, with the object 
of undermining and finally destroying the constitution. He en- 
deavoured to persuade the moderate party in the majlis to. agree 
to the raising of a loan to replenish the empty treasury, and might 
have achieved this object had he not been assassinated at the end 
of Aug. 1907. Pressure of public opinion forced the shah to ap- 
point the liberal-minded Nasir al-Mulk as his successor, but, apart 
from inducing the shah to sign the supplementary Fundamental 
Law of the constitution in Oct. 1907, he could achieve little or 


thing in the way of reforms. k 
fecun bili on Aug. 31, 1907, the Anglo-Russian agreement had 
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been signed which was designed to settle all differences between 
Great Britain and Russia insofar as Tibet, Afghanistan and Persia 
were concerned. As regards Persia, this agreement divided the 
country into three zones for commercial development; Russia was 
allocated the north and centre and Great Britain the southeast, 
which consisted almost entirely of deserts. The southwest of 
the country was declared neutral; from the British point of view 
the creation of this area as a neutral zone was a serious error, in 
view of the subsequent discovery of oil and its enormous develop- 
ment there by the Anglo-Persian Oil company. Russia had un- 
doubtedly the better of the bargain. In this agreement the two 
powers, after affirming their respect for the independence and 
integrity of Persia, stipulated that neither should seek concessions 
of any kind in regions conterminous with the frontier of the other. 

The Persian people were dismayed when the terms of this agree- 
ment became known to them; Great Britain, which had hitherto 
shown such sympathy with the constitutionalists, had, it seemed, 
betrayed them. What was not fully realized in Persia was that 
this agreement had been forced upon Great Britain and Russia 
because of their common fear of the growing might of Germany. 
A subsequent statement by the two powers that the object of the 
agreement was to prevent intervention and not to bring it about 
did little to allay Persian disquiet. 

A serious crisis occurred in Dec. 1907 when it seemed that the 
shah was intending to dissolve the majlis by force and arrest the 
leading members. Such strong feeling was aroused that the shah, 
feigning submission, vowed on the Koran (the most solemn oath 
in Persia) to preserve the constitution and abide by its provisions. 
Oaths, however, meant nothing to the shah, who, six months later, 
ordered his artillery to bombard the majlis building, killing and 
wounding many deputies. Of the survivors a number were seized 
and executed, but some managed to escape and take sanctuary in 
the British legation. This outrageous action caused a serious 
rising in Tabriz which the shah’s forces were powerless to quell; it 
was terminated only when Russian troops, with the ostensible ob- 
ject of protecting their nationals, entered the city in the spring of 
1909, 

Meanwhile, such was the feeling aroused throughout the country 
that strong nationalist forces were organized, chiefly at Rasht and 
Isfahan. In July 1909 these forces combined and marched on 
the capital, which they entered after meeting with only slight re- 
sistance, The shah, fearing for his life, took refuge in the Russian 
legation. The leading nationalists, the chief mujtahids and mul- 
lahs and a number of the survivors of the majlis then met and de- 
creed the shah’s deposition; they chose his eldest son, Ahmad 
Mirza, who was only 11 years of age, as his successor, Moham- 
med Ali, who was thereupon exiled, went to Russia, Thus the 
Persian revolution was accomplished with comparatively little 
loss of life, 

Ahmad Mirza.—The nationalists had won a complete victory. 
but dissensions soon arose within their ranks and two main parties 
emerged, the Revolutionaries and the Moderates, between whom 
great hostility soon developed. 

After the nationalist occupation of Teheran and the deposition 
and exile of Mohammed Ali, Ephraim Khan, the military leader of 
the Revolutionary party, organized an efficient police administra- 
tion in Teheran which preserved order there. The Russians, how- 
ever, on the ground that special measures were needed for the 
protection of their nationals, dispatched troops to Kazvin whence 
they refused to withdraw despite protests by Great Britain, which 
advocated a policy of nonintervention in accordance with the 
Anglo-Russian agreement of 1907. The lack of administrative 
experience on the part of the personnel of the new regime soon 
showed that the governmental departments could not be effectively 
reotganized without the help of foreign advisers, When this mat- 
ter was discussed Great Britain and Russia stated that nationals 
of one or more of the minor powers should be engaged, otherwise 
they would have to insist on the appointment of their own na: 
tionals, These discussions ended early in 1911 when, despite Rus- 
sian opposition, the Persian government engaged a USS. citizen, 
William Morgan Shuster (q.v.), to serve as treasurer general of 
Persia with a staff of four assistants for a period of three years 
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for the supervision, collection and disbursement of the revenues of 
the country. In June 1911 the majlis, by a large majority es of 
an act conferring full powers on Shuster in regard to the Handli 
of the national finances; for an assembly which was filled with 
tionalist sentiment, this was a striking act of statesmanship, D 
Hardly had Shuster and his staff begun their work When the 
deposed shah landed on the Caspian coast in order to attempt to 
recover his throne; his brother, Salar ad-Dauleh, raised the stands 
ard of revolt in western Persia, ostensibly on Mohammed Ali's be 
half but really, it is believed, on his own. The former shal, 
forces, which consisted mainly of Turkmens, were defeated, and he 
was obliged to flee back to Russia; in the west, a force under the 
capable Ephraim Khan routed Salar ad-Dauleh’s supporters, 
Although Shuster was given every facility by the Persians, hs 
activities were viewed with disfavour by Russia and in Noy, 1911, 
though legally in the right, he behaved with some асет 
toward the Russian consul-general over a case respecting the 
property of one of the former shah's brothers who claimed to 
under Russian protection. Russia thereupon used this matter asa 
pretext for demanding Shuster’s immediate dismissal and 
threatened to order Russian troops to occupy Teheran in the event 
of Persia failing to comply. Despite protests by Great Britain, 
Russia persisted in its attitude, which occasioned strong feeling i 
Persia. However, faced with Rus: by no means empty threat 
of armed intervention, the regent, Nasir al-Mulk, by means ofa 
coup d’état, dissolved the majlis on Dec. 24 and agreed to accede 
to Russia's demand for the dismissal of Shuster and his colleagues, 
who thus had to leave the country just when their labours were 
beginning to produce tangible results. Affairs in ‘Teheran and 
throughout the country were in great confusion; the financial ad- 
ministration was carried on by Belgian customs officials so far a 
their limited powers permitted, but any real improvement wis 
naturally impossible in the circumstances. і 
Russia's policy toward Persia and Great Britain's acquiescent 
therein, Shuster's dismissal and the consequent failure to огаш 
Persia’s finances and to found a new era for the country ato 
strong resentment and criticism in the United States and in Tiber 
circles in Great Britain and elsewhere. On the other hand, St 
Edward Grey, the British foreign secretary, and the other mtr. 
bers of the cabinet, being deeply concerned at the growing s 
of Germany to world peace, were convinced that there was Title 
hope of successful resistance without a rapprochement with Rut 
and that such a vast stake excused a policy of compromise 4 
resulting injustice to Persia. 3 
When World War I broke out in 1914 Persia declared ils e 
trality, but Turkey's violation of Persian territory in order 00 
tack Russia, and the Turkish threat to the oil field and pe 
of the Anglo-Persian Oil company in the south, led to the Wer 
tion by British and Russian troops of parts of the country 
countermeasure. 
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agreement was signed with Persia on Aug. 9, 1919, WP jp dit 


country. This agreement, while reaffirming the indepen me 
integrity of Persia, provided for the appointment gi Britain 
tary and civil advisers, close co-operation with Great rt mi 
the construction of railways and other forms of СЕРИ 
the revision of the customs tariffs. Ву a second agreeme a 
on the same day, Great Britain undertook to make Pers! 
of £2,000,000. d gant 
On the strength of this agreement, British military a" cut shot 
advisers were sent to Persia, but their activities EN j 
when the majlis, in consequence of the strong feeling А 
agreement had aroused іп the country, refused to ташу oi 
The Soviet government, which had already been 1000 
Persia, took advantage of this situation to negotiate л 
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feb, 1921 whereby, in order to gain Persia’s friendship, it aban- 
doned the imperialistic policy of the tsarist regime by renounc- 
ing the use of force and guaranteeing nonintervention in Persian 
“йл АП the treaties which had been concluded between tsarist 
isi E pe ee » eet M diei were ма е а 

ision aimed especially at the Anglo-Russian agreement of 1907. 
ата all concessions which had been granted to the Russian 
government and Russian nationals were canceled, as were also all 
bans and debts. All Russian concessionary rights relating to rail- 
туз, roads, ports and docks reverted to Persia; it was expressly 
stipulated that none of the property thus returned to Persia could 
be alienated to any other power. Under article 6, the Soviet 
government reserved the right to send troops into Persian terri- 
tory should it become a base for military action against Russia. 

Inthe meantime the weakness and corruption of the cabinet and 
the incompetence of the young shah had stirred patriotic elements 
inthe country to bring about a drastic change. This change was 
flected in Feb, 1921 when Sayyid Zia ad-Din Tabatabai, a lead- 
ing reformer and editor of an influential newspaper, having made 
tontact at Kazvin with Reza Khan, the able and forceful com- 
mander of the Persian Cossack brigade, persuaded him to march 
with his men оп. Teheran. They entered the capital on Feb. 21, 
whereupon the cabinet fell. Sayyid Zia ad-Din and Reza Khan 
then formed a new government, the former becoming prime min- 
ier and the latter minister of war and commander in chief. Five 
буз later the treaty with the Soviet government was signed and 
the Anglo-Persian agreement was denounced. 

Three months later, Reza Khan, although still officially only 
minister of war, gained control of the government, having forced 
Syyid Zia ad-Din to resign. He appointed a statesman named 
Quam as-Saltaneh prime minister. Almost his first task was the 
balding up of a strong and efficient army; as this object could not 
achieved without the funds for providing the troops with regu- 
hit pay, Reza Khan insisted on certain branches of the ministry 
"1 fnance being placed under his control as minister of war. By 

s he built up an efficient and disciplined force some 40,000 
SR which he proceeded to establish the authority of the 
Шы. Sovernment throughout the country, particularly in the 
ihe aes in the southwest which had for long been quasi- 
E ent. The sheikh of Mohammerah (now renamed Khor- 
E. "i was unwise enough to revolt in 1924, but his forces 
UR eoe ae He was sel to e 3 a he 

m c eheran where he was detained as a politic; 
En щщ his death in 1934; he had always been on good terms 
E ritish, particularly with the Anglo-Persian Oil company, 

i nery at Abadan was built on property leased from him. 

m Шейле, as the finances of the country were in con- 
huj. dos Khan invited a U.S. financial expert, А. С. Mills- 
mw ле them, Millspaugh, who was assisted by a 
iy, iA er Americans, performed his difficult task success- 
the ipio his efforts and to the increasing royalties paid by 

DH at company, the financial stability of the 
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teat шь commander of the Persian Cossack brigade and 

moned үе revolt, thereupon made himself prime minister and 
the Brant of е majlis. He subsequently obtained from that body 
Wn onl p, mprehensive military powers which could be with- 
hs ants Y it; he thus became completely independent of the 
stoned Оу, For some time past the people had become dis- 

respecting the monarchical form of government, due to 


Char, { 1 
л and behaviour of the last three Qajar sovereigns, 


C wi X. 
Hever With Reza Khan as president. The religious leaders, 


pai: aving noted the action of the Turks in abolishing the 
‘tron, divesting Islam of some of its traditional charac- 

e Y opposed the idea of a republic. Reza Khan thereupon 
tone hi 


ав the monarchy, to depose the shah and mount the 
tie majori * Accordingly, on Oct. 31, 1925, the majlis, by a 
“led ang ЧУ, declared that the rule of the Qajar dynasty was 

“ranged for the convening of a constituent assembly 


àS some support in the country for the creation of a , 
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to make the necessary changes in the constitutional laws, This 
assembly was duly convened and on Dec. 12 it formally vested 
the crown in Reza Khan, with right of succession to his heirs. On 
Dec. 15 the new shah took the oath to defend the constitution and 
on the following day he was publicly proclaimed amid great popu- 
lar enthusiasm as Reza Shah Pahlavi (g.v.). On April 25, 1926, 
the coronation took place. 

The contracts of the members of Millspaugh’s financial mission 
expired in Aug. 1927 and were not renewed. After a short inter- 
val, during which the Belgian customs staff carried on the financial 
administration, a German financial expert, Kurt Lindenblatt, was 
appointed in April 1928 to succeed Millspaugh, but with greatly 
reduced powers, 

Following the example of Turkey and Afghanistan, in 1927 Reza 
Shah gave notice to the powers concerned of his intention to de- 
nounce all treaties in which extraterritorial rights (capitulations) 
were conferred on their subjects. The abolition of these rights 
was formally put into effect on May 28, 1928. In the previous 
year, by introducing the French judicial system, Reza Shah had 
challenged the competence of the religious courts in civil mat- 
ters. He looked upon the majority of the ulema as backward and 
regarded their influence as detrimental to his policy of westerniz- 
ing the country. 

During 1927-32 the German firm of Junkers provided passenger 
and mail air services between Teheran and a number of provincial 
towns, and in Nov. 1928, after lengthy and difficult negotiations, 
agreement was reached with Imperial Airways for the establish- 
ment of bases in Persia for that firm's services to India. 

Relations between Persia and the U.S.S.R. during the earlier 
years of Reza Shah's reign were marred by frequent disputes over 
commercial matters. In 1926 the Soviet government, in order to 
enforce compliance with its demands, placed an embargo on all 
imports of Persian goods, thus causing great hardship to Persian 
merchants. The Caspian fisheries were also a bone of contention, 
but this question was settled by the granting of a new concession 
to the Soviet government which provided, inter alia, for the forma- 
tion of a joint Perso-Russian company to operate the fisheries. 
With Great Britain, too, Persia's relations were oíten far from 
happy. The most serious crisis occurred in consequence of the 
Persian government's unilateral cancellation of the D'Arcy oil 
concession which was held by the Anglo-Persian Oil company. 
The dispute was referred to the League of Nations, but was ulti- 
mately settled by direct negotiations which resulted, in May 1933, 
in the conclusion of a new agreement on satisfactory terms for 
both parties. Persia's periodic claims to sovereignty over the 
Bahrain Islands was another cause of friction, as were also the 
British coaling stations at Basa'idu (Basidu) and Hanjam 
(Hangam) (these stations were removed in 1935). 

In Persia itself Reza Shah, using his well-trained army with 
much ability and courage, effectively subdued and disarmed the 
tribesmen of the southwest, a feat which had been far beyond the 
power of the previous dynasty. More than this, the Bakhtiari and 
the Kashgais were placed under the rule of military officers while 
their chiefs were either put in prison or forced to accept subordi- 
nate positions. The same policy was pursued with the smaller 
tribes. As the tribesmen were made to abstain from robbery, se- 
curity of the roads in their areas was assured. An attempt to sup- 
press nomadism failed, however, because inadequate provision had 
been made for the tribesmen to maintain their flocks in the areas 
chosen for their settlement. The power of the ulema, like that of 
the nomad chiefs, was also curtailed. Persia was really under 
military rule. 

The shah fully realized the importance of communications, and 
steady progress in road building was made under engineers from 
the United States. The postal services were greatly improved, 
and the Junkers company in 1927 inaugurated a regular air service 
between Teheran, Shiraz, Meshed, Baghdad and Baku. Radio 
stations were also established and made available for public use. 
The construction of a railway line from the Caspian sea to the 
Persian gulf was eagerly desired by the shah, whose enthusiasm in- 
fected the whole nation. U.S. engineers surveyed the various 
routes, and in the autumn of 1927 the shah inaugurated this great 
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undertaking. The construction work was undertaken by US., 
European and Persian contractors, with Italian and Persian 
labour, under the supervision of the Consortium Kampsax, a 
Danish-Swedish consortium which took over the work in 1933. ; 

Reza Shah's industrialization policy was likewise of great im- 
portance for the country; textile, cement, sugar beet and other 
factories were established in various parts of the country. Many 
of these enterprises soon showed a profit and contributed to eco- 
nomic stability and to a rising standard of living. Education was 
substantially reformed and improved, and the proportion of 
literacy steadily rose. The University of Teheran was established 
in 1935 and its staff included a number of European experts of 
good standing. Medicine and hygiene showed a marked advance. 
The judiciary was remodeled on French lines, and civil offices 
were opened for marriages. The veiling of women was abolished 
by a sudden and effective decree in 1935. In these reforms the 
policy of Turkey was very influential; in fact, Reza Shah modeled 
himself to a large extent on Mustafa Kemal Atatürk. 

In 1935 Iran became the official name of the country. 

Foreign Relations, 1938-41.—Naturally enough, Iran viewed 
the onset of World War II with deep anxiety. Having suffered 
from the invasion of the Turkish, Russian and British armies in 
World War I, the country was unanimously resolved to keep clear 
of all entanglements and preserve its neutrality. 

At the outset of the struggle, the sympathies of the Iranian 
people were largely with the Allies, but the shah himself, some 
of the ruling classes and a number of army officers tended to 
favour Germany and Italy, partly because of the long-standing 
distrust of the U.S.S.R. and Great Britain and partly because they 
were contemptuous of the timidity and confusion in Allied coun- 
cils which culminated in the Munich agreement. The shah, reso- 
lute and forthright in all things and believing in swift, implacable 
decisions, was impressed by these same qualities in Mussolini and 
Hitler. German propaganda, moreover, was well organized and 
well financed, besides being skilful and unscrupulous, 

The Soviet government's accommodation with Germany, the 
indecision and ambiguity of Allied plans and the disastrous defeat 
of France convinced the shah, his officers and gradually the bulk 
of his people that the Allies were doomed. Germany meanwhile 
had laid its plans well for its new Drang nach Osten, aiming at 
penetrating to the Persian gulf and India. 

Since 1935 Germany had held third place in Iranian foreign 
trade, and by 1938 it had begun to make strenuous efforts not only 
to enlarge this trade but also to play a dominant role in Iran's 
internal economic development. Despite the memory of unethical 
procedures in the. German part of the construction of the Trans- 
Tranian railway and even more of the corruption and mismanage- 
ment of some of the German officials of the National bank, the 
Germans were able by propaganda and infiltration to secure a 
commanding position in Iran. Moreover, many German tech- 
nicians were employed in the building up of Iranian industry. 
Within one year Germany tripled its exports of iron, urgently 
needed in Iran, radio equipment, military supplies, agricultural 
machinery and other heavy industrial products. German tech- 
nicians built chemical, glass and hardware factories and provided 
highly trained specialists at uneconomic rates to maintain tech- 
nical services. Propaganda films were supplied free of charge and 
generous contributions were made to charities. After the Allied 
occupation of Syria and Iraq, Teheran became a centre for Ger- 
man intrigue for the whole of the middle east, and the German 
embassy, in accordance with Nazi custom, was heavily overstaffed. 

The presence in Iran of a large number of German technicians 
caused apprehension in Great Britain lest they might attempt to 
damage or destroy the highly important installations of the Anglo- 
Tranian Oil company (as the Anglo-Persian Oil company had been 
renamed in 1935) in southwest Iran. In June 1941, following upon 
the German attack on the U.S.S.R., the Soviet government like- 
wise viewed the presence of these Germans with alarm. It then 
made representations to the Iranian government, stating that some 
of „these Germans were organizing bands of terrorists in Azer- 
baijan and were instigating acts of sabotage elsewhere. As the 
U.S.S.R. was in urgent need of munitions from the western Allies 
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and as Iran was the only practicable land route, the Soviet 
British governments jointly requested the Iranian Government ty 
allow military supplies to be sent in transit across Tran to the 
U.S.S.R. The Iranian government refused to accede to this m. 
quest or to take action regarding the Germans in the count 
The Soviet and British governments then sent an ultimatum to the 
Tranian government demanding compliance with their demands 
but this was rejected. Thereupon, on Aug. 25, 1941, British and 
Soviet troops simultaneously entered the country from the north 
and south respectively. British forces also entered Iran from the 
west, occupying Kermanshah and later making contact with the 
Soviet forces south of Kazvin. Although the Iranian troops in 
the south offered some resistance, this was soon brushed aside and 
the safety of the Abadan refinery and the oil fields was assured 
The British and Soviet governments carefully defined their тер. 
tive zones, the former assuming responsibility for the south, centre 
and west while the latter occupied the northern provinces of Azer, 
baijan, Gilan and Mazanderan. The U.S.S.R. could plead justif 
cation for its action by citing the Soviet-Persian treaty of 1921 
which gave it the right to send troops to Persia should that country 
become a base for aggression against the Soviet Union, 

The immediate consequence of this joint action by Great Britain 
and the U.S.S.R. was the abdication of Reza Shah on Sept. 16, 
1941, in favour of his eldest son, Mohammed Reza Pahlavi (qa), 
who was then aged 22. The former shah was exiled first to 
Mauritius and later to South Africa, where he died in July 1944, 

There can be no doubt that Reza Shah, in the earlier years 
of his reign, had conferred great benefits on his country. He had 
re-established security and the authority of the central govem: 
ment throughout Persia, he had galvanized the governmental mt 
chinery into action, he had done much to promote industry and to 
improve communications (his greatest achievement was the com 
struction of the Trans-Iranian railway without recourse to 4 
foreign loan) and he had provided facilities for the education and 
welfare of his people. On the other hand, in his later years he hi 
become increasingly autocratic and arbitrary, with the result tht 
his popularity had waned. 

Mohammed Reza Pahlavi.—The new shah, who had been 
educated in Europe, at once announced his intention of ruling the 
country on constitutional lines. However, the transition from the 
arbitrary rule of his predecessor to that of a democracy inevitably 
proved to be difficult, and there was a great deal of political rivalry 
and maneuvering in Teheran, ded 

On Jan. 29, 1942, Great Britain, the U.S.S.R. and Iran conn { 
a treaty of alliance, whereby the first two powers undertoo i 
respect Iran’s territorial integrity and sovereignty and poe 
their forces within six months of the conclusion of hostilities p 
Germany and its allies, In Sept. 1943 Iran declared war 0n 
many. "T 

The Trans-Iranian railway proved to be a very great bene а 
the Allies, who greatly increased its usefulness, efficiency 5 oe 
pacity by constructing docks and supply centres in the soul ‘ae 
necting the port of Khorramshahr with the Trans-Iranian ire 
by means of a branch line from Ahvaz and importing many wet 
motives and additional rolling stock. Great improvements v. 
also made in the road system. The result was a great ien 
the quantities of urgently needed war material which the M ge 
Allies were sending to the U.S.S.R. across Iran. Also m 
value to the Allied cause were the operations of the Anglo" e i 
Oil company in southwest Iran, as they made available large ° 
plies of gasoline, fuel oil and other products. д 

Although it was not technically an occupation, the p 
British and Soviet troops in Iran was most distressing. p the 
habitants, who saw in it a physical renewal of the ancien! i 
of Russia and Great Britain to partition the country bet sp 
The combination of'a bad harvest with the diversion of a shot 
facilities for Allied military purposes led to a serious Ө Моё 
age іп many parts of the country in the winter of 1942 the Sov 
over, the situation was aggravated by the refusal of sent from 
authorities in Azerbaijan to allow grain and rice to be ts of t 
that productive province to relieve shortages in other Pa ean ei 
country. The heavy expenditure by the Allied powers 12 
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greatly increased incomes especially in the middle and working 
К while the cessation of importation resulted in a scarcity 
j consumer. goods. The combination of these factors occasioned 
wy severe inflation which threatened the stability of the cur- 
‚ The cost of living in Teheran and elsewhere soared to ten 
шев the prewar level. At this juncture the shah and Husain ‘Ala, 
i minister of court, as well as veteran liberals such as Furughi 
md Taqizadeh, appealed to the United States for aid; the Iranian 
wple, fearing both Great Britain and the U.S.S.R., felt that the 
led States had no political ax to grind and recalled that it had 
‘in the past rendered friendly and disinterested services. On the 
"mommendation of the U.S. state department, А. C. Millspaugh, 
ho had done so much to reorganize the Persian finances during 
3-28, was appointed treasurer general with wide powers; and 
Norman Schwartzkopf was placed in command of the 
idarmery. A U.S. military mission was sent to advise on army 
inistration, U.S, experts were also appointed to serve in the 
ments of agriculture, health, municipal police, etc. 
— On Dec, 1, 1943, during the conference of Allied war leaders in 
an, Franklin D. Roosevelt, Winston Churchill and Joseph 
nissued a communiqué, at Roosevelt’s suggestion, acknowledg- 
Iran's services in the transportation of supplies to the U.S.S.R., 
nising economic aid during and after the war and asserting 
ihe three powers’ desire to uphold Iran's independence. Notwith- 
папр this declaration, the U.S.S.R. continued to extend its 
шелге in the north, supporting the then newly formed Tudeh 
july and fostering the separatist tendencies of a small minority 
iment in Azerbaijan. In Sept. 1944 the Soviet government 
шу demanded an exclusive oil concession covering the 
ет provinces and exerted such pressure that the prime min- 
iler, Mohammed Sa'id Maraghei, resigned. This brusque be- 
our produced a strong reaction in Iran, and the majlis passed 
ll which had been tabled by Mohammed Mossadegh (4.0.), 
then a comparatively unknown deputy, forbidding the granting 
Moi concessions to any foreign interests during the war. 
маг Developments.—When the war was over Great 
and the United States withdrew their forces from Iran 
nthe period stipulated in the 1942 treaty, although the United 
Shad not been a party to it, The U.S.S.R., on the other 
“a refused to evacuate the northern provinces. When the 
wet army finally withdrew, it left behind a number of agents 
to late in 1945, started a movement designed to make Azerbaijan 
ite from Iran and join the U.S.S.R. A puppet “democratic” 
ne Was set up in the province, and carefully manipulated elec- 
Were held. In Dec. 1946, despite Soviet protests and threats, 
n as-Saltaneh, thë Iranian prime minister, sent a force into 
jan which easily overthrew this regime and re-established 
t authority. Earlier in that year Qavam as-Saltaneh, dur- 
E. 1o Moscow, had been forced to sign an agreement. with 
let government for the establishment of a joint Iranian- 
oil company to exploit oil deposits in northern Iran. This 
үм s unpopular in Iran that in Oct. 1947 the majlis 
1041 null and void. 
E" the Anglo-Iranian Oil company offered the Iranian gov- 
Wallies ч increased payment to compensate it for the reduced 
h esulting from the dividend limitation policy of the 
шын, The Iranian government replied that, while 
зщ E de offer, it would prefer to make it form part of 
л im settlement, Negotiations between the government 
in E» resulted in the signature of a supplemental agree- 
on hy d 1949. This agreement, to come into force on rati- 
ler suit © majlis, increased the basic royalty rate and included 
Laer in qmm financial advantages for Iran. 2. 
A 49 the majlis passed an act implementing a seven- 
a n ambitious project for the economic development 
try, to be financed largely by means of the royalties 
[ eee Unfortunately, the plan soon became mori- 
y ca the diversion into other channels of much of the 
А 3 toit, mismanagement, and the cessation of royalty 
se PR because of the Anglo-Iranian oil dispute. 
the Pe position by Mossadegh and his followers, the 
cation of the supplemental agreement with Anglo- 
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Tranian was withdrawn from the majlis in Dec. 1950, When in 
Feb. 1951 the oil company offered to conclude a 50-50 profit- 
sharing agreement, the campaign for the nationalization of the 
Tranian oil industry was already in full swing; this campaign coin- 
cided with a wave of intense nationalism, Gen, Ali Razmara, the 
prime minister, on being asked whether nationalization of the oil 
industry was practicable, consulted his experts, who reported 
against it. On March 7, four days after he had submitted their 
reports to the majlis, he was assassinated. 

Mossadegh became prime minister on April 30. On May 1 the 
act for the nationalization of the oil industry, having passed 
through parliament, received the shah’s assent. Protests by the 
company and the British government were unheeded, and no com- 
promise could be reached. The company, after stopping all oil 
exports and closing the oil fields and the Abadan refinery, was 
forced to withdraw its British staff from Iran in Oct. 1951. A 
subsequent offer by the U.S, president, Harry S. Truman, and 
the British prime minister, Winston Churchill, to resolve the dead- 
lock was rejected in Aug. 1952, and in Oct. 1952 the Iranian gov- 
ernment broke off diplomatic relations with Great Britain. 

By the spring of 1953 Mossadegh had lost the support of prac- 
tically all those groups and individuals who had originally formed 
his National Front. The explanation of this development is to be 
found in Mossadegh's complete inability to compromise, his ever- 
increasing megalomania and consequent clashes with the shah, his 
insistence on retaining absolute power in defiance of the consti- 
tution and his acceptance of support from the Communist-led 
Tudeh party. He had failed to reap any benefit from his victory 
over the British, and he had taken no steps to provide Iran with 
a constructive policy which would enable it to recover from the 
economic and financial morass into which his actions had precipi- 
tated it. 

From April 1953 onward there was an open and often violent 
struggle for power between Mossadegh and Gen. Fazlollah Zahedi, 
who had been minister of the interior in previous cabinets; as 
time went on Zahedi's strength increased while that of his op- 
ponent waned. After some hesitation, the shah issued a decree 
appointing Zahedi prime minister in place of Mossadegh, but an 
attempt to arrest the latter on Aug. 15 failed. So grave did the 
situation seem that the shah fled by air to Rome, while Zahedi 
went into hiding. Four days later, however, mob action supported 
by the army resulted in Mossadegh's overthrow and arrest and 
his replacement by Zahedi as prime minister. On Aug. 22 the 
shah returned to Teheran where he received a frenzied welcome. 
The coup was plainly welcomed by the western powers and was 
sharply criticized by the U.S.S.R. The United States answered 
Zahedi's appeal for funds by a first installment of $45,000,000. 

On Dec. 5, 1953, Iran resumed diplomatic relations with Great 
Britain. On Dec. 2 Mossadegh was sentenced to three years' 
solitary confinement for high treason, 

Internally, conditions remained unsettled. In April 1955 Husain 
‘Ala replaced Zahedi as prime minister, to be succeeded in April 
1957 by Manuchehr Eghbal, the chancellor of the University of 
Teheran and a personal friend of the shah, Eghbal issued a de- 
cree ending martial law, which had been in force for 16 years; he 
declared his intention to encourage a free press and free speech, to 
set up a democratic two-party system and to allow the formation 
of new political parties (except by the Communists). 

Meanwhile, with the fall of Mossadegh, the main obstacle to a 
solution of the oil dispute was removed. Late in 1953 a group of 
U.S., Dutch and British oil companies formed an international 
consortium in which the Anglo-Iranian Oil company had a 40% 
share. In April 1954 the consortium opened negotiations with the 
Tranian government and the National Iranian Oil company (which 
had been formed to take over the assets and installations of the 
Anglo-Iranian Oil company in Iran). The negotiations resulted 
in the conclusion of an agreement on Sept. 19. Despite Com- 
munist attempts to prevent it, the agreement was ratified by the 
majlis and received the shah's assent. The principal terms of 
the agreement were that the consortium was to resume operations 
through two operating companies and that Iran should receive 50% 
of all the profits on all Iranian oil exported; the Anglo-Iranian 
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Oil company (later renamed the British Petroleum company) was 
to receive £25,000,000 in compensation over a period of ten years 
from 1957, and the agreement was to remain in force for 25 years; 
at the option of the consortium it could be renewed under certain 
conditions for three periods of five years each. 

This development initiated a policy of increasing economic and 
political co-operation between Iran and the countries outside the 
Soviet bloc. In Dec. 1954 Iran signed a commercial treaty with 
India and also made contracts with British, French, West German, 
U.S., Dutch and Belgian firms. In Aug. 1955 the Iranian govern- 
ment signed a treaty with the United States and in the following 
October, despite Soviet protests, joined the Baghdad pact (g.v.). 
After lengthy negotiations Iran and the U.S.S.R. concluded an 
agreement whereby the U.S.S.R. agreed to pay its war debt to Iran 
and to allow the Iranian-Soviet frontier to be mapped. 

In March 1956 the shah ordered the implementation of the 
new seven-year plan, which had already been approved by the 
majlis and senate. In the following year the Iranian government 
authorized a private U.S. company to undertake, in conjunction 
with the plan organization, an ambitious development program 
in southwest Iran, which would include the construction of an im- 
mense dam for irrigation and hydroelectric power. Moreover, 
by the early 1960s progress had been made with the development 
of the Iranian oil fields by the consortium, with production exceed- 
ing 50,000,000 tons annually. (See IRAN: Economy.) 

In April 1958 the marriage between the shah and his second 
wife, Soraya, was dissolved, and in Dec. 1959 he married Farah 
Diba, by whom he had a son, the crown prince Reza, on Oct. 31, 
1960, thus assuring the succession in the Pahlavi line. 

During 1961-63, under the leadership of the shah, progress was 
made in the implementation of an important program of political, 
social, economic and agrarian reform, which was fiercely opposed 
by conservative and some Communist elements, The most impor- 
tant item in the program was the breakup of the great agricultural 
estates and the redistribution of the land among the peasantry. 
In 1964 the program entered its second stage and began to trans- 
form rural society by the replacement of large-scale landlordism 
with co-operatives. By 1966 opposition had weakened enough for 
the shah to commute sentences imposed on some who had con- 
spired against his life in 1965. 

From 1963 relations with the U.S.S.R. improved steadily though 
friction grew with the Arab world, to which Iran's tripartite agree- 
ment with Turkey and Pakistan on mutual co-operation (July 
1964) was a counterpoise, Relations with Iraq were strained in 
1965 and 1966 because of border incidents occasioned by Iraq's 
military operations against rebellious Kurds. 

See also references under “Persian History” in the Index. 

(L. Lo.) 
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PERSIAN LANGUAGE. This is one of the modern Irt? 
languages (q.v.). It derives from a southwestern dialect 0 1 
Iranian branch of the Indo-European family and is most doe] 
related to Middle and Old Persian, former languages of the pt 
ince of Fars (“Persia”) in southwestern Iran. Modern, oF m 
Persian is thus called Farsi by native speakers. 

Persian is the official spoken language of Iran and the onl 
used for writing; it is the mother tongue of about 1000 Я 
people (no exact figures are available) and a means of commun i 
tion between speakers of mutually unintelligible dialects e j 
guages. It exists in a number of socially, geographically amd 
tically definable varieties, їй, 

A slightly divergent form of Persian is official in Af 
besides Pashto (g.9.). More divergent is Tadzhik, spoken byt i 
1,000,000 people in the Tadzhik Soviet Socialist Republic nr. 
parts of the Uzbek, Kazakh and Kirgiz Soviet Socialist Repu’ i 
Soviet officials classify Tadzhik as a separate language. | Peles 
written in Arabic characters, Tadzhik in Cyrillic, modified 
being added for special phonological needs. segno 

The segmental phonemes of standard Persian are: i, 6,4) ls 
ey, ow; b, d,g; pt, k; у, з, q; f, s, x; 2,5; J, č; hr, D? 8 00 
never begin with more than one consonant. Word stress P 
often on the last syllable. 

_ The vocabulary contains many loanwords, especially 
bic; in formal style they are sometimes very frequent. f 

The structure of utterances consists of a combination 0 gyes 
order, intonation, stress and the use of prepositions ant mo 
A series of suffixes (am, -i, -ast, -im, -id, -and, correspon 


(1951); 


ly one 


from Ae 


| the English “(1) am,” “(you) are,” etc.) marks the predicative 
struction. To the English verb correspond constructions con- 
dating of some OF all of four elements: (1) the prefixes mi- or bi-; 
1) a certain class of morphemes; (3) one or two special suffixes 
(ih, 4); (4) the members of the above series of suffixes. A small 
up of. verbs of general meaning have special forms that function 
much as do such English nouns as "class" or "concept." Nouns 
and verbs may be modified (e.g., made more concrete in meaning) 
by speech situation, context and affixes. Nouns, being uninflected 
and otherwise lacking in morphological indicators, have to be con- 
лей by context, At best, subject and object differ in not being 
equally tightly bound into the sentence structure. 
BmuoonpHY.—General:; R. Levy, The Persian Language (1951). 
тта: A. К. S. Lambton, Persian Grammar, 2nd ed. (1960); 
G Lazard, Grammaire du persan contemporain (1957). Special Stud- 
Коош a Uae eee ишш 
| и нне ed. by B. Spuler, sec. 1, vol, iv, 1 (1958);.C. A. 
| ferguson, "Word Stress in Persian," Language, vol, 33 (1957) ; C. T. 
Hodge, a of Fersian Эуе, „МЫШЫ ЧО 33 02950. 
| 0n t . ay w san- tonary, A 
ME) Larger En 'ersian Dictionary 2 vol. (1941-43; DID 
1950). See also Linguistic Bibliography (1939- ). | (G. F. W. H.) 
PERSIAN LITERATURE, the term used to describe litera- 
lure written in Modern Persian, the form of the Persian language 
which had emerged by the 9th century A.D. (see IRANIAN LAN- 
| @мбє$). After the Arab conquest of Iran in the 7th century, 
Ilam replaced orthodox Zoroastrianism, and its related hetero- 
dories, as the dominant religion, and also eclipsed the minority 
| religions, Buddhism, Nestorian Christianity and Manichaeism (all 
of which had some discernible influence on later literary subject 
Matter and imagery); and Arabic became the language of law and 
(ulture, In the 9th century, however, the Persian political revival 
mis accompanied by the emergence of a Persian literary medium, 
(specially in northeast Iran, where the dialect known as “New” or 
| "Modern Persian" began to be used for literary expression and so 
tame established as the literary form of the Persian language in 
| Tn and in northern India (see INDIAN LITERATURE: Muslim In- 
lence). It also had some influence on Ottoman Turkish literary 
Altare (see TURKISH LITERATURE: Anatolian or Ottoman). Mid- 
th century research, by study of an indigenous spoken dialect 
served among the Iranian people, and of the learned language of 
bic, with its greater vocabulary, has revealed examples of the 
| y form of this language. The first writings in modern Persian 
m In verse—the medium of praise and pleasure—and Arabic 
i ts were small. As prose translations from Arabic began to 
‘made, rhetorical refinements based on Arab literary conven- 
ns and more Arabic words and literary devices were introduced. 
^, Sample is sajt (“rhymed prose"), an Arabic form for which 
4 E» mi ата languages were useful (see ARABIC 
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ч 
E Period. — According to a history of Seistan (Sistan) the 
Miu oe Verses were made by Abü Wasif who was asked by 
Arabic Ji $ Saffarid (868-878) to translate some complimentary 
Ter e this incident is typical in that it shows the new 
a м ers asking for literature in a tongue they knew. Ac- 
E another legend the first Persian poet was ‘Abbas of 
B to have composed a poem in Persian in honour of 
Ther Th, ashid's son, al-Ma’mun, in А.р. 809. The Arab geog- 
Abu 
-The 


E Khurdadhbih (c. A.D. 846) cites a Persian verse by 
0-50" al“Abbas ibn Tarkhan, and other fragments from c. A.D. 
i шге Coming to light. 
than p 


ч tulers (820-873) were more concerned with Arabic 
T AS but under the Saffarids (868-900) and especially 
erted dio manids (873-999) the old dialects of the country 
ho ruled Jemselves іп a much modified form. The Samanids, 
itas E the northeast, established a court giving poets a 
| the 001 imitated by other dynasties—the Buyids (945- 
© Ziyarids (928-1042) and particularly the Ghaznavids 
amia- he Buyids reigned in western and southern Tran and 
vid; а; the Ziyarids in northern and central Iran; and the 

Sin the east and, later, in large tracts of northern 
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India; hence Samanid literary innovations were widely spread. 
Yet the force of regionalism remained: although Persian poets 
spoke for all whose language they used, they also displayed regional 
characteristics in expression, theme and social preoccupations. 

The earliest major genres were the panegyric and elegy, both 
written in the form of the gasida (a formal ode), and their first 
great exponent was Rudaki (g.v.) who flourished under the 
Samanid Nasr II (913-943). Another form soon to develop 
was the shorter lyric or ghazal, used for bacchic odes and later 
for love poetry. Both the gasida and the ghazal were mono- 
rhymed. The introduction of the rhyming couplet, mathnavi, ef- 
fected the release from the limitations of monorhyme, and led to 
the composition of epic and long didactic poems. Like the тиба, 
or quatrain, the mathnavi was a purely Persian development; and 
the ruba%, unlike most other poetic forms which were borrowed 
from the Arabs, was unknown in Arabic. 

The Epic.—Under the local Persian dynasties, which had prac- 
tically freed themselves from the yoke of the Arab caliphate, much 
attention was paid to the Pahlavi writings recounting the ancient 
glory of pre-Islamic Iran (see PAHLAVI LANGUAGE). Nuh II 
(976-997) ordered his laureate Daqiqi to put into Persian verse 
the Khvatay-namak (“Book of Kings"), and the poet set to work 
upon this congenial task but had not progressed very far when he 
died in the prime of life. The great undertaking was carried 
forward by Firdausi (g.v.), who brought it to a triumphant con- 
clusion by 1010. His Shah-nama, though spurned at first by the 
Ghaznavid Mahmud (998-1030), who had overthrown the 
Samanids, soon won wide popularity as the national epic of Iran; 
repeatedly copied in fine and exquisitely illustrated manuscripts, it 
continued to be recited by professional rhapsodes down to modern 
times, Other poets soon sought to emulate the success of 
Firdausi; none came anywhere near to equaling his achievement, 
though numerous epics on heroic and romantic themes have been 
preserved. His closest rival is Nizami (q.v.) who died about 
1202; he composed five epic poems on a variety of topics, including 
the legendary exploits of Alexander the Great (see ALEXANDER 
Romances: Eastern Versions), the life of the Sasanian emperor 
Bahram Gor and the Bedouin romance of Laila and Majnun, 
Asadi completed in 1066 a heroic epic on the loves and wars of 
Rustam’s ancestor Garshasp. A little earlier Fakhr al-Din As‘ad 
Gurgani wrote his charming Vis u Ramin, later put into Georgian, 
a poem probably based on Parthian legend which strongly resem- 
bles the story of Tristan (g.v.) and Iseult. In due course the 
epic was pressed into service as a handmaid of historiography. 
Thus, Hamd Allah Mustaufi, otherwise famous as a historian and 
a geographer, having produced a revised edition of the Shah-nama, 
proceeded to compose the Zafar-nama, a gigantic poem reviewing 
the course of events from the birth of Mohammed down to the 
year 1331. The exploits of Timur (Tamerlane), and later of the 
Safavids, were duly made into epics, while it is interesting to 
mention one of the last ambitious projects of this genre—the 
Jarj-nama composed in honour of George III by a Persian living 
in India, telling the political history of that country from its dis- 
covery by the Portuguese down to the British conquest of Poona 
in 1817. The Koranic story of Joseph and Potiphar's wife in- 
spired a succession of poets: the first of the series is even attributed 
to Firdausi’s old age, but the ascription has been contested by 
modern scholars, while the finest treatment was that of Jami 
(q.v.), who gave a mystical interpretation to the tale. 

Panegyric.—Panegyric, which forms an important branch of 
all eastern literatures, is less interesting to the average western 
reader, but Persian gasidas merit the attention of all students of 
Persian for the mastery of language and expression displayed by 
the best-known practitioners. This important genre, already per- 
fected in Arabic, especially by al-Mutanabbi (q.v.), could be as 
lucrative to the poet as it was pleasing to his patron; the richer and 
more powerful the prince, the more numerous his train of encomi- 
asts. Sultan Mahmud of Ghazni created the congenial atmosphere 
for Farrukhi, Minuchihri, Asadi and ‘Unsuri to display their 
virtuosity; their skilful productions paved the way for the court 
poets of the Seljuk Sultan Sanjar (1118-57)—Mu'izzi, the 
“prince of poets"; Adib Sabir; and, most highly esteemed of all 
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qasida writers, Anvari (q.v.), whose elegy describing the suffer- 
ings of his countrymen while Sanjar was held captive by invading 
Ghuzz tribesmen has been brilliantly translated into English as 
“The Tears of Khorassan,” first by William Kirkpatrick (in 
Asiatic Miscellany, vol. 1, 1785), and later by E. H. Palmer (in 
The Song of the Reed, 1877). Contemporary with Anvari was his 
greatest rival Khaqani (q.v.), court poet to the Shirvanshah of 
northwestern Persia. Khaqani, being erudite in most branches of 
Islamic learning and a supreme master of Persian lexicography, 
composed in a forbiddingly obscure style and thus endeared him- 
self to the later crop of commentators. Indeed it was held to be 
far from a fault in the panegyrist to write obscurely; rather it 
highly flattered his patron to be supposed capable of understand- 
ing the learned references of his poet. Every succeeding dynasty 
attracted and rewarded its circle of panegyrists, and all the Mogul 
emperors of India liked to have their exploits celebrated in Persian 
verse. Nor has the panegyric by any means vanished, though its 
themes tend to be national and party-political rather than per- 
sonal. In general, though the lengthy passages of servile flattery 
make tedious reading in the countless products of the classical 
age, many gasidas contain vivid and beautiful descriptions of 
natural scenery and great occasions which more than atone for the 
stretches of boring bombast. 

Didactic and Mystical Poetry.—The origins of didactic 
poetry, ever popular in a country abounding in proverbs, saws and 
maxims, may be traced back to Firdausi and his times, Abu 
Shakur of Balkh, favourite of the Samanid Nuh I (943-954), 
wrote a didactic poem called Afarin-nama of which only fragments 
have survived, but these are sufficient to establish it as the 
parent of such famous works as the Bustan of Sa‘di; while 
Firdausi's Shah-nama abounds in sententious wisdom pithily ex- 
pressed. Religious and mystical poetry was a natural outgrowth of 
moralizing didactic; the Isma'ili Nasir-i Khusrau (g.v.) composed 
an abundance of ethical and religious poems, while the mystics 
Abu Sa‘id ibn Abi ’l-Khair (d. 1049) and ‘Abd Allah Ansari (d. 
1089) employed the quatrain to express mystical ideas. The first 
great mystical epic, the Hadiqat al-hagiga, was composed in 1130 
by Sana'i (q.v.), of Ghazni, who thus set a fashion which many 
later poets followed; he wrote a:number of shorter epics as well, 
all of a religious character, and many odes and lyrics containing 
passages of great mystical insight and beauty. His immediate 
successor Farid ud-din ‘Attar (g.v.) wrote numerous epics on re- 
ligious and mystical themes, the most famous being the Mantiq 
ut-tair which Edward Fitzgerald (q.v.) abridged as the Bird- 
Parliament. It was later translated in full in French by J. H. 
Garcin de Tassy (Mantic Uttair: le langage des oiseaux, 1863), 
and this edition was rendered into an abridged English version by 
G. C. Nott (Conference of Birds, 1955). Mention may also be 
made of ‘Attar’s Zlahi-nama and Asrar-nama, in which mystical 
teaching is illustrated by lively and well-told anecdotes. He also 
composed many odes and quatrains, and in prose an extensive and 
valuable book of memories of the saints. After Sana'i and ‘Attar 
came Jalal-ud-din Rumi (g.v.), who died in 1273 having passed 
most of his life in Konya (Iconium), Asia Minor; his Mathnawi 
ima'nawi, which draws upon his predecessors, is by far the greatest 
work of its kind, while in his lyrics and quatrains he reached 
astonishing heights of pure poetry entitling him to be ranked with 
the world's great mystical poets. His contemporary Sa'di (q.v.), 
Who has always been the most popular moralizing poet of Persia 
(though in his lyrics he displays a higher poetic gift), lives by his 


Bustan and Gulistan—the latter a graceful miscellany of rhymed ^ 


prose interspersed with passages in verse. Jami's Baharistan and 
Qa'ani's Parishan are among the books written in emulation of the 
Gulistan, which has been translated into many languages. 

ч Lyric Poetry.—While the ghazal played a minor part in Arabic 
literature because of the greater popularity of the qasida, Persian 
poets from Rudaki onward showed increasing fondness for the 
shorter poem. By Sana'i's time the convention of the takhallus 
(the poet’s pen name signed in the poem) had been established 
and remained thereafter the distinguishing mark of the lyric 
Whereas the qasida sometimes ran to as many as 100 or more 
couplets in monorhyme, the ghazal seldom exceeded twelve and 
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settled down to an average of seven. The takhallus general 
curs in the last or penultimate couplet, a convention теши ® 
couraged by copyists to distinguish one poet's work from another 
The ghazal was perfected by Hafiz (q.v.) in the 14th century: i 
has been practised thereafter by almost all the Persian prés 
including those of India and continues to be popular in modem 
times. 

End of the Classical Period.—Contemporary with Hafiz were 
‘Ubaid i Zakani (d. 1370), the most talented satirist of Persia: 
Tbn Yamin (d. 1368), admired for his occasional verse; Khyaj 
of Kerman (d. 1352), who composed romantic mathnavis їп emu. 
lation of Nizami; and Salman i Savaji (d. 1378), panegyrist t 
the Jala'irid rulers of Baghdad. The golden age of Persian poetry 
came to an end with the Timurids, and Jami (g.v.; 1414-92) i 
generally regarded as the last of the classics; he distinguished 
himself in all branches and was also a notable prose writer, The 
Safavids, who gave a powerful impulse to painting and archi. 
tecture, found poetry in a slow decline, though every generation 
brought its crop of imitators; the outstanding authors are Saib 
of Tabriz (d. 1677), laureate to ‘Abbas IT, and, in the 18th century, 
Hatif of Isfahan (d. c. 1784). Under the Qajar dynasty (19th 
century) lived Qa'ani of Shiraz (d. 1853), considered by some the 
most brilliant and melodious of all the poets of Persia, though 
rather indifferent in his choice of subjects. 

Persian Poetry in India.— The extension of Muslim rule in 
India gave rise to an Indian school of Persian poetry, founded by 
Amir Khusrau (q.v.; d. 1325) who lived at the court of the Khilji 
kings of Delhi and composed brilliantly and extensively in al 
genres. Thereafter all the Mogul emperors had their laureates, 
such as Faidi (d. 1590), ‘Urfi (d. 1590), Nau'i (d. 1610) and many 
others. These poets refined and complicated the familiar солі 
to such a point that "Indian poetry" became synonymous with 
obscurity and artificiality, 
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The foundations of Persian prose, as of poetry, were laid it 
the time of the Samanid dynasty. In 963 Bal'ami, vizier of м 
Mansur I, published an abridged translation of the famous anm 
of al-Tabari (g.0.). About the same time a band of theologians 
from Transoxiana made a Persian version of al-Tabari's other gm 
work, his commentary on the Koran, thus proving that Persian vi 
a fit medium for sacred as well as profane writing. Mansur [4% 
commissioned the first Persian book on medicine, the ben 
copoeia of Abu Mansur Muvaffaq of Herat. The applicator a 
Persian to philosophy and science, which involved the ont 
an extensive and subtle technical vocabulary, ranks ёш 
outstanding achievements of Abu ‘Ali ibn Sina or Avicenna (Ш 
whose formative years were passed at the Samanid court. 

The Two Styles.—The two translations of al-Tabari men! 
above set a norm of simple and pure Persian style whi! 
seldom been surpassed. The more artificial type of Pros, ami 
the influence of the saj‘ of the Arabs, was introduced by tation 
al-Din of Balkh whose Magamat, composed in 1156 in ve 
of the Magamat of al-Hariri, proved that Persian was fully f the 
to all the complications of scholastic Arabic. The “battle rns 
styles” continued to be fought down the succeeding d and 
the taste of the Mongol conquerors encouraged iOS 
bombastic prose, satiation with which caused a reaction сей 
archaic simplicity. This polarity has continued to chara 
Prose writing ever since, И m 

History.—Of all branches of prose writing, history e rnc 
been the most popular and every dynasty of kings ап p i 
has had its circle of professional chroniclers. The th cent 
history of Seistan, composed in the middle of the 11th рїї 
was quickly followed by the history of the Ghaznavids D sui 
(d. 1077) in 30 volumes (only a sixth has survived). Ti ahi! 
dynasty found a notable historiographer in Ravandi who Mult 


tioned 


under 


al-sudur was written с. 1203. The famous vizier Niza import 
(d. 1092) left a political testament called Siyasat-nama, kol 


: n i 
as a historical source and translated by H. Darke as phi T 


Government (1960). As advice to rulers it belongs (0 (Mint 
tradition, going back to Sasanian days, as the Qabus-nam@ 


es") composed in 1082 by Prince Kai-Ka’us of the Ziyarid 
advent of the Mongols ushered in an age of historiog- 
The Tarikh i Jahan-gusha, by *Ala ud-Din ‘Ata Malik 
), was completed in pe bee, is a masterpiece of 
value. It was translated by J. A. Boyle as Hist 
orld Conquerer ( 1958). Juzjani was another б 
invasion, and his Tabagat i Nasiri is especially interest- 
count of the events which occurred in Afghanistan and 
history of Vassaf, completed in 1312, continues the 
record of this critical period, but its usefulness is some- 
абу its inflated style. Along with regional and dynastic 
Persia has produced a number of universal histories on 
scale, and the most valuable of these was written durin; 
period: the Jami al-tawarikh of Rashid al-Din Рави. 
1), who drew upon Chinese and European as well as Islamic 
| output of histories large and small continued undi- 
‘ough the ensuing centuries, and mention may be made 
a few outstanding works. The career of Timur i Lang 
exploits of his successors in the 15th century are told by 
‘al-Din ‘Ali Yazdi and ‘Abd al-Razzaq Samarqandi. Mir- 
{ Mirkhond; g.v.), who died in 1498, laboured for many 
years upon his elephantine history of the world, the Raudat al- 
ee by early European historians of Islam. Khwan- 
2 (Khondamir), his grandson, abridged this massive work and 
‘iho compiled the Habib al-siyar tracing the emergence of the 
Avid dynasty. The life and times of ‘Abbas (g.v.) the Great 
| described by Iskandar Munshi, and later Nadir Shah, Karim 
Zand and the Qajars had their own chroniclers. Many local 
ovincial histories of great value also exist; while Muslim 
а rich crop of general and special works, most of 
| Wêre described and partly translated in Sir H. M. Elliot's 
History of India, eight volumes (1867-78). 
- This extensive historical literature is supplemented by many bio- 
sraphical CHA particularly of poets, such as the Lubab al-albab 
*Aufi (d. 1232) who also compiled a valuable ency- 
а of stories; the T'adhkirat al-shu‘ara’ of Daulatshah, com- 
№ : 87; and the Atash-kada of Lutf ‘Ali Beg (d. 1781). 
lit Allah Shushtari (executed іп 1610) composed an important 
Bassa: dictionary of mystics and Shi'ite martyrs, and gera 
eu uns contains valuable notices of the leading Sufis down 
b les, 
iphy.—Many of the Arabic-writing geographers of the 
10th centuries were Persian, and the oldest geography in 
Persian language is the anonymous Hudud al-'alam, written 
| the close of the 10th century. Nasir-i Khusrau (g.v.), 
аз a poet and theologian, left a curious travelogue 
ma) of his journey (1046-52) from Merv across Persia, 
and Palestine to Egypt and back to Balkh. Of 
"Importance is the geography of the Mongol period which 
û part of the Nuzhat al-qulub, a cosmographical work com- 
1430 by Hamd Allah Mustaufi who also compiled an 
history, the Tarikh i guzida. Toward 1420 Hafiz i Abru 
And dedicated to Shahrukh his untitled geography in which 
ersian Provinces are described along with an epitome of 
oy valuable additions to Mustaufi are sain 
thmad Razi's Haft iglim (completed in 1594), an encyclo- 
met Í geography and biography. In the 19th century the im- 
| tis, the Eee е е the нн sed ЧАНА 
te aries of the shah Nasir ad-Din (g.v.) recor 
Thad broad are both entertaining and informative. 
ology and Mysticism.—Arabic was in general preferred 
үе оп theology, but many important books we 
Sed in Persian. Nasir-i Khusrau wrote extensively on 
ideas, as did Nasir al-Din Tusi (1201-1274) during his 
т Period; he is best known in Persia for his ethical manual 
Giri. The first Persian handbook of Sufism was com- 
1050 by Hujviri of Ghazni; ‘Abd Allah Ansari of 
d te down his Munajat or private litanies in charming 
(Sse interspersed with poetry. Mohammed al-Ghazzali 
ZALI, AL-; Аклвїс Рншоѕорнү) whose main output in 
Of jurisprudence, theology and mysticism was in Arabic, 
tsian literature with his Kimiya i sa'adat on the mysti- 
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cal life and doctrine. His brother Ahmad Ghazzali (d. 1126) 
wrote a beautiful essay on the theme of the Lover and the Be- 
loved, and Suhravardi Maqtul (executed in 1191) composed a se- 
ries of mystical allegories in Persian in addition to his many Arabic 
books, These are but a few titles out of a very extensive literature, 
including in the 19th century, the writings of the Babis and Baha'is 
(see BasisM; Bawa’t FAITH). 


THE MODERN PERIOD 


In the 19th and the first half of the 20th century western thought 
and the demand for social and constitutional reform had their 
effect on Persian literature. The first signs of a new spirit may 
be traced back as far as Qa'im-Maqam Farahani (d. 1835), a 
vigorous stylist in prose and verse, and Amir Kabir (d. 1852). 
The idea of the novel as an instrument of social criticism sprang 
from Hajji Baba (1824) by James Justinian Morier (q.v.), which 
when first translated into Persian (probably by Mirza Habib of 
Ispahan, 1905) passed muster for some time as an original compo- 
sition. It was under the influence of this work that Zain al- 'Abidin 
(d. 1910) wrote his searing Siyahat-namah i Ibrahim Beg. Trans- 
lations of foreign romances, such as the works of Alexandre Dumas, 
Jules Verne and the Arab Syro-Egyptian historical novelist Jurji 
Zaidan, stimulated the growth of the historical novel celebrating 
the splendour of ancient and medieval Iran; mention may be made 
of the Dastan i Shams и Ти га of Mohammed Baqir Khusravi 
(1909), the Ishq u sultanat of Musa Nathri (1919) and the Dam- 
gustaran of San ‘ati-zada (1920-25).' The first successful experi- 
ment with the short story was made by Jamalzada in his Yaki bud 
yaki nabud (published in Berlin, 1922); his lead was followed by 
many writers, of whom the most noted are Mohammed Hijazi 
(b. 1900, who also composed plays, essays and novels), Buzurg 
‘Alavi (b. 1908), Sadiq Chubak, Jalal Al i Ahmad and above all 
Sadiq Hidayat (d. 1951). The last-named author, who was a 
learned antiquarian and folklorist, came into great prominence as 
the inventor of the “new style” which brought into literature many 
words and idioms previously current only in colloquial speech. 
His most famous novel Buf i kur attracted wide interest and was 
translated into English and French (The Blind Owl, trans. by 
D. P. Costello, 1958; La Chouette aveugle, trans. by R. Lescot, 
1953). The followers of this fashion were generally liberal in 
politics, and controversial. 

The work of the first modernist poets, such as Adib i Pishavari 
(d. 1930), Adib al-Mamalik (d. 1917) and Iraj-Mirza (d. 1926), 
although important, was overshadowed by that of later writers. 
The earliest revolutionary poet was “Ishqi, murdered in 1924; 
another was Lahuti (d. 1957), who spent the latter half of his 
life in the U.S.S.R. The most eminent of the “conservative” 
poets were Malik al-Shu‘ara, mentioned above, and the remarkable 
woman writer Parvin i I'tisami (d. 1941). Though Sir Moham- 
med Iqbal (q.v.; d. 1938) was an Indian, his Persian poetry has 
been accepted into the canon of the national literature. Many 
poets rose to prominence after World War II, among them Parviz 
Natel Khanlari (1914— ), editor of the literary magazine 
Sukhan, Mohammed Hussein Shahriyar (1904— ), Gulchin, 
Fereydun Tavallali and Yasimi. Their work exhibited the in- 
creasing influence of western contemporary styles. 

The extent of the modern renaissance of Persian letters is strik- 
ingly shown by the remarkable advance in book production. Not 
only were the Persian classics being edited in a scholarly manner— 
and much credit for this belongs to Mirza Mohammed of Qazvin 
— but a constant flow of original writings came from the presses in 
elegant and attractive print. The output was all the more aston- 
ishing since the reading public was still severely restricted by the 
low literacy figures, which, however, progressively rose as new 
schools and colleges were built. 

The Press.—An important part in the modern literary move- 
ment has been played by the press, which has provided a forum for 
political and sociological discussion, for new literary criticism and 
for poetry on political and other new themes. The first. Persian 
newspaper in Teheran appeared in the reign of Fath ‘Ali Shah 
(1797-1835). Certain organs founded abroad by exiles or ex- 
patriates exercised real political influence during the long years of 
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struggle for a modern constitution; Istanbul, Calcutta, Cairo, 
Paris, London and Berlin all contributed at various times and in 
various ways. After the revolution of 1905-08 newspapers pro- 
liferated in Persia itself, and the number of titles runs into hun- 
dreds; the competition of wireless did not sensibly diminish the 
flow. 

From the purely literary standpoint, the press rendered the 
language more pliant, simple and popular. Daily papers revealed 
the talents of ‘Ali Akbar Dahkhuda (d. 1956), good poet and 
excellent reporter imitating in his satires the humorous speech 
of the bazaars; the poet laureate Malik al-Shu'ara' Bahar (d. 
1951); and many others. Magazines, especially those devoted to 
literature and social comment, were also produced in great num- 
bers, some fugitive and some more firmly established; through this 
medium many essayists and writers of short stories first appeared 
before the public. The Persian press had by the mid-20th century 
become as competent and influential as that of any comparable 
country. 

BisriocRAPHYy.— The most complete survey of Persian literature 

is E. G. Browne, A Literary History of Persia, 4 vol., 2nd ed. (1929). 
Other comprehensive surveys are C. A. Storey, Persian Literature: a 
Bio-bibliographical Survey, vol. i, pt. 1 (1927-39), vol. i, pt. ii (1954) ; 
Zabihollah Safa, Tarikh i adabiyat dar Iran, 2 vol. (1956-57). The 
Persian literature of India is fully described by Muhammad Abdu'l 
Ghani in A History of Persian Language and Literature at the Mughal 
Court, 3 vol. (1929-30) and Pre-Mughal Persian in Hindustan (1941). 
An extensive account of Persian poetry is Shibli Nu'mani, Shir al- 
Ajam, 5 vol. (1907-24), and the development of Persian prose style 
is traced by Muhammad Taqi Bahar in Sabk-shinasi, 3 vol. (1940- 
44). Shorter works include I. Pizzi, Manuale di Letteratura persiana 
(1887) and Storia della poesia persiana, 2 vol. (1894); P. Horn, 
Geschichte der persischen Litteratur (1901); A. E. Krymski, Istoriya 
Persii, yeya literatury i dervisheskoi theosofii, 3 vol. (1906-17); R. 
Levy, Persian Literature (1923); A. J. Arberry, Classical Persian Lit- 
erature (1958); R. N. Frye, The Heritage of Persia (1962). 

Among anthologies of Persian literature in translation are H. Massé, 
Anthologie persane (1950); A. J. Arberry (ed.), Persian Poems (1954). 
Most of the foregoing works contain extensive bibliographies which 
may be consulted for further details on individual schools and authors. 
See also bibliographies to articles on individual authors. 

(V. F. M.; A. J. Av.; P. W. А.) 

PERSIMMON, the globular fruit of trees of the genus Dios- 
pyros, which belongs to the ebony family (Ebenaceae). The ori- 
ental persimmon (D. kaki) is an important and extensively grown 
fruit in China and Japan where it is known as kaki. It was intro- 
duced into France and other Mediterranean countries in the 19th 
century and grown to a limited extent there. Introduced into the 
United States a little later, it is grown commercially on a small 
scale in California. It is grown throughout the Gulf states of the 
U.S., mainly in home gardens. The fruit is two to three inches 


or more in diameter, yellow to red in colour, somewhat resembling 
a tomato in appearance. Except for varieties such as Fuyu, the 
fruit tends to be highly astringent until soft-ripe or, as is done in 
Japan, until treatment with certain gases. The trees will tolerate 
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PERSIMMON (DIOSPYROS VIRGINIANA), SHOWING (LEFT) STAMINATE FLOW. 
ERS ON LEFT AND PISTILLATE ON RIGHT; (RIGHT) MATURE FRUIT 


PERSIMMON—PERSIS h 


winter temperatures only to about 0? F. 4 
The native American persimmon (D. virginiana) is a small 
occasionally up to 40 ft. in height, and is native from the gy 
states north to central Pennsylvania and central Illinois, The fry 
is one to two inches in diameter, usually rather flattened, and dark 

red to maroon in colour. Most fruits contain several rather lar 
flattened seeds. As in the Oriental species, the flesh loses ils 
astringency and develops a rich flavour when it becomes soft, Con- 
siderable quantities are gathered from the wild and utilize 4 
number of superior kinds have been named and propagated fo û 
limited extent, but are not grown commercially. re 
See W. Н. Chandler, Deciduous Orchards, 3rd ed., pp. 409-415 (1951), 
(J.R. Mags X): 
PERSIS, the Greek form of Old Persian Parsa, modern Ёш 
(q.v.), the southwestern part of Iran. It derived its name from 
the Iranian tribe of the Parsa (Persians) who settled there in the 
7th century B.c. As was observed by Nearchus, the admiral of 
Alexander the Great (preserved by Arrian, /ndica, 40 and Strabo, 
Geography, xv, 727), the country is divided into three parts of 
different character and climate. The seaboard is hot and sandy 
with little vegetation apart from date palms, the population is 
sparse, and there are no good harbours. About 50 mi. (80 km) 
from the coast rise mountain chains through which steep passes 
lead to interior valleys, which lie about 5,000 ft. (1,524 m.) above 
sea level. There the climate is temperate, the country watered by 
rivers and lakes, the soil fertile and excellent for cattle rearing, 
It was in this area that there arose the brilliant civilizations of 
the Achaemenids and Sassanids. The third, northern part belongs 


to the central plateau and is still higher and colder in winlt - 


Persis was bordered on the east by Carmania (Kerman), on the 
west by the Persian Gulf and Elam, on the northwest by Мей, 
and on the north and northeast by the great desert. 

The exact date and the circumstances of the occupation of 
Persis by the Persians are uncertain. It is possible that they de 
rived their name from residence in the land Parsuash, south û 
Lake Urmia (Rezaiyeh), which is mentioned in Assyrian records 
between the 9th and 7th centuries в.с. Ву the 7th century, hove 
ever, they had migrated southward to a district on the easter 
frontier of Elam known to the Assyrians as Parsumash, Its Persit 
ruler, Cyrus I, acknowledged Assyrian overlordship following the 
campaign of Ashurbanipal against Elam (c. 640). In the Baby 
nian records Cyrus II is described as king of Anshan, а district on 
the Elamite border known since Sumerian times, and as king 
Parsu (Parsa). Some scholars maintain that Parsumash, Anshan 
and Parsa were separate districts conquered successively by © 
Persians, perhaps under the leadership of Teispes (c. 675-6 ^ 
Others believe that they were alternative terms for the same bic 

The Persians were a vigorous race, living in a healthful climate, 
accustomed to hardship, brave, and warlike. Herodotus lists t | 
leading tribes as the Pasargadae, to which belonged the du 
the Achaemenidae, the royal family of Persia; the Maraphil; A 
the Maspii. It was these three that Cyrus II assembled to appre? 
his plans for his revolt against Astyages, his Median overlor Jo 
553. Lesser tribes were the agricultural Panthialael, D 
and Germanii (the Carmanians, living round Kerman, WI, E 
its name from them) and the nomad Dahae, Mardi, тор! 
Sagartii (Old Persian, Asagarta), Strabo also lists ал ü 
Persian tribes the Pateiskhoreis (Old Persian, Patishuvarm ү 
which belonged Gobryas, the lance bearer of Darius I menti 
in the king’s tomb inscription. Jers 0 

The inhabitants of Persis were considered to be the ae , 
the empire and were exempt from taxation. This privilege for & 
however, extended to Persian tribes living outside Pd "I 
ample the Sagartians. As the homeland of the Achaemen! if m 
Persis was closely associated with the monarchy. yma ibe 
his capital at Pasargadae (g.v.) in the territory of his A is 
about 30 mi. (48 km.) to the southwest Darius I founde 
capital of Parsa, “the Persians,” known to the Gree! 
(q.v.), "the Persian city.” Although Persepolis WaS ^, wi 
to function as the administrative centre of the empire д It w 
fixed at Susa in Elam, it served as the spring a E 
there that the king received homage and tribute of 
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jons at the New Year festival, a ceremony which forms the 
subject of the magnificent reliefs of the apadana platform. Large 
amounts of the gold and silver received as tribute were stored 
inthe treasuries at Pasargadae and Persepolis. Achaemenid kings 
sere crowned at Pasargadae and buried on their native soil, Cyrus 
Tat Pasargadae, Darius I and his immediate successors at Naksh-e 
tam, and later ers at "geo r^ (J. M. M.-R.) 
Post-Achaemenid Period.—When Alexander had won the vic- 
of Gaugamela (Arbela) and occupied Babylon and Susa, he 
x (in the Bor of 330). with strong resistance in Persis, where 
the satrap Ariobarzanes tried to stop his progress at the “Persian 
ates,” үм дч кш, ka to a There کا‎ Liet 
to the cedar roof of the palace of Xerxes as a t 
ien war of revenge against the Persians had arci an end, 
[tis said that he soon had the fire extinguished (Plutarch, Alex- 
oder, 38); the story of the feast at which Thais incited him to 
the burning is pure fiction, and it may well be that he repented the 
damage he had done (Arrian, Anabasis, vi, 30, 1). 

Alexander had planned to amalgamate the former rulers of the 
world with his Macedonians. Peucestas, the new satrap of Persis, 
followed the example of Alexander and thus gained a strong hold 
his subjects (Diodorus Siculus, xix, 48). About 311 the Iranian 
sarapies passed to Seleucus I Nicator., The subsequent history 
of Persis is obscure. ‘There is little literary or archaeological 
evidence for the foundation of new cities, which was a conspicuous 
mark of Seleucid policy elsewhere, Laodicea in eastern Persis and 
Stasis, possibly a garrison town under Antiochus I Soter, are men- 
tioned by Pliny the Elder and Stephanus Byzantinus; on the Per- 
CC (Bushire) was founded by Antiochus I to re- 
place an Elamite town and peopled with Greeks including a large 
ae from Magnesia on the Maeander (Kugukmenderes 

Lying apart from the main strategic and economic highways of 
Ian, Persis preserved its ancient culture, language, and religion; 
new sanctuaries at Persepolis and at Nurabad were built on tradi- 
tional Iranian lines, by contrast with the temples, Greek in plan 
And style, erected in the same period at Kangavar, Khurha, and 
Nihavand in Media. Four series of coins, inscribed in Pahlavi, 
ae the effective independence of local princes in the district of 
itakhr (Estakr, the town which succeeded Persepolis), probably 
early as the reign of Antiochus I. Their names are Iranian and 

ty are depicted in Iranian dress; the reverse types include the 
со Ahura Mazda, the traditional Iranian "standard of 
p and fire altars or temples. The four rulers of the first 
(Кел to the 3rd century B.c., bear the title тоба 
Шалы me of them, Vahuberz (Oborzos), is said to have 
thes red 3,000 Greeks, and the destruction of 3,000 Persian 

15 by a general of Seleucus II Callinicus may have been re- 
i acid this act (Polyaenus, Strategica, vii, 39 and 40). 
E - rebellion by Molon, satrap of Media, and Alexander, 
рЫ ©1815, was suppressed by Antiochus m, but Persis was 

i сша the Аю й Gri Hanan d proclaim 

. pendence after Antiochus’ final defeat by Ко 

nesia (winter 190-189). An attempt by Antiochus IV Epiph- 

e а 
: alter his death (1 ersis was forct ^ 
woe ae e Supremacy of the Parthian Mithradates Е although 
successful dm supported Demetrius II Nicator in his 
ck on Mithradates in 141. 
js mne later series of coins, dating between the 2nd century 
in s 3rd century A.D., give the rulers of Persis, who are 
Vere eae dress, the title of king. Strabo says that they 
the Bryt S of the Parthians and it is stated in the Periplus of 
of iR Sea that their authority extended over the shores 
їшї үм 4 224 the opposite coasts of Arabia. Among them are 
ita re aditional names of the Achaemenid dynasty and of 
ythology, Daryav (Darius), Artakhshatr (Artaxerxes), 
diferent кш, and others. In the early 3rd century there were 
ity iç e kingdoms and usurpers in Persis; the principal dy- 
каф Bazrangi by the Arab historian al-Tabari. Sasan, 
o Хана ег of Ardashir I (q.v.) and high priest of the temple 
at Istakhr, was connected by marriage with the Bazrangi 
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house, and this connection obtained for Ardashir a military com- 
mand at Darabgird, which he used to subdue the rest of Persis. 
Meanwhile his father, Papak (Pabhagh, Babek), son of Sasan, sup- 
planted the Bazrangi king Gochihr. In 208 the crown passed to 
Ardashir, who then conquered the neighbouring provinces of Car- 
mania and Susiana and in 224 defeated and killed the Parthian 
monarch Artabanus V. He was crowned “king of kings" at Ctesi- 
phon in 226. The Sassanid dynasty which he founded was thus 
heir to the Achaemenid cultural tradition and closely connected 
with the traditional Zoroastrian religion, which was henceforward 
so as the state religion of the empire (see ZOROASTRIAN- 
15м). 

Istakhr, the new capital of Persis, lay about 9 mi. (14 km.) 
above Persepolis on the Pulvar River (Rudhkhaneh-ye Sivan). It 
was a great city under the Sassanids and was important in early 
Islamic times, when it was noted for its fanatical adherence to the 
old religion. It was destroyed in the mid-11th century. See also 
PERSIAN History. (E. E. D. M. 0.) 

PERSIUS. (in full, Aures Persrus FLACCUS) (A.D. 34-62), 
Latin poet whose satires, written under the influence of Stoic 
philosophy, reach a higher moral tone than any other work of 
their kind in classical Latin literature and are also remarkable for 
the author’s individual use of language. According to the Life 
attached to his poems in the manuscripts, Persius was born at 
Volaterrae in Etruria (hence his Etruscan name Aules, often 
latinized as Aulus), of a family of equestrian rank. Having lost 
his father when he was about six years old and his stepfather 
a few years later, he went to Rome at the age of 12 to study 
under Remmius Palaemon and the rhetorician Verginius Flavus. 
At the age of 16 he began a close friendship with the Stoic philoso- 
pher L. Annaeus Cornutus, whose pupil Lucan was also to show 
himself to be a generous admirer of all that Persius wrote. An- 
other friend from his early youth was the lyric poet Caesius 
Bassus, and his friendship with Thrasea Paetus (whose wife Arria 
was a relative of his) lasted for some ten years. Later he met the 
younger Seneca, but was not attracted by his mind. 

His reading of the tenth book of Lucilius revealed to Persius 
his vocation, and he began to write his own book of satires. He 
wrote slowly, however, and left his book unfinished at his pre- 
mature death. Cornutus then suppressed all that Persius had 
written except the book of satires, in which he made some slight 
alterations before handing it over to Bassus for editing. On 
publication, it had an immediate success. Persius is said to have 
been gentle in disposition, girlishly modest, good-looking and af- 
fectionately devoted to his mother, sister and aunt. To his mother 
and sister he left a considerable fortune. 

The six satires, which amount only to 650 lines, are composed 
in hexameters; but what appears as a prologue, in which the poet 
ironically asserts that he writes to earn his bread, not because 
he is inspired, is in choliambics, The first satire, which censures 
the literary tastes of the day as reflecting the decadence of na- 
tional morals (this theme is not unlike that of Seneca in Epistulae 
morales, 114), contains a vivid description of a poet reciting his 
own work, a scathing account of literary conversation at a dinner 
party and an interesting passage deriding specimens of bland 
mythological writing and languishing style. Here Persius writes 
real satire, treating what he himself has seen with understanding, 
whereas the remaining five satires in his book are in fact philosoph- 
ical discussions on themes often handled by Seneca, Satire ii dis- 
cusses what we may justly ask from the gods; satire iii, those who 
live wrongly though they know the right and those who have not 
been enlightened by philosophy; satire iv, the necessity of self- 
knowledge for public men (cf. Plato, Alcibiades I); satire v, the 
Stoic doctrine of freedom (introduced by friendly allusions to the 
teaching of Cornutus) ; and satire vi, the proper use of money. 

In earnestness and moral purpose Persius rises far above the 
political rancour or good-natured persiflage of the earlier Roman 
satirists on the one hand and the rhetorical indignation that 
Juvenal was later to display on the other. He seems, as it were, 
a forerunner of the great Christian apologists, His thought, 
however, is often very difficult to follow, and the meaning of 
his powerful expressions is sometimes far from clear. He seeks 
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brevity at all costs, and he is clumsy in his management of dia- 
logue, so that it is often hard to know where one speaker is sup- 
posed to leave off and another to begin. Frequently his metaphors 
are strained and his colloquialisms jarring. He takes not only 
characters but also whole phrases, thoughts and situations from 
Horace, despite his great difference from Horace in ideals, tem- 
perament and technique. р 

Yet Persius can write with natural simplicity and genuine elo- 
quence (as in ii, 61-75; iii, 23-43; and v, 26-29) and occa- 
sionally has passages memorable for their realism or for their 
metaphor: for instance, nescit quid perdat et alto Demersus 
summa rursus non bullit in unda (iii, 33-34: “he does not know 
what he is losing and, drowned in the depths, sends not a bubble 
back to the surface”) or dum veteres avias tibi de pulmone revello 
(v, 92: “. . . while I pluck your old grandmother's notions from 
your breast”). 

The Life states that before the publication of the book of 
satires some lines were removed from the end so that it should 
appear to have been completed; this may mean that an unfinished 
sentence or paragraph had to be omitted. Cornutus is also said 
to have suppressed an offensive allusion to the emperor Nero’s 
literary taste, changing the original auriculas asini Mida rex habet 

(“King Midas has ass’s ears”) to auriculas asini quis non habet? 
(“Who has not ass's ears?” ; i, 121). 

BIBLIOGRAPHY.—Modern editions of the satires: S. G. Owen, 2nd ed. 
(1908; with Juvenal); O. Jahn, 4th ed.,.rev. by F. Leo (1910; with 
Juvenal) ; S. Consoli, 2nd ed. (1911); G. G. Ramsay, with Eng. trans. 
(1918); and W. V. Clausen (1956). Editions with commentaries in- 
clude: I, Casaubon (1605; new ed. with additions by F. Dübner, 1833) ; 
O. Jahn, with scholia (1843) ; C. F. Heinrich (1844) ; B. L. Gildersleeve 
(1875) ; J. Conington, rev. by H. Nettleship, with Eng. trans. in prose, 
3rd ed. (1893) ; G. Némethy (1903); J. van Wageningen, with Dutch 
trans. (1911) ; F. Villeneuve (1918) ; and N. Scivoletto (1956). English 
verse translations: John Dryden (1693) ; and J. Tate (1930). 

See M. H. Morgan, A Bibliography of Persius, 2nd ed. (1909) ; W. 
Kroll, “Persius” in Pauly-Wissowa, Realencyclopádie, Supplementband 
vii (1950) ; D. Nisard, Etudes de moeurs et de critique sur les poètes 
latins de la décadence, i, 4th ed. (1878) ; A. Eichenberg, De Persii satir- 
arum natura atque et indole (1905) ; M. Schónbach, De Persii sermone 
et arte (x910) ; A. E. Housman, article in Classical Quarterly, vii, pp. 12 
ff. (1913) ; F. Villeneuve, Essai sur Perse (1918); W. Kugler, Des 
Persius Wille su sprachlicher Gestaltung in seiner Wirkung auf Ausdruck 
und Komposition (1940) ; E. V. Marmorale, Persio, ond ed. (1956). 

(G. B. A. F.) 

PERSONALITY. In defining personality the psychologist 
employs the two indispensable ideas of integration and uniqueness. 
While the various other concepts and principles of psychology 
refer to one or another segment of behaviour, personality invari- 
ably signifies, for one thing, the functioning of the whole person, 
and, for another, the unique organization of the individual that 
distinguishes him from his fellows. In accounting for a personal- 
ity it therefore becomes essential to know how the person, in 
expressing his needs and his social relationships, functions as a 
recognizable unity with distinctive traits, drives, attitudes and 
habits which enable or prevent his attaining an adequate adjust- 
ment to his environment and to himself. 

In the early 19th century James Ward in England stressed the 
individualistic orientation of the psychology of personality; in 
Germany, Wilhelm Stern adopted a similar standpoint in his per- 
sonalistic approach. In conventional psychology textbooks per- 
sonality is placed at the top of the conceptual hierarchy: the 
lower-order concepts lead systematically to personality as the most 
complex and inclusive. 

There is a point of view, dating from about 1950, according 
to which personal experience is only one aspect of psychology; 
other aspects refer to other levels of behaviour, From this stand- 
point “psychology” would have to be replaced by the collective 
phrase “behavioural sciences” or, more simply, by the single 
term “humanics.” Thus a reflex action, such as the blink of the 
eyelid in response to a sudden visual stimulus, would be regarded 
as behaviour at the physiological or neurological level, where- 
as a marked like or dislike of some other person, say a brother 
or sister, would fall directly within the domain of “Derson- 
ality” (more strictly, psychodynamics or idiodynamics; see 
below). 


PERSONALITY 


There is no unanimity of thought regarding Personality jn sub 
human organisms, though, on the whole, psychologists tend to 
reserve the term, with or without sufficient Justification, for the 
human species. Character (q.v.), as distinguished from Personal. 
ity, usually involves moral and other normative judgments, Itis 
therefore used only sparingly in U.S. psychology, although in 
European writing the term often is equated with Personality 
Values, like any other data, are for the scientist a part of nature 
Good and bad (as qualifiers of character, etc.) are always to be 
designated as belonging to a specific ethical frame of reference 
not necessarily that of the observer or his social group. ' 

To find one's way in this area of scientific research one must 
keep constantly in mind the difference between: observation 
and explanation. In this account the methods of observing person. 
ality will first be described, followed by a survey of personality 
theory. 


METHODS OF OBSERVATION 


Subjective Methods.—In the subjective methods the subject 
himself discloses what he knows about himself. He makes himself 
an object of observation and reports his finding to the psycholo- 
gist. Among the techniques used here are: the autobiography, ele- 
ments of the life or case history, some types of interview and the 
so-called inventory method in which the subject reports about 
himself on a standardized questionnaire or check list. That these 
self-reports have the advantage of direct relevance and broad 
scope—who should know better than the person himself or have 
access to more facts about him than he does?—is readily appreci- 
ated; but these advantages are obviously counterbalanced by con 
scious or unconscious deception of self and others. It is 
therefore essential to include in such subjective methods contral or 
stabilizing devices that help to identify at least the more obvious 
deceptive reports. р 

Objective Methods.—The objective methods of observation 
depend not upon the subject’s own statements about himself but 
upon his overt behaviour as revealed to others who serve as & 
aminers, observers or judges. Here are included not only verbal 
behaviour but physiological responses (blood pressure, heart rate, 
etc.), which may be recorded by special instruments, and adaptive 
or expressive physical or social responses (e.g., intelligence tests). 
Objective observations may be made in the natural state (t 
the interview) by attending less to what the subject says abo 
himself and more to his nonverbal, adaptive responses such Hit 
stance, the amount rather than the content of his verbalt 
nervous manifestations such as fidgeting, etc. Again, pu 
life situations may be created in the laboratory for the sing E 
dividual or for small groups that interact with each es 
conditions defined by the investigator. Sometimes such 0 ge 
tions are made through one-way observation screens OF Tue 
and cinematic records of these observations may be 0 
Microphones may also be used to record verbal responses. ation 

As will be noted, even in such objective methods of observi ۳ 
a§ those just described the verbal response of the subject ^l ji 
play an important part. The difference between these ei^ д 
the self-reports mentioned among the subjective met ce 
in the treatment of the obtained data. In the objective pdt il 
the verbal behaviour of the person is not necessarily cd 
at its face value. Instead it is treated much like any i org 
haviour; e.g., movements of the limbs or of the inter? ject Ë 
In such a frame of reference the verbal output of the yj 
analyzed quite apart from his own conscious intent 


to we 
f A bel 
cate information about himself. The subject has merely 


c n Е { ions. 
in a certain way under the given stimulating conditio be sib 


quantity, form and content of his utterances may 4 mter o 
mitted to measurement and analysis. In the second qu 
20th century new techniques for the systematic analyst ud " 
behaviour were contributed by a group of specialists о Spi 
the fields of semantics and information theory. (5 ae 
TICS, GENERAL; INFORMATION THEORY.) 
Projective Methods. The projective methods 0: bject" 
personality differ from both the subjective and the ee 
approaching personality indirectly, Neither the Ре 


yor the examiner takes the subject as an object of direct observa- 
tion; instead the subject is requested to behave in an offhand man- 
mr—merely to exercise his imagination, to let himself go without 
glf-criticisms or adaptive intent. In other words, he is encour- 
to “project” himself and thus to reveal the implicit or un- 
conscious content of his personality. The earliest of the projective 
methods employed on a systematic basis was that of word asso- 
tiation, introduced by Francis Galton in 1879. Stimulus material 
i provided by individual words to which the subject responds with 
"the very first word that comes to his mind as he hears the stimu- 
lus (see also Association, MENTAL), Sigmund Freud modified 
 Galton’s word association method into the free association tech- 
nique for analyzing dreams, etc., as an aid to psychotherapy and 
personality research. Here the person responds to his own pre- 
vious responses, e.g., images from his own reported fantasies or 
dreams, In the inkblot method of Hermann Rorschach the sub- 
| jet is asked to tell what the blots look like to him. Responses 
provide clues to the subject’s usual perceptual approach to real 
objects in terms of his habits, interests, needs and abilities. An- 
ther projective method is the Thematic Apperception Test, in 
which the subject is invited to tell stories in response to pictures 
that he is shown. Finally may be mentioned the Rosenzweig Pic- 
{ue-Frustration study. Cartoonlike drawings that portray a series 
of everyday frustrating social situations serve as the stimuli for 
the subject, who is asked to supply (in the blank caption box 
hove the head of the frustrated person) the first verbal response 
that comes to mind, As will readily be seen, all these projective 
techniques encourage the person to respond in terms of his own 
jas, with a minimum of external stimulation, since their common 
fin ıs to assay that bias. The methods of assessing personality are 
discussed in detail in PSYCHOLOGICAL TESTS AND MEASUREMENTS: 
Tests of Personality and Temperament. 


STRUCTURE OF PERSONALITY 


| Alarge class of concepts used for explanation or prediction refers 
‘othe structural organization of personality. Concepts of struc- 
tire help to account for observed consistencies in behaviour at any 
fiven time (congruence) or from one time to another (homoge- 


PERSONALITY TYPES 


The Concept of personality type makes two assumptions: (1) 
n Personalities are divisible into two or more groups each of 
ch excludes the other and (2) that in each type are to be found 
mutually dependent and interrelated traits or patterns of 
p that can be inferred from each other. This theory has 
vious appeal because of its simplicity. As a result of experi- 
and experiment, however, the view, while still having its 
ents, is rarely entertained in its simple form, Even as ab- 
lons personality types have a very limited usefulness and 
Ey peut more to prejudice and to hasty generalization than 
Hump o ement or real knowledge. 
Histori ihn Types, Temperament and the Endocrines.— 
bu ly, type theories go back to Galen with his four humors 
from phlegm, choler (yellow bile) and melancholy (black bile) 
de Which the four temperaments—sanguine, phlegmatic, 
pon melancholic—were derived. While this humoral 
hes ha ү long ago abandoned, the words denoting the four 
| ы сеп absorbed into occidental language. Moreover, the 
dete еа that bodily disposition, or perhaps even predisposi- 
The hun imines difference in temperament still has its exponents, 
Ours themselves have been replaced by the secretions of 
шо, crine glands, 
Uyo 1s an organismic unity, embracing both physiological 
lead to a gical manifestations. Biological maladjustments can 
Bes Sus disturbances in the cognitive and emotional life of 
fica] ҮШ Н also, psychological upsets can disturb physio- 
crine pene: Both the autonomic nervous system and the 
Activit a a participate in such control. For example, over- 
omnis thyroid gland results in nervousness, irritability 
Attivi таа, Mm addition to the usual physical symptoms. Under- 
1 the thyroid will bring about sluggishness, apparent 
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mental deficiency, indifference to emotional stimuli, and so on. 
Again, the endocrine secretions of the sex glands have much to 
do with typical masculinity and feminity of personality as well as 
physique. Boys showing emotional and recreational interests be- 
low those typical of their chronological age have increased mark- 
edly in maturity upon receiving injections of male hormone. 
The pituitary, parathyroids and adrenals also affect personality 
traits (see also ENDOCRINE GLANDS). Various studies have at- 
tempted to relate phases of blood chemistry, such as acid-base 
balance, calcium-potassium ratio and sugar tolerance, to per- 
sonality variables. While some of the experiments have returned 
encouraging results, none can be said conclusively to have proved 
a correlation between the physical and the psychological measure- 
ments. It must be emphasized that the positive findings with 
respect to endocrine glands relate mainly to instances in which 
glandular function was distinctly above or below normal. Inter- 
pretations of normal personality trends in terms of endocrine func- 
tion must in the 1960s be regarded as largely speculative. A similar 
restriction applies to the data with respect to autonomic nervous 
system function (see also TEMPERAMENT; PSYCHOLOGY, PHYSIO- 
LOGICAL; NEUROPHARMACOLOGY AND  PSYCHOPHARMACOLOGY; 
TRANQUILIZING DRUGS). 

Morphological or Physical Types.—A second chief theory of 
types depends upon the conformation of the human body—of its 
component parts or tissues. These morphological or physical 
types are then regarded as giving rise to, or being correlated with, 
types of personality. This theory is found in general terms in 
early Greek medical concepts. In the 19th century a notable con- 
tribution was made in France by L. Rostan, who distinguished 
digestive, muscular and cerebral types. About 1885 A. de Gio- 
vanni founded his school of clinical anthropology in Padua. His 
pupil G. Viola, utilizing the earlier work of the German Frie- 
drich W. Beneke, and Viola's pupil S. Naccarati conducted detailed 
anthropometric studies with specified indexes for measuring the 
dimensions of physique and relating them to each other. The Ger- 
man psychiatrist, Ernst Kretschmer (q.v.) at about the same time 
was led by his work with mental patients to develop a threefold 
physical classification: pyknic, asthenic and athletic. The pyknic 
is characterized by a broad trunk and relatively short limbs, round 
face, usually with a tendency to gain weight in middle age; the 
asthenic has a narrow trunk, shoulders and hips, long limbs, long 
narrow face and is generally lean; the athletic has broad shoulders 
and trunk, narrower hips, well-proportioned limbs and good muscu- 
lar development. Kretschmer found a marked predominance of 
the cyclothymic temperament among pyknics; i.e., they tended to- 
ward extremes of gaiety and depression. By contrast the asthenics 
were introverted, shy, serious and ranging in temperament from 
hypersensitive to phlegmatic and dull, This latter pattern he called 
schizothymic. The athletic physique was found to be interme- 
diate in temperament. Kretschmer's views were attacked on the 
grounds, first, that it is impossible to classify most persons in any 
of his three physical groupings with any degree of accuracy and, 
second, that there are too many exceptions to the expected tem- 
peramental relationships when physical classification seems fairly 
definite (see also PHYSIOGNOMY). 

A considerable improvement on Kretschmer's work appeared in 
the research of W. H. Sheldon. In his approach the arbitrary clas- 
sification of individuals into physical types was replaced by three 
ratings (on a seven-step scale) on three extreme physical patterns: 
the ectomorphic (resembling Kretschmer's asthenic), the meso- 
morphic (athletic) and the endomorphic (pyknic). Sheldon next 
reported three patterns of temperament (cerebrotonic, somato- 
tonic and viscerotonic) and found that the physical and tempera- 
mental types agreed in a rather large proportion of cases. While 
this quantitative development might be expected to appeal to 
psychologists, Sheldon's conclusions have not been fully confirmed 
and have been looked upon with some doubt. 

Psychological Types.—It was in psychiatry and philosophy 
that the third chief doctrine of types first emerged. As repre- 
sentative in the 20th century, the views of C. G. Jung and E. 
Spranger may be cited. Jung coined the terms introversion and 
extraversion to describe what he considered to be contrasting types. 
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Introversion was characterized as directing attention and in- 
terest inward, with a tendency to excessive daydreaming and 
introspection and to careful balancing of considerations before 
reaching a decision, Extraversion was characterized by outgoing- 
ness in attention and interest, responsiveness to external stimuli, 
especially other persons, and impulsiveness, Recognizing that the 
postulation of only two types failed to do justice to the rich 
variety of observable patterns, Jung subdivided introverts and 
extraverts according to the relative dominance of four psychologi- 
cal functions—sensation, thinking, feeling and intuition. But sub- 
sequent research has placed most persons somewhere between 
the type extremes. The theory is useful mostly in calling atten- 
tion to certain poles of personality and in providing a framework 
for noting certain trends. 

Another widely influential type theory was that of E. Spranger. 
He began by emphasizing the "dominant value direction" of the 
individual and held that for purposes of analysis it was conven- 
ient to assume the existence of pure or ideal types, one corre- 
sponding to each of six major values: theoretical, economic, 
aesthetic, social, political and religious. This classification was 
developed into a scale of values by Gordon W. Allport, P. E. 
Vernon and Gardner Lindzey whereby, as in Sheldon's advance 
over Kretschmer, the subject is assigned a rating for each of the 
values, 


Tyres, TRAITS AND FACTORS 


As is now apparent, the concept of types has a limited validity. 
Its two basic assumptions do not gain strong confirmation from 
empirical studies. "These indicate that a continuous distribution, 
ranging from one extreme to the other, is likely to be found for 
any one trait associated with a supposed type, whereas the type 
concept assumes a piling up of subjects at the two extremes (bi- 
modally). Again, while certain traits are found clustered to- 
gether interdependently as the type concept implies, the organi- 
zation is not always of one sort. The peculiar way in which each 
person has organized the traits of the so-called types has not been 
taken into account. 

For these reasons there has been a gradual shift from interest 
in types to interest in traits, singly and in their interrelationships. 
One of the most influential trait theories in the second quarter of 
the 20th century was that of G. W. Allport, who defined the trait 
as a psychophysical disposition acquired in the course of experi- 
ence on the basis of a biological Anlage. Allport described traits 
as arranged in a hierarchy in the individual, some having a cardinal 
importance in relation to other subordinate ones. He strongly 
insisted on the existence of individual and even unique traits that 
might be found in only one person but still demanded to be in- 
cluded in any system of personality. He likewise stressed the 
individualized organization (congruence) of traits in every person 
—a view that contrasts with the universalized organization of 
traits in the type concept. This emphasis on individuality, 
adapted by Allport from Stern's personalistic psychology, was op- 
posed by him to the exclusive interest of academic, experimental 
psychology in the generalized or average man. Following Wilhelm 
Windelband, Allport therefore wished to add the idiographic ori- 
entation to the nomothetic (universalized) orientation of general 
psychology. An almost simultaneous approach to traits developed 
in England, where K. Pearson's and C. E. Spearman's statistical 
methods for analyzing such human abilities as intelligence were 

adapted to the field of personality. Important contributions were 
made there by Cyril Burt and later by Hans Eysenck, and by L. L. 
Thurstone, R. B. Cattell and J. P. Guilford in the United States 
through factor analysis. 

Factor analysis is essentially a statistical technique, one aim of 
which is to reduce a large number of correlated test scores or 
other assessments to a minimum number of uncorrelated dimen- 
sions (or orthogonal factors) by much the same procedure used 
for resolving physical forces (see VECTOR ANALYSIS). In one com- 
mon method factors are determined by an automatic analysis of a 
rectangular table or matrix (q.v.) of correlation coefficients into 
its principal components (or eigenvectors, as they are called). In 
dealing with personality such researches begin by collecting mea- 
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sures of traits in representative samples of subjects; the corel, 
tions between each pair of traits are then calculated, arranged i 
a matrix, and the analysis proceeds by determining first the fact 
(vector) that contributes the most matrix variance, then the ii 
factor, and so on, till all the statistically significant Variations 
are taken into account. The most important theoretical conc. 
sion is that factors of personality appear to form a hierarchical 
structure, in keeping with the neurological views of the stris 
of the central nervous system. From a practical standpoint, when 
a factor analysis has been carried to completion, the next step i 
to invent so-called pure factor tests for measuring the factom 
directly, or else (since that approach is rarely successful) to devise 
a method of estimating the pure factors by some mode of weighting 
the initial assessments. 

Some authorities have been led to say that factor analysis doe 
not deliver what it claims: the factors derived by the method are 
held to depend too heavily on the original selection of tests, 
which are, of course, only a selection from a limitless numberof 
possibilities; and, again, the factors themselves, once derived, 
have an uncertain psychological significance which is dubiouly | 
aided by the use of letters to designate them or by the arbitrary 
assignment of trait names that it is hard to justify on psychological 
grounds. Moreover, the various exponents of factor analysis em. 
ploy somewhat different mathematical procedures, especially in 
the critical last phases and, accordingly, bring forth different st 
of factors among which it is no easier to choose than among mot 
a priori personality theories. Finally, it has been argued, by 
Allport and others, that factor analysis does not allow for it- 
dividuality; the technique radically assumes that all persons refed 
a common mold, 

To supplement the conventional method of factor analysis, in 
which scores on a group of subjects are correlated with each other 
test by test, an inverse method of factor analysis was introduced 
by Burt and developed by William Stephenson, In it perum 
each of whom has achieved'a variety of test scores, are Ut 
lated with each other. Such person-to-person correlation is M4 
sense, a new expression of the earlier typologies, here Te 
approached on a more empirical—a sophisticated statistical 
basis, Moreover, inverse factor analysis has been used not only 
for relating the several test scores of an individual subject ob 
tained at any given stage, but, taking into account the variability 
of personality in time, it has been used to compare the assemblage 
of scores received at one time with those acquired at ano! i 
These novel efforts in the use of factor analysis to study indivi Ш" 
ity are, however, still controversial as to method and meaning, 


BIOLOGICAL AND CULTURAL DYNAMICS 


The concepts or inferred variables thus far considered Ti 
primarily to the structure of personality—the patterns © 
modes of organization that account for the several forms ү 
haviour that are recognizably personal. In contrast to 
proach is one that stresses dynamics; i.e., the forces OT С 
that direct the personality toward various ends and Û 
ondarily may become attached to certain structures or p 
of function, 
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PSYCHOANALYTIC THEORY 


This dynamic orientation is, again, a very ancient OM) 
cal writers, like Plutarch, who devoted themselves to b y 
or morals implicitly used some sort of dynamic teoa 
sonality, and the same is even more obviously true of 
poets, dramatists and novelists of nearly every аве. ive 
century understanding of personality dynamics n witi 
vigour and acquired a theoretical formulation from roan 
of the psychologist Sigmund Freud, the founder of PSY? re in th 
His interest in the raw, often fantastic data of expen t 000 
individual case led Freud to explore not only d slips б 
wayward and seemingly haphazard behaviour, SUC dreams 
the tongue. Thus he developed the theory that Bole otic y 
these other “lawless” or accidental acts were, like ur 
toms, the product of psychic determinism at an unco posi 9^ 
The concept of the unconscious became for him the 
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as during sleep, when the ego is not on the alert, the non- 
ious forces of personality come into obvious play, so, he 
100, they are present also in the waking state and at every 
point—in fatigue, emotional states and conflict—break 
rough the conventional mask worn by the conscious ego, Much 
js expended by the ego to keep these untamed and un- 
шей elements of personality from gaining access to conscious- 
It was, in fact, in the study of these mechanisms of ego 
me in the neuroses, particularly hysteria, that Freud first 
me to grips with the unconscious forces of personality (see also 
‚ DEFENSE MECHANISMS)... А few years later these initial 
were followed by his masterpiece The Interpretation of 
Dreams (1900). In psychoanalytic therapy the aim is to circum- 
quent the ego defenses by the method of free association in the 
ence of an analyst who permits and, in fact, encourages the 
tient to disregard in that setting the conventional social ameni- 
„ This therapy is a kind of re-education of the personality in 
hthe repressed becomes expressed, the unconscious conscious 
the disintegrated integrated. While beginning with the neu- 
‘qs and with dreams, Freud soon went on to apply the same 
methods of study and the same concepts to the history of civiliza- 
‚ to the various products of culture—religion, art, literature, 
-—and to the social practices of modern life. The influence of 
theory of personality has been considerable, partly, no doubt, 
use it is itself a reflection of the period of social conflict and 
n that contributed to its birth. 
Freud based his study of personality on his medical background 
hence tended to present his views as biological generalizations 
huniversal application for Homo sapiens wherever found. The 
onscious drives of which he wrote and which he discovered in 
li patients were to him universal instincts modified, to be sure, 
family upbringing and social education, but nonetheless rooted 
lle biology of man. The paradox is that, as compared with 
tr psychiatrists of his time, Freud made much more of envir- 
imental factors than they and tended to oppose, by his insistence 
Psychotherapy, their fatalism. But subsequent criticism has 
A to emphasize Freud’s implicit belief in the fatalism of 
‘unconscious itself and of its inevitable repetition—as in the 
ical Oedipus Rex of Sophocles, which Freud invoked in nam- 
oedipus complex. True, the environment has power, it 
effectiveness in Freud’s theories; infants can be fixated, 
ents are subjected to intolerable conflicts, etc., and neurosis 
. But these influences of the culture are largely negative: 
“in misshape the personality by deflecting it from the bio- 
goals to which it naturally strives. , The positive shaping 
t of the culture were scarcely considered in Freud’s theories. 
Me Was alert to the negative features of religion, which he con- 
“© à group neurosis; of art, which he analyzed as a compro- 
Expression of conflict in the artist's personality, etc. The 
“Positive aspects of these cultural phenomena were neglected 
Mored by him, 
B the major emphasis in the so-called neo-Freudian 
Thm to Karen Horney, Harry Stack Sullivan (qq.v.) and Erich 
compensate for Freud’s overemphasis on universal bio- 
E In personality, In fact, many of Freud's concepts, 
Шы those concerned with sexuality, were repudiated or 
У tevised by them. The formative influences of culture 
Cn studied and the findings of social anthropology (q.v.) 
ое to support this newer orientation by showing 
that dev рше produce different effects оп the personali- 
d to th elop within them. A healthful ferment has been 
© orthodox Freudian view. (See also PsyCHOANALY- 


SOCIAL INFLUENCES ON PERSONALITY 


E it is in order to interrupt the exposition of the 
à €pts offered to explain personality by introducing a 
te in Ber neral conclusions concerning the role of social in- 
Uh cos ormation and functioning of personality. Я One such 
Tation. the importance of infancy in determining basic 
must aS. The child's first experience with any class of 
Mevitably have disproportionate significance for his 
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future development, Foremost among such patterns are those 
concerned with attitudes of security and insecurity. If the child 
feels wanted, loved and understood, he will tend to be secure in 
social situations outside the home. Rejection in the family situ- 
ation engenders insecurity and either withdrawal or hostility sub- 
sequently. If, again, the child learns to bow to firm authority in 
the home, his attitude toward firm governmental authority may 
become submissive. If, on the other hand, he is subjected to ex- 
cessive or to inconsistent discipline and so rebels, he is likely to 
carry over similar rebellious attitudes into his relations with school 
teachers, employers and government (see FAMILY: Influence of 
the Family on Individual Personality), 

The family is important in molding personality not only be- 
cause so many parent-child relationships are prototypes of adult 
situations, but also because the child there unconsciously assimi- 
lates many attitudes and social expectations, . Children are extraor- 
dinarily sensitive to vocal inflection, facial expression and other 
manifestations of which adults may be quite unaware. Sarcastic 
remarks about labour unions, Negroes, people who are too aggres- 
sive and those who are not ambitious enough have their effects on 
the child listener. The division of society into men v. women, 
bosses v. workers, leaders v. followers becomes sacrosanct to him 
and he develops a rigid concept of how people ought to act when 
they assume a certain role. Moreover, parents impose standards 
of behaviour by reward or punishment. Much of this learning 
goes on before the acquisition of language; i.e., it is unconscious 
and deeply implanted. Sexual experimentation, for example, is 
normal to young children, but severe punishment may cause the 
child not only to abandon habits of sexual play but also to forget 
(repress) that he ever thought of such acts, 

The school system has a strong influence on the growing child's 
personality. Occasional arbitrary discipline, overrigid work as- 
signments and the necessity for treating diverse individuals alike 
in crowded classes are examples of undesirable practices. Good 
teachers, on the other hand, may become models whom the child 
will imitate. The content of education is also significant. Nar- 
row, nationalistic, prejudiced teaching in history and social studies 
not only misleads the child but gives him an outlet for repressed 
hostility that tends to fixate his manner of thinking on a low 
level. Finally, the competitive system of grading, with its empha- 
sis on invidious personal comparisons, is open to criticism, 

Economic conditions have been shown to have a significant ef- 
fect on the personalities of both children and adults. Poverty, 
for example, tends on the whole to distort personality develop- 
ment. The alleged beneficial effects of hardship have, for moral- 
istic reasons, been largely overrated. To note this point is not to 
suggest that maladjusted (neurotic or delinquent) personalities are 
never found in the upper economic classes. But on a percentage 
basis the child in a better-class home has a better chance of reach- 
ing maturity with a well-balanced personality, 

Values, ethics and character standards are all functions of social 
influence. With respect to these complex variables the child at 
birth appears to be a blank slate. Potentially he may be molded 
to satisfy his biological need for security by selfishly protecting 
his interests in the face of competition, or he may learn to gain 
the very same end by altruistically sharing with and receiving 
from others. His later view of human nature and ethics will fol- 
low as a rationalization fitted, as verbalization becomes possible, 
to justify the unconsciously learned patterns of social behaviour. 
One thus sees that ideas of right and wrong, beliefs as to the 
proper ways of behaving socially, or gaining one's ends, etc., come 
basically from behaviour patterns that have been inculcated or 
have been acquired from observation and imitation of those in 
closest contact with the growing child. The improvement of the 
intimate environment and the education of children is therefore 
held to be one of the chief avenues for developing more mature 
personalities. 

See also CHILD PsvcHoLocv; PsvcHoLocv, SOCIAL. 


EXPERIMENTAL PSYCHODYNAMICS 


The cultural critique of Freud within psychoanalysis itself 
was supplemented by a critique on grounds of scientific method 
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from the ranks of academic psychology. Since Freud's findings 
were largely based on his clinical work with neurotic patients, 
it was reasonable to ask whether his concepts would stand up under 
experimental scrutiny. At the same time opportunity might be 
taken to probe the general applicability of Freud's theories to 
normal persons. (Freud himself regarded his theory as a psy- 
chology of the normal and the abnormal indiscriminately.) What 
resulted was not, however, merely a critique of Freud: it reflected 
the particular conceptual orientation of the research centres that 
performed the experimental work and led to a development that 
may be conveniently called experimental psychodynamics. In 
most of these investigations the aim was to study personality with 
a dynamic theoretical basis borrowed from or based on the in- 
sights of Freud but intended to offer new and more rigorous con- 
cepts for handling the same psychological data. 

Carl Jung (g.v.), who was for a time a close associate of Freud, 
conducted what may be regarded as the earliest studies in experi- 
mental psychoanalysis, presented in his book on the word associa- 
tion method (1906), But the first concerted program of this sort 
was conceived and conducted at the Harvard Psychological clinic 
about 25 years later. In that laboratory, beginning around 1930, 
Rosenzweig instituted an experimental program devoted to the 
clarification of psychoanalytic principles such as repression. This 
work led to a set of concepts under the heading of frustration 
theory that took frustration as a key concept for analyzing per- 
sonality dynamics, The program of research resulted in the con- 
struction of the Picture-Frustration study, mentioned above. By 
combining detailed investigations of biography and projective 
methodology with frustration theory, this view was later broadened 
to include growth and creativity in its theory of personality. 
Henry A. Murray, in another departure, formulated a theory of 
personality in which the concept of need was made pivotal. In 
collaboration with Christiana D. Morgan he developed the The- 
matic Apperception Test, cited above. Through the use of a wide 
variety of experiments, tests and interviews, supplemented by a 
diagnostic council of the principal investigators who all worked 
with the same subjects, the effort was made both to fathom per- 
sonality dynamics in the momentary cross section and to recon- 
struct in selected instances the longitudinal life history. "The 
result appeared in Explorations im Personality (1938). 

At the Yale Institute of Human Relations a research program 
was pursued with a different ground of conceptualization, Be- 
haviourism (g.v.) was the point of view there prevalent, and 
concepts of learning (g.v.) theory played the crucial role in the 


work of this group (Clark Hull, John Dollard, Neal Miller, Robert’ 


Sears and O. H. Mowrer). An interpretation of aggression as in- 
Stigated by frustration was formulated and published (1939); the 
process of psychotherapy, including psychoanalysis, was recon- 
ceptualized with the principles of learning as a basis (1950). More 
fundamental even were the numerous studies of animal behaviour 
(q.v.), especially of the white rat, in controlled situations with 
dynamic significance (e.g., fear, anxiety, conflict), some of which 
were planned as analogues of human psychodynamic principles 
(e.g, regression), In soviet psychology, which historically ini- 
tiated the behaviouristic approach, this emphasis is carried to an 
exclusive consideration of social conditioning, on the one hand, 
and organic, physiological function, on the other, the dynamic 
theories of psychoanalysis and of existentialism (see below) being 


completely rejected. One here sees how personality theory is, in. 


part, an expression of cultural forces. From the soviet stand- 
point, psychoanalysis, and even more so existentialism, rationalizes 
the unhealthy individualism of capitalistic culture, 


SELr-REALIZATION AND THE SELF-CONCEPT 


A fruitful source of concepts for understanding personality 
has been psychotherapy (g.v.). While other psychologists, as 
above noted, worked with psychodiagnostic devices (e.g., projec- 
tive methods) or attempted to unravel motivation through ex- 
periments in the animal laboratory, a third group utilized the 
interaction of therapist and patient with actual human problems 
posed for solution. Freud was, of course, the pioneer in this field 
of work in his special domain of psychoanalysis, but in psychology 
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proper Carl Rogers led the way. Beginning with a minimum of 
theory, Rogers recorded and studied therapeutic interviews у 
neurotic or merely troubled clients in an effort to discover ij. 
jectively what changes occurred and how they were effected, р 
systematic exploration of this kind he was eventually led to 

view of personality in which the so-called self-concept was ‘oa 
and in which self-realization in the process of normal and abnormal 
development came under close scrutiny. Rogers was led to the 
theory that the individual normally has a drive toward selfie 
velopment which when impeded by conflict leads to symptoms ¢f 
disorder. The opportunity to review these blocks to growth ing 
permissive therapeutic situation proved an important means (y. 
ward overcoming them, quite apart from any theoretical jp. 
terpretation of the behaviour such as that given in Freudin 
psychoanalysis. The relationship between therapist and client wis 
in itself salutary. 

This conceptualization of the therapy of the neurotic in tems 
of autonomous growth was reinforced from other directions, For 
example, the neurologist Kurt Goldstein, first in Germany and 
later in the United States, studied cases of brain injury by in 
quiring in each instance how the individual adapted to his deft 
and managed somehow to cope or come to terms with it, Evenir 
such grave situations, the capacity of the human organism for sll 
adjustment was shown to be remarkable, according to Goldstein 
findings. 

Abraham Maslow, working at the other extreme with nomi 
and gifted persons, tried to throw light on the process of sell- 
actualization. What, he asked, contributes in fortunate cases 10 
successful self-expression and what, on the other hand, defeats 
such an outcome? From these diverse directions contribution 
have been made to a better understanding of the dynamics û 
frustration, growth and creativity. 

In the theory of personality that Rogers gradually bull w 
from his investigations of psychotherapy, the concept of the sl 
played a leading part. Moreover, he was concerned less with 
his own concept of the subject’s self than with the subject's sth 
concept. Changes in psychotherapy were interpreted as chu 
in this self-concept—in the way the client (or patient) m 
his view of himself. The so-called real environment—if we lat 
aside that part of it which, as a minimum requirement for lilt 
supplies the biological necessities—is important from the psych 
logical standpoint only in the measure that and in the way that 
is filtered through the subject’s perception of it and of him 
in relation to it. For this reason, the therapist in seeking (0 ier 
personality works very largely with the client’s own concept 
himself, which, of course, in turn involves his feelings of тїшїї 
ship with others, Р 

It is thus appropriate to consider, at least briefly, this com 
cept of self. It is inferred by the psychologist that the new d 
infant has no conception of himself. It is only in the е 
the first year or two of life that the sense of personal er 
acquired. The baby's earliest interest in his own mirror Tq 
for example, is often regarded as pointing to the dawn д m 
awareness. But there are, of course, many ramification 
dimensions of the subject’s self-identity, and attempts rae 
made to trace the changes in the self-concept (or sense ofi ity 
from infancy through childhood and adolescence to mah 
after. Closely connected with the achievement of а d 
Concept is the degree of security that the person has e m 
virtue of earlier experience, If in the earliest months 0 ei 
child has been made to feel secure, he more readily e 
stable sense of his own identity which stands him in a $ 
bringing to fruition the potentialities of his person? d 
utilizing the opportunities of his environment, It has e gg 
stated, for example, that the image which the perso f his t 
own body—the body image—is an important nucleus 0 
ception of self. If the body image is defective PY МУ 
"real" or imagined crippling, an element of permanent л! 8 
may enter the self-concept. But, of course, the CU raf i 
or insecure situation in which the person has to Er. йу. 
important in reinforcing or impairing the sense of i E 
dimension of this influence is the feeling of hope OF 


ct the self-concept in profound ways, 

roach to personality via the self-concept seems to many 
to refer back to older philosophical speculations; 
German idealism. To some extent this criticism 
valid, and it has led many investigators to avoid 
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view of Rogers has been sometimes designated 
yical—a term that gained currency beginning with 
(see PHENOMENOLOGY). Starting as a branch of 
European phenomenology strongly influenced de- 
in experimental psychology, particularly the studies 
on that gave birth to the German school of Gestalt 
While various theoreticians have given different in- 
ions to phenomenology, all have agreed in using the term 
ote a discipline devoted to the analysis of immediate ex- 
such, this discipline challenges the commonsense 
f the real world, the external environment as conceived 
ologist, and attempts to examine systematically the sub- 
е of his world as an interdependent aspect of his 
wledge. Rogers in his psychotherapeutic studies was little 
by the more technical aspects of philosophical phe- 
. These are more clearly discernible in the approach 
psychiatry, This orientation, dating from the second 
the 20th century, concerned itself initially with experi- 
he schizophrenic and other mental patients, but its avowed 
ons extend to all the data of personality. 
‚(һе Gestalt psychologists, Kurt Lewin made important 
and theoretical contributions which belong in the 
k of phenomenology. He generally ignored the remote 
J of the individual and subordinated it to the analysis of 
tary psychological situation. This cross section was 
ith the aid of field theory in concepts adapted from the 
| sciences and mathematics (vector analysis and topology). 
was the prediction of specific behaviour that went 
he statistical or actuarial objective. He maintained that 
logy must posit and work within a different space from that 
dy the physicist—a psychological or hodological space 
ties of its own. Though purporting to bear directly 
ms of personality dynamics, Lewin’s work had more im- 
uence on social psychology (group dynamics) than on 
iology of the individual. 
Conceptual approach that belongs under the general head- 
menology is idiodynamics. In this view the personal- 
eived as an idioverse or idiocosm—an individual universe 
gical events (experiences) —which can be categorized 
d to show temporal and motivational consistencies. 
norms of general psychology and the group norms of 
thropology here give way to individual norms in terms 
th the Personality operates and is to be understood. But 
ә n advanced as but one approach to a composite 
Of psychology; as a complement to the several other dimen- 
Complete analysis of personality. 


ы RECONCILIATION OF CONCEPTS 


n foregoing Survey of concepts, ranging from the organic to 
„J Psychological (subjective, phenomenological), may be 
“in one of two ways: (1) as indicating, if taken at face 
eed diversity of competing views in the field of per- 
j; OY; (2) as portraying the multidimensional nature of 
and of psychology) which, of necessity, approaches 
or aga Duman órganism—at diverse but complementary 
axes, On this latter view a composite set of levels must 
os à complete chart of personality; each level provides 
Ше for specific problems related to it. See also ref- 
s у" їп the Index. TERN 
dn Pe » №. Allport r. i 1937), Pattern 
iu Реопайу (1961); ©. rM. a Biosocial 
, 3rd Md Structure (1947) ; К. Stagner, Psychology of 
1949) ; у 1) ; S. Rosenzweig, with K. L. Kogan, Psycho- 
i M. L. Reymert (ed.), Feelings and Emotions (1950) ; 
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D. C, McClelland, Personality (1951); R. B. Cattell, Personality and 
Motivation Structure and Measurement (1957); C. S. Hall and G. 
Lindzey, Theories of Personality (1957); S. Rosenzweig, “The Place 
of the Individual and of Idiodynamics in Psychology,” Journal of 
Individual Psychology, vol. 14 (1958) ; R. May, et al. (eds.), Existence: 
a New Dimension in Psychiatry and Psychology (1958) ; S. Koch (ed.), 
Psychology, vol. 3, Formulations of the Person and the Social Context 
(1959) ; P. E, Vernon, Personality Assessment (1964). (S. Ro.) 

PERSONALITY DISORDERS, which are manifestations 
of defects in personality structure, are characterized by lifelong 
behavioural patterns that are inadequate or inacceptable. These 
disorders may be categorized as personality pattern, personality 
trait or sociopathic personality disturbances. 

See ALCOHOLISM; BEHAVIOUR DISORDERS; DRUG ADDICTION; 
PsycHIATRY: Personality Disorders; SEXUAL DEVIATIONS. 

PERSONAL PROPERTY, one of the two main divisions 
of the English common law of property, the other being “real prop- 
erty” (see REAL Property AND CONVEYANCING, Laws OF). This 
differs substantially from the Roman law division of property into 
immovables (land) and movables (goods, animals, etc.) which 
was adopted in most civil-law countries. The difference is that 
personal property embraces a body of interests in land, known as 
“chattels real.” The explanation is historical. 

In medieval England there existed certain forms of lawsuits 
known as “real actions,” in which possession of land could be re- 
covered by one having a freehold estate (i.e., a life estate or an 
inheritable estate), Land interests of less than freehold were 
known as chattels real and comprised what became the various 
kinds of leasehold interests (see LANDLORD AND TENANT). 

The English term personal property is thus synonymous with 
chattels, the latter being divided into chattels personal (the equiva- 
lent of movables) and chattels real (leaseholds in land)... Chattels 
personal are divided into choses in possession (tangible movables, 
including animals, merchandise, goods) and choses in action (in- 
tangibles, including promissory notes and rights of action), Tangi- 
bles in this context means physical things capable of being seen, 
felt, eaten, worn or driven, 

The word “goods” is occasionally used synonymously with per- 
sonal property, more frequently as a synonym for chattels personal, 
and sometimes in a still more limited sense as meaning tangible 
inanimate things as distinct from animals, money or intangibles, 
Important differences between real and personal property at com- 
mon law included differences in their transmission at death. Until 
the time of Henry VIII, English law permitted only personal prop- 
erty, not real property, to be left by will. If he died intestate, the 
owner's real property descended to his heir (under primogeniture, 
his eldest son) whereas his personal property was distributed by 
his administrator among his next of kin (i.e., his surviving spouse 
and children or, lacking children, the brothers and sisters, etc.). 
(See INTESTATE SUCCESSION.) » 

Categories of Property.—Distinguishing between different 
categories of property is sometimes difficult. Gold is a tangible; 
circulating gold coins are both tangibles and intangibles but have 
a greater value as intangibles. Ancient coins are now tangibles 
only; circulating paper money is an intangible almost exclusively. 
Promissory notes are considered intangibles. An autograph is, 
however, tangible. Therefore a promissory note of a famous his- 
torical personage might be valuable solely as a tangible; the 
promissory note of a solvent living “nobody” would have value 
solely as a chose in action, a claim for the money it promises to 
pay. А 

Similarly, growing crops form part of the real property, but 
upon being actually (or, sometimes, constructively) severed, they 
become personal property. An undoubted movable may, after 
being permanently affixed to or appropriated for use with the 
land, become part of the real property. Thus, permanent build- 
ings become part of the real property. On the other hand, the soil 
itself, upon being taken from the surrounding land, becomes a 
chattel personal. Similarly, corporate stock shares are intangible 
chattels personal, even though the corporation assets consist en- 
tirely of real property. 

A few anomalous chattels, not strictly fixtures but so closely 
identified with land that they are treated as if they were real prop- 
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erty, are: (1) heirlooms (g.v.); (2) title deeds (particularly in 
England, because of the lack of universal recordation of deeds); 
and (3) keys to the door of a building. 

In cases both of fixtures and crops, a thing may be personal 
property as between A and B, yet be treated as real property be- 
tween A and C. Improvements installed in a building by a tenant 
may remain his personal chattels as against his landlord, although 
had a landowner sold a building containing his own improvements 
of the same kind, such improvements would have passed as real 
property to the buyer as against the seller. 

By the judicial fiction known as equitable conversion, courts in 
England and the United States will for some purposes treat par- 
ticular land as if it had been converted into personal property, 
or personal property as if it had been changed into land, where 
the terms of a valid will, contract or settlement had directed such 
change. Thus, an enforceable contract to sell land is said to work 
an equitable conversion, whereby the land is treated as if it al- 
ready belonged to the vendee, with the price being regarded as 
belonging to the vendor. 

If the landowner-vendor dies before the actual conveyance, his 
legatees are entitled to the price as personal property. The pur- 
chaser takes the land upon paying the price; if he dies before 
paying, his heirs get the land, his administrator paying the price 
from the purchaser's funds. 

Personal property embraces almost anything in existence, other 
than real property, that is capable of being enjoyed or used. Elec- 
tric current is tangible property although invisible and not safely 
felt, being capable of manufacture, measurement and use. It is 
often said that there is no property in air or water, yet compressed 
air or bottled water is certainly property. 

Blackstone declared that in English law the heir had no prop- 
erty in the bones of his ancestors, The prevailing view in the 
United States, partly by statute and partly by decision, is that 
the surviving near relatives of a deceased person may not only 
enjoin wrongful interference with his ashes but may also recover 
in damages for such invasions of their rights (whether called prop- 
erty rights or personal rights). The English common law declared 
that wild animals ceased to be property whenever they made good 
their escape, but several U.S. decisions have rejected this rule as 
to nonindigenous menagerie animals or those kept on a commer- 
cial fur farm. 

Buying or Selling.—Ownership of personal chattels may be 
acquired, lost, transferred or affected in various ways. One method 
is by buying or selling. If A wants to buy an automobile from 
B, A may either: (1) buy it outright for cash; (2) exchange other 
goods for it (barter); (3) buy it by absolute sale but on credit; 
(4) take it under a “lease” (bailment agreement) containing an 
option to purchase on the completion of a stated number of rental 
payments, aggregating its price, without A being obligated to be- 
come the buyer or complete the payments (an example being the 
hire-purchase transaction widely used in England); (5) buy it on 
conditional sale, in which case A gets immediate possession, but the 
seller, B, retains title as security until the full price is paid, B being 
obliged to transfer title when full payment is made and A being 
legally bound to make such payment (see INSTALLMENT CREDIT; 
in those United States jurisdictions adopting the Uniform Condi- 
tional Sales act, methods 4 and 5 are usually treated alike, and 
likewise under the Uniform Commercial code); (6) buy it “sub- 
ject to return,” this being a present sale with an added privilege in 
A to call off the transaction within a specified time if not satisfied; 
(7) buy it “on approval,” this being a bailment with an option to 

buy and becoming a sale only upon the bailee either expressly ac- 
cepting the goods, failing to reject or return them within the time 
specified, or having used them inconsistently with his not having 
taken title. Ownership may also pass by involuntary sales, includ- 
ing judicial sales, tax sales and foreclosure of liens, 

If the seller was neither the owner nor one having authority 
from the owner to sell, or was selling stolen goods, the question 
arises whether the good-faith purchaser acquires good title against 
the unconsenting true owner. Under Roman law he would not, 
but French law in general protects the purchaser. Anglo-American 

law usually protects the unconsenting true owner, but with certain 
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exceptions. In England, but not in Scotland nor in the (шы 
States, these exceptions include the “market overt” doctrine yy 
tecting a bona fide purchaser of goods at an established fair 
from any City of London shop regularly selling such goods, ( 
SALE oF Goops.) 

Gifts.—Another way of acquiring property is by gift. By 
fying as conveyances gratuitous transfers of real property 
chattels real, and treating testamentary dispositions under Wills, 
Anglo-American law restricts the meaning of gifts to gratuitous 
transfers of personal chattels taking effect on delivery in the lie. 
time of the donor. Such gifts are divided into two categories; - 
(1) gifts inter vivos ("between living persons") and (2) gif 
causa mortis (“їп case of death,” also known as donatio той 
causa); the principal difference being that gifts causa mortis ше 
revocable. The later Roman law assimilated donatio mortis (йш 
and legacies, and permitted such gifts much more readily thy 
do English and U.S, jurisdictions. Anglo-American law limits 
causa mortis gifts to instances in which the donor contemplates 
impending death from an existing illness or injury. U.S, decisions - 
conflict as to whether such a gift may be made in contemplation - 
of suicide. Gifts causa mortis fail automatically if the donor sup | 
vives the peril from which he envisaged death. A majority o 
Anglo-American decisions permit the donor to revoke his cawi 
mortis gift by any unequivocal act or a subsequent inconsistent | 
specific bequest, even though he later dies from the contemplated 
peril. A gift inter vivos is irrevocable but is voidable where the 
donor lacks capacity, or where fraud or undue influence procured 
the gift, and fails if donee refuses to accept it. French law does 
not recognize gifts causa mortis but holds gifts inter vivos to lt 
revocable for cause, notably by a child being born to the childless 
donor or by judicial revocation for “ingratitude” (cruelty toward, 
refusal to support, or attempted killing of the donor). Frendi | 
law requires that a gift inter vivos and its acceptance be em | 
in formal documents, whereas Anglo-American law permits purely 
oral gifts but insists on delivery. Delivery normally includes de | 
livery of possession, but signifies in this context a manifestation — 
that the ownership and control have passed from the donor 
that he has given up the right to withdraw the gift. (Se als 
LEGACY.) 

Other Methods of Acquiring or Losing Title —These itr 
clude: 

Adverse Possession, Prescription or Limitation —Under the mie 
jority view in the United States, paralleling a common-law v 
trine applicable to land, a person openly and exclusively hol 
another's chattel personal under claim of right and for à ber 
continuous period of years may acquire ownership by 06 
of law. Under Roman and French law this is acquisition. by ү 
scription (0.0.). In England the statute of limitations prov 
such a holder and his successors from a suit by the past 0 ۳ 4 
a new title was not thought to arise but a 1939 statute pro 
that the barring of the past owner's right to sue also #% 
his title. пй 

Abandonment. —The common law permits a person to гё i 1 
his title to a chattel (but not his ownership of land) by Lp 
it out of his possession and control and intending never KE к 
it or exercise further control over it. Loss by abandon 
curs instantaneously when both of these elements Coens ih 

Accrual to the State—If the owner dies intestate an the stilt 
а spouse or relatives, his personal property accrues to cessi 
Personal property may be taken for public use where re 
and it is sometimes forfeited because of the criminal o0 
the owner, but constitutions in the United States requi es 
sation for eminent-domain takings and permit forfeit je 
within narrow limits and under specific statutes; 6.8» n 
of automobiles used in violating liquor or narcotics gi ) J 
EMINENT DOMAIN; CONFISCATION AND ExpROpPRIATIO. ео j 

Extinction of the Res—Ownership may cease because ost Uf 
have been physically consumed or destroyed, or have s, ш 
identity by becoming merged with real property 
chattels. Under civil-law rules adopted by the Engl s 
law a chattel, by being greatly improved by labour © ming 
added to other materials, may become рагі of a new 


PERSONNEL MANAGEMENT—PERSPECTIVE 701 


quse to exist apart from that new thing. Paint applied to a 
jullding ог to furniture ceases to exist except as an integral part 
af such building or furniture. Where one owner willfully or 
faudulently commingles his own goods with like goods of an- 
other owner and without the consent of the latter, resulting in a 
fusion of goods which renders it impossible for each owner 
yo identify his own or ascertain his share of the commingled mass, 
ihe commingler may lose his entire interest in the mass. 

Court Judgment.—Where A falsely claims ownership of some- 
thing belonging to В and a court judgment establishes A’s title, the 
judgment in reality destroys one title and creates another, but in 
theory it has simply vindicated the pre-existing title. Where C 
wrongfully converts to his own use, or to the use of a third person, 
ihe chattel of D, and D recovers judgment therefor against C 
in the common-law action of trover or its modern statutory equiv- 
alent, the satisfaction by C of that judgment creates а title in C. 
Ineffect, this is a purchase forced upon C by reason of his wrong- 
ful conversion of the thing. 

Numerous situations arise in which an owner parts with posses- 
sion of his chattel without ending his title or ownership. If he 
loses or mislays it, the chattel remains his; although the finder is 
ty the common law entitled to retain possession meanwhile as 
against other persons, including the finder's bailee or one finding 
itafter the first finder lost it. The English and U.S. cases show 
tonsiderable conflict as to the rights of the finder as against the 
omer of the land on which the thing was found. Some courts 
Wess the distinction between mislaid and lost goods; others in- 
uire whether the place of finding was one to which the public 
Wis freely admitted or was reserved by the landowner for his 
private use; if the finder was an employee of the landowner and 
made his find as part of his duties or in a place to which he was 
idnitted solely by virtue of his employment, the trend of decisions 
in the United States allows the landowner permanent possession 
df the thing as against the finder. In both England and the United 
Slates the landowner is normally protected as against a trespassing 
finder, (See also SALVAGE.) 
maent Apart. from transactions involving a transfer of 
tee їр, the most important legal relationship regarding chat- 
то is termed bailment (q.v.). Chattels real cannot be 
pde | of bailments. A bailment arises in almost any situation 
fos ot one person (the bailee) lawfully has possession of the 
te ben pe (the bailor). Bailments may be either for the 
“ж t of the bailor (as where one friend gratuitously stores 
Ex 5 goods), for the sole benefit of the bailee (as where one 
i eil tout lends his watch to another), or for mutual 

45 where the owner lets another use his goods for an 
the Gene. or where the bailee is to store, transport or improve 
Ves the find and at the expense of the owner). For some pur- 
inary s er may be treated as a gratuitous bailee. An invol- 
toller; ment May arise where the goods of one man come into 
Phe үр ор without the latter's consent. The indis- 

Es ient of a bailment is possession by the bailee. Af the 
f Orme; Qus to the house to fix the clock, he is no bailee; if 
Railroads EA the clock at the repair shop, a bailment exists. 
0 the good an companies and other common carriers are bailees 
шї m entrusted to them for shipment. Particularly in the 
айа the *5, to lessen income taxes and to reduce the amount of 
аы invest, countless companies have become bailees 
lm ES, Ships, machinery or equipment instead of buying 


А A 
me ye ih bailments may arise without either a written agree- 
forma] тин Contract, these “lease” bailments usually involve a 
the transact n lease (so-called by analogy to a lease of land, but 
ments т тетаїпѕ а bailment), and many clauses in such 
ly instances directly copied from written leases of land. In 

ts is de ces, therefore, litigation involving such bailment docu- 
ы; of cided by analogy with the corresponding rule regarding 
NU таг In some jurisdictions certain bailment clauses аге 
ht y if © as against public policy; others will be given effect 
йге Ашу agreed to and even then will be narrowly 
есе illust teements freeing a bailee from liability for his neg- 

tate both of the foregoing categories. 


In a bailment, title remains in the bailor and, in the absence of 
contrary agreement, he is entitled to any profits or increase in 
value, and to the offspring of bailed animals. Unless he agrees 
to be an insurer of the safety of the goods, the bailee is liable only 
if their destruction, loss or damage results from his failure to care 
for them properly. The measure of his duty of care depends in 
part on whether the bailment was for his sole benefit or for the sole 
benefit of the bailor, or for mutual benefit; in part, it depends on 
whether the bailee held himself out as engaged in a “common call- 
ing" (that is, innkeeper, common carrier or public warehouseman) 
or whether a statute or the specific agreement altered the ordinary 
rule of liability. 

One type of bailment, made for the express purpose of giving 
the bailee a lien on the goods as security for performance of an 
obligation, usually an obligation to pay money, is known as pledge 
(see PAWNBROKING). 

Actions at Common Law.—The Anglo-American law of per- 
sonal property was shaped considerably by the common-law forms 
of personal actions. To illustrate; if A chopped down B's tree, 
B could choose from a variety of personal actions. B could either: 
(1) sue A for trespass to the land, recovering the amount by which 
the loss of the tree reduced the land value; (2) sue A in trespass 
de bonis asportatis for the value of the tree after severance; (3) 
sue A in trover for conversion of the severed tree; or (4) by 
replevin recover the severed tree itself. If A had sold the tree 
to C, B could still recover from A in any of the foregoing except 
replevin, or could instead (5) sue C in trover or (6) sue A in as- 
sumpsit (as if A had sold the tree for B). 

Property is used throughout this article in its usual and prac- 
tical sense, as referring to things and intangibles, ignoring the 
theory that in a strictly technical sense property is neither land 
nor goods but rather the interest or estate ("bundle of rights, 
privileges, powers and immunities") which a person has in such 
land or goods as against other persons. 

BrsnrocRAPHY.—R. A. Brown, The Law of Personal Property, 2nd 
ed. (1955) ; L. A. Goodeve, Modern Law of Personal Property, 8th ed. 
by H. Potter and A. K. Kiralfy, with suppl. (1937-46) ; J. C. Vaines, 
Personal Property (1954); W. T. Fryer, Readings on Personal Prop- 
erty, 3rd ed. (1938); The French Civil Code, trans. by H. Cachard 
(1895), arts. 516-551, 893-1100, 1582-1685, 1915-1963, 2071-2084; 
W. W. Buckland and A. D. McNair, Roman Law and Common Law, 
and ed. by Е. Н. Lawson (1952) ; G. W, Paton, Bailment in: the Com- 
mon Law (1952); A. M. Dobie, Handbook on the Law of Bailments 
and Carriers (1914) ; J. G. Pease and H. Chitty, Law of Markets and 
Fairs, 2nd ed. by Н. Parrish (1958) ; С. F. Hill, Treasure Trove in Law 
and Practice (1936); P. А, Lalive, The Transfer of Chattels in the 
Conflict of Laws (1955); S. Williston, The Law Governing Sales of 
Goods at Common Law and Under the Uniform Sales Act, 4 vol, rev. 
ed. (1948) ; L. F. V. Kruse, The Right of Property, 2 vol. (vol. i trans. 
from Danish by P. T. Federspiel [1939], vol. ii trans. by D. Philip 
[1953]) ; B. J. Shipman, Handbook of Common-Law Pleading, 3rd ed. 
by H. W. Ballantine (1923), sec. 27-62, 76-145 (the various forms of 
common-law personal actions) ; “Acquisition of Industrial and Com- 
mercial Equipment Through Leasing Arrangements,” 66 Yale Law 
Journal 751-770 (1957) ; H. R. Williams, “Security Interests in Goods, 
Fixtures and Equipment of Merchants and Manufacturers," 25 Texas 
Law Review 589-612 (1947). (E. M. М.) 

PERSONNEL MANAGEMENT: see INDUSTRIAL RELA- 
TIONS; OFFICE MANAGEMENT; PSYCHOLOGY, APPLIED: Industrial 
Psychology. 

PERSPECTIVE is the method used in drawing to portray 
three dimensions on a two-dimensional surface. 

History.—Artists have been experimenting since the Stone 
Age in their attempts to express a feeling of space and solidity. 
A reindeer herd was etched on a fragment of bone 15,000 years 
ago, and the illusion of distance was created by showing the legs 
and antlers as if seen beyond the fully sketched animals of the 
foreground. The artist of ancient Egypt discovered that his main 
perspective problem was showing a single important object in the 
necessary three dimensions. This he expressed in his own way by 
drawing a combination of plan and side view. A Pharaoh carrying 
a circular tray of sacrificial offerings was drawn in this manner. 
The top view of the tray is shown in half by means of a semicircle. 
On this half-tray is the sacrificial food as it would appear when 
viewed from above. This stylized method of expressing a third 
dimension persisted in Egyptian drawing for 3,000 years. 
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FIG. 1.—A SIMPLE PERSPECTIVE DRAWING OF TREELESS LEVEL COUNTRY, 
WITH PERSPECTIVE AND NONPERSPECTIVE RENDERING OF A HIGHWAY 
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FIG, 2.—LOOKING AT A LEVEL HIGHWAY (TOP VIEW): AS DISTANCE IN- 
CREASES, THE HIGHWAY APPEARS TO DIMINISH IN BREADTH 


^ 
FIG. 3,—LOOKING AT A LEVEL HIGHWAY (SIDE VIEW): THE HIGHWAY AP- 
PEARS TO RISE 


In America, northwest Indian artists developed a unique method 
of showing the front view together with both the left and right 
sides of a person or an animal, The creature was drawn as if it 
were split down the back and then flattened out like a hide. Each 
side of the head and body thus became a profile facing the other. 

Chinese artists created landscapes that had excellent feeling 
of distance and space by skillfully arranging the natural contours 
of land, water and foliage. When buildings were drawn it was 
necessary to show the parallel horizontal lines of the construc- 
tion, Isometric drawing was used. Isometric drawing is a simu- 
lation of perspective drawing wherein parallel lines are drawn 
parallel, instead of converging as in true perspective, Often foli- 
age was used in the drawing to crop these lines before they ex- 
tended far enough to cause the building to appear warped. These 
isometric arrangements made an attractive pattern of interposing 
line. 

The early European artist used a perspective which was an in- 
dividual interpretation of what he saw rather than a fixed mechani- 
cal method. It was not until the first half of the 15th century 
that the Italian painters made perspective- drawing an exact sci- 
ence by the use of the horizon line and the vanishing point. 

At the beginning of the Italian Renaissance the mathematical 
laws of perspective were discovered by a Florentine architect, 
Filippo Brunelleschi (1377-1446), who worked out some of the 
fundamental principles. Masaccio (1401-с. 1428) began using 
the method and within a short period brought about an entirely 
new approach in painting. A style was soon developed using con- 
figurations of architectural exteriors and interiors as the back- 
ground for religious paintings. This gave the new science the 
opportunity to expand freely. One of Brunelleschi’s contem- 
poraries Paolo Uccello (1397-1475) compiled these principles into 
book form and in doing so became the original authority in the 
field of perspective projection. 

In modern times, perspective has an important part in the work 
of artists as well as in idea presentations of architects, engineers, 
landscape specialists and industrial designers. It furnishes an 
opportunity to view the finished product long before it is begun. 

Technique.—The simplest perspective drawing that can be 
made is a single horizontal line across the paper. The word hori- 
zontal in itself suggests the natural horizon (ż.e., the distant line 
where the earth or sea apparently meet the sky), By drawing this 
horizontal line the artist has created the illusion of space and dis- 
tance as far as the eye can see. A sailboat added and a few clouds 


PERSPECTIVE 


above the line complete a picture of the sea in the distance m 
the sky. If the sails of the boat shut from view a segment 
horizon, this places the horizon farther in the distance 
boat. 

In a level treeless country a distant mountain range may 
seen beyond the horizon (fig. 1A). The curve of the 
surface is so gradual that it gives the impression of being flat, 
mountains can be seen beyond this curvature, The superstne 
ture of ships at sea can be sighted long before the hull is seen, 4 
distant island appears to rise out of the sea as it is approa 
The horizon therefore is seen as a continuous line between the ob ] 
server and distant objects. This line is curved, but the curvature 
is so slight it is usually ignored in drawing. 

The colours of distant objects are softened by the 
into bluish tones. This atmospheric colour effect in itself te 
ates an impression of distance and is called aerial perspective, - 

A highway built across the plain may be drawn as two stra 
lines meeting at a point on the horizon (fig. 1B). 
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FIG. 6.—THE PERSPECTIVE OF AN OPEN BOX 
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FIG. 8.—THE ESTABLISHING OF VANISHING POINTS 


mpresent the two curbs which are uniformly parallel throughout 
their lengths. Why are the curbs drawn as converging lines rather 
than parallel lines, as in fig. 1C? 

Fig. 2 shows the top view of a person standing in the centre 
ofthe highway. For him to see both curbs near his feet his eyes 
must take in a wide area at the section marked AA. Twenty feet 
beyond, at section BB, he sees the same width but it appears con- 
siderably narrower than at AA. As he looks beyond to CC it 
Appears still narrower and when he looks as far as he can in the 
distance, to the horizon line, he sees that the width has narrowed 
Wwa mere point. Beyond this point no more highway is visible. 
This point is called the vanishing point. 

The side view of the same situation is shown in fig. 3. The per- 
$n must look down in order to see the highway near his feet at 
“ction A. To look at B, the section 20 ft. beyond A, it will be 
Necessary to raise his eyes. This is also true for section C, and 
{0 on, until he is looking straight ahead along a line that is level 
ps his eyes. He is then looking directly at the vanishing point 
01 ће highway, Fig. 4 illustrates how level highway appears to 
nse to eye level at the horizon. 

Two Conclusions may be drawn: (1) The natural horizon and the 
‘iss eye level are at the same height. This is true whether 
* lying on the ground or sketching from an airplane. The 
orizon seems to rise to meet the eye level. (2) The vanishing 
i of a system of horizontal parallel. lines is always on the 

aa line. There can be systems of parallel lines in a picture 
of * hot meet at the vanishing point. One system is made up 
чн or perpendicular lines, The other system comprises the 
Cea lines which are parallel to the horizon. A general rule 
int if ese Systems: parallel lines do not converge to a vanishing 

"n they are parallel to the picture plane (the surface on which 

picture is executed), 

۹ ше there are very few square corners but man’s most com- 
td sk, m of construction is the box. Houses and furniture, books 
for BS EOS) all are modifications of box designs. A solution 
testang; Bective problems may be derived from a proper un- 
shoes ing of the box. The drawing of curved forms, such as 
En Automobiles and airplanes, becomes simplified when 
e CS are fitted into boxes (fig. 5). 
i planet has two upright sides, a top, a bottom and two ends— 
it right Sin all (fig. 6). "There are 8 corners where 3 planes meet 
These spies to one another and 12 edges where 2 planes join. 


te drani edges or intersections of the planes are represented in 

E li Ng as lines which will be referred to in groups of four: 
One, n Width lines and height lines. J 

tive, two ae Perspective.—To draw a box in one-point perspec- 

the Case nen may be drawn converging at a horizon line, as in 

‘Om " the highway ( fig. 1). Let a section represent the bot- 
ê Section box (fig. 7A). Upright end panels can be placed on 

“цы [ie ines (fig. 7B), The top and the sides can be repre- 


tawing two upper length lines from the top corners 


of the near panel to the vanishing 
point. The height of the far end 
panel is determined by the inter- 
section of the length lines with 
the verticals or height lines, 
К The entire projection may be 
inverted so that the vanishing 
point is below the object de- 
picted, as in Masaccio’s "Trinity" 4 
at S. Maria Novella, Florence. 
In Florence 70 years later Leo- 
nardo da Vinci (1452-1519) 
painted his famous "Last Sup- 
per" using the one-point perspec- 
tive. All the perspective lines of 
the room lead to the vanishing point at the head of Christ. 
Two-Point Perspective.—Ií the box is rotated slightly the 
vanishing point of the length lines will move along the horizon 
accordingly (fig. 8A), until it passes out of the picture, although 
it will still remain on the horizon line. As the width lines move 
they are no longer parallel to the plane of the picture and it is 
necessary to establish a vanishing point for them, This point 
is also on the horizon line (fig. 8B). In two-point perspective 
there are two vanishing points: one for the width lines and one 
for the length lines. If the box is rotated farther until the newly 
established point coincides with the central position of the origi- 
nal vanishing point, the length lines will be parallel to the picture 
plane, and the box is again in the position of one-point perspective, 
having been rotated 90° (fig. 8C). The distance between the 
vanishing points in two-point perspective is governed by a simple 
ratio, In order to understand this it is necessary to become fur- 
ther acquainted with the use of the picture plane. (See fig. 9.) 
Perspective Projection.—The picture plane is represented 
as an upright transparent surface. The artist stands facing it on 
a level plane called the ground plane. He looks through the pic- 
ture plane at the object, also resting on the ground plane (fig. 10). 
In this instance, the object he wishes to draw is the box. The 
ground line (GL) is the line where the picture plane rests on the 


FIG. 9.—THE PICTURE PLANE 
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FIG. 11.—LOCATING VANISHING POINTS 
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ground. The artist stands on the station point (SP) and sees the 
scene before him from an eye level viewpoint, called the eye. 
When he looks directly at the picture plane (along a line per- 
pendicular to it) he is looking along a line called the central visual 
ray (CVR) which lies on a plane called the plane of the horizon. 
Everything that can be seen above this plane is said to be above 
eye level; everything seen below this plane is below eye level. 
The central visual ray intersects the picture plane at a point called 
the centre of vision (CV). A horizontal line drawn through this 
point is the horizon of the picture. It is the line where the plane 
of the horizon intersects the picture plane. If the artist is seated, 
the horizon is lowered; if he views the object from a stepladder, 
the horizon raises accordingly. The object also may be raised and 
the picture plane may be moved closer to the artist or back against 
the object. These arrangements allow a great deal of freedom. 
According to theory the artist can now locate all the necessary 
points and lines of the object and draw them where the visual rays 
(VR) show them on the picture plane. The centre of vision be- 
comes the vanishing point of a drawing in one-point perspective. 
The two-point perspective arrangement can be made by rotating 
the object (fig. 11) to the desired view. For convenience the pic- 
ture plane is placed against the corner of the object. By doing 
this the height is actually on the picture plane in true measure- 
ment, In this way the process of projection is made simpler and 
easier to visualize, | 
The station point is chosen at any desired distance from the 
object and the view from any desired height above the ground. 
When the eye height is established, two lines from the eye are 
extended parallel to the two sides of the box. The two lines form 
a right angle and each meets the picture plane on the horizon line. 
The points where they intersect the horizon line are the left van- 
ishing point (LVP) and right vanishing point (RVP). The same 
points can be reached by drawing the two lines on the ground from 
the station point to the picture plane and then up to the horizon 
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FIG. 14.—EQUAL SPACING 


FIG. 15.—SUBDIVISIONS 


line (indicated by arrows, fig. 11). Then it is necessary to gel 
all this arrangement flattened down onto one sheet of paper, The 
picture plane may be visualized as being moved toward the station 
point. The ground line remains in the new position but the plane 
is folded down so that it is lying on the ground. The top edge 
of the picture plane is ignored. The plane remains in its original 
position touching this trace. 

All three-dimensional units can then be translated into a two 
dimensional surface (fig. 12). 

This method is called the architect’s or office method, Itis 
found to be adaptable to most perspective problems and itis the 
basis for most perspective projections. 

The vanishing point is located by dropping perpendicular line 
from the previously located points L and R to the horizon (fg 
13A). The side elevation is placed so that it rests on the ground 
line. A horizontal line from the top of this elevation to the ct 
tral line gives the true height of the box. Lines from the top and 
bottom of this height line extended to the vanishing points wil 
give the near corner of the box in true perspective, with the sides 
of the box extending to the vanishing points. It is then necesen 
to find where the sides of the but 
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THE PICTURE PLANE LINE OR "TRACE" ` R 


actually end. 

A line is drawn from the st 
tion point to the right-hand ot 
ner of the plan. It intersects the 
picture plane at a point indicat 


THIS IS THE CHOSEN DISTANCE 
FROM PLAN TO STATION POINT 


THE HORIZON LINE 


by the arrow (fig. 13B). А 
is drawn to the left corner m 
same manner. ‘The space 
tween the two arrows mesi 
the extent of the box asit 

be seen on the picture plane. 
Perpendicular lines from ! 
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SIDE ELEVATION 


arrows drawn downward m 
the sides of the box cut pi 
off at the correct place. 
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FIG. 12.—COMPLETE PERSPECTIVE ARRANGEMENT 
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FIG. 13.—PERSPECTIVE PROJECTION 


here the 


К tre is the point whe 
onals intersect. 


divisions in turn may be subdivided into quarters and then 
ighths and sixteenths, if desired, E 
еп the space cannot conveniently be subdivided into halves, 
er method may be used. To divide a rectangle into three 
{ parts with vertical lines (fig. 15), it should be first divided 
31 th lines into three parts. A diagonal is then drawn. If 
de artical lines are drawn where the diagonal intersects the length 
the correct spacing is obtained. 
Fig, 16 is an example of a facade with seven columns drawn 
ective. Irregular divisions also can be projected in the 
E. These methods follow the principle of dividing 
measurable lines (i.e., lines parallel to the picture plane) and of 
ting these measurements into corresponding divisions on 
ihe receding perspective line. 
| There is another method of subdivision in perspective in which 
“high or low vanishing point is used. It can be understood by 


FIG. 17.—CONTINUOUS SPACING 


tn fence in which all the posts lean at the same angle along 
[Ше of the fence (fig. 17). The posts will be parallel to one 
Э will all point to a vanishing point in the sky (or below 
7 if leaning in the opposite direction). This point will 
me directly above (or below) the vanishing point of 
ally lie To verify this, tilt the posts more and more until they 
а end to end on the ground. It will be iound that their 
the same Point has moved down in a’perpendicular line until it is 
йт, 48 the vanishing point of the original fence. Using the 
thing ап terminology, this perpendicular line on which the van- 
de p Points fall is the “vanishing trace" of the vertical plane of 
ШШ An axiom applied to this form of projection is that 
M trac nes in a plane have their vanishing points in the vanish- 
no! the plane. 
(diagonal drawn between the first two posts is extended to 
à е vanishing trace, the successive posts can be located 
Mint of ES this point of intersection as the common vanishing 
_Three.p, the diagonals, à 
(int Perspective. This system incorporates in addi- 


d is horizontal vanishing points a third vanishing point 
с, 


Men ertical planes relate. It is of limited use. 
E TURAL RENDERING; DRAWING (TECHNIQUES OF) ; 
n i PS NEERING) DESCRIPTIVE GEOMETRY}; see also refer- 
IDGRA P; erspective" in the Index. 

4 EY.—William Wirt Turner, Simplified Perspective (1947) ; 
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Dora M. Norton, Freehand Perspective, rev, ed. (1957); Ernest R. 
Norling, Perspective Made Easy (1939); Andrew Loomis, Three- 
Dimensional Drawing (1958) ; Jay Doblin, Perspective, A New System 
for Designers (1957) ; Ernest W. Watson, How to Use Creative Per- 
spective (1955) ; Joseph №. Hull, Perspective Drawing; Freehand and 
Mechanical (1950) ; Frederick E. Giesecke, Alva Mitchell and Henry C. 
Spencer, Technical Drawing (1940). (E. К.М.) 

,PERSPIRATION. Perspiration is an inclusive term refer- 
ring to any water, either in vapour or visible form, which is given 
off by the normal skin. There are two sources: the epidermis and 
the sweat glands. The average adult loses about 500 g. of water 
vapour via the transepidermal route every 24 hours. This type 
of water loss is called insensible perspiration and involves no 
chemicals besides water. The mechanism of loss is obscure, but it 
would appear that the water loss, which is constant, is associated 
with the growth and aging process of the epidermal cells as they 
form keratin. Only factors affecting the epidermal cells have an 
influence on the rate of epidermal water loss. i 

The common usage of the word perspiration ‘disregards the 
above vapour loss and relates it solely to the secretion from the 
eccrine sweat glands. These glands are distributed over the entire 
skin surface of man, Totaling approximately 2,000,000 in num- 
ber, they show marked regional differences in density. The palm 
and sole may present over 2,500 per square inch, whereas the back 
may have fewer than 500 per square inch. Each gland is a simple 
coiled tubular unit. The secretory coil is deep in the dermis and 
from it the sweat duct extends up through the dermis and epi- 
dermis. 

The sweat pore is not visible except on the palms and soles, 
The glands provide surface water for evaporative cooling of 
the body under heat stress, 540 cal. being lost per litre of sweat 
evaporated. In cool environments the glands remain entirely at 
rest, 

However, once the skin temperature or body temperature be- 
comes elevated, many of the glands are instantly stimulated to 
secrete. This stimulation is caused by autonomic nerves which 
are under control of the thermoregulatory centre of the hy- 
pothalamus of the brain. In areas which have been denervated 
(e.g., by sympathectomy, or by neural changes in leprosy) sweating 
does not take place. The total sweat rate may range from zero 
to 2,000 g. per hour, Often sweating rates are excessive since only 
the sweat which evaporates cools the body. Eccrine sweat is about 
99% water, the chief solute being sodium chloride. The more” 
efficiently the gland functions, the lower the salt content is. Very 
little salt is present in the sweat of acclimatized persons, so that 
a normal person rarely needs salt supplementation of his normal 
diet despite high sweating rates. Similarly vitamin supplementa- 
tion is unnecessary since only trace amounts are lost. Eccrine 
sweating of the palms, soles and to a certain extent elsewhere is 
under a different neural control, reflecting emotional tension rather 
than thermal stress; e.g., the cold sweat of shock or motion sick- 
ness. 

Closure of the sweat pores with subsequent extravasation of 
trapped sweat into the skin is the cause of prickly heat, a common 
summer ailment. 

Apocrine sweat is a second type formed in human skin. It arises 
from apocrine sweat glands, most of which are in the armpits 
and appear at puberty as an offshoot of the hair follicles. Very 
small amounts of sweat are continuously formed and stored in 
these glands, later to be expelled in response to emotional rather 
than thermal stimuli. The expulsive force is provided by a sheath 
of muscular tissue enveloping the glands. Apocrine sweat is a 
whitish odourless liquid which contains considerably more solid 
material than eccrine sweat. Surface bacteria of the skin act on 
the lipid content of this sweat to form odorous unsaturated fatty 
acids, thus accounting for the distinctive “underarm odour.” In 
rare instances apocrine sweat may contain unusually large quan- 
tities of pigment, a condition called chromidrosis. Such reddish- 
brown sweat is normally produced by the apocrine sweat glands 
of the hippopotamus. See also ANIMAL HEAT; SKIN: Cutaneous 
Appendages. (W. B. Sy.) 

PERTH, EARLS AND DUKES OF. The Scottish title 
of earl of Perth was bestowed upon James DRUMMOND (c. 1580- 
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1611), 4th Baron Drummond, in 1605. James was succeeded by 
his brother Јонм (c. 1584-1662), who in the Civil War was ap- 
pointed commissioner of war in Perthshire for the parliament. 
His second but first surviving son James (с. 1615-75), 3rd earl of 
Perth, also served the parliament, but later fought with the mar- 
quess of Montrose at Philiphaugh (Sept. 13, 1645) and was taken 
prisoner. His second but first surviving son JAMES (1648-1716) 
declared himself a Catholic on the accession of James II (James 
VII of Scotland) and during his reign largely controlled affairs: 
in Scotland. Imprisoned (1688-93) after the revolution of 1688, 
in 1696 he joined the exiled king, who in March 1690 had created 
him (titular) duke of Perth. He was governor to Prince James 
(the Old Pretender) from 1696 to 1706. His son James (c. 1673- 
1720), 2nd titular duke and 5th earl of Perth, was several times 
imprisoned and commanded the Jacobite cavalry at the battle of 
Sheriffmuir (Nov. 13, 1715). Attainted in 1716, he escaped to 
France, His son James (1713-46) joined Charles Edward (the 
Young Pretender) in 1745, fought with him at Prestonpans, Car- 
lisle, Stirling and Culloden, and at Derby was the only counselor 
to advise against a return to Scotland. After the battle of Culloden 
he also was attainted (1746), escaped, but died at sea. Unmarried, 
he was succeeded by his brother Јонм (1714—47), 4th titular duke 
and 7th earl, who fought at Falkirk and Culloden, escaped to 
France and fought for the French in the Austrian Succession War. 
He was succeeded by his uncle of the half-blood, Јонх (1679- 
1757), a son of the 1st titular duke by his second wife. John's 
successor, EDWARD (1690-1760), was his half brother, son of the 
15 duke by a third wife. He served as a general in the French 
cavalry. On his death without issue the titular dukedom became 
extinct. 

The representation of the earldom passed to Edward's cousin 
James LuNDIN, afterward DRUMMOND (1707-81), grandson of 
John, 1st titular duke of Melfort (a brother of the 1st titular duke 
of Perth) by his first wife, Sophia, heiress of Lundin. To his third 
but only surviving son James (1744-July 1800) the family es- 
tates were restored in 1785, and in 1797 he was created Lord Perth, 
Baron Drummond of Stobhall, County Perthshire, in the peerage of 
Great Britain. On his death without male issue, the United King- 
dom peerages became extinct and the representation of the earldom 
passed in turn to his cousins James Louis DRUMMOND (1750-Sept. 
1800) and CHARLES EDWARD DRUMMOND (1752-1840), respec- 
tively 4th and 5th titular dukes of Melfort, great-grandsons of the 
1st duke by his second wife. Both died without issue and their 
nephew GEoRGE (1807-1902) succeeded to their claims. In his 
time the attainders of 1716 and 1746 were reversed and in 1853 he 
was declared entitled to various Scottish dignities, including the 
earldoms of Perth and Melfort. 

George was predeceased by both his son and his grandson and 
on his death the earldom of Melfort became extinct or dormant 
and the earldom of Perth passed to his kinsman, WILLIAM HUNTLY 
DRUMMOND (1871-1937), who in 1893 had succeeded his father as 
11th Viscount Strathallan, His half brother and successor, JAMES 
Eric (1876-1951) was private secretary to the prime minister Her- 
bert Asquith (1912-15) and to the foreign secretaries Sir Edward 
Grey (1915-16) and A. J. Balfour (1916-19). Known as Sir Eric 
Drummond (from 1916), he accompanied Balfour to the U.S. in 
1917 and to the Paris peace conference, and he became secretary 
general (1919-33) of the League of Nations. He was ambassador 
in Rome (1933-39) and in 1946 became deputy leader of the Lib- 
eral peers, His son, JOHN Davi DRUMMOND (1907- ) is 17th 
earl of Perth and 13th Viscount Strathallan. 

PERTH, the capital of Western Australia, is situated in the 
southwest of the state on ground rising 200 ft. (61 m.) from the 
right bank of the Swan river about 12 mi. (19 km.) N.E. of its 
mouth, which forms the inner harbour of Fremantle (q.v.). Pop. 
(1961) 94,508; metropolitan area (including Fremantle) 420,133, 
more than half the population of the state. The climate is of the 
Mediterranean type with mean monthly temperatures ranging 
from 23.5? C. (74° F.) in February to 13? C. (55° F.) in July, 
an average daily sunshine of 7.8 hr. and an average annual rainfall 
of 36 in. (914 mm.), falling mainly from May to October. 

Though some of the streets are still narrow, the city has been 
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largely rebuilt in the 20th century and the suburbs stret 
more than 20 mi. (32 km.) along the northern side of the 
Development of the southern side was stimulated by the 
of a new causeway over the Swan across Herisson Island 
and subsequently by the building of a bridge at the Narrows at i 
western end of Perth water. Perth contains some of the 
buildings, avenues and streets (e.g., St. George’s terrace 
tralia. The public buildings include an Anglican and а 
Catholic cathedral, government house, parliament house, an. 
servatory (1896) and the University of Western Austr 
(founded 1911), with its impressive Spanish-style architec( 
There are many state and private schools, a technical colleg 
teacher-training colleges and a number of private colleg 
has about 6,000 ac. (2,428 ha.) of parks and gardens, includ 
King’s park (1,000 ac. [405 ha.] of bush set aside as a nature: 
serve), Belmont park (the state’s main horse-racing centre 
the zoological gardens. 

Besides being the state's political, administrative and judicial | 
centre, Perth, with Fremantle, is by far the most important | 
for trade, commerce and banking in Western Australia, It 
highly industrialized, although there are light industries 
outskirts and around Fremantle. It is the terminus for the 
railway routes within the state and connecting with other 
and there is a modern international airport at South Guil 
Most of the public utilities are administered by the state g 
ment, The water supply is obtained from catchments in 
Darling range, supplemented by artesian wells in summer, — 

Perth was founded in 1829 by Capt. (later Sir) James St 
and constituted a city in 1856, when the Anglican bishopric) 
also created. Growth was slow initially, the population tot 
only 8,447 in 1891, but in the preceding year the Coolgardie 
fields had been discovered and the resulting influx of sett 
gether with the opening of Fremantle harbour in 1897, le 
progress, subsequently encouraged further by the opening 0 
rail link with the eastern states in 1917. The Commonweal 
Empire games took place in Perth in 1962. E 

PERTH, an inland county of Scotland, bounded north! 
counties of Inverness and Aberdeen; east by Angus; southeas 
the Firth of Tay and the counties of Fife and Kinross; sout 
Clackmannan and Stirling; southwest by Stirling and D! 
west by Argyll; and northwest by Inverness. It is the 
largest county in Scotland, its land area being 2,493: 
(6,458 sq.km.). It has a compact, roughly circular shape. 
Highland boundary fault runs with the Caledonian t d 
east-southwest from near Alyth to near Aberfoyle, and 5 
boundary between lowland Perth, the southeastern thit 
county, and the remaining two-thirds lying in the south: 
Grampians. 

Physical Features.—Highland Perth, a plateau plan 
rocks metamorphosed by Caledonian folding and ove 
mainly Dalradian mica schists, limestones, and quartzites 
dissected so that many summits and ridges are at about. 
(914 m.), with higher residual heights in various rocks 
3,843 ft. (1,171 m.) east of Crianlarich, in schists; Ben 
3,984 ft. (1,214 m.); and Schiehallion, 3,547 ft. (1,081 ТЫ 
Loch Tay, in quartzites, Many conical hills along t 7 
edge are in a belt of quartzite: Ben Venue, 2,393 ft. 
and Ben Ledi, 2,873 ft. (876 m.), in the Trossachs; Ben 
3,224 ft. (983 m.), and Ben Chonzie, 3,048 ft. (92931) 1 
Earn, and others stretching northeast to the county 
Dissection is in blocks, valleys tending to trend east ii 
Earn, Loch Rannoch), northeast or southwest (centi? v 
Tay, Glen Tilt), and southeast (Garry-Tummel-T8Y, 
nant river system of Perth). Southwestern Perth was т 
great southwest Highland centre of ice dispersal durin 
mum glaciation. Corrie glaciation, rock-basin lakes 
Tay, Katrine, etc.), and ice-molded valleys are all © 
well as ice marginal and other moraines. е йо 

Vegetation varies from the well-studied Alpine fe 
Lawers and other peaks, through acid grassland Че 
moor grass-bent grass-heather) , which dominates Ш = 
west of the county, to heather-blaeberry in the 
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northeast with rare survivals of the Scots pine forest association as 
in Black Moor of Rannoch, and residual birch and oak woods in 
the valleys. There are many well-wooded estates, largely artificial 
planting as near Blair Atholl and in the Trossachs, Wildlife in- 

dudes red deer and wildcat, golden eagle, dotterel, ptarmigan, 
ouse, black grouse, and capercaillie. 

Rainfall varies between 60 to 100 in. (1,524 to 2,540 mm.) in 
ihe southwest of Highland Perth, and 40 to 50 in. (1,016 to 1,270 
mm.) in the northeast. May is the driest month but the summer 
months tend to be reasonably dry and sunny, particularly in the 
ast of the area. Temperatures are naturally extremely variable. 

Lowland Perth is by no means a flat plain. Hills fringing the 
Highlands and in the Ochils and Sidlaws represent, dissected pla- 
imus of 1,500-2,000 ft. (457-610 m.); between these uplands 
Strathmore, Strathallan, and the Forth Plain make up a complex 
lowland corridor running northeast-southwest, with surfaces of 
100-500 ft. (31-152 m.), and also at about 750 ft. (229 m.) fring- 
ing and linking the hills, all cut mainly across Old Red Sandstones. 
On the low ground drumlins and other boulder clay deposits are 
dominant at the surface; in these, Highland rocks and Old Red 
Sandstone rocks are ground and intermixed to give the basis of 
a fertile, workable soil, given drainage. Some fluvioglacial sands 
ind gravels give lighter soils, including the famous fruit-growing 
tracts of Strathmore and the Carse of Gowrie. Fringing the Firth 
of Tay are fertile heavy clays in the carse lands, and again in the 
Case of Stirling, acid grasslands dominate the hills, while the 
lower land presents a landscape of large farmsteads among the big 
square fields varied by pleasant woodlands and estate parks. 

The Queen Elizabeth Forest Park, created in 1953, extends for 
42000 ac. (16,997 ha.) in the counties of Perth and Stirling and 
includes Loch Ard forest (34,295 ac. [13,879 ha.] in both counties) 
md Rowardennan (in Stirling). It stretches from Loch Lomond 
lothe fringe of the Trossachs and has 24,000 ac. (9,713 ha.) of for- 
Ӯ lind and 18,000 ac, (7,285 ha.) of moor and mountain, The 
hoe. Commission also controls (1962) 17 forests covering 
STRIS (44,014 ha.) in Perth, and 4 forests covering 16,662 ac. 
E m) that overlap into neighbouring counties. Rannoch For- 
е iggest (45,617 ac. [18,461 ha.]), is south of Loch Rannoch 
i ч the Black Wood of Rannoch, remains of the ancient Cale- 
3 m Tus Thereisa training school for foresters at Pitlochry. 
[L499 ha] pum of Rannoch is a national nature reserve (3,704 ac. 
Foi Pol rainfall in the Lowlands is below 30 in. (762 mm.) 
«d Strathmore, but 30 to 35 in. (762 to 889 mm.) is a 
4 m gure for low-lying areas, with 40 to 60 in. (1,016 to 
yid 10 in the hills, Spring and early summer tend to be 
t holid unny, but summer and autumn are usually sunny enough 
ji ү and harvest. Mean monthly temperatures in a typi- 
014° CI») ie уау from about 3? C (37° М 2 MM 

у in July. STAT LS 

tory.—In A.D. 83 the Roman 1 i i 

р. general Gnaeus Julius Agricola 

a lands beyond the Forth and in the following year 
ет pj о the Grampians, The growing lawlessness of the 
inthe үн | and their frequent raids їп the more settled country 
tis ү ater compelled the attention of the Roman emperor 
Moray na though he led a strong army to the shores of the 
ere were d he was unable effectually to subdue the tribesmen. 
Маце gaat Roman forts in the county such as those at 
V шола, alginross, Bertha, Fendoch, and Gourdie, as well as 
any ШУ fortress at Inchtuthil; along the Earn there were 

Y Signal stations. | 
te Romans а, withdrew from Britain, D үг 

m Capital first at Abernethy and then at Forteviot. 
tion of m MS the centre of the Celtic Church after the conver- 
Church) M by St. Ninian, Palladius (deacon of the Roman 

min Sue missionaries in the 5th and 6th centuries. On 
Et of bj M Forteviot by the Norsemen in the 8th century, the 
lt of the ish government was removed to Scone. In the latter 
tad a VUA Century, Dunkeld—to which Kenneth I, MacAlpin 
I ee s the relics of St. Columba from Iona—became 

astic activity. 
‘anes Periodically harried the land, but suffered a crush- 
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ing defeat at Luncarty in 961, In 1054 Macbeth was defeated at 
Dunsinane by Siward, earl of Northumbria, who had invaded 
Scotland in the interest of his kinsman, Duncan’s son, who, on the 
death of the usurper three years later, ascended the throne as 
Malcolm III. With Malcolm’s accession the Celtic rule of the 
monarch of Scone came to an end. The royal burgh of Perth 
(q.v.) became the capital of Scotland at the beginning of the 12th 
century and remained the capital until 1452; from that time the 
history of the county is merged in that of the county town, with 
the exception of such isolated incidents as the removal of the 
coronation stone from Scone to Westminster in 1296, the defeat 
of Robert I, “The Bruce,” at Methven in 1306, the Battle of 
Dupplin (g.v.) in 1332, the victory of Viscount Dundee (John 
Graham of Claverhouse) at Killiecrankie in 1689 and the inde- 
cisive contest at Sheriffmuir in 1715. 

Doune Castle, belonging to Thomas Randolph, earl of Moray, 
was built in the 14th century and was a royal palace. It was 
restored in 1883. Blair Castle, home of the duke of Atholl, is in 
Scottish baronial style, with a 13th-century tower. 

Among non-Roman archaeological remains are the hill fort on 
Dunsinane; the ship barrow of the Vikings at Rattray; weems (or 
earth houses) in the parishes of Monzie, Alyth, and Bendochy; 
standing stones near Pitlochry; and an extraordinary assemblage 
of sculptured stones in the museum at Meigle. 

Population and Administration.—The population in 1961 
was 127,056. Gaelic and English were spoken by 1,686 persons and 
one spoke Gaelic only. The city and royal burgh of Perth (41,196) 
is the only large burgh. There are 11 small burghs: Aberfeldy 
(1,469), Abernethy (601), Alyth (1,862), Auchterarder (royal 
burgh, 2,425), Blairgowrie and Rattray (5,181), Callander (1,655), 
Coupar Angus (2,048), Crieff (5,771), Doune (786), Dunblane 
(2,923), and Pitlochry (2,501). There are five county districts. 

With Angus the county forms the sheriffdom of Perth and Angus, 
with a sheriff substitute presiding at Perth and Dunblane. For 
parliamentary purposes it is divided into the Perth and Western 
divisions (the latter including Kinross), each returning one mem- 
ber. There are secondary schools at Perth, Crieff, Blairgowrie, 
Aberfeldy, and Callander. Trinity College, in Glenalmond, and 
Strathallan are well-known boys' schools. 

The Economy.—The arable land is chiefly in the drier regions 
of the east and southeast, the soil for the most part being fertile. 
The best heavy carse land is rich, and produces heavy crops of 
wheat, potatoes, sugar beet, beans, timothy, and silage crops. 
The principal cereal crops are oats, barley, and wheat., The county 
exports a big tonnage of seed potatoes and grows considerable 
quantities of turnips, swedes, and sugar beet. The growing ‘of 
small fruit is a speciality, and Perth is the main raspberry grow- 
ing county in Scotland. 

There are many herds of pedigree livestock, particularly of the 
Shorthorn and Aberdeen Angus beef breeds. On the hills Black- 
face sheep are carried, and on many of the foothill farms herds 
of breeding beef cows are established. 

The rivers and lochs abound with good salmon and trout; Tay 
salmon is especially famous. Hardly any of the streams have 
suffered pollution from industries. 

Perth has valuable waterpower resources which have been de- 
veloped by the North of Scotland Hydro-Electric Board. In the 
Tummel Valley is the greatest hydroelectric power development in 
Scotland. The Tummel and its tributaries, which drain an area 
of 710 sq.mi., are harnessed in ten power stations with an installed 
capacity of 250 megawatts and an average annual production of 
650,000,000 units (kw-hr.) of electricity. Further development 
was planned at Loch Laidon in the Moor of Rannoch. The 
Breadalbane scheme in the mountainous area between Glen Lyon 
and Loch Earn comprises eight power stations served by a catch- 
ment of 202 sq.mi. The total capacity of the stations is 118 mega- 
watts and their annual output is about 390,000,000 units (kw-hr.) 
of electricity. The control centre for the board’s stations is 
situated near Pitlochry. 

Dyeing and finishing works are in Perth and its vicinity. Flax 
and jute mills are at Blairgowrie and Rattray and cotton mills 
at Stanley, Deanston, and Perth. Woolens, linen, jute, and tartans 
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are woven at Dunblane, Alyth, Auchterarder, Aberfeldy, and Pit- 
lochry. Whisky is distilled at Pitlochry, Aberfeldy, and Blackford, 
while Perth is a centre for blending and bottling. 

Tourism is becoming increasingly important to Perth, with its 
favourable central position. Outdoor recreation is gaining in 
popularity, particularly winter sports (in the north), pony trekking 
and water skiing (in which the national championships are held 
on Loch Earn). Dinghy sailing is also popular on several lochs. 

BIBLIOORAPHY.—H. Miles, Fair Perthshire (1930); W. Marshall, 
Historic Scenes in Perthshire (1880) ; T. Hunter, Woods, Forests, and 
Estates of Perthshire (1883); W. A. Gillies, In Famed Breadalbane 
(1938) ; H. H. Read and A. G. MacGregor, “The Grampian Highlands,” 
British Regional Geography (HMSO, 1948) ; C. Nairne, The Trossachs 
and the Rob Roy Country (1961) ; G. Scott-Moncrieff, Places in Perth- 
shire in the Care of the National Trust for Scotland (1959). 

(A. L. Br.) 

PERTH, a city, royal and large burgh and county town of 
Perth, Scot., about 22 mi. (35 km.) W.S.W. of Dundee by road. 
Pop. (1961) 41,196. Area 6.1 sq.mi. (15.8 sq.km.). It is on the 
right bank of the Tay, between the meadows of the North Inch 
and those of the South Inch, both laid out as public parks. On 
the left bank of the river (crossed by three bridges) Kinnoull hill 
rises 729 ft, (222 m.). The Perth bridge, which crosses the Tay 
just below North Inch, has nine arches and was built by John 
Smeaton in 1766-71. The city has long been famous for its dye 
works. Other industries include whisky blending, the making of 
glassware (and particularly of gauge glasses), jute, carpet and 
linen manufacture. Perth is the centre of a prosperous agricultural 
area, with sales which attract buyers from all parts of the world. 

Notwithstanding the importance of Perth in former times (it 
was the capital of Scotland until c. 1452), almost the sole relic 
of the past is the church of St. John the Baptist. The original 
building is believed to have been erected in the time of Columba, 
but the present choir was built c. 1440 and the nave c. 1490. In 
1598 the church was divided into two churches and a third was 
inserted between them in the 18th century, but under Sir Robert 
Lorimer the whole was restored to its original form as a World 
War I memorial (1925-28). There, in 1559, John Knox preached 
his famous sermon in denunciation of idolatry, as a result of which 
the Dominican, Carthusian, Franciscan and Carmelite friaries were 
destroyed. The castle, palace and fortress have also disappeared. 
'The tombstone of James I and his queen, who, though the king 
was murdered in the Dominican, were buried in the Carthusian 
monastery (destroyed in r559), was afterward removed to St. 
John's church. 

During the period between the beginning of the 12th century 
and the reign of James II many of the Scottish parliaments were 
held in a building (demolished in 1818) where the Freemasons' 
hall now stands. The supposed house of Catherine Glover, the 
“Fair Maid of Perth,” still stands in Curfew Row. James VI's 
hospital, founded in 1569 on the site of the Carthusian monastery, 
was converted into workmen's dwellings. A 19th-century replica 
of the Mercat (market) cross, which in 1668 replaced one de- 
stroyed by Oliver Cromwell, stands opposite the city hall. 

Public buildings include St. Ninian's Episcopal cathedral (1850— 
90); the city chambers; the county buildings (1808-20); the art 
gallery and museum (1935), which incorporates as its principal 
feature the Marshall memorial (1824) and contains the museum of 
the Black Watch, the collections of the Literary and Antiquarian 
society and the Perthshire natural history museum; and the 
Sandeman public library, founded by a bequest of Professor Sande- 
man of Owens college, Manchester. The general (convict) prison 
for Scotland was originally erected in 1812 as a depot for French 
prisoners. 

Northwest of the city are the military barracks (1793-04). 
The burgh grammar school, supposed to date from the 12th cen- 
tury, was amalgamated with the Perth academy (1807) and Sharp’s 
institute (1860). 

History.—During the time that it was occupied by the Romans. 
a period estimated at 320 years, the city was called Victoria: tts 
present name probably derives from the Celtic Abertha (“at the 
mouth of the Tay”). On the conversion of the original Pictish 
inhabitants and the dedication of the first church to St. John the 
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Baptist, the town was designated St. Johnstoun, and it contin 
be known indifferently by this name and that of Perth do 
17th century. Perth is stated to have been a burgh in n 
was made a royal burgh by William the Lion in 1210, 

During the Scottish Wars of Independence its fortificat 
strengthened by Edward I (1298). Robert the Bruce sey 
ineffectually attempted to seize it, but in 1311 he suc 
scaling the walls during a night attack. This was the fo 
most brilliant of the seven sieges which the city sustained, 
by Edward III in 1335, it was recaptured in 1339. In 
combat between the Clan Chattan and the Clan Quhele, 
in Sir Walter Scott’s Fair Maid of Perth, took place on the 
Inch in the presence of Robert III and his queen, Аш 
Drummond. 

The Dominican friary (Blackfriars) was the scene of 
der of James I by Sir Robert Graham, instigated by Walter, 
of Atholl, in 1437. In consequence Perth lost its status 
in which it had succeeded to Scone, and the parliament courts} 
transferred to Edinburgh in 1482. ү | 

Gowrie house (on the site now occupied by the county buildin 
was the scene of the mysterious “Gowrie conspiracy” i 
James VI in 1600. The town was taken by the ma 
Montrose in 1644, by Cromwell in 1651, and was oc 
Viscount Dundee, John Graham of Claverhouse, in 168 

In 1715 the Old Pretender was proclaimed king at the 
cross, and the chevalier himself appeared in the city in t 
ing January, only to leave it precipitately on the approa 
earl of Argyll. 

PERTH AMBOY, а city in Middlesex county, NJ. 
at the mouth of the Raritan river, on Raritan bay and Sl 
Island sound, 29 mi. (47 km.) S.W. of New York city. F 

It is strategically located on the fringe of the two ma) 
politan areas of the east, Philadelphia and New York. 
ing these areas with the city are an elaborate highway sys 
rail lines and a harbour for ocean-going ships. 

Local industry is well diversified and produces steel, m 
metals, petroleum products, building materials, chemicals, 
lead, printing and electrical goods, clothing, food produci 
cigars. m 

Despite its industrialization the city stresses resident i1 
ing and supports numerous parks and recreation and pl 
Public utilities (electricity and water) are municipally 0W 

Perth Amboy was settled in the late 17th century and 
1684 to 1702 was the capital of the colony of East Jersey. 
original name, Amboy, is of Indian origin. Later Perl 
added in honour of an early proprietor, the earl of Pert 
charter, one of the first in New Jersey, was granted in 1 
last royal governor of the colony, Benjamin Franklins 
liam, resided in the city in the governor’s house (West 
house, erected in 1764), which is one of a number Of € 
buildings still standing. 

The city was occupied by the British in 1776-77 
evacuated when Gen, George Washington's troops seize 
New Jersey. 

For comparative population figures see t 
Population. 

PERTINAX, PUBLIUS HELVIUS, Roman eo 
March 193, was born in Liguria on Aug. 1, 126, the son 4 
slave. After teaching in a school, he entered the arm: 
ing units in Syria and Britain, on the Danube and RA 
earning distinction in the great German invasion of ld 
senatorial rank to command a legion, he was promoted Я 
sular commands of Moesia, Dacia and Syria, but under 
fell from favour, together with the future empero 
Severus, during the ascendancy of Perennis. Recalled à à 
command the mutinous army of Britain, he was with a 
own request, but in the last years of Commodus bet 
of the city of Rome, while Severus commanded the upp! 
armies, 

When Commodus was murdered on Dec. 31, 19^: 
before dawn and proclaimed Pertinax, then the seni 
the empire, before the praetorian guards awoke. 


le in New JI 
able in (wil 


{o enforce unpopular economies in both civilian and military ex- 

шге, and was murdered by a small group of undisciplined 
soldiers on March 28, 193. When Severus became emperor later 
inthe year he decreed divine honours for him and took the name 


tinax. 

PERIZ, GEORG HEINRICH (1795-1876), German his- 
гап, the first general editor of the Monumenta Germaniae his- 
prica for which he laid down the determining principles. Pertz 
yas born in Hanover, March 28, 1795, and was a pupil of A. H. L. 
Heeren at Göttingen. In 1823 he became secretary of the archives 
in Hanover, in 1827 royal archivist and in 1842 chief librarian 
jn Berlin, In 1832 Pertz. founded the Hannoverische Zeitung to 
promote Baron von Stein’s ideas; he also sat in the Hanoverian 
second chamber. His enduring work, however, was done on the 
Monumenta Germaniae. This owed its inception to Stein but 
behind it lay a scholarly need, a new pride in the German past and 
a romantic interest in the middle ages. In 1819 the work was 
begun under the auspices of the newly founded Gesellschaft für 
Шеге deutsche Geschichtskunde, supported by funds from both 
Prussia and Austria. Stein invited Pertz to help in 1819 and he 
joumeyed through Europe examining manuscripts and making 
many finds, In 1823 Stein entrusted him with the general direction 
of the work, which was to be a critical edition of writings on Ger- 
man affairs (Scriptores, Leges, Diplomata, Epistolae and Antiqui- 
lu) from c. 500-1500. The first two volumes (Carolingian 
trative sources), largely Pertz's work, came out in 1826 and 1829 
tnd by 1873, when he was superseded, more than 20 volumes had 
appeared, Pertz also wrote a life of Stein (6 vol., 1849-55) but 
bis gift was for research rather than for creative work and his 
“spares had less merit than his editions. He died in Munich, 
tt, 7, 1876. 

p Buroonemv.— Pertz's letters to T. v. Schön and J. G. Droysen, ed. 
ГЪ, Rühl (1896) ; his Autobiography (їп Eng. ed. by his wife; n.d.) ; 
 Bertzlau, Geschichte der Monumenta. Germaniae Historia (1921). 
PERU, a republic on the western side of South America. Its 
trea is estimated officially to be 496,222 sq.mi, (1,285,215 sq.km.) 
pn makes it the third largest South American country, follow- 
ig Brazil and Argentina, Along the Pacific ocean it extends in a 
eral southeasterly direction from 3° 16^ S. to 18° 21^ S., with 
"e of about 1,400 mi., but east of the Andes it reaches 
| to the equator. Peruvian territory borders on Ecuador and 
a on the north, Brazil and Bolivia on the east and Chile on 
Haven Often in the past the territorial interests of these 
кой doa countries conflicted with those of Peru, and lengthy 
Mm tons resulted. Indistinctly defined boundaries were of little 

à du 50 long as all the territories involved had colonial status. 
lli " чн of sovereign states, however, changed the sit- 
Nivel xi КААШ Such factors as contradictory royal decrees, 
intem eh e lack of accurate geographic knowledge of the areas 

usi and the later economic development of certain previ- 
hio pa Portant frontier zones, combined to make the problem 
йе i boundary delimitation a complex one indeed. The 

Ше А Ween Spanish and Portuguese interests along the upper 
Wied hoe mined by the treaty of San Ildefonso in 1777, was 
Modified dn treaty between Peru and Brazil in 1851 and further 
Peru and B 909 by à treaty which involved Bolivia in addition to 

hs with Usu While Peru has settled most of its frontier prob- 
Dues with Ante amicably, violence has marked the boundary dis- 
fare in А Spanish-speaking neighbours, culminating in open 

е more i case of Chile and Ecuador. a 
ийлей jp sna century-old frontier dispute with Ecuador was 
Pery, n ray 1942 by a settlement on the whole favourable to 
Which 5 iy West it retained the areas around Tumbes and Jaén 
I tights © Or had claimed, while in the east it was confirmed in 
айп Possession to those parts of Ecuador’s former claim 
Despite fe Avigable affluents of the Marafión and the Amazon. 
"Potential official settlement, however, the frontier zone remains 
Access to th rouble spot, while Ecuador continues to clamour for 
ary om Important waterways. In the north Peru's common 
of the Leti ‘ith Colombia follows the Putumayo river to the edge 
Mound i cia Trapezium, Colombia's southernmost extension, and 
the south and east to the confluence of the Yavari 


(Javari) and the Amazon, The boundary then leads up the Yavarí 
to its source, south along the water parting between the Ucayali 
and the Yurúa, and then irregularly to the southeast to the con- 
fluence of the Heath and the Madre de Dios. It ascends the Heath 
ina southerly direction to its source, continuing by an. irregular 
line to the shore of Lake Titicaca, crossing the lake in a south- 
easterly direction to the Desaguadero, and thence southwest to 
Chile’s northernmost point at 17° 30S, The boundary with Chile, 
after 46 years of bitter dispute, was finally settled in 1929, largely 
through the mediation of the United States. The line was drawn 
from the Pacific to the Bolivian border parallel to and 10 km, 
(6 mi.) N. of the Arica-La Paz railway. 
This article is organized according to the following outline: 
I. Physical Geography 
1. Geology and Surface Features 
2, Climate 
3. Vegetation 
4. Animal Life 
II. Geographical Regions 
1. Desert Coast 
2. Highlands 
3. Montafia 
III. The People 
1. Racial Types 
2. Languages 
3. Religion 
4. Cultural Variations 
IV. History 
1. Discovery and Exploration 
2. Colonial Period 
3. Achievement of Independence 
4, Santa Cruz and Castilla 
5, Economic Depression 
6. War of the Pacific 
7. Peru in the 20th Century 
V. Population 
1. Number and Distribution 
2. Composition 
VI. Administration and Social Conditions 
1. Government 
2. Welfare Services 
3. Education 
4. Defense 
VII. The Economy 
1. Production 
2. Trade and Finance 
.3. Transport and Communications 
There are separate articles on all the Peruvian departments and 


the more important cities and towns. 
I. PHYSICAL GEOGRAPHY 


Peru is sharply divided into three major natural regions: the 
Pacific coastal desert, the Andes mountains and the montaña, or 
eastern forested area. The coastal desert and the mountains are 
made up of folded and faulted geologic structures of great com- 
plexity. Though only south of latitude 14? S, does one find recent 
volcanic activity, the whole coastal and highland area is one of 
frequent earthquakes resulting from the continuing process of 
mountain building. Inland from the capital city of Lima the high- 
lands are about 130 mi. (210 km.) wide, but in southern Peru they 
increase to about 300 mi. (480 km.) wide, There are many sum- 
mits that stand more than 20,000 ft. (6,100 m.) above sea level, 
while off the Peruvian coast the ocean bottom is more than 20,000 
ft. below sea level. The coast is one of the world's very dry re- 
gions; however the eastern plains, as well as the east-facing slopes 
of the mountains, receive abundant rain. 

1. Geology and Surface Features.—Throughout most of the 
Peruvian highlands three surface elements make up the mountain 
landscape. These are a high-level surface of gentle slopes; clusters 
and ranges of high peaks standing above this surface; and profound 
canyons cut below the high surface. 

The high-level surface of gentle slopes stands at an elevation 
between 10,000 and 15,000 ft. The valleys in this area are broad 
and the streams sluggish. Long-continued denudation has stripped 
the cover of loose material from the hillsides so that much of the 
highland surface is composed of bare rock and waste-filled hol- 


lows. 
The second surface element includes the clusters and ranges of 
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high peaks that stand upon the high-level surface as on a platform. 
The highest summits are between 18,000 and somewhat more than 
20,000 ft. above sea level. During the Ice Age, glaciers formed 
at these high altitudes and produced the landforms characteristic 
of glaciated mountains: horns, cols, cirques, troughs, moraines and 
glacial lakes. Nineteenth-century writers described the highlands 
as made up of three or four parallel cordilleras which were joined 
together at a few places by mountain knots. This description is 
essentially incorrect. Actually the high ranges that rise from the 
high-level surface are short and discontinuous. They are oriented 
in different directions, some at right angles to the general trend 
of the highlands. Only the westernmost range, which forms the 
continental divide, is more or less unbroken, except in northern 
Peru. Along the southwestern side of the highlands, south of lati- 
tude 14° S., volcanic forms appear. There are numerous volcanic 
cones and lava flows. The best known of the volcanoes is El Misti, 
the cone-shaped mountain that overlooks the city of Arequipa. 
The third major surface element includes the deep canyons that 
have been cut into the high-level surface. Often at the heads of 
these canyons are shallow intermontane basins, perhaps a few 
hundred to more than a thousand feet below the surface. These 
basins are of special importance because they are at a low enough 
altitude so that crops can be grown in them to support concentra- 
tions of farmers. Below the basins the rivers enter narrow canyons 
and plunge from elevations above 10,000 ft. to elevations below 
6,000 ft. in relatively short distances. The great canyons, such 
as that of the Marañón, are so large that they cannot be viewed 
asa whole. Scenery, such as that presented by the Grand canyon 
of the Colorado river in Arizona, is encountered in few places in 
the Andes because all the Andean surface features are on such a 
vast scale. Along the canyon bottoms there are only isolated 
patches of level flood plain. 
The highest peaks and the largest areas of high-level surface 
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are found in southern and central Peru. Along the Southern 
der, the high-level surface is about 15,000 ft. above seq level, ш 
the Titicaca basin is below 13,000 ft. The surface of Lake Tit v 
(g.v.) is 12,497 ft. (3,809 m.) above sea level. Severa ud 
streams, such as the Urubamba and the Apurímac, rise i 
rugged mountain cluster known as the Nudo de Vilcanota. located 
just northwest of the Titicaca basin. Another extensive high 
is north of Lima, where the Nudo de Pasco forms the hentia 
of the Huallaga and the Marafión. A short distance to the : 
the towering wall of the Cordillera Blanco overlooks the valley of 
‘the Santa river. Toward the north the elevation of the highest 
peaks decreases, and less and less of the high-level surface remains 
undissected. Along the border between Peru and Ecuador, the 
high-level surface entirely disappears, and there is only a comple 
pattern of ridges and V-shaped valleys. In this region itis possible 
to cross the mountains from the eastern plains to the west coas 
with a climb of only about 7,000 ft., but the slopes are so steep 
that no route of passage has ever been developed. 

The greatest amount of dissection is found on the rainy east 
facing slopes of the highlands. There the streams have cut a mur 
of valleys and knifelike ridges, all covered by a dense, wet fore, 
Along the eastern margin of the mountains the upturned rt 
strata form parallel cuestas with their steep slopes facing toward 
the Andes; these cuestas are threaded by a trellis pattern of drain- 
age. 

All of eastern Peru is a lowland plain, drained by the meandering 
headwater tributaries of the Amazon. The surface slopes gently 
away from the mountains toward Brazil. Where the eastern рїї 
end abruptly against the base of the outermost cuesta the elevation 
is less than 1,000 ft. above sea level. 

2. Climate.—The climatic conditions of the Peruvian coast 
desert are unusual. For many years no rain falls; then in one dis 
astrous month heavy rains create havoc in a region normally arid 
Innormal years, moreover, the coast is cool and damp. From June 
to October a thick stratus cloud hangs over the parched land, 9 
that the sun is visible only at sunset when it drops below (he 
cloud just before setting. Yet out of the cloud there are seldom 
more than a few drops of rain, Furthermore, the coastal dest 
is much cooler than one would expect for the latitude. The A" 
age annual temperature at Lima, for example, is 66.7° F, 198 
C.), whereas that of Salvador in Bahia, Brazil, at the same atitude 
on the east coast of South America, is 76.6° F. (24.7° €) , 

The reason for this cool; cloudy and arid condition is quit 
simple. Most of the time the prevailing southwest wind come 
toward the land across the cold Peru current. The ocean m 
along the coast averages between 58° and 64° F. (144 "i 
17.8? С.) The air passing over this cold water is chilled. 2 
stable because cold, heavy air is close to the earth's surface M 
the warmer and lighter air is aloft. When the air rises against t 
front of the Andes, it does so sluggishly, forming only à dest 
stratus cloud (about 2,000 ft. thick). Since the water is E 
at the shore, the air passing over the water is progressively 0 7 
until it forms a sea fog. 

But at irregular and unpredictable intervals 
water spreads southward over the Peru current. 
pens, the air passing over the water is warmed. й 
then colder and heavier than the air below. This cold, 18р 
sinks and the warm, light air is forced to rise. When this He At 
the mountain front, it is forced to rise suddenly and гар! 4 
rising in this way brings great quantities of rain. in yt 

Tn the highlands the climatic conditions are arranged 
Average temperatures decrease with increase of altitu à al 
Arequipa, about 8,000 ft. above sea level, has an d 
temperature of 56.8? Е. (13.8? C.); Cuzco, at 11,000 14.0 
average of 51.2° F. (10.7° C.); and Vincocaya, about ae 
has an average of 35.4° F, (1.9 C.). Tropical crops 809, abil 
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FERWIAN CHILDREN ON A HEIGHT OVERLOOKING THE VALLEY OF THE 
URUBAMBA RIVER NEAR CUZCO 


ad night is very great. There sometimes-are differences of 40° 
1050° F, between the air temperature in the sunny places and air 
Iimperature in the shade. In the highlands the rainy season is 
leen October and April. 
The rainfall in the highlands decreases toward the south. The 
Meat arid zone of South America has its northern limit in Ecuador. 
tom the northern border of Peru, the zone of aridity crosses the 
ies diagonally and is east of the mountains south of latitude 
D. In northern Peru the highlands are well watered and the 
rea Occurs only on the lower western slopes, but south of Lima 
ty zone extends into the western part of the highlands. The 
WY rains of the eastern side of Peru invade the highlands in the 
"3 80 that the entire border area of Peru and Ecuador except 
, Coastal tegion is very rainy. To the south the zone of 
line tains is entirely confined to the east-facing mountain 


bon late of eastern Peru is equatorial. This does not mean, 
Ad that it is correct to describe the montafia as a “steaming 
(80 q) emperatures are moderately high, averaging 78.3" F. 
К; КОД the warmest month in Iquitos, but temperatures as 
is F, (37.8? C.) have never been recorded. However, 
Warm a der any cool weather, and the region is monotonously 
Tore than ШЙ id. The rainfall of eastern Peru is heavy, averaging 
3, Vegetatie per year over much of the montaña. , 
elation f po Reflecting the conditions of the climate, the 
E the $ Peru is arranged in a series of north-south belts. 
Bins entip pas coast the climate is so dry that the land re- 
i slopes ely barren, and only as one ascends the lower moun- 
mee there scattered xerophytic plants. Where streams 
ation о, O the mountains, they support a green strip of 
i the dl crops. In the zone where the coastal cloud rests 
bor Lim 065 of the Andes—between 2,600 ft. and 4,600 ft. 
Brasse; ere is a luxuriant growth of quick-flowering plants 
Шул; S during the season from June to October. This is 
tainga 185 the loma, 
all increases on the higher slopes, the vegetation forms 


9 


711 


à complete cover over the ground. A large part of the highlands 
below the snow line is covered with grasses and shrubs. In the 
northern highlands where rainfall is ample the result is tall bunch 
grass and shrubs, known as paramo. Where rainfall is less abun- 
dant, there is a cover of short grass, reaching less than six inches 
in height at maturity. This is the puna. In very dry areas 
or where the soil is very porous, the puna is mixed with a resinous 
plant known as tola shrub. In the canyon bottoms where evapora- 
tion is high and rainfall low, the common vegetation is a mixture 
of xerophytic shrubs and scrubby woodland. But in the low, 
rugged country along the border of Ecuador, the valleys and ridges 
alike are covered by a dense rain forest. The combination of 
narrow valley, steep slopes and wet luxuriant vegetation makes 
this area a major obstacle to transportation. 

The upper limit of the forest on the eastern side of the Andes 
is between 10,000 and 11,000 ft. above sea level. At its upper 
limit the forest usually consists of a dense growth of lower trees 
which is given the colourful name of ceja de la montaña, or “еуе- 
brow of the forest." In the zone of maximum rainfall there is a 
mountain rain forest, where the ceja de la montana is especially 
dense, Below this is the beginning of the lowland tropical rain 
forest, or selva. The highest zones of selva are about 6,500 ft. 
above sea level, but in some places the lowland forest ascends to 
only about 3,000 ft. The lower mountain slopes, the cuesta zone 
and the eastern plains have an almost unbroken cover consisting 
of a great variety of species of evergreen broadleaf trees. 

4. Animal Life.—The fauna of Peru can also be classified into 
that of the desert coast, the highlands and the eastern plains. 
Also, no account of Peru would be complete without pointing to 
the extraordinary wealth of marine life in the coastal waters. The 
chemical composition of this water, together with protection from 
too much sunlight, provides a perfect environment for a rich 
growth of microscopic organisms. These organisms provide the 
food base for an amazing number and variety of fish. Immense 
schools of small fish are preyed upon from below by larger fish, 
and from above by an incredible number of birds. There are 
pelicans, cormorants, gannets and other kinds of fish-eating birds 
that nest on the rocky islands and promontories along the coast. 
The excrement from these birds is called guano; it has long been 
used as a fertilizer and is one of Peru's most valuable natural re- 
sources. On one small island that was carefully studied by orni- 
thologists it was found that the bird population amounted to 
5,600,000. To feed so many birds requires at least 1,000 tons of 
fish per day. 

In the highland region, the native animals include the American 
camellike species—the llama, the alpaca and the wild vicuña and 
guanaco, Rodents include the rabbit-sized mountain viscacha 
and the chinchilla, which is almost extinct in Peru. The Andean 
condor descends to the coast for carrion, The fauna of the 
montaña is that of the rest of the Amazon basin (see AMAZON: 
Fauna). 


II. GEOGRAPHICAL REGIONS 


Peru is sharply marked off into three major geographical regions, 
each with distinctive characteristics. First is the coast, mostly 
desert but highly productive, where water can be supplied; second 
is the Andean highland, complex in its pattern of landforms, where 
most of the people are subsistence farmers and herders but where 
commercial attention is centred on the minerals; and finally there 
is the rainy eastern part of the country, the montaña, very thinly 
populated but reputed to contain vast mineral wealth yet to be 
tapped. 

Desert Coast.—The desert coast of Peru extends the length 
of the country from the border of Ecuador to the border of Chile. 
The characteristics of this unusual region and their causes are 
treated in another section (see Physical Geography, above). Two 
facts are fundamental to an understanding of what has happened 
on the coast: (1) very little of the land is flat, generally only 
where streams emerge from the mountains and build alluvial fans; 
and (2) the coast is so dry that even drought-resistant plants 
cannot survive except within reach of the water brought by the 
rivers. Of the 52 streams that descend from the Andes to the 
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Pacific coast in Peru, only 10 carry a sufficient volume of water 
so that they can reach the sea throughout the year. These are the 
rivers that rise far back in the mountains among the snow fields. 
The other streams dry up entirely during the dry part of the year. 
In these the first trickle of water reaches the coastal region in 
October or November. All the streams are at flood stage from 
December to March, while from August to October most of the 
channels are dry. 

The native Indians practised agriculture in this region before the 
arrival of the Spaniards. The highland Indians, led by the Inca, 
conquered earlier settlers along the coast by cutting off their water 
supply. The Inca engineers greatly increased the irrigable area 
of the coast by building irrigation canals that tapped the water high 
in the mountains and by terracing the valley sides. The first re- 
sult of the Spanish conquest, however, was the shift of workers 
from the production of food to the mining of gold and silver. The 
Indian irrigation systems were abandoned. 

Only in the late 19th and in the 20th centuries was there a re- 
turn of agricultural activity to the desert coast, About 1884, 
British-owned corporations began to build new irrigation works 
and to develop plantations of commercial crops. Cotton is grown 
in the northernmost oases of the coast, in the department of Piura. 
The oases in the department of Lambayeque (centring on 
Chiclayo) and in the department of Libertad (centring on Trujillo) 
are used chiefly for the production of sugar cane and rice. Farther 
south, where the coastal cloud cuts out much of the sunshine, 
sugar cane does not grow well, and cotton again becomes the 

chief crop. In the department of Ica, especially around the 
oasis of Ica, much of the land is used to grow grapes. Olives 
and grapes are grown around Moquegua. 

There are several ports along this harbourless coast that serve 
the highlands, Matarani, near Mollendo, is a major port for 
southern Peru, as well as for a part of northwestern Bolivia. From 
the port of San Juan are exported the iron ores of Marcona. 
Lima and its port Callao are the chief urban centres of the country. 
Tn recent years Chimbote has become an important coal-exporting 
and steel-manufacturing centre. In the far north Talara is a major 
exporting port for Peru’s oil. Copper is mined at Toquepala in 
southern Peru. The separate communities of the coast are con- 
nected with Lima by ship and, to an increasing extent, by motor 
truck along the new Pan-American highway, which extends the 
whole length of the region. 

2. Highlands.—The complex physical character of the Andes 
mountains is paralleled by the complex pattern of human settle- 
ment in these mountains. Most of the inhabitants are Indian 
farmers and herders, and most of the crops are raised for sub- 
sistence rather than for commerce. The types of crops that can 
be raised in any community depend to a large extent on the alti- 
tude. Where temperatures are warm, at lower altitudes, the 
tropical crops include sugar cane, cotton, cacao, coca, rice and 
corn. At elevations above 8,000 ft. the crops are corn, wheat, 
barley, quinoa and potatoes. The latter crop is raised at higher 
altitudes than any of the others, reaching about 14,000 ft. in 
favourable places. A large part of the Andean highlands consists 
of a high-level surface, mostly unsuited for agriculture because of 
altitude or exposure to the winds. Only in the upper parts of the 
valleys and in small intermontane basins can agriculture be regu- 
larly practised. These areas are densely populated. In the south- 
ern part of the highlands, where not only is the high-level surface 
at an altitude above 14,000 ft. but also where the climate is semi- 
arid, the chief use of land is for the pasture of sheep and alpacas. 
The city of Arequipa has become the chief depot for the con- 
centration of wool from the highlands. 

Mining is another important activity of the highlands, and 
although a relatively small proportion of the population is em- 
ployed in this work, the’ mines provide the chief commercial 
products and make the major contribution of the highland region 
to the total national production of Peru. The silver ores in the 
vicinity of Cerro de Pasco were discovered by the Spaniards in 
1630, and silver was long the chief export. Silver declined in the 
19th century when competition with Mexico put many Peruvian 
mines out of business. But in the 20th century mining has again 
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flourished, though for other minerals than silver. Most important 
of these is copper, but there are also mines producing vanadium, 
bismuth, lead, zinc and gold. To the northwest of Cerro de Paso 
there are several places where coal of good quality is mined, 
The eastern slopes of the Andes have long suffered from dit 
ficulty of access to markets. In several valley basins at elvi 
tions below 8,000 ft. delightful climatic conditions are found, and 
it has been shown that crops could be produced in abundance, But 
because of the high cost of transportation only products of high 
value per unit of weight can profitably be sent across the mou. 
tains to the coast. In 1943 the first motor highway was com: 
pleted. It extends inland from Lima to La Oroya and Cero d 
Pasco, and then descends from nearly 14,000 ft. above sea leid 
to only slightly more than 6,000 ft. at Huánuco. The road cot 
tinues by way of the thriving frontier town of Tingo Mari 
(about 2,000 ft.), and then east from the mountains to рой 
оп {һе Ucayali river, for a total distance from Lima of 842 mi 
Other roads run from Lima to Tarma and to Satipo. ; 
3. Montafia.—The wet, densely forested, lower eastern Ж 
of the Andes as well аз the plains east of the mountains i 
cluded in the montaña. This region is still very thinly рори“ 5 
since it was even more isolated than the valley basins of the easel 
Andean slopes. The chief penetration of the montaña 18 alon 
highway to Pucallpa, described above, New settlers have 0t the 
land along the road for the 288 mi. E. from Tingo ud (7 
Ucayali, From Pucallpa, river boats run on regular «еШ 
Iquitos, the chief commercial centre of the montana. i 
the Peruvian government granted land to a U.S. manus 
of heavy earth-moving machinery. On this 1,000003: 1 Шш 
the company hoped to establish pioneer farmers. The v ove! 
been partly cleared by a 110-ton “tree roller" which pu read 0 
and chews up all but the largest trees. The residue 1 E ess DU 
the land as a fertilizer. The machine was technically 4 ae MU 
in eastern Peru where labour is cheap the machine E of th 
than men with machetes, axes and hoes. In the vicini 7 alb 
colony, on the Pachitea river, a short distance south of 
oil has been discovered at Ganza Azül. ma ht 
Another road to the montafia was started in 1959 о for ag 
on the upper Urubamba river to reach an area و‎ aa w 
cultural settlement on the Madre de Dios river. ud et 
selected on the basis of geographical’ field studies, 
by chance. ћеге $i д 
Eastern Peru is one of the last remaining places M nud 
lators can search for Eldorado. The myth of great Wy gut 
the discoverer has persisted since early colonial times at 
that eastern Peru could contain vast quantities of oil an Ith, W 
enough capital investment its resources might DP (p. P^ 
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Ш. THE PEOPLE 

More than one-third of Peru's approximately 11,000,000 people 
live in cities, towns, villages and haciendas along the coast, while 
fewer than 350,000 live in scattered, small communities in the 
extensive jungles of the montana, east of the Andes. The rest of 
the population, principally several million Quechuan-speaking 
and about 500,000 Aymara-speaking peoples, inhabits the valleys, 
basins and high plateaus of the Andes mountains, More than 
507, of the population is rural. 

1, Racial Types.—Continual and widespread miscegenation 
since early colonial times has resulted in the blurring of racial 
distinctions, and there is difficulty in making a classification on 
a purely biological basis. Three major categories—Indian, white 
and mestizo—are recognized, but their definition depends on con- 
siderations of cultural as well as biological criteria. i 

Less than 15% of the population is considered “white”; i.e., of 
predominantly European (mainly Spanish) descent and with 
cultural characteristics associated with Hispanic or western so- 
ciety, The more than 45% of the population classed as “Indian” 
is predominantly of indigenous biological heritage, lives in the 
Andean highlands or the montaña, and has lifeways which are 
considered non-Hispanic. Between these two extremes are the 
mestizos who comprise almost 40% of the population and who 
exhibit a variety of cultural patterns which have evolved during 
centuries of contact between the native and europeanized societies. 

Concentrated on the central coast are also thousands of people 
of predominantly Negro and Asiatic stock who constitute ap- 
proximately 1% of the population. They are descendants of 
slaves imported in colonial times, and of Chinese and Japanese 
agricultural labourers contracted, respectively, during the second 
half of the 19th and the first decades of the 20th centuries. 

2, Languages.—Spanish is the official language of Peru, but in 
the highlands and the montaña indigenous languages are spoken 
hy millions of people. Spanish is the language of commerce and 
Peruvian criollo culture (see CREOLE); Quechuan and Aymara are 
the mother tongues of the highlands; Arawakan, Panoan and other 
languages are spoken by natives of the montaña. 

Most individuals classed as “Indian” are able to speak some 
Spanish, and many are truly bilingual. Ability to speak Spanish 
fluently generally indicates membership in the mestizo category, 
E since it is unusual that the national language is adopted 
s Bi: other cultural adaptations also taking place. The expand- 
M ucational and economic systems continue to carry the Spanish 

guage and other features of national culture to the remoter 
Parts of the country, 
wj, igion Roman Catholicism is state sponsored but is not 
NA practised t roughout the country. The Indians of the 
lipid have adopted few features of Catholicism, and in most 
JN villages the numerous fiestas and saints’ cults are a tangle 
ү d and Catholic beliefs and performances. The greatest 
iin i. to Catholic doctrine and ritual is found along the coast 
In th е larger Cities of the interior. 
misions southern highlands and parts of the montaña, Protestant 
оа Tes have made substantial inroads. Nevertheless, the 

Tec atholic: fiestas continues to characterize the religious 
| Teational outlet for the vast majority of the population, 
brates poe me each hacienda, village and urban centre cele- 
б ultural as of its patron saint. — ТР, 
have Ünder, ariations.—The pre-Hispanic cultures of Peru 
lit with ‘gone considerable change in the four centuries of con- 
Коодо шта Society. Indians have acquired new social and 
ity as ‘atuses and have become integrated into the larger so- 
Ei cant farmers, day labourers and sharecroppers on 
| have aise and as craftsmen and servants. While rural cultures 

listes of Pm cities and towns have also become modified; new 

Men an Bs led and unskilled workers, office employees, trades- 

tities are fiber government officials have arisen. Many coastal 

боту ШЕ commercial centres geared to ап export-import 

OHS toying 5 Considerable proportions; and in the highlands numer- 

jona, & etve as focuses of market activity in the distribution of 
nd Imported products, and continually attract people 
| ounding rural areas. 
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The Montaiia.—Indians of the montaña, although of diverse 
linguistic and cultural backgrounds, generally live in small com- 
munities, farm by means of a very simple technology, hunt and 
fish with bow and arrow, and manufacture much of their clothing 
and many of their tools, weapons and household utensils in tradi- 
tional ways. For the most part, they form self-contained political 
and socioeconomic units which are much less involved in na- 
tional patterns of culture than other segments of the population. 
Some of these people, however, work for wages on rubber, coffee, 
banana and coca plantations, where they are introduced to 
features of western culture. Many are also being actively mis- 
sionized, although native religious and folk beliefs prevail. 

The Highlands.—Mestizos and Indians form the bulk of the 
highland peoples, most of the former living in cities and towns and 
the latter in numerous agricultural villages or on large food- 
producing or cattle-raising haciendas. Both in the villages and on 
the haciendas, productive techniques tend to be simple adaptations 
of 16th- and 17th-century Spanish patterns to native practices. 
Field preparation and harvesting are laborious work, usually ac- 
complished by co-operative labour groups. Corn (maize), 
potatoes, oca, barley and wheat are among the principal crops. 

Labour is abundant, wages are very low, transportation is poor 
and the market for produce is largely local. Most haciendas have 
semifeudal social and productive arrangements, cultivate their 
holdings on a sharecropping system, and draw on the peasant vil- 
lages for additional field labour. The best lands, comprising vast 
estates, are in the hands of a relatively few landlords; the steep, 
terraced hillsides are left to the subsistence crops of the peasant 
villages. 

Through registration with the Peruvian government many 
peasant villages have gained some protection for their lands against 
the encroaching haciendas, and also a measure of autonomy over 
their internal affairs. Most villages are composed of a number of 
large extended families which traditionally controlled the use and 
distribution of community land; however, notions of private 
ownership are weakening the old communal system, Integrative 
forces such as extended kinship bonds, co-operative labour, the 
series of religious fiestas and other traditional mechanisms of vil- 
lage solidarity are also diminishing. 

The Coast.—In the coastal valleys industrial mechanized agri- 
culture reaches its peak in production, employment of wage labour 
and capitalization, but in the central coastal zone the more tradi- 
tional system of sharecropping is still in force. Thousands of high- 
land villagers are contracted for seasonal labour on the coast, 
where they form an important complement to the nucleus of 
permanent agricultural workers. They generally adjust to the 
dominant patterns of criollo culture and acquire an increasing 
awareness of their political and economic rights through contacts 
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with the heavily unionized and labour-conscious coastal population. 

As in the highlands, the best lands are controlled by wealthy 
landlords, and the small, traditionally oriented and collectively 
organized indigenous community has virtually disappeared. In 
most valleys there are groups of small, independent farmers who 
grow mixed crops for market and whose operations and outlook 
are geared to the economic structure of the coast. A number of 
government-sponsored irrigation projects have made available 
thousands of additional hectares of farmland for small and 
medium-sized proprietors, a policy designed to increase food pro- 


duction and achieve a more equal distribution of land. 
(L. C. Fa.) 


IV. HISTORY 


Man has lived in Peru since at least 8000 в.с. Beginning about 
1250 в.с. several advanced cultures, such as the Chavin, Chimu, 
Nazca and Tiahuanaco, developed in different parts of Peru; how- 
ever, the area was not unified politically until, in A.D. 1438, the 
Incas set out from their base in Cuzco on a career of conquest 
which, during the next 50 years, brought under their control the 
area of present-day Peru, Bolivia, northern Argentina, Chile and 
Ecuador. Within this area the Incas established a totalitarian 
state which enabled the tribal ruler and a small minority of nobles 
to dominate an inert population. (See ANDEAN CIVILIZATION.) 

1. Discovery and Exploration.—Spanish interest in the west 
coast of South America grew after Vasco Núñez de Balboa dis- 
covered the Pacific in 1513, but it was not until 1524 that Fran- 
cisco Pizarro (q.v.), aided by another soldier, Diego de Almagro 
(q.v.), and a priest, Hernando de Luque, undertook explorations 
that led to the conquest of Peru. By 1527 they were convinced of 
the wealth of the Inca empire. Failing to win further co-operation 
from Panama's governor, Pizarro returned to Spain where he re- 
ceived authorization from Charles I to conquer and govern the 
area extending 600 mi. S. from Panama. When Pizarro, ac- 
companied by his brothers, returned to Panama, Almagro was out- 
raged by the vast powers Pizarro had acquired for himself. Never- 
theless, he continued to collaborate. Pizarro embarked for Peru 
in early 1531 with 180 men. Establishing a base at San Miguel 
on the north coast of Peru, Pi- 
zarro crossed the mountains to 
make contact with the Inca Ata- 
hualpa, who had recently been 
victorious in civil war against his 
brother and was then residing 
near Cajamarca with an army of 
about 30,000. Atahualpa, scorn- 
ful of the tiny band of invaders, 
accepted Pizarro's invitation to 
meet in Cajamarca. There, after 
Atahualpa had refused to accept 
Spanish suzerainty, he was taken 
prisoner, After his agents had 
collected a large ransom for his 
promised release, Atahualpa was 
executed for his presumed re- 
sponsibility for the murder of his 
half brother Huáscar, (See 
ATAHUALPA.) As a means of 
controlling the Indians, Pizarro 
then recognized Manco Capac, 
Huáscar's brother, as Inca. In 
Nov. 1533 the Spaniards occupied 
Cuzco, the Inca capital, without 
a struggle, 

2. Colonial Period. The ^ STREET IN CUZCO ON THE ROUTE 
consolidation of Spanish control FON OF THBOEDINCA ROADS 
proceeded. The city of Quito (now in Ecuador) was subdued and 
Diego de Almagro left to conquer his domain of Chile. Pizarro 
organized a Spanish type municipal government for Cuzco and in 
1535 established a new city, Lima, on the coast, to facilitate com- 

munications with Panama. Lands were allotted to the conquerors, 
who were provided with a labour force by grants of encomiendas, 
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. Some of these, such as increasing contraband 


A 


which enabled them to collect tribute from the Indians, 

Serious trouble then erupted. An unsuccessful Indian rebel. 
lion led by Manco Capac in 1536 was followed by open confi 
among the conquerors over the division of the spoils, Alma а 
disillusioned by Chile’s poverty, sought to seize Cuzco peu 
Pizarros. Almagro was defeated and executed in 1538, m 
adherents continued to conspire with his son, and succeeded jy 
assassinating Francisco Pizarro in 1541. However, an agent of 
the Spanish crown, sent to establish order, refused to Tecognize 
the younger Almagro, who was captured and executed in 1547, 

But difficulties nonetheless persisted. The. king of Spain, in. 
pelled by humanitarianism and by fear that the encomienda S 
tem might promote feudalism, promulgated in 1542 the New Laws, 
These laws threatened the existence of the encomiendas, which 
were so important to the conquerors, When Viceroy Blasco 
Núñez Vela arrived in Peru in 1544 to enforce the New Laws, the 
conquerors, led by Gonzalo Pizarro, revolted and executed the 
viceroy. Pizarro maintained power for two years until Pedro del, 
Gasca, a Spanish agent, undermined his power. Pizarro was exe. 
cuted in 1548. 

It was nearly a decade before unruly conquerors were co 
trolled under Viceroy Andrés Hurtado de Mendoza (1555-61), 
and not until the viceregal administration of Francisco de Toledo 
(1569-81) was systematic control of the huge Indian population 
attempted. Toledo adapted Indian institutions to the purposes of 
Spanish authority, Indian chieftains administered local Indian 
affairs according to custom but were responsible for collecting 
tribute and providing forced labour. Spanish agents (corregidors) 
were appointed to protect the interests of both crown and Indian 
in the Indian communities, Fearing that Manco Capacs son 
Tupac Amaru, might prove dangerous to Spanish authority, Toledo 
ordered him executed in 1571. í 

By the end of Toledo's administration, the viceroyalty of Pert 
had assumed the form that it retained into the 18th century, lli 
territory included all of South America except Venezuela and 
Portuguese Brazil. Although ranching, agriculture and comment 
were carried on, the mining of precious metals, particularly silver, 
was the basic industry, making the colony the most important й 
the Spanish empire. The discovery of the fabulous Potosí mines" 
1545 had been followed in 1563 by the opening of the Huancavelica 
mines which produced the mercury essential to efficient pru 
of silver. Because the viceroyalty's mineral resources, except ЇЇ 
the gold of New Granada (Colombia), were in Peru proper i 
Upper Peru (Bolivia), these areas became the most highly 


veloped and richest. (See Porosi.) 1 EE 
The centre of wealth and power for the entire гейш m 
viceregal capital of Lima. There, during the 16th an 


centuries, a series of viceroys ruled over most of Spanish po 
America. The elaborate viceregal court was the apex at (Т 
stratified society based upon forced Indian labour. It Parii 
not only the politically oriented but also the wealthy, the 
and the intellectual. E i y 
Lima was also important as seat of the audiencia, cil 
istered royal justice, and as a religious, cultural an ch in Pd 
centre, The archbishop of Lima was head of the chur ts ther 
Many religious orders established monasteries and Bac igi 
and the tribunal of the Inquisition worked to extürp^ 1 sys! 
heresy. In Lima also was the capstone of the education sly 
the University of San Marcos—modeled on the e 
Salamanca in Spain and offering courses in Indian 4 
well as the more traditional subjects. he рїї 
Adding to the wealth and importance of Lima was tl опорі, 
position which its merchants enjoyed under the a 
Spanish trade system. Lima, with its port of Cal 
entrepót for trade between Europe and the commercia e 
South America, ranging from Quito to Chile on the tic. 
and to Buenos Aires (now in Argentina) on the At 4 from 0 
the Spanish system the bulk of legitimate trade to an Р 
areas had to pass through merchants іп Lima. ed ано 
During the later 17th century Peru experienc? ith ™ 


" 


Spanish merchants, attacks by pirates and the 810% 
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among government officials, reflected the internal decay of Spain 
and the decline of its international power. But contributing im- 

tantly to Peruvian difficulties was the progressive decline of its 
roduction of precious metals. 

Adding to Peru’s problems in the 18th century was a series of 
governmental reforms. The Bourbon dynasty, which in 1700 had 
replaced the Habsburgs as rulers of Spain, undertook a program 
of reform during the 18th century, seeking to promote the eco- 
nomic development of their colonies, improve colonial defenses 
and provide more efficient government. The first seriously to af- 
fect Peru was the establishment of the new viceroyalty of New 
Granada, ending Peru’s control over northern South America and 
resulting in its loss to New Granada of the thriving port of 
Guayaquil (now in Ecuador). For the next few decades Bourbon 
reforms improved conditions in Peru, but in 1777-78 the Spanish 
government established another viceroyalty, that of Rio de la 
Plata, this time depriving the Peruvian viceroy of authority over 
Upper Peru and the areas of present-day Argentina, Paraguay and 
Uruguay. Chile was reconstituted as a virtually autonomous 
taptaincy general, Following the disastrous loss of the silver 
mines of Upper Peru, the viceroyalty of Peru was still more 
weakened by reforms in the trade system which destroyed Lima’s 
monopoly by permitting merchants in ports on the Atlantic and 
Pacific to trade directly with Spain. 

To these blows was added internal strife. The Indians, who 
lad from the time of the conquest suffered oppressive taxation 
ind enforced labour, revolted in 1780 under Tupac Amaru II, a 
descendant of the last Inca and a man of wealth and education. 
The revolt spread throughout Peru and into Upper Peru and 
Ecuador. Although Tupac was captured and executed in 1781, the 
Indians continued to wage war against the Spaniards until 1783, 
using disruption of economic life. 

Nevertheless, in the late 18th and early 19th centuries Peru 
"perenced a period of intellectual development that was the 
result of the influence of the utilitarian ideas of the European 
Enlightenment, brought to Peru in books and by European par- 
(раш in scientific expeditions in 1778 and 1793. The chief 
manifestation of the intellectual development of Peru was the 
@ublshment of a literary and scientific club in Lima, the 
uo de Amantes del País, which published a periodical, EI 

traurio Peruano de Historia, Literatura y Noticias Públicas. 

. Achievement of Independence.—The Napoleonic inva- 
uu bain in 1808 sparked the Creoles (those of European 
inde n Sas in America) in other Spanish colonies to struggle for 

a ence between 1810 and 1821. But Peru remained loyal 

ў A of the conservative attitude of the Peruvian aristocracy, 
TOUR. of many Spaniards in Peru, the concentration of 
Vieroys military power in Lima and the effectiveness of the 
quent! Щщ Suppressing uprisings. Peru's independence was, con- 

Bored primarily by outsiders, Y r 
Whose ias S was Gen. José de San Martin (q.v.) of Argentina, 
iler from dd to secure Argentine control of Upper Peru's 
Bs eas e Spanish forces which had occupied Upper Peru 
DT: RIS Argentina's independence by destroying the remain- 

in South America. Because Argentine forces 


sion 


“banish power 
шш OUSLY been defeated in Upper Peru, San Martin deter- 


ine ‹ 
it qu Surround the Spaniards by liberating Chile and using 
1815 азе for а sea-borne attack on Peru. Chile was freed in 


le nt fleet was readied which enabled San Martín to occupy 
thew his 2 Dort of Pisco in Sept. 1820. When the viceroy with- 
уар i Hs into the interior, San Martín entered Lima. 
Ackin, "dependence was declared on July 28, 1821. — 
Sin Мен тет to attack the strong Spanish forces in the interior, 
еге In sought aid from Simón Bolívar, who had recently 
lu northern South America, but failing in this attempt re- 
Tgentina, Peruvians then called upon Bolívar, who 
"preme power in Peru. At the battles of Junin (Aug. 6, 
5 Ayacucho (Dec. 9, 1824) Spanish power was broken 
ve dependence assured. Bolívar continued to rule Peru 
Ween Um to Colombia in 1826. 
that time and the mid-1840s Peruvians sought to 
Selves, They were handicapped by economic disloca- 
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tions caused by the wars for independence, by the departure of 
able loyalists after Spain's defeat and by a population which was 
little suited to self-government. The revolution had wrought 
little social change so that the vast majority of the population, the 
mestizos and Indians, were economically depressed and illiterate, 
did not speak Spanish and continued to live much as had their 
ancestors under Inca rule. The professional and landholding 
minority possessed elements of education and economic inde- 
pendence but lacked experience in, and the traditions of, self- 
government. In such a vacuum political power fell to military 
leaders who had achieved prominence during the revolutions for 
independence. "Their bitter rivalries, particularly those among 
Agustín Gamarra, Felipe Santiago Salaverry and Luis José 
Orbegoso, resulted in civil wars which brought Peru close to 
political anarchy in the early 1830s. 

4. Santa Cruz and Castilla.—The ambitions of Gen. Andrés 
Santa Cruz, who had briefly governed Peru after Bolívar's de- 
parture and had then become dictator of Bolivia, complicated 
Peru's position. Santa Cruz desired to unite Peru and Bolivia 
into a single powerful nation. In 1835, taking advantage of 
Peru's disorder, Santa Cruz intervened with force. Within a year 
he had established the Peruvian-Bolivian confederation, with him- 
self as president. Chile, fearing that this superstate might domi- 
nate it or at least curtail its growing commerce, declared war on 
the confederation in 1836. Although Argentina also declared war 
on the confederation, it did little active fighting, and it was Chilean 
forces, supported by Peruvian émigrés, that defeated Santa Cruz 
and restored independence to Peru and Bolivia in 1839. 

After the collapse of the confederation, Peru lapsed into internal 
disorder, but in 1844 mestizo Gen. Ramón Castilla defeated rival 
military leaders and established undisputed control over the 
country. Between then and 1862 Castilla dominated Peruvian 
politics, giving the country unprecedented political stability and 
material progress. Castilla was aided by the discovery that the 
guano deposits, found in large quantities in Peruvian territory, had 
high commercial value as fertilizer. He established a government 
monopoly which during the next few decades brought large and 
progressively increasing revenues to Peru. With this wealth 
Castilla reorganized Peru's finances and began payment on the 
foreign debt. Internal communications were improved and Peru's 
first railroad, connecting Lima and Callao, was constructed. At- 
tention was paid to the development of public education, and the 
military and naval power of the nation was strengthened. Slavery 
and the payment of tribute by Indians were abolished. 

5. Economic Depression.—When Castilla left office in 1862, 
political disturbances mounted. Corrupt politicians squandered 
guano revenues instead of using them constructively. Peru ex- 
perienced increasing financial crises. To make matters worse, a 
Spanish fleet, in retaliation for Peru’s supposed maltreatment of 
Spanish citizens, seized the valuable guano-producing Chincha 
Islands. In the ensuing naval war, Chile, Ecuador and Bolivia 
joined Peru in fighting Spain. Hostilities ended when the Spanish 
fleet withdrew from the Pacific after the bombardment of Callao 
in May 1866, but a truce was not signed until 1871 and a formal 
peace treaty between Peru and Spain was not concluded until 1879. 

In the meantime Peru's financial position deteriorated. Pres. 
José Balta (1868-72) found it necessary to mortgage anticipated 
guano receipts to meet current expenses. He then proceeded to 
increase Peru’s indebtedness to the staggering sum of $240,000,000 
(United States currency) to finance a network of costly railroads. 
His successor, Manuel Pardo (1872—76), Peru's first civilian presi- 
dent, took over a nearly bankrupt nation, and conditions became 
worse when the price of guano declined. Pardo sought to solve 
the problem by cutting military expenditures, reducing the number 
of government employees and establishing a government monop- 
oly over the thriving nitrate industry in the province of Tarapacá. 
But Peru's financial problems had not been solved when it entered 
the War of the Pacific in 1879. 

6. War of the Pacific.—Although this war originated in a dis- 
pute between Bolivia and Chile, Peru became involved because it 
had signed a treaty of alliance with Bolivia in 1873. Because Peru 
was the more powerful of the allies as well as Chile's traditional 
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rival, Peru carried the main burden of the war. Almost from the 
beginning, Peru suffered one major defeat after another at the 
hands of Chile. After Lima was captured in Jan. 1881, Chilean 
forces occupied the city for nearly three years while an attempt 
was made to impose Chilean peace terms. Finally, on Oct. 20, 
1883, the treaty of Ancón was signed; under its terms Peru ceded 
its nitrate province of Tarapaca to Chile and agreed that the Peru- 
vian provinces of Tacna and Arica would be occupied by Chile for 
ten years, at which time a plebiscite was to be held to determine 
their nationality. (See TACNA-ARICA DISPUTE.) 

With its economy suffering from war's destruction and disloca- 
tion, its public debt increased and its revenues reduced by the loss 
of Tarapacá, Peru struggled to recover. A major step was taken 
in 1890 when Peru's foreign creditors organized the Peruvian 
corporation, which assumed responsibility for the nation's foreign 
debt. In return, the corporation received control of the national 
railroads for 66 years, together with other benefits. 

7. Peru in the 20th Century.—During the next 40 years 
Peru's economy expanded significantly. Internal communications 
were improved, foreign investors exploited Peru's mineral re- 
sources, and copper and oil production rose. The opening of the 
Panama canal stimulated expansion of the economy, as did the 
large influx of United States capital in the 1920s.  Peru's exports 
increased from $22,000,000 in 1900 to $134,000,000 in 1929, indi- 
cating the extent of economic growth. 

During this period Peru was governed by an oligarchy of land- 
owners, military figures and the newly rich. Outstanding among 
them was Pres. Augusto B. Leguía y Salcedo (g.v.; 1908-12; 
1919-31), who promoted material development with the aid of U.S. 
capital. Although Leguía officially advocated reform, in reality 
he ruled as a dictator in the interests of an oligarchy that cared 
little for improving the condition of either the Indians or the 
urban workers and middle classes, which were growing in num- 
bers as the economy expanded. Thé reform movement of the 
1920s developed from these circumstances. 

"This important movement, nurtured by the ideas of the Peruvian 
Manuel González Prada (1844-1918) and the influence of the 
Russian and Mexican revolutions, was led first by Víctor Raül 
Haya de la Torre (q.v.) and José Carlos Mariátegui. The two 
parted company in the mid-1920s when Mariátegui assumed 
leadership of the Communist party while Haya de la Torre con- 
tinued to head the indigenous reform movement known as Apra 
(Alianza Popular Revolucionaria Americana). Apra's program 
demanded increased industrialization; regeneration of the Indian 
through land reform, labour organization and welfare legislation; 
and an “anti-imperialist” policy of nationalization of Peru's re- 
sources, Made illegal by Leguía, Apra operated clandestinely. 
When Leguía was overthrown in 1931, in the middle of a serious 
depression, Haya de la Torre became a candidate for the presi- 
dency. Haya's supporters claimed electoral victory, but his op- 
ponent, Col. Luis Sánchez Cerro, seized power and again out- 
lawed Apra. When Sánchez Cerro was assassinated in 1933, he 
was replaced by Gen. Oscar R. Benavides, who was given dicta- 
torial powers by congress when it appeared that Apra would win 
the election of 1936. 

Benavides' successor, Manuel Prado y Ugarteche (1939-45) 
guided Peru through an international crisis provoked by a Peruvian 
invasion of Amazon territory in a dispute with Ecuador (1941) 
and through the difficult period of World War II when Peru sided 
with the Allies. In internal affairs Prado, an enlightened member 
of the oligarchy, extended public education, encouraged the unioni- 
zation of labour and attempted to ameliorate the suffering of 
Peru’s depressed majority. To implement his program he sought 
to increase Peru’s productivity by encouraging rapid economic 
development, including hydroelectric and irrigation projects, ex- 
ploitation of untapped resources and industrialization. 

Prado’s principles were followed during succeeding administra- 
tions, and as a result Peru’s economy underwent rapid expansion 
in the postwar years. With this expansion came growing political 
and social unrest. The demands of the working and middle classes 
for a greater share of the national wealth in the form of higher 
wages and social and educational benefits became more insistent 
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and grew in intensity under the impact of national and in 
tional inflationary pressures. These demands for socioeconomi 
reform were resisted by the ruling oligarchy: the more reactio p 
wing opposed any change that would lessen its privileges: the 
more liberal recognized that change was necessary if Pery m to 
become a modern nation but wished to proceed much more ni 
than did the reformers, From these sources arose political i 
flicts that characterized Peruvian history from the Prado ай, 
istration into the 1960s. 

In 1945 Prado had permitted Haya de la Torre to again become 
active in Peruvian politics. The Apra party played an active tole 
in the campaign preceding the free presidential election of 104 
but rather than nominating Haya the party joined ina coalition, 
the National Democratic Front, whose candidate was José Li 
Bustamante y Rivero, a conservative but not a reactionary, Ny 
only was Bustamante elected but a number of Apristas won seats 
in congress. Because of Apra's evident power, Bustamante gay 
three cabinet posts to Apristas. However, after two years of 
moderate progress in the areas of education, housing and economic 
development, conflict developed between the Apristas and the more 
conservative members of the government. The Aprista member 
of the cabinet were forced to resign in 1947 following an accus 
tion of Aprista complicity in the assassination of the editor of the 
anti-Aprista newspaper, La Prensa. The following year Арі 
in the navy attempted an unsuccessful revolt, and Bustamante re 
taliated by outlawing the party. Моге reactionary element 
wished further retaliation and in 1948 seized the government by 
force, placing Gen. Manuel Odría in the presidency. Арій 
leaders were either imprisoned or sent into exile in the attempt to 
destroy the Apra movement. Haya de la Torre eluded the polit 
for a short time but was finally forced to seek asylum in tht 
Colombian embassy in early 1949. His presence there resulted 
in a bitter dispute between Colombia and Peru, with the Jotter 
claiming that Haya was a common criminal who should not be 
granted asylum. The matter reached the International Court of 
Justice where a decision by arbitration failed to solve the pt 
lem; however, in 1954 Haya was permitted to leave Peru. 

The major source of opposition having thus been eliminate’ 
Odría was elected president of Peru іп 1950. Dictatorül teh 
niques were used to keep opposition under control and (о mir 
tain internal order; nevertheless, the Odría administration 0 
not ignore the working classes. Wage increases, an extended sui 
security program, a few low-cost housing projects and some n 
provements in the education system were accomplished: id 
overwhelming concern was, however, to augment, beans) 
velopment. In this area his administration, assisted a 
nical aid from the United States, North American ашып M 
higher prices for Peru’s exports resulting from the KE Н 
made significant progress. Efforts to develop agriculture Dt di 
a 25% increase in food production between 1950 and 1959. P 
was begun on the construction of a steel mill at Chimbote. nel 
ways and railroads were improved and extended to meet the 
of the expanding economy. Concessions were ma B 
foreign capital to exploit further Peru's mineral resources, ri 
result that oil production soared and a new copper Rt ring th 
located in southern Peru. To assure financial stability u d 
economic expansion the Odría administration hired 9. 
United States consultants to make recommendations W 
put into operation. а, 

In 1956 Ойна, lacking the full support of the oligarchy), уй 
mitted a presidential election. That the election n 
free of government intervention was shown in the extr rt but 
showing of Hernando de Lavalle, who had Odría's Sp Ter 
last. Runner-up was a young architect, F ernando Be is who & 
candidate of a hastily organized Popular Action ра! » ТИ 
tered the race at a late date and campaigned 00 û x t Мий 
fined reform platform. Winner was former prey vat Mort 
Prado y Ugarteche, candidate of the Peruvian Dene re 
ment and supported by Apra, which in spite of extrem 0 
had continued to organize and operate clandestinely: ot ot Р 
his election Prado legalized Арга, thus recognizing П? tpe W 


vin 50 
personal political indebtedness to the party but al 


portance of Apra asa force in Peruvian politics. 
Prado’s administration sought to establish a democratic regime 
which would both promote economic development and bring 
dual improvement in the conditions of the underprivileged. 
Educational facilities were extended, more lands were placed 
under irrigation and the Chimbote steel mill was completed. 
Nevertheless, the administration met serious difficulties as the 
10505 drew to an end. The decline in price of Peru’s major ex- 
ports brought a sharp reduction in badly needed government 
revenue and dollar reserve. At the same time the cost of living 
mse steadily, arousing social discontent and precipitating a series 
ofstrikes. On several occasions, under pressure from either the 
kitor the right, it was necessary to reorganize the cabinet. How- 
ver, at the end of 1959 a degree of stability was achieved partly 
asa result of loans from the United States and international 
agencies and partly because of the success of an austerity program 
tected by Pedro Beltrán, who became premier in July 1959. 
Elections for president and congress took place in June 1962. 
Of the three major candidates for president, Haya de la Torre, 
Belaúnde Terry and Odría, none received one-third of the popular 
vote, the total necessary for election. Under the Peruvian consti- 
tution, the election then went to congress for decision. The 
Majority party in congress was Apra, the party of Haya de la 
Tore, However, before congress could act, the armed forces, 
fearing the possibility that their traditional foe Haya would be 
tlected, seized the government by force on July 18. Pres. Prado 
Wis imprisoned, congressional sessions were suspended and the 
tlections were annulled. Charging that the election had been 
dishonest, a four-man military junta headed by Gen. Ricardo 
Pérez Godoy took control of the government, Prado was freed 
ind exiled, and the junta promised new elections in June 1963. 
Pérez Godoy led the junta until March 1963 when he was 
ousted and replaced by Gen. Nicolás Lindley López. In June 
1963 the general election took place, as promised by the junta. 
The presidential candidates again were Haya de la Torre, 
Belaúnde Terry and Odría. With the combined support of the 
- Popular Action and Christian Democratic parties, Belaúnde Terry 
Won the election, receiving about 40% of the vote. The two 
parties supporting him gained a plurality of congressional seats. 
lande Terry promised co-operation with the U.S. and the 
nce for Progress, (R.N. Bu.; X.) 
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1 Number and Distribution.—A census taken in 1961 enu- 
E à total of 10,364,620 inhabitants in Peru, about 20.9 per- 
mer Per square mile, These figures do not include an unenu- 
tated group of about 700,000 and the forest Indian population, 
Es estimated to be about 300,000. Since that time, due 
0 ith rate of about 45 per 1,000 and a death rate of less than 
Per 1,000, the total probably has increased by about 300,000 
репо Рег Year. 
ES population is heavily concentrated in the high valleys 
| Ше а ranges of the Andes and at a few locations on the 
it шш plain where streams from the mountains make 
ц ^y to the ocean. In this coastal area the settlements 
Pan's Lima and Callao, Trujillo, Piura, Sullana, Chiclayo, 
ау Moquegua and Tacna deserve special mention. The 
Very s * sections of the country which lie east of the Andes are 
айо 28У Populated (see Table), although the cities of 
ORE Moyobamba, Pucallpa, Tarapoto, Tingo Maria 
аад 26048 are centres of zones having several thousand 


"8 majority of Peru's people live amid rural surroundings, as 
4 Ee by the fact iic in 1961 about 53% of the population 
ima, is ie E ces having fewer than 2,500 inhabitants. The capital, 
Valla (1 ar the largest city with a 1961 population of 1,715,971. 
(86904) 51:286), Arequipa (156,657), Trujillo (99,808), Chiclayo 
tities, and Cuzco (78,289) are next in size among Peruvian 


2 c 3 
the о sition. American Indians, whites and mixtures of 
Pey ian mestizos) constitute the overwhelming proportion of the 
Population (see The People, above). 
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Area, Number of Inhabitants and. Density of Population, 1961 Census* 
Г 


Zones and Departments Area Urban Persons 
(with capitals in parentheses) | (in sq.mi.) | Population | Total | per sq-mi. 
North, 7. У 57,665 1,061,909 | 3,042,010 52.7 
Ancash (Huarás) j 14,019 "204/595 "588/511 42.0 
Cajamarca (Cajamarca) . | 13,675 107,207 749,058 548 
Lambayeque (Chiclayo) . 6,404 186,601 347,192 542 
Libertad (Trujillo) . — . 8,973 245,245 587,891 65.5 
Piura (Piura) . , 12,767 283,928 716,954 56.2 
Tumbes (Tumbes) | 1,827 34,333 52,404 28.7 
Central i x d s » 82,285 2,811,291 4,518,649 54.9 
Ayacucho (Huamanga) . | 17,569 127,348 348,227 25.5 
Callao (Callao). . . 29 209,187 214,186 | 7,3857 
Huancavelica | 
(Huancavelica) . 8,830 60,613 298,892 33.8 
Huánuco (Huánuco) 13,635 81,029 361,688 265 
Іса (Ica). . . 8,205 125,164 243,887 297 
Tos (Huancayo) . 12,492 241,941 506,075 40.5 
ima (Lima) . 4 H 13,087 1,929,745 2,319,231 177.2 
Pasco (Cerro de Pasco) . 8,438 36,26: 126,463 15.0 
South. . . . | 102954 729818 | 2,177,627 212 
Apurfmac(Abancay) . 7,975 64,990 337,901 42.4 
Arequipa (Arequipa) 24,528 271,851 410,911 16.8 
Cuzco (Cuzco)... | 32,487 197,776 614,299 18.9 
Moquegua (Moquegua) . 6,245 24,431 58,263 9.3 
Puno (Puno) . . 26,018 126,284 687,077 26.4 
Tacna (Tacna) ; 5,701 38,486 69,176 12.1 
t. ; А * ^ 5 251,390 274,821 626,334 25 
‘Amazonas (Chachapoyas) | 15,945 45,587 117,727 TÀ 
Loreto (Iquitos) д 184,686 128,199 331,177 18 
Madre de Dios 
(Puerto Maldonado) 30,271 6,740 14,828 0.5 
San Martín (Moyobamba) 20,489 94,295 162,602 1.9 
Total. . . . | 496222t| 4,877,839 | 10,364,620 20.9 


*Preliminary. 
{Total includes 1,928 sq.mi. of islands and inland water. 


Because of the very high birth rate and the comparatively high 
death rate prevailing in Peru, the population is highly concentrated 
in the younger years of life. Thus in 1955, 44% of the population 
was less than 15 years of age, 53% aged 15-64, and only 3% aged 
65 or more; and there is slight likelihood that these proportions 
have changed significantly since that time. In 1961 the sexes were 
approximately equal in number, there being a ratio of 99 males 
per 100 females. (T. L. SH.) 


VI. ADMINISTRATION AND SOCIAL CONDITIONS 


1. Government.—The country's chief executive is its presi- 
dent, who holds office for six years but cannot be re-elected im- 
mediately. Two vice-presidents and a cabinet of 12 assist him. 
in his duties. The legislative authority belongs to congress, which 
consists of a senate and a chamber of deputies. In accordance 
with the constitution of 1933 and its subsequent amendments, 
presidential and congressional elections are held every six years 
when direct popular vote determines the country’s government. 
It is the president’s privilege to select his cabinet and to provide 
congress with panels of names which are to guide members of the 
legislature in appointing justices for supreme court duty and in 
filling high church positions, in the last case subject to Vatican 
approval. Voting, compulsory for all literate male citizens be- 
tween 21 and 60 (married persons who have reached 18 years of 
age are eligible to vote), was extended during the presidential 
elections in 1956 to include women for the first time. 

Senators and deputies are elected also by popular vote, the 
former in the departments, the latter in the provinces. Congress 
sits for four months each year and its deliberations are translated 
into action by 12 ministries: interior (which includes police, postal 
and telephone service), foreign affairs, justice and worship, pub- 
lic education, finance and commerce, war, navy, aviation, develop- 
ment and public works, public health and social welfare, agri- 
culture, labour and Indian affairs. 

Peru is divided into 12 judicial districts in which justice is ad- 
ministered by superior and minor courts. The highest court of 
the land is the supreme court at Lima, the members of which 
are chosen by congress. 

2. Welfare Services.—Peru has a social security program pro- 
viding for health and maternity benefits, compensation for work- 
men injured during the course of their employment, and allow- 
ances for the aged and indigent. In dealing with these and similar 
problems, Peru has been participating in the technical assistance 
programs offered by the United States on a bilateral basis and by 
the United Nations on a multilateral basis. 

3. Education.—Primary education is free and obligatory for 
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children from 6 to 14. While about 88% of all primary schools 
are public, almost two-thirds of the secondary ones are operated 
by private institutions, frequently with religious affiliation, or 
maintained by colonies of foreign residents. There are also more 
than 150 trade schools, emphasizing agricultural, industrial or 
commercial subjects, The University of San Marcos was founded 
at Lima in 1551 and the first printing press was set up in that city 
in 1584, about half a century after it had been introduced into 
Mexico and 50 years before it was to appear in the regions north 
of the Rio Grande. In addition to the national University of San 
Marcos, there are three small national universities at Trujillo, 
Arequipa and Cuzco (in order of student enrollment) and a 
Roman Catholic university at Lima. 

4. Defense.—Military conscription is the law of the land and, 
in theory, every male Peruvian citizen is obliged to serve 2 years 
in the active army, 10 years in the reserve army and 20 years in 
the national guard. The draft, however, is not usually enforced, 
and the active army numbers approximately 30,000 men, consist- 
ing in the main of volunteers. Army, navy and air force are U.S.- 
trained and, following World War 1I, their equipment underwent 
a substantial expansion and modernization, chiefly through pur- 

* chases from the U.S. and Britain. The president is the supreme 
commander of the nation’s armed forces, exercising his authority 
through the secretaries of war, navy and aviation. (G.I. B.) 


VII. THE ECONOMY 


1. Production.—Agriculture is the leading economic activity 
of Peru, engaging about 60% of the nation’s employed popula- 
tion. In terms of value, cotton is the country’s most important 
commercial product. It is of the long-staple Tangiiis, Pima and 
Karnak varieties. Tangüis cotton is grown chiefly in the coastal 
valleys around Lima; the Pima and Karnak cotton is produced in the coastal valleys of northern Реги. The second most important 
commercial agricultural product, sugar, is cultivated chiefly it 
the coastal valleys near Trujillo and Chiclayo. In addition W 
cotton and sugar, the irrigated coastal area produces rice. The 
temperate zone staples—wheat, corn (maize), barley, oats 
potatoes and alfalfa—are grown in the Andean highland region 
The so-called Irish potato, in fact, probably originated in the 
Peruvian or Bolivian Andes. In the montaña east of the Anki 
small amounts of sugar cane, tobacco, coffee, cacao and аш 
are produced, Also grown in the montaña is the coca leaf (8I 
of cocaine), which is chewed by the Indians of the high An 
The rubber tree Hevea brasiliensis is found in the provi? s 
Loreto in the upper Amazon valley, though production has n 
been large in recent decades. A program involving consider 
technical assistance to Peruvian agriculture was begun У 
by the Cooperative Interamerican Service for Food Product! 
(S.C.LP.A.), an organization jointly sponsored by the ИШ 
and U.S. governments. ҮЛ 

Peru has a livestock industry of moderate size. Cattle 
is spread throughout the country, while sheep. raising M 
a considerable scale in the south near Lake Titicaca and Qu. 
The llama and alpaca, animals related to the camel but pon 
are raised for their wool and as beasts of burden, prove 
unique aspect to the livestock industry in that part of the 
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Sea birds such as the cormorant provide another novel р 
The bird droppings are left in large quantities on the ki i 
dry islands off the coast and are collected as guano, ^ wernt 
lizer. Guano marketing has been handled by 3 um ci 
monopoly, the Compañía Administradora del Guano. f the ii 
of this fertilizer has been important since the middie 
century, when it represented Peru’s chief export. d and sist 
Peru has always been a major mining country. Gal since Ù 
have been important since colonial times; howe ны ot 
latter part of the 19th century, copper, lead and an 0 prodi 
shadowed the precious metals in importance. Per" p uth. » 
considerable quantities of tungsten, vanadium and pire 
Chief mining company has been the United States тй 
de Pasco corporation, most of whose operations d them 
Andes just east of Lima. In 1956, however, the So rogue 
Copper company began to work a new major deposit 2 ro 
south of Arequipa. Also in the middle 1950s iron “он 
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jn the area around Ica became commercially significant. Much of 
ihe ore began to go to the new steel mill at Chimbote, but some 
yas exported. Peru has also mined and exported some coal. 
Crude oil production has occurred chiefly in the northwest corner 
ofthe country near Talara. There has also been a limited amount 
of production in the upper Amazon valley. 

Bonito, tuna and swordfish are caught in the Humboldt current 
off the coast of Peru. The Peruvian coastal waters are among the 
favourite areas of the world for sports fishermen. The confluence 
off the northwest corner of Peru of the cold Humboldt current 
and the warm ocean current from the north provides unique and 
favourable fishing conditions. 

The rivers that rise in the Peruvian Andes and flow east pro- 
vide major opportunities for power development, but by the middle 
1060s there had been little development. of their hydroelectric 
potential, One important project has been the dam built on the 
Santa river in connection with the construction of the steel mill 
atChimbote. Another important project, completed in 1956, was 
the diversion of the Chotano, a tributary of the Amazon, through 
atunnel into the Chancay river above Chiclayo. 

A major development in Peruvian industrialization was the 
opening of the steel mill at Chimbote in Aug. 1956. The manu- 
facture of industrial explosives was also begun in that year. How- 
tver, textiles and food processing have been the most important 
industries in the country for many years. Manufacturing has 
been concentrated mainly around Lima, Callao, Arequipa, Trujillo 
and Chiclayo. Following World War II the government of Peru 
took an active interest in encouraging industrialization. 

1, Trade and Finance.—Peru’s chief imports are heavy manu- 
lictured items such as electrical machinery, motor vehicles and 
inn and steel products. Other imports include chemicals and 
pharmaceuticals, The chief exports are cotton, sugar, copper, iron 
ore, petroleum and fish. The United States generally provides 
thout 50% of Peru’s imports and takes about 35% of its exports. 
Considerable trade is also carried on with the United Kingdom and 
West Germany. Peru has provided high tariff protection for its 
domestic textile industry and has also imposed quotas on automo- 
bile imports. But import restrictions are, in general, less rigorous 
than those of many other Latin-American countries. 

Ше monetary unit of Peru is the sol. The official par value, 
Which had been 6.5 soles per $1, was suspended in 1949, and a sys- 
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tem which provided for fluctuating rates of exchange was estab- 
lished. In the mid-1960s the rate was about 25-30 soles to $1. 

The Banco Central de Reservas has functioned as the central 
bank of Peru since the 1920s, when it was set up with the standard 
functions of a central bank. It has the customary credit control 
powers, the note issue privilege, and serves as financial agent for 
the government. The rediscount rate of the central bank was set 
at 6% in 1947. 

3. Transport and Communications.—In the middle 1960s 
there were about 25,000 mi. of roads, of which about 5,700 mi. 
were surfaced. The principal highway in Peru is the Peruvian part 
of the Pan-American highway, which follows the Pacific coast line 
from Tumbes on the Ecuadoran border to Tacna on the Chilean 
border, Another important highway extends east from Lima over 
the Andes to Tingo María and Pucallpa; from there it is possible 
to continue by river boat to Iquitos. 

The chief railroads of Peru were built between 1850 and 1880. 
The Southern railway extends from the port of Mollendo to 
Arequipa, Puno on Lake Titicaca, and Cuzco. It has been a chief 
means of entry to Bolivia. The Central railway was built from 
Lima across the Andes to Cerro de Pasco and Huancayo. The 
Central crosses the Andes at an elevation of 15,865 ft. Henry 
Meiggs made an engineering reputation as the builder of the Cen- 
tral and the Southern railroads. As of the mid-1960s Peru had 
no railroad linking the northern and southern parts of the country. 

The chief port of Peru is Callao (g.v.). The United States- 
owned Grace line has been a major ocean-shipping company and 
an important element in the Peruvian economy since the middle of 
the 19th century. Much of the cargo moving through Peruvian 
ports is handled by foreign ships, but some is serviced by the 
government-owned Corporación Peruana de Vapores. 

Inland waterways are nonexistent along the Pacific coast and in 
the high Sierras; in the montafia, however, the upper tributaries of 
the Amazon—the Marafion, Ucayali and Huallaga—represent, ex- 
cept for the airplane, the only means of effective communication. 
Iquitos (g.v.) is the chief river port in that region. 

Peru has a well-developed system of airlines, both international 
and domestic. Especially important has been the air link across 
the Andes from Lima to Iquitos. The Faucett Aviation company 
has been the chief domestic airline. 

The Compañía Peruana de Teléfonos, an International Tele- 
phone and Telegraph company 
subsidiary, provides telephone 
service in the Lima area, In the 
mid-1960s there were more than 
2,000,000 radios and 70,000 tele- 
vision sets in Peru. Radio sta- 
tions were maintained in many of 
the larger towns, and television 
networks were located in Lima 
and Arequipa. 


See also references under 
"Peru" in the Index. 
(W. C. GN.) 


BrsLroGRAPHY,—For a compre- 
hensive bibliography of writings 
about Peru, see the Peru section of 
the Handbook of Latin American 
Studies, annually since 1935. 

General Works: Thomas R. Ford, 
Man and Land in Peru (1955); 
section on Peru in P, E. James, 
Latim America, 3rd ed. (1959). 

(X) 

Geography: I. Bowman, The 
Andes of Southern Peru (1916) ; G. 
R. Johnson and R, R. Platt, Peru 
From the Air (1930) ; E. R. Gun- 
ther, “A Report on Oceanographic 
Investigations in the Peru Coastal 
Current,” Discovery Rep., 13:107- 
276 (1936) ; G. M. and M. A. Mc- 
Bride, “Peruvian Avenues of Pene- 


tration Into Amazonia,” Geogr. 
Rev. 34:1-35 (1944). 
(РЕТ) 
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The People: John Gillin, Moche: a Peruvian Coastal Community, 
Smithsonian Institution, Institute of Social Anthropology, publication 
no, 3 (1947) ; Bernard Mishkin, “The Contemporary Quechua,” Hand- 
book of South American Indians, vol. 2, bulletin 143 (1947); José 
Matos Mar, “The ‘Barriadas’ of Lima: an Example of Integration Into 
Urban Life,” Urbanization in Latin America, ed. by Philip Hauser, 
pp. 170-179 (1961) ; T. Lynn Smith, Latin American Population Studies 
(1961). (L. C. Fa.; T. L. 5н.) 

History: W. Н. Prescott, The Conquest of Peru (1961) ; J. A. Mason, 
The Ancient Civilizations of Peru (1962); G. H. S. Bushnell, Peru 
(1957) ; H. Bingham, Lost City of the Incas (1963) ; V. M. B. Clifton, 
Vision of Peru (1947) ; W. C. Davis, Last Conquistadores (1950); 
B. Flornoy, World of the Inca (1957). (X.) 

Politics and Government: H. Kantor, Ideology and Program of the 
Peruvian Aprista Movement (1953); W. D. Beatty, “Peru’s Growth 
Toward Stability,” Current History, 40:225-231 (April 1961). (X.) 

The Economy: Pan American Union, Integración Económica y So- 
cial del Perú Central (1961) ; A Statement of the Laws of Peru in Mat- 
ters Affecting Business (1962) ; U.S. Department of Commerce, Invest- 
ment in Peru, Basic Information for United States Businessmen 
(1957) ; U.S. House of Representatives, Subcommittee of the Commit- 
tee on Government Operations, United States Aid Operations in Peru 
(1961). (W. C. Gy.) 

Current history and statistics are summarized annually in Britannica 
Book of the Year. 

PERUGIA (ancient Perusta), а city and seat of an arch- 
bishopric, and capital of the province of Perugia in Umbria, cen- 
tral Italy. It is 172 km. (106 mi.) N of Rome by road and is 
finely situated on an irregular cluster of hills, 1,617 ft. above sea 
level, west of the Umbrian Apennines. The view from the city em- 
braces the Umbrian Valley, part of the central Tiber Valley, and 
the Lago Trasimeno Valley. Pop. (1961) 113,880 (commune). 
The great period of Umbrian art, in the 15th century, was centred 
in Perugia. There are considerable remains of the Etruscan walls 
with three gateways, the Marzia, the Arco d’Augusto (partly re- 
built in the 1st century в.с.), and the Trasimena (reconstructed 
in the 14th century). The Etruscan nucleus is enclosed by 13th- 
century walls, narrow, winding, and steep streets, and more modern 
quarters. 

The town retains its five historic wards of Porta San Pietro, 

Porta Eburnea, Porta Santa Susanna, Porta Sant'Angelo, and 
Porta Sole, to which a sixth, Fontivegge, has been added. The 
centre of the city lies on a north-south axis formed by the Corso 
Vannucci. In the beautiful Piazza Quattro Novembre is the 
Palazzo dei Priori (Palazzo Comunale, 13th-16th centuries), bear- 
ing over the doorway two 13th-century bronze figures, the griffin, 
emblem of the town, and the Guelph lion. Its Sala dei Notari has 
13th-century frescoes by Pietro Cavallini, and the Galleria 
Nazionale dell'Umbria is a remarkable collection of paintings and 
sculpture of the Umbrian school. The adjoining Biblioteca 
Comunale Augusta has a collection of manuscripts and incunabula. 
Also in the Piazza Quattro Novembre is the cathedral of S. Lorenzo 
(1345-1430) in which is the supposed white onyx espousal ring of 
the Virgin. In the centre of the piazza is the Maggiore Fountain 
(1278), a splendid work by Fra Bevignate with bas-reliefs by 
Nicola and Giovanni Pisano. The hall of the Collegio del Cambio 
(1452) in the Corso Vannucci contains a dazzling series of frescoes 
by Pietro Perugino and his pupils. In the Piazza Matteotti are 
the Palazzo dello Studio (15th century) and the Gesù Church 
(16th-17th centuries). Other churches of interest аге S. Angelo 
(6th century, on a circular plan), S. Prospero (8th-16th centuries), 
S. Pietro (10th-16th centuries, with walnut stalls of 1535), Sta. 
Maria Nuova (13th-16th centuries), Sta. Agata (14th century), 
S. Domenico (14th century, rebuilt in the 17th), containing the 
monumental tomb of Pope Benedict XI, S. Ercolano (14th cen- 
tury), S. Severo (15th-18th centuries), with a fresco by Raphael, 
and S. Filippo (17th century). The oratory of S. Bernardino 
(1457—61) has an early Renaissance facade by Agostino di Duccio. 
In the former convent of S. Domenico is the Archivio di Stato 
and the Etrusco-Roman Museum with an important collection of 
Etruscan objects. The Museo del Duomo is a small medieval mu- 
seum. The former convent of the Olivetans (18th century) is the 
central seat of the university (founded in 1308), and in the 
Palazzo Gallenga is the Italian university for foreigners. On the 
outskirts of the city are the Etruscan hypogea of San Manno and 
of the Volumnii (2nd century B.c.). 

Perugia is served by the Foligno-Teróntola railway, and the cen- 


tral Umbrian railway from Sansepolcro to Terni. A network 
motor coach lines joins Perugia to all the provincial centre a 
well as to Rome, Florence, and the Adriatic riviera, The Eh 
economic activities are agriculture, food industries (milling "m 
manufacture, confectionery), and the clothing industry (less 
and ready-made clothing). 

The town was founded by the Umbrians and became one of the 
12 Etruscan strongholds. From 310 в.с. it belonged to Rome ang 
was the latter’s auxiliary in the war with Hannibal. During the 
conflict between Mark Antony and Octavian (later the emperor 
Augustus) it was taken by the latter, burned by its citizens, and – 
rebuilt by Augustus later. In 592 it became a Lombard duchy ang | 
subsequently was involved in many petty conflicts with neighbour. | 
ing towns, Perugia usually taking the Guelph side, In 1416 tly 
condottiere Braccio Fortebraccio took it; later the rival family 
of the Oddi and the Baglioni fought there for power. From 154) 
Perugia was a possession of the church and a papal governor was 
installed. In 1809 the French captured it, but it was restored to 
the church in 1815. Perugia played an active part in the Risorp- 
mento of June 1859 and in the following year formed part ofa 
united Italy. 

PERUGIA Province (area 2,446 sq.mi. [6,335 sq.km]; pp. 
[1961] 555,608) comprises part of the sub-Apennines to the west 
of the Umbro-Marche crests of the Apennines, and is mountainous 
and hilly except for the flat zones of the Umbrian Valley and f 
the central Tiber Valley, and the Citta di Castello and Gubbio Plain, 
The chief crops are wheat, maize (corn), olives, grapes, forug, 
beetroot, tobacco, and tomatoes, The main industries are print 
ing, tobacco curing, and the production of pasta, building m» 
terials, agricultural machinery, and majolica. The fisheries d 
Lago Trasimeno are important. 3 

Apart from Perugia city, the chief centres, all of interest artis 
tically, are Assisi (pop. [1961; commune] 25,361), Foligno (48; 
684), Spoleto (38,563), Todi (19,768), Città di Castello (35/188) 
and Gubbio (29,976). The province is crossed by the Ancom- 
Rome, Foligno-Teróntola, and Sansepolcro—Terni railways. 

BrerroomaPHY.—L. Bonazzi, Storia di Perugia dalle origini al 18 
2nd ed. (1960) ; R. Gigliarelli, Perugia antica e Perugia moderna (1901); 
F. Santi, Perugia, Guida storico-artistica (1950); M. A. Johnston, 
Perugia and Her People (1957). (Gr. 

PERUGINO (Pierro рї Cristororo Vannucci) (ё 1450- 
1523), Italian artist, the principal painter of the Umbrian d 
and the master of Raphael, was born at Città della PE) " 
Perugia, from which city he takes his name. Giovan S 
Raphael's father, says that Perugino and Leonardo da van 
“of an age.” It is known that Leonardo was born m 145 
entered the guild in Florence in 1472, in which year P ih 
also registered; it is likely, therefore, that he was born abou 
On the other hand, С. Vasari implies that he was born Ш 
1446, but this seems less likely than Santi’s date. No 
known for certain of his early training, but he may pi fr 
pupil of Fiorenzo di Lorenzo in Perugia and of Piero E 
cesca in Arezzo, in which case he would have been à fellow. 5 
of Luca Signorelli. Certainly the two men were асди 0 
an occasional influence from Signorelli is visible in bur 
work, notably in the direction of an increased hardness 0 ce) 
(e.g, “Crucifixion and Saints"; Uffizi gallery, Floren j 
Florence he almost certainly worked in the shop of 
Verrocchio, where Leonardo was then also active. iam 

The first certain work by Perugino is a “Saint Sebas ye 
Cerqueto, near Perugia, the sole survivor of à series P 148 
in the church, recorded as having been signed an тш! al 
This already shows much of his typical style, and he he i$ л 
made a considerable reputation by that date, since ^s for PW 
recorded in 1478-79 in Rome, working in old St. Peter nod 
Sixtus IV. These frescoes аге lost, but the same pope yu 
him on the fresco decoration of the Sistine chapel, E [бб 
occurs in the documents of 1481 and 1482. Several of all, 2", 
have been destroyed—most notably those on the altar Mm р 
down to make way for Michelangelo’s “Last Juden ys to 
most important work there, the “Giving of the the ар 
Peter,” is fundamental to his development. It shows 
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ranged in the foreground, watching Christ hand the keys to Peter; since the influence of Hans Memlinc is unmistakable. The 
in the background is a centrally planned building, of the type “Pietà” (1495; Pitti, Florence) shows the calm resignation which 
then much in favour among advanced architects. It symbolizes his style was capable of expressing. 

the Old Dispensation, since it represents the Temple at Jerusalem, Between 1493 and 1496 he painted a fresco in the convent of 
and the giving of the keys is a symbolic representation of the Sta. Maria Maddalena de’ Pazzi, in Florence, This takes up the 
New, or Christian, Dispensation. The artistic importance of entire wall surface, facing the entrance, of a room in the cloister. 
this fresco is very great, for It 18 simple and lucid in arrangement, The roof is vaulted, so that the wall is divided into three bays by 
qnd the first glance reveals the main action; by comparison, the the corbels supporting the vaulting; below the corbels Perugino 
frescoes by Botticelli in the same series appear both crowded and painted piers and made it seem that the room is in fact an open 
incomprehensible. It was Perugino's main claim to fame that loggia, looking out on an extensive and beautiful Umbrian land- 
he insisted on the qualities of simplicity and clarity that were to scape, with the Crucifixion taking place in the central bay and the 
daracterize the High Renaissance and, in particular, the work of two side bays occupied by gently mourning saints. For the church 
his pupil Raphael. It cannot be denied that among Perugino’s of S. Pietro in Perugia he painted, between 1496 and 1498, a very 
yery numerous works there are several that are less lucid and large altarpiece of rs panels. The central "Ascension" is now 
simple than insipid and vacant, but his not infrequent sentimen- in the museum at Lyons, France, and other important parts are 


tality should not obscure his merits and his historical importance. in the museum at Nantes, France, and in St. Gervais, Paris. A 

Immediately after completing his work in the Sistine chapel, virtually identical “Ascension” is in Sansepolcro cathedral, In 
Perugino went back to Florence, where he was given a commission 1499 he was supposed to complete an altarpiece for the Certosa 
{o work in the Palazzo della Signoria, and in 1491 he was invited at Pavia, parts of which are now in the National gallery, London, 
tosit on the committee concerned with finishing Florence cathe- апа are an epitome of motives derived from Florentine art—the 
dral; in the same year he signed and dated the triptych now in central Madonna owes a good deal to Fra Filippo Lippi, the 


the Villa Albani, Rome. There are several signed and dated works archangel Michael derives from Donatello’s statue of St. George, 
ftom the next decade, some of the principal ones being the *Ma- and the Raphael and Tobias is of a type used by the Verrocchio and 
donna and Saints” (1493, Uffizi) and the same subject, also of Pollaiuolo workshops. 

1493, in Vienna; in 1494 he painted a portrait of Francesco delle On Feb. 25, 1499, Perugino’s name occurs for the first time in 
Opere (now in the Uffizi), which shows that he must have been the records of the guild of bankers at Perugia; but, as the earlier 
well acquainted with Flemish portraits of the later rsth century, books have been lost, the commission to paint a fresco cycle in 
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their Sala del Cambio may well have been given earlier. He re- 
ceived the final payment in 1507; but it is generally assumed that 
the frescoes were completed shortly after 1500, the date which 
appears opposite Perugino’s self-portrait on one of the pilasters. 
The ceiling is decorated with an Apollo surrounded by allegories 
of the planets. It has been shown that these'scenes depend on the 
illustrations in Johannes de Spira’s astrolabe tables, Astrolabium 
planum in tabulis ascendens (1494), and it is thought that the 
iconography of the whole Sala was planned by Francesco 
Maturanzio, a professor of rhetoric in Perugia. He certainly wrote 
the Latin verses which accompany the main fresco fields, repre- 
senting allegorical figures of virtues and the principal exemplars 
of each virtue in classical antiquity or the Christian embodiment 
of it. The importance of these frescoes in the history of art lies in 
the fact that the young Raphael was Perugino’s pupil around 1500 
and probably had his grounding in fresco technique there. The 
figures of Fortitude and Horatius Cocles are often attributed to 
him. At about this date Perugino also painted an “Ascension” 
(Vatican), in which the sleeping soldier is sometimes attributed to 
Raphael; and the “Marriage of the Virgin” (Caen, France) is 
usually dated about 1503-04, since it seems to be the prototype of 
Raphael’s finer “Sposalizio” (1504; Brera, Milan). 
From this time Perugino’s art began to decline, since he fre- 
quently repeated his earlier compositions in a routine manner. 
Vasari says that the critical Florentines began to lampoon him, 
and Perugino replied that they had once praised his work, and, if 
he now gave the same designs, they had no right to blame him. 
It is certainly true that the “Chastity” (now in the Louvre, Paris) 
was commissioned in 1503 by Isabella d’Este and was delivered 
only in June 1505, after a great many letters had passed between 
all concerned, at which time Isabella expressed herself as satisfied, 
but only moderately so. In fact, Perugino left Florence about 
1505 and began to retire, working principally for the less critical 
public of Umbria. In 1508 he made a temporary comeback by 
painting roundels on the ceiling of the Stanza d’Eliodoro in the 
Vatican; but the commission for the room went to his pupil 
Raphael, who, in the few years after leaving Perugino’s shop, had 
proved himself incomparably the greater artist. It is a curious 
fact that one of Perugino’s last commissions was the completion 
in 1521 of some frescoes in S. Severo, Perugia, which had been 
begun years earlier by Raphael. He was still working in Feb. 
1523, when he died of the plague at Fontignano, near Perugia, and 
was buried in a field there. The fresco of the “Nativity,” in the 
National gallery, London, comes from Fontignano and is generally 
supposed to be Perugino’s last work. 
BIBLIOGRAPHY.—G. Vasari, Ийе... , Eng. trans. 7 
Vere, vol. iv (1913); W. Bombe, Peu Nn (orm y: 
Perugino, 2. vol, printing all the documents (1931). (P. J. Mv.) 
PERUTZ, MAX FERDINAND (1914-  ), British 
chemist, cowinner with J. C. Kendrew (g.v.) of the 1962 Nobel 
prize for chemistry for his studies on the structure of globular 
proteins, particularly hemoglobin, by X-ray diffraction analysis, 
He was born in Vienna on May 19, 1914, and studied at the Uni- 
versity of Vienna, He began research on hemoglobin at Cam- 
bridge university in 1937 and received his doctorate there in 1940. 
After becoming a reader (lecturer) at the Davy-Faraday labora- 
tory at the Royal institution, London, he was appointed director in 
1947 of the Medical Research council’s unit for molecular biology 
at Cambridge. He became a fellow of the Royal society in 1954. 
Perutz developed special techniques, including the use of iso- 
morphous derivates containing heavy elements, that made struc- 
tural analysis of proteins feasible. Hemoglobin, which is respon- 
sible for the absorption and transport of oxygen in the blood, is a 
particularly difficult molecule to analyze structurally since it con- 
sists of four polypeptide chains (20 and 28), each containing a 
heme group. One of the most important featurés of the crystal- 
lographic studies of Perutz and Kendrew is the elucidation of the 
conformation of the polypeptide chains in addition to the amino 
acid sequence. (D. T. Ет.) 
PERUZZI, BALDASSARE TOMMASO (1481-1536) 
architect and painter of the Italian Renaissance who first embraced 
high Renaissance ideals and developed into а Mannerist, He was 


probably born at Siena. He was a man of varied attainments 
his architecture, characterized by extreme simplicity and deli 
was superior to his painting. A contemporary of Raphael an 
Donato Bramante, he first appeared in 1501 as a painter of frese 
in the chapel of S. Giovanni in Siena cathedral. His first Bed 
tectural work was the Villa Farnesina (1509-21), for Agostin 
Chigi, which contains frescoes by Raphael and one—the "Story of 
Medusa”—by Peruzzi himself. In 1516 or 1517 he produced lj 
best frescoes, those for the Cappella Ponzetti in Sta. Maria dil; 
Pace. On Raphael's death in 1520 Peruzzi was appointed architect 
for St. Peter's, jointly with Antonio Sangallo, the younger, Aby 
1523 he built the classical portal of S. Michele in Bosco near 
Bologna. The Palazzo Ossoli (1525) and the Palazzetto Spas, 
both in Rome, have been attributed to him; also the Palazzo jj. 
bergati in Bologna. At the sack of Rome (May 1527) he escaped 
to Siena, became architect to the republic in July and architect to 
Siena cathedral in 1529. His most important building was the 
Palazzo Massimo alle Colonne (1535), in Коте, He died in 
Rome on Jan. 6, 1536, and was buried in the Pantheon, 

See W. W. Kent, The Life and Works of Baldassare Perussi of Sim 
(1925). (M. S. B. X) 

PERVIGILIUM VENERIS, an anonymous Latin poem of 
93 trochaic tetrameters catalectic, written for the eve of the festi: 
val of Venus. Date (between the 2nd and the Sth century A0) 
and authorship have occasioned much speculation: the argument 
from metre, which supports the otherwise ill-founded attribution 
to Florus (fl. 2nd century A.D.), equally points to the author (re 
putedly Tiberianus, fl. 335 A.D.) of the Amnis ibat inter arva, with 
which the poem shows marked similarity of tone. The poem his 
an irregularly recurrent refrain cras amet qui numquam amai 
quique amavit cras amet (“Let love come tomorrow to him who 
has not loved, and to him who has loved let love still come tt 
morrow”); many have needlessly sought to impose regular strophic 
arrangement. Unobtrusive literary reminiscence is combined wilh 
the freshness and direct simplicity which later characterize п 
eval verse. 

See edition by C. Clementi, 3rd ed. (1937) with bibliography; Ent 
verse trans. by F. L, Lucas, Aphrodite (1948). (D. R. Е? 

PERYLENE, an aromatic hydrocarbon present in si 
amounts in the highest boiling fractions of coal tar. It boy: 
in golden-yellow plates and has a melting point of 273 -214 \ " 
Perylene, CoH», has also been isolated from a sulfur py 
extract of a petroleum distillate. Its dilute solutions have A 
intense blue fluorescence, The structure (I) of perylene 1 iy 
dicated by its formation from naphthalene and from m 
dinaphthyl by heating with aluminum chloride and from I: 
diiodonaphthalene by heating with copper. This is confirm 
synthesis from 9:10-bischloromethylanthracene. 
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Perylene has, to a certain degree, the characte: " 
reacts with maleic anhydride in boiling nitrobenzene i" ny 
oxidizing conditions) to give 1:12-benzoperylene-dicar pon 
hydride (II), which may be decarboxylated to 1:12-benzop ў 
also a minor constituent of coal tar. Oxidation of pery! T 
chromic acid gives the 3:10-quinone, derivatives of " Ci) 
naturally as pigments in aphids. ы 

PESAH: see Jews Hormavs. rt of P 

PESARO (Roman Pisavrum), a town and 05 [її 
Marches, central Italy, capital of the province of. Pee of 
is situated on the Adriatic coast and on the HE уш 
Foglia (Pisaurus) river 60 km. (37 mi.) N.W. of Ane тоб 
Pop. (1961) 66,989 (commune). It is on low go 7 
by hills and is the centre of a rich agricultural district. iio? 
also a pleasant sea bathing resort on the main coastal T 


Ё 


‚ On the western slope of the Monte di San Bartolo lies 
‘the Villa Imperiale which was built by Alessandro Sforza; its 
foundation stone was laid by the emperor Frederick III during 
Jis journey to Italy in 1469 and the building is noted for fine 
stucco ceilings, wall paintings and pavements of majolica plaques. 
Anew palace was begun in 1530 by Girolamo Genga and his son, 
Bartolomeo, for EOE ang S it was never completed, 
‘The old walls were in 1830 transforme into a public promenade. 
Other buildings include a palace built in 1455-65 for the Sforza, 
qui restored by Francesco Maria I della Rovere, duke of Urbino, 
in the 16th century, where antiquities, pictures and a fine collec- 
fion of majolica (the best in Italy) from the old Urbino and other 
manufactories were preserved (they are now in the civic muse- 
ims); and the fortress of Rocca Costanza (begun by Costanzo 
Sforza in 1474, Luciano Laurana being the architect). The ca- 
thedral has a 14th-century facade. The composer Gioachino An- 
tonio Rossini, who was born at Pesaro, left his fortune to found a 
music school, the Liceo Musicale Rossini, famous for its directors 
and for the composers who studied there. The civic museums con- 
(їп part of the collection of the Mosca museum. They also 
E xd Et and the ceramics which were once in the 
lazzo Ducale (1450-1510), which survives. The Oliveriano 
ad museum is important in the study of Italian an- 
ities. 
Destroyed by Vitiges the Goth, the town was restored and 
strengthened by Belisarius, and afterward along with Ancona, 
Fano, Senigallia and Rimini formed the Pentapolis Maritima 
ET maritime cities”), In the course of the 13th century 
iro was sometimes under the government of the popes, some- 
times under that of the emperors, but the Malatesta family, which 
he pa in the city about 1285, gradually became the real 
- masters of the place. In 1445 they sold their rights to Francesco 
m and in 1512, through the influence of Pope Julius II, the 
forza were supplanted by his nephew Francesco Maria I della 
E Pesaro became the residence of the dukes of Urbino 
the death of Francesco Maria II della Rovere in 1631 
m it reverted to the Papal States. Pesaro, a main point at the 
i atic end of the so-called “Gothic line,” suffered in World War 
ш the Allied advance of 1944, but fortunately many old 
ings escaped with minor damage. (X; L Z.) 
PESARO E URBINO PROVINCE (area 1,117 sq.mi. [2,893 sq.km.]; 
pop. Un 301,226) is the most northerly province of the 
m е5. It is mainly occupied by the Apennines and their spurs 
а Tun to the coast, intersected by valleys and drained by the 
Mi rivers Metauro, Foglia and Marecchia. The republic of 
m ap borders it on the north. It is largely agricultural and 
ind d There was formerly a tradition of leatherworking; silk 
a is industries are still carried on; and motorcycles, furni- 
осв are manufactured. Chief towns, besides Pesaro 
hate (q.v.) are Fano (q.v.), Cagli, Fossombrone, Pergola 
іа. (Х.) 
if САРОВЕ$ (P'ENc-RU LieH-TAO), a group of 64 A 
tan (Р coral origin in Formosa strait separated rom 
E, ormosa) by the 30-mi. (48-km.) wide P'eng-hu or 
Tore d Channel. Land area 49 sq.mi. (127 sq.km.) ; gross area 
[ON an 1,000 sq.mi. (2,590 sq.km.). The largest islands are 
Bw PN (connected with P'eng-hu by causeway), Yü- 
plas a-chao. Relief is low, less than 300 ft. (91 m.) above 
E. , and coral reefs ате common. The islands are washed by 
. tm Kuro Shiwo (Japan) current and the climate is frost 
Dh Feb monthly temperatures range between 15° C. (59.5° 
ailing un and 28° С. (82° F.), in July. Except for summer, 
* i 
al or nds are northerly and frequently of gale force. АГ 
epte the 38-in. average annual rainfall falls between June 
i por san derived from basalt are sandy; those from 
Rich ы Ughty; natural vegetation is sparse. d 
‘Name Seas grounds nearby explain the Portuguese-derived 
epo оне (fishermen’s islands). 3 
Dulation (1956) was 85,886, consisting primarily of Chi- 
тот Р, 
habitant neighbouring Fukien province. More than half of the 
tips] town), reside on P'eng-hu island (site of P'eng-hu, the prin- 
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Fishing and farming are the major occupations. Although 5976 
of the land is arable, poor soils and high winds make cultivation 
difficult. Millets, fruits (some exported), corn, sweet potatoes 
and peanuts are the chief crops. 

The Pescadores were occupied by the Dutch (1622-24), by the 
French and ceded to Japan (1895-1945). The islands, long a 
dependency of Formosa (q.v.), became one of the 16 Asien of 
Taiwan province in 1950. (N. S.G.) 

PESCARA, FERNANDO FRANCISCO DE AVALOS, 
MARCHESE DI (1490-1525), Spanish-Neapolitan condottiere, pre- 
eminent in the service of Spain and of the Holy Roman Empire, 
was born in Naples, the son of Alfonso de Avalos, 1st marchese di 
Pescara. At the age of six he was betrothed to Vittoria Colonna 
(q.v.), and the marriage was celebrated in 1509. 

Pescara’s military career began in 1512, when he fought on the 
Spanish side at the Battle of Ravenna and was wounded and cap- 
tured by the French. He was released on payment of a ransom and 
a promise never again to fight against the French; but the engage- 
ment was not observed, and during the following years he rendered 
conspicuous service to the Spanish and imperial cause in successive 
Italian campaigns. He defeated the Venetians at Vicenza in 1513, 
took Padua in 1514, and conquered Milan in 1521 and Genoa in 
1522. Оп the death in 1523 of Prospero Colonna, who had trained 
him in arms, Pescara became lieutenant general and effective com- 
mander of the imperial troops in Italy. Fresh victories followed, 
at Romagnano in Piedmont in 1524 and at Pavia (q.v.) in 1525, 

It is with this Battle of Pavia, his military masterpiece, that 
Pescara’s name is indelibly associated. The odds seemed against 
him. His troops were ill-paid, ill-fed, and in danger of defection 
to the enemy. Yet by tenacity, patience, and tact, Pescara over- 
came all obstacles: on Feb. 24, 1525, he defeated the French by a 
brilliant attack and captured their king, Francis I. 

Pescara died at Milan on Dec. 2, 1525. The final months of his 
life were obscurely involved with the so-called conspiracy of 


724. 
Girolamo Morone, lieutenant of the nominal duke of Milan, Fran- 
cesco Sforza, the purpose of which was to unite Italy in alliance 
with France against the emperor Charles V and the Spaniards. 
Pescara was offered the crown of Naples and may for a time have 
wavered in his loyalty. In the end he betrayed the plot and had 
Morone arrested (Oct. 15, 1525); but on his deathbed he recom- 
mended mercy and his plea was heard. 

Вівілоскарну.—Р. Giovio, La Vita di Ferrando Davalo, marchese di 
Pescara (1551) ; К. Brandi, “Nach Pavia,” Nachrichten von der Gesell- 
schaft der Wissenschaften zu Göttingen (1939); P. Pieri, Il Rinasci- 
mento e la crisi militare italiana (1952). (P. J. J.) 

PESCARA, chief town of Pescara province, region of Abruzzi 
e Molise, central Italy, lies on the Adriatic coast at the mouth of 
the Pescara river 93 mi. (150 km.) S.S.E. of Ancona by road. Pop. 
(1961) 86,834 (commune). The town has two centres, Pescara 
Riviera on the right bank, and Castellamare Adriatico on the left. 
Notable buildings include the Tempio della Conciliazione, the 
house where Gabriele d’Annunzio, the poet, was born in 1863, the 
large post office and the governor’s palace. Pescara is a seaside 
resort and a tourist centre and has summer festivals. It is on the 
railway and main road from Bologna to Bari and Brindisi. Fish- 
ing, the manufacture of machinery and textiles, and food process- 
ing are carried on. There are naval shipyards. 

The Roman Aternum, the town was almost destroyed in the 
barbarian invasions and arose again in the early middle ages as 
Piscaria (i.e., “abounding with fish"). It has been the scene of 
much fighting throughout its history and suffered damage in World 
War II. 

Pescara PROVINCE has a population (1961) of 229,841 and an 
area of 473 sq.mi. (1,225 sq.km.). Principal products are grapes, 
olives and vegetables. Bussi Sul Tivino has chemical, asphalt and 
bitumen industries; Cavamanico has medicinal waters; Popoli is 
known for its 15th-century Taverna Ducale; and Casauria for the 
Cistercian abbey of St. Clement (11th-12th centuries). 

(M. T. A. N.) 

PESCENNIUS NIGER: see Nicer, PESCENNIUS. 

PESELLINO (Francesco рї STEFANO [Сбтсоснт]) (1422- 
1457), Florentine painter of the early Renaissance. He was 
brought up by his grandfather, the painter Giuliano il Pesello 
(1367-1446), and worked as his assistant until Giuliano’s death, 
when he became associated with Fra Filippo Lippi. In 1453 he 
went into partnership with Piero di Lorenzo di Pratese and during 
this period began, for the church of S. Trinita at Pistoia, the 
altarpiece of the Trinity that later was moved to the National 
zal London. It was left unfinished at his death on July 29, 
1457. 

Pesellino excelled in the execution of paintings on a small scale 
and is famous for his cassone pictures, intended for the decoration 
of marriage chests, in which he illustrated, in charming tapestry- 
like designs, an old legend or tale; several of these are in the 
Gardner museum, in Boston, A number of works by Pesellino 
may be seen in galleries in the United States; among these are 
the National Gallery of Art, Washington, D.C.; the Metropolitan 
Museum of Art, New Vork city (a fine panel of the Madonna and 
saints) ; and the Museum of Art of Toledo, O. 

PESHAWAR, a municipal town, district and division located 
in West Pakistan. The town, headquarters of the district and 
division, stands about 1,048 ft. above sea level near the left bank 
of the Bara river, 11 mi. from Jamrud and the entrance to the 
Khyber pass, 190 mi. E.S.E. of Kabul, Afg., and 276 mi. N.W. of 
Lahore. Pop. (1961) 218,691 including the cantonment. For- 
merly it was enclosed with a protective wall with 16 gates, but this 
was partially removed to allow for expansion. The cantonment, 
2 mi. W., is the largest military headquarters on Pakistan's west- 
ern frontier, and of great strategic importance because of its 
proximity to the Khyber pass (q.v.). For many centuries the 
powindahs, or Afghan traveling merchants, led their caravans 
every autumn to Peshawar from Kabul, Bukhara and Samarkand, 
The ancient Qissa (Kissa) Kahani bazaar (the street of story- 
tellers) is the meeting place of merchants from many lands who 
deal in dried fruits, wool, woolen products, rugs, carpets, postins 
(sheepskin coats), karakullis (lambskin caps) and Chitrali choghas 
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(cloaks). The historic buildings include: Balahissar а { 
built by the Sikhs оп the ruins of the state residence of the M 
ranis, which was destroyed by them after the battle of ND 

Е T п; 
Gor Khatri, once a Buddhist monastery and later a sacred Hind, 
temple, which stands on an eminence in the east and afi; 
panoramic view of the entire city; the pure white Mosque of 
Mahabat Khan (1630), a remarkable monument of Mogul archi. 
tecture; Victoria memorial hall; the museum (1906) with Сапфа. 
ran sculptures and other antiquities; and government house, The 
government offices and modern hotels, the Peshawar club and the 
Sadar bazaar are in the cantonment area. There are many parks 
while the Chowk Yadgar and the town hall are other places gj 
social and public assembly. Qahwah-Khanas, or coffee houses, are 
popular. There are a number of colleges affiliated to Peshawar 
university (established 1950) and several schools. The chief cot. 
tage industries are the manufacture of copper utensils and leather 
goods, especially the chappals (slippers) and shoes (plain and em: 
broidered), wax and needlework, glazed earthenware, knives and 
small arms. The town commands the trade with Afghanistan and 
central Asia. 

Peshawar is one of the oldest historic cities of Pakistan, Once 
the capital of the ancient kingdom of Gandhara (q.v.), it was 
known variously as Parashawara and as Purushapura (the seat of 
Purush or Porus; g.v.). It was also called Begram, which fre 
quently occurs in the history of the Moguls and in classical Pashto 
(Pushtu) poetry. The present name Peshawar (Pesh Awar or 
“frontier town") is ascribed to Akbar. 

History.—References to the Peshawar area occur in early Su 
skrit literature and in the writings of Strabo, Arrian and Ptolemy, 
It once formed part of the Buddhist kingdom of Gandhara, and tht 
area is still studded with crumbling stupas. Rock edicts of Asokt 
are found at Shahbazgarhi and Mansera (Mansehra). The Pesh: 
war valley was annexed by the Greco-Bactrian king Eucrati es i 
the 2nd century B.c. About the beginning of the Christian @ it 
came under the Kushans, whose most powerful ruler Kanishka 
made Purushapura his capital, The Kushans were turned out iy 
Hephthalites (White Huns). In the 10th century the биле 
Subuktigin defeated Raja Jaipal there. Between the 15than 10 
centuries the district was occupied by Pathan tribes from wl gi 
now Afghanistan and the Mogul emperors always found ШО 
in maintaining their authority over them. Peshawar was Шр 
vourite residence of the Afghan dynasty founded by Ahmad 7 
Durrani, and there Mountstuart Elphinstone went as Britis ha 
bassador to Shah Shuja in 1808. A few years later Ranjit a 
crossed the Indus, and Sikh authority was firmly established me 
Gen. Paolo di Bartolomeo Avitabile in 1834. In 1849 Pett 
passed to the British. In 1901, it became part of the North 
Frontier province, and in 1955 of West Pakistan. includes 

PESHAWAR DIVISION, as reorganized on Dec. 9, 1960, T adi 
the districts of Mardan, Hazara, Peshawar and Kohat, Vi тай 
special attached areas, and the Malakand, Mohmand, m 467. 
Kurram agencies. Area 28,153 sq.mi. Pop. (1961) d 
Most of the Peshawar and Mardan districts constitu 
basin, drained by the Kabul river eastward, north of ui 
pass, until it falls into the Indus above Attock. Ми m 
Peshawar valley is covered with surface gravels and allu Ms 
the northeast lies the mountainous Hazara district, drain 
Kunhar which constitutes the famous Kaghan vales a 
tourist area. Similarly the Malakand and Mohman agen 
north of the Kabul river, and the Khyber and Kura и yis 
and Kohat district, to the south, are intersected by m$ cyl 
separated by small valleys. The Malakand pass lec 
state in the north, and the Kurram pass to Kal n d crop 
Wheat, barley, maize (corn) and bajra are the chief foo tt 
sugar cane and tobacco the principal cash crops. - 
stations at Malakand and Dargai, each with an in: 
of 20,000 kw. and at Warsak with a planned capacity 0 

PESHAWAR District (area 1,646 sq.mi.; poP- 
consists mainly of highly irrigated plains, apart fr 
covered by low hills at Cherat in the southeast. , 
(corn) and sugar cane are the chief crops. The ! 
mostly Pathans with some Hindkis, Awans forming 
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Hindki tribe. Nowshera, 25 mi. E. of Peshawar, is an im- 
portant cantonment with industrial development. (K. S. Ap.) 

PESHITT. A, an ancient version of the Bible in Syriac. The 
word means “simple, referring to the fact that the version is 
without the elaborate critical apparatus of other Syriac versions. 
The translation of the Old Testament was accomplished over a 
jong period of time, probably beginning in the 2nd or 3rd century. 
The New Testament probably dates from the late 4th century. 
following the canon of the Syrian Church, the Peshitta does not 
hive II Peter, П and III John, or Jude. The version was adopted 
ly both the Jacobites (i.e., Syrian Christians adhering to the Syrian 
Orthodox Patriarchate of Antioch; g.v.) and Nestorians (q.v.). 
The oldest firmly dated copy of any Bible manuscript in any 
language is а Peshitta manuscript of the Pentateuch of A.D. 442. 
фи also SYRIAC LITERATURE. 

PESNE, ANTOINE (1683-1757), French painter of his- 
шга] subjects and portraits and court painter in Berlin, was 
hom on May 23, 1683, in Paris. After being taught by his father, 
Thomas Pesne, and his maternal great-uncle, Charles de LaFosse, 
Pesne later studied at the Paris academy, where he was influenced 
ly the leading French portraitists, Hyacinthe Rigaud and Nicolas 
de Largillière. In Rome and Naples, and particularly in Venice, 
where he studied with Andrea Celesti, Pesne developed a marked 
| colouristic talent. The elegant style of his early portraits was 
greatly influenced by the paintings of his countryman Jean Raoux, 
isyellas by Dutch masters and the elegant pastels of the Venetian 
artist Rosalba Carriera. 

In 1707 Pesne’s full-length portrait of the Prussian ambassador 
lo Venice, von Kyphausen, attracted the attention of Frederick I 
Of Prussia; and the artist was appointed court painter to the 
nyal court of Berlin, where he remained, except for short in- 
tervals, from 1710 until his death on Aug. 5, 1757. Pesne be- 
came the portraitist of the court and of the aristocracy and 
tinent personages of Brandenburg-Prussia. When Frederick II 
came of age, Pesne was able to give full scope to his colouristic 
gits in mythological and allegorical ceiling paintings and murals, 
Eur the interiors of the palaces at Rheinsberg, Charlotten- 
d ee and Potsdam. He continued to paint portraits, some 
E achieve by their brushwork and brilliant colouring an 
gor cpressionistic effect reminiscent of Renoir. Of special 

А st аге the various representations of Italian and French 

ers and actresses whom Frederick II engaged for the Berlin 
i. They are in the style of Watteau, but as the first European 

er to give these portraits an individual character, Pesne 


' Hed here the most famous side of his work. . 
teneis Leth F. Förster, article on Pesne in hieme- Becker! 
1932); E, Berck Ma der Bildenden Künstler, vol. xxvi, p. 467 d 
P5 бепзреп ( ckenhagen et al., Antoine Pesne, with introduction by 
hibition Fen. (1958) ; catalogue of the Pesne bicentenary memorial ex- 
SSA im (Nov. тову). (б. Рх.) 

а ANHA, CAMILO (1867-1926), the representative in 
hd the a Poetry of symbolism at its purest and most genuine 
m in 5 ief precursor of so-called “modernist” poetry. He was 
1 girl of Ce Sept. 7, 1867, the son of an undergraduate and 
oimbra lower classes. He went to the grammar school in 
ПИК entered the faculty of law at the university there, 
nt to TN is studies in 1891. After being employed as an assist- 
Of the phi public prosecutor in Mirandela, he was appointed head 
this co Osophy department at the Liceu at Macao. He went to 


ree Үр in China in 1893 and remained there, apart from two or 


merous 


a de home, until his death in 1926. From the beginning Pes- 
(led C oriental customs, including the opium habit, at- 
med isses by his somewhat. passive temperament. He 
leak the cues and was one of the last Portuguese men of letters 

me elegies Chinese language, from which inter dlia he translated 
Monstr; $ Oito Elegias Chinesas, accompanied by a preface that 
lected Che’: his knowledge of oriental literature. He also col- 
thado de ee objets d'art which he bequeathed to the Museu Ma- 
бе, astro in Coimbra. His writings on China, in particular 
leging чш а ит Estudo sobre а Civilização Chinesa and the 
Mite Vers, ете collected in China (1943). Although he began to 
Then his ein Coimbra, Pessanha was virtually unknown until 1916 

Poetry, which unites the purest symbolist spirit with the 
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most modern poetic technique, was made known to a new genera- 
tion in the pages of a progressive review, Centauro, Collected in 
the volume Clepsidra (1920), his poetry became a kind of breviary 
for the modernist poets, Musical, subtle, penetrated by the mys- 
tery of oriental poetry, Camilo Pessanha is one of the most lyrical 
of Portuguese poets. 

See A. Dias Miguel, Camilo Pessanha (1956); Ester de Lemos, A 
“Clepsidra” de Camilo Pessanha (1956); J. Gaspar Simões, Historia 
da Poesia Portuguesa do seculo XX (1959), (J. G. Ss.) 

PESSIMISM, a word coined in modern times (from Latin 
pessimus, worst) to denote an attitude of hopelessness toward life 
and toward existence, coupled with a vague general opinion that 
pain and evil predominate in the world; the antithesis of “opti- 
mism,” which denotes an attitude of general hopefulness, coupled 
with the view that there is a balance of good and pleasure in the 
world. To describe an attitude as pessimistic need not, however, 
mean that it involves no hope at all: it may locate its objects of 
hope and of appraisal in a region beyond ordinary experience and 
existence; and it may also direct such hope and appraisal to the 
complete cessation and cancelling of existence. 

Unsystematic pessimism is a reflection of material circum- 
stances, of bodily health or of general temperament; it is charac- 
teristically expressed in the language of Ecclesiastes that “all is 
vanity." There are, however, systematic forms of pessimism, both 
philosophical and religious. The Orphic-Pythagorean view of the 
world was one of qualified pessimism, fleshly existence being re- 
garded as a periodic penance undergone by the impure or guilty 
soul, until it can at last be freed from the “cycle of becoming” by 
ceremonial purification or by philosophical contemplation. This 
same qualified pessimism in regard to fleshly existence and ex- 
perience is found in Platonism, for which things in this world 
necessarily deviate from and fall short of their ideal exemplars and 
for which (as in the Phaedo) fleshly tendencies and experiences 
only represent hindrances in the carrying-out of activities which 
will be fully performed after death, Eastern pessimism (of a 
qualified sort) may be illustrated in Buddhism, where all conscious 
personal existence is held to involve pain or ill, where the cause 
of such ill lies in personal striving or desire and where positive 
appraisal is directed to a consummation (nirvana) which involves 
the cessation of striving and of conscious personal existence. It 
is similarly represented in the main currents of Hindu thought, 
with the additional thesis that the world is not only painful and 
evil but also illusory. A qualified pessimism is, of course, deeply 
characteristic of Christianity, where our world is a fallen world, 
in which human reason and will are corrupted, and where it is only 
by redemptive action coming from beyond the world and fulfill- 
ing itself in another order that such ills can be rectified. 

Philosophical pessimism was strong in the roth century and was 
represented in the systems of Arthur Schopenhauer and Karl 
Robert Eduard von Hartmann. Schopenhauer presented a 
synthesis of Kantianism and Buddhism, the Kantian thing-in- 
itself being identified with a blind irrational will behind phe- 
nomena; our world, being the manifestation of such an unhappy 
will, must itself be unhappy. In the first half of the 20th century 
critical philosophy tended to steer clear of the whole issue of 
optimism versus pessimism; feeling themselves incompetent to 
make many general assertions about the world, philosophers were 
particularly unwilling to make general assessments of its goodness 
or badness. A qualified pessimism in regard to the world and to 
human nature was, however, characteristic of several theological 
systems (e.g., the theologies of Karl Barth, of Emil Brunner and 
of the Dutch neo-Calvinists Herman Dooyeweerd and D. H. T. 
Vollenhoven). Perhaps the most uncompromisingly pessimistic 
system ever developed is that of the existentialist philosopher 
Martin Heidegger for whom death, nothingness and anxiety are 
central topics of interest and for whom the highest possible act 
of human freedom is a coming to terms with death. 

BIBLIOGRAPHY ~J ames Sully, Pessimism: a History and a Criticism 
(1877) ; E. M. Caro, Le Pessimisme au XIX? siècle (1878) ; William. 
James, The Will to Believe (1912); Helmut Kuhn, Encounter with 


Nothingness (1949) ; Marjorie Grene, Dreadful Freedom eae 


PESSINUS (Pesstnovs, PEsiNovs), the most famous of the 
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ancient holy cities of Asia Minor, situated in Galatia, below Mt. 
Dindymus, by the Sangarius (Sakarya) River. The ruins, dis- 
covered by C. Texier in 1834, lie around the village of Ballihisar, 
9 mi. (144 km.) SSE of Sivrihisar in the modern Turkish il (prov- 
ince) of Eskisehir. Originally a Phrygian city, it became the 
capital of the Galatian tribe Tolistoagii (or Tolistobogii) and the 
chief commercial city of the district. 

From Pessinus the image and the cult of the Anatolian Great 
Mother of the Gods (q.v.; or Cybele) were introduced to Rome 
in 204 B.C. The goddess, here called Agdistis, had a wealthy and 
celebrated temple. Her priests were also princes, who ruled not 
only in the city (the coinage of which, beginning about 100 B.c., 
was for long issued by them) but also in the surrounding country, 
deriving a large revenue from the temple estates; but in the time 
of Strabo (a.D. 19-20) their privileges were much diminished. 
Some time before 164 в.с. Pessinus was taken over by the Gauls, 
and the membership of the priestly college was then equally divided 
between the Gauls and the old priestly families. Like Ancyra and 
Tavium, the other Galatian centres, Pessinus was romanized first 
and hellenized afterward. With Roman encouragement it de- 
veloped during the first two centuries A.D. from a tribal capital to a 
city of the normal Greek type. Christianity cannot be traced be- 
fore the 4th century. When Galatia was divided into two prov- 
inces (3rd or 4th century A.D.), Pessinus was made the capital of 
Galatia Secunda or Salutaris, and it became a metropolitan bishop- 
ric. By the 9th century it seems to have been replaced by 
Justinianopolis, and was probably deserted by then. The ruins 
were largely dismantled and used for building at Sivrihisar. 

PESSOA, FERNANDO ANTÓNIO NOGUEIRA 
(1888-1935), the greatest literary figure in Portuguese *modern- 
ism," the movement which gave Portuguese literature of the first 
half of the 20th century its European significance. He was born 
in Lisbon on June 13, 1888. His father died when Pessoa was five 
and his mother married the Portuguese consul in Durban, and in 
1895 took him to South Africa where he was educated. In 1903 he 
was outstandingly successful in the entrance examination of Cape 
Town university, winning the Queen Victoria prize for English 
style. In 1905 he returned to Portugal, and enrolled at the Curso 
Superior de Letras in Lisbon in 1906 but ceased to follow the 
courses there in the following year and sought openings in commer- 
cial life, in which he displayed much initiative but a total absence 
of tact, He eventually settled down as foreign correspondent for 
various commercial firms in Lisbon. Though he tried at different 
times to fend for himself, he always returned to lodgings, first with 
an aunt and later with his half sister. A bachelor and not par- 
ticularly sociable, he preferred the acquaintanceship of fellow soli- 
taries in the cafés to the solid joys of a settled family life. A dole- 
ful existence, though sublimated by his intelligence and tempered 
by nostalgic evocations of his childhood, lies behind his work, most 
of which was unpublished at the time of his death in Lisbon, 
Nov. 30, 1935. 

In the previous year Pessoa had published his first book in 
Portuguese, Mensagem, All that was known of his work at his 
death were some booklets of poems in English—a language which 
Pessoa, who was virtually bilingual, wrote with ease—Antinous 
and 35 Sonnets (1918) and Inscriptions (1920), collected in three 
volumes under the title English Poems (1921); some literary and 
political manifestoes—Aviso por Causa da Moral (1923) and 
Interregno (1928) ; his editorship of the review Athena (1924-25) 
and his frequent contributions to the avant-garde reviews, espe- 
cially Orpheu (1915), the organ of the modernist movement in 
which Pessoa, with Mário de Sá-Carneiro and José de Almada 
Negreiros, was a leading spirit, The posthumous edition of his 
complete works consists of eight volumes; the poems are grouped 
under the various names or pseudonyms which the poet employed 
during his lifetime, each name purporting to represent one of the 
different personalities which he felt to exist within himself: the 
personality and the style can vary, therefore, according to whether 
a poem is signed by Fernando Pessoa himself, “Alberto Caeiro,” 
“Alvaro de Campos” or “Ricardo Reis.” The most important 
volumes in the collected edition are Poesias de Fernando Pessoa 
(1942), Poesias de Álvaro de Campos (1944), Poemas de Alberto 
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Caeiro (1946) and Odes de Ricardo Reis (1946), in ad 
Mensagem of 1934. Examples of his prose writings a 
thinker of a paradoxical spirit can be found in the Collection 
titled Páginas de Doutrina Estética (1946). A good selecting 
his work, with an introduction, is in A. Casais Monteiro, Tis 
Pessoa (1945). 

See J. do Prado Coelho, Diversidade € Unidade em Fernando Pesio 
(1949); J. Gaspar Simões, Vida e Obra de Fernando Pessoa, 2 y, 
(1950). (7.6.5) 

PESTALOZZI, JOHANN HEINRICH (1746-182), 
Swiss educator, revered in Switzerland because of his titeli 
efforts to aid poor, orphaned and helpless children, was bom at 
Zürich on Jan. 12,1746. Active even in his student days in Ziri 
in social and political reform, he early earned a reputation x 
champion of the underprivileged and exploited. He establish 
(1774) an orphanage, where he attempted to teach neglected chil. 
dren the rudiments of agriculture and simple trades that they 
might lead productive, self-reliant lives. This philanthropic er 
periment failed in 1780, and Pestalozzi, in a period of despa, 
wrote what can be considered a key to his philosophy, The Evenin 
Hour of a Hermit, a profound and moving series of reflections 
and aphorisms. 

During the next decade he published a widely read four-volume 
novel, Leonard and Gertrude, which delineated and publicized lis 
ideas on social, moral and political reform. When the town of 
Stans was destroyed and the inhabitants massacred during the 
Napoleonic invasion of 1798, Pestalozzi collected several doz 
destitute children and cared for them under most arduous a 
pitiful conditions. ! 

In 1805 Pestalozzi founded at Yverdon his famous boardi 
school, which flourished for 20 years, was attended by students 
from every country in Europe and was visited by hundreds of the 
most important figures of the time, Pestalozzi’s overarching ed 
cational principle, elaborated in How Gertrude Teaches Her Chi 
dren (1801), was “sense impression": accurate, clear thinking i 
dependent upon accurate observation of actual objects; words an 
ideas thus have meaning only when related to concrete things 
The Yverdon curriculum, therefore, emphasized such pupil w 
tivities as drawing and writing, singing, physical exercise, group 
rather than individual recitations, models, collections, map mi 
ing and field trips. Carefully graded instruction, allowance К 
individual differences, and ability groupings Were novel d 
tures. An important undertaking was the teacher-training dpa 
ment. 1 
Educators journeyed to Yverdon to study “the method,” аш 
Pestalozzi’s ideas throughout Europe and America and està s 
scores of Pestalozzian schools. Froebel and Herbart "d 
much from Pestalozzi, as did Ritter, the geographer. E P 
lesson approach used in a highly successful Pestalozzian $c jd 
England, conducted by Charles and Elizabeth Mayo, Mt 
in the United States (1861) by the Oswego, N.Y., jupe 
and became the guiding principle in some of the country $ 
teacher-training institutions. f 

Pestalozzi’s greatest influence was upon Prussia. 
philosopher Fichte, indeed, told a Germany prostrati 
only through a strong educational system based иро! 
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principles could the country expect to recover. Fes y 

at Brugg on Feb. 17, 1827. is elle! 
There are several German editions of Pestalozzi 5 pip 


works. His writings referred to above, and Letters i 
cation, have been translated into English. 3 bp Gre 
BripLrocnAPHY —L. F. Anderson (ed.), Pestalozzi (1930) r ) 
and Е. A. Collie (eds.), Pestalozsi’s Educational Writing: 
numerous biographies and commentaries, see Roger Оё 880) 004 
lossi: His Life and Work, Eng. trans. by John Russell a p's Pest 
Green, Life and Work of Pestalossi (1913). M. R- ins 
and the Pestalozzian Theory of Education (1952) conta" g 
bibliography. t vial 
PEST CONTROL. Man survives by p л 
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against encroaching natural forces that he deems 1 


А ^ e: 
own highly organized society. Although his mastery al P 
extend to the overwhelming physical phenomena © t only 9” 


5 $ 5 0! 
does include an influence over the organisms tha 


te with man for food or space but also damage his possessions 
or attack him personally. Man therefore endures in his present 
slate only 50 long as he can effectively control these competitors 

ts, 

н have been voiced by many biologists that man, with 
his limited knowledge of biotic interrelation and his myopic view 
of the outcome of his actions, is doing irreparable harm in many 
illadvised programs of pest extermination, both to the numerous 
organisms beneficial, or at least innocuous, to man and to the 
human species itself. These cogent alarms have inspired wide- 

read discussion and a needed reappraisal of policies and prac- 
tices of pest control. 

The concept of "pest" is interpreted very subjectively, of course. 
An ecologist would not necessarily consider several leaf-eating 
caterpillars on a plant as pests, whereas the gardener who culti- 
vated the plant might very well draw up a plan of action against 
the intruders. And only one bat, rat or mouse is enough to qualify 
asa household pest. However, to truly merit the designation of 


must occur in such abundance as to present a distinct threat to 
man or to his interests, economically or medically. 

This article examines the biological background to pest build-up, 
discusses the various ways, both artificial and natural, that can 
be used to combat the competitors and draws attention to their 
merits and demerits. In particular, it emphasizes the need for 
care in the use of “blunderbuss” methods such as the exclusive or 
unecessary use of chemicals; it is hoped that ways and means 
tan be found for man to achieve his aim of increasing production 
with a minimum of disturbance to the soil and the fauna and 
flora dependent upon it. 

This article is divided into the following sections: 


l How Pests Arise 
1. Nature; Stability in Diversity 
2. Disruption of Nature 
3. Kinds of Pests 
Il, Chemical Control 
A. Types of Pesticides 
1. Insecticides 
2. Fungicides 
3. Herbicides 
4. Other Pesticides 
B. Benefits and Detriments 
1. Effectiveness 
2. Imbalance in Populations 
3. Development of Resistance by Pests 
4. Effect on Wildlife 
n 5. Hazards to Human Health 
‚ Nonchemical Control 
1, Resistant Plants 
2, Cultural Control 
3. Radiation 
4. Transfer of Natural Enemies 
у 5. Additional Methods 
| + Integrated Control 
1. Requisites 
Vp, 2. Deficiencies 
» Prospect 


I. HOW PESTS ARISE 


“ А ature: Stability in Diversity.—In the wild, many kinds 
tizo 5 intermingle to produce a complex mosaic that varies both 
aay and vertically. These plants provide the food for a 
food "i 9f different animals, many of which in turn become the 
being Gia second group of feeders. This process of eating and 
at iti continues upward through the various consumer levels 
ferred th е energy stored in any particular plant may be trans- 
etatis n as many as four or five different types of animals 
eat va 5h what is generally called a food chain. In view of the 
ШКА of food sources it is not surprising to learn that less 
айу, е miles of English countryside, Wytham Woods, 
1 at least 2,500 different species of animals. In these vast 

1 T each group of the smaller plant-eating (phytophagous) 
15 restricted somewhat to suitable food sources within a 
Rae but many of the predacious animals, which can con- 
US дар OUS types of prey, may participate in several food chains. 
Ural populations in diverse environments tend to be or- 
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pest as the term will be used in this article, an animal or plant . 
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ganized into complex food webs, instead of consisting of a large 
number of independent food chains. This intricate association of 
plants and animals is called а natural community. (See Есогосу.) 

"The diversity typical of many natural communities has two im- 
portant consequences, First, mixed stands of vegetation often 
have relatively stable populations of animals. For example, in the 
mixed hardwood-hemlock forest of Michigan there has been no 
evidence of serious insect damage for 300 years and less than 5% 
of the insect species are conspicuous at any one time. Second, 
diverse communities tend to ward off invasion by foreign species. 
How this is accomplished has not been established; perhaps all 
potential sources of existence are being utilized and an invader 
must partially or completely displace a native species. The sta- 
bility, both qualitatively and quantitatively, of populations in a 
given community is not complete, of course, because the abundance 
of a species fluctuates, sometimes violently, and a new species will 
become established occasionally. But a community has typical 
kinds of plants and animals, each of which is present in typical 
average abundance—some are rare, others are common or even 
dominant. These observations of relative stability have led to the 
concept of the balance of nature. The particular forces that deter- 
mine this balance are a matter of intensive research and great con- 
troversy, but it is clear that the size of a population is determined 
by the physical and biotic agencies operating on the species. 

2. Disruption of Nature.—Some natural processes, the occur- 
rence of chance catastrophes, and particularly the systematic ac- 
tivities of man have so greatly modified the diversity of natural 
communities that in many areas of the earth the vegetation has 
become much more uniform. The tendency toward monocultures 
of crops and the development of agricultural practices have sim- 
plified community structure—that the simplification is relative is 
shown in alfalfa fields in California where over 600 species of 
arthropods have been found—and have separated and shortened 
food chains with two important consequences. First, more uni- 
form vegetation is rather easily invaded. Many insects are im- 
ported with their traditional host plants; in a favourable climate 
and in the absence of their natural enemies, they often become 
established and prosper. Most major pests of agricultural crops 
are of foreign origin, and have become economically important 
only when introduced elsewhere. In other cases the production of 
new crops over large areas resulted in the transfer of hitherto in- 
nocuous insects and diseases from scattered native plants to this 
new and abundant source of food. (See the article Poraro Buc 
for a description of how a pest may arise and spread.) Second, 
with more uniform plant cover some phytophagous species in- 
crease and fluctuate in abundance. As a plant species becomes 
dominant it is increasingly subjected to attack by its enemies; in 
contrast to the mixed hardwood-hemlock forest in Michigan, pure 
stands of hemlock, aspen, balsam fir and pine were heavily at- 
tacked by individual species of forest insects. 

The increase and fluctuation in the abundance of phytophagous 
species in simplified communities are also accentuated by two ad- 
ditional factors. First, weather modifies the susceptibility and 
nutritive value of crop plants to the attacking species, affects the 
survival and development of phytophagous species, and influ- 
ences the development of the host plant and the phytophagous 
species so that the required food may be available in large amounts 
and in suitable condition at the right time in some years but 
not in others. In addition, since each of the cold-blooded ani- 
mals in a food chain responds differentially to modification of 
its environment, a simple food chain is easily disturbed by slight 
changes in weather. Second, when a variety selected for crop 
production forms the uniform plant cover, it permits much greater 
rates of increase by plant feeders than do its wild counterparts; 
irrigation, cultivation and fertilization enhance still further this 
characteristic. With this type of host plant, slight modifications 
in the effectiveness of the biotic and abiotic factors that deter- 
mine population growth can result in a marked increase in the 
abundance of the phytophagous species. 

3. Kinds of Pests.—The numbers a potential pest must reach to 
be considered a serious threat to man vary from species to species 
and depend on many other factors; e.g., a single mosquito that is a 
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vector of malaria is more dangerous than several leaf-eating larvae. 
Only a small portion of the animals living in any area are pests; 
e.g., of the many thousands of insect species in the United States, 
only about 10,000 species, which attack about 1,000 species of 
plants, are of economic significance, and of this number less than 
200 are considered major plant pests. Unfortunately, these rela- 
tively few species cause damage reckoned in billions of dollars. 

Most pests are invertebrate animals; they include especially in- 
sects and mites, but also nematodes, snails and slugs. Micro- 
organisms such as fungi, bacteria and viruses are here considered 
with pests even though they are usually thought of as agents of 
disease. Among the vertebrates many kinds of rodents, rabbits 
and hares and elk and deer are sometimes injurious to crops. And 
weeds are often strong competitors of crop plants. When pests are 
limited to a level of abundance at which their injury is unimportant 
economically they are said to be controlled. Control is used here 
in its economic rather than its ecological sense. 

As arthropods and plant diseases constitute the chief threats to 
the welfare of man, the development of pest control has been 
directed, for the most part, on restricting as much as possible the 
abundance of these forms. This article deals, therefore, largely 
with the various methods used to control these pests and some 
results of control, 


П. CHEMICAL CONTROL 


Nature itself practises chemical control: certain plants bear poi- 
sons thought to provide some protection against damage by other 
organisms; animals contain antibodies that provide protection 
against invasion by foreign elements; and certain microorganisms 
produce substances (antibiotics) antagonistic to other micro- 
organisms. Man, however, has carried chemical control to a far 
more effective and potentially dangerous extreme in devising com- 
pounds of exceptional potency. 


A. TYPES or PESTICIDES 


All pesticides are alike in blocking some metabolic process; how- 
ever, they differ widely in composition, potency, mode of action, 
speed of effect and dosage required. They are often classified ac- 
cording to the type of organism that they are principally intended 
to control, as rodenticide,’ insecticide, acaricide (against mites 
and ticks), nematicide (against roundworms), herbicide (against 
plants), fungicide, etc. 

1. Insecticides.—Insecticides are usually divided into several 
categories depending on their mode of action on the pest species; 
these categories are arbitrary since a given compound may fall 
into two or more classes. 

Stomach poisons are used against insects such as caterpillars 
with biting mouth parts, and are toxic only if ingested. The toxic 
action of inorganics such as the arsenical (paris green, lead arse- 
nate, calcium arsenate) and fluorine compounds (sodium fluoride, 
cryolite) and plant compounds (ryania, nicotine, rotenone) is 
thought to result from inactivation of oxidizing enzymes at the 
cellular level. These compounds require thorough application to 
be effective, and largely have been replaced by synthetic contact 
insecticides. 

Contact poisons penetrate the integument of the pest and are 
used against those arthropods such as aphids that pierce the sur- 
face of a plant to suck out juices. The naturally-occurring contact 
insecticides are nicotine, developed from tobacco; pyrethrum, from 
flowers of Chrysanthemum cinerariaefolium; rotenone, from the 
roots of Derris species and related plants; and the petroleum oils. 
Although these compounds were originally derived mainly from 
plant extracts, the toxic agents of some of them (e.g. pyrethrins) 
have been synthesized. These insecticides are usually short-lived 
on plants and cannot provide protection against prolonged inva- 
Sions. They are, however, effective where infestations are of short 
duration, provided they hit the pests directly. 

The synthetic contact insecticides are now the primary agents 
of chemical control, large numbers of them being developed an- 
nually. Their efficiency varies widely with such factors as the par- 
ticular compound, the species of pest, the host plant and the 
weather; but in general they penetrate the organism readily (some 
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also act as stomach poisons) and are toxic to a wide range 
species. The development of a series of chlorinated hydro 
was begun in the 1940s following the discovery (1939) of the ч 
secticidal properties of DDT. Other examples of this Series i 
BHC, with its isomer lindane; toxaphene; chlordane; and adi 
and its epoxide, dieldrin. Some of these compounds are Y З 
stable and have long residual action. They сап be used in man 
situations but are particularly valuable where protection is M 
quired for prolonged periods. Their stability also enables them io 
be used in the soil against pests such as wireworms, cutworms 
and leatherjackets. Their toxic action is not fully understood 
but apparently they affect the nerve axon, leading to a disorganiz;- 
tion of the nervous system. 

A second series, based on the organophosphates, contains com, 
pounds such as parathion, TEPP, schradan, demeton, (ахло 
and malathion. Most of the organophosphorus insecticides are 
very effective against sucking forms such as aphids and rel 
spider mites, but some of them also act against biting arthropods 
Some are relatively long lasting (e.g., parathion), others decom- 
pose rapidly (e.g, TEPP). Several can be used systemically, 
i.e., they are absorbed into a plant and later kill sucking insects 
feeding on the plant. Demeton, dimethoate, phosphamidon anl 
schradan are examples of systemic organophosphorus insect 
cides. Absorption into the plant is achieved either by spraying the 
leaves or by applying solutions or granules impregnated with the 
chemical to the soil so that intake occurs through the roots, 
Warble flies developing in cattle can be killed by systemic organo: 
phosphates applied to the host. The organophosphorus inset 
cides are often metabolized by the insects into potent compounds 
such as malaoxon or paraoxon that inhibit the enzyme cholinester 
ase. This enzyme controls the level of acetylcholine, a compound 
necessary in the transmission of nerve impulses; excess acetylcho: 
line disorganizes the nervous system. A second interpretation 
that the insecticides inhibit the aliesterases instead. A third and 
more recent series of synthetics is the carbamate group which is 
also thought to act as anti-cholinesterases. TE 

Fumigants such as hydrogen cyanide, naphthalene, nicotine a 
methyl bromide are toxic when they enter the respiratory system 
of the pest. These chemicals are used mainly for killing р 
pests of stored products or for fumigating nursery stock. Mell | 
bromide, dichloropropane and chloropicrin are also used for n 
gation of the soil, principally for the control of plant parts! 
nematodes (see FUMIGATION). sel 

Repellents repel insects rather than kill them. They E 
against arthropods of medical importance such as moe 
bloodsucking flies and chiggers; for example, dimethyl phi dent 
is the active principle of some mosquito repellents. Bor 
mixture, lime, creosote and sulfur repel plant pests. ther din 

Chemosterilants inhibit reproduction of insect pests И, * p 
kill them. The induction of sterility in flies and mosqui 0 ola 
vents rather than reduces outbreaks. The combinah mi 
chemosterilant and an insecticide may be a means of over 
resistant strains. r to stop 

2. Fungicides. Compounds used either to prevent “but 
the development of fungal diseases on crop plants 479 "iig 
such chemicals as sulfur, mercury, copper or dithiocarbm must be 
thiuram derivatives. Most fungicides are protectants а d 
applied before diseases develop, although organomer ctions © 
pounds, for example, can be used to stop incipient H i two of 
some diseases, provided they are applied within а day spectru 
the onset of infection, Fungicides usually have à broa ‘ai 
of action, though a few are more specific; e.g. dine an шў 
against powdery mildews. Systemic fungicides at ai ery € 
stage of development, and the compounds available لاان‎ 
stricted in their use; most of them are antibiotics, 6.4» 8 pein dr 
and cycloheximide, but some synthetic compounds at © 
veloped. 


ded into пй 


3. Herbicides—Herbicides can be broadly divide? fut 
lective and selective groups. Examples of the former пу ( 
acid, sodium chlorate and the recently developed bipy an 


diquat). These will kill most vegetation with whic 
into contact. More important in agriculture аге 


jerbicides, many of which are based on the substituted phenoxy 
acids or halogenated aliphatic acids; e.g., 2, 4-D, MCPA and 
dalapon. The individual properties of these chemicals enable 
them to be used selectively, some to control broad-leaved weeds 
jn plantings of cereals, others to control noxious grasses in broad- 
Javed crops. The triazines, ureas and carbamates can be applied 
to the soil around established plants or, more usually, prior to sow- 
jngannual crops; they control germinating weeds for prolonged pe- 
riods, Selectivity in this case is due partly to the inherent resist- 
nee of certain crops to these chemicals but also to the placing 
ofthe chemicals, which are usually very insoluble, where they will 
jot affect the crop seed sown deeper down or act on roots below 
| the zone of herbicidal action. 

4, Other Pesticides.—Examples of pesticides used against 
other groups of pests include the anticoagulant warfarin in baits 
forthe control of rodents and antibiotics for some animal diseases. 
And, of course, other substances are mixed with the pesticides in 
order to apply them or occasionally to enhance their effectiveness. 

See ENToMoLocv: Applied Entomology: Principles of Insect 
Control; SPRAYS AND Dusts IN AGRICULTURE. 


B. BENEFITS AND DETRIMENTS 


1, Effectiveness. With the advent of the newer synthetic 
pesticides the control of arthropod pests in particular became much 
more effective. In some cases infestations of pests that were acci- 
dentally introduced into new areas were quickly and completely 
tliminated; in many other instances populations of target insects 
Were reduced by as much as 99%. These new chemical control 
Measures had a constantly increasing effectiveness in preventing 
(top losses, raising quality of produce, lowering costs of produc- 
tion and improving both the health and welfare of man and ani- 
mals, In addition, pest control resulted in more stable levels of 
production, But it became apparent that some difficult problems 
associated with the use of wide-spectrum pesticides were arising. 

The number of plant-feeding arthropods developing on uniform 
Vegetation, while varying with the crop in question, is relatively 
mall. For example, about one hundred harmful species occur on 
ү apple trees in England; the number of these species 
Ж are sufficiently abundant to be important economically, how- 
м id is only a small fraction of that number. Treatment with 

spectrum chemical insecticides to restrict the few species 
E of economic significance has often resulted in the few 
iiic ш species causing more serious damage than they formerly 

Bus and the abundance of some of the surviving species 
9f var es widely from year to year. In addition, the significance 
fim Ж, Species as plant pests alters over the years as the pro- 
m E. chemical control is changed. This closé relation between 
i йе and chemical treatment results from the differ- 

E. ects of pesticides on the various species and from the 
Ў rae of resistant races in the species being controlled. 

ч alance in Populations.—In spite of heavy mortality at 
ho of treatment, use of pesticides sometimes results in a 
CNN increase in the density of the pest against which the 
from the was applied. This phenomenon, called flareback, results 
lily suc E destruction of natural enemies that were par- 
inte it Veg in limiting the abundance of the pest population. 
emsely akes some time for the natural enemies to re-establish 

XN and become effective, the pest, temporarily free of 
hw penna restraints, often multiplies rapidly. ^ $ 
“that are nd type of imbalance occurs among plant-feeding species 

These planes tolerant of pesticides than are their natural enemies. 
| Шеш feeders are normally of minor importance because they 
Is and i lled at satisfactory economic levels by parasites, preda- 
ituri] en isease; but when a wide-spectrum pesticide kills these 
lea SE) the hitherto unimportant plant feeders are largely 

ample ae Control, increase rapidly and become pests. For 

ur, to "s use of mild sulfur fungicides, particularly flotation 
rious noe apple scab fungus in Nova Scotia resulted ina 
ot t break of the oyster-shell scale insect: the fungicide 
oxic to the scale but eliminated its two natural enemies, 


Parasi : | 5 
ае Aphytis mytilaspidis and the predaceous mite Hemi- 
es malus, 


dirc 


PEST CONTROL 


729 


Other disadvantages of pesticides are the accumulation of poi- 
sons in the soil of regions treated repeatedly and the probability of 
killing bees and other pollinating insects. The differential mortal- 
ity of a pest and its natural enemies can also result from some of 
the compounds that are mixed with pesticides in order to apply 
them. There is limited evidence that pesticides also tend to in- 
crease pest abundance by modifying the host plant, and by altering 
competition between two species of plant feeders. 

3. Development of Resistance by Pests.—Resistance to the 
toxicity of pesticides is occurring constantly in pests of agricul- 
tural and medical importance through the normal evolutionary 
processes of genetic variation and natural selection, Although re- 
sistance was a problem before the development of the synthetic 
pesticides, it has been greatly accentuated since these compounds 
were introduced. The rate at which a species develops resistance 
is related in part to the intensity of the selection pressure, and the 
newer organic insecticides exert a much more powerful pressure, 
Selection of a strain resistant to one insecticide can result in a de- 
gree of resistance to a related compound (positive cross-tolerance) 
because the mechanism of toxicity is somewhat similar in both 
cases. A strain may become resistant to more than one class of 
insecticide so that it becomes increasingly difficult to limit its 
numbers. Resistant strains of a species, as in the housefly, may 
arise independently in many areas of the world; many of these 
races differ in their susceptibility to the kind and amount of pesti- 
cide. Once resistance has developed it tends to persist in the ab- 
sence of the pesticide for varying periods of time depending on the 
type of resistance and species of pest; it will gradually decline but 
can be very quickly restored by renewed exposure’ to the pesti- 
cide. Resistance has also arisen by chance in strains selected for 
characteristics other than resistance. 

The physiological bases of resistance lie in integuments or di- 
gestive systems that are not penetrated by the poisons, in extra fatty 
tissues that can store the pesticide, in enzymes that detoxify the 
poisons to compounds that can be eliminated, in excretory systems 
to eliminate the pesticide or its toxic intermediate, in behaviour pat- 
terns to avoid spray deposits, or in what is called general vigour. 
Of these, detoxifying enzymes are probably the most important; in 
many eases DDT is dehydrochlorinated to the harmless compound 
DDE by the enzyme DDT-ase, whereas in organophosphorus- 
resistant houseflies enzymes degrade the toxic metabolites malaoxon 
and paraoxon. The presence of these characteristics, particularly 
of the detoxifying enzymes, depends on gene mutations that change 
slightly the nature of the enzymes normally produced by the insect. 
Resistance is usually based on single-factor inheritance—the gene 
locus may vary from one strain to another—or more than one factor 
can be involved. Degrees of resistance in strains of a species may 
depend on a number of different alleles at a given locus. One en- 
couraging aspect of the resistance problem is that some beneficial 
insects are immune to the chemical poisons. 

4. Effect on Wildlife.— Pesticides also present hazards to wild- 
life. Birds, fishes and small mammals have been poisoned by pesti- 
cides used to control insect outbreaks. The pesticides are passed 
up the food chains from herbivores to carnivores, in the process 
their concentration often being increased. The effect of insecti- 
cides on wildlife involves a number of factors, such as toxicity and 
persistence of a given compound, stability as it is transferred up 
the food chain, type of vegetation in which it is applied and spe- 
cies of wildlife.- The chlorinated hydrocarbons -aldrin, dieldrin, 
endrin and heptachlor are very toxic to birds and small mammals, 
but DDT when applied at low dosages apparently does not result in 
significant mortality of these higher animals. Fishes, however, 
have been affected by DDT even at the low rate of 0.5 Ib. per acre; 
both the young fish and the aquatic insects on which they feed 
are highly susceptible. A single spraying has reduced brook trout 
and aquatic insect populations significantly but in about one year 
most species recovered. Young salmon, fry and parr, are quite 
susceptible, and repeated annual spraying greatly reduces their 
abundance and seriously disrupts the four-year cycle of this spe- 
cies. When spraying can be withheld the returning run and use of 
fish reared in hatcheries will compensate to a large extent for 
the excessive mortalities. Some fish may be able to develop re- 
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- sistance to pesticides; there is some indication that mosquito 
fish from water near fields with a long history of treatment with 
chlorinated hydrocarbons showed resistance to DDT when com- 
pared with fish from areas not exposed to insecticides. 

5. Hazards to Human Health.—In view of the widespread 
use of chemical pesticides it is not surprising to learn that com- 
pounds like DDT form part of the human diet. Drainage into ma- 
jor rivers has carried traces of pesticides so that some rivers contain 
about 0.2 p.p.m. (parts per million) of DDT. The residues may 
remain on the surface of food, be absorbed into the waxy covering 
of fruit and vegetables or contaminate such products as milk and 
cheese. From dietary sources an average-sized person in the 
United States in the mid-1960s contained in his body tissues about 
7 p.p.m. DDT. The continued accumulation of organic pesticides 
in the human body is to be considered extremely undesirable, and, 
beyond a certain debatable limit, dangerous to health. As a means 
of lessening the possibility of damage to man, an acceptable daily 
intake of each pesticide residue, based on a lifetime consumption 
for man, has been established in the U.S. When these limits are 
not exceeded there is little danger of acute or chronic toxicity, In 
the case of exceptionally dangerous compounds, including car- 
cinogens (cancer-inducers) this limit is zero; ġe., no amount of 
such a\substance is to be permitted to accumulate in body tissue. 
The dangers inherent in the application of pesticides can be over- 
come only if the directions for application of each compound are 
observed very closely and strictly adhered to. The possibility 
that exposure for long periods of time to very small amounts of 
pesticides and other chemicals of a modern industrial society (food 
additives, fallout, soot, etc.), may lead to illness or genetic change 
in man has become a matter of considerable controversy. 


ПІ, NONCHEMICAL CONTROL 


Methods other than the use of pesticides have been employed 
successfully for a long time to protect some crops from plant pests. 
The expense of, and the problems arising from, chemical control 
methods in recent years havé stimulated interest in nonchemical 
means of pest control to minimize and supplement the use of 
poss pesticides. Most of these methods have an ecological 

asis. 

1. Resistant Plants.—By selecting and breeding from the large 
pool of genetic variability in a Species, races can be formed with 
characteristics desired by man; e.g., the quality of wheat, the 
yield, time of maturing and resistance to disease such as rust have 
been selected by man, Similarly, plants resistant to attack by 
pests can be selected. 

Resistance of plants to insects is based on three components: 
(1) physical characteristics of plants that make them undesirable 
to insects for oviposition, shelter or food; (2) antibiosis, in which 
the plant produces substances that adversely affect the biology 
of the insects; and (3) tolerance to insect attack, The resistance 
of the solid-stemmed wheats Rescue and Chinook to the wheat- 
stem sawfly is due to the inability of the larva of this insect to 
develop in anything but a hollow stem. 

The selection of resistant varieties, one of the main methods 
of combating fungus and virus diseases of crop plants, must be 
unceasing to keep ahead of the development of races of the pest 
that can overcome a formerly resistant variety of crop. 

2. Cultural Control.—Ciosely related to the development of 
resistant plants is the role of cultural practices in the control of 
plant pests, because resistance often depends on the conditions 
under which plants are grown. Crop rotation and cultivation are 
two classical means of reducing losses from plant pests. Even in 
areas where one crop is grown annually, agricultural practices may 

influence the abundance of pest species. For example, on the Ca- 
nadian prairies an outbreak of the wheat-stem sawfly that began in 
the early 1930s and continued until the early 1950s was associated 
with below-normal rainfall throughout the 1930s and abetted by 
cultural practices such as farm mechanization, strip farming, sur- 
face tillage with preservation of stubble and the use of combine 
threshers and of early-maturing, rust-resistant varieties that were 
seeded early. In 1941 a cultural program based on trap strips, 
shallow tillage, rotation with immune or resistant crops and late 


seeding to escape infestation was established. In one dm 
infestation was reduced from 85% to 3% in one year. wii 
sects of medical importance and, to some extent, agricultura] а 
forestry importance, sanitation forms ап integral part of E. 
control programs. ty 
3. Radiation.—A promising procedure in reducing Populations 
of certain insect pests utilizes the sterilizing power of ionizing rad, 
ation. When rearing and treating techniques permit the proditio 
of insects in large numbers, sterile males with radiation-induc 
defects in sperm may be systematically released in numbers my 
greater than exist in nature. These males mate freely with natin 
females but no progeny are produced. This process occurs mop 
rapidly if the females by nature mate only once. The Screwwom, 
which infests cattle, was eradicated in the southeastern Unitel 
States by this method, and the technique is being tested on other 
insects such as the Mediterranean fruit fly, melon fly, oriental fy 
fly, common malarial mosquito, boll weevil, oriental fruit moth and 
codling moth. Thorough knowledge of the biology of a pest is 
necessary before the chance of success can be determined, 
In the laboratory it is possible to kill larval mosquitoes directly 
by high-frequency sound waves and to attract adult males to sone 
form of trap by sound waves that simulate those produced by 
adult females. А more promising technique, however, is the wt 
of sound to repel some insect species from field crops, ‘Asis ntl 
known, bats use echolocation to find their insect food; some moth 
have evolved tympanal organs, ог sound-sensitive receptors, tht 
allow them to detect and avoid the sound-emitting bat. In ow 
experiment a sound resembling that of a single bat was broadus 
over experimental plots containing about 1,000 corn plants, andi 
festation by the European corn borer was reduced by 50% to (0f. 
4. Transfer of Natural Enemies.—Most of the major pest 
of agricultural crops in North America have been imported at 
dentally and without their complement of natural enemies; ont 
established, they often became more destructive than they wt 
in their native range. In order to reduce many of these specis 
to the level of abundance prevailing in their native environments 
their natural enemies have been sought out, imported and released 
on that continent. р » 
Imported enemies established in one area can be passively cit 
to other areas from which they might otherwise be barred , 
natural geographical barriers. Native pests may be spread іо" 
areas by transportation facilities, or the distribution ofa ү 
Species may be extended by the spread of crops to new areas, ài | 
natural enemies may have to be artificially spread to prow 4 
check оп the pest populations. Occasionally native рш" 
come established оп an imported pest. This and other ma 
methods, often collectively called biological control, employ 
organisms as the control agents, he use f 
Until recently biological control relied largely on ü сав | 
parasites and predators. In the mid-1950s in the Un eiie 
about 95 species of imported parasites and predators be т 
lished and about 390 failed to become established when use n u 
about 77 species of pests. In addition, an attempt was i ot 
extend the distribution of natural enemies already n meats 
increase their effectiveness by mass colonization or 00 impor 
against another 14 species. Only a small portion of the M "t 
agricultural pests have been fully controlled by this ne mun 
attempts have produced no measurable reduction of Pes 36 for’! 
In Canada natural enemies were used against 11 crop an se 
pests; about one dozen pest species are considered to hae patil 
cessfully controlled, Many other attempts have been I 
successful in reducing crop damage. "I 
Biological control vm cen оаза for, when succes 
self-perpetuating. With intensive research the use © 
enemies may become as predictable as the use of Pes duction 
method is not without its complications, however. Intr? 
a parasite for one pest may restrict the methods use’ ee 
another on the same host, In Kenya, for example, ес 
bug, Planococcus kenyae, is well controlled by 
Anagyrus kivuensis, introduced from Uganda. bur "m 1) 
however, very Susceptible to the persistent insecticides. al i, in Ù 
that are used to control the bug Antestiopsis юеш 


ame area. Resort must therefore be made to malathion or 
rethrum, which are of short persistence, rather less effectiveness 


b and higher cost. 


Microorganisms such as viruses, bacteria, fungi, protozoa and 
nematodes are important controlling agents in natural popula- 
tions; some of these agents (e.g., Bacillus species) have been used 
with outstanding success in the control of insects of forest, turf 
and pasture. Moreover, they have the potential of being mass- 
roduced in the laboratory and sprayed on field crops like an in- 
suicide; they are usually harmless to man and plants; they are 
mt affected by most insecticides; and they may greatly reduce 

{ numbers without seriously affecting the natural enemies. 
Highly host-specific phytophagous insects have been used to 
solve somé serious weed problems. Control of weeds refers not 
s) much to the eradication of a pest plant as to the reduction of 
the species to an unimportant status. Insect enemies adversely 
affect the competitive ability of the pest plant so that other, more 
desirable vegetation becomes dominant. Weeds such as Lantana 
species, Opuntia species, St.-John’s-wort, Clidemia hirta, and 
Cordia macrostachya have been reasonably controlled by introduc- 
tion of certain plant-eating insects in various parts of the world. 
5, Additional Methods.—Traps in various forms have long 
been used both to sample and to destroy pest populations. Some 
insects, attracted to particular odours, are drawn to traps to be 
killed by poisoned baits or merely to be collected and destroyed. 
Because males of some species are attracted from great distances 
lo virgin females, sex attractants are being developed for use in 
such traps. The sowing of certain crops to receive, because of 
location or early appearance, the main oviposition of a pest species 
isa familiar agricultural practice. 

The application of high-frequency electric fields to the disin- 
festation of cereal products has had some success, but has not been 
developed extensively because insecticides and fumigants are 
йу available, highly effective and easy to apply. The manip- 
Шоп of the environment through use of electropotential fields 
I just beginning to receive attention. 


IV. INTEGRATED CONTROL 


The control of plant and animal pests has depended mainly on 

¢ use of pesticides because these products have been easy and 
he to apply and have shown immediate, observable and 
e 1 OR results initially. The widespread and persistent 
numb, chemicals, however, has resulted in the development of a 

D. of serious problems, which, with the advent of the syn- 
AM Contact insecticides have been greatly accentuated. The 
m біса] methods of control have had spectacular successes іп 
© 4 individual instances but none of them has provided a general 
i on to the problem. Since chemical control is essential in 
fee it seems advisable to maximize its benefits and mini- 
Rubin; defects through carefully designed preventive programs 

aed pesticide application and biological control methods. 
а oa: called integrated control, has been receiving con- 
ions үн аз a promising means of maintaining pest popu- 
Pen en I below which they are economically significant. 
Several Sites. Integrated control depends оп the fulfillment 
тр requirements. First, a detailed study of ecological rela- 
initia bayer be undertaken. Although only a few species are 
eX or co; economic importance in any given area, the entire com- 
Boii. unity of organisms, crop, weeds and environment is 
ес as a unit, because one species cannot be treated without 


ы те ша community and something of the interactions 
W levels s Since some natural enemies maintain their prey at 
table 4 abundance, whereas others are relatively ineffective, 
Ore, sin relationships must be identified and fostered. Further- 
by environ the interactions between species are greatly modified 
Чор, the nmental factors such as temperature, humidity, soil and 
арса] tant abundance of species will vary from one geo- 
ег in fe to another and to some extent from one year to 
Maly se ud е same area. Quantitative ecological surveys and 
cond © constantly required. . 
» Ìt is necessary to be able to predict the level of abun- 


of 
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ng the others. It is therefore necessary to determine the | 
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dance at which economic injury will occur and to use repressive 
measures only when this level is approached. This level will vary 
with the species of pest, the crop attacked, the part of the plant 
attacked, and with cultural and environmental conditions. Con- 
trol measures should be aimed only at reducing a pest population 
below economic levels; some pests must be allowed to survive to 
support a continuing population of natural enemies. When the 
permissible level of damage is very low, as in pome fruits (apple, 
pear, quince), control based on ecological principles is very dif- 
ficult; but when higher levels of damage are acceptable, natural 
enemies may provide adequate protection and hence can be in- 
tegrated with pesticide applications. 

Third, pesticides should be as selective as possible, both from 
a physiological and ecological point of view. A pesticide is selec- 
tive physiologically when it normally kills only certain broad 
groups of species. In Nova Scotia replacement of the mild sulfur 
fungicides by a fungicide such as ferbam re-established control of 
the oyster-shell scale because the latter pesticide was not detri- 
mental to the scale insect's natural enemies. Stomach poisons or 
contact insecticides coated with materials that dissolve only when 
ingested are selective. Acaricides kill some mites but not insects. 
Microbial sprays, when effective, often attack individual species 
of insects. A given pesticide may be selective in only one situa- 
tion or in one dosage; therefore the ecological conditions pro- 
viding optimum effectiveness of pesticides must be determined. 

Even the broad-spectrum pesticides can be used in a manner 
that makes them more selective. If possible damage by a widely- 
distributed pest is predicted in some areas, those areas only might 
be treated. The pest species and its accompanying natural enemies 
will be destroyed in the area treated, but, over-all, the parasite- 
predator complex will be maintained. If the natural enemies are 
mobile, they should be able to move into the treated areas and 
prevent flareback. A degree of selectivity can be achieved by 
applying pesticides at a time when beneficial insects are elsewhere, 
or are protected in some way, as a resistant stage or in a sheltered 
place. 

The success of timing can be greatly accentuated through the 
proper use of pesticides with short residual action; many highly 
toxic phosphates can be used against a pest when beneficial biotic 
agents are in resistant stages such as eggs or pupae. Another 
aspect of timing depends on behavioural differences between pests 
and their enemies. If pests rest or congregate in limited areas 
for short times, these areas only might be treated at the appro- 
priate time, and widespread application thus avoided, In some 
cases selectivity can be gained by lowering the dosage of a pesti- 
cide; at low dosages some insecticides are extremely effective on 
certain pests but are not detrimental to all the pests’ natural 
enemies. Systemic insecticides absorbed by the plant and trans- 
located to the leaves are effective only against plant feeders such 
as aphids, mites and thrips; as a rule they are not harmful to the 
parasites and predators of those pests. Some insecticides, espe- 
cially systemics, can be mixed in the soil out of reach of many 
natural enemies. Baits, seed treatments and attractants also 
localize the distribution of poisons. 

Fourth, the role of nonchemical methods of control, particularly 
the use of natural enemies, should be augmented as much as pos- 


.sible. While the efficiency of parasites and predators is determined 


to a large extent by climate, which cannot be manipulated, some 
aspects of herbivore-carnivore interaction can be made more sig- 
nificant by agricultural practices. Suitable host material may not 
be available throughout the year because of dry periods, for ex- 
ample, hence natural enemies may be greatly reduced. When 
conditions are favourable to the return of the pests, there is a 
significant time interval before the parasites and predators re- 
cover their numbers; during this period the pest population can 
expand uninhibited by natural enemies. Food for the natural 
enemies has been provided in some cases by planting alternative 
crops that support the pest or other hosts or prey; thus the supply 
of natural enemies is maintained and is available when needed. 
Adult parasites of many insect pests often require a feeding of 
nectar or pollen before they can oviposit; growing suitable flower- 
ing plants to supply these needs may increase their ability to re- 
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produce. Pollen is a substitute food of some predators; by pro- 
viding this type of food the development of larval stages could be 
aided and dispersal of adults inhibited or directed. The provision 
of nesting sites also increases the density of beneficial predators 
such as birds and wasps. 3 

In some instances the complexity of a community is deliberately 
increased on the assumption that greater complexity will result in 
greater stability of populations. As more and more plant feeders 
are incorporated into the system the number of generalized car- 
nivores is greatly increased. If these carnivores migrate onto crop 
plants when they are infested with pests the predation of the pest 
population is greatly enhanced. Such complexity can be developed 
by sowing cover crops in orchards or maintaining hedgerows or 
other natural habitats within and bordering agricultural areas. 

2. Deficiencies.—In spite of the great progress that has been 
made in developing integrated control programs, the approach has 
not been entirely satisfactory. One pest species may be difficult to 
control and so require a highly toxic broad-spectrum insecticide 
In Nova Scotia the codling moth has one generation per year and 
can be controlled adequately by ryania, a relatively innocuous 
insecticide; but in other areas, with two or more generations per 
year, more toxic poisons are required. Natural enemies are not 
always available in sufficient numbers at the right times and are 
usually more effective in permanent rather than seasonal crops. 
Although a pest may be susceptible to low dosages of a highly 
selective insecticide, residues of this compound may be very dan- 
gerous to other organisms, including man, and therefore a more 
broadly toxic pesticide with shorter residual effects must be used. 
Integrated control often requires professional calibre supervision. 
And finally, integrated techniques are sometimes more costly than 
Simple chemical control measures. 


V. PROSPECT 


It is impossible to tell what progress will be made in the de- 
velopment of highly specific pesticides. "The number of pests in 
existence and the prohibitive cost of developing and producing a 
separate compound for each of them would seem to limit specificity 
to groups of arthropods. It is interesting to note in this connec- 
tion that DDT was the first of the newer synthetic contact in- 
secticides and yet it is still, in all probability, the most satisfactory 
pesticide when all aspects of its use are considered. Broad-spec- 
trum pesticides are still required in some cases even though it is 
recognized that they represent a threat to the welfare of wildlife 
and possibly to man. In spite of detailed precautions in the ap- 
plications of pesticides some side effects are to be expected. A 
course of moderation must be followed between the desired degree 
of control of pests and the deleterious effects that can be permitted 
on other organisms, The effects of chemicals on the whole ecosys- 
tem can only be assessed by the combined judgment of those in- 
terested in pest control, wildlife and human health. 2 

The management of communities in the short term is concerned 
with quantitative variations in population densities of the numer- 
ous interacting species. This field of population ecology deals 
with the properties of and interactions between the species in- 
volved and how these interactions and Properties are modified by 
geography, weather and, of course, Pesticides. Inasmuch as each 
species has an enormous pool of genetic variability on which 
natural selection can act, there is a great amount of variation pos- 
sible in the properties of species. The management of commu- 
nities in the long term is concerned, therefore, with the qualitative 
changes in properties of species that control measures induce. It 

is important that control measures do not spawn super pests but 
leave us with populations that we can control. The top twelve 
inches of soil, and the plants that it supports, are our primary 
asset; this resource must be preserved at all costs, 
rds also the references under “Pest Control" in the Index. 
IBLIOGRAPHY —Rachel Carson, Silent, Sprin; ; 
The Ecology of Invasions by Animals d HD OT гасе 
Untaken Harvest (1952); A. W. A. Brown, Insect Control by Chem- 
icals (1951) ; H. Martin, The Scientific Principles of Crop Protection 
(1959) ; “Integration of Biological and Chemical Control,” Bull. Ent. 


Soc. Amer., vol. 8, no. 4, DP. 188-201 (1962) ; E. R. De On Chemical 
and Natural Control of Pests (1960); Advances in Pest Canine Ке. 
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search, vol. 5, ed. by К. 1. Metcalf (1962); British 
Council, Weed Control Handbook, 3rd ed. rev. (1963) 4 Cun 
The Chemistry and Mode of Action of Herbicides (1961); 5 
Gunther and L, R. Jeppson, Modern Insecticides and World RS 
duction (1960); G. C. Klingman and L. J. Noordhoff, Weed Cou 
(1961); National Research Council [U.S.], Committee of Pest (ш 
trol and Wildlife Relationships, Pest Control and Wildlife Rej. 
ships (1962) ; E. G. Sharvelle, The Nature and Uses of Modern Fung, 
cides (1961) ; E. K. Woodford and G. R. Sagar (eds,) Herbicides nj 
the Soil (1961); A. Mallis, Handbook of Pest Control, 3rd ed, (1960); 
C. L. Metcalf and W. P. Flint, Destructive and Useful Insects; tthe 
rev. by R. L. Metcalf (1962); O. Johnson, N. Krog and J. L. Polis, 
“Pesticides” in Chemical Week, “Part I: Insecticides, Miticides, Ne 
matocides, Rodenticides,” pp. 117-148 (May 25, 1963) and “Part J) 
Fungicides and Herbicides,” pp. 55-90 (June 1, 1963) ; H, Martin (ed) 
Insecticide and Fungicide Handbook (1963) ; F. E. Egler, “Pesticides 
in Our Ecosystem,” American Scientist, pp. 110-136 (March 1944); 
P. DeBach (ed.), Biological Control of Insect Pests and Weeds (1964), 
(Т. Bu) 
PETAH TIQVA (Petan Tikva, “the gate of hope"), a tom 
in Israel 7 mi, N.E. of Tel Aviv-Jaffa. Pop. (1961) $4,000, Lying 
in the plain of Sharon, it is one of the oldest Jewish а шш 
settlements, first planted їп 1875 by Jews from Jerusalem, andin 
1882 resettled by a pioneer group from Russia, The settlement 
was once famous for its orange groves but it was invaded by it 
dustry; it produces textiles, chemicals, asbestos, paper, furnitue 
and processed foods. Citrus groves and vineyards still flourish 
along the nearby Yarkon (Yarqon or Auja) river. The muniipl 
garden has been the settlement’s centre since the foundation of 
the village. The town has many schools, particularly for the fund 
mentalist section of the Jewish population. A short distance north- 


east are the ruins of the ancient city of Antipatris. (No. B) 


PÉTAIN, (HENRI) PHILIPPE (1856-1951), Frnt 
army officer, the marshal who was chief of state from 1940 to 1%, 
was born on April 24, 1856, at Cauchy-à-la-Tour in the Pas 
Calais. He was trained as a professional soldier at Saint-(yt 
and at the École de Guerre and filled the various staff posts wil 
1914. When World War І broke out he was already 58, had mt 
served outside France and had known no active service. Yel, 
conflict with the prevailing staff theories of the need to pL. 
the offensive at all costs, he had evolved views of his own about 
value, in modern warfare, of defensive strategy provided that n 
fantry were supported by the coordinated fire power of pe 
These were to prove correct once the war in France had becom 
one of attrition. sade, thet 

Pétain was put in command first of an infantry brigade, Hn 
(on Oct. 25, 1914) of the XXXIII Army Corps in Am 
distinguished himself during the offensive near Arras in Mo d 
and in June was given command of the 2nd Army asa pene 
general, ‘In 1916, when the Germans opened the attack on Ve s 

he was given the task of ш 
» it at all costs. He shom " 
and energy in organizing, eni 
ing, and supplying his йг 
although the брен 
France about 350,000 mi = 

н de him 
held Verdun. This ma was 1 
popular hero, and he n] sif 
pointed chief of the gent rj 
in April 1917 and comm? 
chief on May 15, to su ry 
R. G. Nivelle. The moralt н 
French troops had pn 0 
and it became his spinal 
stop mutiny. By à om ofr 
of repression and reform i 
ances, he again succede dy 10 
the French Army Was offensit 
meet the final German g, i 
of 1918. After March ralis! 
Ferdinand Foch as ge" 


jtish, 
to coordinate French, Brit Ld 


étain 
BROWN BROTHERS United States Son operations и 
PHILIPPE PÉTAIN DURING worp in charge of the h armies: 


WAR I signed to the Frenc 


red the offensives of August and September and was re- 

nsible for pushing the Germans back to the Ardennes. 
Pétain’s achievements during World War I were, therefore, great: 
and between the wars, as the veteran “saviour of Verdun” and 
ssa marshal of France (from Nov. 21, 1918), he came to be re- 
| garded asa high military authority. In 1920 Pétain was appointed 

vice-president of the Supreme War Council and in January 1922 
he was also made inspector general of the army, 0 After the signa- 
| ture of the Locarno treaties, France reduced its armed forces 

wnsiderably and decided to construct along the Franco-German 

frontier a powerful system of fortifications called the Maginot 

Jin. Successive governments and public opinion alike welcomed 

1 policy designed to be thrifty with French lives in the event of 

mother war. But оп the Franco-Belgian frontier a more offensive 

strategy in case of German aggression was envisaged. 

Pétain resigned his post on Jan, 1, 1931; but as minister of war 
in Gaston Doumergue’s short-lived government (February-No- 
vember 1934), he demanded and partly obtained some increase of 
defense expenditure in order to supply French forces with modern 
equipment, 

During the period of Popular Front government in 1936, Pétain 

| o no ам of his contempt for parliamentary institutions, of 

is antipathy to Socialist ideas, or of his preference for dictatorial 
tegimes which brought strength and prestige to their countries. 
In March 1939 Premier Édouard Daladier appointed Pétain am- 
bassador to Spain. When World War II broke out he was, at the 
Age of 83, a natural focus of hopes for those who believed that the 
strong government needed for war might be used to overthrow the 
puliamentary regime of the Third Republic. 

The rapid collapse of the French forces in 1940 was, in most 
respects, the consequence of the outdated principles on which 
they had been organized and of the lack of mechanized equipment 
needed to meet the superior weight and mobility of the German 
Amy. In the moment of defeat, France turned to the veteran 
| ES oa name still represented victory although his atti- 

had long been defeatist. In May the premier, Paul Reynaud, 
см Ип from Spain, and on June 16 Pres. Albert Lebrun 

ү im to form a new ministry. His task was, amid conditions 
"1 almost complete disorganization and military defeat, to make 
Ev armistice with Germany. This he accomplished by 
M and two days later he completed a similar convention 

it m By the terms of these armistices his government was 
to Euro the a fleet and CEE M Um es 

armistice army" of not more than , mei 

Bine France was divided into two zones: the northern part 

E tlantic coastline remained under German military ос- 

бе m the southern part and the Mediterranean coastline were 

July 10 е administration of the French government. On 

been! Assembly, specially summoned at Vichy to 

Ша “ne s of the armistices, granted Pétain emergency powers 

tory) еншш could be promulgated. (See FRANCE: 

ls M he E TM himself “chief of state,” with Pierre Laval as 

E. dd 1940 until the liberation of France in 1944, Pétain 

ms Sorte ecd 
ctions, he did not promulgate a new c on. 
vas su the object of a cult and of much adulation. His aim 
possible France out of the war and to hold Germany as оу 
баа о the terms of the armistice which, when Hitler faile 
Fed fac reat Britain and became deeply engaged in the U.S.S.R., 
ing ae favourable to France. But this involved him 
Че 1947 ine mount of active collaboration with Germany, and 
i a a adn Ja Daan ee 

5 ified. In February m. Jean 
E е but Laval returned to power їп April 1942 and 
ble ith e real ruler at Vichy until it collapsed. It seems prob- 
fülly xL up of senility and illness Pétain ceased to understand 
he vas m Was happening, and much was done in his name of which 
оаа е: Yet, by remaining in office even after the ardent 

ё im nists assumed power at Vichy in January 1944, he be- 

Nati plicated in responsibility for their betrayals of French 
Interests, Pétain was arrested by the Germans on Aug. 
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20, 1944, and taken by them to Belfort and thence, in September, 
to Sigmaringen in Germany; but he voluntarily returned to France 
in April 1945. For his whole behaviour after 1940 he was put on 
trial by the provisional government under Gen. Charles de Gaulle 
and, on Aug. 15, 1945, a High Court of Justice, by 14 votes to 13, 
sentenced him to military degradation and death. The sentence 
was changed to life imprisonment. He was imprisoned first at 
Portalet, then on the fle d’Yeu in a fortress, whence, after pro- 
longed illness, he was moved to a villa in Port-Joinville a month 
before his death. He died at Port-Joinville, Île d'Yeu, on July 
23, 1951, an acutely controversial figure in French politics: while 
many regarded him as a traitor, others idolized him as a patriot 
who had “stood by a stricken France” and had sacrificed himself 
in its cause. 

See also references under “Pétain, (Henri) Philippe” in the 
Index, 

ВівілоскАРНҮ.—В. Н. Liddell Hart, Reputations Ten Years After 
(1928); F. Martel, Pétain (1943); S. Huddleston, Pétain: Patriot or 
Traitor? (1951); D. Thomson, Two Frenchmen: Pierre Laval and 
Charles de Gaulle (1951) ; R. Aron, Histoire de Vichy (1954). For 
official documents see Le Procés du maréchal Pétain: compte rendu in 
extenso des audiences transmis par le secrétariat général de la Haute 
Cour de Justice, 2 vol. (1945) ; Rapport fait au nom de la commission 
chargée d'enquéter sur les événements survenus en France de 1933 à 
1945, vol. i (1951). (D. TN.) 

PETALITE, a mineral species consisting of lithium aluminum 
silicate, is an important source of lithium (q.v.), the lightest 
metallic element. It was discovered in 1800 as cleavage masses 
in an iron mine on the island of Utó, near Stockholm, where it is 
associated with lepidolite and spodumene, also ores of lithium, 
and tourmaline. It is mined in Southern Rhodesia, in the trust 
territory of South West Africa, South Africa, and in Australia. 
In the United States it occurs in Maine, Massachusetts, and Wyo- 
ming. 

The formula of petalite is LiAl(Si505)s. In form, the mono- 
clinic crystals approach spodumene (q.v.), which is also a lithium 
aluminum silicate with the formula LiAl(SiOg)s. There is a 
perfect cleavage parallel to the basal plane, and the mineral usually 
occurs in platy cleavage masses; because of this it was named 
from the Greek petalon (“a leaf"). The hardness is 6.5 and the 
specific gravity 2.4 (that of spodumene being 3.16). The mineral 
is colourless or occasionally reddish, varies from transparent to 
translucent, and has a vitreous lustre. 

PETER, SAINT (Smon Perer) (d. c. A.D. 64), the foremost 
of the 12 apostles chosen by Jesus Christ, a leader of the early 
church and traditionally the first bishop of Rome. 

Peter in the New Testament.—Little is known of Simon 
Peter’s life before he became a follower of Jesus, He came from 
Bethsaida in Galilee, a partially Greek-speaking area, which ac- 
counts for the fact that his name Simon is also found in the Hebrew 
form Simeon (Acts xv, 14 and II Pet, i, 1). That he is called “un- 
educated” (Acts iv, 13) may only mean that he lacked the formal 
education of a rabbi. He was married (Mark i, 30; cf. I Cor. ix, 
5) and helping his father and his brother Andrew in a small fishing 
business at Capernaum on the Sea of Galilee when he first met 
Jesus, 

His Call—According to Matthew and Mark, Jesus at the be- 
ginning of his ministry called Peter and Andrew from their fishing 
to follow him, promising that he would make them fishers of men. 
Luke’s account omits Andrew and precedes the event with a mi- 
raculous catch of fish. According to John, Peter came to Jesus 
through John the Baptist’s movement: Andrew, a disciple of John, 
was directed by John to Jesus, to whom he then brought his 
brother, and Jesus gave him the name Cephas or Peter (“rock”). 
Mark and Luke, however, assign this appellation to the first mis- 
sion of the 12 apostles, whereas Matthew places it later, at 
Caesarea Philippi, where Peter acknowledged Jesus as the Christ. 
This new name is closely associated with the leadership of Peter. 

The Leading Disciple—Peter occupied an outstanding place 
among the apostles (see Ароѕтік). He is named first in all lists 
of the 12, he was the most frequent spokesman among them, and 
together with the brothers James and John he formed the “inner 
ring” that alone witnessed Jesus’ raising of Jairus’ daughter from 
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the dead, his transfiguration and his agony in the garden of 
Gethsemane before his arrest. The disciples are referred to as 
“Simon and those who were with him” (Mark i, 36; Luke ix, 45), 
and Jesus commanded Peter “strengthen your brethren” (Luke 
xxii, 32); the authenticity of this text as the genuine words of 
Jesus has been disputed, but it at least shows that the early church 
believed Peter to have held a unique place among the disciples. 
After Peter’s confession at Caesarea Philippi, Christ called him 
the rock on which he would build his church and said that he would 
give him the keys of the kingdom of heaven (Matt. xvi, 17-19). 
The authenticity of this text also has been disputed, and it is dis- 
cussed further below. The risen Christ’s commission to Peter to 
shepherd his flock clearly gives Peter a position of leadership 
(John xxi, 15-19), though elsewhere in the Fourth Gospel the 
unidentified “beloved disciple" somewhat modifies Peter's pre- 
eminence. A further outstanding point is that Peter was the first 
to see the risen Christ (Luke xxiv, 34; I Cor., xv, 5), whom he 
had denied three times before the crucifixion. 

The Early Church Leader.—After the ascension of Christ, Peter 
took the lead at once, as related in the Acts of the Apostles. He 
initiated the election of Matthias as the 12th apostle in place of 
the traitor Judas Iscariot, and after the descent of the Holy Spirit 
at Pentecost he interpreted this experience, "standing with the 
eleven," to the assembled Jews. He took the active part in heal- 
ing a cripple at the gate of the Temple, his companion John being 
a mere lay figure, He was treated as leader of the group by the 
Sanhedrin, which imprisoned him and John, releasing them the 
next day with a caution. Peter pronounced sentence on the deceit- 
ful action of Ananias and Sapphira; with John he mediated the 
Holy Spirit to the converted Samaritans; and on the same oc- 
casion he rebuked Simon Magus for trying to buy spiritual gifts 
with money. 

Peter traveled also to other parts, including Lydda (Lod) and 
Joppa, where he healed the sick. While at Joppa he was summoned 
to Caesarea by a Roman centurion called Cornelius who had been 
told by an angel in a vision to send for him. Peter meanwhile had 
also had a vision which included a command from heaven not to call 
common what God had cleansed. He immediately went to Cae- 
sarea, where he preached to Cornelius and those with him, and 
baptized them though they were gentiles. Peter was thus the first 
to admit gentiles as well as Jews to the church, an action which he 
afterward successfully defended before the apostles in Jerusalem. 

Peter and Paul.—Although the historicity of Acts is disputed 
by some scholars, the substantial correctness of its information 
about Peter's position is borne out by the indisputable testimony 
of Paul's Epistle to the Galatians. Asserting his independence of 
human authority, Paul says that on his first visit to Jerusalem his 
chief purpose was to see Cephas, which shows that Peter was at 
that time the leader of the Jerusalem church. On the occasion 
of Paul's visit 13 or 14 years later, however, the position was 
rather different. Paul conferred with James (the brother of Je- 
sus), Peter and John, three who "were reputed to be pillars" (Gal. 
ii, 9), and at the so-called apostolic council in Jerusalem James is 
again named first and takes charge, while Peter is the leader of 
the mission to the Jews, no doubt run mainly from Jerusalem. 

Paul goes on to refer to another occasion in Antioch, a mixed 
community where the problem arose of Jewish and gentile Chris- 
tians eating together. On a visit to Antioch Peter at first ate with 
the gentiles, but after the arrival of a delegation from James in 
Jerusalem he withdrew out of fear, thus drawing upon himself an 
outraged protest from Paul. Paul clearly did not recognize any 
authority of Peter over himself and his work and claimed the de- 
cision of the “pillars” as justifying his attitude. 

The New Testament gives little later information about Peter. 
After being imprisoned by Herod and miraculously released “he 
departed and went to another place” (Acts xii, 17). The only 
further mention of him in Acts is at the Jerusalem council, where 
he supported the admission of gentiles to the church without cir- 
cumcision (Acts xv, 7-11). He may have visited Corinth, where 
à party owed allegiance to him (I Cor. i, 12). For the two New 
o epistles ascribed to Peter, see PETER, EPISTLES OF 

AINT. 
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Peter the Martyr.— That Peter was martyred is Strong] 
gested by the words addressed to him by Christ: "When uM 
old, you will stretch out your hands, and another will gird you d 
carry you where you do not wish to go" (John xxi, 18-10) | 
Pet. v, 1 may also hint at martyrdom, but II Pet. i, 14 jg too P 
to count as independent testimony. If “Babylon” (I Pet, v lj 
is interpreted as referring to Rome, then the First Epistle of Pele 
was written in Rome. 

The best evidence for the place, however, is in the First Epistle 
of Clement written in Rome с. 96: “Let us set before our eyes 
the good apostles: Peter, who because of unrighteous jealousy sj. 
fered not one or two but many trials, and thus having given hi 
testimony went to the glorious place which was his due,” Thi 
mention of Peter is placed just before a reference to Paul and the 
great multitude who “among us" suffered indignities and tortus 
and the “women persecuted as Danaids and Dircae.” Paul yy 
certainly martyred in Rome, and the others mentioned wm 
martyred in the Neronian persecution. It is therefore very un 
natural not to suppose that Clement is locating Peter's martyr 
death in Rome. 

The tradition that Peter was in Rome is attested in other au. 
thors: Ignatius’ epistle to the Romans implies that Peter, like Paul 
held authority in the Roman church; the apocryphal Ascensiond 
Isaiah refers to one of the 12 as being delivered into the hands of 
Beliar (ie., Nero, so Rome would be the place); the Roma 
episcopal lists make Peter the first bishop of the city; and №. 
carius of Magnesia quotes the Neoplatonist Porphyry as saying 
that Peter was crucified after shepherding the flock for a fev 
months, 

Perhaps the most interesting of the early evidence for Peri 
stay in Rome is the information of Gaius, a Roman presbyter t 
200, quoted in Eusebius’ church history: “I can point to th 
trophies of the apostles. If you go to the Vatican or to the Osim 
road, you will find the trophies of those who founded this church: 
Eusebius apparently understood “trophies” as graves, though th 
meaning of the word is not entirely clear (but see below, Siri! 
of Peter). ; " 

In the 4th century St. Peter was commemorated with St. m Н 
June 29, and the liturgy was celebrated in his honour not ШР 
the Vatican shrine but also at a joint shrine for both apost at 
a place called Catacumbas by the third milestone on the ies 
way. The decline of the belief that relics of the ape 
located at this latter shrine caused the dedication of the C Я 
to pass to St. Sebastian (see below). The Roman calendar wh 
attaches the year 258 to this commemoration on June 29; p% " 
the year marks the foundation of the shrine on the Appian 
The reasons for the foundation remain obscure. pable t 

All this evidence taken together makes it highly prom to) 
Peter did go to Rome and was martyred there. 0. hef 

Feast Days.—Peter and Paul are commemorated bs is 
June 29, and Peter has other special feast days also. 
episcopal throne (cathedra) is kept on Feb. 22, on w here he W 
formerly celebrated his episcopal throne at Antioch, W tival of $t 
traditionally bishop before he went to Rome. The Ws. di 
Peter in Chains on Aug. 1 is the dedication festival 0 
in Rome of St. Peter in Chains (San Pietro in 
structed by Sixtus III. The commemoration of Pe 
throne in Rome on Jan. 18 was abolished after 1960. ents dati 

Apocryphal Material.—Various apocryphal 0 reat 
from the 2nd century are attached to Peter's name. ‘ved in e 
(Kerygma), a “gospel” and an apocalypse have at fragt 
ments only. There is also the Acts of Peter, extant cael 
save for the part about his martyrdom, which contail entioned ) 
that his episcopate lasted 25 years, the legend (also Te ‚ий 
Origen) that he was crucified head downward, and ЖҮ yet 
story. This relates that in time of persecution = of the 0 
suaded to save his life by flight, but on his way ? cingi Lord! 
he met Jesus, whom he asked “Where are уон a gn 
(Quo vadis, domine?); on receiving the answer d to Rome 
Rome to be crucified again” Peter instantly returne e 
was martyred. the ай 


Primacy of Peter.— Peter held a leading if 0! 
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ition among the apostles during the ministry of Jesus. He 
received the surname “Rock,” was the first to see the risen Lord 
and was at any rate the de facto leader of the early Jerusalem 
durch. The nature and extent of his leadership and its origin 
ina commission from Jesus Christ needs to be examined. When 
the Third and Fourth Gospels were written, it was believed that 
he had been entrusted by Jesus with the functions of strengthen- 
ing the brethren (Luke xxii, 31-32) and leading the flock (John 
ni, 15-17). But the latter passage, though good evidence for 
the mind of sections of the church at the turn of the 1st century, 
las little claim to be regarded as an authentic utterance of Jesus. 
The saying ‘in Luke is more likely to be authentic, but its lan- 
guage is imprecise. 

Peter's claim to primacy turns mainly on the authenticity and 
interpretation of the crucial passage Matt. xvi, 16-19: in answer to 
Peter's exclamation "Vou are the Christ, the Son of the living 
God" Jesus said: 


"Blessed are you, Simon Bar-Jona! For flesh and blood has not re- 
vealed this to you, but my Father who is in heaven. And I tell you, 
you are Peter, and on this rock I will build my Church, and the powers 
of death shall not prevail against it. I will give you the keys of the 
kingdom of heaven, and whatever you bind on earth shall be bound 
in heaven, and whatever you loose on earth shall be loosed in heaven." 


Non-Roman Catholic scholars have tended to deny that this is a 
genuine saying of Jesus and to assert that it reflects certain local 
rivalries in the early church at the time when the Gospels were 
being compiled. The objections alleged against authenticity are 
the absence of the saying from the parallel passages in Mark and 
Luke, the use of the word ecclesia (“church”) and the contention 
that the idea of building or founding a church formed no part of 
Jesus’ teaching. The first objection has force against the context 
of the saying but none against its genuineness. Matthew’s extra 
material would not fit well into the episode as related by Mark, 
but it is Matthew’s regular practice to insert into a Markan con- 
text material derived from another source and this may very well 
lea piece of good tradition, The objection to the word ecclesia 
much weakened since it has been shown that the idea of the 
church is thoroughly Old Testament. The early Christian com- 
ro ciere that it was the true continuation of the "people 
3 d” or at any rate the true “remnant” thereof, and there is 
imas why Jesus, who certainly formed a community, should 
E thought and spoken in this way. He often speaks else- 
dicat the "flock." The conception of founding a church is 
sra if one accepts the extreme view of Albert Schweitzer 
dom чы contemplated the immediate consummation of the King- 
period dcs , But on any view that allows for, an intermediate 
buildin ете is no serious problem, and even the language of 
tra did and the image of the rock are deeply rooted in Jewish 
lon, 
^s genuineness of Matt. xvi, 18 may therefore be accepted even 
ohn not in its right context. There is a close parallel to it in 
ks. 38. Both halves of the statement “You are Peter 
Шм G Kepha; Greek Petros], and on this rock [Aramaic 
Peter,” Bars petra] I will build my church” certainly refer to 
rotesta n this point the Roman Catholic exegetes are right, and 
TR Be reluctance to admit it has been due to fear that the 
inst ea Position would be conceded with this one point. 
fts of de 5 Church of which Peter is the foundation rock the pow- 
church, thi h (literally, the gates of Hades) will not prevail. The 
йаг us shares in Christ's conquest of death, the apostles being 
48 such, У Ш ну of the resurrection and Peter first among them 
Ministrat he metaphor of the keys: (symbol of the power of ad- 
Era of the household) indicates the authority to give à 
king of acquittal or condemnation which will be valid in the 
Com of heaven, 
that ме other hand, the belief of the Roman Catholic Church 
isho uthority given to Peter is continued in and confined to 
Шыр: of Rome is nowhere stated in or implied by the New 
Meant the кан conclusion requires the assumption that Jesus 
and one church to have a visible centre concentrated in one place 
this cae Starting from that presupposition one can find 
| Te of unity in Rome. But one cannot find it in the New 
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Testament or the apostolic church. In fact the citation of Matt. 
xvi, 18-19 in the interest of Roman claims is not found until the 
beginning of the 3rd century (see also Papacy: The Schism of 
Hippolytus.) (Jo. Lo.) 

Shrines of Peter.— The earliest recoverable liturgical tradition, 
established at least as early as the middle of the 4th century A.D., 
associates St. Peter with two specific sites in Rome: the Vatican 
hill and, in association with St. Paul, the still-surviving church of 
St. Sebastian beside the Appian way. The literary record is in 
detail corrupt and full of obscurities, but in both cases the fact 
of an association of some sort has been established beyond dispute 
by excavation. 

St. Sebastian’s—The church of St. Sebastian, founded by 
Constantine I and originally known as the Basilica of the Apostles 
(i.e., of Peter and Paul), was built over the remains of a Roman 
cemetery of the imperial age. Within this cemetery three suc- 
cessive phases can be distinguished: a series of burials in an aban- 
doned pozzolana quarry, some of them as early as the 1st century 
A.D.; a formally constituted funerary area incorporating the re- 
mains of this early cemetery and including a group of typical 
2nd- and early 3rd-century mausoleums; and, built over the 
filled-in remains of both earlier phases, a funerary precinct of 
the second half of the 3rd century, comprising a mausoleum and 
several dependencies, on the walls of which (the so-called triclia) 
were found numerous grafiti recording the partaking of funerary 
banquets (refrigeria) in honour of SS. Peter and Paul. 

The triclia, which was certainly built after A.D. 239, was itself 
replaced early in the 4th century by Constantine’s church, and 
the tradition of an association with the two apostles was not only 
reaffirmed in the dedication but was also placed explicitly on 
record by Pope Damasus (366-384) in a metrical inscription in 
which he recorded that Peter and Paul had “dwelt” there, though 
whether in life or after death he unfortunately did not make clear. 
The later tradition that their bodies had lain there for a time im- 
mediately after their martyrdom may well have no more sub- 
stantial basis than the obscurities of Damasus' text; certainly 
attempts to find confirmation of it in the archaeological evidence 
carry no conviction. 

More plausible is the theory, based on a 4th-century record of 
the establishment of a joint cult of SS. Peter and Paul in 258, that 
the 3rd-century mausoleum was that of a well-to-do Christian 
and that the remains of the apostles were translated to it for 
safety during the great persecution of Valerian. Another sugges- 
tion, based on the absence of the name of Pope Cornelius from the 
document that records its institution, is that this was a schismatic, 
Novatianist shrine, established in rivalry to the official cult places 
on the Vatican hill and beside the Ostian way. There can be no 
certainty. In either case it is clear that after the so-called Edict 
of Milan, which legitimized Christianity, the significance of the 
association with Peter and Paul dwindled, and the dedication of 
the Constantinian basilica passed in time to St. Sebastian, whose 
body lay in the adjoining catacomb. 

The Vatican—The archaeological antecedents of the great 
church of St. Peter's built by Constantine I on the Vatican hill 
are no less complex. That in building it he believed himself to 
be honouring the actual grave of the apostle is proved by the 
formidable difficulties, both moral and physical, which he was 
prepared to face in order to build it where he did, terraced out 
from a steep hillside and obliterating a large and predominantly 
pagan cemetery that was still in active use. Excavation, while 
refuting the long-held belief that the southern half of the church 
rested on the substructures of the circus of Gaius and Nero (the 
traditional scene of Peter’s martyrdom), has shown that the circus 
was very close, just to the south of the church; it has shown also 
that the focal point of Constantine’s basilica was a marble- 
encased shrine enclosing the remains of a structure that may con- 
fidently be identified as the “trophy” of Peter which Eusebius 
cites as having been a well-known Christian monument more than 
a century before. 

Tt is uncertain whether this “trophy,” a small tabernaclelike 
structure of superimposed niches rather awkwardly inserted into 
the outer wall of a 2nd-century mausoleum, marks the actual grave 
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of the apostle. It was not built before about A.D. 160, and what- 
ever was contained within the lowest recess was long ago dispersed, 
probably in 846 by the Saracens. It is arguable that it was no 
more than a cenotaph, erected by the early church to commemorate 
Peter’s martyrdom nearby. There are, however, substantial argu- 
ments in favour of its having marked an actual grave. The mauso- 
leums of the 2nd-century cemetery replace and have largely ob- 
literated a number of earlier roadside graves, some of them as 
early as the reign of Nero; the builders of the trophy went to 
great pains to build it at a particular place and on a particular 
alignment, as if determined to mark the location of some very 
precisely defined object; and there are structural features of the 
trophy itself and of the wall into which it is built which suggest 
that this object may well have been a body. Whether the human 
bones (said to be part of the skeleton of an elderly man of robust 
physique) that were found within an arched-up recess in the 
foundations directly below the trophy came from such a grave can- 
not be determined. (See also VATICAN.) 

The archaeological evidence may be summarized as follows: It 
has not been proved that this was the site of Peter’s grave. On 
the other hand it has been proved that since about the year 160 
this spot has been the object of continuous veneration, a venera- 
tion which early hardened into a firm conviction that this was in 
fact the burial place of the apostle. It has moreover been shown 
that the surviving features of the 2nd-century shrine are con- 
sistent with, and in several respects most readily explained by, 
the hypothesis that it marks the site of an actual burial, which 
was disturbed by the builders of the adjoining mausoleum and 
which the contemporary Christian community rightly or wrongly 
identified as that of Peter. Whether, a century after Peter’s death, 
they had good grounds for their belief cannot be decided; but 
that the shrine which they erected became the centrepiece of 
Constantine’s basilica and that, situated directly beneath the high 
altar of the present church, it has remained the subject of con- 
tinuous veneration for more than 18 centuries is a demonstrable 
historical fact. See also APOSTLE. (J. B. W.-P.) 

BIBLIOGRAPHY.—O., Cullmann, Peter: Disciple, Apostle, Martyr, 2nd 
ed. (1962); J. Lowe, Saint Peter (1956); H. Lietzmann, Petrus und 
Paulus in Rom, 2nd ed. (1927); K. Heussi, Die römische Petrustradi- 
tion in kritischer Sicht (1958) ; A. Rimoldi, L’Apostolo San Pietro ... 
nella chiesa primitiva dalle ori al concilio di Calcedonia (1958) ; M. 
Besson, Saint Pierre et les origines de la primauté romaine (1929); C. 
Journet, Primauté de Pierre dans la perspective protestante et dans la 
perspective catholique (1953) ; A. Afanassiev et al, Der Primat des 
Petrus in der Orthodoxen Kirche (1961); J. Toynbee and J. Ward- 
Perkins, The Shrine of St. Peter and the Vatican Excavations (1956). 
For the iconography of St. Peter see H. Leclercq in F. Cabrol, Dic- 
tionnaire d'archéologie chrétienne et de liturgie, vol. 14, col. 822-981 
(1938); H. Aurenhammer, Lexikon der christlichen Ikonographie 
(1961) s.v. “Apostel.” (Jo. Lo.) 

PETER, SAINT, or ALCÁNTARA (1499-1562), Spanish 

Franciscan mystic, who devoted himself to the fostering of a 
severe form of Franciscan life, was born at Alcántara on the Tagus 
in the region of Extremadura. His father was Peter Garavito, a 
jurist, and his mother was Maria de Sanabria, both members of 
famous noble families. When he was 14 years old, Peter was sent 
to Salamanca to study philosophy and returned home at 16 to 
enter the Franciscan order. He was ordained a priest іп 1524. 
Peter’s efforts as а friar emphasized the penitential aspects of the 
life of St. Francis of Assisi rather than the other virtues of the 
saint. To carry out his desires, he wrote special instructions for 
those who wished to join him and founded convents, such as that 
of Pedrosa, unique for their isolation and discomfort, in Spain 
and Portugal. Later these friars, who came to be known as the 
Discalced or Alcantarine Friars Minor, spread to Italy, Germany 
and France. Peter carried on a spirited correspondence with St, 
Francis Borgia, St. Louis of Granada, Blessed John of Avila, and, 
in particular, St. Teresa of Avila, whom he aided in her reform 
of the Carmelites and whose autobiography remains one of the 
best sources concerning his life and spirituality. Peter is also the 
author of a treatise on prayer which has been translated into all the 
languages of Europe (English 1926). He died at Arenas near 
Avila on Oct. 18, 1562, and was canonized in 1669; his feast day 
is Oct. 19. (А. 5. TR.) 


РЕТЕК 


PETER І тне Great (1672-1725), tsar of Rus 
and emperor from 1721, was one of his country’s g 
men, organizers, and reformers. He was born in М, 
9 (new style; May 30, old style), 1672, the son of Tey 
Alexis by his second wife, Natalia Kirillovna Naryshkina a 
NamvsHKIN). Unlike his half brothers, sons of his father’s finst 
wife, Maria Ilinishna Miloslavskaya, he proved a healthy chii 
lively and inquisitive. It is probably significant to his develop. 
ment that his mother's former guardian, Artamon Sergeevich Mit 
veev (g.v.), had raised her in an atmosphere open to progressive 
influences from the West. 


BIOGRAPHY AND EXTERNAL EVENTS 


Youth and Accession.—When Alexis died in 1676, Peter yas 
only four years old. His elder half brother, a sickly youth, then 
succeeded to the throne as Fedor III; but in fact power fell into 
the hands of the Miloslavskis, relatives of Fedor's mother, who 
deliberately pushed Peter and the Naryshkin circle aside, When 
Fedor died childless in 1682, a fierce struggle for power ensued 
between the Miloslavskis and the Naryshkins: the former wanted 
to put Fedor's brother, the delicate and feeble-minded Ivan (qs) 
V, on the throne; the Naryshkins stood for the healthy and in 
telligent Peter. Representatives of the various orders of society, 
assembled in the Kremlin, declared themselves for Peter, who 
was then proclaimed tsar; but the Miloslavski faction exploited 
a revolt of the Moscow streltsy (q.v.), or musketeers of the sov- 
ereign’s bodyguard, who killed some of Peter’s adherents, including 
Matveev. Ivan and Peter were then proclaimed joint tsars; and 
eventually, because of Ivan's precarious health and Peter's youth, 
Ivan's 25-year-old sister Sophia (g.v.) was made regent, Clever 
and influential, Sophia took control of the government, Excluded 
from public affairs, Peter lived with his mother in the village of 
Preobrazhenskoye, near Moscow, often fearing for his person 
safety. All this left an ineradicable impression on the young tsars 
mind and determined his negative attitude toward the streltsy. 

One result of Sophia’s overt exclusion of Peter from the govern 
ment was that he did not receive the usual education ofa Rus 
sian tsar: he grew up in a free atmosphere instead of being com 
fined within the narrow bounds of a palace. While his first s 
the former church clerk Nikita Zotov, could give little to a 
Peter's curiosity, the boy enjoyed noisy outdoor games an i 
especial interest in military matters, his favourite toys being ү 
of one sort or another. He also occupied himself with саре” 
joinery, blacksmith’s work, and printing. element” 

Near Preobrazhenskoye there was a “German seti rd 
(Nemetskaya sloboda), or colony where foreigners were wi i 
to reside. Acquaintance with its inhabitants aroused P 
terest in the life of other nations, and an English аши 
derelict іп а shed, whetted his passion for seafaring. Ma Jed most 
fortification, and navigation were the sciences that appea senell 
strongly to Peter. A model fortress was built for his any 
and he organized his first “play” troops, from which ee 
Preobrazhenski and Semenovski Guards regiments were 
to become the nucleus of a new Russian Army. s 1 

Early in 1689, Natalia Naryshkina arranged Peters тт 
to the beautiful Eudoxia (Evdokiya Fedorovna Lop the fae 
was obviously a political act, intended to demons 
that the 17-year-old Peter was now a grown man, us Peter S0 
tule in his own name. The marriage did not last long: convent 
began to ignore his wife, and in 1698 relegated her to à E "m 

In August 1689 a new revolt of the streltsy took P anote! 
and her faction tried to use it to their own advantage in Peter! 
coup d'état, but events this time turned decisiv ne her t0 
favour. He removed Sophia from power and banis ie supp, 
Novodevichi convent, where later in the year, es ugh a 
sion of the revolt, she was tonsured as a num. Tti m 
remained nominally joint tsar with Peter, the adminis? v. il 
now largely given over to Peter’s kinsmen, the 


sia from 168) 
Teatest states, 
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Ivan’s death (1696). Peter, meanwhile, went on er? sailed 1 
and nautical amusements, in the course of whic es were g 
first seaworthy ships to be built in Russia. His ga™ 
training for the tasks ahead. 
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The Azov Campaigns (1695—96) .—At the beginning of Peter's 
sion Russia Was territorially a huge power, but with no access to 
te Black Sea or to the Baltic, and to win such an outlet became 
in goal of Peter's foreign policy. The first steps taken 
direction were the campaigns of 1695 and 1696, with the 
pect of capturing Azov from the Crimean Tatar vassals of 
‘Turkey. On the one hand these Azov campaigns could be seen 
С fulfilling Russia's commitments, undertaken during Sophia’s 
“regency, to the anti-Turkish “Holy League” of 1684 (Austria, 
‘Poland, and Venice); on the other they were intended to secure 
the southern frontier against Tatar raids, as well as to approach 
the Black Sea. The first campaign ended in failure (1695), but 
his did not discourage Peter: he promptly built a fleet at Voronezh 
[û «ail down the Don River, and in 1696 Azov was captured. То 
‘consolidate this success the town of Taganrog was founded on 
the northern -shore of the Don Estuary, and the building of a 
‘Jae navy was started. 

си Grand Embassy (1697- 
00. Having already sent some 
young nobles abroad to study 
пайса) matters, Peter, in 1697, 
‘Went with the so-called Grand 
Embassy to Western Europe. 
The embassy comprised about 
150 people, with the “grand am- 
bassadors” Francois Lefort, F. A. 
Golovin, and Р. B. Voznitsyn at 
ishead; Its chief purposes were 
{examine the international situ- 
ation and to strengthen the anti- 
Tirkish coalition; but it was also 
Intended to gather information 
othe economic and cultural life 
û Europe. Traveling incognito 
Inder the name of Sergeant Petr 
Mikhailov, Peter familiarized 
himself with conditions in the ad- 
Yiced countries of the West: for 
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four months he worked as a sim- 
Tleship's carpenter in the yard of 
the Dutch East India Company 
И Stardam; and after that he 
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1723. IN THE HERMITAGE, LENIN- 


GRAD 
Went to Great Britain, where he 


ч his study of shipbuilding, working in the Royal Navy’s 
"yard at Deptford, and also visited factories, arsenals, schools, 
E m and even attended a session of Parliament. 
mia the services of foreign experts were engaged for work 
m diplomatic side of the Grand Embassy, Peter conducted 
Чї n with the Dutch and British governments for alliances 
ürkey; but the Maritime Powers did not wish to involve 
[en ves with him, as they were preoccupied with the problems 
f, е soon to come to a crisis, for them, in the War of the 
T Succession (g.v.). 
Mepa i uction of the Streltsy (1698).—From England, 
7 once on to Austria; but while he was negotiating in Vienna 
V fresh Ron of the anti-Turkish alliance, he received news of 
ê Wag EN of the streltsy in Moscow. In the summer of 1698 
paralleled f in Moscow. where he suppressed the revolt with un- 
i prese d conducting the investigations himself and be- 
йу p» at the torture of the accused. Hundreds of the 
| бп, еге executed, the rest of the rebels were exiled to distant 
The от» of the streltsy was disbanded. 
Austria B ern War (1700-21).—When it became clear that 
fr t. less than the Maritime Powers, was preparing to fight 


Utkey, eh Succession and was about to make peace with 
р 


Sea of 


eter abandoned his plans for pushing forward from the 
leno to the Black Sea, as he saw that Russia could not 
Turkish P €a war without allies against the Turks. By the Russo- 
He was Cace of Istanbul (1700) he retained possession of Azov. 
[yd turning his attention to the Baltic instead, following 

tion of his predecessors. 


737 


Occupying Karelia, Ingria, Estonia, and Livonia, the Swedes 
blocked Russia’s way to the Baltic coast. To dislodge them, Peter 
took an active part in forming the great alliance, comprising Rus- 
sia, Saxony, and Denmark-Norway, which started the Northern 
War (q.v.) jn 1700. This war lasted for 21 years and was Peter’s 
main military enterprise. In planning it and in sustaining it he 
displayed iron willpower, extraordinary energy, and outstanding 
gifts of statesmanship, generalship, and diplomacy. Mobilizing 
all the resources of Russia for the triumph of his cause, constantly 
keeping himself abreast of events, and actively concerning himself 
with all important undertakings, often at his personal risk, he 
could be seen sometimes in a sailor’s jacket on a warship, some- 
times in an officer’s uniform on the battlefield, and sometimes 
in a labourer’s apron and gloves with an axe in a shipyard. 

The defeat of the Russians at Narva (1700), very early in the 
war, did not deter Peter and, in fact, he later described it as a 
blessing: “Necessity drove away sloth and forced me to work night 
and day.” He subsequently took part himself in the siege which 
led to the Russian capture of Narva (1704) and in the Battles of 
Lesnaya (1708) and of Poltava (1709). At Poltava, where 
Charles XII of Sweden suffered a catastrophic defeat, the vic- 
torious plan of operations was Peter’s own: it was his idea to 
transform the battlefield by the works of his military engineers— 
the famous redoubts erected in the path of the Swedish troops so 
as to break their combat order, to split them into little groups, 
and to halt their onslaught. Peter also took part in the naval bat- 
tle of Gangut (Hanko, or Hangó) in 1714, the first major Russian 
victory at sea. 

The treaties concluded by Russia in the course of the war were 
made under Peter’s personal direction. He also traveled far 
abroad again for diplomatic reasons; e.g., to Pomerania in 1712 
and to Denmark, northern Germany, Holland, and France in 
1716-17. 

In 1706, on the banks of the Neva River, where it flows into 
the Gulf of Finland, Peter began construction on the city of St. 
Petersburg (now Leningrad [g.v.]), and established it as the new 
capital of Russia in 1712. By the Peace of Nystad (Sept. 10 
[N.S.; Aug. 30, O.S.], 1721), the eastern shores of the Baltic 
were at last ceded to Russia; Sweden was reduced to the status of 
a secondary power; and the way was opened for Russian domina- 
tion over Poland. 

Tn celebration of his triumph, Peter on Nov. 2 (N.S.; Oct. 22, 
O.S.), 1721, changed his title from tsar to that of emperor (im- 
perator) of all the Russias. 

The Popular Revolts (1705-08).—The peasant serfs and the 
poorer urban workers had to bear the greatest hardships in war- 
time and moreover were intensively exploited in the course of 
Peter's great work for the modernization and development of Rus- 
sia (see below, Internal Reforms), Their sufferings, combined 
with onerous taxation, provoked a number of revolts, the most 
important of which were that of Astrakhan (1705-06) and that 
led by Kondrati Afanasievich Bulavin in the Don Basin (1707- 
08). These revolts were savagely put down. 

The Turkish War (1710-13), with the Prut Campaign.— 
In the middle of the Northern War, when Peter might have pressed 
further the advantage won at Poltava, Turkey declared war on 
Russia. In the summer of 1711 Peter marched against the Turks 
through Bessarabia into Moldavia, but was surrounded, with all 
his forces, on the Prut River. Obliged to sue for peace, he was 
fortunate to obtain very light terms from the inept Turkish ne- 
gotiators, who allowed him to retire with no greater sacrifice than 
the retrocession of Azov. The Turkish government soon decided 
to renew hostilities, but the Peace of Adrianople (Edirne) was 
concluded in 1713, leaving Azov to the Turks (see Russo-TURKISH 
Wars). From that time on Peter’s military effort was concen- 
trated on winning his war against Sweden. 

The Tsarevich Alexis and Catherine (to 1718). —Peter had 
а son, the tsarevich Alexis (q.v.) by his discarded wife Eudoxia. 
Alexis was his natural heir. but grew up antipathetic to him, 
irresponsibly dissolute, and prone to reactionary influences work- 
ing against Peter’s reforms. Peter, meanwhile, had formed a last- 
ing liaison with a low-born woman, the future empress Catherine I 
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(q.v.), who was bearing him other children and whom he married 
in 1712. Pressed finally to mend his ways or to become a monk in 
renunciation of his hereditary rights (1716), Alexis took refuge 
in the dominions of the Holy Roman emperor Charles VI, but was 
induced to return to Russia in 1718. Thereupon proceedings were 
brought against him on charges of high treason, and after torture 
he was condemned to death. He died in prison, presumably by 
violence, before the formal execution of the sentence. 

The Persian Campaign (1722-23).—Even during the second 
half of the Northern War, Peter had sent exploratory missions to 
the east—to the Central Asian steppes in 1714, to the Caspian re- 
gion in 1715, and to Khiva in 1717. The end of the war left him 
free to resume a more active policy on his southeastern frontier. 
In 1722 he set off on a military expedition against the Persians, 
which won for Russia not only Derbent and Baku on the western 
shore of the Caspian but also the southern coast of that sea as far 
eastward as Astrabad. 

Death.—The campaign along the parched shores of the Caspian 
obviously put a great strain on Peter's health, already undermined 
by enormous exertions and also by the excesses in which he oc- 
casionally indulged himself. In the autumn of 1724, seeing some 
soldiers in danger of drowning from a ship aground on a sand- 
bank in the Gulf of Finland, he characteristically plunged himself 
into the icy water to help them. Catching a chill, he became seri- 
ously ill in the winter, but even so continued to work: it was at 
this very time that he drew up the instructions for the expedition 
of Vitus Bering (q.v.) to Kamchatka. 

Peter died in St. Petersburg on Feb. 8 (N.S.; Jan. 28, O.S.), 
1725, leaving an empire which stretched from Arkhangelsk (Arch- 
angel) on the White Sea to Mazanderan on the Caspian and from 
the Baltic Sea to the Pacific Ocean. Though he had in 1722 is- 
sued a decree reserving to himself the right to nominate his suc- 
cessor, he did not in fact nominate anyone. His widow Catherine, 
whom he had had crowned as empress in 1724, succeeded to his 
throne, to the temporary exclusion of his grandson, the future 
Peter II, son of Alexis. 


INTERNAL REFORMS 


Russia at the beginning of Peter’s reign was backward by com- 
parison with the countries of Western Europe. This backwardness 
inhibited foreign policy and even put Russia’s national indepen- 
dence in danger. Peter’s aim therefore was to overtake the devel- 
oped countries of Western Europe as soon as possible, in order 
both to promote the national economy and to ensure victory in 
his wars for access to the seas. Breaking the resistance of the 
boyars, or members of the ancient landed aristocracy, and of the 
clergy and severely punishing all other opposition to his projects, 
he started out on a series of reforms affecting, in the course of 
25 years, every field of the national life—administration, industry, 
commerce, technology, and culture. 

The Towns.—At the beginning of Peter’s reign there was al- 
ready some degree of economic differentiation between the various 
regions of Russia; and in the towns artisans were establishing 
small businesses, production on a small scale was expanding, and 
industrial plants and factories were growing up, with both hired 
workers and serfs employed. There was thus a nascent bourgeoisie, 
which benefited considerably from Peter's plans for the develop- 
ment of the national industry and trade. The reform of the urban 
administration was particularly significant. 

By a decree of 1699 townspeople (artisans and tradesmen) were 
released from subjection to the military governors of the provinces 
and were authorized to elect municipalities of their own, which 
would be subordinated to the Moscow municipality or ratusha, 
the council of the great merchant community of the capital, This 
reform was carried farther in 1720, with the establishment of a 
Chief Magistracy in St. Petersburg, to which the local town mag- 
istracies and the elected municipal officers of the towns (mayors, 
or burmistry; and councilors, or ratmany) were subordinated, 

All townspeople, meanwhile, were divided between “regulars” 
and “commons” (inferiors). The “regulars” were subdivided be- 
tween two guilds, the first comprising rich merchants and members 
of the liberal professions (doctors, actors, and artists), the second 
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artisans (classified according to their vocations) and small tra 
men. A merchant belonged to the first or to the second 11 
according to the amount of his capital; and those who Nus 
manufacturers had special privileges, coming under the їшї. 
tion of the College (see below) of Manufactures and being exemp - 
from the billeting of troops, from elective rotas of duty, and E 
military service. The "commons" were hired labourers, Withou. 
the privileges of “regulars.” | 

Thanks to the reforms, the economic activity and the popula. | 
tion of the towns increased. Anyone engaged in trade was 
permitted to settle in a town and to register himself in the ар 
propriate category; and there was a right of “free commerce for 
people of every rank.” 

The Provinces and the Districts.—In order to create a more 
flexible system of control by the central power, Russia was teri. 
torially divided in 1708 into eight gubernii or “governments,” each 
under a governor appointed by the tsar and vested with admin. 
istrative, military, and judicial authority. In 1719 these guberni 
were dissolved into 50 provintsii or provinces, which in tum were 
subdivided into “districts.” The census of 1722, however, ws 
followed by the substitution of a poll tax for the previous hearth 
tax; and this provoked a wave of popular discontent, against which 
Peter decided to distribute the army regiments (released from 
active service by the Peace of Nystad) in garrisons throughout 
the country and to make their maintenance obligatory on the local 
populations. Thus came into being the “regimental districts,’ 
which did not coincide with the administrative. The regimental 
commanders, with their own sphere of jurisdiction and their om 
requirements, added another layer to the already complex system 
of local authority. 

The Central Government.—In the course of Peter's rim 
medieval and obsolescent forms of government gave place to effec 
tive autocracy. In 1711 he abolished the boyarskaya duma ot 
boyar council (see Boyar) and established by decree the Senate 
the supreme organ of state, to coordinate the action of the varus 
central and local organs, to supervise the collection and expendi 
ture of revenue, and to draft legislation in accordance with bs 
edicts, Martial discipline was extended to civil institutions, 
an officer of the Guards was always on duty in the Senate. From 
1722, moreover, there was a procurator-general keeping watch over 
the daily work of the Senate and its chancellery and acting 8 
"the eye of the sovereign" in the Senate. 

When Peter came to power the central departments of state wert 
the prikazy, or “offices,” of which there were about 80, facce 
ing in a confused and fragmented way. To replace most 0 i) 
outmoded system, Peter in 1718 instituted 9 “colleges” (war 
or boards, the number of which was by 1722 expanded ШШ 
Each had its own competence: for example, the College Mo 
ternal Affairs was responsible for foreign policy, the College 0 "m 
for the Army, the Admiralty College for the Navy, the JU? 
College for the civil and criminal courts, the College of Mines 
natural resources, the College of Manufactures for industr! 
duction. Their activities were controlled on the one Ыы ions 
“General Regulation” and on the other by particular TE 
for individual colleges, and indeed there were strict 1%, 
for every branch of the state administration. Crimes en 
state came under the jurisdiction of the Preobrazhen: 
which was responsible immediately to the tsar. bassy 

Industry.—A secondary purpose of Peter’s Grand cl 
Western Europe in 1697 (see above) had been to obtain the 
acquaintance with advanced industrial techniques; 9? 
gencies of his great war against Sweden, from 1700, ma de art 
trial development an urgent matter. In order to prov! кай 
ments and to build his navy (as Russia had virtually no scl 
at all), metallurgical and manufacturing industries on 2 P^. oi 
had to be created, and Peter devoted himself tirelessly (0 
these needs. Large capital investments were made, an E 
privileges were accorded to businessmen and industrialis al 
privileges included the right to buy peasant serfs for 
workshops, with the result that a class of “enliste 
into existence, living in specified areas and bound to th 
The methods of other countries were further studied, 
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erts were invited to Russia. The overall result was satisfac- 
шу: the Army and the Navy were of course supplied with their 
material needs; more than 200 manufacturing establishments were 
founded (mainly with serf labour) ; the metallurgical industry 
vasso far advanced that by the middle of the 18th century Russia 
Jed Europe in this field; and the foreign-trade turnover was in- 
creased sevenfold in the course of the reign. 
The Armed Forces.—Peter established a regular army on com- 
pletely modern lines for Russia in the place of the unreliable 
йу and the militia of the gentry. While he drew his officers 
from the nobility, he conscripted peasants and townspeople into 
фе other ranks, and service was for life. The troops were equipped 
їй fintlock firearms and bayonets of Russian make; uniforms 
were provided; and regular drilling was introduced. For the artil- 
Jy, obsolete cannon were replaced with new mortars and guns de- 
dped by Russian specialists or even by Peter himself (he drew 
wp projects of his own for multicannon warships, fortresses, and 
ordnance). The Army Regulations of 1716 were particularly im- 
portant, as they required officers to teach their men “how to act 
in battle,” “to know the soldier’s business from first principles and 
not to cling blindly to rules," and to show initiative in the face of 
the enemy. 
Tor the Navy, Peter’s reign saw the construction, within a few 
years, of 52 battleships and hundreds of galleys and other craft. 
‘Thus a powerful Baltic fleet was brought into being. 
The Gunners’ School (founded in 1699), the Artillery School 
(1701), the School of Mathematical and Navigational Sciences 
(1701), and the Maritime Academy (1715) prepared their pupils 
lor military or naval service and finally enabled Peter to dispense 
vith foreign experts. 
Cultural and Educational Measures.—From Jan. 1, 1700, 
Peter introduced а new chronology, making the Russian calendar 
conform to European usage with regard to the year, which in 
Rusia had hitherto been numbered “from the Creation of the 
World and had begun on Sept. 1 (he adhered however to the 
ш Old Style as opposed to the Gregorian New Style for the 
ys of the month). In 1710 the Old Church Slavonic alphabet 
Wis modernized into a secular script. 
vi was the first ruler of Russia to sponsor education on sec- 
ree and to bring an element of state control into that field. 
sh * secular Schools were opened, and since too few pupils 
(Pu rom the nobility the children of soldiers, officials, and 
Rint were admitted to them. In many cases, compulsory 
lios 0 the state was preceded by compulsory education for it. 
ibi 8 Were also permitted to go abroad for their education and 
rus tint compelled to do so (at the state's expense). 
күш nslation of books from Western European languages ‘was 
вао omoted. The first Russian newspaper Vedomosti 
Eur) appeared in 1703. The Russian Academy of Sci- 
cde ied by Peter's decree in 1724. E 
lien; s useful measures, Peter often enforced superficial 

ае rather brutally; for example, when he decreed 
‘aly he to be shorn off and Western dress worn. He per- 
tats (kaft beards of his boyars and the skirts of their long 

Winsted The Raskolniki (Old Believers) and merchants 

edes keeping their beards had to pay a special tax; but 

The Ch the Orthodox clergy were allowed to remain bearded. 
Church of yn 1721, in order to subject the Orthodox 
of Moscow ussia to the state, Peter abolished the Patriarchate 
church in toad the patriarch’s place as head of the 
Ching o = en by a Spiritual College, namely the Holy Synod, 
ШЕ Sue oes of the hierarchy obedient to the tsar’s 
‘pointed 5 ar official, the ober-prokuror or chief procurator, was 
The 31 y the tsar to supervise the Holy Synod’s activities. 
dict d Synod ferociously persecuted all dissenters and con- 

Pritts oo of all publications. 1 
mons an d Ciating in churches were obliged by Peter to deliver 
Vn an ü exhortations to make the peasantry "listen to rea- 
Row up «0 teach such prayers to children that everyone would 
erey E of God” and in awe of the tsar. The regular 
% We Orbidden to allow men under 30 years old or serfs 

5 as monks, 
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The church was thus transformed into a pillar of the absolutist 
regime. Partly in the interests of the nobility, the extent of land 
owned by the church was restricted, while Peter disposed of ec- 
clesiastical and monastic property and revenues at his own dis- 
cretion, for state purposes. 

The Nobility.—The material position of the landed nobility 
was considerably strengthened under Peter. About 43,000 ha. of 
land and 175,000 serfs were allotted to it in the first half of the 
reign alone. Moreover, the decree of 1714, which instituted suc- 
cession by primogeniture and so prevented the breaking-up of large 
properties, also removed the old distinction between pomestia 
(lands granted by the tsar to the nobility in return for service) 
and votchiny (patrimonial or allodial lands), so that henceforth 
all such property became hereditary. 

On the other hand the status of the nobility was modified not 
only by Peter's general favouring of the bourgeoisie but in par- 
ticular by his famous Table of Ranks (1722). This replaced the 
old system of promotion in the state services, which had been 
according to ancestry, by one of promotion according to services 
actually rendered. It classified all functionaries—military, naval, 
and civilian alike—in 14 categories, the 14th being the lowest and 
the 1st the highest; and admission to the 8th category conferred 
hereditary nobility. Factory owners and others who had risen 
to officer's rank could accede to the nobility, which thus received 
rss blood. The predominance of the boyars was brought to an 
end. 


PERSONALITY AND ACHIEVEMENT 


Peter was of enormous height, more than six and one-half feet 
(two metres) tall, handsome, and of unusual physical strength. 
Unlike all earlier Russian tsars, whose Byzantine splendours he 
repudiated, he was very simple in his manners: he enjoyed con- 
versation over a mug of beer with shipwrights and sailors from the 
foreign ships visiting St. Petersburg. Restless, energetic, and im- 
pulsive, he did not like splendid clothes which hindered his move- 
ments; often he appeared in worn-out shoes and an old hat, still 
more often in military or naval uniform. He was fond of merry- 
making and knew how to conduct it, though his jokes were fre- 
quently crude; and he sometimes drank heavily and forced his 
guests to do so too. A just man who did not tolerate dishonesty, 
he was terrible in his anger and could be cruel when he encountered 
opposition: in such moments only his intimates could soothe him 
—]best of all his beloved second wife, Catherine, whom people fre- 
quently asked to intercede with him for them. Sometimes Peter 
would beat his high officials with his stick, from which even Prince 
A. D. Menshikov (q.v.), his closest friend, received many a stroke. 
One of Peter’s great gifts of statesmanship was the ability to pick 
talented collaborators for the highest appointments, whether from 
the foremost families of the nobility or from far lower levels of 
society, such as Menshikov, P. P. Shafirov, and A. I. Osterman 
(q.v). 

As a ruler, Peter often used the methods of a despotic land- 
lord—the whip and arbitrary rule. He always acted as an autocrat, 
convinced of the wonder-working power of compulsion by the 
state. Yet with his insatiable capacity for work he saw himself 
as the state's servant, and whenever he put himself in a subordi- 
nate position he would perform his duties with the same con- 
scientiousness that he demanded of others. He began his own 
army service in the lowest rank and required others likewise to 
master their profession from its elements upward and to expect 
promotion only for services of real value. 

Peter's personality left its imprint on the whole history of 
Russia. A man of original and shrewd intellect, exuberant, coura- 
geous, industrious, and iron-willed, he could soberly appraise 
complex and changeable situations so as to uphold consistently 
the general interests of Russia and his own particular designs. 
Though he did not completely bridge the gulf between backward 
Russia and the advanced countries of the West, his territorial 
conquests and his foundation of the Navy made Russian a Great 
Power, without whose concurrence no important European prob- 
lem could henceforth be settled. His internal reforms achieved 
progress to an extent that no earlier innovator could have en- 
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visaged. See further RUSSIAN HISTORY. 

BisLrocRAPHY.—'The numerous works in Russian dealing with Peter 
and his age include an edition of his “Letters and Papers" in 11 vol- 
umes (1887-1962) and collections of his legislative acts (1910 and 
1945). Works in English include B. H. Sumner, Peter the Great and 
the Ottoman Empire (1949) and Peter the Great and the Emergence 
of Russia (1950) ; Ian Grey, Peter the Great, Emperor of All Russia 
(1960). See also R. Wittram, Peter der Grosse: der Eintritt Russlands 
in die Neuzeit (1954). (L. A. N.) 

PETER II (1715-1730), emperor of Russia from 1727, was 
born on Oct. 23 (new style; 12, old style), 1715, the only son of 
the tsarevich Alexis (Aleksei Petrovich) and Sophia Charlotte of 
Brunswick-Wolfenbüttel. His mother died after giving birth to 
him; his father was put to death in 1718; and thenceforward the 
orphan was kept in the strictest seclusion. On May 18 (N.S.; 7, 

O.S.), 1727, however, according to the terms of the supposed last 
will of the empress Catherine I, he was proclaimed sovereign 
autocrat. His education was entrusted to the vice-chancellor A. I. 
Osterman, Prince А. D. Menshikov (q.v.), who lodged Peter II 
in his own palace on Vasilevski Island, had intended to marry him 
to his daughter Maria; but the scheme was frustrated by Men- 
shikov's fall from power in September 1727. Peter then became 
a tool of the Dolgoruki family, who carried him away from St. 
Petersburg to Moscow. Crowned in Moscow on March 6 (NS.; 
Feb. 24, O,S.), 1728, the young emperor was encouraged to in- 
dulge in thoughtless pleasures. He was betrothed to Catherine, 
a daughter of Aleksei Dolgoruki, but died of smallpox on the day 
fixed for the wedding, Jan, 29 (N.S.; 18, O.S.), 1730. 

See К. Waliszewski, L'Héritage de Pierre le Grand . . . (1900). 

PETER III (1728-1762), emperor of Russia during the first 

half of 1762, was born at Kiel in Holstein-Gottorp on Feb, 21, 

1728, the only son of Charles Frederick, duke of Holstein-Gottorp, 
and of Anna, eldest surviving daughter of the Russian emperor 
Peter the Great, In December 1741 he was designated as successor 
by his mother’s sister the empress Elizabeth, as soon as she was 
established on the Russian throne. On Nov. 18 (new style; 7, old 
style), 1742, he was received into the Orthodox Church, exchanging 
his original name of Karl Ulrich Peter for that of Peter Fedorovich 
and being proclaimed heir to the Russian throne, On Aug. 21 
(N. S.), 1745, by order of the empress Elizabeth, he was married, 
in St. Petersburg, to Sophia Augusta Frederica of Anhalt-Zerbst, 
who took the name of Catherine Alekseevna (see CATHERINE II the 
Great), He was physically less than a man and mentally little 
more than a child; she was of prodigious intellect and insatiable 
appetite for pleasure, 

Having succeeded Elizabeth on Jan. 5, 1762 (N.S.; Dec. 25, 
1761, O.S.), Peter not only expressed his intention to divorce 
Catherine but also displayed in ever increasing measure the oddest 
moods, arousing by his tactless folly the contempt of the court 
camarilla and of the clergy. Even his manifesto of March 1 (N.S.), 
1762, which relieved the gentry of compulsory military service, did 
not mitigate hostile feelings. 

Peter abruptly reversed Elizabeth's policy with regard to Rus- 
sia’s participation in the Seven Years’ War (q.v.). He had not 
been on the throne for two months when he made pacific overtures 
to the king of Prussia, Frederick the Great, to whom he habitually 
alluded as "the king my master." His worship of Frederick re- 
sulted in a peace and then in an offensive and defensive alliance 
between Russia and Prussia ; and all the territory won from Prussia 
by Russia during the preceding five years was restored to Frederick. 
A series of menacing rescripts were then addressed to Vienna, in 
which Peter threatened war unless Austria instantly complied with 
all Frederick's demands. Finally he quarreled with Denmark, and 
the Russian army received orders to invade Denmark by way of 
Mecklenburg. Before the actual collision took place, however 
the army received news of the coup d’état by which Catherine 
succeeded to the Russian throne in her husband’s place. 

Peter, who had abdicated on July 10 (N.S.), 1762, was taken into 
custody at Ropsha, near St. Petersburg. A few days later, on 
July 17 (N.S.; 6, O.S.), he was killed in a brawl, through the con- 
nivance of his custodian, Aleksei G. Orlov, and other officers. 

See R. N. Bain, Peter ПІ... (1902). 

PETER (Pepro), the name of four kings of Aragon. 
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Peter I (1068-1104), king from June 1094 in Succession to ji 
father Sancho V Ramirez, conquered Huesca (1096) and Bare 
(1100) from the Moors of Saragossa (Zaragoza). He Was typ 
married but left no children and was succeeded by his bri 
Alfonso I. 

PETER II (1174-1213), king from April 1196, was the eldest us 
and successor of Alfonso П. He was an impulsive and brave wan 
rior, but vain and incautious. He married (1204) Mary, lady e 
Montpellier, and thus greatly extended Aragonese power jn south. 
ern France. Despite the violent objections of his Subjects, he hag 
himself crowned by Pope Innocent III in Rome and declared li 
kingdom a feudatory of the Holy See (1204). Peter, with othe 
Spanish kings, took a prominent part in the victory over the Moon 
at Las Navas de Tolosa (July 16, 1212); but he then went ощ. 
port his brother-in-law Raymond VI of Toulouse against the c. 
sader Simon de Montfort in Languedoc. There he was killed j 
the Battle of Muret on Sept. 12, 1213. His son James I succeeded 
him. 

PETER ТЇЇ the Great (1239-1285) became king in July 12% 
on the death of his father, James I. In 1262 he had married б 
stance, heiress of Manfred, the Hohenstaufen king of Sicily; ad 
after the revolt of the Sicilians in 1282 he invaded the island anf 
was proclaimed king at Palermo, despite strong Guelph and papd 
opposition (see SICILIAN VEsPERs). His Sicilian enterprise wi 
unpopular in Aragon, where an association of nobles and som 
municipalities, the Unión Aragonesa, forced him to grant a privil 
not only confirming the Aragonese fueros but diminishing somed 
the crown's rights. In 1285 Philip III of France invaded Ange 
to dethrone Peter, but was disastrously defeated. Peter, howe 
died in November 1285. His great stature and physical streng 
were famous, Among his children were Alfonso III of Argu 
James I of Sicily (II of Aragon), and Frederick III of Sicily. 

Peter IV the Ceremonious (1319-1387) was born at Balague, 
the son of Alfonso IV, whom he succeeded in January 1336, Bt 
was the most cultivated of Spanish 14th-century kings. Hew 
also an inveterate political intriguer whose ability to dissemble Wi 
notorious. Through his voluminous correspondence, the working 
of his mind are far better known than those of any contempo 
Spanish ruler. Having picked a quarrel with James III of Majora 
he reincorporated the possessions of the Majorcan crown, ni 
the Balearic Islands and Roussillon, by force into his own do 
(1343-44). He next crushed the long-standing pretensions E 
Aragonese nobles by defeating the armies of the Unión ipis 
at Epila (1348), thereafter displaying the extreme vindicti 
that he always showed when his authority was challenged. ^ 
had to contend with revolt in Sardinia throughout his reigh; 
he succeeded, by political and military means, in preparing’ 
future reunion of Sicily to the Aragonese crown and was inh 
by the Catalan Almogávares as duke of Athens and Мер! 
1380. г 
The chief event of his reign, however, was the intermitent ү 
(1356-66) against Pedro I of Castile. Urged on by es 
by his own ambitions, Peter underwrote Henry of Taf T 
claims to the Castilian throne in exchange for a promised © 
of one-sixth of Castile. The war was disastrous to Маш 
was saved only by the intervention of the mercenary co 
brought from France by Bertrand du Guesclin. HEU ater I 
mara failed to honour any of his promises to Peter, and? referti 
Charles V of France took no trouble to conceal that ер 
his alliance with Castile to that with Aragon. As i, 
now pursued a complicatedly neutral approach to 9 
Years’ War, with some bias in favour of the Englis ite j 
years were clouded by a quarrel with his heir, the dune В 
who in 1380 married Yolande of Bar instead of the Siclill jy 
chosen for him by Peter and who then let himsel 
tool of French intrigues against Aragonese neutrality, рел 

Peter IV died in Barcelona on Jan. 5,1387. He ha p, E.R 
ried four times. A of 

PETER, king of Castile: see Pero the Cruel, king 

PETER, kings of Portugal: see PEDRO. 3 and ol 

PETER I (1844-1921), king of Serbia from 190 pega 
Serbs, Croats, and Slovenes from 1918, was born in 


style; June 29, old style), 1844, the third son of 
nder Karageorgevich and Princess Persida, née 
_ He became heir after his elder brother Svetozar's 
47) and was in Switzerland when his father abdicated 
Educated in France (at the Collége Sainte-Barbe in Paris, 
"and at the École Supérieure de Guerre in Metz), he 
іопей in 1867 as Lieut. Kara in the French Army. In 
German War, he distinguished himself at Villersexel 
871), was awarded the Légion d’honneur and was taken 
the Germans, but escaped by swimming the Loire. As 
сопіс, he fought against the Turks during the Herce- 
insurrection in 1875, but Austrian intervention compelled 
the insurgents’ encampment in 1876. Later he went 
0, where in 1883 he became an honorary senator; 
12 (N.S.), 1883, he married Zorka, first child of Prince 
of Montenegro. When his wife died in 1890, he moved to 


e 15 (N.S.; 2, O.S.), 1903, Peter was elected king of 
ter the assassination of King Alexander, with whom the 
dynasty became extinct. Returning to Belgrade, he 
and crowned on Sept. 21 (N.S.), 1904. 

g experience, his liberal education, his study of John 
% works (he had produced a Serbian translation of 
On Liberty in 1868), and his respect for constitutional 
d parliamentary rules made Peter a strictly constitu- 
rch, and he did much to promote the rapid political 
n of Serbia after the upheaval of 1903. In poor health 
need in years, Peter in June 1914 appointed his heir 
"(g;v.) to be regent for him on the eve of World War I; 
ring proclamations to his army and the visits that he 
enches, notwithstanding his crippled condition, served 
ge the national resistance. He shared in the retreat 
bania (November-December 1915), being carried in a 
the end of the war he returned to liberated Belgrade 
king of the Serbs, Croats, and Slovenes on 
1918. He died at Topchider, near Belgrade, on Aug. 16, 


imbry, Pierre I*", roi de Serbie (1917) ; M. M. Vukićević, 
od rodjenja do smrti (1922). (K. Sr. P.) 
two vladike or prince-bishops of Montenegro. 
747-1830), born at Njegosh, succeeded his uncle Sava 
He was consecrated bishop at Karlovci on the Danube, 
arian territory, in 1784 and then visited Russia. He 
lo face a crisis: the pasha of Scutari had invaded the 
Peter somehow united the Montenegrin clans, and the 
repelled. In 1788 both Russia and Austria requested 
n them against the Turks, but the Montenegrins derived 
from the war: In the 1790s, however, a Serb migra- 
rcegovina filled the gap between Montenegro and its 
; Brda, east of the Zeta River. In 1796 the pasha of 
ked again. Peter led his men in person, and the Turks 
The pasha was captured and beheaded (his embalmed 
inje). The union of Brda with Montenegro 
y established, and Peter embodied his peoples’ cus- 
‘in à simple code of procedure. 
абу of Pressburg (1805) transferred Dalmatia from 
Napoleonic France, but, with Russian help, the Monte- 
upied the town and fjord of Kotor and advanced to 
‚ Russia, however, made peace with Napoleon (1807) 
d the French annexation of the Dalmatian coast. 
lasted till 1813; and then, with British naval support, 
^n again occupied the whole fjord of Kotor. On Oct. 29 
n the fjord solemnly accepted the rule of the vladika; 
Kotor was the capital of Montenegro. Then the great 
d the restoration of the fjord to Austria and Peter 
\ rn to Cetinje (February 1815). 
d Voted his last years to attempts to end the vendettas 
the led his people's life. He had little success, except in 
: pu un to repel the Turks (1819 and 1821) and in en- 
reputation as “the great and good vladika.” He died 
ж ma Oct..30 (new style; 18, old style), 1830. 
(1813-1851), Peter I’s nephew, was born at Njegosh on 
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Nov. 13 (N.S.; 1, O.S.), 1813, receiving the Christian name of 
Rado. Succeeding his uncle in 1830, he was consecrated in 1833 
as Peter П. He is renowned asa ruler, as a warrior, and, especially, 
as a poet, His three principal poetical works аге “The Ray of the 
Microcosm,” “The False Tsar Stephen the Small," and “The Moun- 
tain Garland.” Peter 11 was strong enough to transfer much of the 
power of the local chieftains to a senate of 12 leading chiefs meet- 
ing at Cetinje under his eye. Still more important was his aboli- 
tion of the office of civil governor, long hereditary in the Radonich 
family and an obstacle to unity. He had a yearly subsidy from 
the Russian emperor Nicholas I and used it to start schools and 
to set up a printing press at Cetinje. His rule was marked by the 
usual epic conflicts with the Turks, and he even had some success 
in limiting the inter-clan feuds of his people. He died at Cetinje 
on Oct. 31 (N.S.; 19, O.S.), 1851, and was buried on the summit 
of Mount Lovcen (Lovchen). (R. G. D. L.) 

PETER or Brors (c. 1135-c. 1212), author and poet, whose 
collection of his own letters made him famous throughout the 
Middle Ages, was born at Blois, the son of noble Breton parents, 
After studying law at Bologna and theology at Paris, he went in 
1167 to Sicily, where he became tutor to the young king William 
TI and keeper of the royal seal. His position aroused much envy 
and he returned to France about 1169, entering the service of 
Reginald, archdeacon of Salisbury, and, later, of Rotrou, archbishop 
of Rouen, He went to England in about 1174 and served in the 
household of successive archbishops of Canterbury. From about 
1179 to 1183 he was chancellor of Archbishop Richard. He became 
archdeacon of Bath in 1182, and exchanged this for the arch- 
deaconry of London in 1201-02. He was also canon of several 
churches and for a time dean of Wolverhampton. He died in 1211 
or 1212. 

Peter of Blois was a prolific writer, but his only work that 
obtained a wide circulation was his collection of letters. These 
were written partly in his own name and partly in the names of 
kings and queens, archbishops, bishops, and even popes. Among 
the last, the most important was the /nstructio fidei catholicae 
which Pope Alexander III sent to the Seljuk sultan of Iconium, 
probably in 1179. There is no reason to doubt that these letters, 
often regarded as mere literary exercises, are substantially genuine. 
The first collection of about 100 letters was made late in Henry 
Is reign (1154-89) and its success soon encouraged the author 
to make considerable additions. "Thereafter it attracted many 
apocryphal pieces. 

Peter had been an excellent poet of the new school of erotic 
writers, But he later became ashamed of this, and only a few of 
his poems, mostly of a moral and satirical character, have been 
certainly identified. His other works include a collection of 
sermons, a treatise on friendship (De amicitia Christiana) largely 
pillaged from Aelred of Rievaulx, an unprinted treatise on letter 
writing, a lively dialogue between Henry II and the abbot of Bon- 
neval, an anti-Jewish tract, and a series of writings designed as an 
incentive to the Third Crusade, The chief virtues displayed in 
these works are great versatility, literary skill, and a command of 
classical and biblical learning. The chief defects are shallowness of 
thought and barefaced plagiarism. Nevertheless, Peter was a 
serious and vivid writer and one of the best examples of the learned 
men of affairs who flourished in England in the late 12th century. 
His works were edited by P. Goussainville (1667) and reprinted in 
J. P. Migne, Patrologia Latina, vol. ccvii (1855). Of the poems 
there printed only no. i, ii, v, and vi are genuine, and of these no. 
ii should be divided into five separate poems, Other poems of 
Peter's are no, 29-31 in Carmina Burana, edited by A. Hilka and 
O. Schumann, vol. i (1930), and no. cviii in Carmina medii aevi, 
edited by H. Hagen (1877). 

Впилобклрнү.—]. A. Robinson, “Peter of Blois,” Somerset Histori- 
cal Essays (1921); E. S. Cohn, "The Manuscript Evidence for the 
Letters of Peter of Blois," English Historical Review, xli (1926) ; R. W. 
Southern, "Some New Letters of Peter of Blois," English Historical 
Review, liii (1938); F. J. E. Raby, A History of Secular Latin Poetry 
in the Middle Ages, ii (1934) ; P. Delhaye, "Deux adaptations du De 
amicitia de Cicéron au XII" siècle,” Recherches de théologie ancienne 
et médievale, xv (1948); К. B. C. Huygens, "Dialogus inter regem 
Henricum secundum et abbatem Bonevallensis; un écrit de Pierre de 
Blois reédité,” Revue Bénédictine, Ixviii (1958). (Rr. W. 5.) 
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PETER or Courtenay (d. 1219?), Latin emperor of Constan- 
tinople, was a son of Peter of Courtenay (d. 1183) and a grandson 
of the French king, Louis VI. Having, by a first marriage, obtained 
the counties of Auxerre and Tonnerre, he took for his second wife 
Yolande (d. 1219), who brought him the marquisate of Nevers. 
She was a sister of Baldwin I and Henry of Flanders, the first and 
second Latin emperors of Constantinople. When Henry of Flan- 
ders died without sons in 1216, Peter was chosen as his successor. 
Consecrated emperor at Rome, in San Lorenzo outside the walls, 
by Pope Honorius III on April 9, 1217, he embarked at Brindisi 
with an army and a papal legate on ships supplied by the Venetians, 
for whom he undertook to conquer Durazzo (Durres) from the 
Greek despot of Epirus, Theodore Angelus. Having failed in this 
enterprise, he set out along the overland route toward Thessalonica. 
But in the mountains near Elbasan he was treacherously seized by 
Theodore, and died, probably by foul means, after an imprisonment 
of at least two years. 

See J, Longnon, L’Empire latin de Constantinople (1949); D. M. 
Nicol, The Despotate of Epiros (1957). (D. M. N.) 

PETER I or Drevx, called Maucterc (1190-1250), duke or 
count of Brittany from 1213 to 1237, was a French prince of the 
house of Capet, being the second son of Robert II of Dreux and 
so first cousin once removed to King Philip II Augustus, at whose 

court he was brought up. At first destined for the church, he was 
married in 1213 to Alix, daughter of the heiress Constance of 
Brittany by her third husband, Guy of Thouars. Philip II Au- 
gustus, who had assumed the bail or custody of Brittany on the 
murder of Alix's half brother Arthur I (q.v.), received Peter's 
homage for Brittany and transferred the bail to him. After Alix's 
death (1221), Peter retained control of Brittany as guardian of 
his son John I (born 1216 or 1217). Peter was styled duke by 
himself and by the Bretons, count by the French. 

Peter energetically asserted his authority over the Breton lands. 
Henry of Penthiévre, a minor, who had been proposed for mar- 
riage to Alix, was forced to surrender most of his fiefs into ducal 
custody (1214); Conan of Léon, Henry’s original guardian, was 
dispossessed of his chief seat (1216); and in the Battle of Chateau- 
briant (1223) Amaury of Craon was defeated in his attempt to 
take Ploérmel, which Peter held to have escheated to the ducal 
domain. The Frenchman Raoul, bishop of Quimper, helped to 
introduce the usages of the Capetian chancery into Brittany; and 
Peter sought the support of the towns, granting a number of char- 
ters of privileges. 

Peter was called Mauclerc (“bad clerk") either because his 
training for the church was abortive or because he quarreled with 
the episcopate. A dispute with the bishop of Nantes (Étienne de La 
Bruiére) over Peter's imposition of a monopoly on wood, salt, and 
flour culminated in the excommunication of Peter and in an inter- 
dict (1219) before the duke submitted (1221). Later the duke's 
building of fortifications on episcopal lands led to a dispute with 
the bishop of Rennes (Josselin de Montauban) : excommunicated 
again, Peter at the Assembly of Redon (1227) engaged the secular 
lords to refuse payment of tithes and other dues to the church and 
to ignore its sentences; only in 1230 was he absolved, 

Having gone to England twice during the expedition of Prince 
Louis (1216-17; see Lours VIII), Peter went again in 1218 and 
obtained seizin of the earldom of Richmond in 1219. He co- 
operated with the French, however, against the English king's men 
in Poitou (1224). He also helped Louis VIII's campaign in 
Languedoc (1226). But on Louis VIII's death Peter joined the 
movement against Blanche of Castile, regent for Louis IX. His 
first revolt won him generous concessions (Treaty of Vendéme, 
March 1227); but in October 1229 he renounced his allegiance to 
France and did homage for Brittany to Henry III of England. 
There followed an English expedition to Brittany (1230); a French 
attack and a three-year truce (1231); and a final French attack 
(1234), after which Peter submitted to Louis IX. A humil- 
iating inquest into his conduct of affairs was held at St. Brieuc in 
1235. 

When his son John came of age ( 1237), Peter had to renounce 
Brittany. Thenceforward he was merely count of Braine. After a 

first crusade (1239-40), he went again in 1248 to Egypt, fell sick, 


15 (1929) ; J. Levron, Pierre Mauclerc (1935); S, Painter, 
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and died at sea on his way home in 1250, 


BrsrrocnAPHY.—B. A. Pocquet du Haut-Tussé, “Pierre 
conflit politico-religieux . . . ,” Revue d'Histoire de ЕРЕ 
of the Clergy, Peter of Dreux, Duke of Brittany (1937), 1 The Saw 


PETER bes Rivaux (c. 1190-1262), Poitevin administrat 
under Henry III of England, the son (but not necessarily bas 
or nephew of Peter des Roches, bishop of Winchester, Was bon 
in Poitou and reached England before 1204. He became a king | 
clerk (1218) but was dismissed (1223) and Subsequently єтї} 
when Peter des Roches lost power. Returning to England "m 
Henry III's protection (1230), in June 1232 he was made treasurer 
of the household, keeper of the wardrobe and of the privy seal a 
the first step in ruining the justiciar Hubert de Burgh. The latter 
fall (July-November 1232) enabled Peter to begin the тео. 
zation of royal finance and administration which Henry Ша 
Peter des Roches intended. The entire royal administration yy 
concentrated in Peter’s hands as treasurer of the household: ju 
ticiarship, chancery, and exchequer were all completely subord 
nated to him; he was made treasurer of the exchequer (Jammy 
1233), keeper of wardships and escheats, keeper of many grat 
royal castles, chief justice of the forests, sheriff of 21 shires, ext 
cising these offices by deputies chosen by himself. Peter began 
drastic and skilful overhaul of the financial and administrative 
system of exchequer, household, and shires which, if logically com 
pleted, would have made Henry III the richest and most absolute 
king in Europe, But in 1234 the English magnates, led by Arde 
bishop Edmund Rich (St. Edmund), compelled Henry to dismiss 
Peter des Rivaux. Though his influence was still perceptible in 
later years, and he became a baron of the exchequer once more İl 
1253 and keeper of the wardrobe again (1257—58), his plans new 
matured. Dismissed by the baronial reformers in 1258, he did 
in England in 1262. 

See T. F. Tout, Chapters in the Administrative History of Medio 
England, vol. i, геу. ed. (1937) ; Е. M, Powicke, King Henry Ш and IN 
Lord Edward, vol. i (1947). (RFT) 

PETER bes Rocues (d. 1238), Poitevin diplomat, soli 
and administrator, one of the ablest statesmen of his time, t 
joyed a brilliant but checkered career, largely in England in id 
service of King John and Henry 111. As bishop of Winchester | 
from 1205 to 1238 he organized and added to the financial 1 | 
sources of his see. Y Pot 

He first appears at Richard I’s court in the Touraine and 
where he held his earliest ecclesiastical appointments. i 
to England with King John, received English benefices, " A 
promoted in 1205 to the see of Winchester. His ded 
a result of direct royal influence. He remained in Eng p 
retained his see throughout the interdict (1208-13), linge 
administrative and military roles, and helping in the p 1. 
between John and the pope. He became chief jute yd 
but was unpopular and was replaced in June 1215. He i 
John loyally during the war with the barons and was 0 
executors. Peter crowned Henry III and 
the most influential Poitevin in the country, he he 
of alien officials and soldiers which suffered political de 
hands of the justiciar, Hubert de Burgh, in 1223-24. ajo? 
selh lost his position as tutor when Henry declared his m 
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derick W 

petween Hel 
1231 hei" 


enced Henry III to promote his nephew, Peter de } 
merous posts, and brought about Hubert de Burgh 
However, the administrative methods he advocated w 
opposition in 1233, and in 1234 Henry III dismisse 
favour and his nephew from office, Des Roches ES d 
and in 1235 served as a soldier and diplomat with his 
IX. He returned to England in 1236 and died at 
Farnham in June 1238. 

See S. Painter, The Reign of King John (1949) ; F.M. 17 
Henry Ш and the Lord Edward, 2 vol. (1947). 


or Savoy (1203/13-1268), called “the little Charle- 
¢ counselor of Henry III, king of England, and uncle of 
^s queen, Eleanor of Provence, was born at Susa, the sixth 
(0) son of Thomas I, count of Savoy, and of Margaret, daughter 
of William I, count of Geneva. Placed by Thomas in the church, 
renounced clerical status (1234/36) on inheriting lands from 
fis father in Bugey and from his mother in Vaud, married his 
musin Agnes (d. 1268), heiress of Faucigny, and won fame in war, 
diplomacy, and administration, vigorously expanding his domin- 
in Vaud and Valais. In 1240 Henry III invited him to En- 
| gave him the honours of Richmond (without the title of 
tarl) and of L'Aigle, and made him a valued counselor and am- 
fussador. Though Peter still spent much time in Savoy, Henry 
“ised Peter's knowledge and prestige and his influence as one of 
‘the strategically placed and powerful family of Savoy to promote 
“his own ambitions in Italy and at the papal and imperial courts. 
“Peter acted independently in England, winning the trust of the 
English barons, especially of Simon de Montfort, advising Henry 
Honestly, and openly supporting the reforms of 1258, when he 
joined the reforming council of 15. Alienated by Montfort's 
‘atreme radicalism early in 1260, Peter thereafter supported 
i ays Unexpectedly inheriting the county of Savoy 
‘(June 1263), Peter left England to dislodge a rival claimant, his 
‘nephew Thomas of Acaja, and never returned, though he helped 
Henry from afar. He resigned the honour of Richmond before 
“May 6, 1266, and died at Pierre-Châtel about May 15, 1268, having 
tly strengthened the influence of Savoy. 
| Вівшоспарну.—Е. M. Powicke, King Henry II and the Lord Ed- 
wird, 2 vol, (1947), The Thirteenth Century, 1216-1307 (1953); F. 
Mugnier, Les Savoyards en Angleterre au ХІПІ“ siècle (1890) ; L. Wurs- 
m Peter der Zweite, Graf von Savoyen, 4 vol. (1856-58) ; 
M Соно» The Early History of the House of coed (1000- 
PETER тне Hermrr (d. 1115), the Picard preacher whom 
a Writers credited with the role in fact played by Pope Urban 
! E Tide ihe err" He Mid bars the 
robably in the town, of Amiens. Dedicated to re- 
їй, he is said to have attempt: igri 
pted a pilgrimage to Jerusalem 
E 1003. When Urban proclaimed the crusade at Clermont in 
i E 1095 (see Crusapes), Peter began his preaching, travel- 
peer d eee 
"m E. " peasants, who may however have taken the cross the 
Bie bor E order to escape from the famine then prevalent 
sively Semel PR Cologne in May, Peter led his im 
Mich he en eons across Europe to Constantinop! e, 
the similar cont at the end of July. There he joined forces with 
sited on le ntingent led by Walter the Penniless, who had in- 
ging Ain Cologne in advance of him. On Aug. 5-6 the 
"Unable gains nar es biais to би Seva’ 
i asa ps he ndr Wa We 
п pilgrim hosts under Walter were 
кч by the Turks at Civitot (probably the modern Hersek) 
tape tions ee Peter waited in Constantinople till the princely 
1097), and rom Western Europe were assembled there (May 
courage d accompanied their march across Anatolia. He was 
Antioch and by the hardships attending the crusaders’ siege of 
enterpri was dissuaded only with difficulty from abandoning 
besieged 8 Ах (January 1098). When the crusaders were in turn 
tbat ite ntioch, he was sent to challenge Kerbogha to single 
long of gee, the princes (June 1098). He was appointed 
on the M p mines Army in spring 1099, preached a ser- 
E Ju nt of Olives a week before the storming of Jerusa- 
теште апа conducted processions in Jerusalem in August. 
t dioce to Europe in 1100. Prior of Neufmoustier, at Huy 
‘See aes of Liége, Peter died there on July 8, 1115. 
ТЕ genmeyer, Peter der Eremite (1879). 
Mister d (Peters), HUGH (1598-1660), English Independent 
Р Boiron preacher, and propagandist during the Civil War 
Trinity o wealth, was born at Fowey, Cornwall. Educated at 


t 
E 

би F lege, Cambridge, he was ordained priest in the Anglican 
cher at 623. He went to London in 1626 and was appointed 
i St. Sepulchre’s, but his unorthodox views led to the 
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suspension of his preaching licence in 1627. He was in Holland 
from 1629 to 1635 when he returned to England and sailed to 
Massachusetts where he succeeded Roger Williams as preacher at 
Salem in December 1636. He played a leading part in the colony’s 
affairs and helped in the founding of Connecticut. Peter returned 
to England in 1641 as an agent for Massachusetts but after the 
Irish Insurrection (October 1641) he went to Ireland as chaplain 
to a company of adventurers under Alexander, Lord Forbes, which 
fought against the Irish rebels (June-September 1642). As chap- 
lain to the New Model Army, Peter preached during the cam- 
paigns of 1645 and 1646. 

He accompanied Oliver Cromwell to Ireland in 1649 and was 
present at the fall of Wexford. Appointed chaplain to the council 
of state (1650), he preached at Whitehall continually during the 
Commonwealth and Protectorate, but his protests against the 
Dutch War (1652-54) brought him a reprimand from Parliament. 
During the later years of the Protectorate, his part in civil and 
military affairs was less prominent, At the Restoration in 1660 he 
was specially exempted from the Act of Indemnity and at his trial 
in October 1660 was found guilty of abetting the execution of 
Charles I. He was executed at Charing Cross, London, on Oct. 16, 
1660. 

Peter’s works included sermons, accounts of battles and sieges, 
and tracts on legal, economic, and social reforms. 

See R. P. Stearns, The Strenuous Puritan (1954). 

PETER, EPISTLES OF SAINT, two of the seven Catholic 
(i.e., general) Epistles of the New Testament, ascribed to the apos- 
tle Peter. Since his authorship is questioned for the first epistle 
and rejected for the second, these epistles call for separate treat- 
ment. 


I PETER 


Contents and Theme.—In 5:12 this letter is called one of ex- 
hortation and declaration about the true grace of God, in which 
the readers must take a firm stand. This gives a good division of 
the main parts, which are as follows: 
introduction 
an exposition of the benefits of the Christian faith 
admonitions about the right Christian life 
concluding greetings 


The readers are born anew to a living hope by the resurrection 
of Jesus Christ and may expect a glorious future in spite of the 
trials under which they suffer at the present moment, at the reve- 
lation of their Lord. Therefore they must live a holy life in ac- 
cordance with God’s calling, knowing for what a high price they 
have been ransomed—the blood of Christ. They have been born 
anew by the imperishable Word of God; they form a spiritual 
temple built on the living stone of Christ and are a royal priest- 
hood, God’s own people. As such they have to live among the 
gentiles. In accordance with an ethical code which is also found in 
other New Testament Epistles but here has a stamp of its own, the 
writer then exhorts his readers to subjection to the authorities, 
in particular slaves to their masters (recalling the sufferings of 
their Lord as an example) and wives to their husbands. All must 
live in love and holiness and not fear suffering, even unjust suf- 
fering, for Christ died for sinners and entered into his glory. They 
must break with the pagan way of life and glorify God through 
their service. Christians should suffer for Christ’s sake and not 
for misdeeds. The elders must take good care of the people, and 
the younger members must be submissive. 

One of the most attractive sides of this letter is the close rela- 
tionship it expresses between Christian doctrine and practical 
life. It breathes a spirit of sure hope which is in striking contrast 
to the suffering and slander experienced by its recipients. But 
these trials are a test for the genuineness of their faith. The 
writer lives in expectation of the approaching end of the world and 
the revelation of Jesus Christ in glory (4:7; 1:5). The letter 
is clearly addressed to new converts, but the theory that it is a 
“baptismal sermon” conflicts with its character as a letter. 

Authorship and Date.—Authorship and date depend upon de- 
cisions about the character of the letter. It is addressed to "the 
exiles of the dispersion in Pontus, Galatia, Cappadocia, Asia and 
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Bithynia” (1:1). The term dispersion is generally explained 
in a symbolic sense, used of the Christians who live in exile while 
their true homeland is in heaven, but both the Old Testament 
and patristic usage make this widespread interpretation impossible. 
Except for one highly doubtful text (James 1:1), it is always un- 
equivocally used for the Jewish Diaspora (g.v.). From 1:18; 
2:9 and especially 4:3-4, it is clear, however, that the letter 
is addressed not to former Jews but to former pagans. These 
were the so-called “Godfearers,” visitors of the synagogues who 
had not become proselytes and therefore could not be considered 
as members of the elect people of God, Israel. Now such persons 
are assured (2:9) that they do belong to the people of God and 
that the high epithets of the chosen people are theirs, because the 
sacrifice, which according to Jewish ritual must be made before a 
person can become a proselyte, had been offered up in the death 
of Jesus Christ (1:18-19; 3:18). Throughout the epistle there 
are numerous parallels with the terminology used in Jewish litera- 
ture for the proselytes. 

The letter has certain parallels with the epistles of Paul, particu- 
larly with Rom. 13:1 ff, and Ephesians-Colossians. This does 
not mean that the writer was dependent upon Paul, for the paral- 
lelism exists mainly in passages that have a catechetical structure. 
A special point in the teaching of this epistle is the preaching 
to the spirits in prison (3:19-22), which formed the scriptural 
basis for the church's doctrine of Christ's descent into hell. 

The question of authorship depends partly on the dating, which 
is uncertain. Internal evidence gives no clear indication, and ex- 
ternal evidence is lacking. Some scholars try to identify the suf- 
ferings expected in 1:6 and taking place in 4:12 with a known 
persecution of Christians, such as that under Nero in 64, Domitian 
in 96 or Trajan in с. 110, But there is no indication in the epistle 
that these sufferings were official persecutions organized by the 
state (on the contrary, the Christians’ relationship to the authori- 
ties appears friendly in 2:12), and a further objection to Nero's 
persecution, the only one which took place in Peter's lifetime, 
is that the suffering is said to be worldwide (cf. 5:9), whereas 
Nero's was confined to Rome. All the passages about suffering 
can be best understood as referring not to persecution but to the 
slander to which Christians are exposed (e.g, 3:13 ff.) because 
they are a minority with social and religious customs differing from 
those of the people around them. 

If the “ransom” in 1:18 refers to the proselyte offering, then 
the epistle must date from before the destruction of the Temple 
in the year 70. According to 5:13 it was written in Babylon, 
which may be an apocalyptic name for Rome (cf. Rev. 14:8; 16: 
19). The reference to Mark (in 5:13), whose presence in Rome 


is attested (e.g., Col. 4:10), seems to support this interpretation,’ 


but the letter as a whole is not apocalyptic and the sequence of 
countries mentioned in 1:1 going from east to west in Asia Minor 
seems to indicate a starting point in the east, so that the eastern 
city of Babylon with its large Jewish colony among whom Peter 
might have been a missionary (cf. Gal. 2:7-9) could be the source 
of the letter. 

The chief argument against Peter's authorship apart from the 
possible late date of the letter is that it is written in such good 
Greek and shows such precise knowledge of the Septuagint that 
it could not have been composed by an uneducated fisherman. But 
the author of the letter refers to his assistant Silvanus (5:12) 
who may have been a more learned man and perhaps was responsi- 
ble for editing the work of Peter. In 5:1 the author refers to 
himself as “a witness of the sufferings of Christ,” thus implying 
that he was a disciple of Jesus. It can therefore be concluded 
that Peter was the guiding spirit of the letter, which should per- 
haps be dated c. A.D. 60. It was used by Polycarp and Papias in 
the beginning of the 2nd century, was considered as authoritative 
by Irenaeus, Tertullian, and Clement of Alexandria at the end of 
the 2nd century, and since then has been an undisputed part of 
the canon. Doubts about its authenticity first arose in the early 
part of the 19th century. 


II PETER 
Contents and Theme.—This epistle has been called “the testa- 
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ment of Peter” because it gives the author's last сотта 
before his approaching death (1:12-15). Не reminds his i: 
ers, who are not identified with any particular place, of tee 
grace they have received and admonishes them to escape from 
corruption in the world and to live a virtuous life, Chinese 
long warning against false teachers. Instead of the true Chrisie 
teaching, which follows not myths but the sure prophetic us 
these heretics lead the churches astray in their licentious ungodly 
life. But their destruction is certain as may be seen from vario 
examples of false prophets in the Old Testament. They try toen 
slave the Christians who have escaped the defilements of the 
through the knowledge of Jesus Christ. The readers should T 
member the words of the holy prophets and the commandment 
their Lord according to which scoffers will arise in the last dy 
and deny the return of Jesus in glory and judgment, This prom: 
ised day will come, but the Lord has delayed it so far because the 
measure of his time is different from that of men and he wants ty 
give time for repentance. The writer reaffirms the Christian hope 
for a new heaven and a new earth and exhorts his readers to le 
faithful and blameless. 
Relationship to Jude's Epistle.— This epistle has such a coe 
relationship to that of Jude (see JUDE, EPISTLE ОР SAINT) ihi 
one must have borrowed from the other. Comparison of th 
parallel passages (1:5 and Jude 3; 2:1 and Jude 4; 3:4 ff, and 
Jude 5 ff.; 2:10 ff. and Jude 7; 3:2 and Jude 17; 3:14 and 
Jude 24) shows that II Peter has used Jude and not vice versa. 
The order of the Old Testament examples in Jude has been rè 
modeled to follow the historical sequence of books. The refet- 
ences to noncanonical books in Jude are left out (the quotation o 
I Enoch in Jude 14-15 is made unintelligible in II Peter 2:11 be 
cause the concrete example of Jude 9 is missing). II Peter als 
shows a later development in the fact that these false teaches 
specially deny the second coming and final judgment which is ni 
yet the case in Jude. ^ 
Authorship and Date.— This dependence upon Jude makes it 
impossible to consider the apostle Peter as the author, although th 
letter purports to be written by “Simon Peter, a servant an 
apostle of Jesus Christ" (1:1), who states that he was an eye 
ness of Jesus’ transfiguration (1:16-18), refers to a previous le 
ter (3:1, which is most likely to be I Peter), and speaks abot! 
Paul as a contemporary (3:15). The case against Peter ё 


strengthened by other observations: (1) The language is wi 


in mind various Gnostic teachers (cf. “cleverly devised 
1:16), though it is not possible to identify them in any i 
Gnostic groups. Pauline 

In 3:16 the author seems to know a collection of (uli 
epistles. This points to the beginning of the 2nd centu patti 
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forth in this article. The value of the letter is seen p" in 


ruth of the return and judgment of Jesus Christ. The expres- 
sion “become partakers of the divine nature” (1:4) has since the 
4th century deeply influenced the mystical theology of the Ortho- 
dox Church. See also BIBLE. 

ВІВ100ВАРНУ.—/ Peter: Edition of Greek text with notes by E. G. 
Selwyn (1946) and with Eng. trans. and notes by F. W. Bear, 2nd ed. 
(1958); German trans. with notes by H. Windisch in Handbuch zum 
Neuen Testament, vol. xv, 3rd ed. by H. Preisker (1951). See also 
W.C. van Unnik, “The Teaching of Good Works in I Peter,” New Tes- 
tment Studies, vol. i, pp. 92-110 (1954) ; A. H. McNeile, Introduction 
fo the Study of the New Testament, 2nd ed. rev. by C. S. C. Williams 
(1053). F. L. Cross, I Peter: a Pascal Liturgy (1959) ; C. F. D. Moule, 
lithe Nature and Purpose of I Peter," New Testament Studies, vol. iii, 
pp, 1-11 (1956); B. Reicke, The Disobedient Spirits and Christian 


Baptism (1946). 

Il Peter: Greek text with notes by J. B. Mayor (1907) ; Eng. trans. 
with notes by J. W. C. Wand in W. Lock and D. C. Simpson (eds.), 
Westminster Commentaries (1934); German trans. by H. Windisch, 
Handbuch sum Neuen Testament, vol. xv, 3rd ed. by H. Preisker 
(1051). See also A. Н. McNeile, Introduction to the Study of the 
New Testament, 2nd ed. rev. by C. S. C. Williams (1953). 

(W. С. v. U.) 


PETERBOROUGH, CHARLES MORDAUNT, зр 
Bart or (c. 1658-1735), English soldier and politician who at- 
tained prominence for his eccentric and irresponsible behaviour 
during the War of the Spanish Succession. He began his career in 
thenavy. He succeeded to the peerage as Viscount Mordaunt on 
the death of his father in 1675 and under James II he became one 
of the earliest supporters of William of Orange. In 1689, after 
William's accession to the English throne as William III, he was 
made a privy councillor, first lord of the Treasury, and earl of 
Monmouth, He remained on friendly terms with the king until 
1693. Four years later he was briefly imprisoned for complicity in 
Sir John Fenwick’s conspiracy to assassinate William III. The 
death of his uncle, Henry Mordaunt, on June 19, 1697, made him 
itd earl of Peterborough. 

He returned to court after the accession of Queen Anne (1702) 
AM was sent to Spain in 1705 to command an expedition in sup- 
port of Archduke Charles of Austria (later the emperor Charles 
VD), a claimant to the Spanish crown. Peterborough besieged and 
took Barcelona that year and early in 1706 entered Valencia. He 
delayed there while Barcelona was besieged by the French and 
the city was only saved in April because Sir John Leake, bringing 
Teinforcements by sea, ignored Peterborough’s orders and sailed 
direct to Barcelona, It seems that by this time Peterborough had 
a sympathy for the archduke’s cause and was instead hoping to 
E the claims of the duke of Savoy, Victor Amadeus 1 

‘i orough visited Italy, without leave of absence, later in 1706, 
tnd although recalled in February 1707, made a long tour of 
more arriving in England only in August. An investigation 
Ei is conduct in Spain, begum in the House of Lords in 1708, 

ted in complete exoneration and a vote of thanks in 1711. 
E the government. charged him with various diplomatic 

[ушеу to keep a troublesome man out of the country. 
lied af ade a knight of the Garter in 1713. His authority van- 
inti ter the accession of George I in 1714. His last grand 
; Por was in 1717, when he went to Italy to form a league to 

T out the Austrians, The mission ended inconclusively when 
ES rested at Bologna, allegedly because, disguised as a 
Wider bi е had been unable to forgo wearing his Garter insignia 
5 T skirt, He died on board his yacht off Lisbon on Oct. 
Of A and was buried at Turvey, Bedfordshire. 
cR EE and turbulent disposition, Peterborough seems to have 
heis mele of obeying orders. In his diplomatic wanderings 
is wif lo have seen more kings than any man in Europe. His 
fly то Carey, died in 1709. Later (possibly in 1722) he se- 
ia arried Anastasia Robinson, a famous singer of great 


ag He was a friend of Jonathan Swift and of Alexander 


See W Stebbi 
ping, Peterb ; C. R. Ballard, The Great 
a Pelerborouch LO. ago) us (B. J. R) 
Onis, ERBOROUGH, a city and seat of Peterborough County, 
uj Nen. on both banks of the Otonabee River, 75 mi. (121 
fo ied of Toronto. Pop. (1961) 47,185. In 1821 Adam Scott 
à sawmill and a grist mill at the site, where five falls 
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descend a total of 50 ft, (15 m.), and it became known as Scott's 
Plains. In 1825 almost 2,000 Irish settlers arrived under an as- 
sisted-emigration plan directed by Peter Robinson, and the town 
and county were renamed in his honour. Peterborough became a 
commercial and manufacturing centre of the surrounding area 
and tourist centre of the Kawartha Lakes region. Canalization 
of the Otonabee as part of the Trent Canal system provided direct 
communication with Lake Ontario and Georgian Bay by means 
of the world's highest hydraulic lift lock (1904). Peterborough 
was incorporated as a city in 1905. Manufactures include elec- 
trical machinery, boats and marine equipment, watches and clocks, 
cereals, and other products. (F. G. R.) 

PETERBOROUGH, a city and municipal borough in the 
county of Huntingdon and Peterborough, Eng., 19 mi. (31 km.) 
N of Huntingdon by road. Pop. (1961) 62,340. It is the seat 
of a bishop, and an important industrial and agricultural centre 
on the western edge of the Fens (q.v.) and on the Nene River 
which is navigable from there to the sea by ships of 500 tons bur- 
den. Until 1965 Peterborough was within the separate adminis- 
trative county of the Soke of Peterborough (see below), in the 
geographical county of Northamptonshire. 

In the centre of the city is the Cathedral of St. Peter, the 
third church on the site, begun in 1118 and an important example 
of a large church in the Late Norman style. It is built mainly 
of limestone from Barnack, 10 mi. (16 km.) NW of Peterborough. 
The cathedral was consecrated in 1238. The west front, one of 
the finest of the Early English period, seems to have suffered from 
the builders’ changes of plan, and the Perpendicular porch (1375) 
between the central piers, probably to strengthen the front, in- 
creases the unharmonious effect. The flanking turrets have Deco- 
rated and Perpendicular spires and pinnacles. The northwestern 
tower was begun in 1265 and the central tower replaced a Norman 
lantern in the 14th century (rebuilt 1883-86). A noteworthy fea- 
ture of the interior, which is almost entirely Late Norman, is 
the painted ceiling (c. 1220) of the massive nave, probably the 
only surviving ceiling of the period in England. The lozenge pat- 
terns contain curious figures including a half-human, man-eating 
creature, a donkey, a Janus head, and kings and queens. The 
magnificent fan vaulting of the late Perpendicular New Building 
or retrochoir (c. 1500) is probably by John Wastell, who was 
responsible for the fan vaults in King’s College Chapel, Cam- 
bridge. The Hedda Stone, a block of black stone with figures 
of the apostles in relief, is an interesting example of Saxon sculp- 
ture dated about 800. There is some fine stained glass by William 
Morris (1862). 

The Outer Gate connects the cathedral precinct with the Market 
Place, It was built at the end of the 12th century but much al- 
tered in the early 14th century. Among much Victorian building 
the most interesting remains are the Abbot’s Gate (early 13th cen- 
tury), with the Knights’ Chamber above, St. Thomas’s Chapel 
(c. 1330), the chancel of a church whose nave was pulled down 
and used in the building of the parish church (see below), the 
richly decorated Priory Gate (early 16th century), and the 13th- 
century infirmary. 

Apart from the cathedral Peterborough has few interesting 
architectural features, The parish Church of St. John the Baptist 
in the Market Place was completed in 1407 in the Perpendicular 
style. Close by is the Market Cross (or Old Town Hall), rebuilt 
or enlarged 1669-72. Buildings of note near Peterborough are 
Thorpe Hall (1653-56), and St. Botolph’s Church (1263) at Long- 
thorpe with a bishop’s chair and pointed-trefoil windows. Long- 
thorpe Hall, a fortified house of the early 14th century, contains 
remarkable wall paintings of the same period. 

The first bridge over the Nene at Peterborough was built in 
1308. The present bridge dates from 1934. In the early 1930s a 
major reconstruction scheme was carried out in the centre of the 
city, and the town hall and municipal buildings were built. The 
town museum and art gallery is in Priestgate. Educational estab- 
lishments include the King’s School, Deacon’s School, and the 
Girls’ County School. 

Peada, king of Mercia, founded the Benedictine Abbey of SS. 
Peter, Paul, and Andrew in the village of Medeshamstede in 655. 
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In 870 it was destroyed by the Danes and rebuilt in the following 
century by Aethelwold, bishop of Winchester, with King Edgar's 
help. Later, because of its wealth, it was known as Gildenburgh 
(golden borough). At the beginning of the 11th century Abbot 
Elsinius made a great collection of relics, including the arm of St. 
Oswald. After the Norman Conquest, when William I, the Con- 
queror, had installed a Norman abbot, the monastery was sacked 
by Hereward the Wake and the Danes. The monastery and most 
of the town were destroyed in a fire in 1117. The town became a 
borough in the 12th century and a city in 1541 after the monastery 
had been dissolved, and the monastery church became a cathedral. 
The interior was badly damaged by Cromwell's troops in 1643. 
Catherine of Aragon is buried there and the cathedral contained 
the original tomb of Mary Stuart, queen of Scots. 

Weaving and wool combing were important in the 14th century. 
With the reclamation of the Fens, Peterborough grew as a market 
centre, and when the town became an important railway junction 
in the mid-19th century industries were established. Principal 
engineering products are diesel engines, bakery and laundry plant, 
steam turbines, pumps, electric appliances, and mechanical han- 
dling equipment. Fruit and vegetables are canned, and sugar beet 
processed. There are large brickworks at Fletton to the south. 
Apart from weekly markets an agricultural show is held in July 
and the Bridge Fair early in October. Peterborough is in the 
Peterborough parliamentary division of Northampton. 

THE SOKE OF PETERBOROUGH was a separate administrative 
county from 1884 to 1965, but it was included in Northampton- 
shire for purposes of the lord lieutenancy. It stretched from 
Market Deeping (Lincolnshire) in the north to Peterborough in 
the south and comprised the rural districts of Barnack and Peter- 
borough as well as the city of Peterborough. The part of the 
Soke north of the Nene is the Liberty of Peterborough, originally 
the area under the jurisdiction of the abbot of the monastery. 
Fens and marshes are in the south of the area and higher land in 
the north, where there are some fine Saxon churches. Tn the north- 
western corner is the great Elizabethan mansion of Burghley 
House, home of the marquess of Exeter. 

See N. Pevsner, Northamptonshire (1961). 

PETER CHRYSOLOGUS, SAINT (c. 400/406-с. 450), 
Latin father and doctor of the church. Little is known with cer- 
tainty of his life. He was born at Imola in northern Italy and 
about 433 became bishop of Ravenna, the residence of the western 
Roman emperor. Peter was a zealous pastor, who preached regu- 
larly to his flock and, with the aid of the empress regent Galla 
Placidia, promoted the construction of church buildings. He was 
a close friend of Pope Leo the Great and was revered in both the 
east and the west for his eloquence and orthodoxy. In 448 Euty- 
ches, the Monophysite heresiarch, appealed his condemnation to 
Peter as well as to Pope Leo. Peter's kindly reply withheld judg- 
ment but counseled obedience to the bishop of Rome. Soon after- 
ward he retired to Imola and there died about 450. Many of his 

homilies survive, together with the letter to Eutyches. In the 
standard collection of 176 sermons, however, made in the 8th 
century, several are unauthentic, while other genuine homilies 
probably exist among the works of other authors. His sermons 
are short and popular, stressing the fundamental Christian doc- 
trines and the duties of Christian life. They are not profound, 
original or elegant, but they reflect the needs and ideals, the virtues 
and vices of the times. The appellation Chrysologus (“Golden 
Orator") arose later, probably to create a western counterpart to 
the east’s John Chrysostom. He was given the title of doctor of 
the church in 1729, His feast day is Dec. 4. 

See G. Ganns, Saint Peter Chrysologus: Selected Sermons (1953). 

(Jn. Sr.) 
PETER CLAVER, SAINT (Реко Craver) ( 1581-1654), 
missionary to the Negro slaves in Spanish America, was born at 
Verdu, Catalonia, in 1581 and entered the Society of Jesus in 1602. 
While studying at the college of Palma in Majorca he was inspired 
by the holy lay brother St. Alphonsus Rodriguez to volunteer for 
the missions of New Spain. In 1612 he was sent to Cartagena (in 
modern Colombia), where he was ordained in 1616. At Cartagena, 
the chief slave market of the new world, every month slave ships 
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disembarked 1,000 or more Negro slaves, The condition of 
poor wretches aboard ship and in the slave pens was horrible 
yond description, and the new priest, declaring himself “the siw 
of the Negroes forever,” dedicated his life to them, Accompany 
by interpreters and carrying food and medicines, he boarded every 
incoming slave ship and constantly visited the slave pens, be- 
friending and defending the oppressed, nursing the sick and dris. 
ing their sores, teaching religion and baptizing them, His heri 
labours met with strong opposition, and even ecclesiastics lay 
their ears to charges of indiscreet zeal. Claver persevered for il 
years, baptizing, according to reliable estimates, 300,000 slays 

He died at Cartagena Sept. 4, 1654. Pope Leo XIII canonize] 
him on Jan. 15, 1888, and on July 7, 1896, declared him the 
patron of all Catholic missions to Negroes. His feast dyi 
Sept. 9. 

BiBLrocRAPHY.—Antonio Astrain, S. J., Historia de la Compañia de 
Jesus en la Asistencia de España, vol. v, рр. 479-495 (1916); Апий 
Lunn, A Saint in the Slave Trade (1935); J. Sola, Vida de San Pedy 
Claver (1888). (M. P.H) 


PETERHEAD, a small and parliamentary burgh and зери 
in the Buchan district of Aberdeen County, is the most easterly 
town in Scotland and lies 32 mi. (51 km.) NNE of Aberdeen city 
by road. Pop. (1961) 12,502. The town, built of locally quare 
red granite, was founded in 1593 by George Keith, Sth ай 
marischal. A statue to James Keith, who was born in 1696 a 
Inverugie Castle (2 mi. [3 km.] NW) and became a Prussian field 
marshal, was presented to the burgh in 1868 by William I of Pru 
sia and stands in front of the Town House (1788). The Old Pre 
tender (James, prince of Wales) landed at Peterhead on Christma 
Day, 1715, and, for helping him in this exploit, both the field 
marshal and his brother, George Keith, 10th and last earl marischil 
were exiled. The estate of Peterhead was bought in 1720 bya 
English building company, but the company failed and the lini 
were acquired by the Merchant Maiden Hospital of Edinburgh 
which is now administered by the Merchant Company Educatio 
Board, Edinburgh. Я 8 

There is some local trade from the port which is à. Т 
the herring fisheries and head of a fishery district, with à : 
herring fleet. The north and south harbours lie between the Pa 
and Keith-Inch, an island suburb, and the isthmus dividing e 
is pierced by a canal. In the north harbour there are à Кы 
dock and a patent slipway. The breakwaters, enclosing ? 
400 ac. (162 ha.) of water (the Harbour of Refuge), were 
between 1886 and 1958, principally by convict labour ШЕШ 
prison near Salthouse Head, The leading industries are fish £ 
ing, fish and vegetable canning, woolen manufacturing, à 
engineering. There is a growing export trade in oats, potatoes 
other crops, and beef from the surrounding ctm со) 


iven it 

PETERLOO, or the Manchester massacre, a nime Er 
English history to a meeting held on Aug. 16, 1819, in Б jti 
Fields, Manchester. It followed a number of other large ке 
meetings in a year of industrial depression, particularly am! 
handloom weavers who were new converts to radical at 
price of food was exceptionally high, and the August me ted. 
intended to be a great demonstration of the disconten 
political object was to demand the reform of Farle i и 
was attended by about 60,000 persons, including ап unus 
proportion of women and children. Though none was ii jstrates 
their behaviour was admittedly wholly peaceable, елй у 
who had been nervous before the event and were alere 7 
mood and size of the crowd, ordered the Manchester Y ў ut. т 
seize the speakers immediately after the meeting had 0% pitter F 
yeomanry, who were untrained Manchester “loyalists, ате 
ponents of the radicals, did not confine themselves t0 5 сўй 
the leaders, but made a general attack upon the adeg edge # 
“Have at their flags,” and cutting them down with ben d 
well as the flat of their sabres. The chairman of t 
magistrates thereupon ordered the 15th hussars an a 
yeomanry also to charge the crowd, and in ten minu nd wi 
was cleared except for bodies, The numbers of killed ifs ай! 
were disputed; probably about 500 people were J 
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were killed. The news of Peterloo shocked opponents of the gov- 
emment. throughout the country, but the government did not 
repudiate the magistrates. 

Вівиосварну.—Метойз 0] H. Hunt, Esq. (1820-22) ; S. Bamford, 
passages in the Life of a Radical (1893) ; F. A. Bruton, Story of Peter- 
bo (1919), Three Accounts of Peterloo (1921); D. Read, Peterloo: 
the "Massacre" and its Background (1958). (А. BRL) 


PETER MARTYR, a name commonly used in English for 
(I) St. PETER MARTYR (d. 1252), killed by Cathari; (2) Prerro 
MARTIRE D'ANGHIERA (1457-1526), Italian historian; and (3) 
Petro MARTIRE VERMIGLI (q.v.). 

PETER NOLASCO, SAINT (PIERRE NorasqUE) (c. 1189- 
1256), founder of the order of Our Lady of Ransom (de Mercede), 
commonly called Mercedarians or Nolascans, was born of noble 
parents at Mas-Saintes-Puelles in Languedoc. The facts of his life 
are obscure and controversial, Declining to marry, he dedicated 
himself to God's service among the poor and abandoned. The 
belief that he took part in the Albigensian campaign or was tutor 
(о James I, king of Aragon, has been doubted. He went to Spain, 
where the Moors held many Christians in slavery. Peter spent 
his patrimony ransoming them: and got others to contribute. Later 
he determined to found a religious institute whose primary object 
would be the ransoming of Christian slaves. The extent of Ray- 
mond of Pefiafort’s (g.v.) influence on the founding of the order 
lus been disputed by the Dominicans and Mercedarians, and con- 
sequently the date of ceremonial foundation in Barcelona is vari- 
ously given as 1218, 1223, 1228 and 1234. The documento de los 
wilos, a notarial act, treating of Our Lady’s simultaneous ap- 
paritions, commanding the founding of the order, to Peter himself, 
Raymond and James I, has been proved a forgery. Peter twice 
went to Africa to redeem slaves. He resigned his offices of master 
general and ransomer some years before his death at Barcelona on 
Dec, 24/25, 1256. He was canonized in 1628, and his feast day 
Jan, 28. See also MERCEDARIANS. 

BmuocnAPY.—P. N. Pérez, San Pedro Nolasco, fundador de la Or- 
den de la Merced (1915); E. V. Galindo, San Raimundo de Penafort, 
fundador de la Orden de la Merced. Estudio histórico crítico (1919); 
F Gazulla, Refutación de un libro titulando San Raimundo de Рейајоғі 
ЖЖ de la Orden de la Merced (1920), La Orden de Nuestra Senora 
( Merced, Estudios histéricocriticos (1218-1317) (1934) ; Н. Thurs- 
ûn and D, Attwater (eds.), Butler's Lives of The Saints, vol. 1, pp. 
185-187 (1956). (L. T. Ам) 
| PETERS, KARL (1856-1918), German explorer, one of the 
Кз of German East Africa, was born at Neuhaus on the 
ibe on Sept. 27, 1856. He visited London to study English prin- 
"iles of colonization and on returning to Berlin founded the So- 
titty for German Colonization in 1884. The same year he went to 

Coast of east Africa where he made treaties in favour of Ger- 
many with native chiefs, A further expedition led by Peters under 
he nre of the German East Africa company in 1887, avowedly 
я е relief of Emin Pasha, extended the sphere of German in- 

nce, Peters reached Uganda early in 1890 and concluded a 
E With the king, but without the support of the German gov- 
cwn This treaty was declared void as an agreement had been 
he between Germany and Great Britain by which Uganda was 

im the British sphere. Back in Germany Peters published in 

nos àn account of his expedition, Die deutsche Emin Pasha Ex- 
ау (New Light on Dark Africa). He was imperial high com- 
^ sioner for Kilimanjaro in 1891, but in 1897 was deprived of 
ту mmission for misuse of official power in his treatment of the 

R "i he was reinstated in 1906. From 1899 to 1901 he explored 
ly ura district and Macombe's country on the Zambezi, with a 

‘st commercial exploitation, and described his discovery of 

з cities and deserted gold mines in Zm Goldland des Alter- 

нй Eldorado of the Ancients; 1902). Peters died at 

lí кт Brunswick, on Sept. 10, 1918. 

PETERS Dr. Carl Peters (1920). — A 
Lof Rich SBURG, a city of southern Virginia, U.S., 23 mi. 
ilt y mond on the Appomattox river. In 1646 Ft. Henry was 
" S the falls of the Appomattox, the site of the present city. 
ERST Jones became commander of the fort in 1675; from 
ш rectly or indirectly, Petersburg seems to have derived its 

- In 1733 Col. William Byrd II surveyed the site but it was 


not until 1748 that an act of the colonial legislature established 
the town of Petersburg, In 1784 Petersburg, Blandford, Poca- 
hontas and Ravenscroft were combined and incorporated as one 
town, Petersburg. During the American Revolution it was cap- 
tured by British troops under William Phillips and Benedict 
Amold on April 25, 1781. On May 20 Cornwallis arrived with 
his army and a few days later began the campaign that was to end 
with his surrender at Yorktown. 

Petersburg was the scene of prolonged and bitter fighting during 
the American Civil War. In June 1864, following his costly 
failure to defeat Gen, Robert E. Lee at Cold Harbor, Gen. U. S. 
Grant moved his army to the south side of the James. The 
southerh approaches to Richmond were blocked by Petersburg 
and Grant's efforts to take the city developed into a virtual siege 
that lasted for 10 months. On April 2, 1865, his defenses crum- 
bling and his army in danger of destruction, Lee ordered a with- 
drawal from Petersburg. Richmond was evacuated on April 3 
and the war was all but over. 

Petersburg National Battlefield (formerly Military Park), scene 
of the “Battle of the Crater,” is only one of many historic sites 
in and around Petersburg. Centre Hill mansion, built in 1823, was 
an antebellum show place; it now houses an important collection 
of Civil War relics. Bristol Parish Church in Blandford, built in 
1737, has been restored,’ Adjoining it is the Confederate cemetery, 

Petersburg has more than historic importance; it is a pro- 
gressive city engaged in a long-range, comprehensive program of 
modernization and improvement. Its industrial output includes 
cigarettes and other tobacco products, optical lenses and frames, 
trunks and hand luggage, wearing apparel, and glass fibre boats. 
Nearby Hopewell has large plants producing industrial chemicals, 
paper and allied products, and man-made fibres. Petersburg has a 
council-manager form of government, in effect from 1920, 

Virginia State College and Central State Hospital lie just outside 
Petersburg, Ft. Lee, the U.S. army quartermaster training com- 
mand, is one-half mile east of the city. For comparative popula- 
tion figures see table in VıIRGINIA: Population. (M. Br.) 

PETER’S PENCE (Denarius or ST. PETER, or ROMESCOT), 
the annual voluntary contribution made by Roman Catholics for 
the support of the Holy See, transmitted by local bishops and ad- 
ministered by a special commission of cardinals. The modern 
practice derives from the 19th century. During Pius IX's exile 
in France at the time of the 1848 revolution in Italy, a subsidy 
called le denier de St. Pierre was collected for him by a Catholic 
committee, In 1860 another collection was taken up at Vienna 
by a similar group, the Confraternity of St. Michael. This custom 
was derived from that begun in England in the 8th century, 
whereby each householder paid, on St. Peter’s Day (Aug. 1) an 
annual tax of one penny for the support of the pope. The 
first written evidence for it appears in 1027 in a letter of King 
Canute to his people, which indicates that the custom was then 
well established. The exact origin is uncertain, West Saxon 
writers ascribe it to Ina, king of Wessex; Mercian tradition at- 
tributes it to Offa, king of Mercia (both 8th century), The tax 
was fairly regularly paid by the English until Henry VIII abolished 
it in 1534. (G. F. D.) 

PETHICK-LAWRENCE, FREDERICK WILLIAM 
PETHICK-LAWRENCE, Baron ( 1871-1961), British La- 
bour statesman, secretary of state for India and Burma from 
1945 to 1947, and a leader of the women’s suffrage movement, 
was born in London on Dec. 28, 1871, the son of Alfred Lawrence. 
Educated at Eton and Trinity College, Cambridge, he had a dis- 
tinguished academic career and was a noted athlete. In 1897 he 
became a fellow of Trinity, but soon turned to social work in 
the east end of London, Possessing private means, in 1901 he 
gained control of the Echo evening newspaper and was editor from 
1902 to 1905, In 1901 he married Emmeline Pethick and added his 
wife’s name to his own. A devoted couple, they became leaders 
in the agitation for women’s suffrage. Pethick-Lawrence sup- 
ported the cause with great devotion and generosity and in 1912, 
after a demonstration in London, was sentenced to nine: months" 
imprisonment. 

Elected to Parliament in 1923 as Labour member for West 
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Leicester, he became financial secretary to the treasury in 1929, 
but declined to support Ramsay MacDonald’s coalition national 
government in 1931 and lost his seat. During these years he 
wrote and spoke on financial and economic questions and made a 
close study of the problem of India. He returned to Parliament 
as member for East Edinburgh in 1935. When Clement Attlee 
formed his Labour government in 1945, Pethick-Lawrence became 
secretary of state for India and Burma and accepted a peerage. 
He led the cabinet mission that visited India in March 1946 and 
paved the way for independence. Retiring at his own wish in 
1947, he continued to be prominent in the House of Lords. Com- 
pletely unselfish, he had the affection of his colleagues and was 
respected by all. He died in London on Sept. 10, 1961. His 
works include This Gold Crisis (1931) and an autobiography, 
Fate Has Been Kind (1943). 

See V. Brittain, Pethick-Lawrence (1963). (A.) 

PETION, ALEXANDRE SABES (1770-1818), Haitian 
liberator and president. Born at Port-au-Prince, the son of a 
wealthy French colonist and a mulatto, he received more educa- 
tion than most of his class, He served in the French colonial 
army before the revolution and then joined the revolutionary 
troops of Toussaint l'Ouverture (g.v.) and later those of the 
mulatto general André Rigaud. Fleeing to France after Toussaint 
defeated Rigaud, Pétion returned in 1802 with the French Army 
but then became one of the first native officers to revolt against 
France,in 1803. He was a leader in the revolt against the dictator 
Jean Jacques Dessalines (g.v.) in 1806, and when Henry Chris- 
tophe (g.v.) set up a separate state in Northern Haiti, Pétion 
was elected president of Southern Haiti, in 1807. He was reelected 
in 1811 and made president for life in 1816, dying in office in 1818. 
He is remembered in Spanish America for his help to Simón Bolí- 
var in the darkest days of that area's war for independence. 

л , 4. Ф. С. Mo.) 

PETION (DE VILLENEUVE), JEROME (1756-1794), 
a political figure of the French Revolution, was born at Chartres 
on Jan. 3, 1756, the son of a lawyer. After practice as an advo- 
cate, he became the representative at Chartres of the intendant 
of Orléans, Then the third estate of the bailliage of Chartres 
sent him to the Estates-General of 1789. Sitting with Robespierre 
on the extreme left of the Constituent Assembly, he won a name 
for probity and strength of character, but his ability fell short of 
his reputation. When the Constituent Assembly dissolved itself, 
he and Robespierre received an ovation from the people; and in 
November 1791, Pétion was elected mayor of Paris. 

When the Girondins, on June 20, 1792, organized an armed 
demonstration to intimidate Louis XVI, Pétion at first ignored 
the efforts of the directory of the Seine département to prevent 
it; but finally he went to the Tuileries to protect the king and per- 
suaded the mob to withdraw. As his relations with the directory of 
the département grew worse, he was suspended by it from his 
mayoral functions on July 6; and the king confirmed this suspen- 
sion on July 12. The Legislative Assembly quashed the suspen- 
sion, and on Aug. 3 Pétion led a deputation from the Paris sec- 
tions to ask the Assembly to depose the king. Yet on Aug. 10, 
during the insurrection that led to the suspension of the monarchy, 
Pétion had himself put under house arrest by the Commune, to 
avoid having to take a decision. The Commune maintained 
him in his functions, 

Elected deputy for Eure-et-Loir, Pétion was the first president 
of the Convention; and at the end of September 1792 he also 
presided at the Jacobin Club. But his popularity waned after his 
refusal, in October, to accept reelection as mayor of Paris. Ob- 
jecting to the supremacy of Paris over the départements, he rallied 
to the Girondins, fell under Mme Roland’s influence and began 
to attack Robespierre. At the trial of Louis XVI he voted for 
appeal to the people, for the death sentence, and for reprieve, 

Having encouraged the Convention to withstand a new attempt 
at insurrection (March 10, 1793), Pétion was one of the 22 
Girondins whom, on April 15, the commissaries of the Paris sec- 
tions asked the Convention to expel; and at the coup of June 2 
he was expelled. Escaping arrest, he made his way first to Caen, 
then to Brittany, then by sea to the Gironde, where he and his 


friends expected a welcome. While some of the refugees у 
arrested and executed, Pétion and F. N. L. Buzot took je 
woods before killing themselves outside a hamlet in the C 
mune of St. Magne. Their bodies, half-devoured by wolves, Pu 
found on June 18, 1794. (A So) 

PETIPA, MARIUS (1819-1910), French dancer ij 
choreographer who worked for nearly 60 years at the Imperij 
Theatre in St. Petersburg and had a profound influence on the 
nature of modern classical Russian ballet. He collaborated with 
Tchaikovsky on The Nutcracker (choreographed by his assistant 
Lev Ivanov) and The Sleeping Beauty. d 

Petipa, who was born in Marseilles on March 11, 1819, and his 
brother Lucien (later principal dancer at the Paris Opéra) re 
ceived their early training from their father, Jean, a ballet master 
long active in Brussels. Marius danced in Belgium, France, a 
the United States (he appeared in New York in 1839) befor 
accepting an engagement in Spain, where he gathered materil 
for ballets later produced in Russia. 

He made his St. Petersburg debut in 1847 in Paquita and staged 
his first original ballet, Un Mariage sous la régence, there in 1888, 
For his wife, the ballerina Marie Surovschikova, he created L 
Marché des innocents (1859). His first outstanding success was 
La Fille du pharaon (1862). Later, after being appointed chor- 
ographer in 1862 and chief choreographer in 1869, he produced 
more than 60 ballets. His versions of Swan Lake, Raymon, 
and Giselle have been revived frequently. After the death of 
his first wife, Petipa married another dancer, Lubov Leonid 
He died at Gurzuf, Russia, on June 2, 1910. 

See BALLET: Ballet in Russia Before 1900. а 

See also Lillian Moore (ed.), Russian Ballet Master: the Memon 
of Marius Petipa (1958). (Іх. Ms) 

PETITION, RIGHT OF, a legal and political term dent 
the right of a citizen or subject to appeal to his government for 
redress of grievances. 

Great Britain.— Petition in Great Britain may be made to the 
crown or its officers, or to either house of parliament or In certain 
cases to courts of justice. The right of petitioning the pr 
recognized indirectly as early as Magna Carta in the famous te 
Nulli vendemus, nulli negabimus aut differemus, rectum d 
titiam (“To no one will we sell, to no one will we deny or oi 
right or justice" art. 40.), and directly at various later hv 
e.g., in the articles of the House of Commons assented to p 8 
IV, by which the king was to assign two days in the week " 
titions (Rot. Parl. 8 Hen. IV, p. 585). In 1688 the ud Я 
seven bishops, who were charged with seditious Ше ПИ 
titioning the king but were found not guilty, confirmed thet 
and finally the Bill of Rights in 1689 declared that, "it 1$ nts ad 
of the subjects to petition the king, and all commitme m 
prosecutions for such petitioning are illegal.” At P fl 
to the crown appear to have been for the redress of pie i 
local grievances, or for remedies which the courts of Ia js ki 
not grant. As equity grew into a system, petitions 0 reded ty 
not seeking legislative remedies tended to become PE jude 
bills in chancery. Statutes were originally drawn up я of the 
at the close of the session of Parliament from the pet syste d 
Commons and the answers of the crown. Under this 
drafting, it was found that the tenor of the petitio 
were not always stated correctly. То obviate this I^^. gant 
demands for legislation came in the reign of Henry tor jett 
up in the form of bills which the crown could bu author 
but could not alter. In the same reign, the words ү and {108 
of parliament” were added to the words of enactmen gd mt 
the time of Henry VII public legislation has been by vt DU 
by petition. The right to petition is thus closely inte 
the history of parliamentary legislation. to pave Be 

Petitions to either house of the legislature m siot der 
later in origin than petitions to the crown. They a" ae eit 
to in the Bill of Rights, but the right of petition P orth yh 
of the constitution, Petitions to the House of Lords ^^ sition ® 
Parliament can be traced back to Henry lll. 
the Commons has been found earlier than Richar 
time of Henry IV petitions to the Commons Were 


d IL 
freely ™ 


The political importance of petitioning dates from about the 
rign of Charles I. The development of the practice of petitioning 
nd proceeded so far in the reign of Charles II as to lead to the 
ying in 1661 of an act (13 Car. II St. 1 c. 5) against “tumultuous 
шоп” It provided that no petition or address should be 
rented to the king or either house of Parliament by more than 
{0 persons; nor should anyone procure more than 20 persons to 

tor set their hands to any petition for alteration of matters 
wlablished by law in church or state, unless with the previous 
order of three justices of the county or the major part of the 


grand jury. 8 н 

Up to 1688, petitions to either house usually dealt only with 
some specific grievance. From that time dates the practice of 
petitioning with regard to general measures of public policy. Peti- 
tioning as a device of political agitation became very common in 
‘the later 18th century, and afforded a basis for radical organiza- 
tis seeking parliamentary reform, The number of petitions 

ted annually increased 25-fold between 1780 and 1830, and 
ulminated in the monster petitions for electoral reform in 1830- 
Eel the е Chartist petitions of 1839, 1842 and 1848. (See 
_ билапм. 

În modern times, the presentation of public petitions plays 
little effective part in parliamentary affairs. Most fail to con- 
a to the nery Baie tests of technical validity. Petitions to 

¢ Houses of Lords or Commons must be framed in the form pre- 
scribed by the standing orders, must be properly ا‎ 
and must conclude with a prayer. Petitions to the Commons must 
bein writing, must contain none but genuine signatures and must 
be free from disrespectful language or imputations upon any 
tribunal or constituted authority. They must be presented by a 
member of the House, except petitions to the House of Commons 
= pr poration of London, which may be presented at the 

y the sheriffs. The rules as to petitions to the House of Lords 
ê similar, Applications for en to bring before either house 
ш E" private or local and personal matters must under the 
b H orders of both houses be made by petition, and the same 
А im as to applications for leave to be on a E 

SDH EN, 

p States.—The right under the 1st amendment to the 
| Constitution to petition the government for redress of griev- 
omn one of the basic guarantees of U.S. liberty, being closely 
a Е historically with freedom of assembly. The political 

VN the American Revolutionary era emphasized strongly 
с were entitled to all the historic guarantees of 

Mey into Ee As one such right, freedom of petition found its 
i veral of the state constitutions drafted in the Revolu- 
E pried. while Thomas Jefferson in the Declaration of 

E ence significantly listed the flouting of “petitions for 

a e à major grievance against the British king. In 1789, 

fedor aea incorporated the vighi of pairo n ans А 
i on, press, speech and assembly, in the 015 0 
йш proposed amendments submitted to the states. Ratifica- 

E. € Ist amendment thus made freedom of petition an 
i m of the so-called federal Bill of Rights. Thereafter, 
“own оса incorporated guarantees of petition in their 
oli Ep. to petition has been exercised constantly in US. 
diving well d both Congress and the various state legislatures 
Bes. lefined procedures for receiving and acting upon mate- 

af Of this kind. 
| tually the only constitutional argument of consequence in- 
а Коп occurred when the national House of Representa- 
‘Dolitionist 6 adopted a so-called “gag rule" against the receipt of 
Slavery S petitons condemning the institution of slavery. Anti- 
ier atta 1m under the leadership of John Quincy Adams there- 
the ША, ed the “дад rule” (see Gac RULES) as à violation of 
nally E petition as guaranteed in the Ist amendment and 

8 S repeal in 1844. 
or [пон or Ктєнт; Privy COUNCIL, JUDICIAL CoMMITTEE 

ic, ‘ATION; BILL or RIGHTS, UNITED STATES. 

(ву. ‘sip eee Clifford, History of Private Bill Legislation 
i C. Emden, The People and the Constitution, 2nd ed. (1956) ; 
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G. Veitch, Genesis of Parliamenta ; Si i 
May, Parliamentary Urin 15th d (050); Cu ned The Anti, 
slavery Impulse, 1830-1844 (1933); Samuel F. Bemis, John Quincy 
Adams and the Union (1956). ' (А.Н, К.) 

PETITION OF RIGHT refers to a petition by a subject аз- 
serting a right against the English crown, as in the Petition of Right 
of 1628, a petition of Parliament to Charles I complaining of a 
series of breaches of law. Until 1947 the term referred to the pro- 
cedure by which a subject could sue the crown. This was abolished * 
by the Crown Proceedings Act of 1947. 

At common law the crown—a term which is, in constitutional 
law, merely an abstraction for the sovereign in his official capacity 
—could not be sued in the king’s courts. The king was, histori- 
cally, the supreme lord of those courts, administering justice in 
them between his subjects; and as the supreme lord he was not sub- 
ject to their jurisdiction. Naturally his writs could not run against 
himself. Hence it became a practice, whenever a subject's real or 
personal property had come into the possession of the king or his 
servants without legal title, for the subject to "petition" the King 
in Council, praying for its restoration. The king then might or 
might not, at his discretion, refer the suppliant's petition to one 
of his courts, usually to the old Court of Exchequer, with a writ 
directing the judges to do what was just (fiat justitia). 

Originally the scope of a petition of right was confined to issues 
of fact. When the subject relied on some title appearing by rec- 
ord, such as letters patent issued by the crown, he could proceed 
by what was known as a monstrans de droit, There was another 
method, known as a traverse of inquest of office, by which a sub- 
ject might in certain cases challenge the king’s title to land or 
chattels. These practices were consolidated in the Petition of 
Right Act of 1861, which regulated procedure without creating new 
rights or abolishing old prerogatives. It provided that anyone 
seeking to sue the crown should file a petition, in effect a statement 
of claim, with the home secretary, who invariably referred it to the 
attorney general for advice. If the latter advised that there was 
a substantial “cause for action,” the home secretary endorsed it 
with his fiat justitia. If he refused it, the subject was without 
remedy. In practice the fiat was rarely refused, unless the claim 
appeared to be a purely frivolous one. Nonetheless, in such a 
case the executive, not the courts, performed a judicial function— 
namely that of deciding whether there was a reasonable cause for 
action—that in the case of litigation between subject and subject 
was entrusted solely to the judiciary. The grant of the fiat in no 
way prejudged the issue to be tried, and the crown was entirely 
free, after having granted it, to plead before the courts that action 
did not lie. 

Once the fiat was granted, the proceedings entered the stage of 
an ordinary action between subject and subject, although particu- 
lar privileges, not present in ordinary actions, existed on both sides. 
Among the crown’s prerogatives the most important was “That the 
Crown is entitled to full discovery, and that the subject as against 
the Crown is not” (Chief Justice Sir John Rigby in Attorney- 
General v. Newcastle on Tyne Corporation, 1897, 2 Q.B. 384). 
This meant that the suppliant could not, as in an ordinary action 
between subject and subject, compel the other party, ie., the 
crown, to produce for inspection documents which might be essen- 
tial to prove his case. The crown might also claim “privilege” in 
respect of any attempt by the suppliant to compel his witness, 
whether in the service of the crown or not, to disclose “matter of 
state.” These prerogatives, among others, constituted a great ad- 
vantage for the crown over the suppliant; but the latter did enjoy 
special privilege in certain matters, notably freedom from denial 
on the basis of the Limitation acts, by which action of contract 
must be brought within specified periods. That the suppliant 
might not of right demand trial by jury worked no great hardship: 
the question was independently determined by the judge. 

Judgment was given in the ordinary manner, but the execution 
of the judgment was quite another matter, The courts could not 
decree execution against the crown and its servants. The act of 
1861 provided, however, that, where judgment was in favour of the 
suppliant, it should be certified by the court to the treasury, which 
should then satisfy it out of public funds. 
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The rule of law that “the king can do no- wrong” formerly di- 
rected that the king could not, even under a petition of right, be 
sued for the tortious actions of his servants. This immunity was 
waived in the Crown Proceedings Act of 1947, which established an 
entirely new pattern for remedies against the crown. 

See also PREROGATIVE, 

ВтвлоскАРНҮ.—Ј. Н. Morgan, Remedies Against the Crown (1926); 
W. S. Holdsworth, “History of Remedies Against the Crown,” Law 
Quarterly Review, 38:141 (1922). (F. H. He.) 

PETITOT, JEAN (1607-1691), French-Swiss painter of 
miniature portraits in enamel, was born in Geneva, the son of 
the sculptor Faulle Petitot. He was apprenticed to a jeweler 
from 1622 to 1626, but about 1633 he went to France, and there 
probably became the pupil of Jean and Henri Toutin, the orig- 
inators of the art of painting miniature portraits in enamel. In 
or before 1637 Petitot went to England, where he was patronized 
by Charles I and his court; a handful of miniatures are known 
from this period, all copies of portraits by Sir Anthony Van Dyck. 
Petitot formed high expectations of his stay in England but the 
Civil War disappointed his hopes, and he returned to France. 
There he enjoyed for many years the patronage of Louis XIV and 
his courtiers. A complete catalogue of Petitot's enamels would 
comprise many authentic portraits of the king, his family, and the 
most celebrated figures in his entourage, the majority based upon 
paintings by fashionable artists. Petitot worked in partnership 

with Jacques Bordier until the latter's death in 1684. On the 
revocation of the Edict of Nantes in 1685, Petitot, as a Protestant, 
was imprisoned until, worn out by fever and old age, he signed 
a recantation. In 1687 he was allowed to return to Geneva and 
was received back into the Reformed Church. He died at Vevey, 
Switz., in 1691. 

Although priority in the discovery of the art of painting enamel 
miniature portraits belongs to the Toutins, it was Petitot who 
by his incomparable facility raised the art to a pitch never sur- 
passed. While relying primarily on original portraits by others, 
he preserved to a remarkable degree the character of the presenta- 
tion which he was transforming into a small jewellike roundel. 
The most important collections of his works are in the Victoria 
and Albert Museum, London, and the Louvre, Paris, His style, 
much imitated in his own time, called into being a vast number of 
18th- and 19th-century copies or imitations. Petitot's journal 
gives many details about his life. 

His son JEAN Louis Petirot (1653-after 1699) painted portrait 
enamels in a style closely resembling that of his father. 

(G. Rs; X.) 

PETLYURA, SYMON (1879-1926), Ukrainian patriot who 
led the struggle for his country's independence in the years follow- 
ing the Russian Revolution, was born in Poltava on May 17 (new 
style; 5, old style), 1879. In 1905 he was one of the founders of 
the Ukrainian Social Democratic Workers’ Party. He published 
a Socialist weekly newspaper, Slovo (1905-09), in Kiev, and the 
weekly Ukrainskaya Zhizn (1912-14) in Moscow. He served as 
an officer in the Russian Army in World War I from 1914, but after 
the March Revolution of 1917 he joined the Ukrainian Central 
Council. In July he was appointed minister of defense in the first 
Ukrainian government. During the German occupation of the 
Ukraine (February-November 1918) Petlyura was politically in- 
active; but by mid-November he reappeared as one of the five 
members of the Ukrainian directorate and as ataman (commander 
in chief) of the Ukrainian Army. During 1919 the Ukraine be- 
came the theatre of confused operations of three different armies: 
the national Ukrainian, the Soviet Ukrainian and the White Rus- 
sian. As the leaders of the last-named two rejected the idea of an 
independent Ukraine, Petlyura turned for help to the newly re- 
Stored Poland. On April 21, 1920, he concluded a treaty of alliance 
with Jozef Pilsudski, the Polish head of State; but the outcome 
of the campaign of that year (see Russo-PottsH War) was 
such that Poland was unable to help in creating an independent 
Ukraine. After some months in Warsaw, Petlyura moved with his 

government to Paris. On May 25, 1926, he was shot dead by 
Shalom Schwarzbard, who said at his trial he wanted to take re- 
venge on Petlyura for the pogroms perpetrated on the Jews of the 


Ukraine—pogroms for which the ataman had not, however m 
responsible. , 

See A. Choulguine, L’Ukraine et le cauchemar rouge (1927), 

К. 

PETN (pentaerythritol tetranitrate) is a re: d 
high explosive and is used in medicine as a vasodilator, Tt 
first prepared by L. Vignon and F. Gerin in 1901 but was miis 
systematic use prior to World War II. Its structural formuli 
C(CH:ONO2),. The manufacture involves the nitration of m 
taerythritol with concentrated nitric acid and a Subsequent wash- 
ing to eliminate acid. Pentaerythritol, C(CH,OH),, is synthe 
sized by the reaction of acetaldehyde with formaldehyde, Catalyzed 
by calcium oxide. PETN is a white crystalline powder, melting 
point 140° C, specific gravity 1.77. It is insoluble in water buti 
soluble in acetone and several other organic solvents, Asan в 
plosive it is used as an ingredient of detonators and as the charge 
of the detonating fuze Primacord; for use as a bursting charge of 
military devices it is usually mixed with other ingredients, largely 
TNT, to reduce its sensitivity to percussion and to make it suitable 
for loading by casting. 

See AMMUNITION, ARTILLERY: Propellants and Explosives; Bx. 
PLOSIVES: Military High Explosives. 

See A. Stettbacher, Die Schiess- und Sprengstoffe (1919) ; T. L, Davi, 
The Chemistry of Powder and Explosives, 2 vol. EIS E 

PETÓFI, SANDOR (1823-1849), one of the greatest Hur 
garian poets, was born at Кіѕкӧгӧѕ, Jan. 1, 1823. Petöfi badan 
eventful youth; he studied at eight different schools, joined fort 
short time a group of strolling players and enlisted as a private 
soldier, but because of ill health was soon dismissed from the amy. 
He traveled extensively in Hungary, mostly on foot. Asa schod 
boy he displayed a keen interest in the stage and in literatur, 
and his first poem was published in 1842. After years of vid 
дий. 1 situdes and misery, in 1844, o 
the recommendation of Milly 
Vörösmarty, then the leading 
Hungarian poet, he became ant 
sistant editor of the literary pe 
odical Pesti Divatlap. His fri 
volume of poetry, Versek, t 
peared in the same yeu M 
made him famous at once, tho 
the tone of his poems scan i 
many, In 1847 he married J 
Szendrey who inspired his 
love poems. " 

Petöfi played a leading aa 
the literary life of the per p 


ceding the outbreak of the c 
garian revolution of 1848. 

1847, together with Mó 
edited the magazin 
A fervent partisan 0 tl У, prt 
Revolution, an admi у 
in violent 


BY COURTESY OF THE PETOFI IRODALMI иш. : 
20UM, BUDAPEST Jean de Béranger an 


SANDOR PETGFI; A LITHOGRAPH Moreau, he castigated i 
FROM THE DESIGN OF M. BARABAS, terms the social conditions, 


1845 he рій? 


country, attacking t er 
of the nobles and the monarchy. Politically he va ЫЕ qi 
radical, an inspired agitator, but he was lacking in kr si 
failed to obtain a seat in the diet. His poems ics dd o 
political passion, and one of them, “Talpra magyar its ante 
seb written on the eve of the revolution, bec 

uring the revolution he became the aide-de-camp t afet 
Bem, then head of the Transylvanian army, who had i peli 
tion for the somewhat unsoldierly but enthusiastic a publi 
disappeared during the battle of Segesvár, July 31, 1 ades ho 
opinion refused to believe in his death and for many uet 
to see him return. 

Petófi's poetry meant a revolution in Hungaria e 
posed to the fashionable literary conventions ani leat wn 
he introduced a direct, unpretentious style, and а С° 


or 
iteratures 
n lite anne 


PETRA 


mented construction adapted from national folk songs. This sim- 
licity was the more arresting as it was used to reveal extremely 
subtle emotions and political or philosophical ideas. His poetry 
is characterized by realism, humour and descriptive power and 
imbued with a peculiar vigour. Of his epic poems the Jénos vitéz 
(1845), ап entrancing fairy tale, is the most popular. Petófi's 
popularity has never diminished in Hungary, and were it not for 
ihe barrier of language his name would probably take its place 
with those of Burns and Heine in world literature. In his home- 
lind his poetry and his personality have remained the symbols of 
the people's desire for freedom. 

A critical edition of Petófi's works by B. Varjas Béla was pub- 
lished in six volumes, 1948—56. 

See J. Horvath, Petöfi (1922) ; G. Illyés, Petőfi (1954). (N. Kr) 

PETRA (Arabic Barra), an ancient city situated about 16 mi. 
(26 km.) NW of Ma‘an in the south of the Hashemite Kingdom 
of Jordan. The city lies on the western slopes of a plateau extend- 
ing from the Wadi Nemeila (Wadi an Namlah) in the north to the 
Wadi Sabra (Wadi as Sabrah) in the south. The terrace on which 
the city is built is pierced from east to west by the Wadi Musa (the 
valley of Moses), one of the traditional places where Moses struck 
the rock and where water gushed forth, The valley is enclosed by 
sandstone cliffs veined with every shade of red and purple to pale 
yellow and eroded into fantastic shapes. 

The Greek name Petra (“rock”) probably replaced the biblical 
tame Sela, The site, at once accessible and secluded, appears to 
have been occupied from Paleolithic times as Acheulean-type tools 
have been found on the upper slopes, In one of the valleys an Up- 
per Paleolithic rock shelter has been found. The Neolithic is rep- 
tented by a settlement on the road to the northern suburb of Al 
Barid where dwelling places, flint arrowheads, and other imple- 
ments have been uncovered. Nothing further of Petra is known 
Until the Iron Age. Evidence of the occupation of the site in the 
wth century в.с. has been found on the top of Umm al Biar, the 
massif west of the temple, but this may then have served only as a 
place of refuge. 
йш Petra was the home of the Horites, who were 
ki TA by the Edomites, These suffered a defeat by Amaziah, 
EUM. who slaughtered survivors by casting them down 
pice b rock (probably Umm al Bi'ar). The Edomites were re- 
the 7th c. the Nabataeans (q.v.; an Arab tribe, first mentioned in 
Made d B.C. as enemies of Ashurbanipal of Assyria). They 
Sinh etra their centre, about 312 B.C., according to Diodorus 
fae Aad later achieved a monopoly of the spice trade since they 
in nM the routes via Gaza and Damascus to Elath (Aqaba) 
mai а (Al ‘Ala), The Nabataeans had a script akin to Ara- 

id ut spoke Arabic. 

here were constant conflicts between the Nabataeans and the 
s ids, and Petra was sacked at least on one occasion in the 3rd 
n In the following years the power of this Arab tribe 
pita ў i and they sacked Damascus in 85 в.с. Petra became the 

Es à state extending from Jordan to the Negev and to the 
the E un coast at Al ‘Arish, Egypt. The Romans eontinued 
feat of jn begun by the Seleucids, and after the Nabataean de- 
là, the ed 106 Petra became part of the Roman province of Ara- 
[Da piel of which was transferred to the Syrian Bozrah 
after the R he city of Petra continued to flourish for some time 
tise of Pal oman occupation, until changing trade routes led to the 
inhabitant, yide and caused its gradual commercial decline. The 
ofa bisho became Christians, and for a short time it was the seat 
invasion pric, It was already in decline at the time of the Islamic 
built a c the 7th century. In the 12th century the crusaders 
only Sida there called Sel. Otherwise the site was occupied 

ee tribesmen, and it was in this condition when re- 
ardt in 1g i» the Western world by the Swiss traveler J. L. Burck- 
hoi is usually approached from the east by a narrow gorge 
Certain mie Sik (Wadi as Sik), 13 mi. (2 km.) long. It contains 

ea “cut tombs and an arch, now ruined. Al Khaznah, one 
Teck with impressive of the monuments, is there cut in the solid 
tuy ap à columned facade, It probably dates from the 2nd cen- 
The most noteworthy features of Petra are the tombs, 


FRANK MURLEY—RAPH: 


COLUMNED FACADE OF AL KHAZNAH, ONE OF THE MANY NABATAEAN ROCK- 
CUT TOMBS AT PETRA, PROBABLY DATING FROM THE 2ND CENTURY A.D. 


often with elaborate facades, now used as dwelling places. A paved 
street is situated beside the Wadi Musa and has been partly re- 
constructed. Excavation from 1958 onward on behalf of the Brit- 
ish School of Archaeology in Jerusalem and the American Schools 
of Oriental Research has added considerably to knowledge of pre- 
Roman Petra. Discoveries include 3rd century B.C. houses of pisé 
dated by coins of Aradus in Phoenicia to 290 B.C., quantities of 
fine Nabataean pottery, painted and plain, stone and clay incense 
burners, and small stone portable altars, similar to those from 
the Hadhramaut and Yemen. The only free-standing building is 
the Qasr al Bint ("Castle of the Girl"), dating from the 2nd cen- 
tury A.D. 

At Katuleh part of a Nabataean house of the 1st century A.D. 
was cleared. It was built of ashlar masonry, and its walls were 
still standing nearly 10 ft. (3 m.) high in places. The interior 
had been coated with painted and molded plaster. The Romans 
remodeled the city evidently on a smaller scale than its Hellenis- 
tic forerunner. A study of the town walls has shown two sets, the 
outermost of which is the earlier, The inner wall appears to bea 
Roman defensive one. The area occupied appears to have been 
about 14 sq.mi. (3.9 sq.km.). Мапу of the tombs have inscrip- 
tions in either Nabataean or Latin indicating their owners, 

The principal deity of Petra was Dushara (Dhushara) who was 
worshiped in the form of a crude stone block or stele. In addition 
to their caravan trade the Nabataeans appear to have been copper 
miners and smelters, as fragments of copper ingots were found in 
the ruins of their early structures. Copper ores are found in the 
Wadi al‘Arabah not far from Petra. 

Breuiocraruy.—A. В. W. Kennedy, Petra: Its History and Monu- 
ments (1925); G. and A. Horsfield, “Sela-Petra” in Quarterly of the 
Department of Antiquities in Palestine, vol. vii (1938); M. A, Mur- 
ray and J. C. Ellis, А Street in Petra (1940) ; N. Glueck, Rivers in the 
Desert (1959); G. Lankester Harding, The Antiquities of Jordan 
(1959) ; P. C. Hammond, “Excavations at Petra in 1959," in Bulletin 


of the American Schools of Oriental Research, no. 159 (Oct. 1960). 
(M. V. 5.-W.) 


» 
752 PETRARCH 


PETRARCH (FRANCESCO PETRARCA) (1304-1374), Italian his mission as a stubborn advocate of the continuity bet 
R А st humanist and the first modern lyric poet, was born at sical culture and the Christian message (as between e. 
тел20, July 20, 1304, son of a notary, Ser Pietro di Ser Parenzo and its divine fulfillment) which justifies hi Па rich pry 
of Incisa in Valdarno, and his wife, Eletta Canigiani, His father and representative of European humanism ad E a5 founde 
(who after 1312 is referred to as Petrarca, the surname which his Бе discerned in his two most ambitious and si „which can dia 
son made famous), had been banished from Florence, on Oct. 20, of this period, the De viris and the Africa pee Таш wi 
1302, probably as the result of personal differences with Albizzo And even before 1336 he had already bi egun 1338 or 1339), 
Franzesi, a leader of the Blacks, and not, as his son allowed it to copy those vernacular poems which ke raris select, revise mj 
be understood, for political reasons, like Dante. Francesco re- increasing care during the preceding ten peii pir 
mained at Arezzo for less than a year; then his family moved, to The Mature Years.—Early in 1337 his drea i 
Incisa (where they stayed until c. 1310), to Pisa (where per- which had been resolutely directed tow аа 
haps he met Dante) and finally to Avignon (1311), at that time found fulfillment іп a visit to icon peni Classical civili 
the seat of the papacy, where his father hoped to find suitable emotional experience, which confir ied н ies реши this de 
employment. Owing to the difficulties of finding lodgings, the moral and religious doubts: which had as ie ee В 
family settled at Carpentras nearby and there Francesco began his the previous year on his ascent of M eid iR 
studies under the modest direction of Convenevole da Prato. In Gherardo, that made him, when ib iR С 
1316, in obedience to his father's wishes, he went to Montpellier refuge far from the restless opina ie 
EN ak 25 this period, although they were certainly revised memories of his most cotum t eec a 
ater, belong the earliest poems that have survived, those on the Giovanni had been born). ile guess 
death of his mother (1318 or 1319: Epistolae pipes Б ovanni een born). A few miles to the east he found the 
: сае, i, 7). 1 hi Й serve 
1320 he moved to Bologna and ШШ We d s mia ens end dic "eee 
studies there until 1326. His knowledge and love of the classics In Sept. 1340 dam faced hi Y т 1 invitati 
increased and he was able to develop his acquaintance with the — Paris and Rome to be crowned poteras Î Nm 
new vernacular poetry, perhaps even to experiment for himself. had poet laureste, nH A 
‚ре А ht, not only from ambition but also i 
In 1326 he returned to Avignon i ufo ad sought, y from ambition but also in order that there 
" gave up his legal studies and took — birth of the cult of t igh 
ENNIUS E Sls hel " f poetry might be celebrated after 1,000 years. 
Suri Ae REI aD enjoy benefices and For this reason he had no hesitation in preferring the Capitl 
Wav some years hb edo ed A ER e Е We Ne, à the ке and it was in the Capitol, оп April 8, 1341, that 
he soon ай о ake ОЕ of e а d laurel wreath which he deposited as a symbolit 
culture and his first poetic attempts in Latin and the vernacul : Fror етту ее ee 
filas: y south; whith had Deep ШОШО by i an jar. rom May 1341 until Feb. 1342 Petrarch was in Parma and 
God and virtue and his realization of the oo dd e enc p ШАУ Н! of Sélvapiana; hb then BET 
йаш АЙА, v Тооке руза ана ог pnt der od 4 Provence till the autumn of 1343. 1t is generally believed thal at 
coincides with the’ бейи М BE anise ME SEL IA ic 1 this time he passed through a “crisis” which, after a further period 
(Secretum meum, iii, 6-7). anair ж pam e en (his natural daughter Телиа 
On April 6, 1327, іп the church of Е orn іп , led him to a better-regulated life in which his spirit 
Laura, the lady who was to WESS eee wi em LÍ need found expression in an intense concern for literary as W 
his works, and still less his life, as the romantics Gould hae а hi moral problems. His inner torment, increased perhaps у 
believe. Such critics, followed by the positivists, have consi ly ана Carthüsta ао 
tried to give a face and a пате to the “lady” of th на Ма oe i cnc between his religious faith and D D 
(she has been identifed with Таша di Audiberto 9 ан to adapt his own life to it: this is the situation so lucidly # 
married Ugo di Sade, Laura di Sabran, Laura di Chiabau, Lau 4 in the Secretum (42-43: “many times I thought to have 
Colonna, etc.). The reaction is seen in the opposite t de быа it has bitten O e 
see in s a pure symbol or senhal (in the language of ied HR ; EN ОО ш 
poetry), a personification of intellectual bi ЗЕ A 
neither the particular images that are oves MB E ps But It was therefore an evolution, both moral and literary, rl 
the accepted transfigurations and poetic structure im) E tit kis Men which made him realize that his love f T do 
erary tradition are able to reduce her to a symbol eran " у lit- wrong in spite of its purity and although it inspired him t0 
Yet it is useless to try and find out who she reall Be mu Mio his Crestor for what HE 
Petrarch maintained silence about everything that MEE eer E eue work of God) aud wes N 
m status, as though he considered it of no importance. La E D a tis each; an evolution which | tion 
та only in his verse even though Petrarch drew his inspi a a 2 break through the barriers of his too exclusive admin 
rom a woman whom he had really known and loved piration for antiquity and to admit other and more authoritative А. 
At the invitation of Giacomo Colonna, a friend of ‘his Bolo i xy сүн КИСА ПЫ) Ше antinomy M ish 
Ms who had been appointed bishop of Lombez, Petrarch ed and Christian culture appears almost completely resolved: 
the summer of 1330 in that little Gascon town “ most ns eni Eme Dy da bequeathed by dert а 
summer owing to the gaiety of the bishop and his com en enly humanist and modern worlds, becomes the point of m 
and then entered the service of Giacomo's brother, Giov: panions,” tween the otium literatum of the ancients and Christian asceti ‘tl 
dinal Colonna, where lie was to remain until 1347, E EMT classical writers and heroes mingle with the prophets, ий 
master, but rather a father or better still a n у ыа holy fathers, to such an extent that the first plan for the scl 
avatar (Р osteritati). These were decisive years, crowded with O E from saorsa O "8 
T ernating with periods of austere retirement, i 20 
А ears of р `; 
ul but also of unpretentious, unremitting study aad ecu be i Which are fundamental to his biography на 
5 ee particularly in the field of classical Latin (up to 1328) ns befell Petrarch during these years. He bet 
Rhi 33, he journeyed through France, Flanders, Brabant and the thetically, even enthusiastically, interested in the efforts NT 
hineland. In Paris, thanks to a gift from Father Di and ue di Rienzo to realize the dream of popular government In j 
Borgo San Sepolcro (his faith - : ionigi of attitude which dividi л rply from Ue 
ЖННД thful friend and discreet confidant at Avi vided Petrarch ever more sharply 1 cat 
piritual matters) he was introduced to the Confessi at Avignon and in 1347 caused a break with Giovani [тй 
St. Augustine, a book which he was to use more and m ssions of Colonna). The terrible plague of 1348 caused the deal he dé 
breviary of his spiritual life; at Liè e ore as the friends including La я ic coincidence 8^ qj 
е s ; at Liège he transcribed, among othe: ; g Laura herself (with poetic co gand 
things, the Ciceronian oration Pro Archia, that great NURSES on April 6): the news reached Petrarch in Parma ОЛ = тей 
of the nature of poetry. These events seem almost to Sai кү it in his Virgil so that he might see it often and be Floren" 
e of the decay of all earthly goods. Не met Boccaccio in 


a very important meeting, awakening in Petrarch a consciousness 
his cultural and moral mission. He made a pilgrimage to Rome 
for the jubilee year (visiting his birthplace and discovering Quin- 
Wan) in 1350, the year to which Petrarch assigns his final re- 
д ion of the pleasures of the senses. 

"Between these landmarks, his life unfolded, crowded with diplo- 
‘matic missions and dedicated to study during periods of medita- 
jon: in the autumn of 1343 he was in Rome and then in Naples on 
amission to Queen Joanna on behalf of the Colonna family; from 
Dec, 1343 until Feb. 1345 he was again at Parma (where he wrote 
Rerum memorandarum) and then at Bologna and Verona 


1 Quintum, Ad Brutum); toward the end of 1345 he returned 
[û Avignon and took refuge in his beloved Vaucluse for two years 
of great spiritual and literary activity (Bucolicum carmen, De 
vila. solitaria, De otio religioso); in Nov. 1347 he left for 
laly, probably on a mission in favour of Cola (whom the May 
revolution had placed at the head of the Roman republic) but 
"(he fall of the tribune made him change his plans; he went to 
Verona and then to Parma where, except for occasional visits and 
missions, he remained from March 1348 to March 1349 (in 
Aug. 1348 he was appointed archdeacon of the cathedral). He 
then made a more permanent home in Padua where the lord of the 
tity, Giacomo Novello da Carrara, had obtained a lucrative canonry 
for him. But Giacomo was assassinated (Dec. 19, 1350) during 
Petrarch’s jubilee pilgrimage to Rome and since he was prevented 
fom returning to Parma by some disagreement with the bishop 
‘and the suspicious tyranny of the Visconti family, to whom the city 
had been ceded, he felt himself possessed anew by a longing for 
Vaucluse, Neither Boccaccio’s visit im April nor the offer he 
brought of a chair in the university to be established in Florence 
under his guidance were able to hold him back. He left in May 
l1, reached Avignon in June and went straight to Vaucluse. This 
fourth tetreat was particularly productive: the arrangement of 
the Cangoniere, on which he had already resumed work in 1348 
at Parma and Padua, began to assume a more definitive form; the 
Mea of forming a corpus of his letters which had first come to him 
perhaps as early as 1345 and certainly by 1349 took shape in his 
| Män for the first collection, the Familiari; he continued to work 
му on his collection of Metriche begun їп 1350; he em- 
у ш on his polemic against the doctors, the bitter enemies 
humane letters; and he revised and rewrote various earlier 
‘orks (De viris, Secretum). 
bh The death of his closest friends, the suspicions of Pope Inno- 
cent VI (who had succeeded the friendly Clement VI in Dec. 1352), 
his increasingly bitter differences with the curia at Avignon, 
ly decided. Petrarch to leave Provence and to return to his 
Jm country, From the alpine frontier of Montgenévre he ad- 
nd it with moving eloquence; “Hail O most sacred land, be- 
ік of God, hail land whom the good can trust, the proud must 
. Eagerly I return to you after so many years to live with 
Or ever; you will provide a haven of peace for my weary 
ps (Epistolae metricae, iii, 24)." He found rooms in Milan 
Те he remained, except for brief periods, during the next eight 
en) in spite of harsh criticism for his acceptance of 
lity from ambitious tyrants and the enemies of Florence 
Isconti). Apart from the considerable missions entrusted 
og the Visconti (especially notable those to Venice in 1353 
“in 356 M peace with Genoa, to Mantua in 1354 and to Prague 
lo p... "Aere the emperor Charles IV accorded him royal honours, 
jn ns in the winter of 1361 on a visit to King John TI after the 
Of Bretigny), the Milanese period, the longest uninterrupted 
ieee during his whole lifetime, was one of the most 
Mcd him * conipleted the first proper edition of the Rime, ap- 
“able Self with great fervour to the Familiares, made consider- 
ise ores with the De remediis, worked on the Trionfi, com- 
[y Invectiva against Cardinal Jean de Caraman and the 
“Some Ei. and revised and set in order with scrupulous care 
Later Ei earlier works. 
€.— During the spring of 1361, hoping to escape from 
€, he went to Padua on the invitation of Francesco da 
(son of his great friend Giacomo) remaining there until 
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where he made his great discovery of Cicero's letters Ad Atticum, . 
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Sept. 1362 when, once more as a fugitive from the plague, he 
sought shelter in Venice, “the only stronghold in our times of 
liberty and peace and justice” (Senilium rerum libri, iv, 3). The 
signoria gave him a house on the Riva degli Schiavoni and Petrarch 
promised to bequeath all his books to the republic when he died. 
He was joined by his daughter Francesca with her husband the 
Milanese Franceschino da Brossano and their small daughter 
Eletta: the tranquil happiness of this little family gave great 
pleasure to their affectionate father. He was visited by his dearest 
and most famous friends (by the great chancellor Benintendi de’ 
Ravegnani, by Paduan scholars, by Boccaccio, who in 1366 pre- 
sented him with a long-desired Latin translation of the Homeric 
poems); he was invited to play an honourable part in the life and 
politics of the city; he worked peacefully but with great concen- 
tration at the definitive versions of the Rime, the Familiares, the 
De remediis and the Seniles. Nevertheless the insult he received 
from four young Averroists who called him “а good man . . . but 
illiterate and in fact an idiot” because he believed in Christian 
doctrines rather than those attributed to Aristotle, an insult which 
was ignored by Venetian public opinion, induced him to move 
back to Padua in 1367. He was to remain there until his death, 
dividing his time from 1370 onward between Padua and Arquà 
in the neighbouring Euganean hills where Francesco da Carrara 
had given him a little house, his last Helicon. He was still in 
demand as a diplomat: in April 1368 he accompanied the ruler 
and the bishop of Padua to meet the emperor Charles IV who 
was on his way to Italy as an ally of the league against the Vis- 
conti; later he was ir Pavia and Milan for the marriage of Violante, 
daughter of Galeazzo, to Lionello the second son of the king of 
England; in 1370 he was called to Rome by Urban V and he set 
off eager to see the fulfillment of his great dream of a new Roman 
papacy, but was halted at Ferrara by a stroke. Yet he did not 
stop working; in addition to revision he composed the De gestis 
Caesaris, the Invectiva against Jean Hesdin and the final sections 
of the Trionfi. 

Petrarch died during the night of July 18-19, 1374, when he 
was working in his little study at Arquà, and was found the next 
morning, his head resting on a manuscript of his beloved Virgil. 


WORKS 


Petrarch's literary production as poet, historical moralist and 
outstanding representative of the new culture is enormous. The 
chronology of his writings is somewhat complicated and uncer- 
tain and is made more so by the scrupulousness with which he re- 
vised and rewrote, often very extensively. Included here is a 
summary list with notes and, when they exist, a reference to better 
editions than those in his collected works (Opera, 1554 and 1581). 

Latin Works.—Epistolae Metricae.—A -collection in three 
books of 66 epistles in hexameters, dating from the verses on the 
death of his mother (1318 or 1319) and the earliest epistle of 
1333 to the last letters composed between 1350 and 1354; he 
appears to have worked on the collection in three distinct phases, 
about 1350, 1357 and 1363. The subject matter is, naturally, very 
diverse: intimate confessions, autobiographical anecdotes, letters 
of consolation and exhortation, moral reflections, literary proposi- 
tions and rhapsodies, descriptions, panegyrics, etc. (Poemata 
minora, edited by D. Rossetti, 1831). 

Africa.—Petrarch began this work at Vaucluse in 1338 or 1339, 
pursued it with greater vigour at Selvapiana in 1341, returned 
to it frequently but intermittently after 1343 but never completed 
it: its various parts were gradually put together but its nine books 
(iv and ix are very incomplete) were published only after Petrarch’s 
death, by Paolo Vergerio in 1396. Itis an epic poem in hexameters 
which relates the history of the Second Punic War. The episode 
of Sophonisba, sacrificed to political expediency by her ardent 
lover King Masinissa, is both pathetic and dramatic; the famous 
lament of the dying Magone on the decay and misery of every- 
thing on earth (it was the only passage made available during the 
poet's lifetime) is strictly Petrarchan in inspiration; and this 
sentiment, together with a desolate perception of the fugacity of 
time, pervades the whole work, tempering with Christianity the 
Roman classicism of Livy and Cicero who are widely used as 
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sources and at times with too heavy a hand. (Critical edition by 
N. Festa, 1926.) 

De viris illustribus.—The original plan of this work, begun 
in 1338 or 1339 and continued in 1341-43 as a series of biographies 
of famous Romans or people closely connected with Rome, was 
considerably modified between 1351 and 1353 so as to include 
famous men of all times beginning with Adam, thus achieving 
Petrarch’s aim of emphasizing the continuity between the ideals of 
the Old Testament, of classical antiquity and of Christianity. 
Later he wrote fuller lives of Scipio and Caesar and finally, when 
he was in Padua, he took up the work again with the title Quorun- 
dam virorum illustrium epithoma, limiting it to 36 characters 
whose effigies were to be placed in a hall of Francesco da Carrara's 
palace; but he did not get further than the preface (the rest is 
the work of his disciple Lombardo della Seta who also completed 
the Compendium or Breve compendium of which Petrarch wrote 
only the first 14 biographies). (Edited by L. Razzolini, 1874-79.) 

Secretum meum.—This autobiographical treatise was composed 
between the autumn of 1342 and the winter of 1343 and revised 
between 1353 and 1358. Not intended for publication, it is a funda- 
mental work for the understanding of Petrarch’s inner life. It 
consists of three dialogues between Petrarch and St. Augustine in 
the presence of Truth: in the first, Petrarch’s secret infirmity 
is identified with a sickness of the will which makes him aspire 
to a nobler life while lacking the knowledge and will power to 
achieve it; in the second, Petrarch examines his conscience with 
regard to the seven deadly sins and finds himself guilty of all 
of them except envy, but especially of accidia (the theological 
definition of the sickness of the will discussed in the first book) ; 
in the third, Petrarch convinces himself of the sinfulness both 
of love (even when pure and directed towards a chaste woman) 
and of the desire for glory: that is, of the two great passions of 
his life. But he wearily declares himself unable to reform. The 
work constitutes a self-analysis of pitiless sincerity and precise 
autobiographical references at one of the decisive moments of 
his life. (Edited by E. Carrara, in Petrarca, Prose, 1955.) 

De vita solitaria—Written in 1346 and later revised and en- 
larged (one addition is definitely of 1371), the treatise, in two 
books, provides the theoretical basis and the description of one 
of Petrarch’s essential myths, that of the “solitary life,” in which 
man is able to enjoy the consolations of nature and study together 
with those of prayer. (Edited by G. Martellotti, in Petrarca, 
Prose, 1955.) 

De otio religioso.—Written in 1347, it was revised and con- 
siderably enlarged in 1357. It is a treatise in two books on the ad- 
vantages of the contemplative monastic life. It takes up the 
theme of De vita solitaria from a more strictly devout attitude 
and is tinged with a sharp nostalgia for purity and spiritual peace. 
(Edited by G. Rotondi, 1958.) 

Familiarium rerum libri xxiv.—The idea of this collection of 
letters goes back to 1345 or more probably to 1349. The real 
work of arrangement was begun between 1351 and 1353 (up to 
book viii) and the final version was completed between 1359 and 
1360 (up to book xix); in 1363-64 Petrarch returned to it, adding 
four books, and continued to work on it until 1366. It consists 
of a selection of 350 letters (the earliest dated 1325, the latest 
1366, although the collection is supposed to end at 1361) which 
are of great importance for an understanding of Petrarch’s life, 
both spiritual and active, and for the history of his decisive in- 
fluence on European culture. As Martellotti has observed, these 
collections of letters represent the final stage of that progress 
from the contemplation of the world of antiquity as a means of 
escape from unpleasant realities to an intense preoccupation with 
the present, and the study of antiquity as foreshadowing the moral 
truths of Christianity. (Critical edition by V. Rossi and U. Bosco. 
1933-42.) d 

De remediis utriusque. fortunae—This vast work, a part of 
which had been begun in 1354, had reached an advanced stage by 
1360 and was finished in Oct. 1366 and published immediately. 
Petrarch probably returned to it later. It consists of two books 
containing 122 and 131 treatises, or discussions, between Reason. 
Pleasure and Hope and between Reason, Sorrow and Fear which 
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contain respectively advice on how to attain good for 
remedies for bad, and which demonstrate the inco 
pleasure and pain in a tone of bitter pessimism, 

Senilium rerum libri—Petrarch began his coll 
Senili after 1361 but never made a definitive arrange 
did for the Familiari. The collection comprises 125 
1361 to 1374 in 17 books. 

Posteritati.—The first draft must be dated before ] 
were important additions between 1370-72, It is 
autobiography in the form of a letter addressed to 
unfinished and in draft form (it only goes up to 135: 
to have formed the conclusion to the Senili. (Edited) 
and P. G. Ricci in Petrarca, Prose, 1955.) 

De sui ipsius et multorum ignorantia —Written 1367 
1371, this is directed against the critics of Venice, Ft 
Augustine Petrarch tries to show that rhetoric and po 
the best spurs to moral action. (Edited by L. M. \ 

Other Latin Works: Prayers (1335-38). Epistole 
written 1342-58; collected 1359-60. (Edited by P, 
Rerum memorandarum libri, 1343-45. (Crit. ed. by 
vich, 1945.) Bucolicum carmen, 1346-48 ; definitive 
(Edited by A. Avena, 1926.) Salmi penitenziali, 13 
by H. Cochin, 1929.) Jnvectivarum -contra medicu 
libri, 1352-55. (Edited by P. G. Ricci, 1950). ЙИ 
quendam magni status hominem, 1355. (Edited by P. б 
1949.) Itinerarium breve de Janua usque ad Jerus 
et seg. Invectiva contra eum qui maledixit Italiae, 180. 
varie; 65 letters not included by Petrarch in his collecl 

Italian Works.—Rerum vulgarium fragmenta, — 
Petrarch’s title for the definitive collection of his Ita 
Rime. It consists of 366 compositions (317 sonnets, | 
9 sestine, 7 ballate, 4 madrigals) divided into two ра! 
described as in vita Laura; 103 in morte Laura 
the first stage in the production of this work wi 
composition of the single poems (he did not include 
tion those written earlier than 1330); the second, befo 
first idea of making a selection; the third, between 13 
the arrangement of the selected poems according 
criterion; the fourth, after the death of Laura, their. 
two parts and the project of illustrating the story 
soul (perhaps 142 lyrics on the period before Laura's 
29 after); the fifth, the first proper edition of the | 
sent to Azzo da Carreggio in 1360 (about 174 plus 4 
a second edition in Jan. 1373 sent to Pandolfo 
seventh, the definitive edition which is preserved in tht 
Lat. 3195, partly autograph, partly transcribed 
Malpaghini under the poet's supervision. The choid 
and the arrangement of the collection are governed 
rigorous and exclusive standard of aesthetic taste, by 
for an approximately chronological arrangement and 
ever growing urge to express, through these vers 
chiefly concerned with his love for Laura, the story 
soul, from the description of his falling in love to 
vocation to the Virgin; from his “youthful errors” to 
that “all worldly pleasure is a fleeting dream”; from 
this world to his final trust in God. The theme of 
therefore, goes beyond the apparent subject matter, 
Laura. For the first time in the history of the new p? 
are not considered as nugae or occasional verse a8 
from the troubadours to Boccaccio: Petrarch, in spl 
doubts and many changes of mind, still felt that 
containing his verses were the threads holding toge 
new tapestry possessing its own unity and similar {0 
he was constructing, on the Ciceronian model, from 
By selecting all that was most polished and at the sam 
vigorous in the neo-Latin lyric tradition of the P 
centuries, and filtering it through his new appreci# 
classics, he not only bequeathed to humanity the P 
and yet passionate, precise yet suggestive, expression 
grief, of the ecstasies and sorrows of man, but also € 
his marvelous sensibility the form and language of 
lyric. In fact, the history of the European lyric © 
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counted in terms of action and reaction in the face of the Pe- 
trarchan experience. (Edited by G. Contini, 1949; commentaries 
Сб. Саш end 8. Ferrari, 1899 and, 6th ed., 1957; edited by 

; Chiorboli, i 
uw. disperse.—This title (or sometimes Extravaganti) is used 
for those verses Petrarch did not include in his main collection, 
diher because they were not good enough or because they were not 
addressed to Laura. The authenticity of many is doubtful, in some 
uses no longer accepted. (Edited by A. Solerti, 1909.) 

Trionfi.—A poem in terza rima probably conceived and begun in 
1351 in imitation of Boccaccio's Amorosa visione and possibly of 
Dante's Divine Comedy. It was written in sections and con- 
tinually revised during the following years (the earliest certain 
dites, 1356-60, are of the Trionfo d'Amore, the latest, Feb. 1374, 
is written in the margin of the Trionfo dell'Eternità). Petrarch 
lit it unfinished and it was published posthumously. 
historical and symbolical vision of the great theme of the Can- 
ıomiere raised from the autobiographical to the universal, that 
is, from the story of one man alone, Petrarch, to that of man in 
himself, or rather of the whole of humanity in its progress from 
tarthly passion to fulfillment in God. Love triumphs over the 
greatest men, but is captured by Chastity; which in its turn, in 
theperson of Laura, is overcome by Death; which is conquered by 
Glory; which is itself annihilated by Time: only in God does 
everything of beauty and everything of value, love for Laura and 
love for glory, shine eternally beyond all space and time, and 
heaven and earth are reconciled according to Petrarch’s noble and 
constant dream. (Critical edition ed. by K. Appel, 1901; to be 
tead in conjunction with the new sections, Un inedito petrarchesco, 
tdited by R. Weiss, 1950.) 

Conclusion.—This summary of the essential events of his life 
ind sketch of the chronological and spiritual development of his 
Works will have sufficed to show the exceptional importance of 
Petrarch in the poetry and culture of modern and Christian Eu- 
‘ope; never before, perhaps, has a writer had so rapid, so decisive 
ind so far-reaching an influence. This "presence" was so ef- 
lective because it made itself continuously felt, through his spoken 
and Written conversations with his friends and disciples, and his 
prodigious achievement as the discoverer of so many of the treas- 
11% of classical learning and beauty, both in those texts which he 
tually found and in those which he re-established by his sensi- 
lve and accurate interpretation, Through his sublime poetry, 
and lis profound spiritual and moral meditations, his historical 
“sions and reconstructions and in the devoted work for humane 
FAR by which he solved the age-old problem of the reconcilia- 
ү K the classical with the Christian world, Petrarch shows 
aA substantial identity of human souls God provides the 
same t nity for meetings and contacts, for the affirmation of the 
dis ^w in different ages and under different skies. The words 
7) eloved St. Augustine which, during the ascent of Mt. 

oux, flashed before his mind's eye, “And men go to adinire 

af ag. mountains and the immensity of the ocean and the course 
0 E ; +, and neglect themselves,” are truly оа 
sce the oe ноп in life, of his thought and of his art. Never, 
eachers of antiquity and the greatest fathers of 

o tis has man had so enthusiastic and sensitive an interpreter 
Ripa and his greatness, so subtle and so sympathetic an 
“Lala 265 his eternal uncertainty outside fulfillment in God. 
August 5 feel a sense of unfulfillment in my heart,” he wrote with 
the rois inspiration in the Secretum. It is for this reason that 
вате of Petrarch towers over that age, from Boccaccio to 
is Which took its name from man, the age of humanism; 

m SES that, from Bembo to Michelangelo and Ronsard, 
Leopar, ngora and Milton to Klopstock, from Shelley and Heine to 
чу other to Heredia, to D'Annunzio, the art which, better than 
Most oni with precision and yet with sensitivity the 
from nt and the noblest aspirations of man, sprang originally 
© fount of Petrarchan inspiration. 
his Portrait of Petrarch see ITALIAN LITERATURE, 
pe, Ману 7 Basic bibliographies or critical bibliographies: I, Fer- 

arches, antesco v (1877); E. Calvi, Bibliografia analitica 

Ca, 1877-1904 (1904) ; M. Fowler, Catalogue of the Petrarch 
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Collection Bequeathed by W. Fiske to the Cornell University Library 
(1916); C. Calcaterra, “Il Petrarca e il petrarchismo,” Questioni е 
correnti di storia letteraria (1949) ; U, Bosco, "Petrarca," Letteratura 
italiana - I maggiori (1956). Articles and reviews are published periodi- 
cally in the journal Studi petrarcheschi (1948 et seq.). 

Important general works: A. Foresti, Aneddoti della vita di Petrarca 
(1928); V. Rossi Studi sul Petrarca (1930); P. Piur, Petrarcas 
Briefwechsel mit deutschen Zeitgenossen (1933) ; G. Gentile, Studi sul 
Rinascimento, 2nd ed. (1936) ; K. Vossler, Südliche Romania (1940) ; 
V. Branca, “Per la genesi dei Trionfi,” La Rinascita iv (1941) ; C. Cal- 
caterra, Nella selva di Petrarca (1942); E. Walser, Umanità e arte nel 
Rinascimento italiano (1942) ; P. G. Ricci "L'interpunzione del Pe- 
trarca,” La Rinascita vi (1943); J. H. Whitfield, Petrarch and the 
Renascence (1943); G. Contini, Saggio d'un commento alle correzioni 
del Petrarca volgare (1943) and “Preliminari sulla lingua del Petrarca," 
Paragone xvi (1951) ; A. Momigliano, Elzeviri (1945) and Introduzione 
ai poeti (1946) ; G. Billanovich, Petrarca letterato (1947) ; С. Martel- 
lotti, *Linee di sviluppo dell'umanesimo petrarchesco," Studi petrar- 
cheschi ii (1949) ; G. Toffanin, L'umanesimo italiano, 3rd ed. (1950) ; 
E. H. Wilkins, The Making of the Cansoniere and Other Petrarchan 
Studies (1951), Studies in the Life and Works of Petrarch (1955), 
Petrarch’s Eight Years in Milan (1958) and Life of Petrarch (1961); 
V. Branca, Tradizione delle opere di G. Boccaccio (1958); U. Bosco, 
Petrarca, 2nd ed. (1960). 

A few of the earlier studies which have become classics; I, F. P. 
Aldonce de Sade, Mémoires pour la vie de Pétrarque (1764-67) ; U. 
Foscolo, Essays on Petrarch (1823: now in vol. x of the national edition 
of Foscolo's works, 1953) ; J. Burckhardt, Die Kultur der Renaissance 
(1860); F. de Sanctis, Saggio critico sul Petrarca (1869: critical ed. 
by E. Bonora, 1954) ; E. Müntz and Victor Masséna, Prince d'Essling, 
Pétrarque, ses études d'art etc. (1901); P. de Nolhac, Pétrarque et 
l'humanisme, 2nd augmented ed. (1907); К. Burdach, Reformation, 
Renaissance, Humanismus (1918); E. H. R. Tatham, Francesco Pet- 
rarca; the First Modern Man of Letters (1925). 

English translations include: The Sonnets, Triumphs and Other Poems 
of Petrarch (1912); Love Rimes of Petrarch, trans. by M. Bishop 
(1932) ; The Rhymes of Petrarch: a Selection of Translations compiled 
by T. G. Bergin (1955) ; The Life of Solitude (De Vita Solitaria), trans. 
by J. Zeitlin (1924). (V. Br.) 


PETRE, SIR EDWARD (1631-1699), clerk to the closet to 
King James II of Great Britain, was born in London, the younger 
son of Sir Francis Petre, baronet, of Cranham. Educated in France 
at the Jesuit College at St. Omer, he entered the Society of Jesus 
in 1652 and took orders in 1671, when he returned to England. 
In 1679 he succeeded his elder brother in the family title and es- 
tates. In the same year he was imprisoned for suspected complic- 
ity in the "popish plot" (see Oates, Trrus), but he was released 
in 1680 by the influence of James (then duke of York). From 
1679 to 1683 he was vice-provincial of the English province of the 
Society of Jesus. He was deep in James II's confidence, and the 
king’s more extreme policies were attributed to him, James made 
many attempts to secure him a bishopric or a cardinalate, but Pope 
Innocent XI steadfastly refused and he had to be content with the 
post of clerk to the closet (1686) and membership of the privy 
council (1687). He is often erroneously described as James's con- 
fessor. Late in 1688 he fled abroad and had no further contact 
with James. He was head of the college at St. Omer from 1693 
to 1697, when he was transferred to Watten in Flanders, where he 
died on May 15, 1699. 

See H. Foley, Records of the English Province of the Society of 
Jesus, vol. v, ser. xii (1879). (J. P. К.) 

PETREL, a group of oceanic birds classified in two or more 
families of the Procellariiformes, an order including also the alba- 
trosses and shearwaters. There is 
little to support the legend that 
these birds, which appear to walk 
on the water, are named after 
St. Peter; the earliest English 
spelling (1676) was “pitteral.” 

Petrels make up the bulk of 
the Procellariiformes, The size 
range, from the swallowlike storm 
petrels (family Hydrobatidae) 
to the three-foot-long giant pe- 
trel (Macronectes giganteus), is 
equaled in few if any other nat- 
ural groups of birds. Cosmo- 
politan, they occur only on salt 
water but extend to its uttermost 
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limits. Variety and abundance are greatest in higher latitudes of 
the southern hemisphere. Breeding grounds are almost exclusively 
on islands, The storm petrels, including the genera Pelago- 
droma, Oceanodroma, Oceanites and Fregetta, are nocturnal 
ashore and nest in burrows or in chinks among rocks; a few sur- 
face-breeding species occur on islands devoid of predatory ene- 
mies. The Procellariidae includes the genera Pterodroma, Pago- 
droma and Macronectes. 4 

Some kinds of petrels are sedentary in the vicinity of their 
breeding stations. Others make very extensive migrations. For 
example, Wilson's petrel (Oceanites oceanicus), one of the sea- 
farers’ “Mother Carey’s chickens,” common in summer in the 
North Atlantic, nests in austral spring at the edge of the antarctic. 

The aberrant diving petrels, composing the family Pelecanoi- 
didae, range in the southern hemisphere and breed on islands. 

Petrels lay a single white egg and care for the young during 
their exceptionally slow growth. They feed on a wide variety of 
marine organisms. Only the giant petrel, which is partly a carrion 
eater, takes any of its food ashore or on sea ice, See also ALBA- 
TROSS; FULMAR; SHEARWATER, (R. C. Mv.) 

PETRI, OLAUS and LAURENTIUS, two Swedish church- 
men who played decisive roles in the reformation of the Swedish 
church. Born at Örebro in the diocese of Strängnäs, OLAvs (or 
Oravus) PETRI (1493-1552) studied at Wittenberg (1516-18) 
and absorbed the reformed teaching of Luther and Melanchthon. 
When Gustavus Vasa was crowned king in 1523, Olaus had already 
attracted attention and criticism by his preaching. The Roman 

Catholic hierarchy were hostile to the king, who became a sup- 
porter of the reformed teaching. Laurentius Andreae, secretary 
and later chancellor to the king, was a friend of Olaus Petri, who 
preached the coronation sermon. Olaus rose in prominence and 
served briefly as chancellor (1531). Later he opposed the auto- 
cratic policy of the king, and both he and Andreae fell from favour 
and were condemned to death in 1540, the sentence being remitted 
for a heavy fine. Later he regained favour and was appointed 
pastor of Storkyrkan church in Stockholm where he died in 1552. 
Olaus provided most of the literature for the Swedish Reformation 
movement, including a Swedish New Testament (1526), hymn- 
book (1526), church manual (1529), the Swedish liturgy (1531), 
and many homiletical and polemical writings. His Chronicle is 
an important historical document. 

LAURENTIUS PETRI (1499-1573) also studied at Wittenberg, 
returning to Sweden in 1527. He was appointed the first Protes- 
tant archbishop of Uppsala in 1531 and held this office until his 
death in 1573. His influence was very great, although he was less 
dynamic and forceful than his brother. The Swedish Bible of 
1541, for which he was principally responsible, was as important 
for Swedish life and literature as Luther's German translation was 
for the German-speaking peoples. His kyrkoordning (church 
order) of 1571 defined the practice of the church, particularly its 
relation to government, and went far toward establishing the 
independence of the church from the crown which has been char- 
acteristic of most of its history. 

See C. J. I. Bergendoff, Olavus Petri and the Ecclesiastical Trans- 
formation in Sweden 1521-52 (1928); E. E. Yelverton, An Archbishop 
of the Reformation (1959). (E. M. C.) 

PETRIE, SIR (WILLIAM MATTHEW) FLINDERS 
(1853-1942), English archaeologist remembered for his discoveries 
in Egypt and for introducing scientific methods of excavation, was 
born at Charlton, near Greenwich, on June 3, 1853. A delicate 
child, he was educated privately, developed an early interest in 
ancient weights and measures, and published Inductive Mi etrology 
(1875). Between 1875 and 1880 he studied sites in Britain, includ- 
ing Stonehenge. A long series of surveys and excavations in 
Egypt began (1880) with the pyramids of Giza and proceeded 
to the temple of Tanis (1884), the Greek city of Naukratis in 
the Nile delta (1885), and Daphnae and other towns (1886). 
Between 1888 and 1890 he worked in Al Fayyum, principally at 
Hawara, Illahun, and Ghurab. He next explored and excavated 
the pyramid and temple of Maydum. In 1894 he discovered the 

painted pavement at Tell el Amarna and then excavated the town 
of Coptos (Qift; 1895), the predynastic site of Nakada (1896), 
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and a series of temples at Thebes (1897), From 1898-1904 he 
plored the great necropolis of Abydos (q.v.), discovering the y 
tombs or cenotaphs of the earliest dynasties, and the antiqui 
of Dandarah. Subsequently he dug at Memphis and again sv 
Fayyum, where he made a rich find of 12th-dynasty jewel 
(housed since 1919 in the Metropolitan Museum of Art Ne 
York). In 1922 Egyptian laws relating to the antiquities Were 
made much more strict, and Petrie turned to Palestine, where he 
continued to excavate until 1938. 

From 1892 to 1933 he was Edwards professor of Egyptology at 
University College, London. His excavations between 188] mj 
1906 were carried out for the Egypt Exploration Fund and for 
private subscribers. In 1894 he founded his own fund-raising and 
publishing medium, the Egyptian Research Account, renamed jy 
1905 the British School of Archaeology in Egypt; it was dissolved 
in 1954. 

Petrie published more than 40 large quarto volumes with ny. 
merous plates. His many books for popular reading include in 
autobiography, Seventy Years in Archaeology (1931). Essentially 
a practical fieldworker of great ability, he made contributions of 
the highest value, but had no flair for research in epigraphy. He 
was prone to base his theories on inadequate premises: notably 
his views on chronology, which are not accepted by most scholar 
(see ALPHABET: Origin). Petrie was knighted in 1923; he diedat 
Jerusalem on July 28, 1942. 

See also EcvPr: Archaeology. 

See S. Smith, Sir Flinders Petrie (1943) ; C. M. Daugherty, The Gret 
Archaeologists (1962). (W. R. D) 

PETROCHEMICALS, in the strictest sense, are chemicls 
derived wholly or partially from petroleum or natural gas. The 
definition, however, has been broadened to include the whole range 
of aliphatic, aromatic, and naphthenic organic chemicals, as wellis 
carbon black and inorganic materials such as sulfur and ammo 
In many instances, a specific chemical included among the petro 
chemicals may also be obtainable from other sources, such as coti 
coke, or vegetable products. For example, materials such de 
zene and naphthalene can be made from either petroleum or 0% 
while ethyl alcohol may be of petrochemical or vegetable origi. 
This not only makes it difficult to categorize a specific substance 
as petrochemical or nonpetrochemical but also creates problens 
in making statistical analyses of the industry. 1 

Petrochemicals find application in such diverse industries 
riculture; food processing; detergent, automobile, and paint m e 
facture; building construction; textiles; and synthetic n p 
duction. For example, a typical U.S. automobile in the | 
utilized 11 basic polymers of petrochemical origin for a 
180 plastic parts. Consumption of plastics per vehicle amo d 
to 28-30 lb. In another area, the construction industry К 
chemicals found application in protective and decorative 
flooring, adhesives, electrical equipment, tiles and Вла olin 
and laminations, piping, moisture barriers, insulation, ал emit 
Here, as in the automobile industry, many of the petrod 
used were plastics or resins. region of tit 

Development in the United States.—Any discussion. E 
history of the petrochemical industry necessarily SP gi 

м 
industry. The earliest activities came during World er anl 
there were shortages of many chemicals needed for 7, i 
civilian uses. Among the more critical materia 
was toluene, which was required for the manufactu vies CA 
To augment toluene supplies, several petroleum EU fractio 
out thermal cracking operations on selected petroleu aromati 
and recovered small amounts of toluene and ote clined: 
After the war, demands for toluene lessened, prices B y ih 
the petroleum-based product could not compete веб y, 
materials available from the coking industry. сан and Y 
terest in petroleum-derived aromatics became dorm 
mained so until World War II. : З 

In contrast, interest in the production of aliphat! ropan 
leum prospered after the war. The production of isopror 0 ‘The 
propylene reached commercial proportions during 


nr 
cs юш д 


| got 


ni 
thermal cracking of liquid petroleum fractions ап p 


PETROCHEMICALS 


| ethylene became commercially feasible, and derivatives of 

this olefin made appearances on the American market in the early 

| m and the other lower olefins, propylene and butylene, 
continued as the primary raw materials for petrochemicals during 

` (he 1920s and 1930s. One of the outstanding developments during 

- {his period was the chlorhydrin process for converting ethylene to 
ethylene glycol, which found a large market as an antifreeze for 
liquid-cooled боо ара ацсап engines. 

By the end of the 1930s the petroc emical industry was gaining 
| шне momentum. Petroleum refining had атая very 
lige scale, making available a virtually unlimited supply of hydro- 
шоп raw materials. Research and product development activi- 
ties were being carried out at a rapid pace. By 1940 many new 
petrochemicals, and the new chemical and engineering technologies 
associated with them, had become commercially successful. Thus, 
` when the United States became involved in World War II, the 
| petrochemical industry was 2 an advantageous position to make 
itscontribution to the war effort. The huge demands for aviation 
ul, rubber, plastics, explosives, fertilizer, solvents, detergents, 
tic, led to crash programs to create entirely new production tech- 
niques and facilities. Outstanding among these was the develop- 
ment of synthetic rubber, based on petroleum-derived olefins and 
Bonos the extension of petroleum refining operations to 
produce basic aromatic raw materials, including toluene for trini- 
toluene (TNT) manufacture. In 1944, at the peak of World 
War II, toluene production from petroleum sources reached ap- 
matey 166,000,000 gal., while only about 38,000,000 gal. were 
produced from coal. Thus, the area of aromatic chemicals was 
opened to the petrochemical industry. 

After World War II, developments in the fields of plastics, man- 
made fibres, synthetic rubber, detergents, and chemical fertilizers 
Were of most importance, especially the large-scale operations for 
the production of polyolefins such as polyethylene and the develop- 
ment of processes for the manufacture of stereospecific polyolefins. 
e synthetic rubber industry, the development of stereospecific 
Polymers of butadiene and isoprene and of copolymers of ethylene 
[юле were, significant contributions. Man-made fibres 

on the nylons, which appeared commercially in 1939-40 and 
E reserved primarily for military applications during World 
Ж П, entered the civilian market after the war with astounding 
T M. In addition, new fibres, such as those based on polymers of 
E gris (Acrilan, Orlon, Creslan, Zefran, Dynel, Verel, etc.), 
mm alic acid and ethylene glycol (Dacron, Kodel, Vycron), and 
E, rene chloride (Saran, Velon, Rovana, etc.) were introduced 
“УҢ шде scale, These fibres provided significant competi- 

Bots ү established materials as wool, cotton, and rayon, 

n E detergents gained consumer acceptance during World 
Ni AR jo availability of soaps based on natural fats and oils 
Postwar ud eee of detergents expanded rapidly in the 

E. od and soon surpassed the consumption of soap. 

E га involving a wide variety of raw materials, ied 

ндеп ар were tro But e EEE orta d 

slycetine 4 y synt etie: products тез ү See es 
byproduct of the beim v To | Демас this tation a 

cess to Ы Р аА ie tically was developed; 

flvcerine b re glycerine synthetically j 

Encoura А есате а petrochemical. ) } 
fertilizer у demands of a rapidly expanding, aromoniarbased 
а natural n Lyco of hydrogen deus from mere 2 
. Catalytic ne this into a large-vo lume comme! P 
Industry stis reforming operations, carried out by the petroleum 

htites of is manufacture of high-octane motor fuels, produced 
Ше o i Y-product hydrogen that were employed in the man- 

аде synthetic ammonia. Since these sources of hydrogen 

ш sou date от, in many instances, not conveniently available, 
Bele is based on the partial oxidation or reforming of 

tan ess Ydrocarbons or natural gas, were established to pro- 
ley to jog ШУ unlimited supply. Petrochemical hydrogen, the 
"9 low-cost, ammonia-based fertilizers, provided hope of im- 
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Other products and processes that reached commercial signifi- 
cance in the period after World War II included epoxy resins, 
polyurethanes, polyacetals, polycarbonates, and the production of 
oxygenated chemicals by the controlled direct oxidation of propane 
and butane with air. 

1 Development in Other Countries.—In comparison to activi- 
ties in the United States, petrochemical operations in the rest of 
the world prior to World War II were negligible. Western Europe, 
centre of a highly-developed chemical industry based on its coal 
supplies, suffered a lack of developed petroleum or natural gas de- 
posits and thus was not encouraged to turn to petroleum as a source 
of raw materials. Development of the petrochemical industry 
in Western Europe therefore hinged on the importation of large 
quantities of crude oil and the construction of refineries to process 
it. This occurred after World War II when discoveries of tre- 
mendous quantities of crude oil in the Middle East and North 
Africa provided convenient, low-cost sources for Europe’s growing 
energy requirements. The first significant petrochemical opera- 
tions were started in the United Kingdom in 1950-51. These soon 
were followed by the introduction of petrochemical activities in 
Italy, France, and West Germany. Developments in Italy and 
France were encouraged by the availability of significant indige- 
nous natural gas deposits. Later, the petrochemical industry was 
established in the Netherlands, which enjoyed a strategic geographic 
location in the European Common Market and had large natural 
gas deposits. 

Developments in Japan were notably rapid. As in Western 
Europe, petrochemical operations had to await development of 
petroleum refining activities based on imported crude oil, Thus 
the first facilities in Japan were not completed until 1957, but swift 
growth was seen thereafter. 

Although activities in the United States, Western Europe, and 
Japan have been mentioned specifically, progress in other coun- 
tries such as Canada and Australia was almost equally significant. 
Members of the Communist bloc of nations made a determined 
effort to expand their petrochemical activities. In general, petro- 
chemical development in areas outside the United States followed 
the pattern established in that country, with initial operations 
based on paraffinic or olefinic raw materials. 

Growth of the Industry.—Specific information on the output 
of petrochemicals in three major producing areas of the world, the 
United States, Western Europe, and Japan, indicates the phe- 
nomenal vitality of this industry. Growth in the United States, 
for example, increased over thirteenfold in the two decades follow- 
ing World War II, while plant investment increased more than 17 
times, This rapid expansion was attributable to several factors, 
including (1) general growth in the economy and population of the 
countries involved; (2) replacement or supplementation of alter- 
nate raw materials derived from coal and agricultural products by 
lower cost, more conveniently available raw materials derived 
from petroleum or natural gas; and (3) development of new prod- 
ucts which establish entirely new markets or displace alternative 
products from an established market. 

The first factor needs no explanation, being related to an in- 
creased level of national incomes, construction activity, demand 
for consumer goods, etc. The second factor involves the replace- 
ment or supplementation of raw materials. For example, ethyl 
alcohol produced by fermentation of agricultural products supplied 
the major portion of the demand for this product before World 
War II. In the meantime, processes for the derivation of ethyl 
alcohol from petroleum-based ethylene were being perfected. 
These processes proved to be more economical than fermentation 
and thus synthetic ethyl alcohol largely replaced natural or fermen- 
tation ethyl alcohol for industrial uses in the United States. Nu- 
merous other products experienced a similar shift, from natural 
to synthetic, in the major source of associated raw materials, in- 
cluding benzene, toluene, xylene, methanol, ammonia, and rubber. 

An outstanding example of a development mentioned above as 
the third factor contributing to the growth of the petrochemical 
industry is polyethylene. Production of this remarkable plastic 
material in the United States increased by a factor of 2,000 in a 
20-year period. Although some of the growth in markets for 
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polyethylene was accounted for by the substitution of this plastic 
for metals and other materials in established applications, entirely 
new applications utilizing its unique properties also made signifi- 
cant contributions. 

Location of the Industry.—The factors which establish spe- 
cific geographic areas as centres for petrochemical operations are 
essentially the same as those controlling the location of other in- 
dustries, including availability of raw materials, availability of 
markets, labour costs, construction costs, transportation facilities, 
and fuel and utilities costs. Usually a combination of these fac- 
tors is involved. 

In the United States, abundant raw materials in Texas and 
Louisiana was the dominant factor in establishing the Gulf Coast 
as the leading petrochemical production area. Supplementary 
factors included low construction, fuel, and utility costs, as well 
as the availability of low-cost water transportation. The primary 
factor encouraging locations in other areas of the United States 
having significant concentrations of petrochemical activity—Cali- 
fornia, the Midwest, and Middle Atlantic states—was the presence 
of large consumer markets. Of course, the availability of raw ma- 
terials from petroleum refining operations in these areas was also 
a positive factor. 

In Western Europe, Belgium, England, France, West Germany, 
Italy, and the Netherlands contain the main centres of production. 
In general, sites having access to good harbours and navigable 
waterways were favoured because of the industry's dependence 
upon imported crude oil or feedstocks and because of the wider 
markets available from these locations. 

See also CHEMICAL INDUSTRY; PETROLEUM. 

See William Haynes, American Chemical Industry (1954); R. F. 
Goldstein, The Petroleum Chemicals Industry (1958). 

(W. E. Ku.; Н. A. Kr.) 

PETRODVORETS (formerly Ретевноғ), a town in Len- 
ingrad oblast of the Russian Soviet Federated Socialist Repub- 
lic, U.S.S.R., and administratively under the Leningrad City Coun- 
cil, stands on the southern shore of the Gulf of Finland, 18 mi. 
(29 km.) W of Leningrad. The town has grown up round the 
palace and gardens built for Peter the Great in 1721, The palace, 
designed by J. B. A. Leblond and enlarged by Bartolomeo Rastrelli 
in 1752, and its magnificent gardens and many fountains and pa- 
vilions were destroyed during World War II but were later re- 
stored. Of special note are the Grand Cascade and the Samson 
fountain. (R. A. F.) 

PETROGRAD: see LENINGRAD. 

PETROKREPOST (formerly SHLISSELBURG; Ger. SCHLÜS- 
SELBURG), a town in Leningrad oblast of the Russian Soviet Fed- 
erated Socialist Republic, U.S.S.R., lies 25 mi. (40 km.) E of 
Leningrad, on the south bank of the Neva where it flows out of 
Lake Ladoga. The place was founded by the Republic of Nov- 
gorod in 1323, when it was known as Oreshek. Later the Swedish 
fortress of Noteborg was established there. Its capture in 1702 
by Peter the Great was the preliminary to the foundation of St. 
Petersburg (now Leningrad). Renamed Shlisselburg, it served as 
the key fortress on the eastern side of St. Petersburg, and later 
asa prison. The terminus of the Ladoga lateral canals, the town 
has shipbuilding and repair yards. It was damaged during World 
War II, when it played an important role in the defense of Lenin- 
grad. The town was given its present name in 1944. (R.A, Е.) 

PETROL: see GASOLINE. 

PETROL ENGINE: see INTERNAL-COMBUSTION ENGINE. 

PETROLEUM is a mixture of gaseous, liquid, and solid hy- 
drocarbons found in varying amounts in sedimentary rock deposits 
throughout the world. In its crude state petroleum is practically 
useless. When refined it supplies fuels, lubricants, illuminants, 
solvents, surfacing materials, and many other products. The fuels 
derived from it account for half the world’s total supply of energy 

and are used not only to power the engines of automobiles, trac- 
tors, trucks, ships, airplanes, and missiles but also to heat build- 
ings., Petroleum lubricates machines, and petroleum cutting oils 
make possible much of the drilling and grinding basic to mass pro- 
duction. Asphalt from petroleum covers floors, roofs, and high- 
ways. Either directly by combustion, or indirectly through the 
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generation of electricity, petroleum supplies man 
world with artificial light. Petroleum products are also ТТ 
man-made fibres for clothing; synthetic rubber for tires and other 
uses; cleansing agents, such as soap and detergents; paints anj 
plastics; and numerous ingredients used in the production of fe. 
tilizers, insecticides, medicines, etc., and for food processing 4 
peacetime such applications have multiplied as scientists and nk 
neers have developed new processes, and the further processing oj 
by-products has given rise to a whole new industry, petrochemical 
(g.v.). Every day the world consumes nearly 1,000,000,000 gal, of 
petroleum, which is thus the single most important item of itle: 
national trade. Because large capital resources and contin 
fresh investment are required, it is usually large public or private 
corporations that explore for, produce, transport, refine, and mir. 
ket crude petroleum and its products. 

World Wars I and II demonstrated petroleum’s vital impor 
tance. World War I focused attention on petroleum as a fuel and 
lubricant, and World War II on its additional role as a raw mate 
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-rial in the manufacture of synthetic rubber, TNT; waterproofing 


greases for amphibious operations, fuels for flamethrower, ax 
incendiary materials. 

Because it is indispensable in peace and war, crude petroleum 
is sought by individuals and by nations. Access to petroleum re 
serves is a constant concern of commercial and governmental pûl 
icy. Petroleum has entered into politics and politics into petro 
leum. 

Petroleum has also promoted economic development by bring 
ing income for investment and social welfare to the producing 
countries (many less-developed countries, notably Venezuela and 
Kuwait, have made great progress as a result of petroleum тее 
nues) and by providing a relatively inexpensive source of energ 
in areas where other energy sources are nonexistent or costly. 

This article is organized along the following lines: 


I. Characteristics of Crude Petroleum 
A. Physical Characteristics 
B. Chemical Characteristics 
II. Technology 
A. Production 
1. Exploration 
2. Drilling 
3. Offshore Drilling 
4, Recovery 
B. Transportation and Storage 
1, Pipelines 
2. Other Means of Transport 
3. Storage 
C. Refining 
1. Purpose and Location of Refineries 
2. Separation 
3. Chemical Processing 
4. Purification 
5. Scale of Refinery Operations 
6. Petrochemicals 
D. Marketing 
Demand and Supply 
A. Sources of Crude Petroleum 
B. Consumption of Products 
C. Conservation and Output Control 
IV. History 
A. From Early Times to 1918 
1. United States 
Russia 
. Far East. Royal Dutch/Shell 
. Venezuela 
. Rumania 
- Persia and the Middle East 
. The Effects of World War I 
B. From 1919 to 1939 
1. Venezuela 
2. Middle East 
C. After World War II 
1, Middle East Development 
2. Social Benefits from Oil Revenue 
3. New Pattern of World Development 
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Characteristics of Representative Crude Oils 
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fuel because, like natural gas and 
(oil, it is derived from organic material. It is also commonly re- 
fered to as a “mineral” oil since it lies in the pores of underground 
sedimentary rocks or sand and is popularly linked with the minerals. 
‘Crude petroleum contains thousands of different chemical com- 
pounds, ranging from gases to semisolid materials such as asphalt 
and paraffin wax. At the extreme pressure exerted underground, 
Pic are dissolved within the heavier components, but upon 
ching the surface they may vaporize. When separated, they 
tte called natural gas (see Gas Inpustry). Likewise, paraffin wax 
isdissolved in the crude petroleum, although it too may separate 
when cooled at the surface. 
Physically, crude petroleum is a mixture of compounds boiling 
at diferent temperatures. The fraction of lightest specific gravity, 
Comprising the gases, boils below atmospheric temperature. The 
next heaviest fraction, that which is normally refined into gasoline 
(en), boils between roughly 30°-200° C (85°-390° F). The 
ction boiling between about 140°-300° C (285°-570° F) is 
Called Kerosene (q.v.), while that boiling above about 300° C is 
tilled gas oil, because it was once used as a raw material in fuel- 
fismanufacture. The remaining and heaviest fraction is known 
45 "reduced crude" or "residuum." Heating and diesel oils are 
[у derived from the gas-oil fraction, lubricating oils from 
the gas-oil and reduced-crude fractions, and fuel oils, waxes, 
ов from the reduced crude. The proportions in which 
idi erent fractions occur vary with origin, some crude oils being 
ui gasoline components, others in kerosene, and still others in 
ating oils and waxes. . For physical characteristics of repre- 
tive crude oils, see Table. ; 
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кышу, the major components of crude petroleum are hy- 
molecules? compounds of carbon and hydrogen, combined in 
One tof of different sizes and arrangements. Small molecules 
m f our carbon atoms) constitute the gases; larger molecules 
larger ate to about ten carbon atoms) constitute gasoline; still 
libi Molecules (up to 50 atoms) make up the light fuels and 
tarbon 2 oils, and gigantic molecules (up to several hundred 
Accompany ms) constitute the heavy fuels, waxes, and asphalts. 
0159 ying the hydrocarbon gases are appreciable amounts (up 
wee each) of nitrogen, carbon dioxide, and hydrogen sulfide, 
liguig Paes amounts of helium and a few other gases. In the 
"ll, an Ydrocarbons there are usually found traces of oxygen, sul- 
nitrogen, either as elements or combined with the hydro- 
molecules, 
d P carbon atoms in the hydrocarbon molecules may be linked 
ch of ment ways, forming either a ring or a chain. Moreover, 
lem carbon atoms may have either a full or only a partial 
ated o Of hydrogen atoms, forming saturated and unsatu- 
tul wh ecules, respectively. Saturated ring hydrocarbon mole- 
tarhon ose chemical formula is C,H», (where C and H stand for 
i and hydrogen atoms and m is any positive integer) are 
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called naphthenes. Naphthenes are generally unreactive, for they 
can combine with other materials only by substituting for one or 
more of their hydrogen atoms. Saturated chain hydrocarbon 
molecules (chemical formula, C,H», + 2) are called paraffins and 
are equally unreactive. Unsaturated ring hydrocarbons are called 
aromatics, and unsaturated chain hydrocarbons (chemical formula, 
C,H,) are called olefins, Both classes of unsaturated hydrocar- 
bons are able to combine directly with other materials without 
having to displace any hydrogen atoms, and consequently are very 
reactive. Several refining processes have been developed to in- 
crease the yield of unsaturated hydrocarbons boiling in the gasoline 
range. Both ring and chain hydrocarbon molecules can have ap- 
pendages or “radicals,” containing usually carbon and hydrogen 
atoms but occasionally sulfur, oxygen, or nitrogen. Most preva- 
lent are the methyl (CH), ethyl (СН), and propyl (C3H7) 
radicals. Substances whose molecules have the same number of 
atoms of each element but different internal structures are known 
as isomers; although they share the same chemical formulas their 
chemical and physical properties differ. The chemical composi- 
tion and boiling range of crude petroleum varies with the source 
of origin, as shown in the Table (see also HYDROCARBON). 


П. TECHNOLOGY 
А. PRODUCTION 


1. Exploration.—The physical and chemical characteristics of 
a crude oil, together with the location and extent of the deposit, 
largely determine its value as a raw material, Exploration is most 
intense in those areas already yielding or showing evidence of 
yielding large volumes of high-quality petroleum. 

Petroleum lies hidden under the earth. No physical or chemical 
property of petroleum has been found which enables it to be de- 
tected from the surface. Thus the exploratory techniques, geo- 
logical, geophysical, and geochemical, that have been developed 
do not yield perfectly accurate forecasts of discovery; at best they 
give the geologist only an indication of how good his chances are. 
Only by drilling will he learn if oil actually exists in a given loca- 
tion. 

The modern oil industry began about 1859. In its first half- 
century, exploration consisted in locating indications of oil on the 
surface of the earth. Wells were then drilled on or near the site 
of the seepage. Thus the oil fields of Pennsylvania, the Caucasus, 
Rumania, Iran, Burma, and Sumatra were opened up. 

The profits from oil discoveries were so attractive that wells 
were often drilled by “wildcatters” in the absence of any favour- 
able geological indications. Wildcat discoveries opened many oil 
fields, those in Ohio, Illinois, and Kansas in the United States being 
only a few. Most wildcat wells benefit from local or regional geo- 
logical knowledge and from accumulated experience in the area. 
However, in the decade of the 1950s only about one in every eight 
wildcat wells was successful. 

Scientific exploration developed at the beginning of the 20th 
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century when geologists began to map land features as indicators 
of favourable places to drill. Particularly revealing were out- 
croppings which gave evidence of alternating layers of porous and 
impermeable sedimentary rock. Porous rock, typically a sand- 
stone, limestone, or dolomite, acts as a reservoir for any petroleum 
present. In porous rock petroleum can move, under a pressure 
differential, through the interstices and cracks to a point of with- 
drawal; i.e., to the bottom of a well. Impermeable rock, typically 
clay or shale, acts as a trap, preventing the migration of petroleum 
from the reservoir, The probability of discovering useful amounts 
of oil is highest when the alternating strata are uplifted into domes 
or anticlines, for under the domes the impermeable or “сар” rock 
entraps all the petroleum that migrates from more distant reser- 
voirs. The thicker the reservoir rock—the range is from a few 
feet to several hundred—the greater is the potential yield of oil; 
the more permeable the rock, the greater is the fraction of the oil 
trapped in the reservoir that can be recovered. (See PETROLOGY.) 

Within a decade after 1900 most of the areas in the United 
States whose structures seemed promising from the surface had 
been drilled to the greatest depths possible with existing equip- 
ment and methods, and substantial discoveries had been made 
in Texas, California, Louisiana, and Oklahoma. Oil was also found 
in Canada, Poland, Germany, India, Peru, Mexico, and Trinidad. 

In the early 1920s the era of subsurface exploration for oil be- 
gan. For areas where strata were not exposed sufficiently to permit 
surface mapping of underground characteristics, new geological 
and geophysical techniques were developed. 

By the 1960s the geophysical techniques—gravity, magnetic, 
and seismic—were being used in the search for oil. (See Gro- 
PHYSICAL PROSPECTING.) The gravity technique employs the 
gravimeter, a sensitive instrument which can measure variations 
in gravitational force. These variations are produced by, among 
other things, varying density of the rock beneath the surface. 
Dense rocks, when located close to the surface, increase the pull 
of gravity while sedimentary rocks, being light, do not. After 
many gravity readings have been taken over an area, lines of equal 
gravitational force can be drawn on a map. From the map the 
slant of the strata and certain other anomalies can be detected, al- 
though precise interpretation of the subsurface character of the 
rocks is impossible. 

The magnetic technique, like the gravity, yields on a map of 
the terrain lines of equal force, in this case of equal magnetic 
flux. Variations in the earth's magnetic field áre caused by the 
existence of magnetic bodies under the earth. Tgneous rock gen- 
erally contains more magnetite and thus gives higher readings on 
a magnetometer. Again, as in gravity maps, interpretation is im- 
precise, although it does help to reveal the depth at which igneous 
rock replaces sedimentary. The magnetic method can be applied 
over land or water, and the readings can even be recorded on an 
instrument towed behind an airplane. 

More expensive, more laborious, but more accurate are seismic 
methods of exploration, Seismic methods are based on the fact 
that shock waves traveling downward from the surface of the earth 
are reflected or refracted by the interfaces between the strata, Re- 
turning to the surface, the shock waves are observed by recording 
devices called geophones, located at different points on lines radi- 
ating from the hole in which an explosive charge is detonated. 
At the instant of the explosion each geophone records the shock 
wave traveling along the surface of the ground. At later instants 
the geophones receive successive signals reflected to the surface 
from the interfaces, or “horizons,” the intervals being longer the 
farther the geophones are from the explosion and the slower the 
shock waves travel in the rock layers, All the signals received by 
the geophones are amplified and traced on long strips of moving 

film, giving a photographic record by which geophysicists interpret 
the depth and angle of inclination of the various strata. 

According to the principle of refraction, shock waves striking 
a horizon at a slight angle will be contained and travel along the 
bed. If the rock bed is particularly dense the waves will not be 
damped completely and can be observed several miles from the 

point of explosion. 
Reflection is the preferred technique in seismic exploration. It 
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requires smaller explosive charges and less distant 
stallations, for shock waves inclined at a great angle 
are reflected or bounced back to the surface closer to. 
Both permeable and dense media will reflect shock 
yielding information about intermediate horizons, — 
Geochemical methods of analysis are used in an 
cover the presence of hydrocarbons in the soil or 
the soil. Although simple to apply, these techniqu 
ful where overlying strata are extremely dense. 
With information about underlying strata gained 
magnetic, and seismic surveys, geologists can 
about the potential yield of oil from an area. But; 
tion of geophysical and geochemical data falls s 
exact science, and the only way to tell whether or noi 


the surface is to drill for it. 


Some wells are drilled primarily to yield oil, others 
yield information. Since the latter type are much 
cheaper, requiring less apparatus, power, and time, 
quently carried out in advance of production di 
and producing wells yield actual samples of the unde 
As the drill penetrates the earth the rock cuttings, 
surface, can be analyzed. Geological analysis of the 
cates the chemical and physical properties of the ro 
analyses over the course of the drilling provide a re 
alog. Periodically a core sample (a rod of solid rock: 
special hollow drill) is taken for a more detailed ana 
laboratory. There paleontologists examine embed 
ing to find those normally associated with the pi 
carbons. Also, if present in quantity, crude oil can 
examining samples under ultraviolet light. Й 

After а well has been drilled it тау be desirable to ob 
information than is given by the geological log. El 
dioactivity logs, temperature logs, and caliper logs all 
data, The electric log records the variations in elec! 


BY COURTESY OF THE AMERICAN PETROLEUM 
INSTITUTE 


FIG. 1.—ROTARY DRILLING RIG WITH 
DIESEL POWER UNITS 
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M COURTESY OF STANDARD OIL COMPANY (N.J.) 


CREW USING PIPE CLAMPS TO UNSCREW SECTIONS OF DRILL PIPE AS IT IS 
REMOVED FROM HOLE TO REPLACE DRILLING BIT 


= 


е time required for this operation, which is not necessary with 
notary drilling, plus the slower rate of drill penetration, has made 
the cable-tool method practically obsolete for deep holes and it is 
‘ow used mainly for shallower water wells. 
The rotary drilling method requires thousands of feet of drill 
m fn well casing, a derrick, a power source or prime mover, 
ne its, drilling muds and chemicals, and a team of several men 
nie for many weeks—all necessitating considerable capital 
lop CREER The drill bit is attached to a string of drill pipe, to the 
aly: a ich is connected a tube of square cross-section called the 
RR e kelly passes through a square hole in a power-driven 
tte B n rotating the drill string and bit, and lengths of drill pipe 
Cuttin led just below the kelly as the bit progresses downward. 
throu T are removed by a circulating mud slurry which is pumped 
Do ур at the top of the kelly, down the drill pipe, and out 
nul oles in the bit, whence it carries the cuttings up the an- 
fice, Da around the drill pipe and into a settling pit on the sur- 
Vent th e drilling mud, by hydrostatic pressure, also helps pre- 
D Water lepe of unstable strata into the hole and the intrusion 
ever, Whe Tom water-bearing strata that may be encountered; how- 
dent " ча the hydrostatic pressure of the mud column is not suffi- 
is inserted well casing, slightly smaller in diameter than the hole, 
tilling to seal off the undesirable formations. ц 
E muds consist of a mixture of clay, usually bentonite, 
Compositi, with special chemicals added to compensate for varying 
mud, in lon of the water and the formation being drilled. The 
lubricate addition to carrying rock cuttings to the surface, also 
antes and cools the drill bit. ed 
in ae to rotate the drill string, raise and lower the drill string 
Provided and operate the mud pump and auxiliary equipment is 
lit most y the prime mover. Formerly steam engines were used, 
les Super drilling rigs employ diesel power. On very-deep 
diesel Elo the heaviest loads are encountered, as many as eight 
Dower, oF may be interconnected to provide the necessary 
When ёе also DRILLING MACHINERY.) 
an oil-bearing formation is reached, either of two methods 
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may be used to prevent the incursion of unwanted water, gas, sand, 
etc., from other formations, A second string of casing may be in- 
serted inside the original casing and cemented at the bottom, or 
cement may be pumped down between the original casing and the 
hole wall. The drilling mud is then removed, the cement is per- 
forated at the level of the oil-bearing formation, and the flow of 
oil can commence. For wells that flow freely, as distinct from 
those that have to be pumped, all that is needed is a master valve 
assembly, called a “Christmas tree,” at the well-top to control the 
rate of output. Drilling is finished and the well is a producer. 

Drilling for oil is expensive. Wells drilled in the early 1960s 
in the United States descended on the average to a depth of more 
than 4,400 ft. (One well in Louisiana produced oil at 21,413 ft.) 
At an average cost of $15 per ft., an average well thus involved 
an expenditure of about $65,000. 

Expenditure per well within the United States rose somewhat 
after World War II,.due partly to the general postwar rise in the 
cost of all goods and services and partly to the cost of exploring 
new areas, Compensating for much of the rise in costs, however, 
were improvements in drilling methods and equipment: after 1945 
rates of penetration were increased by nearly 50%. In unde- 
veloped countries where work often has to be done in desert, 
jungle, or swamp, and where the oil explorer has to provide all 
the utilities at points often remote from the seaboard or main cen- 
tres of population, the drilling of a single well may involve the 
outlay of millions of dollars. 

Drilling for oil involves many risks. If oil is found it may 
be of very low quality and unusable, or the volume of oil discov- 
ered may be too small for commercial exploitation, or gas may be 
found instead of oil and there may not be any commercial outlet 
for it, Even in proven fields it is not certain that a new well will 
produce oil, Out of 16,647 field wells completed in the United 
States in the first half of 1960 (a typical year), 4,295 or 26% 
were dry. When wells are drilled in virgin territory the chance of 
failure increases considerably. Out of 4,708 exploratory wells 
drilled in the United States during the same period, 4,090 or 87% 
were dry. In some other oil-producing areas of the world, where 
reserves have not been so extensively tapped, the chance of suc- 
cess may be higher, but in new territory they may be much lower. 

3, Offshore Drilling —Oil may be found under water as well 
as under dry land, and its recovery is sufficiently profitable to en- 
courage off-shore drilling. The first attempts were made in Cali- 
fornia, where the coastal oil fields were observed by means of sub- 
surface well-surveying instruments directed toward the continental 
shelf. Wells were drilled from shore locations on a slant to the 


oil pools under water. 
Next, drilling in lakes, bays, and shallow-water areas of the con- 


BY COURTESY OF STANDARD OIL COMPARY (N.J.) 
OFFSHORE DRILLING PLATFORM IN THE GULF OF MEXICO 


“crane-leg” type, resting on ten adjustable legs seated on 


Platform is of the 
latform at left facilitates transportation between 
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tinental shelf was made possible by the development of suitable 
equipment for drilling from barges and special foundations. Three 
types of drilling rigs (self-contained, with fixed platforms or mo- 
bile platforms, and derrick platforms with floating drilling tenders) 
are used for these operations. A floating drilling platform or 
drilling vessel later was evolved. It is anchored and relies on 
buoyancy instead of (as in the above cases) piles or legs driven 
into, or resting on, the sea bottom. The reservoir under Lake 
Maracaibo in Venezuela was the first extensive off-shore field to 
be developed. The Gulf of Mexico, the Caspian Sea, and the 
Persian Gulf also yield offshore oil in large quantities, and offshore 
drilling has taken place off Trinidad, Libya, Egypt, West Africa, 
British Borneo (now Malaysia), Japan, the Netherlands, and the 
United Kingdom. 

4. Recovery.—The natural gas that accompanies crude oil in 
the ground is under compression, and it often provides sufficient 
energy to move the oil through the porous rock to the bottom of 
the well, and sometimes up the well to the surface. Similarly, 
water associated underground with the oil may be under pressure 
and thus provide some of this energy. 

Properly conserved, these two natural forces can expel a large 
amount of the oil in the formation. Good engineering practices 
call for production methods which do not permit the pressure in 
the reservoir to be reduced below a minimum amount. Sometimes 
pressure can be maintained by controlling the rate of oil with- 
drawal, but it is often necessary to use other means. Sometimes 
the gas that comes to the surface with the oil is gathered and 
pumped back into the oil reservoir, where it helps to maintain pres- 
sure. Sometimes it goes to waste because there is no economic 
outlet for it, but whenever possible the gas is treated and then used 
for heating, power, or other purposes. In fields where a water 
drive exists, the injection of additional water into the reservoir 
provides an effective way of maintaining pressure and recovering 
more oil, 

Under modern conservation methods, some fields are still flow- 
ing after 10 or 20 years of operation. However, pumping is neces- 
sary when insufficient gas or water pressure is present to move 
oil from the reservoir to the surface. This may occur in the first 
development of the field or after most of the original pressure has 
been depleted. In nearly 600,000 producing wells in operation in 
the United States, over 500,000 were utilizing artificial lift. A 
large percentage were classified as "stripper" wells; ie., wells 
which are pumped infrequently, yielding on an average slightly 
over 3 bbl. daily. (The barrel is equivalent to 42 U.S. or 35 
imperial gallons.) 


B. TRANSPORTATION AND STORAGE 


Most of the world’s crude petroleum is produced in areas re- 
mote from the main centres of demand; transporting it to the re- 
fineries and markets requires extensive, specialized facilities: pipe- 
lines, tankers, bulk barges, tank cars, tank trucks. The petroleum 
industry has successfully integrated these so as to provide a steady 
flow of crude petroleum and products from well to consumer, 

Petroleum, being a fluid, is easy to transport, and very little 
loss of product is incurred in moving it about. It is also cheaper 
to transport petroleum in bulk over a long distance than to trans- 
port an equal amount of other energy sources. Thus petroleum 
moves in international trade, satisfying the-main energy require- 
ments of countries lacking indigenous resources, 

The lowest transportation costs are obtained with pipelines. 
The next cheapest mode is by ocean tanker, where costs per barrel 
or ton have been reduced by building larger vessels. Petroleum 
products are also carried in smaller quantities in separate con- 
tainers; e.g., cylinders for liquefied petroleum gases and tins and 
barrels for kerosene and lubricants. 

1. Pipelines.—Since pipelines are the cheapest form of trans- 
portation, they are used wherever possible. When the crude oil 
emerges from the well, it usually flows or is pumped through a 
pipeline to a central location where it merges with oil from other 
wells. These pipelines leading from individual wells to storage 
depots are called gathering lines. If the refining centre lies over- 
land from the producing wells, the crude petroleum will be pumped 
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to it through a pipeline. Long pipelines (up to 1,500 mi) of 

diameter (up to 36 in.) carry large volumes (up to 406,00 ie 
per day) of crude oil from fields in Texas, Louisiana, and Obs 
homa to refineries in the Midwest and on the East Coast of th 
United States; from the fields in Alberta to the Great Lakes. f 

fields in Saudi Arabia and Iraq across the desert to ports im s 
and Lebanon; and from fields in the Sahara to the Deu 
Algerian shores of the Mediterranean. 

Although the pipeline is the cheapest mode of transportation, it 
requires a large and steady flow between two fixed points in orde 
to justify the large capital expenditure involved. The major item; 
of cost are the pipe itself, its laying over the terrain (requiring 
usually that a trench be made, and the pipe be coated against су. 
rosion), and the pumping stations (situated from roughly 50 to 10 
mi, apart, and equipped with large diesel engines which provide 
the pressure differential necessary to overcome friction and dif. 
ferences in elevation). The cost in the U.S. of a 30-in, diameter 
pipeline, 1,000 mi. long, carrying 400,000 bbl. of crude oil px 
day would be: capital cost of the pipeline about $150,000,000, of 
which the cost of the pipe represents 50%; pipe laying, 30%; 
pumping stations, 10%; and cost of right-of-way, surveying, etc, 
10%. The economics of pipeline construction and operation i 
such that the largest diameter pipelines are the cheapest per bar 
rel of product transported. Consequently, any two terminals at 
connected by single lines of large diameter rather than two ûr 
more parallel small lines. 

Where large volumes are involved, the products of the refinery 
are also shipped to consuming centres by pipelines. Several grades 
of oil (gasolines, furnace oil, diesel oil, etc.) may even be shipped 
in the same line at the same time, in sequences or “slugs” of ge 
eral tens or hundreds of thousands of barrels each. Ther ii 
slight amount of mixing between one product and the next, bt 
this is small relative to the total volume shipped. Products pie 
lines exist primarily in areas of high consumption, i.e., the North 
east and North Central United States and Western Europe. 

2. Other Means of Transport.—Tankers.—Where a lag 
body of water lies between the oil fields and the refinery, or the 
refinery and consumers, the preferred mode of transport is y 
tanker. Tankers are at a disadvantage compared with pipelines 
because their return journeys must be made empty, whereas 
pipeline can always be full. The advantages of tankers, honed 
are that their routes are flexible and their ports of orig e 
destination variable. Tankers were introduced early in e М 
tory of the oil industry, being developed originally in the 18 i 
carry crude oil and kerosene from the United States, then 
main oil producer, to Europe, and from Russia to the Far i 0 

Oil tankers are built іп all sizes from several hundred to 
over 100,000 tons, the former used for coastal shipments р» 
latter for ocean voyages. Like crude-oil pipelines, the vci 
tankers tend to be the most economical when used at full a " 
Japanese shipyards built, in 1962, a tanker of approximate ur 
000 deadweight tons, and vessels of over 150,000 were ы j 
plated. The building of large tankers is limited by the comm 
the Suez Canal and the limited number of ports that can 2 
date such vessels. mote th 

A number of countries have taken measures to DT? dis 
creation or growth of their own ocean tanker fleets, but is 
half the world fleet is owned by tramp operators EU j 
one-third by oil companies. Some owners register tl omic a 
in those countries which offer the greatest legal and ec d appro i 
vantages. Liberia and Panama are particularly attractiv “er det 
mately 20% of the world’s tonnage being registered UP 
“flags of convenience." -or than 00 con 

Barges.—Since navigation on the ocean is easier ! 
fined bodies of water, tankers move faster than barre (d 
ter, which are used primarily for shipping finishe oe tanko 
inland waterways, average approximately half the spee f m 

Tank Cars.—Railroad tank cars, although capable зра! 
at high speed, where complete direct trainloads сап T 
are used primarily for small or intermittent shipme? А mid 

Tank Trucks.—Road transport of petroleum ji the ba” 
century showed the greatest relative increase, and PY 
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WICOURTESY OF THE KUWAIT OIL COMPANY LIMITED; PHOTOGRAPH, B. A. CARDEW 


MN MINA AL AHMADI, KUWAIT, EQUIPPED WITH SPECIAL FACILITIES FOR 
WICK LOADING OF PETROLEUM INTO TANKERS 
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ning of the 1960s there were approximately 110,000 trucks in the 

Gil industry's service in the United States alone. Sixty per cent 

of these were assigned to the delivery of fuel oil, both to residences 
| to factories. 

4, Storage.—Because the flows of crude petroleum and refined 
Products cannot be exactly synchronized with market demand, 
dm Storage is provided between successive stages of pro- 
5 ae and distribution, The earth itself acts as a reservoir for 
Ле petroleum. Disused mines and natural caverns are some- 

Sused to store oil or gas, Constructed storage is provided at 
neas. where gathering lines bring crude petroleum which con- 
pens on its journey by a cross-country line, tanker, tank car, or 

& At its destination the crude petroleum goes into storage 

5 some as large as 100,000 bbl., from which it is drawn for 

8. Similarly, each refinery will have tankage devoted to the 
nd Of products, Petroleum products are also stored at dis- 
Dear on depots, service stations, and retailers’ premises in or 
Centres of population, above ground in "tank farms" and 

W ground in buried tanks. 


1р, С. REFINING 
рове and Location of Refineries—The function of 
boiling Im refining is to divide crude petroleum into its various 
these е, called “fractions,” and to reconstitute and refine 
Hee fractions into different products. Where possible, refining 
tnd of ay adapted to meet the demands of consumers; at the 
Tefiners he 19th century, when kerosene was the major product, 
Yielded A the United States were processing crude oil which 
50е % to 70% kerosene, but there was little demand for 
the pro at the other products, By mid-20th century, gasoline was 
jı duct in greatest demand in the United States and refiners 
adjust” yield of it. Changes in demand may bring about 
id even ent in operations or a development of new processes, 
finge. during one year a refiner’s processing scheme may 
huj Den, during the winter months in cold climates, the de- 
Or furnace oil is high, its output will be increased to the 


ч 


763 


maximum. When the demand for gasoline is high in the sum- 
mer, its output will be increased. Thus, the refiner is able to 
meet seasonal or regional demands and reduce storage and trans- 
portation costs. Many countries find it necessary, however, to 
import petroleum products which local refineries cannot produce 
economically or to export products for which there is no home 
market. 

A characteristic of petroleum refining has been the great tech- 
nological progress. The amount of resources necessary to refine a 
barrel of crude oil, in terms of capital, labour, fuel, and time, was 
far less in the 1960s than in the 1900s or even after World War I. 
A rough comparison of the overall productivity at different dates 
in the U.S. refining industry shows the changes to be substantial. 
In the United States in 1919, the first year for which such figures 
are available, when 362,000,000 bbl. of crude oil were refined, the 
total number of refinery workers was approximately 59,000, Each 
worker on the average processed 6,100 bbl. of crude oil. In 1958, 
when the amount of crude oil refined was 2,776,000,000 bbl., the 
labour force engaged in refining had increased only to 192,000. 
In 1958, therefore, each worker engaged in petroleum refining 
processed 14,500 bbl. The increase in productivity over the 40 
years, largely attributable to investment in new plant and equip- 
ment, was nearly two and a half times. 

In these 40 years also the output of gasoline, the most valuable 
of the refineries’ products, rose from 94,000,000 bbl. to 1,410,000,- 
000 bbl. In 1919, refiners’ output of gasoline represented 25% of 
the input of crude oil, whereas in 1958, largely because of the evo- 
lution of new processing methods, they were able to produce 44.9% 
gasoline of much higher quality. 

Refineries are located either at the sources of crude oil, at points 
of transshipment, or near the product markets. In the early days 
of the oil industry, when kerosene, lubricating oil, and fuel oil 
were the only products of any value, and the volume of trade in 
each market was relatively small, location at the source of supply 
of crude oil economized on transportation costs and permitted the 
concentration of investment. Refineries distant from the oil fields 
had to transport all of the crude oil, not merely that portion rep- 
resented by the marketable products. With the advent of the 
automobile and other developments in demand, nearly all of the 
products from crude oil became profitable, and what had been a 
disadvantage to refineries located near consumer markets changed 
to an advantage. Because it is cheaper to transport crude pe- 
troleum than it is to transport the smaller volumes of its indi- 
vidual products, market-oriented refineries have a cost advantage. 
Moreover, the market-oriented refinery can draw its crude oil 
from alternative sources, whereas a production-oriented refinery 
depends upon the output of a single field or area. The trend 
toward market-oriented refineries was particularly evident in the 
post-World War II era, with many new refineries being constructed 
all over the world. 

In an oil refinery, very large volumes of petroleum are proc- 
essed, yet except for small samples, taken periodically and 
analyzed in the control laboratory, the oil itself is never seen 
after it arrives at the refinery. In monitoring the performance of 
the equipment the operators of the refinery rely upon such indirect 
observations as temperature, pressure, flow rate, and liquid level. 
The crude oil, the semifinished products, and the final products 
are heated, cooled, contacted with nonorganic materials, vaporized, 
condensed, agitated, cracked, and polymerized continuously with- 
out human intervention. 

The refinery processes can be divided into three different classes: 
physical separation, chemical alteration, and purification, The 
extent to which these three activities are carried out depends upon 
the pattern of demand and the characteristics of the crude oil be- 
ing processed. 

2. Separation.—The first class of processes, physical separa- 
tion, involves distillation, carried out in distillation towers (tall, 
slender, cylindrical vessels fitted on the inside with a series of 
horizontal trays or decks). Crude petroleum, after having been 
pumped through the tubes of a furnace or still, where it is heated 
sufficiently to vaporize all but the heaviest portion, is dispelled 
into the distillation column from a nozzle located just above the 
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FIG. 2.—FRACTIONATING TOWER USED FOR PETROLEUM DISTILLATION 


base. The vaporized portions of the crude oil rise up through the 
column. A temperature gradient is established throughout the 
tower such that the temperature is the lowest at the top and high- 
est at the bottom. Ascending vapours condense as they rise in 
the tower. Condensed liquid collects on the trays whence it is 
withdrawn in a stream. From the top of the tower flow the gas- 
eous vapours. Material boiling in the gasoline range is with- 
drawn from slightly below the top, kerosene below that, gas oil 
from the middle, and residuum from the bottom. Each of the 
streams from the distillation column then proceeds to a further 
processing stage. 

The residuum may be redistilled in a tower operating under a 
near vacuum, where all but the heaviest fractions will vaporize. 
The refiner thereby separates residuum into light and heavy lubri- 
cating oils, and residual fuel or asphaltic material. 

The second method by which proportions of crude petroleum can 
be separated physically into their components is by solvent ex- 
traction. Solvents are used primarily in extracting the best lubri- 
cating oil stocks from other portions of residual crude boiling in 
the same range. A solvent, furfural, obtained from oat hulls, is 
the main extractant. After extraction, the lubricants are separated 
from furfural by distillation. 

3. Chemical Processing.—The second important class of re- 
finery processes are those which alter the characteristics of the 
petroleum hydrocarbons. These chemical processes have one of 
three aims: to "crack" or split large hydrocarbon molecules into 
small ones; to polymerize or unite small hydrocarbon molecules 
into larger ones; or to rearrange the molecular structure. 

Historically the cracking processes have been the most signifi- 
cant. During the 19th century cracking was used to double the 
yield of kerosene from crude oil. Gas oil, the raw material, was 
subjected to temperatures of 700?-800? F, at which point the 
molecules would commence to decompose. 

The advent of the automobile in the early 1900s created a de- 
mand for gasoline, formerly a product of little value. The demand 
soon exceeded the amounts of gasoline which could be obtained 
merely by distilling the light fractions of crude petroleum, so that 
an incentive existed to obtain a greater yield of gasoline by crack- 
ing. In 1913 the first commercially successful process, named 
after its inventor, William M. Burton, was introduced by the 
Standard Oil Company (Indiana). The Burton process utilized 
the same temperatures that had been used in cracking for kerosene 

but carried out the cracking at elevated pressures, up to 75 lb. 


PETROLEUM 


per sq.in. (psi). At atmospheric pressure, the products ve | 
composition are gas and kerosene; at elevated pressures the prog 
ucts of the cracking reaction are mainly materials boiling in th 
gasoline range. In the Burton process the raw materials wer 
treated in single batches, but several new processes Were intr. 
duced which made thermal cracking continuous; temperatures of 
900° F were being used by the 1930s. 

During the 1920s it was discovered that the gasoline Produced 
in cracking had superior burning characteristics in automobile кь 
gines, and so what had been of advantage in increasing the yj 
of gasoline became also of advantage in raising the quality of the 
final product. With higher-quality motor gasoline the compression 
ratio of automobile engines could be increased and more efficient 
operation obtained. 

The next advance was the development of catalytic cracking, 
Although it had long been known that some materials, known a 
catalysts, could increase the rate and nature of cracking without 
themselves being affected, it was not until 1936 that two American 
oil companies, Socony Mobil and Sun, adopted the process de 
veloped by a French-born engineer, Eugène Jules Houdry, Gase 
line components produced by catalytic cracking were far superior 
to those from thermal cracking. Moreover, the yield of gasoline 
from a given volume of raw material was greater. Catalytic crack- 
ing units, first those following Houdry’s design and later the in- 
proved versions developed by others, were rapidly installed. Dut 
ing World War II catalytically-cracked gasoline formed the major 
component of aviation fuel; after the end of the war it was used 
in automotive fuel, thereby raising the quality of this produt 
still higher. ] ү 

The catalysts used in catalytic cracking are mainly oxides mi 
silicates of aluminum and magnesium, which occur naturally in 
such clays as bentonite and are also manufactured synthetically 
In the Houdry process and its derivatives, the Houdryflow and the 
Thermofor Catalytic Cracking (TCC) processes, the aai 
agglomerated into small beads. In the other major catalytic cric 
ing process, the Fluid process, the catalyst particles are very т 
forming a powder which has properties similar to those of dis 

Polymerizing and reforming processes have been evolved 
raise the flexibility of the modern refinery and to increase fed 
of gasoline. Polymerization (g.v.) is the reverse of crad V 
Whereas cracking breaks down the heavier gas-oil or be 
molecules into the lighter ones of gasoline, polymerization E 
bines the still lighter molecules of certain gaseous pau 
into molecules suitable for motor fuel. Developed in the à 
polymerizing processes are important adjuncts of all c ‘ 

The first polymerizing process introduced, called Pom 
tion, after the reaction itself, utilized as raw materials ШП 
hydrocarbon gases, primarily propylene and tute "m 
polymerization process, alkylation, combined either 0 opi 
same raw materials with isobutane, a saturated hydro m (ot 
Introduced a few years later than polymerization, alkyl in Woni 
tributed greatly to the production of aviation gasoline teh ner! 
War II. Like polymerization, alkylation can r m 
in carried ой" 


r cracking 
tructure af ! 
“reforming 


similar to thermal cracking, reforming became ™ 
in 1949 when the first catalytic reforming process, 
was developed by Universal Oil Products Company .- 
platinum catalyst, the Platforming process (with 5€ proce t 
tive methods subsequently introduced by competite ^ gs 
velopment companies and the major oil companies) yi d. 
quality of gasoline without detracting from the dic majot fot 
In the decades of the 1930s, 1940s, and 1950s the 


т 


PETROLEUM 


motivating refiners, especially in the United States, was the urge 
io increase the quality of their motor gasoline without diminish- 
ing its yield. They were aided in this attempt not only by the 
development of new refining processes but also by the introduc- 
tion of tetraethyl lead as an additive. In 1922 T. Midgly, Jr., 
working for General Motors, discovered a class of organic com- 

winds which, when added to motor gasoline, would drastically 
reduce engine knock. Starting a few years later, tetraethyl lead, 
the most reactive of the class, was added commercially to gaso- 
lines in amounts up to 3 cc. per gal. 

There are several measures of gasoline quality, some recording 
its stability, some its gum-forming tendencies, and some its burn- 
ing characteristics. Perhaps the most useful single measure is 
the octane rating, a number on an arbitrary scale commencing at 0 
(a fuel with combustion characteristics equivalent to normal hep- 
lane) and rising to above 100 (iso-octane was assigned the num- 
her 100). A fuel which is assigned the value of 90 octane there- 
fore has combustion characteristics or “knock rating” equivalent 
toa fuel composed of 90% iso-octane and 10% normal heptane. 
Measured on this octane scale, the average quality of motor gaso- 
line produced in the United States rose from approximately 50 
in 1915 to over 90 in the 1960s. The quality of premium fuel 
tose even above 100 octane. 

Coinciding with the rise in octane number was the rise in the 
compression ratio of automobiles. The combined improvement 
resulting from increase in gasoline quality and in compression 
табо in automobile engines was most accurately reflected in en- 
gine performance. Between 1925 and 1960 automobile perform- 
ance more than doubled, for regular-grade fuels from 24.0 to 53.5 
lon-mi. per gal. 

Tetraethyl lead was the first additive in petroleum products; 
many others were later developed. Additives were introduced to 
improve the flow of lubricating oils at both very high and very 
low temperatures, to reduce the oxidation of fuels (which is re- 
sponsible for the formation of gum and the clogging of engine 
parts), to help lubricants to resist corrosion, and to act as de- 
tergents by retaining in suspension dirt and other contaminants. 

4, Purification.—The third class of refinery processes includes 
those which purify the products. There are in crude oil many 
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non-hydrocarbon elements, primarily sulfur, which impart un- 
desirable properties. If left in some products these impurities 
would cause corrosion and unpleasant odour, and many refinery 
processes have been developed to neutralize or remove them: 
hydrogen sulfide is removed from refinery gas streams; mercaptans 
(complex compounds of sulfur) are removed from motor gasoline 
and kerosene; residual fuel may be treated to remove undesirable 
compounds. 

5. Scale of Refinery Operations.—The average petroleum re- 
finery combines in one large plant many different processes, and 
large-scale operations are needed to make refining economically 
feasible. It is possible to manufacture all products in one refinery, 
but most refineries, as far as economically possible, produce only 
the products needed in their local markets. In underdeveloped 
countries refineries are designed with relatively little catalytic 
cracking and reforming capacity. 

Refineries process vast amounts of material daily. Running con- 
tinuously for months at a time, a single distillation unit may 
separate as many as 100,000 bbl. per day of crude petroleum into 
its different fractions. A single catalytic cracking unit may crack 
60,000 bbl. per day of gas oil, in addition to recirculating large 
amounts of partially cracked material. 

Economies accompany large-scale operation. Although the 
amounts of fuel and catalyst, depending as they do upon the 
physical and chemical properties of the crude oil, do not vary 
appreciably with plant size, the amounts of equipment and la- 
bour do. А catalytic cracking unit of 60,000 bbl. per day will re- 
quire no more men to operate it than a unit with one-tenth its 
capacity. The cost of labour, per unit of product, therefore is 
considerably less for very large units. Although not as dramatic 
an example as labour costs, capital gives evidence of the same 
economies of scale. A 100,000-bbl.-per-day refinery, although it 
processes ten times as much raw material as a 10,000-bbl.-per-day 
unit, would cost only about eight times as much to construct. 
Economies of scale thus encourage the construction of large re- 
fineries, and it is usually the size of the market rather than limi- 
tations on the ability to construct and operate large pieces of 
equipment that sets the limit to refinery capacity. 

6. Petrochemicals.—A flourishing field for the refiner is 
petrochemicals; i.e., those indus- 
trial products whose raw mate- 
rials are derived from petroleum, 
and particularly from refinery 
gases. The alternative uses of 
these gases are either as fuel (in 
the case of ethane, ethylene, and 
propane) or as raw materials for 
aviation and motor gasoline (pro- 
pylene and butylene). 

The major use of petrochemi- 
cals is in plastics (q.v.), particu- 
larly polyethylene, polypropyl- 
ene, polystyrene, and alkyd, vinyl, 
and phenolic resins. It was ex- 
pected that by 1970 plastics would 
consume half of the total hydro- 
carbon raw materials available to 
the petrochemical industry. Next 
in importance are man-made fi- 
bres such as nylon, dacron, and 
acetate rayon; synthetic rubbers 
such as Buna-S, Buna-N, butyl 
rubber, and neoprene; nitrogen 
fertilizers; detergents; protective 
coatings; and solvents. (See also 
PETROCHEMICALS.) 


D. MARKETING 


The marketing branch of the 
oil industry distributes the prod- 
e ucts from each refinery to cus- 
tomers with differing needs. 
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The physical nature of the product influences the manner in 
which it is distributed. The majority of the petroleum products 
are liquids, stable under most conditions, capable of being con- 
tained in simply constructed tanks and of being pumped from one 
location to another, The petroleum products which offer greater 
problems of handling are those which fall at either end of the 
boiling range: gases, greases, heavy fuels, waxes, and asphalts. 
Liquefied petroleum gas (LPG) has to be stored and moved under 
pressure and is normally distributed to the consumer in small 
cylinders, Greases and some of the specialized lubricating oils 
are handled in barrels. Since the cylinders and some of the bar- 
rels are reused, the distributor has to provide for the return, clean- 
ing, and testing of the containers. Heavy fuels and asphalts, be- 
cause they congeal at normal temperatures, must often be stored 
and distributed in heated or insulated containers. 

Petroleum distributors frequently separate industrial from con- 
sumer products. Industrial products are sold in large volumes to 
a few customers, while consumer products are sold in small vol- 
umes to a great number of customers and call for an extensive con- 
sumer marketing organization, e.g., the gasoline service stations. 

Where service stations are located within several miles of a 
refinery, they may be supplied directly via the refinery's tank 
cars or tank trucks. If they are more distant, they will be sup- 
plied by an intervening agent who buys wholesale from the re- 
finery and distributes locally to service stations, sometimes main- 
taining his own intermediate storage facilities. Often the agent 
will also carry furnace and fuel oil, which he delivers to homes 
and industrial customers. 


Ш. DEMAND AND SUPPLY 
A. Sources or CRUDE PETROLEUM 


Although the products of petroleum are consumed everywhere, 
crude petroleum is produced in relatively few places and often in 
areas of desert, jungle, or swamp. In 1963, a typical year, four- 
fifths of the total production of crude petroleum occurred in 
seven countries: the United States, U.S.S.R., Venezuela, Kuwait, 
Saudi Arabia, Iran, and Iraq. 

Following World War II a dozen countries were added to the 
list of oil-producing countries, and on the continent of Africa, 
hitherto regarded as unpromising, large reserves were found in 
the Sahara and Libya, and smaller reserves in Nigeria, Angola, 
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and Gabon. After costly decades of exploration in Australia 
in commercial quantities was found in Queensland in 1062, а 
reasons of national policy, new knowledge, new appraisal of № 
pects, and hopes of bigger rewards, oil may be Sought in 
hitherto unexplored, but such a search is always Ba 
б ê and 

speculative. 

Historically the world price for crude petroleum has been bug 
upon the price, at the well, of oil from the company with the | 
est surplus production in the exporting area. During the n 
century and the first decade of the 20th, when the United States 
was the dominant producer, the base price was the Price of firs 
Pennsylvania and then Texas, crude oil. Crude oil prices die 
where were calculated by adding to or subtracting from the US 
price the difference in transport cost between the two sources ang 
the market in which they were competing. When, in the 1920, 
Venezuelan crude oil began to enter European markets in quantity, 
its price was determined on the basis of prices then existing along 
the U.S. Gulf Coast. Middle Eastern crude oil, when it first ap. 
peared in the Eastern Mediterranean, was priced according to the 
price in the Gulf of Mexico, again with allowance for the df. 
ferential in freight rates between the Gulf of Mexico and the 
Eastern Mediterranean, on the one hand, and the Persian Gulf 
and the Eastern Mediterranean, on the other. After World War 
II, when Middle Eastern crude oil became plentiful, it met a large 
part of the new demand in the rapidly expanding markets in 
Western Europe, and, in the late 1940s, it began to reach the 
East Coast of the United States and Canada. By 1958 the United 
States was importing over 80,000,000 tons of oil a year (1,600090 
bbl. per day). Of this, 56% was crude oil and the rest petroleum 
products, and of these imported products nearly 70% was resid! 
fuel oil from Venezuela which could not be provided economicily 
from U.S. crude oils. In order to check these crude oil imports, 
the United States imposed import quotas, after three years af 
voluntary limitation by importers. The quotas made it ро 
for the United States oil industry to pursue the search for all a 
home notwithstanding its relatively high costs and the increas 
effort needed to find new oil in the country. Middle Easter cit 
oil, in the limited amounts that were permitted to enter the Unit 
States market in the early 1960s, enjoyed a cost advantage o'tt 
many U.S. crude oils. 7 

The Middle East had in the mid-1960s the largest ой иш 
lations, with the highest yields per well, and it was to be exe 
that Middle East crude oil would continue to enjoy a cost ИЕ 
tage over oil from other sources despite the distance it ha 
travel to its main markets, a handicap which was reduced pbi 
vances in tanker transport. High fiscal charges by the prod 
countries might, however, reduce the margin of advantage 

The total volume of oil that lies below the land and sea 3! 
of the earth is unknown, The oil industry has, however Ai d 
the concept of “proved reserves,” this being the volume umi 
known to exist that can be economically recovered at © 5 
prices and by current methods. The world's proved ite 
cluding those of the Communist countries, were at the Mine 
of 1963 approximately 300,000,000,000 bbl. (40,000,0000 of de 
ie., equivalent to 37 years’ production at the current levè 
mand. Demand was expected to double by the 19805 42% 
year 2000, to have reached three times the 1962 level. 
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B. CONSUMPTION OF PRODUCTS 


the 
The amounts of petroleum products that are consumed e to 
prices at which consumers purchase them depend in P refit 
original price of crude oil plus the costs of transporting, m 
and marketing; in part upon the consumers' needs; an gr 8 
siderable extent upon the level of import, sales, ШШ unt 
(notably on motor fuels) that are levied in nearly а al 
Industrialization following World War 11 was ТАР troli 
it the demand for fuel increased. Since the output ў "A 
can be expanded more rapidly than that of other e for T 
was particularly impressive, although world deman: ^, рей 
leum products rose virtually without interruption 57^ oll 
dustry's earliest days. From the end of World War % put P 
early 1960s, the average annual increase was about ^" 
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m of growth was expected to decrease, because there would be 
ORAE for conversion to oil from other fuels; because the de- 
зм or motor fuels in highly developed countries would not 
Jug rapidly as previously; and because, in some countries, 
0 gas was already taking the place of petroleum as a source 
Petrochemical products. 
h лыш features of the oil industry are: the wide range 
appear eS and qualities of crude oil and the new sources which 
Vatious tom time to time; the variations in the demand for the 
SSR petroleum products; the fact that, excepting the 
ol ar “4 i major oil-consuming countries are large importers 
trade,” and the large volume of oil that moves in international 
wit composition of total market demand in a district, country, 
RES f à crucial factor in determining the demand for, and 
Mining th trade in, the various types of crude oil, and in deter- 
Contra: я eek of refining operations. Two extreme instances 
е Unit EU in the character of market demand were offered by 
IE. States and India in the early 1960s. In the United 
Man Fou accounted for about half the country's total de- 
a Apa Сеш products but in India only for one-sixth. In 
ificant ü States the demand for kerosene was relatively insig- 
oduct i than 5%) but in India kerosene was the dominant 
acounted f represented about 30% of total demand. Fuel oil 
nth of or half of Japan's oil consumption but only for a 
Ot only that of Australia. Though residual fuel oil accounted 
Would ерат of the total ой needs of the United States, it 
Ошту. ар economically feasible to provide from within the 
dual fu at fuel oil it required, hence the large imports of 
e chan oil from Venezuela into the Eastern U.S. 
Wts were ging rates of demand for the various petroleum prod- 
E 196 exemplified by the Federal Republic of Germany, where 
€ demand for fuel oils had risen fivefold within five 
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years, whereas the country's total demand for all petroleum prod- 
ucts had risen at only half this rate. In the United Kingdom the 
demand for gas and diesel oils had nearly doubled in five years 
but that for gasoline had risen to only half that extent. 

Modern oil refining techniques afford considerable latitude in 
matching refinery output to market demands, but there are techni- 
cal limits as well as limiting factors of cost. In practice, the sur- 
plus or deficiency can often be most economically disposed of, or 
made good, by exports and imports. This has helped to bring 
about the international character of the industry and the world- 
wide integration of operations within the large oil groups. The 
remarkable growth in the number of oil refineries (which now exist 
in most countries of the world), and the imbalance between their 
output and local market demand, intensified the international 
movements of oil. Thus, to supply Western Europe with the 
235,000,000 tons of petroleum products needed in 1962 for its 
inland requirements and ships' bunkers, it was necessary to move 
crude oil and petroleum products amounting to nearly 300,000,000 
tons into and from Western Europe and between Western Euro- 
pean countries. : 

A striking development was the increased demand for subsidiary 
petroleum products; e.g., petrochemicals, including synthetic rub- 
ber and fertilizers, liquid gas, bitumen, wax, etc., and in some 
countries feedstock to gas works for the production of fuel gas. 


C. CONSERVATION AND OUTPUT CONTROL 


Once a well has been drilled and oil discovered in commercial 
quantities, a producer has a great incentive to bring his produc- 
tion to a maximum. But if in times of plentiful supply all pro- 
ducers were to follow this course of action, crude oil output would 
rise greatly, leading to a drop in price. Similarly, if the natural 
pressure in a reservoir drops too fast owing to an excessive rate of 
production, the total volume of oil that can be economically with- 
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drawn will be diminished. Therefore, the stabilization of prices 
and the conservation of natural resources are closely related. 

The first attempt to restrict the rate of production of crude 
petroleum was made in the United States in 1866, only seven years 
after oil had been discovered in Pennsylvania. Many restriction 
schemes have been devised since: then, including a proposal that 
the governments of the oil-producing countries in the Middle East 
and Venezuela, members of the Organization of Petroleum Export- 
ing Countries (OPEC, formed in September 1960), should con- 
trol their output. This was intended to affect prices, since effec- 
tive conservation was already practised in those countries. OPEC, 
however, declined to entertain any restriction scheme but sought 
to sustain the price level. 

The need for a policy of conservation in the United States arises 
from the nature of crude oil deposits and the legal status of min- 
eral rights, The U.S. is one of the very few countries in the 
world where the property in mineral rights belongs to the surface 
owner. In most of the rest of the world it belongs to the state, 
which grants operating rights to licensees or concessionaires and 
collects revenues for the benefit of the community; invariably 
there is only one or relatively few operators in an oil field and 
conservation can easily be agreed upon or imposed. With the 
best conservation procedures (which, however, may be costly) it 
is possible to recover 60%, 70%, or even more of the oil lying 
under the ground; with unrestrained production the fraction re- 
covered may only be 20% or 25%. Frequently, an oil field in the 
United States and elsewhere will be operated as a single unit, 
a procedure known as “unitization.” Each producer withdraws 
oil at a rate compatible with the interests of other producers and 
with securing maximum total economic recovery from the field, 

Restraints on output in the United States were enforced in 
1935 with the support of the governments of the state of Texas 
(relating to the production of the oil within the state) and of 
the United States (relating to the movement of oil in interstate 
commerce). The rate of output is determined as follows: the 
U.S, Bureau of Mines estimates the demand, at existing price 
levels, for domestic crude petroleum for the next month, The 
production control agencies of the various states concerned, led 
by the Texas Railroad Commission, apply their state’s share of 
the total demand to this figure to arrive at the desired rate of 
output for the state. This rate is compared with the maximum 
allowable rate, calculated on the basis of obtaining the best total 
recovery from all the oil reservoirs within the state. Each pro- 
ducer is then permitted to maintain his rate of output at the same 
percentage as that for the state as a whole. Thus if the state 
wishes to produce at one-third of its capacity, each producer will 
be entitled to the equivalent of ten days (out of a total of 30 days) 
“allowables.” Small producers are frequently granted a minimum 

rate, below which their production will not be restricted, and there 
is no restriction on the number of wells that may be drilled, 
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In Kuwait and also in Saudi Arabia, the operating 
(Kuwait Oil and Aramco, respectively), whose principals 
their own transportation, refining, and distribution facilities 
seas, control all the oil areas and have no incentive to drill 
wells than are necessary to withdraw the crude oil for which, 
isa demand. The entire output of Saudi Arabia comes from 
than 200 wells. Output per well, which averages as low as [J| 
per day for the United States as a whole, is for Saudi 
5,700 bbl. per day, but this disparity arises mainly from the pro. 
lific nature of most large fields in the Middle East, O.L.B) 


IV. HISTORY 
A. From Earty Times TO 1918 
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times. Archaeological research in Mesopotamia and Persia show | 
that bitumen was used as a bonding material in place of mortar, 

It served as a setting for jewels and mosaics, to fasten the blads 

of implements and weapons in their handles, to caulk vessels and 
build roads, and for medicinal purposes, Herodotus (5th 1 
B.C.) in his History (book vi, section 119) has described how 
bitumen, and salt were procured in his time. The working of pe 
troleum seepages dates from long before Herodotus, going bak 
to before 3000 в.с. when the Sumerians, Assyrians, and Baby 
lonians, successively, utilized bitumen. 

To both the Persians and the Arabs the word naft denotes cni 
oil and light distillates, used centuries ago for lighting, cleaning 
silk and other textiles, in medicine, and for war purposes, Bum - 
ing petroleum as a device to frighten the war elephants of ll 
opponents contributed to the military successes of Alexander the 
Great, Timur (Tamerlane), and Nadir Shah. Early int Chris 
tian era the Arabs developed various means of distillation wid 
they introduced into Western Europe through Spain. In Clin 
there are references to oil, which was encountered when 
for salt, in the third century A.D. As early as the 12th \ 
wells reached a depth of 3,000 ft. The drilling methods of j 
Chinese were described by Christian missionaries in the il 
tury and influenced drilling methods elsewhere. Burmese O 
mentioned in the Chinese writings of the 13th century. / 

The petroleum of Baku was being exploited on а ee 
scale, by the standards of the time, when Marco Polo ШЗ 
through northern Persia in 1271-73. The oil trade es 
described in his Travels (book i, ch. iv) and by later T. 
Geoffrey Duckett of the Muscovy Company in 1574; John 
wright, an English missionary, in 1600; and, of parti ; 
Jean (Sir John) Chardin and Jonas Hanway in the ш 
Nevertheless, the modern petroleum industry dates i p 
19th century. In Scotland about 1850 James Youn dE 
that oil could be distilled from cannel coal and shale and p! 
various refining processes. This led to the developmen! 


Scottish shale oil industry which flourished until the he 
its 


Petroleum has been exploited in various forms since remote 
| 


was only finally extinguished in 1962. However, th ny 
dustry was always subject to the economic disadvantage А 
operations had to begin with mining its raw material an! dnt 
through retorting as well as refining processes. essful W 
vantages were accentuated after Edwin Drake's suce ml 
Titusville, Pa., in Aug. 1859, from which the modern pe 
industry is usually dated. 5 ress Tt 
After the completion of Drake's well, surrounding К jj 
immediately leased and extensive drilling took placé bbl. 
output in the United States increased from about 2.00 Mi 
nually in the year of Drake's strike to nearly 3,000} als app 
rising to just under 10,000,000 in 1874 (7 bbl. eq 
mately 1 ton). In 1861 the first cargo of oil, containe ie 
barrels, was sent across the Atlantic to London. E. 
refineries, tank cars, and pipelines had become charac 
tures of the industry, which was, however, highly SP 
not well organized. da 
Since its inception the oil industry has followed d 
pattern. "Throughout the latter part of the 190. E 
United States and Russia were the two areas in n3 peri 
striking developments took place. The end of ee 
characterized by the opening up of the Far East 4" 
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the Royal Dutch and the Shell companies. When World War I 
шде out the two major producers were the United States and 
Russia, Certain quantities were also being obtained from Indo- 
nesia, Rumania, and Mexico, and production had begun in Persia, 
put on a very small scale. Oil had been discovered in Venezuela 
jn commercial quantities on the eve of the war. In the interwar 
period the Caribbean Basin and the Middle East assumed great 
importance as Russian oil faded from the world picture. During 
this period the attention of the world oil industry was concen- 
trated on the more obviously promising areas, such as the United 
tates, the Caribbean, the Middle East, and Indonesia. Europe 
md Africa were regarded with little interest. In the years fol- 
lowing World War II the Middle East continued its rise with new 
discoveries of vast reserves. The United States, though continu- 
ing to be the biggest producer, consumed so much of its produc- 
tion that it became of less importance in the international trade 
picture. Companies began to roam much farther in the search for 
oil, and this resulted in significant discoveries in Europe, Africa, 
ind Canada, A new factor of importance was the resurgence of 
the Russian oil industry. 

1, United States.—John D. Rockefeller completely changed 
the character of the petroleum industry in the United States. On 
Jan. 10, 1870, the Standard Oil Company was incorporated in Ohio 
with $1,000,000 capitalization and Rockefeller as its president. By 
the early 1880s he had brought approximately 80% of the refining 
capacity of the nation and 90% of the pipelines within the scope 
of his organization, which also had a large interest in railway 
unk cars, Rockefeller integrated downward from refining, trans- 
portation, and marketing to crude-oil production (1886-90). 

Petroleum products figured prominently as a U.S. export, with 
the European market absorbing the overwhelming proportion of 
US, petroleum exported. At the same time domestic consumption 
increased rapidly. In 1900 production in the United States had 
reached nearly 60,000,000 bbl. annually. Standard Oil’s first 
overseas subsidiary, Anglo-American Oil Company, was organized 
at iii р s пода it si athena <i 

a eet. In the total net assets of the Standar 
Oil organization were listed as $205,408,449.09. In 1911, as a 
‘sult of U.S. antitrust legislation, the organization was broken 
Ф into more than 30 companies. Rockefeller resigned as presi- 
dent of the Standard Oil Company (New Jersey), which had been 
Ihtorporated in 1882 under a slightly different title and which 
bs the holding company for the group. 

Supe of the companies which were once part of the original 
"апага Oi group have become, in addition to being major units 
ae United States oil industry, leading participants in inter- 
vem Operations. Of particular prominence are Standard Oil 
Sd Oi Compans ot Calor The ший ОП Com. 

ompany o alitornia. е пааг‹ 24 
eek Eso ША 

\ of the world’s oil companies. e Socony Mol 

on was, until 1955, known as Setar Naru von 
tits from, пе er being as a result of an amal pres ced i NN 
York RAN е old Standard Oil group—Standar a 0 

m of the у) and the Vacuum Oil Company. Four 0 e rum 
Prominent i ormer Standard Oil group have been traditionally 

soi C n the domestic American industry—Atlantic Beine 

il Com ompany, Standard Oil Company (Ohio), and Standar 
tions. pany (Indiana); all now also engage in overseas opera- 
wa eere то American oil companies of particular fees eu 

і е interests that have their origins outside the i 
s Co ation, One, Texaco Inc., is the successor to the 
the Quir Ore which was incorporated in 1902. The other, 
Tay be аца o Potation, was incorporated in 1907, but its origins 
quire oil to go back to 1889, when W. L. Mellon began to 

. iran property in western Pennsylvania. 
the United -—When the 20th century opened, production from 
World's A States and Russia accounted for about 9096 of the 
Peninsula (ean In 1901 a few square miles on the Apsheron 

Prod Caspian Sea) produced 11,700,000 tons, thus surpassing 

uction of the United States, which in that year amounted 


to 9,500,000 tons, Since the total world output in 1901 was just 
over 22,900,000 tons, the rest of the world accounted for only 
1,700,000 tons. The extraordinary development of the Baku fields 
was largely the work of the Swedish brothers Robert and Ludwig 
Nobel, who acquired their first productive well in the Baku area 
in 1874. They brought many changes. They introduced proper 
control of their wells; they took steps on behalf of their em- 
ployees’ welfare; introduced pipelines on the U.S. model; built 
refineries; put tank cars on the railways; and initiated revolu- 
tionary techniques in water transport. Before 1879 oil was carried 
in barrels. In 1877 Ludwig Nobel had an iron steamer put on the 
stocks in Sweden. The “Zoroaster” came into service on the 
Caspian between Baku and the Volga in 1879 and was the first 
of a fleet of such tankers. Moreover, by 1883, steamers and 
locomotives in the Caspian region did not burn coal or wood but 
petroleum. By 1883 Russian petroleum was reaching German 
markets; by 1888, Singapore. Later it was sold in the Far East 
through the Royal Dutch and Shell companies. The Russian 
Revolution of 1917 resulted in the seizure of foreign interests, 
and was followed by a sharp fall in production. 

3. Far East. Royal Dutch/Shell.—Based upon the pioneer 
work of a Dutchman, Aeilko Jans Zijlker, who obtained a conces- 
sion in northern Sumatra where he began drilling in 1884, “The 
Royal Dutch Company for the Working of Petroleum Wells in the 
Dutch East Indies" (name changed in 1949 to the Royal Dutch 
Petroleum Company) was incorporated at The Hague in 1890. 
Its success owes a great deal to two men, J. B. August Kessler 
and Henri Deterding; the latter joined the Company in 1896 and 
succeeded Kessler as its chief executive in 1900. The Royal Dutch 
began as a producing company and proceeded to build up a sales 
organization in the East.. Its orientation was at first eastward, 
partly because of proximity and also because European markets 
were already taken up by U.S. and Russian oil. 

The Royal Dutch came into competition both with Standard 
and with the Samuel brothers, British merchants having a long con- 
nection with trade in the East. In 1890 Marcus Samuel visited 
Russia to investigate the possibilities of marketing oil from there 
in bulk to the Orient. He succeeded in these negotiations as he 
did also in persuading the Suez Canal authorities to remove the 
ban against tankers passing through the canal. Standard had been 
denied permission some years earlier because of disasters which 
had befallen ships carrying oil. Improvements in design had 
taken place so that in the summer of 1892 the “Murex,” the first 
of the Shell fleet of tankers, passed through the Suez Canal with 
kerosene from Batum to Singapore and Bangkok. 

In 1896 Samuel bought oil properties in Borneo which he began 
to develop. In the following year he organized the "Shell" Trans- 
port and Trading Company, Ltd.; so named because seashells had 
been one of his earlier items of trade. In 1903 the Asiatic Petro- 
leum Company was formed with its capitalization held in three 
equal parts—the Royal Dutch, the Shell, and the Rothschilds, 
who later disposed of their interest to the Royal Dutch/Shell 
group. The main function of this company was marketing, In 
1907 Royal Dutch and Shell transferred their other properties to 
two new companies which they owned jointly on the basis of 60% 
Royal Dutch and 40% Shell. One company, Bataafsche Petroleum 
Maatschappij N.V., with its headquarters at The Hague, was the 
operating (production and refining) company. The other, the 
Anglo-Saxon Petroleum Company, had its headquarters in London. 
Its functions included transport and storage. In 1912 the Royal 
Dutch/Shell group made its entry into the United States by 
acquiring oil interests in California. In that year, too, the 
Royal Dutch/Shell incorporated the Roxana Petroleum Company 
of Oklahoma, which became the member through which the 
group's interests in Oklahoma and Texas were held. This was 
closely followed by its entry into Venezuela and the discovery 
of the Mene Grande field in 1914. Venezuela later became 
the largest exporting country and the second largest producer in 
the world. 

4. Venezuela.—It is said that Venezuela first exported petro- 
leum in 1539 when a barrel of crude oil was sent to the king 
of Spain, Pirates in the 16th century frequently used the 
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pitch of the Lake Maracaibo region for caulking their ships. In 
the late 1870s a small Venezuelan company drilled a few wells 
about 60 ft, deep at a seepage site in order to obtain crude for 
local use as an illuminant. It was the Caribbean Petroleum Com- 
pany, a subsidiary of Royal Dutch/Shell, which in 1914 discov- 
ered the first field (Mene Grande) of real commercial importance. 
In 1917 another Royal Dutch/Shell subsidiary associate, Vene- 
zuelan Oil Concessions, Ltd., opened up the La Rosa field on the 
east side of Lake Maracaibo. In 1922 one of its wells flowed wild 
for nine days at the rate of 100,000 bbl. per day. This called 
attention to Venezuela as an oil country and encouraged intensive 
and successful exploration by various oil companies. 

5. Rumania.—In Rumania the existence of oil had been known 
for centuries. In 1857 hand-dug wells produced 275 tons. Op- 
erations on'a larger scale followed the introduction of modern 
drilling techniques and the infusion of foreign capital, chiefly 
German through the Deutsche Bank. In 1903 Rumanian produc- 
tion reached 412,000 tons, rising to 1,848,000 tons in 1913. Dur- 
ing World War I the Entente authorities decided (1916) upon the 
destruction of as much of the oil plant in Rumania as possible. 
The main Allied investments affected were those of the Royal 
Dutch/Shell group and certain French interests. In 1917 produc- 
tion fell to 518,460 tons, but rose substantially in the following 
year to 1,222,582 tons. As a result of the German defeat its 
properties in Rumania were sequestered and handed over to the 
Allies, 

6. Persia and the Middle East.—Before the outbreak of 
World War I the oil industry was established in Persia, the first 
of the great producing countries of the Middle East. It was upon 
the work of the French archaeologist Jacques de Morgan that 
William Knox D’Arcy (a wealthy Englishman who had made a 
fortune goldmining in Australia) based his belief in Persian pe- 
troleum as a paying commercial proposition, in spite of the failure 
of others before him to achieve any success. Early in 1901 
D’Arcy’s representative in Teheran entered into negotiations with 
the Persian government. Signed on May 28, 1901, D'Arcy was 
granted a concession for 60 years. It covered the whole of Persia 
except for the five northern provinces adjacent to Russia. 

D’Arcy’s first exploratory drilling was at Chiah Surkh in the 
west, where there were surface seepages of oil, but no production 
of commercial significance was proved by 1904, after which drill- 
ing operations were moved to southwest Persia. Oil was struck 
there on May 26, 1908. When further wells drilled nearby proved 
successful, it became evident that a major oil field had been dis- 
covered. On April 14, 1909, the Anglo-Persian Oil Company, 
Ltd. (APOC), was incorporated with Lord Strathcona as its first 
chairman. The oil field was connected by a pipeline 135 mi. long 
with a refinery on Abadan Island which came into operation in 
1913. The financial resources of the APOC in its early days were 
slender, but in May 1914 the British Admiralty, of which Winston 
Churchill was first lord, signed a long-term contract with the 
company for the supply of fuel oil to the Royal Navy. Simul- 
taneously, the British government invested £2,000,000 in the 
company, followed by a further £3,000,000 in 1919. Thus the com- 
pany had acquired a long-term customer and finance for expan- 
Sion. Asa result of its investment the British government became 
the owner of just over 50% of the company’s equity, as it has 
remained to the present. At the time of the original investment 
the government gave an assurance that it would not interfere in 
the ordinary commercial operations of the company. 

D’Arcy had endeavoured since 1901 to obtain an oil concession 
in Mesopotamia (now Iraq), then part of the Ottoman Empire. 
His representative in Constantinople came near to success but 
failed to achieve it. The Anglo-Persian Oil Company, as D’Arcy’s 
successor, persevered with negotiations against keen competition 
from other groups. In October 1912 the Turkish Petroleum 
Company was registered in London as the new name of the Afri- 
can and Eastern Concessions, Ltd., which had been incorporated 

in January 1911. This brought together the interests of the Na- 
tional Bank of Turkey (formed in 1910), C. S. Gulbenkian (then 
adviser to the sultan), the Deutsche Bank, and the Shell group. 
The Anglo-Persian Oil Company was not represented in this com- 
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bination, but in 1914 the firm joined in a reconstituted Turki 
Petroleum Company, taking half the share capita] of 216000) 
The other participants were the Deutsche Bank with 000, 
Anglo-Saxon (Shell) with £40,000; and Gulbenkian with 5% ts 
be provided equally from shares of Anglo-Persian ang Ang. 
Saxon. On June 20, 1914, the Turkish government agreed ty 
lease the petroleum deposits “discovered or to be discovered” jp 
the vilayets of Baghdad and Mosul to the Turkish Petroleum 
Company. The outbreak of World War I delayed the develop. 
ment of the country’s oil resources. 

7. The Effects of World War L—In World War y 
already under way—such as the use of oil for fuel in Ships—were 
greatly speeded. The diesel-engined submarine was first used o 
a large scale, and the gasoline-engined airplane emerged as a ney 
weapon. After the war the automobile gained rapidly in opus 
larity, providing a new peacetime demand for petroleum products, 
The emergence of petroleum as a vital war material, together with 
the new and widespread uses for petroleum products, made tle 
possession of adequate supplies a matter of national interest, The 
U.S. government, for example, encouraged companies to under- 
take operations abroad. 


B. From 1919 To 1939 


1. Venezuela.—After World War I, U.S. interest in Venemeh 
was such that in 1925 about 20 companies held concessions there, 
Venezuela Gulf Oil Company and the Creole Syndicate undertook 
drilling in Lake Maracaibo, as did the Lago Petroleum Corpor 
tion, later acquired by Standard Oil (Indiana), In 195 the 
British Equatorial Company struck oil in its Lake Maracaibo com 
cession area, which the Lago Petroleum Company purchased inthe 
following year. In 1928 Standard Oil Company (New Jersey) 
obtained a controlling interest in the Creole Petroleum Conor 
tion (as the Creole Syndicate had been renamed), made it the 
holding company for its subsidiaries in Venezuela, and later at 
quired the Lago Petroleum Corporation, which had becomea large 
producer in the Lake Maracaibo region. In 1932 the Lago pror 
erties were made part of the Creole Company, which for т" 
years held first place among the oil producing companies 0 1 
world. In 1928 Venezuela occupied second place in world 0 
production for the first time. Although many companies si 
for oil in Venezuela, three groups were conspicuously yee 
Standard Oil Company (New Jersey); Royal Dutch/Shell; 5 
Gulf Oil Corporation, For many years these groups AE 
for well over half of Venezuela's oil production, which b 
from 67,000 tons in 1920 to over 170,000,000 tons In uer 
until 1961 was Venezuela overtaken by Russia as the secon 
est producer in the world. Я 

2 Middle East—There was no U.S. stake in Middle те 
oil until 1928, when participation in Iraq began. p. Catt 


kish Petro! 
the sequestered German shares of the Turkish ts nomine 


pany were assigned to the French government or i ao a 
that the company was constituted as follows: E T 
474%; Anglo-Saxon (Shell), 223%; Compagnie Fransi ty 


Pétroles, 25%; and Gulbenkian, 5%. The gov еше а 
United States protested. Insistence оп the policy ‘wich Ant 
door” resulted in the D'Arcy Exploration Company п ide Persi) 
Persian had formed for participating in enterprises 00% recevi 
giving up half its share to a group of U.S. oil companta, 5 com 
in return a royalty in the form of oil. The mnes a US. a 
panies interested in participating varied. In 1928 MS те 
panies formed the Near East Development Corpor? York, 
were Standard (New Jersey), Standard Oil of New 19 an Ё 
Oil Corporation, Atlantic Refining and the Рап АЛ» yy 
troleum and Transport Company. In July 1928 m us 10 
the Turkish Petroleum Company were D'Arcy Explor oat j 
Anglo-Saxon (Shell), 233%; Near Eastern Develop es РЁ 
ration (United States), 23195; Compagnie Fran Ko 
(СЕР), 233%; and Gulbenkian, 5%. In June 1929 "pg 
Petroleum Company changed its name to the no 
Company, Ltd. (IPC). h Tui у 

In 1925 the Iraq government had granted to t dad and V 
troleum Company a concession with respect to Bagh 


ces, Two years later a spectacular oil strike was made near 
шк in northern Iraq. After the IPC’s concession was revised 
їп 1931 the company began the construction of a pipeline from 

je oil field to the Mediterranean, Two 12-in, lines ran together 
{o the Euphrates, after which they separated—one branch went 
$32 mi. to Tripoli in Lebanon and the other 620 mi. to Haifa in 
Palestine. Opened officially in January 1935, this was the first 
of the great Middle East pipelines to the Mediterranean, and a 
remarkable engineering achievement. 

Îî Persia the Masjed Soleyman field, producing 1,100,000 tons 
jn 1919, exceeded 5,000,000 in 1928. In that year the Haft Kel 
field was discovered. Late in 1932 Riza Shah Pahlavi cancelled 
the concession. A new agreement was negotiated in 1933 and the 
company (renamed the Anglo-Iranian Oil Company, Ltd., in 1935, 
jı accordance with Riza Shah’s decree substituting “Iran” for 
Persia”) proceeded to enlarge the scope of its activities. Oil 
production from Iran exceeded 10,000,000 tons in 1937. In 1938 
Heck a Eve уар surpassed only by the United States, the 
U0. ‚ап enezuela. 

Tn Bahrain, in the al Hasa province of what later became Saudi 
Arabia, and in Kuwait early interest in oil owed a great deal to 
the New Zealander Frank Holmes. Through the Eastern and 
General Syndicate, a company registered in London in 1920, 
Holmes hoped to sell to other organizations any concessions which 
iu ш. He obtained in 1923 from King Ibn Saud permis- 
tion to explore for oil in the al Hasa province; in 1924 from Ibn 
Sud and the ruler of Kuwait rights over the Neutral Zone; and in 
1925 from the sheikh of Bahrain exploration rights covering the 
entire island, The first two concessions lapsed, but in November 
1927 the Gulf Oil Corporation took over the option (due to expire 
on Dec, 7, 1927) from the Eastern and General Syndicate with 
pect to Bahrain, The Gulf Oil Corporation, as a member of 
US. group associated with Turkish Petroleum, had agreed 
Not to operate in Bahrain. This agreement went back to 1912, 
When the constituent groups of the Turkish Petroleum Company 
pledged, in the interests of orderly development, not to explore 
{or or to develop oil anywhere in the Ottoman Empire except in 
ou with one another, This principle was incorporated 
n agreement dated July 31, 1928, to which a map was an- 
хей showing, by means of a red line, areas in which participants 
Inthe Turkish Petroleum Company agreed not to compete with 
i er in exploration but to act collectively. Consequently, 

Bur Oil Corporation on Dec. 21, 1928, assigned its option 
Wis over Bahrain to the Standard Oil Company of California, 

ch in turn established a Canadian subsidiary (BAPCO) to 

ld and operate the concession. The Bahrain Petroleum Com- 
Covered oil in 1932 and exports began in 1934. 
ie discovery in Bahrain had far-reaching effects in other Arab 
Sa а of California acquired from Ibn Saud rights in 

Bi abia in 1933. Oil was struck in 1935 and exports began 
2 In 1936 Standard of California sold to the Texas Com- 
mu interest in its companies operating concessions In 
Ls | and Saudi Arabia, as well as a half interest in other of its 
quienes with rights in Sumatra, Java, and Netherlands New 
rome Tn return Standard of California received certain pay- 

à ш interest in Texas’ makeing йыш ше 
“o û Hemisphere. The California Texas Oil Company, Ltd., 
ps ), jointly owned by the two parent groups, was Incor- 

in In 1936. Initially its function was marketing in the East. 

Mary 1947 Texas sold its marketing outlets in Europe and 

Africa to the California Texas Company. Subsequently 
Which E. Company built refineries in several European countries 

p ere supplied with Middle Eastern crude oil. — 

ùwait a contest between the Anglo-Persian Oil Company 

the fo ulf Oil Corporation to secure a concession was resolved 
io чоп in February 1934 of the Kuwait Oil Company, 
by the E equal participation by the two groups, and bya grant 
Dany ri i of Kuwait in December 1934 giving the Kuwait Com- 
|5 Bats covering the entire area. The first drilling efforts 
inthe ut in April 1938 a field of vast potentiality was discovered 
Д was urgan area. Development, suspended during World War 
| ÎS resumed in 1945 and in the following year the first cargo 
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was loaded for export. In Qatar, a peninsular sheikhdom on the 
eastern side of Saudi Arabia, an associate of Iraq Petroleum Com- 
pany opened up the Dukhan field late in 1938. World War II 
brought a cessation of activity and oil was not exported until the 
end of 1949. 

Although the oil industry was established in several Middle East- 
ern countries before World War II, the total production of that 
region in 1938 amounted only to 15,000,000 tons out of a total 
world production of 274,000,000 tons. The largest producers 
were the United States with 168,000,000 tons, Venezuela with 
28,000,000, and the U.S.S.R. with 28,000,000. Iran ranked fourth 
but only accounted for about 4% of the total world crude produc- 
tion. Following Iran were the Netherlands East Indies, Rumania, 
Mexico, Iraq, Colombia, and Trinidad. During the years 1901- 
40 the United States accounted for 6495 of the world's produc- 
tion; from 1926 to 1930 discoveries in Oklahoma, Texas, and Cali- 
fornia more than doubled the known reserves of the country. 
Russia produced, in the years 1901-40, about 1096 of the world's 
total production; Europe, excluding Russia, produced about 396 
of the total, the most important country being Rumania, which 
in 1938 had an output of about 4% of that of the United States. 
In the years between the wars, development in Rumania was 
such that in 1934 the production figure was 8,467,000 tons. The 
country ranked fourth in the world in 1935. In the Western 
Hemisphere, outside the United States, the biggest producer was 
Venezuela, where production had begun in 1917. By 1938 Vene- 
zuela was contributing approximately 10% of the world's total. 
In Mexico production had risen spectacularly from 1919-21, 
reaching in the latter year 25% of the world's entire production, 
but a sharp decline ensued. In 1938 Mexico expropriated the 
foreign oil companies. Final payment for properties expropriated 
was made in 1962. 


C. Arrer Wortp War II 


World War I established petroleum as an essential war ma- 
terial. In World War II the need for petroleum and its products 
reached what were then monumental proportions. Consumption 
during the war years accounted for one-fifth of the total produc- 
tion of the United States up to that time. In the latter part of 
the war the tonnage of petroleum products being shipped over- 
seas by the United States was nearly double that of all other ton- 
nage combined, including arms, equipment, food, medicine, and 
men. The war brought demands for many new products and 
constantly changing specifications. A B-29 aircraft alone used 
20 different oil products. The air war demanded large quanti- 
ties of 100-octane fuel, so that production increased from 75,000 
bbl. daily in 1942 to nearly 600,000 in mid-1945. Oil supplied 
toluene for explosives and asphalt for landing strips and roads. 
The war brought new developments in pipeline technique, such as 
the 24-in. war emergency line and the 20-in. products line, each 
running from points in Texas to the Atlantic seaboard. After 
the war both were converted to natural gas transportation. In 
Europe by means of Pipe Line Under The Ocean (PLUTO) 
1,000,000 gal. of gasoline daily was reaching France from England 
by 1945. In the Middle East expansion took place rapidly after 
the reopening of the Mediterranean to tanker traffic in 1943. In 
1944 the refineries in the Middle East were turning out 89% more 
petroleum products than in 1938, In Iran, production, which 
had fallen to 6,605,000 tons in 1941 (from over 10,000,000. in 
1938), reached 16,839,490 tons in 1945. 

1. Middle East Development.—In the postwar years the 
search for oil intensified, with new companies and new nationali- 
ties represented. The most spectacular developments occurred in 
the Middle East, but notable results were also obtained in other 
areas such as North Africa, Canada, and Nigeria. The geologist 
E. De Golyer had estimated in 1944 the proved and semiproved 
reserves of the Middle East at about 18,000,000,000 bbl., an esti- 
mate which he revised upward in 1948 to a 32,000,000,000 bbl. 
minimum, With the new knowledge available, the “published 
proved” reserves for the Middle East were, in 1962, put at 194,- 


000,000,000 bbl., or 61.1% of the world’s total. b 
In Saudi Arabia, the California Arabian Standard Oil Company, 
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after 1944 known as the Arabian American Oil Company, or 
Aramco, had not been shut down during the war. A 50,000-bbl.- 
per-day refinery, completed at Ras Tanura, began operations in 
September 1945. Development in Saudi Arabia brought changes 
elsewhere. Standard Oil (New Jersey) and Socony-Vacuum ob- 
tained a 30% and a 10% interest, respectively, in Aramco and in 
Tapline, the company formed to build a 1,000-mi. pipeline from 
the Arabian fields near the Gulf to the Mediterranean port of 
Sidon, Lebanon. The project was completed in 1950. Saudi 
Arabia has one of the largest proved reserves in the world. In 1963 
its production was surpassed by the United States, the U.S.S.R., 
Venezuela, and Kuwait. 

Oil from new fields in southern Iraq was first exported in 1951, 
via the Persian Gulf. The resumption of operations in Kuwait 
was followed by phenomenal growth, one of the factors being the 
reduced availability of Persian oil from 1951 to 1954. Produc- 
tion rose from 2,185,308 tons in 1947 to 17,000,000 tons in 1950 
and surpassed 37,000,000 tons in 1952. By 1953 Kuwait had 
overtaken Saudi Arabia as a producer and retained first place in 
the Middle East since that time to 1963 when it produced more 
than 90,000,000 tons. 

In Iran, too, expansion characterized the postwar years, with 
production in 1950 reaching 32,000,000 tons. But events occur- 
ring in the summer and autumn of 1951 brought the Iranian oil 
industry to a standstill. In April 1951 Mohammad Mossadegh 
became prime minister, and oil was declared nationalized under 
a National Iranian Oil Company. Many efforts were made to re- 
solve the deadlock, but no settlement was possible until after Mos- 
sadegh had been replaced in August 1953. 

Late in 1953 the Anglo-Iranian Oil Company invited a number 
of major international oil companies, all with experience in the 
Middle East, to form a consortium for the purpose of reactivating 
the oil industry in conjunction with the National Iranian Oil 
Company (NIOC). The companies that originally formed the 
consortium, and their respective interests, were: Anglo-Iranian, 
40% (name later changed to the British Petroleum Company, 
Ltd.); N. V. De Bataafsche Petroleum Maatschappij (represent- 
ing the Royal Dutch/Shell group), 14%; Gulf Oil Corporation, 
895; Socony-Vacuum, 8% ; Standard Oil Company (New Jersey), 
8%; Standard Oil Company of California, 8%; the Texas Com- 
pany, 8%; and Compagnie Francaise des Pétroles, 6%. Subse- 
quently, each of the five U.S. companies transferred 1% of its 
holdings to a group (Iricon) of nine smaller U.S. companies. Dis- 
cussions which began in Teheran in April 1954 between representa- 
tives of the consortium and the Iranian government resulted in an 
agreement on an essentially 50/50 profit-sharing basis. The agree- 
ment, ratified by the Iranian government in October 1954, enabled 
Iran to reoccupy a major position in the world oil industry with a 
production in 1963 of 73,000,000 tons as compared with approxi- 
mately 32,000,000 in 1950 and only 2,000,000 in 1954. 

The 50/50 profit-sharing formula (owner government and op- 
erating company each receiving half of operating profits) was first 
instituted in Venezuela in 1943, coming into operation there in 
1948. Aramco introduced the concept into Saudi Arabia by an 
agreement which came into force in December 1950, and similar 
arrangements were made with Kuwait in 1951, Iraq early in 1952, 
and then in Bahrain and Qatar. The 50/50 basis subsequently be- 
came widely accepted both by the governments of producing coun- 
tries and by the major operating companies. 

2. Social Benefits from Oil Revenue. In many of the major 
petroleum-producing countries oil revenue forms a very substantial 
part of the national income. Revenues from oil, as well as direct 
efforts by the oil companies themselves, have provided the means 
to fight diseases such as malaria in Venezuela and trachoma in the 
Middle East and have made possible the building of schools and 
hospitals and the introduction of industrial and agricultural im- 
provements on an unparalleled scale. Since oil often occurs in 
undeveloped areas the oil companies themselves have had to build 
roads. Kuwait has provided a striking example of the transforma- 
tion which can be brought about by the responsible use of oil 

royalties. 

3. New Pattern of World Development.—Significant 
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changes have taken place in the pattern of oil development М 
companies have overseas or worldwide interests, The Am m 
Independent Oil Company (Aminoil, a combination of ШШ 
companies and individuals) obtained in 1949 from the e 
Kuwait a concession covering that country's undivided half in 
est in the Neutral Zone. Shortly thereafter J. Paul Getty's Pid 
Western Oil (name changed to Getty Oil Company in 1956) of Ios 
Angeles signed an agreement with Saudi Arabia Covering its interes 
in the Neutral Zone. This marked the beginning of a new trend 
which brought many companies to the Middle East for the fist 
time. In 1958 the Japan Petroleum Trading Company Lid n. 
ceived from the governments of Saudi Arabia and Kuwait (оше. 
sions over offshore areas of the Neutral Zone and formed a siii 
iary, Arabian Oil Company Ltd., as an operating company. [ш 
also granted concessions outside the consortium area, As a resi 
of the petroleum law of 1957 the NIOC concluded agreements both 
with the Italian state-owned Agip Mineraria S.p.A, (AGIP) a 
with a subsidiary of Standard (Indiana). Nor was such newactiy. 
ity limited to the Middle East. The amendment of its petroleum 
law by Libya in 1955 brought applications from 13 companies, 
The success of Esso Standard Libya Inc. with its Zaltan find iı 
1959 foreshadowed the rise of still another country as а major 
producer. North Africa and the Sahara were completely trans. 
formed in the space of a few years from a region of бош 
promise to one of intense activity. In 1963 Algeria, enjoying the 
fruits of the pioneer work of the French government and of ol 
companies in the Sahara after the end of World War II, produced 
over 23,000,000 tons; and Libya, where production began onlyin 
October 1961, produced 21,000,000 tons in 1963. 

Drilling in marine areas became widespread following the end 
of World War II. As early as 1911 the Gulf Refining Company 
drilled a well in Caddo Lake on the Louisiana-Texas border, Over 
water drilling on Venezuela's Lake Maracaibo was successfully ut 
dertaken in the 1920s and this area subsequently was extensive 
developed. In 1951 Creole Petroleum was operating 1,500 well 
in Lake Maracaibo alone. The first offshore well in the Gulf of 
Mexico was begun in 1937 as a joint operation of the Superior " 
Company and Pure Oil Company. Completed in 1938, it was tht 
first commercial oil discovery in the Gulf of Mexico. di 

Tn the Persian Gulf, Aramco was the first company to undert! 
marine work, and the result was the discovery of the great mar 
field in 1951. In 1962 the Safaniya field provided nearly one- 
of Aramco's output of 75,000,000 tons. Aramco's other 0 ei 
field, Manifa, was brought into production in 1964. The il 
owned Arabian Oil Company Ltd. progressed rapidly with wo 
the offshore areas of the Neutral Zone and struck oil in | 
Shipments commenced in 1961 from the Khafji underwater of 
Exports began in 1962 from the Umm Shaif field (about O 
the coast of Abu Dhabi) which was developed by Abi NT 
Marine Areas Ltd. (two-thirds British Petroleum and O 
CFP). The Pan American International Oil Company, Y niil 
1962 became the American International Oil Con wf a 
iary of Standard Oil Company [Indiana], discovered 000 
Island through its Iran Pan American Oil Company d 
ture. In 1963 the Continental Oil Company, which be e 
jor producer in Libya, obtained concessions over both oa sud 
offshore areas of Dubai and of Qatar. Although the I Mori 
ful results were achieved in Lake Maracaibo, the Gulf 0 sed on 
and the Persian Gulf, marine operations were being or Jet Basi 
many other parts of the world, from Brunei to the Cook I” e pros 
of Alaska, A great deal of interest was being shown 1 ^. 
pects of drilling in the North Sea in the mid-19605. 

In the Western Hemisphere the United States ал large! 
over the years retained their positions as the world’s dusty 
producers. In Canada, where interest in the oil in 0 
shown as early as in the United States, the results M 1 
aging until the discovery in Alberta of the Leduc fiel Б | 
lowed by Redwater in 1948. These developmen uction" 
changed the outlook of the industry in Canada. 5 000 tons 
creased from 8,000,000 tons annually in 1952 to 36; many А 
1963. Exploration was carried out intensively У inel y 
panies, but the industry by the mid-1960s had not 
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investment made following the Leduc discovery. Investment in 
the Canadian oil industry in the years from 1948 to the end of 1962 
mounted to $6,600,000,000 against $5,500,000,000 income, The 

sibilities of the Arctic islands and the Athabasca tar sands at- 
tracted considerable interest. 

‘Another changing factor in the world oil picture of the 1960s 
was the position of the U.S.S.R. At the turn of the 20th century 
Russia's production surpassed that of the United States for a 
period of four years (1898-1902) when Swedish, Dutch, British, 
«nd French capital was freely invested there. After the 1917 Rev- 
olution and the confiscation of foreign assets the country's produc- 
tion fell sharply. When it rose again state policy directed that 
petroleum resources be used in the main for domestic purposes, 
largely military. This policy changed in 1953 when the U.S.S.R. 
again began to export oil. In 1962 it exported 45,000,000 tons 
(including 25,000,000 tons to non-Communist countries) out of a 
production of 186,000,000 tons, and it was planned to increase 
dil production on a large scale. The Perm, Ufa, Kuybyshev area 
west of the Urals supplanted the Apsheron Peninsula as the major 
producing area, and substantial new discoveries were reported in 
Merbaijan, the Ukraine, and in particular in the central Asian 
provinces. 

In 1945 Rumania came under Soviet influence, with the sub- 
sequent nationalization of oil properties. In the span of just 
over a century, from its first recorded production in 1856 of 275 
tons to 1962, Rumania had a cumulative production of some 
185,000,000 tons. Production had become stable at about 12,000,- 
000 tons a year by the beginning of the 1960s. 

The modern petroleum industry, since Drake’s Titusville well 
of 1859, has undergone periods of significant change, In its first 
half-century, the U.S. industry, latterly guided by Rockefeller, had 
the foremost influence, worldwide in scope. In this period, too, 
petroleum products were used mainly as illuminants. During the 
text half-century the most notable developments were the use of 
petroleum products as a source of power and heat, and the geo- 
staphical shift of supply sources to the Middle East, following dis- 
Overy and development there of new fields and extensive reserves. 

Ste also references under “Petroleum” in the Index. 

(Ro. L. G.) 
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PETROLEUM WAXES. Petroleum provided the first 
abundant source of inexpensive waxy materials. Such waxes were 
among the earliest products made from petroleum, and their pro- 
duction continued in increasing quantities as new uses were found 
for them. Although these products represent in volume less than 
196 of the crude petroleum refined, they are highly important in 
terms of their versatility in meeting an increasing number of hu- 
man needs. The petroleum industry has constantly striven to de- 
velop new wax grades and large-scale, low-cost methods for pre- 
paring them. In contrast, animal and vegetable waxes continue to 
be high in cost and of varying chemical character and uncertain 
availability. 

Petroleum waxes are classified in three groups: paraffin, micro- 
crystalline, and synthetic waxes. Materials in the last group are 
arbitrarily included here because their properties and uses are simi- 
lar to those of the first two groups, even though the synthetics are 
made from coal instead of petroleum. Microcrystalline waxes are 
differentiated from the paraffins by their greater viscosities, higher 
melting points, and poorly defined crystalline structure; the paraf- 
fin waxes are obtained from the lighter fractions of petroleum while 
microcrystalline waxes come from the heavier fractions. 

Paraffin was first produced commercially in 1867, less than ten 
years after the drilling of the first petroleum well. Microcrystal- 
line wax became commercially available in 1932, while synthetic 
paraffin prepared by the Fischer-Tropsch reaction technique (de- 
scribed below) has been available only since 1947. 

Paraffin Waxes.—Prior to 1867, limited amounts of paraffin 
wax were prepared from bituminous shales for use in candle mak- 
ing. Even then the demand exceeded the supply because the dis- 
tillation process was slow. In contrast, paraffin separation from 
petroleum required only chilling and filtration. The earliest 
paraffin-wax separation was effected by hanging canvas bags of 
chilled oil in a large icebox. The separated wax stayed in the bag 
much as does the pomace in fruit-juice production. 

Basically, paraffin and microcrystalline waxes are still made 
in the same way. Huge modern plants and automated processing 
equipment do the same operations: chill the oil until the naturally 
occurring waxy components solidify and then filter-separate them 
from the fluid oil, which is recovered for other purposes. Tech- 
nical progress has made the separation more efficient and less 
costly. To this processing have been added methods of ptirifica- 
tion by chemical treatment, decolorization by adsorbents, and frac- 
tionation of the separated waxes into grades by distillation or 
recrystallization, or both. Also, new crude oils with higher wax 
content have been discovered and earmarked for this production. 
But even the most modern of petroleum-wax plants is simply an 
extension and refinement of the methods utilizing canvas bags. 

“Slack” wax was the term given to paraffin wax as it was re- 
covered by the original methods. This grade frequently retained 
as much as 20% oil. When its oil content is reduced to about 
3%, it is referred to as “crude scale" wax. This wax, after some 
decolorization, becomes "white crude scale" wax and is sold as 
such for many uses. Further purification improves the colour, 
odour, and taste, and limits the melting-point range to about 2° F 
(1° C) yielding “fully refined paraffin” wax. This is the generic 
commercial name irrespective of the refining method used. 

Paraffin wax is a solid, crystalline mixture of straight-chain or 
normal hydrocarbons ranging in molecular weight from Cao to Cao 
and possibly higher. It is distinguished by its solid state at room 
temperature, relatively slight deformation at this temperature even 
under considerable pressure, and low viscosity when melted, 
Paraffin-wax crystals are long, narrow, and form in plates. Fully 
refined paraffin grades are dry, hard, and capable of imparting good 

loss. 

j Modern commerce generally recognizes two degrees of paraffin 
wax refinement, crude scale and fully refined. Crude scale paraf- 
fin ranges in melting point from 118° to 135° F (48° to 57° C) and 
contains about 0.5% oil. Fully refined paraffin has a melting point 
range of 118° to 150° F (48° to 66° C), is colourless, odourless, 
and tasteless, and contains about 0.2% oil (standards established 
by the American Society for Testing Materials). 

Synthetic Paraffin Wax.—The period after World War П 
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saw the introduction of the first commercially available synthetic 
paraffin waxes, produced by the Fischer-T ropsch reaction. tech- 
nique. In the Fischer-Tropsch synthesis, coal is burned in gas 
generators in the presence of oxygen and steam to produce a gas 
stream composed mainly of carbon monoxide and hydrogen. After 
purification, this gas stream is converted to hydrocarbons in the 
presence of a magnetic iron catalyst. Following removal of the 
catalyst, the resultant liquid hydrocarbons are refined and sepa- 
rated, 

One of the products thus obtained is paraffin wax, snow-white 
in colour, harder than petroleum paraffin, and capable of taking 
a high gloss, the degree of gloss being one of the factors used in 
judging wax quality. The average molecular weight. approximates 
750, corresponding to 50 to 55 carbon atoms. Its unique character 
and high purity well suit it as a replacement for certain vegetable 
waxes and as a modifier for petroleum waxes and for some plastics, 
such as polyethylene. Also, synthetic paraffin wax may be oxidized 
to yield pale yellow, hard waxes composed of mixtures of high- 
molecular-weight oxygenated compounds, chiefly carboxylic and 
waxy acids and esters. Their unique value lies in their ability to 
saponify with aqueous solutions of organic and inorganic alkalies 
such as borax, sodium hydroxide, morpholine, and triethanolamine. 
'These aqueous wax dispersions serve admirably as heavy-duty 
floor wax, for waterproofing textiles and paper, in the tanning of 
leather, as metal-drawing lubricants, as rust preventives, and for 
masonry and concrete treatment. Thus, in general, synthetic par- 
affin, both straight and in the oxidized form, complements rather 
than supplants the petroleum-derived material. 

Microcrystalline Waxes.—Although the raw material from 
which microcrystalline waxes are separated was always present 
in petroleum, the introduction of these unique materials had to 
await other industry developments to make their separation com- 
mercially feasible. This occurred about 1930. Previously, when 
the heavy fractions of petroleum were used as lubricants, there was 
little need that they be well refined or that they be fluid at low tem- 
peratures. However, the increasing use of the motor car changed 
this. Crankcase lubrication demanded that the oil flow easily at 
low temperatures and that it have minimum tendency to carbonize 
in the cylinders. Wax removal was essential. Methods of sepa- 
ration included solvent dilution, chilling, and centrifuging, and 
varying combinations of these. The quality and quantity of the 
removed material that became available encouraged study which 
led to commercial production of microcrystalline waxes. 

In contrast to paraffin wax, the microcrystalline grades vary 
widely in physical character, depending on the crude-oil source and 
the degree and method of refinement. Some are as ductile as bees- 
wax, others are hard and brittle, and still others lack cohesive 
strength and tend to crumble easily during handling. The melting 
point range is higher than that of paraffin, commercial grades rang- 
ing from 145° to 200° F (63° to 93° C). In colour microcrystal- 
line wax ranges from dark brown to cream white. Decolorization 
is always difficult and odour and taste have long been deterrents 
to the acceptance of microcrystalline wax, especially in the packag- 
ing of foods. 

Petroleum Wax Uses.—From the beginning, candle making 
has been a large petroleum-wax consumer. While progress in arti- 
ficial illumination might seem to have relegated the candle to a 
minor place, its utility as a portable, self-contained source of light 
continues. Candle production, including candles for religious and 
decorative uses, still requires millions of pounds of petroleum wax 
each year, for paraffin wax, combined with varying amounts of 
stearic acid, is a satisfactory material for all candles except those 
for liturgical use that are required to contain some beeswax. 

The paper industry is by far the largest single user of petroleum 
wax, especially microcrystalline waxes. Chemical purity and low 
cost, along with freedom from odour and taste, excellent moisture- 
vapour and water resistance, and relative inertness, led to early 
widespread use of paraffin in all types of food packaging and in 
food handling. 

Petroleum wax may be applied to the paper pulp before it is 
formed into sheets or after the sheet is made. Frequently, enough 

wax is applied to serve also as the wrapper adhesive, as in bread 


PETROLOGY 


wrapping. In the case of dynamite, the paper is waxed both befo 
and after the stick is formed to secure added protection ud 
moisture. 

The match industry was an early user of paraffin wax, h 
wooden match, the paraffin coating impregnates the wood jut 
below the head; it is visible after the match is struck as a der 
liquid flowing away from the head as the stick is consumed, In 
the paper match, the paraffin-treated portion of the stick is Clearly 
darker just below the head. In both cases, the wax helps ignite 
the match stick by supplying an easily vaporized hydrocarbon fuel, 

BrsuiocraPHy.—J. B. Tuttle, “The Petroleum Waxes,” Petroleum 
Products Handbook, ed. by V. B. Guthrie (1960) ; A. Н, Warth, Chem 
istry and Technology of Waxes (1954) ; H. Bennett (ed.), Commerc 
Waxes (1956); J. B. Tuttle, “Candles,” Encyclopedia of Chemical 
Technology, 2nd ed., vol. 4, pp. 58-63 (1964). (J. B. Tv) 

PETROLOGY is the branch of geology concerned with the 
investigation of the composition, structure and history of the 
rock masses building up the accessible portions of the earths 
crust (Gr. petros, “rock”). Rocks are usually defined as aggre- 
gates of minerals without reference to their state of cohesion 
Loose sands, clays, gravels or soils are included among rocks a 
being mineral masses playing an important role in field geology. On 
the other hand, the less soluble parts of the skeletons of animals 
and plants may form a considerable portion of rocks as, for ex 
ample, in the case of coral limestone, lignite and chalk. Lastly, 
rocks may be built up almost wholly of noncrystalline materi) 
such as obsidian, pitchstone or tachylyte, representing liquis 
so rapidly chilled that consolidation has occurred in the glassy 
state. Rocks are the units with which the geologist deals in it- 
vestigating the structure of the earth’s crust, and some varieties 
cover enormous areas. Granite, sandstone and schist often form 
whole provinces and build up lofty mountains, while other rock 
types are of such rare occurrence that they are known only in 
one or two localities in far-removed parts of the earth's surface, 

Broadly speaking, rocks are divided into three great classes, 
igneous, sedimentary and metamorphic. In this article discussion 
is confined to the nature, composition, classification and b 
of igneous rocks and the methods by which they are examined. ү 
the other groups, see SEDIMENTARY Rocks and METAMORPHIS 
See also MINERALOGY, 3 

Following are the main subdivisions of this article: 

I. Treatment of the Subject 
1. Composition of Igneous Rocks 
2. Magma 
II. Methods of Investigation 
A. Analytical 
. Macroscopic Characters 
. Microscopic Characters Y 
. Mechanical Separation of Constituents 
. Microchemical Methods 
. X-ray Methods 
. Chemical Analysis 
. Specific Gravity 
B. Rock Synthesis 
1. Pioneer Investigations 
2. Geophysical Laboratory 
III. Classification of Igneous Rocks 
IV. Habit of Igneous Rocks 
1. Lavas or Effusive Types 
2. Plutonic or Abyssal Types 
3. Intrusive or Hypabyssal Types 
V. Chemical Characters 
1. Rock Elements 
2. Range of Composition ж 
3. Common Minerals and Associations 
4. Acid, Basic and Alkali Rocks 
5. Mineralogical Constitution 
6. Quantitative Classifications 
VI. Petrographical Provinces 
A. Differentiation 
B. Plutonic Complexes 
1. Unmixing 
. Fractional Crystallization ee 
. Application of Laboratory Investigation 
. Discontinuous-Reaction Series 
. Natural Magmas 
. Hydrothermal Systems 
Magmatic Assimilation 
. Palingenesis 
9. Granitization 
VII. Geographic Distribution of Igneous Rocks 
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J, TREATMENT OF THE SUBJECT 
Below is à brief survey of that part of the science of petrology 


which concerns igneous rocks, with the headings under which 
ciem subjects are treated (each italicized item has a separate 
е). 

os rocks occur as intrusions or extrusions. The plutonic 
or deep-seated intrusive rocks which cooled far below the surface 
occur as batholiths, bosses, laccoliths and veins (see ORE DE- 
posits), and include granite, syenite, diorite, gabbro and peridotite: 
ated to the granites are aplite, greisen, pegmatite and schorl; 
tothe syenites, borolanite, monzonite, nephelite-syenite and ijolite ; 
to the diorites, tonalite; to the gabbros, napoleonite, pyroxenite 
ind theralite, and to the peridotites, picrite and serpentine. The 
hypabyssal intrusive rocks occur as sills, veins, necks, etc., and 
are represented by porphyry and porphyrite, diabase and lampro- 
pyre; to the porphyries belong felsite and quarts porphyry. The 
wtrusive rocks are volcanic and found typically as lava flows; 
they include obsidian, perlite, pitchstone and rhyolite, phonolite 
and trachyte, andesite, dacite and basalt (with the related spilite, 
tachylyte and variolite), nephelinite and tephrite. 

Intermediate between the sedimentary and igneous rocks comes 
the group of rocks known as pyroclastic or fragmental volcanic 
mds. These include agglomerate, some types of breccia and tuff 
(we also VOLCANO). The agencies which affect igneous (among 
other) rocks and modify them are discussed under GEOCHEMISTRY, 
METAMORPHISM, METASOMATISM and VOLCANO. 

1. Composition of Igneous Rocks.—Though the number of 
recognized minerals approximates 1,500, comparatively few of 
these are important as rock formers, more especially if the sub- 
divisions into which the common species are broken up are disre- 
girded. The vast majority of the igneous rocks are built up of 
less than a dozen groups of minerals. These are: (1) quartz; (2) 
feldspars; (3) pyroxenes; (4) amphiboles; (5) micas; (6) olivines; 
(7) nephelite; (8) leucite; (9) iron ores; and (10) apatite. To 
llis list, for sedimentary rocks, may be added chlorite, kaolin, 
montmorillonite, calcite, dolomite and a few other minerals. 
Metamorphic rocks are built up largely of the same minerals as 
igneous rocks but include special species which are foreign to the 
litter, partly on account of their composition and partly because 

ty appear to require special physical conditions (stress) for their 
production, The mineralogical nature of a rock is primarily de- 
pe on its chemical composition, but other factors are of first 
ja еш determining the paragenesis of rock-forming min- 
"ils, principally the mode of origin of the rock or the physical 
ш prevailing during its formation. Two rock masses 
ibi have very much the same bulk composition and yet differ 

lamentally in their mineralogical assemblages. Thus, certain 
ets rich in biotite have much the same composition as 
ian leucite-basalts, a hornblendite may be similar in composi- 
com °acamptonite and зо оп. Igneous rocks of identical chemical 
oie but dissimilar mineralogical constitution are said to 
tons (ыш: ‘The governing factors are the physical condi- 

Al MENS consolidation of the rock. | 
lusion. e rocks have consolidated from solution or from 
temperat granite arises by the consolidation of a liquid at high 
schist, о ures and great pressures; a metamorp! c rock like mica 
Of a cla n the other hand, represents the recrystallization product 
is ag under the influence of heat and stress. Throughout 
ing rh the rock has been essentially solid, recrystallization 
Other о, ce in the presence of minor amounts of interstitial liquid. 

e е rocks, like rock salt, gypsum, anhydrite, etc., 

Vapor leposited from solution in water, mostly as a result 

nta ation on exposure to the air. The majority of sedi- 
хува E however, consists of a mechanical aggregate of 
Of these g eae. such are sandstone, clay, etc. The structure 
fragmenta, imentary and all pyroclastic rocks is referred to as 


ig? та.—АЦ igneous rocks have solidified from a state of 
icy р the liquid that finally consolidates as rock being tech- 
еф» Теіегге to as magma (Gr. magma, from masse, “to 
Bases. th ock magma is a complex silicate solution carrying 
? he most important part of the solution is water, which may 
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constitute 5% to 6% of the mass. The greater part of the clouds 
given off by active volcanoes consists of steam, with which are as- 
sociated minor amounts of other gases, the chief being carbon 
dioxide, carbon monoxide, hydrochloric acid, sulfur vapour, oxides 
of sulfur, hydrogen sulfide, hydrogen fluoride, ammonia, methane, 
chlorine, fluorine, hydrogen and nitrogen, When the magma con- 
solidates the major part of these volatile constituents usually es- 
capes. With very rapid cooling, however, the magma may solidify 
without crystallization as a volcanic glass, at the same time retain- 
ing much of its water. Analyses of pitchstone show not infre- 
quently a content of 5% to 6% of water, and even higher values 
are recorded; on the other hand unaltered crystalline igneous rocks 
seldom show a water content greater than 2%. Here there is al- 
most direct confirmation of the conclusion that the water content 
of the magma before crystallization is greater than the water con- 
tent of the rock formed from it. 

From what source is igneous magma derived? In the older con- 
ception of the earth a volcano was pictured as a safety valve for a 
molten interior, but a close study of igneous action, past and 
present, clearly negates any such interpretation, The active vents 
of Mauna Loa and Kilauea, Hawaii, though only about 20 mi. apart, 
have the summits of their lava columns at a difference of level of 
10,000 ft. Yet liquid lava is erupted more frequently and in 
greater quantity from the higher column. Clearly these two out- 
lets are not directly connected with a common liquid reservoir, 
Again, neighbouring vents, as those of the Lipari Islands north of 
Sicily, erupt widely different products, and each may maintain its 
independent behaviour regardless of what is happening to its neigh- 
bour. The conclusion is enforced that each distinct eruptive cen- 
tre possesses its own reservoir, and the presence of a number of 
independent magma chambers underlying an eruptive region is in- 
dicated. At greater depth these are no doubt connected with some 
magmatic reservoir of much larger dimensions. In some such 
common source the close community of petrographic character re- 
vealed in the succession of liquids erupted or intruded throughout 
any given igneous cycle is to be traced. 


IL METHODS OF INVESTIGATION 
A. ANALYTICAL 

1. Macroscopic Characters.—The macroscopic (Gr. makros, 
“Jarge”) characters of rocks, those visible in hand specimens with- 
out the aid of the microscope, are extremely varied and difficult 
to describe accurately and fully. The geologist in the field depends 
principally on them and on a few rough chemical and physical tests; 
and to the practical engineer, architect and quarrymaster they are 
all-important. Although frequently insufficient in themselves to 
determine the true nature of a rock, they usually serve for a pre- 
liminary classification and often give all the information really 
needed for a particular purpose. With a small bottle of acid to 
test for carbonate of lime, a knife to ascertain the hardness of 
rocks and minerals and a pocket lens to magnify their structure, 
the field geologist is rarely at a loss in deciding to what group a 
rock belongs. The fine-grained species may be indeterminable by 
these means, and the minute mineral components of all rocks can 
usually be ascertained only by microscopic examination; but it 
is easy to see that a sandstone or grit consists of more or less 
rounded, waterworn sand grains, and if it contains dull, weathered 
particles of feldspar, shining scales of mica or small crystals of 
calcite, these also rarely escape observation.’ Shales and clay 
rocks generally are soft, fine-grained, often laminated, and they 
not infrequently contain minute organisms of fragments of plants. 
Limestones are easily marked with a knife blade, effervesce readily 
with weak cold acid and often contain entire or broken shells or 
other fossils. The crystalline nature of a granite or basalt is 
obvious at a glance, and while the former contains white or pink 
feldspar, clear vitreous quartz and glancing flakes of mica the 
other will show yellow-green olivine, black augite and gray striated 
plagioclase. 

2. Microscopic Characters——When dealing with unfamiliar 
types or with rocks so fine-grained that their component minerals 
cannot be determined with the aid of a lens, the geologist is obliged 
to have recourse to more delicate and searching methods of inves- 
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tigation. With the aid of the blowpipe (to test the fusibility of 
detached crystals), the goniometer (to measure crystal angles), 
the magnet, the magnifying glass and the specific gravity balance 
the earlier investigators attained surprisingly accurate results. 
Examples of these may be found in the works of Leopold von Buch, 
G. P. Scrope, Charles Darwin and many others. About the end of 
the 18th century D. S. G. de Dolomieu examined crushed rock 
powders under the microscope and P. L. Cordier in 1815 crushed, 
levigated and investigated the finer groundmass of igneous rocks. 
His researches are models of scrupulous accuracy, and he was able 
to announce that these rocks consisted essentially of such minerals 
as feldspar, augite, iron ores and volcanic glass and did not differ 
in nature from the coarser grained rocks. W. Nicol, whose name 
is associated with the discovery of the Nicol prism, seems to have 
been the first to prepare thin slices of mineral substances, and 
his methods were applied by H. Witham (1831) to the study of 
plant petrifactions. 

Petrography—This method, subsequently of such far-reaching 
importance in petrology, was not immediately used for the sys- 
tematic investigation of rocks, and it was not until 1858 that H. 
C. Sorby pointed out its value. The great work of this investigator 
was the production of very thin sections of rocks and their 
systematic examination under the high powers‘of the microscope. 
The densest, blackest rock can be made to yield a section of Ly 
in. in thickness, so thin and transparent that fine print can be 
easily read through it and transmitting light so clearly that the 
most high-powered objectives of the microscope can be used to 
discern and study its minutest structures with the same facility 
that they can be employed upon sections of organic material pre- 
pared by the microtome. The introduction of this powerful weapon 
of research inaugurated a new era in petrology—that of petrogra- 
phy or the descriptive branch of petrology. The optical study of 
sections.of crystals had been advanced by Sir David Brewster, 
Nicol and other physicists and mineralogists and it only remained 
to apply their methods to the minerals visible in rock sections. 
The pioneer workers who brought quantitative methods into the op- 
tical side of the problem were A. des Cloizeaux, K. H. F. Rosen- 
busch, F. Zirkel, M. Schuster, F. Fouqué and Auguste Michel Lévy. 

By the second half of the 20th century optical methods for de- 
termining minerals with the petrographic microscope were highly 
developed. 

Optical Constants.—Although rocks at mid-20th century were 
studied principally in microsections, the investigation of fine 
crushed rock powders, which was the first branch of microscopic 
petrology to receive attention, was still in use. A mineral whose 
optical properties are known can be accurately determined by im- 
mersing its powder in liquid media whose indices of refraction 
are known, and determining the optical constants. In the hands 
of a skilled petrographer the principal optical constants of a sin- 
gle grain of a mineral can be determined in half an hour. The 
chief fundamental constants measured are the principal indices of 
refraction, the crystallographic orientation of the directions of 
light vibration corresponding to those indices and the amount 
of absorption of light vibrating in these directions, all for one or 
more standard wave lengths of light. The double refraction, op- 
tical character, optical axial angle, dispersion of the optic axes 
and bisectrices and extinction angle are all fixed by the funda- 
mental constants and can be estimated under the microscope. 

The immersion media cover a range of optical refraction from 
that of water (1.333) to that of a selenium-arsenic selenide melt 
(3.17). The liquids are chiefly organic substances—acetone, al- 
cohol, cinnamon oil and methylene iodide. Most minerals have 
refraction constants ranging in the interval 1.450-1.870, and their 
refractive indices may therefore be matched by a set of liquids 
whose refractions cover this range. The modern rotation appa- 

ratus whereby thin sections may be tilted from the horizontal so 
that the axis of the microscope passes through them at different 
angles has been of inestimable value in measuring accurately the 
optical constants of a single grain in a rock slice, and is widely 
used for the determination of feldspar and other mineral species of 
variable composition, A few measurements on a selected section 
of a mineral permit the determination of its exact chemical com- 
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position and the crystallographic orientation of the Section itsel 
The technical methods employed for the determinations ref И 
to above are largely founded on the use of polarized light jn 

3. Mechanical Separation of Constituents. The separatim 
of the constituents òf a crushed powder in order to obtain 
samples suitable for analysis is also extensively practised 
two principal methods adopted involve either the electromag 
or heavy liquids. 

By the use of an electromagnet the component minerals of а 
may be separated by varying the strength of the current, A vek 
magnetic field attracts magnetite, then hematite and ilmenite, 
Silicates containing iron will follow in definite order, augite, hom. 
blende, tourmaline, olivine and biotite being successively attracted, 
The degree of attraction is not, however, proportional to the it 
content. The colourless nonmagnetic minerals—quartz, feldspar, 
muscovite, nephelite, etc.—remain. In the modern laboratory, 
processes using automatic magnetic separators supplement or rè 
place magnetic separation by hand. Electrostatic and dielectric 
methods of separation have also been brought into use in the isola 
tion of mineral particles of rocks. 

Separation by means of water is not much used in petrographic 
work. However, a preliminary “panning” as practised by minersis 
often useful as amean of concentrating rare minerals occurring 
in very small quantity in the rock before the application of the 
methods next to be described. Methods of separation of minerali 
by which they are sorted according to their specific gravities (spar) 
by means of heavy fluids have an extensive application, ‘The 
fluids used are those which do not attack the majority of the rode 
forming minerals. 

Of the many liquids used, methylene iodide (sp.gr. 3.32) ant 
bromoform (sp.gr. 2.86) are perhaps the most convenient, For 
more dense minerals, Clerici’s solution—an aqueous solution of 
thallium formate—is best adopted. By concentration the зей 
gravity сап be raised to 4.32 at 60° С, so that even the heavier 
rock minerals can be separated without difficulty. By diluim 
with water, or, in the case of methylene iodide, dilution with bro 
moform or benzol, successive crops of minerals may be separi 
in appropriate separating funnels. In this way a granite may be 
successively fractionated into its component minerals, ОШ 
(sp.gr. 3.1), muscovite (2.85), quartz (2.65), oligoclase um 
and orthoclase (2.56). All these minerals float in methylene io 
on dilution with.benzol they are precipitated in the order UE 
Rocks like eclogite containing heavier minerals, such as ae 
(sp.gr. 4.84), garnet (4.20) and diopside (3.29), may be simit 
separated by means of a thallium formate-water solution. Min 
isolation using heavy liquids is commonly carried out with í 
speed centrifuges, which greatly hasten settling, espe 
finest particles, and effect a more thorough separation of the 
erals. fre 

4. Microchemical Methods.—Chemical methods TA 
quently of great use. Weak hydrochloric acid will йде 
from a crushed limestone, leaving dolomite and silicate s 
and hydrofluoric acid may be used to extract the glassy s, 0 
volcanic and hypabyssal rocks from the pyroxenic nd ү dii 
much wider use, however, are microchemical methods 0 
guishing minerals under the microscope. They are of Spe salt 
in discriminating alkali minerals like nephelite, һайупй® + 
analcite and sodalite in the groundmass of igneous mono 
methods depend on selective attack by acids, the forma" 
tinctive precipitates and the staining of gelatinous res 
and feldspar in fine-grained rocks may be differentiate 
with hydrofluoric acid; quartz remains clear while t 
a feldspar grain becomes cloudy, being ы. 

uosilicate, and may be stained by an aniline dye- : 
particularly useful in гуен quartz and бабр eg 
grained metamorphic rocks in which the feldspar 18 wit 
form, is untwinned and shows lack of cleavage. 
_5. X-ray Methods. X.ray diffraction metho 
tion have also come much into use; they may be apP' to the 
crystals, isolated by the procedures already outlined, OF поо 
aggregates, using then the technique of X-ray powder р 
(See MINERALOGY: X-ray Diffraction; X-RAYS.) 
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é Chemical Analysis.—The ultimate chemical composition of 
arock is of fundamental importance in determining its nature, and 
he chemical analysis of rocks is now widely carried out. In rock 
analysis of the better class as many as 25 constituents are deter- 
mined and recorded. The most abundant or major constituents 
we stated as oxides, and any rock analysis of good quality records 
the content of at least nine or ten of these. They are silica, 
alumina, ferric and ferrous oxides, magnesia, lime, soda, potash 
ind water. These nine oxides make up about 98% of the igneous 
mds, Two other oxides are usually determined, TiO, and P505, 
в they are represented in the common minor constituents— 
ilmenite and apatite—titanium being also present in some pyrox- 
nes, amphiboles and micas. Such а chemical analysis is usually 
sificient to determine to which of the two great classes, igneous 
or sedimentary, a rock belongs and, if it is igneous, the position 
to be assigned to it in any of the conventional classifications. In 
the case of metamorphic rocks it often establishes whether the 
original mass was a sediment or of igneous origin. 

1, Specific Gravity.—By the balance and the pycnometer the 
gecific gravity of rocks is determined in the usual way. It is 
greatest in those rocks rich in iron, magnesia and the heavy metals, 
md least in rocks rich in alkalies, silica and water. Eclogites 
(par. 3.5) are among the heaviest of the silicate igneous rocks, 
Ше the vitreous lavas of high silicity like obsidian (sp.gr. 2.35) 
are among the lightest. 


B. Rock SYNTHESIS 


The methods of investigation described above may be grouped 
together as analytical, in contradistinction to the synthetic in- 
vestigation of rocks, which proceeds by experimental work to re- 
produce different rock types and thus to elucidate their origin and 
explain their structures. 

1, Pioneer Investigations—Though the experiments of Н. B. 
de Saussure (1740-99) on the fusion of granites and porphyries 
may be said to mark the earliest beginnings of experimental petrol- 
gy, the era of rock synthesis should be dated from the time of 
i researches of Sir James Hall (1761-1832) on the fusion of 
doletites found in the neighbourhood of Edinburgh. This inves- 
lator showed convincingly that crystalline diabase (British dol- 
n^ or whinstone) could be fused and consolidated, according to 
b rate of cooling, either as black glass resembling natural pitch- 
Bs or as crystalline aggregates of minerals much like the diabase 
m which they came. Hall's most famous experiments, how- 

i Were conducted with limestones. Powdered chalk, by being 
а in gastight gun barrels, was converted into а crystalline 

ES calcite, thus supporting the contention of James Hutton 

em eat and pressure had consolidated limestones and converted 
ore pu marbles. A lapse of almost 90 years had occurred be- 
m ii experiments of Hall were substantiated, when in 1878 the 
um Petrologists F. Fouqué and Auguste Michel Lévy began 
" extensive researches on the synthesis of minerals and rocks by 

Eon methods. They succeeded in producing, by the use of 

salt Umace and a nitrogen thermometer, such rocks as porphyry, 

TA diabase, at the same time obtaining the characteristic 
der ш рны, ophitic, etc.—by modifying the conditions 
acid s ун the melts were cooled. With the more siliceous or 
тше {0 their experiments were much less successful. They ad- 

i fo or the first time in a convincing manner the explanation 
Sent in T the crystallization of these rocks the gases, never ab- 
Thin natural rock magmas, were indispensable mineralizing agents 

eralizers). 
"pes it became known that the formation of many minerals 
tated, or can only be accomplished, in the presence of 


n 
Ru Constituents such as water, borates, chlorides, fluorides, 
quid Sis Only do these assist in promoting the fluidity of the 
Bente facilitate crystallization, but they form essential con- 
[m of some of the important minerals occurring in acid 
irs (micas, tourmaline, topaz, etc.). 
Hone, H the pioneers in synthetic petrology may е 
^ Bourge E. Sainte-Clair Deville, H. de Sénarmont, P. Berthier, 
Моос 8015 Р. С. Hautefeuille, К. Chrustschoff, C. Doelter, j 
Vicz and J. Н. L. Vogt. То Vogt is owed the first compre- 


also be men- 
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hensive essay toward bringing the crystallization of igneous rock 
magmas definitely under the known laws of solution, Beginning a 
study of a large series of silicate slags, more or less comparable 
in composition with igneous rocks, he brought together a large 
body of information throwing light on the order of crystalliza- 
tion, the composition of the eutectics and the lowering of freezing 
points of the minerals in slag mixtures, these results being directly 
applied to the elucidation of the crystallization processes in natural 
magmas. 

2. Geophysical Laboratory.—Up to this period the synthetic 
work, involving as it did the measurement of the melting point 
of minerals and the succession of crystallization in more or less 
complex mixtures, though very suggestive, lacked the strictly 
quantitative element. Experiments were carried out on materials 
always containing impurities or foreign substances, and the 
methods adopted for the determination of fixed thermal points 
such as melting points, inversion points or heat changes were of 
doubtful precision, In 1904, with the establishment of the Geo- 
physical laboratory at Washington, D.C., synthetic or physico- 
chemical petrology entered upon a new quantitative era. The work 
of this laboratory was undertaken in order to enter upon a quanti- 
tative study of rock formation which should include those minerals 
and rocks which are geologically important and those which are 
economically useful, and those formed directly from the magma 
and those formed by subsequent alteration, The individual prob- 
lems are in reality problems for physics and physical chemistry; 
but the delay in attacking them resulted from the fact that the 
measured relations established by the exact sciences were scarcely 
of adequate scope to meet the needs of large petrological ques- 
tions, The great body of physical and physicochemical measure- 
ments was confined to a temperature region below 100° C. while 
processes operating in rocks may have occurred at temperatures 
up to 1,400? C., an enormous range over which to stretch the appli- 
cation of ordinary methods and one in which the common forms 
of apparatus not only fail but are themselves threatened with de- 
struction. 

The initial work of the Geophysical laboratory was primarily 
to extend the methods of accurate temperature measurement 
to include the entire field of rock formation from 0? to 1,600? C. 
The electric pyrometer reached such precision that an error of 
one or two degrees is all that need be expected in measuring 
temperatures up to 1,600? C.; moreover, these temperatures can be 
maintained quite steady for days or weeks at a time, Calorimetric 
measurements were improved; specific heats can be determined 
with great accuracy even at the highest temperatures. At the same 
time petrographic methods were advanced so that the crystal- 
lographic and optical constants of the very minute crystals obtained 
in silicate melts could be accurately measured. The investigation 
of mineral substances under high pressures and high temperatures 
combined, and in the presence of volatile constituents, also became 
a subject of study. 

With these methods of precision available for the study of rock 
materials, examination of simple mineralogical systems was pros- 
ecuted. An understanding of the chemistry of the common oxides 
of rocks and of their combinations is essential to the progress of 
petrology. Experimental work was conducted on the combinations 
of the oxides lime, magnesia, alumina, silica; the six possible bi- 
nary systems were fully worked out and the four possible ternary 
systems thoroughly studied, while portions of the quaternary sys- 
tem were successfully explored. These equilibrium studies were 
further extended by investigations on silicate systems containing 
ferric and ferrous oxide, soda and potash and by exploration of 
some important systems containing water. Much light was thereby 
thrown on the processes taking place during the consolidation of 
igneous magmas which, though much more complex in their con- 
stitution, yet clearly show by petrographic examination closely 
similar phenomena, such as are revealed in the crystallization be- 
haviour of these simpler systems. The application of these labora- 
tory investigations to the elucidation of the origin and evolution of 
igneous rock types will be considered hereafter (see Plutonic Com- 
plexes, below). See also MINERALOGY: Experimental Mineral- 


ogy. 
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ПІ. CLASSIFICATION OF IGNEOUS ROCKS 


Igneous rocks are subdivided into many groups according to 
their composition, chemical and mineralogical, their structures and 
textures and their mode of occurrence. Between allied rocks there 
are, however, no hard and fast boundaries, for by increase or 
decrease in the proportions of their constituent minerals, they 
pass by every gradation one into the other. Similarly the distinc- 
tive textures of one kind of rock may often be traced gradually 
merging into those of another. Hence the definitions adopted in 
establishing rock nomenclature merely correspond to more or less 
arbitrarily selected points in a continuously graduated series. This 
is frequently urged as a reason for reducing rock classification to 
its simplest possible terms and using only a few generalized rock 
designations. 

The earliest attempts at the classification of rocks on modern 
lines are to be found in the works of K. C. von Leonhard (1823) 
and Alexandre Brongniart (1827). These and other efforts, prin- 
cipally by K. F. Naumann (1850), Bernhard von Cotta (1855) and 
Justus Roth (1861), while being built on the criteria of composi- 
tion and structure of rocks, were largely developed from purely 
macroscopic investigation or ultimate chemical analysis. The pio- 
neer work of H. C. Sorby (1858) in preparing transparent micro- 
sections of rocks opened the way for the discovery of the mineral 
constituents and textures of the finer grained igneous rocks, and 
rapid advances in the knowledge :оѓ the constitution of igneous 
rocks followed. The classifications of F. Zirkel (1873) and K. H. 
F. Rosenbusch (1877) were the first products of the application 
of the new method of petrographic research, and in these mineral 

constitution was accorded first place as a basis of subdivision. 
The effect of microscopic study was to stress the importance of 
mineralogical and textural characters of rocks to the neglect of 
other characteristics. Rosenbusch in particular, influenced by the 
contention principally of K. A. Lossen (who urged the significance 
of the geological relations of igneous rocks, their occurrence and 
manner of formation), further developed his classification to ex- 
press the relationship of geological occurrence and texture, and 
introduced in the second edition of his Mikroskopische Physiogra- 
bhie a fundamental change. 

This classification is based first on geological position, then on 
texture and finally on mineral and chemical composition. Igneous 
rocks are divided thus into three great groups: (1) deep-seated 
rocks; (2) dike rocks; and (3) effusive rocks. Like others be- 
fore it, this classification is still essentially qualitative, and at 
mid-20th century was the one most commonly adopted by pe- 
trographers. An exposition of Rosenbusch's classification is set 
pes in his Elemente der Gesteinslehre, revised by A. Osann 

1923). 


IV. HABIT OF IGNEOUS ROCKS 


Igneous rocks occur essentially in two different ways; i.e., either 
as lavas or as intrusions. 

1. Lavas or Effusive Types—The lavas have been poured out 
at the surface and have consolidated after ejection, under condi- 
tions which are fairly well understood, seeing that they may be 
examined at active volcanoes in many parts of the world; the in- 
trusive rocks, on the other hand, have been injected from below 
into cracks and fissures in the strata and have cooled there be- 
neath masses which conceal them from view until exposed by 
denudation at a subsequent period. The members of these two 
groups differ from one another in many respects, so that it is often 
possible to assign a rock to the one group or to the other on mere 
Superficial inspection. The lavas (or effusive rocks), having cooled 
rapidly in contact with the air, are as a rule finely crystalline or 
have at least a fine-grained groundmass representing that part 
of the viscous semicrystalline lava flow which was still liquid at 
the moment of eruption. At this time they were exposed only 
to atmospheric pressure, and the steam and other gases, which 
they contained in great quantity, were free to escape. Many im- 
portant modifications arise from this, the most striking being the 
frequent presence of numerous steam cavities (vesicular struc- 
ture) often drawn out to elongated shapes subsequently filled up 
with minerals by infiltration (amygdaloidal structure). As crys- 
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tallization was going on while the mass was stil] creeping fi 
ward over the surface of the earth, the latest formed si Ei 
(in the groundmass) are commonly arranged in Subparallel wing; 
lines following the direction of movement, and the larger 
minerals which had previously crystallized may show the same 
rangement. The first generation of crystals generally forms bin A 
the lava has emerged to the surface, that is to say, during th 
ascent from the subterranean depths to the crater of the volcan, 
It has frequently been verified by observation that freshly епі 
lavas contain large crystals borne along in a molten, liquid mas 
The large, well-formed, early crystals are generally admitted t 
be porphyritie; the smaller crystals of the surrounding matri or 
groundmass belong to the posteffusion stage. More rarely дук 
are completely fused at the moment of ejection; they may the 
cool to form a nonporphyritic, finely crystalline rock, or if mony 
rapidly chilled may in large part be noncrystalline rock, or зу 
(vitreous rocks such as obsidian, tachylyte, pitchstone). А com 
mon and easily recognized feature of glassy rocks is the presene 
of rounded bodies (spherulites: Gr. sphaira, “ball”) consisting 
of fine divergent fibres radiating from a centre; these divergent 
fibres consist of imperfect crystals of feldspar, mixed with quartz 
or tridymite; similar bodies are often produced artificially in 
glasses which are allowed to cool slowly. Rarely these spherulites 
are hollow or consist of concentric shells with spaces between 
(lithophysae: Gr. lithos, “stone”; physa, “bellows”). „Рей 
structure, which is also found to be common in glasses, consists 
in the presence of concentric rounded cracks as a result of com 
traction on cooling (see PERLITE; SPHERULITE). 

The phenocrysts (Gr. phainein, “to show"; krystallon, “a oye 
tal") or porphyritic minerals are not only larger than those of the 
groundmass; as the matrix was still liquid when they formed they 
were free to take perfect crystalline shapes, not being interfered 
with by the pressure of adjacent crystals. They seem to have 
grown rapidly, as they are often filled with inclusions of glassy 
or finely crystalline material like the material of the groundmiss 
Microscopic examination of the phenocrysts often reveals that they 
have had a complex history. Very frequently they show suc 
sive layers of different composition, indicated by vari 
colour or other optical properties; thus augite may be green i 
the centre and various shades of brown outside this; or it mif 
be pale green centrally and darker green with strong pleochtoist 
(aegirite) at the periphery. In the feldspars the centre is ust 
more basic and richer in lime than the surrounding faces, v 
successive zones may often be noted, each less basic than ШЕ 
which lie within it, Phenocrysts of quartz (and of other 
erals), instead of sharp, perfect crystalline faces, iv " 
rounded corroded surfaces, with the points of the crystals i vi d 
and irregular tonguelike projections of the matrix E oe 
stance of the crystal; it is clear that after the mineral 4 
tallized it was partly again dissolved or corroded at ш Р 
before the matrix solidified. Corroded phenocrysts of bio d 
hornblende are very common in some lavas; they are Wr 
by black rims of magnetite mixed with pale green aug" " 
hornblende or biotite substance has proved unstable àt " jan 
stage of consolidation and has been replaced by à pomp 
of augite and magnetite which may be partially or © 
substituted for the original crystal but still retains its 
istic outlines, к. ofa 

2. Plutonic or Abyssal Types.—The characteristic’ е ue 
cal deep-seated rock similar to granite or diorite will Pv 
sidered. That these are clearly igneous is proved Dy trata, ili 
in which they have burst through the superincumbent E «if yd 
the cracks with ramifying veins; that they were at ^ 
temperature.is equally clear from the changes 
induced in the rocks in contact with them. But as th id 
dissipate only very slowly, because of the masses WI ys 
them, complete crystallization has taken place an ime to ® 
rapidly chilled matter is present. As they have па conta 
to rest before crystallizing they are not fluidal. p laye d 
gases have not been able to escape through the E be 
Strata beneath which they were injected, and PAY ^. ш 
served occupying cavities in the minerals; they have 
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soned many important modifications in the crystallization of the 
rocks. Because their crystals are of approximately equal size, 
these rocks are said to be granular; there is typically no distinc- 
jon between a first generation of large well-shaped crystals and 
a fine-grained groundmass. Their minerals have formed, how- 
ever, in à definite order, and each has had a period of crystal- 
шоп which may be very distinct or may have coincided with 
ur overlapped the period of formation of some of the other ingre- 
фи. The earlier have originated at a time when most of the 
rock was still liquid and are more or less perfect; the later are 
js regular in shape because they were compelled to occupy 
the interspaces left between the already formed crystals which 
pressed on them. The former are said to be idiomorphic (i.e., 
having their own characteristic form, Gr. idios, “one’s own’’), the 
litter are allotriomorphic (Gr. hallotrios, belonging to another"). 
There are also many other characteristics which serve to distin- 
_ puish the members of these two groups. Orthoclase, or microcline, 
` fr example, is the typical feldspar of granite, while its modifica- 
tion, sanidine, occurs in lavas of similar composition; leucite is 
common in lavas, very rare in plutonic rocks; muscovite is con- 
ined to the intrusives. These differences show the influence of 
the physical conditions under which consolidation takes place. 
Fundamental studies on the thermal behaviour and polymorphism 
of the group of minerals and on the variable inversion tempera- 
lue of rock-forming quartz shed new light on the long-known 
mineralogical differences between feldspars and quartz found in 
ald volcanic rocks and the same minerals found in plutonic rocks. 
The differences were interpreted as due to changes brought about 
in these constituents of the plutonic rocks during cooling by proc- 
tses of inversion, unmixing and recrystallization from an initial 
character similar to that of the feldspars and quartz of the cor- 
responding volcanic rocks. These conclusions necessitate some 
tevision of ideas of “order of crystallization” and of the origin 
of mineral textures in deep-seated igneous rocks of this mineralog- 
ital character (J. Geol., vol. 58, pp. 489-511 [1950]; vol. 60, pp. 
107-124 [1952]). (See FELDSPAR.) 

3 Intrusive or Hypabyssal Types.—There is a certain class 
of intrusive rocks which have risen upward toward the surface but 
have failed to reach it, and have solidified in fissures as dikes 
ind intrusive sills at no great depth. To this type the name 
hypabyssal is often given in distinction from the plutonic (or 
abyssal) which formed at greater depths. As might be expected, 

hypabyssals show structures intermediate between those of 
elusive and the plutonic rocks. They are very commonly 
Porphytitic, not rarely vitreous and sometimes even vesicular. In 
y of them are indistinguishable petrologically from lavas 
p composition. The attempt to form a special group of 
Чи yssal (intrusive and dike) rocks has met with much criti- 
“ohne opposition. Such a group certainly cannot rank as equally 
нын equally well characterized with the plutonic and the 
dic ut there are many kinds of rock which are not found 
Bio. PASA inany other manner. As examples the lampro- 
Ns ins aplites and the porphyries might be cited. ‘These never 
m i àva flows or as great plutonic bosses; if magmas of the 
Omposition as these rocks occur in either of these ways 
Consolidate with different assemblages of minerals or differ- 
tructures, 
i, viding the plutonic, the hypabyssal and the effusive 
; the principle is followed of grouping those together which 
€ one another in mineral constitution and in chemical 


Composit; | 5 
ee In a broad sense these two properties are inter- 
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V. CHEMICAL CHARACTERS 


E H 
Tum TAS Elements. Twelve elements (oxygen, silicon, alumi- 
Жор Y 9n, calcium, sodium, potassium, magnesium, titanium, 
Orus, hydrogen and manganese) constitute about 99.6% of 
Of these oxygen is the most abundant and con- 
of the igneous rocks of the crust, the elements 
буш Ve being placed in their order of abundance. These 
Че al © ог rock elements occur typically as oxides, simple sili- 
' Suminates, fluorides, chlorides and sulfides. In rock anal- 
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yses they are stated as oxides. From a computation based on 
5,159 analyses, H. S. Washington and F. W. Clarke arrived at the 
following as the average percentage composition of all igneous 
rocks: silica, 59.14; alumina, 15.34; ferric oxide, 3.08; ferrous 
oxide, 3.80; magnesia, 3.49; lime, 5.08; soda, 3.84; potash, 3.13; 
water, 1.15; titanic oxide, 1.05; phosphorus pentoxide, 0.3; 
manganous oxide, 0.12; inclusive 0.3. (See GEOCHEMISTRY: 
Chemistry of the Earth: Abundance and Origin of Elements.) 

2. Range of Composition.—The known igneous rocks show a 
wide but limited range of composition, As the most abundant and 
essential rock minerals are either silica or silicates, silica shows 
the highest maximum and the widest range of these oxides, In 
some magmatic ores its content falls to zero but it rises to 78% in 
some acid granites; alumina varies normally between 10% and 
20%, and some corundum-bearing rocks contain much more, being 
probably not of pure magmatic origin; iron oxides have a general 
range from 15% to less than 1% and magnesia from 25% to less 
than 1%, In some olivine rocks (dunite) it reaches a value of 
48%. Lime is highest in some pyroxenites and anorthosites (20%- 
22%), but its general range is from 15% to zero. Soda reaches a 
maximum of 18%-20% in almost pure nephelite rocks (urtite) 
but has a general range from 15% to nearly zero. Potash usually 
varies from 10% to zero, Water in fresh crystalline igneous rocks 
seldom reaches more than 2%, but pitchstones may contain up to 
10%. 

3. Common Minerals and Associations.—The commonest 
minerals of igneous rocks are the feldspars, pyroxenes and amphi- 
boles, quartz and the micas. From a statistical examination of 
700 igneous rocks an average composition has been calculated as 
follows: feldspars 59.5, pyroxenes and amphiboles 16.8%, quartz 
12.0%, micas 3.8%, other minerals 7.9% (apatite 0.6%, titanium 
minerals 1.5%). This is clearly only an approximation, Rock 
minerals have been classified empirically into two groups, accord- 
ing as they are capable or incapable of existing in the presence of 
free silica; ie. into saturated and unsaturated minerals. The 
former group includes such minerals as the feldspars, pyroxenes, 
amphiboles and micas; and the latter olivine, nephelite, leucite 
and other feldspathoid minerals. 

Certain minerals are as a matter of common observation not 
found together in igneous rocks. Olivine (except fayalite) and 
quartz do not occur in association, but are represented by rhombic 
pyroxene, The associations nephelite and quartz, leucite and 
quartz, pyroxenes or amphiboles and muscovite are almost un- 
known among magmatic crystallizations; on the other hand, cer- 
tain mineral associations or parageneses occur frequently; thus 
aegirite (acmite) and arfvedsonite, nephelite and noselite, com- 
mon hornblende and titanite are well known as faithful compan- 
ions in igneous rocks. Again some minerals are restricted to 
particular magmas; melanite, melilite and certain rare zirconium- 
titanium minerals are almost entirely confined to the alkali igneous - 
rocks. By inspection of a rock analysis it is frequently possible to 
state approximately what minerals the rock will contain, but there 
are numerous exceptions to any rule which can be laid down. The 
minerals which crystallize from an igneous magma may depend 
largely on the physical conditions under which the liquid consoli- 
dates; accordingly, rocks of almost identical chemical composition 
but with widely different mineralogical constitution are found. 
Such rocks, as already noted, are referred to as heteromorphous. 
Some familiar examples of assemblages of this character are mica 
syenite and leucite basalt, minette and leucite basalt, hornblendite 
and websterite. 

Certain minerals are practically confined to deep-seated rocks, 
e.g., microcline, muscovite, diallage and almandine garnet; on the 
other hand, leucite is very rare in plutonic rocks, as is also an- 
orthoclase and the variety of potash feldspar known as sanidine. 
Some of these peculiarities are readily explicable, as they depend 
on the pressure, temperature or concentration of volatile constit- 
uents in the crystallizing magma. Others still represent a prob- 
lem for solution, The subject will be referred to again in a later 
part of this article. 

4. Acid, Basic and Alkali Rocks.—In the classification gen- 
erally adopted by petrographers, the silica content of the magma 
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TABLE I.— Alkali Rocks Containing Nephelite and Leucite 


Commonest minerals | Alkali feldspar Plagiocdase 7 | Nepheliteor | 

Nephelite or lime soda) leucite 

leucite Nephelite or Augite 

Augite leucite Hornblende 

Hornblende Augite (olivine) 

Biotite Hornblende 

(olivine) 
Plutonic . .  . | Nephelite-syenite | Essexite Tjolite 
i H ii rtite 

Leucite syenite Theralite Veto ite 
Hypabyssal . . | Nephelite-syenit Essexite Nephelite dolerite 
E B “porphyry — | and. ра 

Tinguaite "Theralite 
Volcanic . . , | Phonolite Tephrite Nephelite basalt 
ee Leucitophyre Basanite Neba : 


The classificatory scheme here adopted is admittedly artificia 
for it subdivides rocks without particular reference to their Hen 
relationships. Even regarded as a classification for a utilitarian 
end it has many imperfections; the subdivisions are of une " 
value and transitional types are not included. The latter, hoy, 
ever, can be accommodated by further subdivision, Many of then 
have received special names. The quartz syenites may be inter. 
posed between granite and syenite, the tonalites between granite 
and diorite and so on. 

The question may be asked: When is a rock entitled to be теор 
nized as belonging to a distinct species or variety and deserving 
a name for itself? It must, first of all, be proved to occur in 
considerable quantity at some locality or, better still, at a series 
of localities, or to have been produced from different magmas at 


' more than one period of the earth's history. In other words, 


forms a basis of further subdivision of igneous rocks. The divi- 
sion of volcanic rocks into acid, intermediate and basic was devised 
in the first place by W. Н. Abich (1841). When this division 
is applied to igneous rocks in general, those which contain most 
silica and which if crystallized yield free silica as quartz are 
erected into a group designated the acid rocks in allusion to the 
assumed role of silica in the mineral kingdom. Those which have 
low silica percentages and are rich in magnesia, lime and iron— 
so that quartz is absent while olivine, pyroxene or calcic feldspar 
are usually abundant—form the basic group. The intermediate 
rocks include those characterized by the general absence of both 
quartz and olivine. 

An important subdivision of the intermediate as well as the 
basic group contains a very high percentage of alkalies (soda or 
potash or both), and consequently has minerals such as nephelite, 
noselite, analcite or leucite, minerals not common in other rocks. 
This group is often referred to as the alkali rocks. Lastly, mem- 
bers of a small subgroup rich in olivine (peridotite, dunite), 
pyroxene (pyroxenite) or calcic feldspar (anorthosite) have been 
called the ultrabasic rocks, They have low percentages of silica 
but much iron, magnesia or lime, With the exception of the last 
group, including also such ultrabasic lavas as augitite and lim- 
burgite and a few related rocks such as monchiquite, melilite 
basalt and alndite, practically all igneous rocks contain feldspar 
or feldspathoid minerals, In the acid rocks the common feldspars 
are orthoclase, with perthite, microcline and oligoclase, all hav- 
ing much silica and alkalies, In the basic rocks labradorite, by- 
townite and anorthite prevail, being rich in lime and poor in silica, 
potash and soda. Augite and olivine are the common ferro- 
magnesian minerals of the basic rocks, but hornblende and biotite 
are on the whole more frequent in the acid rocks. 

5. Mineralogical Constitution.—The classification in Tables 
I and II is based essentially on the mineralogical constitution of 
the three great groups of igneous rocks. The alkali rocks con- 
taining nephelite and leucite are treated separately, for, though 
they show transitions into the corresponding intermediate and basic 
rocks (syenites, diorites, gabbros, etc.), they contain many min- 
erals which are unknown in other rocks. In a purely formal clas- 
sification such as is outlined here they are more conveniently 
considered as a distinct series. Their genetic relations among 
themselves and with the other rock types are considered later, 

The lamprophyres form a pe- 


it must not be a mere anomaly. Moreover, it should have a dis. 
tinctive mineral constitution, differing from that of other rocks, 
or something individual in the characters of its minerals or of 
its structures. It is often surprising how peculiar types of rock, 
believed at first to be unique, turn up with identical features in 
widely scattered regions; alnóite, for example, occurs in Nor 
way, Scotland, Quebec, British Columbia, New York and Brazil, 
tinguaite in Scotland, Norway, Brazil, Montana, Portugal, etc. 
This indicates that underlying all the variations in mineralogical, 
structural and chemical properties there are definite relationships 
which tend to repeat themselves, producing the same types when- 
ever the same conditions are present. 

6. Quantitative Classifications.—Various attempts have 
been made to introduce a quantitative element into igneous rock 
classification. These have followed either chemical or mineralogi- 
cal lines. The principal of these is the quantitative chemical clas 
sification introduced by a group of U.S. petrographers. Те 
chemical composition of an igneous rock is here regarded as its 
fundamental characteristic and a series of subdivisions is erected 
on this basis. Other criteria are relegated to the background. 
The completed rock analysis is first interpreted in terms of n 
ideal set of minerals which constitutes the norm, but which in 
reality seldom corresponds to the actual composition (mode). 
The rocks are then divided into groups strictly according to the 
relative proportions of these ideal minerals to one another. 
details of the classification need not be described here as nam 
fully set forth in W. Cross, J, Р. Iddings, e£ al., Quantitative Cb 
sification of Igneous Rocks (1903). be 

A quantitative element is introduced in other systems by 9! 
dividing rocks into groups by arbitrary lines based on mine d 
percentages: a complicated system framed on these lines He i 
vised by A. Johannsen (J. Geol, 1917, 1919). In another" 
prime divisions are erected on so-called "principle of 809 
saturation" (S. J. Shand, Eruptive Rocks [1947]), while a t 
combines some of the features of both the quantitative am 
classification and the Johannsen system with the larger il. 
of the Rosenbusch system (Р. Niggli, Schweiz. Min. Petrosr ат 
[1931]). In all, the effect of the introduction of the quanti 
element has been to increase the artificiality of he ee 
by this means to obscure the genetic relations existing plant 
rock types. For this reason these systems are unlikely to 800 


m. 


culiar group of hypabyssal rocks TABLE IL.—Acid and Basic Rocks i | 
not included in the tables, They 3 Ultrabasic 
n d З, Acid 4i Д 
usually occur as dikes іп associa- - = зы = Tak 
tion with granites, syenites, di- a j odisse ana a oo No quartz Hlornblende 
orites and gabbros, and are basic шн рсы goclase) e x ч Olivin, айо! 
ў : Mica Oclase | Plagioclase | Plagioclase (bas! 
differentiates of these parent Hornblende Hornblende | Hornblende | Augite 
rocks. Thus the minettes, voges- Augite fuse Agie, тынуу 
ites and kersantites (see LAMPRO- i idotite 
7 PUN 3 Plutonic Granite Syeni ori Peridotit 
PHYRE) occur in association with M Pg Soe Pyro ende 
granitic or quartz diorite masses, |" nor) — 
while camptonites, monchiquites iai 
pe Hypabyssal m Y Picrite 
and alnüites may be found com- | ^" hirci Эрме | Porphyrite — Diabase 
monly as satellites of alkali plu- Orthophyre А 
tonic masses like  nephelite- | Volcanic Risolte Tay el Andesite Basalt Limba 
syenite or essexite, ee HM ب‎ Dacite Tachylyte 


ihe qualitative classification in general use. It is indeed largely 
ithe influence of “quantitative classifications” that the bewilder- 
ing and unnecessary multiplicity of igneous rock names must be 
ascribed. 

VI. PETROGRAPHICAL PROVINCES 


As long ago as 1872 Н. Vogelsang had noted that the igneous 
rocks of certain districts possessed textural or mineral characters 
jı common, serving to distinguish them from the rocks of other 
stricts, The researches of J. W. Judd (1886) and J. P. Iddings 
(1892) further substantiated this observation and showed that 
this community of petrographic character applied to the igneous 
rocks erupted or intruded during a particular period of igneous 
ауну within the region. To such regions Judd gave the name 
yetrographical provinces and Iddings employed the term con- 
anguinity to express the genetic relationship implied in these 
resemblances among associated rocks. Excellent examples of such 
pettographical provinces or comagmatic regions, as they were 
temed by H. S. Washington, are the Oslo region of southern Nor- 
way, characterized by Permian alkali intrusions and extrusions; 
the Roman region, characterized by rocks rich in potash; the alkali 
province of central Montana; and the Tertiary calc-alkali prov- 
ince of Hungary. On a larger scale the volcanoes which girdle the 
Pacific (Andes, Cordillera, Japan, Philippines, etc.) and those 
which occur on the volcanic islands of the Atlantic illustrate the 
sume phenomena. The consanguinity in the igneous series of a 
felrographical province implies that the whole assemblage is de- 
el from some common deep-seated magma, during a period 
wich, while necessarily prolonged, was not of vast duration in a 
ological sense. The assemblages of a province may and often 
to show a wide diversity of rock type embracing intrusions and 
tttrusions, 

Prolonged eruptions have in a few cases resulted in provinces 
0а somewhat monotonous character as a result of the predom- 
hune of one kind of rock. Thus the lavas of the Hawaiian Islands 
Me mostly basaltic, as are those of Oregon, Washington and 

Deccan, India, all of which form geological masses of 
Es magnitude. In the Oslo district, on the other hand, 
assemblages comprise (among the intrusive rocks) a wide 
E of type—hornblendite, essexite, larvikite, lardalite, nord- 
te, soda and potash granites, 


A. DIFFERENTIATION 


19 Жа by which a magma is split into a variety of partial 
н) is known as differentiation. Its importance from the 
i Eu of theoretical petrology is very great; it is, in point 
io the fundamental problem of petrogenesis. The differen- 
It in И appear as a variation either in а single rock body 
| n associated series of separate intrusions or extrusions. 
2 m case a single intrusion shows variation in different 
К) 15 mass, the extreme varieties being usually connected 
[ow ual transition, The contrasted parts are frequently ar- 
итп, symmetrically with reference to the borders of the mass, 
eran ne, zones in bosses or laccoliths suggestive of a 
Talent ion in situ connected with the cooling of the mass. 
йй; examples of variation of this kind аге provided by the 
at intrusions of the Highwood mountains of Montana. 
« ph own of these—the Shonkin Sag laccolith—has a chilled 
tin 56, а leucite basalt porphyry (or mafic phonolite) rep- 
"ud ў а quenched sample of the intruded magma, followed in- 
ш a thick zone of shonkinite which forms an envelope to a 
Vetition oe layer of alkali syenite. — 
of lay, In an associated series is exemplified by the succes- 
iig is emitted from a volcanic focus. These may differ 
ыгы from one another. Thus in the Berkeley hills near 
I iran Calif., the volcanic succession is a repeated series 
"titted es, basalts and rhyolites. In other cases the lavas 
LEN a much more varied and, while no significant relations 
йак, ssion can be discerned, it is to be remembered that 
Om nearby order may be obscured by the overlapping of the flows 
E Dy volcanoes. In the simpler cases the order of eruption 
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creasing divergence from an initial type. 
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1 B. PLUTONIC COMPLEXES 

A series of plutonic rocks intimately associated and localized 

at a centre constitutes a plutonic complex, Such complexes often 
contain a great diversity of petrographical types ranging from 
peridotite and gabbro through diorite to acid granite. The succes- 
sion of these intrusions follows an order of decreasing basicity, 
the later and more acid rocks usually occupying the greater part 
of the complex, the earlier and more basic being subordinate in 
amount and restricted to the borders of the mass. Excellent exam- 
ples of such plutonic complexes are provided by the early Devonian 
instrusions of newer granites of the Scottish Highlands (e.g., Gara- 
bal hill, Loch Lomond). What are the operative factors which led 
to differentiation? 
: 1. Unmixing.—The possible processes leading to heterogeneity 
in a magma may be considered under (1) those occurring in the 
liquid prior to crystallization (liquid <= liquid equilibrium); and 
(2) those incident on crystallization (crystal liquid equilibrium). 
In the first group comes the process known as liquation or un- 
mixing. Many liquids, homogeneous at high temperatures, sepa- 
rate with falling temperature into two or more nonconsolute 
fractions, and the hypothesis that igneous magmas form such im- 
miscible fractions has been favoured by some petrologists, nota- 
bly Rosenbusch, Н. Bäckström and К. A. Daly. From his own 
studies Vogt concluded that the rock-forming silicates are freely 
miscible, The only known case among magmas for which im- 
miscibility can be claimed is that of sulfide-containing silicate 
melts. Such a magma unmixes at a temperature above the region 
of crystallization of the usual sulfides, and liquid sulfides, espe- 
cially those of iron, are separated as liquid drops. , These, because 
of their greater density, sink to the floor of the magma, collecting 
as a distinct sulfide layer or, in some cases, the liquid layer may 
be injected into the surrounding rocks. These sulfide aggregates 
form important ore deposits (q.v.). It is among lavas which as 
a group show the various stages of quenching of liquid magmas 
that the evidence for immiscibility might be expected; the absence 
of lavas containing glassy globules of composition distinct from 
that of the main mass of lava goes far to show that immiscibility 
is not an operating factor in petrogenesis. 

Experimental evidence of immiscibility in silicate liquids was 
indeed obtained, but the composition range of liquids which show 
it is unlike that exemplified by rock magmas. This limited mis- 
cibility is found in mixtures of silica with any of the oxides (lime, 
magnesia, ferrous oxide, alumina), but in a region of very high 
silica content, The minimum temperature for the existence of 
two liquids is in each case only a little below the melting point of 
silica, or in the vicinity of 1,700° C. The oxides (soda, potash, 
alumina) show no such immiscible region in their silica mixtures, 
and moreover it requires only a small proportion of any of these 
miscible oxides to render miscible with silica the oxides which are 
themselves immiscible with silica. No natural magmas are known 
which approximate in composition to the region of immiscibility 
in these melts. It is true that natural magmas contain, in addi- 
tion, water, but accumulating experimental studies in hydrothermal 
systems had up to the 1960s given no reason to believe that fields 
of immiscibility extend into the composition region of natural 
magmatic systems. 

2. Fractional Crystallization.—The second group of proc- 
esses referred to above involves a crystal < liquid equilibrium and 
comprises crystallization and its converse, the assimilation of crys- 
talline material. Knowledge of the crystallization of silicate mag- 
mas is derived from long-sustained observations of igneous rocks 
themselves and was greatly augmented by high-temperature ex- 
perimental research on silicate melts. The great body of evidence 
thus accruing leads to the belief that fractional crystallization 
is to be recognized as a fundamental process in igneous rock dif- 
ferentiation—the derivation of igneous rocks of diverse but re- 
lated character. Either the localization of crystallization or the 
localized aggregation of crystals is sufficient to produce hetero- 
geneity in a rock magma. The first phenomenon, the localization 
of crystallization, was at one time thought competent to explain 
those cases of differentiation in situ exemplified by the basic mar- 
ginal phases of intrusive masses. Examination of igneous rocks 
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early showed that minerals crystallize in a more or less definite 
order. In general, olivine, hypersthene and other minerals prom- 
inent in ultrabasic rocks are among the earliest minerals to sepa- 
rate; then follow augite, calcic plagioclase, hornblende, biotite, 
potash feldspar and quartz, plagioclase continuing to separate and 
becoming at the same time more sodic. This is the so-called nor- 
mal order of crystallization, the validity of which, despite excep- 
tions, has long been recognized. When the rule is expressed in 
this way the more basic minerals precede the less basic: in a 
somewhat modified form it was early known as Rosenbusch’s law 
of decreasing basicity. Accordingly, it was supposed that at a 
cooling boundary there is a precipitation of minerals of early 
crystallization (basic minerals), the continued growth of many 
crystals being maintained by diffusion. The completion of this 
process results in a crystalline mass with a border phase enriched 
in the minerals of early crystallization. 

The rate of diffusion in silicate melts has been the subject of 
laboratory study and the results obtained show that the possible 
effects are incompetent to account for the formation of border 
phases about large intrusions. The marginal phase indeed appears 
to represent rather a chilled phase having a composition close to 
that of the original magma, the more acid phase which it enclosed 
representing a differentiate formed by much slower cooling of the 
remainder of the magma. The relative movement of crystals with 
respect to the liquid from which they separated may be of two 
kinds: (1) movement under the influence of gravity—sinking or 
floating of crystals; and (2) movement by straining off or squeezing 
out of residual liquid by earth movement. Both of these processes 
can be invoked to explain the more important case of differen- 
tiation exemplified by an associated series of intrusions or ex- 
trusions, In a crystallizing magma (provided viscosity does not 
inhibit the free movement of crystalline material) as the first 
formed crystals are denser than the molten material in which they 
form, they should sink under the influence of gravity in the liquid. 
The lower regions of the rock mass into which the crystals sink 
become enriched, the upper regions impoverished, in the constit- 
uents of which they are formed. The sinking of crystals in sili- 
cate melts has been both experimentally verified in the laboratory 
and observed in nature. Darwin (1844) suggested that this proc- 
ess was a potent factor in producing diverse rock types. If the 
evidence of consolidated rock masses themselves be taken, in- 
trusions are found in which such gravitational segregation is in- 
dubitably exemplified. Thus the concentration of early formed 
olivine crystals near the base of sheet- or sill-like intrusions has 
been observed in the case of the quartz;dolerite sill of the Palisades 
(Hudson river) and of the picrite-crinanite sill of the Shiant Isles 
(western Scotland), The Permian picrite-teschenite sills of cen- 
tral Scotland, while exhibiting similar phenomena of settling of 
olivine in place, provide, in the main, evidence of injection of 
crystal-charged magma of picrite following closely upon intrusion 
of a more liquid teschenite which now margins the sills. The 
role of fractional crystallization in the production of a series of 
related rock types within a great magma chamber is spectacularly 
illustrated in some of the largest intrusive complexes laid bare 
by erosion, These complexes occur at widely scattered localities 
in the world in the form of sheets of basic igneous rock of great 
thickness, showing a layered (banded) structure with systematic 
types of variation within them. Such are the intrusions of the 
Bushveld, Transvaal; Duluth, Minn.; Sierra Leone, west Africa; 
Stillwater, Mont.; and Skaergaard, east Greenland—stratiform 
structures often several miles thick which, despite much diversity 
in detail, show broad features of similarity in that systematic 
variation observed within them. 

The interpretation of the petrologic structure of these sheets 
usually assumed either (1) that the complex is the result of suc- 
cessive sheet intrusions varying in composition; or (2) that they 
represent the product of crystallization of a single body of magma 
with gravitative sorting. Detailed examination of the Skaergaard 

mass made clear that this layered structure arose from fractional 
crystallization of a magma occupying a deep inverted cone cham- 
ber, solidification proceeding from the base upward, the solid 
phases accumulating like a sediment on the floor, The intrusion 
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consists of basic rocks and comprises a marginal rock гош 

a central layered group. The marginal rocks show fluxion pis 
tures and banding parallel to the steeply dipping contacts, Th 
layered group is exposed to a thickness of three kilometres 
whole of this consisting essentially of plagioclase, olivine and 
pyroxene, their composition as solid solution series changin, 
ually from the lower to the upper horizons. At the lower horizons 
the plagioclase is bytownite, in the upper it is an andes. 
oligoclase. Olivine in the lower horizons is poor in iron, but y 
the top of the series is fayalite, and the pyroxenes show similar 
enrichment in iron in their phases as they are traced upward, 

The separation of the rocks of the intrusion into marginal a 
layered groups and the differentiation of the latter may be wm 
plained by the fact that the liquid magma was sufficiently mobile 
to allow a convective circulation and equilibrium, the temper 
ture gradient attained, however, being much less {һай the dow 
ward increase in the average crystallizing temperature, because 
of the increasing hydrostatic pressure (freezing-point gradient) 
Data which are available for the silicates give the approximate 
magnitude of these effects as 4° C. per kilometre for the conve 
tive gradient and 3° C. for the freezing-point gradient. Accord 
ingly, although cooling would take place from the top and flanks 
of the intrusion and the temperature at these points would b 
cooler, the solid phases would separate near or at the bottom anl 
would gradually accumulate on the floor. 

In the Skaergaard mass only the upper portions of the intrusion 
are laid bare, the rock types ranging from hypersthene olivine 
gabbros to ferrogabbros and fayalite ferrogabbros with a Ёш 
residual granophyric differentiate close to the roof, The remark 
able correlation in detail of the composition of crystals of solid 
solution series with their position in the layered mass and the 
ordered sequence of rock product so yielded, present in ali 
convincing picture of the results of fractional crystallization oi 
once homogeneous magma. It is not unlikely that the mechanism 
thus clearly made manifest for the Skaergaard intrusion dur 
acterizes other layered sheets (e.g., Stillwater), although the li 
tory of some of these may be further complicated and its tracing 
blurred by the intervention of intimately associated intrusioni 

3. Application of Laboratory Investigations—The i 
in mineral composition revealed in layered series of rocks suc! 
that already described is illuminated by experimental ИШ 
study of phase equilibriums in silicate systems of related on 
tion, The main contributions in such synthetic studies have od 
from the Geophysical laboratory at Washington, D.C. (see кй 
Synthesis, above), Systems which approach in their comp! 
some of the simpler types of igneous rocks were explored, mi ти 
results obtained justify the conclusion that the fusion gun 
cation phenomena of igneous rocks are capable of systematic i 
ment. Starting with pure chemical substances, the melting P у 
dissociation temperatures and inversion points of дш 
forming minerals were determined and the equilibrium pio 
of two- and three-component systems involving the C 
oxides of igneous rocks were quantitatively elucidated. "T 

This study embraced the binary and some of the ا‎ 
of the oxides lime, magnesia, ferrous oxide, alumina, 80 ога 
and corundum with silica, and was extended to the e si 
of certain plane sections of four- and five-component 9° 
The investigation of mineral inversions provided x ime 
light on the temperature of igneous magma. Such “к хой 
sions as are enantiotropic, or reversible, and take р ۴ thermo* 
appreciable lag can be appropriately used as geologica 
eters. shown thst 

The study of binary and more complex systems has i 


р А i ole in 
the eutectic relation—for so long given a pre-eminent but ое 
cussions of the crystallization of igneous госКѕ—/5 more © 


several relations that may obtain between two 0d dicat 
ponents. Crystallization processes are normally comp no 
solid solution and incongruent melting. The former P eous 

is widespread, for most of the major constituents of ign re no 
—feldspars, pyroxenes, olivines, amphiboles and тве yurt 
bers of complex solid solution series. (See MINERAI 

of Minerals: Solid Solution; PHASE EQUILIBRIA.) 


[n systems of three components the crystallization phenomena 
soften complex: occurrence of inversion points in one or more 
he components, the formation of binary or ternary compounds 
ih congruent or incongruent melting, and the formation of 
smorphous mixtures, limited or unlimited, among the phases, are 
meof the many complications met with in the silicate systems in- 
siigated, Ternary systems that have been studied include those 
ures {rom which the phases plagioclase, pyroxene, olivine, 
and the alkali alumina silicates, potash-soda feldspars, 
indie and neplielite, are precipitated. 
The crystallization phenomena in a system involving the first 
of the phases indicated above—diopside-albite-anorthite— 
be taken as an example. The equilibrium diagram is shown 
accompanying figure. The crystallizing phases are diopside 
plagioclase. These mixtures are therefore comparable with 
basaltic or gabbroic magmas on the one hand and simple 
itic (augitediorite) magmas on the other, according to the 
of the plagioclase. 
ider the crystallization of a liquid whose composition is rep- 
ed by the point A (50% diopside, 50% plagioclase—Ab,An;). 
ization begins with a sep- 
on of diopside (supposed to 
simple mineral and not an 
phous mixture, as it would 
ly be in rocks) at about 
C. At 1,235° C. the ex- 
| 01 diopside (B) has sepa- 
and feldspar begins to 
n It has about 80% 
fite (C). Thereafter diop- 
d feldspar both crystallize, t 
the composition of the 
d travels along the line DBE 
lo F the composition of 
par changes from C to G 
supposed that all the early feldspar which is unduly rich in 
е is stage by stage resorbed). The resulting rock has the 
composition above stated; but if resorption of feldspar is 
plete the last-formed feldspar is richer in albite and has a 
tion H. The feldspar crystals in that case are zonal with 
tres. If at any time crystallization is suddenly brought 
d a glassy groundmass will be formed, which is richer in 
silica than the original magma and contains zoned feldspar 
This is exceedingly like what takes place in many basaltic 
in, if the original mixture had been richer in feldspar, 
M the composition point lay below the line DE, feldspar would 
Istallized out first. Original compositions near B then yield 
both diopside and plagioclase phases and quenching at this 
Ould show both enveloped in a glassy base. This is in 
With observations on glassy basalts which exhibit plagio- 
Pyroxene of early crystallization set in preponderant 
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ALBITE H 
EQUILIBRIUM DIAGRAM OF CRYSTAL- 
LIZATION PHENOMENA 


ANORTHITE 


Separation of liquid from crystals can be accomplished not 
Zoning but also by the sinking of crystals from the upper 
e liquid. The resulting liquid is enriched in albite and, 
Avourable circumstances, the final liquid may approach 
lopside eutectic of composition 97% Ab, 3% diopside. 
ES with the differentiation course of gabbroic magma is 
Mixture rich in diopside and anorthite-rich plagioclase, 

à E to an anorthite-rich gabbro or eucrite, may pass 
Assemblage rich in more acid plagioclase with subordinate 

Sorresponding to an augite-diorite. 

'uous-Reaction Series.—The continuous-reaction 
en crystals and liquid in the systems just studied 
ental importance in the crystallization history of 

Ach This reaction is common to all solid solution series, 
Solid solutions are called continuous-reaction series. 
аг effects, however, are produced by another type of 
aa phenomenon revealed in synthetic melts. In this 
4 Precipitated phase reacts at a certain temperature 
a rounding liquid and a new phase is precipitated, a 
| Process of a discontinuous kind. This reaction is illus- 
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trated in the system forsterite (olivine)-silica. Here there are 
three solid phases, forsterite, protoenstatite (MgSiOg) and cris- 
tobalite (SiO2). The orthorhombic pyroxene, protoenstatite, has 
an incongruent melting point and dissociates at 1,557° C. into 
forsterite and liquid. From all melts of composition between 
Mg;SiO, and MgSiOg, the first phase to crystallize is forsterite, 
which continues to separate until the temperature of 1,557° C. 
is reached, when the olivine reacts with the liquid to form pro- 
toenstatite. When equilibrium is established the resulting crystal- 
line mass consists wholly of olivine and pyroxene. If, however, 
the opportunity for reaction is inhibited, either by the sinking of 
olivine crystals or by their enclosure in the reaction product, 
the course of crystallization is extended and the third phase, silica, 
is precipitated giving a mass composed of residual olivine, pyroxene 
and silica. 

A reaction relation of this type may effect a series of com- 
pounds in a crystallizing melt. These, arranged in their order 
of succession, constitute a discontinuous-reaction series, The 
combined effects of discontinuous and continuous reaction are re- 
vealed in the related ternary systems diopside-forsterite-silica. 
Here the magnesia pyroxene forms a complete series of solid 
solutions (monoclinic pyroxenes) with diopside; they form a con- 
tiuuous-reaction series, the crystals in equilibrium with the liquid 
being relatively enriched in the magnesian end member (MgSiO;). 
The effect of hindering the reaction relations is now twofold, the 
residual liquid (or upper layers of the liquid if sinking of crystals 
prevails) is enriched in silica and the diopsidic pyroxene, as a 
result of the offset in composition, 

The lowest point of formation of liquid in the system (there 
is no ternary eutectic) is the binary eutectic diopside-silica. In 
ternary silicate systems containing ferrous oxide, e.g., in the system 
MgO-FeO-SiO», fractional crystallization effects a concentra- 
tion of iron in the residual liquid which for some initial composi- 
tions may yield, according to the degree of fractionation, crystal- 
line aggregates of ferriferous pyroxene and silica or ultimately 
iron-rich olivines and silica. 

5. Natural Magmas.—That reaction processes of these kinds 
operate in natural magmas is clearly demonstrated, They are seen 
among minerals in zoned crystals of solid solutions like the plagio- 
clase feldspars and the complex pyroxene phases, or in the re- 
sorbed borders of magnesian olivines with their pyroxenic mantles; 
their cumulative effects may be revealed in the graded sequences 
in mineral compositions in a layered intrusion, such as that of 
Skaergaard, crystallizing upward from its base, or in the associa- 
tion of related but contrasted rock types, whether these be the 
contrasted parts of gravitationally differentiated sills or the con- 
trasted separate intrusions of a plutonic complex. 

The normal calc-alkali magma, more complex in composition 
than the synthetic melts investigated, contains other components, 
including water, and from these natural melts mineral phases such 
as amphiboles and micas with constitutional hydroxyl are precipi- 
tated. Petrographic data make it clear that these too take part 
in the reaction process. 

The principal minerals of these igneous rocks can in fact be 
arranged as reaction series, such that any member is produced 
from the preceding member by reaction with liquid magma, as 
already instanced by the reaction pair, olivine-pyroxene. The 
plagioclase feldspars together with potash feldspar form one series 
and the olivines, pyroxenes, amphiboles, micas and quartz consti- 
tute another. Inspection of this order will reveal that it is in 
essence the “normal order" already recognized in the rule formu- 
lated long ago by Rosenbusch. 

A basic magma quickly cooled may give rise simply to basic 
plagioclase and pyroxene or yield by fractional crystallization a 
differentiation chain embracing all the minerals enumerated above, 
the continual offset in composition of the residual liquid in which 
water accumulates being accomplished by appropriate removal of 
crystals through gravitative settling, squeezing out or filtering off 
of interstitial liquid by earth movement during crystallization. 

6. Hydrothermal Systems.—The extrapolation of experi- 
mental equilibrium studies based on data obtained from anhydrous 
silicate systems, such as the foregoing, to natural rocks, led to 
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great advances; nevertheless the evidence that many igneous rocks 
have crystallized in the presence of water vapour and in fact con- 
tain hydrous mineral phases made clear the limited applicability 
of the experimental results, directly to the interpretation of the 
crystallization history of the more siliceous and alkaline rock 
assemblages. Experimental attack on hydrothermal systems fol- 
lowed later and an outline of the scope of these researches is now 
presented, : 29 

Before World War II quantitative phase equilibrium studies in 
silicate systems containing volatiles, particularly water, had been 
few. С. W. Morey and С. N. Fenner had worked out the system 
H;O-KsSiO,-SiO, (report, 1917) and at a later date R. W. 
Goranson had demonstrated the solubility of water in a liquid of 
granite composition (report, 1931). During and immediately after 
the war the great interest in certain crystalline phases, especially 
quartz, had stimulated a great deal of hydrothermal work and 
radically new equipment was developed. The first systematic 
study of a silicate system comparable with a natural assemblage— 
the system MgO-SiO;-H50—was completed in 1949. This study 
opened a new era of conquest of the wet mineral silicate and in 
many respects laid the groundwork for much of the later investiga- 
tions in the hydrothermal field. This work demonstrated that no 
liquid appeared in the ternary system even at 1,000° C. and at a 
water vapour pressure of 40,000 Ib. per square inch, thus throwing 
new light on the problem of emplacement of peridotites and ser- 
pentines in the upper crust. Most of the postwar hydrothermal 
studies were in fact carried out under pressure temperature (PT) 
conditions below that at which a liquid (melt) phase appears and 
above the critical temperature of water. These studies are there- 
fore largely concerned with crystal > vapour equilibrium. Exam- 
ples of such subsolidus studies were those of SiO;-H30, CaO-SiO,- 
H,O, М0-А1,03-510,-Н,0, and numerous researches dealing 
with the synthesis and stability of individual mineral groups— 

feldspars, garnets, micas, amphiboles, nephelite-kalsilite, analcite 
and several carbonate systems. These investigations proved of 
particular importance in the study of rock metamorphism (g.v.) 
and some had their application also in the interpretation of phase 
relations in the cooling history of the igneous rocks. 

The most significant liquidus studies related to the petrograph- 
ically important system of the alkali feldspars (NaAISi,O,- 
KAISi,0,) and of these with Si0.—see especially О. Е. Tuttle and 
N. L, Bowen, “Origin of Granite in the Light of Experimental 
Studies in the system NaAlSiz0g-KAISi,0¢-Si0»,” Mem. Geol. Soc. 
Amer., 74 (1958). These are the systems which approach in compo- 
sition the great group of natural rocks, the syenites and granites. 
The outstanding feature of the researches was the evidence found to 
support the indications that a complete series of solid solutions 
existed between potash and soda feldspars at elevated tempera- 
tures, but that in the subsolidus region a solvus existed with two 
feldspars existing side by side. Homogeneous synthetic feldspars 
thus exsolved at lower temperatures in confirmation of the accepted 
theory of most natural perthites. In the ternary system with 
silica at high water-vapour pressures the liquidus has a thermal 
trough near the centre toward which all liquids moved on crystal- 
lization. 

This minimum had a composition in the range common for 
granites, a result in harmony with a long-held view of the mag- 
matic origin of this rock type. The investigation of more basic 
assemblages of simple gabbroic or eucritic composition, e.g., 
the system diopside-anorthite, under high water pressure revealed 
a marked lowering of the liquidus and a change in the composition 
of the binary eutectic, with the implication that water is mark- 
edly soluble in gabbroic magma, as had been shown earlier for the 
granitic liquid system. 

T. Magmatic Assimilation.—Heterogeneity in a magma may 
derive through a crystal liquid equilibrium not only by the spon- 
taneous process of fractional crystallization and reaction but also 
by reaction of liquid magma with its wall rock or with what foreign 
inclusions it may incorporate. This process, known as assimila- 
tion, may lead to the development of a diversity of rock type and 
is to be recognized as an important factor in petrogenesis. 

It seems probable that the heat effect connected with the solu- 
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tion of solid rock by a liquid magma is always negative, sly 

Z : i » Soluti 
being accompanied by absorption of heat, usually of the orde n 
the latent heat of melting. Simple solution would then d g 
large amounts of heat, which are only available if the liquid 
sesses great superheat. Intruding magmas, however, can pi. 
be at a temperature much above their crystallization Tange, Suh 
effects of magma upon its enclosures as are observed must there 
fore be attributed to processes of reaction and precipitation 

The concept of the reaction series finds fruitful applicatim 
in the study of this problem. Enclosures of rock fragments ina 
magma may be divided. broadly into two classes, those of iggy 
and those of sedimentary origin. The first class is built no 
of minerals which are members of the reaction series, The 
itself, saturated with a given member of such a series, is efectiv 
supersaturated with all earlier members of that series, If ii 
inclusion is built of these earlier members the magma cannot iy 
consequence dissolve them. It can, however, react with thm 
and transform them into the member with which it is saturate 
often by passing through other members of the series as intervening 
steps. 

These changes effected by subtraction of material from th 
magma induce withdrawal precipitation of the phase with whid 
the magma is saturated, In the course of the reaction the ind 
sion itself is often disintegrated and may come to be completely 
incorporated in the liquid. 

With an inclusion built up of members of the reaction series 
later than that with which the magma itself is saturated, the proc 
ess is one of reactive solution—the inclusion becoming part ûf 
the liquid at the expense of precipitation of the magma saturi 
phase. On the liquid, the resultant effect is a pushing onward along 
the normal course which fractional crystallization in the protts 
of cooling might accomplish. In these reactions no phase foreign 
to the reaction series is normally precipitated, and there may тай 
locally rock types scarcely distinguishable from types deriv 
by fractional crystallization. Plutonic complexes with their rant 
of associated intrusions—basic to acid—often show cleat ae 
of extensive hybridization by reaction of a later (more ar 
magma upon an earlier (more basic) consolidated produc,’ 
rock types found near the border approximating in compe 
and structure to a range of igneous rocks of a normal differen 
tion series while being in fact the result of hybridization har 
about by action of liquid (acid) magma upon a basic (gal 
rock. " T 

The monzonitic and tonalitic margins of granito EE | 
igneous complexes may be traced to the hybridizing ШШЕ, 
acid magma on an earlier plutonic rock of basic or Ш 5 
composition of which all superficial traces may have pari 1 
The newer granite complexes of Scotland provide hor irc 5 
onstration of hybridizing processes of this nature. е 
reaction of igneous magmas upon sediments set а m Я 
problem, since sedimentary material may not belong (0 
tion series. р 

In many cases the incorporation of sedime 
while yielding adjustments in the composition 
portions of existing phases, may effect but | 
in the general course of fractional crystallization. .. 
hand, extended incorporation of certain types of sei 
terial may lead to the precipitation of new minera 
normally met with in igneous rocks. ass fist! 

Gabbro magma assimilating shales or slates may ү л 
погіќе Бу. precipitation of rhombic pyroxene and n 
at the expense of clinopyroxene, and eventually У i 
norites. Rocks of this character are well develope об) 
county and elsewhere. Basaltic magma, throug = 
limestone, may give products rich іп melilite an " 
yield, at least locally, an alkali fraction from This med 
is precipitated. Whether basic magma through tion tU 
can generate alkali rocks on a large scale is a to thi | 
determined. That their production is not limit envit 
nism, however, is clearly attested by the део this 
capiat relations of many examples 
rocks. 
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Assimilation processes clearly play a significant role in the 
evelopment of some rock assemblages, and among these are to be 
d rock types which exhibit in both composition and struc- 


ecte 1 
a the characteristics of normal igneous rocks. The full con- 
шоп of these processes has yet to be evaluated though a 


limit to their action is prescribed if magmas in general possess 
jitle superheat. у 54 

в, Palingenesis.—The apparent dominance of granodiorites 
and granites in orogenic belts led some petrologists to entertain 
the view that these particular rocks have been derived by remelting 
of the granitic layer and the intrusion of the resulting liquid 
to higher levels. This possibility cannot be denied; yet it is to 
je remembered that a granitic differentiate as a late residual 
liquid subject to filter pressing during mountain building might 
will come to dominate in volume the upper regions of a magmatic 
inc laid bare by erosion. It is conceivable, however, that some 
granites may have their immediate origin in such refusion and 
perhaps also that a process of partial refusion may affect siliceous 
sediments subject to deep burial in the cores of geosynclines. 
A distinct from the juvenile granites derived by fractional crystal- 
ligation, granites supposedly originating in this way have been 
referred to as palingenetic and the process of refusion as palin- 
genesis (Gr. palin, "again," genesis, "birth"). The genetic link 
between granitic and basic (basaltic) material remains, for the 
dominantly mafic character of the crust makes it evident that the 
sial or granitic layer must ultimately have been derived from such 
basic material. 

9, Granitization.—The aqueous and alkali-bearing residual 
liquids emanating from granitic magma during its later consolida- 
tion stages are known to penetrate into the surrounding rocks. 
Where these rocks are argillaceous, metasomatism by the alkali 
solutions acting upon the micaceous minerals of the sediment may 
result in the feldspathization, of such pelitic rocks, transforming 
them into assemblages analogous in composition to the parent rock 
from which these solutions came. This is the process of granitiza- 
tion, With such processes there is frequently a merging of the 
Eo intrusive with an igneous-looking rock which is metasomatic 

origin, 

_ In the more speculative accounts of the process the parent 
Intrusive itself has been regarded as formed in the same manner 
and the existence of a genuine igneous intrusive denied, but such 
ih extreme view seems unlikely to be correct. A survey of the 
pus of granite emplacement with special reference to North 
^ n was made by A. F. Buddington (Bull. Geol. Soc. Amer., 
10, pp. 671-747 [1959]). 


үп, GEOGRAPHIC DISTRIBUTION OF IGNEOUS ROCKS 


И of the geographical distribution of igneous rocks has 
les def at the earth's surface may be mapped out into more or 
MM nite petrographical provinces, each with its own com- 
ntes p petrographical characters. Strongly contrasted prov- 
0 nm exist almost side by side, as is seen in the Tertiary 
ана and Hungarian provinces standing on either side of the 
ich in fines the one characterized by a suite of igneous rocks 
tich in i ali, the other comprising an assemblage relatively 
i fin magnesia and iron oxide. The chain of volcanoes 
Alaska a the shores of the Pacific from Tierra del Fuego to 
Sumatran thence by Japan arid the Philippines to Java and 
тор Шеп a province of a larger order, characterized by 
that the, ich have so much similarity in many important features 
ertia Y are certainly of allied origin. These rocks are all of 
tene tim and Recent Age; their eruptions began in Eocene or Mio- 
tissions and have continued with more or less frequent inter- 
islands i to the present day. The igneous rocks of the Atlantic 
bage A m the Azores to Tristan da Cunha comprise an assem- 
stern Ypes strikingly different from the igneous rocks of the 
8a typ acific borderland, Each of these magmas has been taken 
Ma B and they are referred to as the Pacific and Atlantic 
terized ty Chemically the Atlantic (or alkali) rocks are charac- 
ion to zh igh percentages of alkalies (potash and soda) in rela- 
kali mi ca and alumina, and mineralogically by the presence of 
nerals, especially feldspathoids (nephelite, sodalite, anal- 


PETROLOGY 785 


cite, etc.). The Pacific (subalkali or calcic) rocks, on the other 
hand, show relatively more abundant lime, magnesia and iron 
oxides. 

Certain suites of rocks characterized by high potash content 
and, mineralogically, by the presence of leucite or abundant pot- 
ash feldspar and micas, have been separated from the Atlantic 
suite, though they are perhaps not of co-ordinate importance. 
Rocks of this character are illustrated by the Quaternary province 
of the Roman region; Vesuvius belongs to a line of volcanoes (ex- 
tending from Lake Bolsena to the Campi Flegrei, or Phlegraean 
fields) that have poured out lavas of this character. They are 
sometimes known as the Mediterranean suite. 

When one turns to the igneous rocks of older geological periods 
the same contrasted suites can be recognized, The midland valley 
of Scotland has been the theatre of igneous action both in Lower 
Devonian and Carboniferous times. The igneous assemblages of 
the two periods show, however, a striking contrast. The earlier 
lavas are distinctly of the Pacific type, including andesites, basalts 
and rhyolites, while the Carboniferous extrusions and dike rocks 
include trachytes, teschenites, picrites and monchiquites—an 
Atlantic assemblage.  Petrographical provinces are therefore 
clearly not permanent. 

Study of the geological relations of igneous rocks clearly re- 
veals that there is a general correspondence in both time and 
space between igneous action and movements of the earth's crust, 
whether these be simply vertical movements of elevation and de- 
pression or tangential movements of folding and overthrusting 
which build up great mountain chains. As in crustal movements so 
in igneous action, periods of activity have alternated with periods 
of quiescence. The movements of compression which led to 
the folded mountain chains fringing the Pacific were accompanied 
and followed by widespread volcanism, and the movements of de- 
pression which in Tertiary times led to the formation of the Great 
Rift valley of east Africa were attended and followed by a great 
suite of volcanic eruptions. The interdependence of igneous ac- 
tion and crust movement is even of a still more intimate kind, for 
not only the distribution of igneous rocks, but the distribution 
of different kinds of igneous rock is seen to stand in unmistakable 
relation to the great tectonic structures of the earth. The ex- 
amples referred to above are illustrative of this conclusion. The 
volcanoes of the Pacific cordillera erupted calcic andesites and 
basalts, and are associated with granodiorite and quartz-diorite 
intrusions; the eruptions associated with the African Rift valley 
are in contrast, being of alkali type and including soda trachytes, 
phonolites and related alkali lavas. Whether attention is con- 
fined to Tertiary igneous rocks or extended to those of earlier 
date, the conclusion is enforced that rocks of the Pacific suite are 
closely associated with folded mountain chains and appear in 
regions subject to movements of compression and lateral thrust, 
and that the Atlantic or alkali suites are associated with regions 
of subsidence, subject to tension and faulting. The volcanic rocks 
of oceanic islands are dominantly olivine basalts and with these, 
though in minor development, are associated typical Atlantic dif- 
ferentiates—trachyte and phonolite. More siliceous lavas have 
not been frequently reported, but their occurrence with basalts 
and trachytes in an oceanic environment attests an intimate genetic 
relationship and adds support to the theory that granitic dif- 
ferentiate can derive from parental basaltic magma. Quartz 
trachyte or alkali rhyolite have been thus recorded in the inner 
Pacific at Easter Island and in Tutuila (Samoa), in the south 
Atlantic (Bouvet Island) and in the Indian ocean (Kerguelen 
archipelago). 

The tectonic environment of rocks of the Mediterranean suite 
is less clearly defined. In general their spatial arrangement in 
relation to the Pacific and Atlantic suites reflects their inter- 
mediate position. They are characteristic of the region lying 
between the orogenic zones and the forelands or regions of sub- 
sidence. The position of the potassic Roman province in relation 
to the Alpine orogenic zone and the alkali (Atlantic) basin of 
the west Mediterranean illustrates this association clearly. 

Between many calcic, sodic and potassic suites no sharp line of 
division is to be recognized, and in their relative distribution 
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upon the face of the globe may be seen the influence of tectonic 
processes as an external factor exerting a profound influence ow 
the trend of differentiation. See also references under “Petrology’ 


in the Index. 3 
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Physiographie, 4th ed., vol. 2 (1907), Elemente der Gesteinslehre, 4th 
ed. rev. by A. Osann (1923) ; A. Harker, The Natural History of Igneous 
Rocks (1909); J. P. Iddings, Igneous Rocks . . ., 2 vol. (1909-13) ; 
R. A. Daly, Igneous Rocks and the Depths of the Earth (1933); K. 
Rankama and T. G. Sahama, Geochemistry (1950) ; V. M. Goldschmidt, 
Geochemistry, ed. by A. Muir (1954) ; B. Mason, Principles of Geo- 
chemistry, 2nd ed, rev. (1958) ; P. H. Abelson (ed.), Researches in Geo- 
chemistry (1959); W. Eitel, The Physical Chemistry of the Silicates 
(1954) ; L. H. Ahrens et al. (eds.), Physics and Chemistry of the Earth, 
vol. iii (1959). 

For methods of investigation: Rinne-Berek, Anleitung zu optischen 
Untersuchungen mit dem Polarizationsmikroskop (1953); C. Burri, 
Das Polarisationsmikroskop (1950); A. F. Hallimond, Manual of the 
Polarizing Microscope, 2nd ed. (1953); A. Johannsen, Manual of 
Petrographic Methods, 2nd ed. (1918); A. Holmes, Petrographic 
Methods and Calculations (1921); H. Rosenbusch, Mikroskopische 
Physiographie, 5th ed, rev. by E. A. Wuelfing (1921-25) ; F. Chayes, 
Petrographic Modal Analysis (1956). 

For rock minerals: A. N. Winchell, Elements of Optical Mineralogy, 
pt. ii with H. Winchell, 4th ed. (1951) ; E. S. Larsen and H. Berman, 
“The Microscopic Determination of the Non-Opaque Minerals," 2nd 
ed., Bull. no. 848, U.S. Geological Survey (1934); Н. Schneiderhóhn, 
Erzmikroskopisches Praktikum (1952) ; A. B. Edwards, Textures of the 
Ore Minerals, 2nd ed. rev. (1954), 

On the classification of igneous rocks see especially A. Johannsen, 
A Descriptive Petrography of the Igneous Rocks, 4 vol. (1931-38) ; 
on their geographical distribution see J. P. Iddings, Igneous Rocks, vol. 2 
(1913) ; C. Burri and P. Niggli, Die Jungen Eruptivgesteine des Medi- 
terranean Orogens, 2 vol. (1945-49). 

A glossary of rock names is contained in A. Holmes, The Nomencla- 
ture of Petrology . . . (1920); W. E. Troeger, Spezielle Petrographie 
der Eruptivgesteine (1935), “Eruptivgesteinsnamen Fortschritte," Min. 
Krist. Pet, vol. 23 (1938). 

The principal authorities on the analysis and chemical composition 
of rocks are; H. S. Washington, “Chemical Analyses of Igneous Rocks,” 
Prof. Paper 99, U.S. Geological Survey (1917); W. F. Hillebrand, 
G. E. F. Lundell et al., Applied Inorganic Analysis, 2nd ed. rev. (1953); 
Н. S. Washington, The Chemical Analysis of Rocks, 4th ed. rev. (1930) ; 
A. W. Groves, Silicate Analysis, 2nd ed. rev. (1951). See also W. 
Gao J. P. Iddings et al., Quantitative Classification of Igneous Rocks 

3). J 

Books on physicochemical petrology include H. Boeke, Grundlagen 
der physikalisch-chemischen Petrographie, 2nd ed. rev. by W. Eitel 
(1923) ; №. L. Bowen, The Evolution of the Igneous Rocks (1928, re- 
printed 1956) ; P. Niggli, Das Magma und seine Produkte, I Teil (1937) ; 
W. Eitel, Die heterogenen Schmelzgleichgewichte Mehrstoff-systeme 
(1945) ; R. M. Garrels, Mineral Equilibria at Low Temperature and 
Pressure (1960) ; E. M. Levin, H. F. McMurdie and F. P. Hall, Phase 
Diagrams for Ceramists, part i (1956), part ii (1959). 

For experimental work on silicate mixtures see especially the papers 
published by the workers of the Geophysical Laboratory, Carnegie 
Institution, Washington, D.C., principally in American Journal of Sci- 

ence and Journal of Geology (1905 et seq.). (C. E. T.) 


PETRONIUS ARBITER (Gaius or ? Tirvs PETRONIUS) 
(d. A.D. 66), Roman voluptuary, poet and the reputed author of the 
Satyricon, the first western European novel Tacitus gives a 
graphic account (Annals, xvi, 18-19) of his character and the man- 
ner of his death. He was an able man, who distinguished himself 
as governor of Bithynia and consul; but his chief talent lay in the 
pursuit of pleasure, in which he displayed such exquisite refine- 
ment as to earn the unofficial title of the emperor Nero’s “arbiter 
of elegance” (arbiter elegantiae). Being suspected of conspiring 
against the emperor, he was ordered to commit suicide; his last 
hours were passed in amusements, social pleasures and the com- 
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position of a scurrilous catalogue of Nero’s ‘debaucheries 

The identification of this Petronius with the author of 
Satyricon is, notwithstanding all that has been urged to the 
trary, reasonably certain. The atmosphere of the work um 
internal evidence point to the Neronian period, and it Seems 
likely that two different men of the same name and so Шиш 
character and outlook can have existed at the same time, E 

The Satyricon (properly perhaps Satyrikon liber, “Book y 
Satyrlike Adventures") is a “picaresque” romance, It relates thy 
wanderings and escapades of a disreputable trio of advent 
the narrator Encolpius (““Embracer’’), his friend Ascyltos (Sea, 
free") and the boy Giton (“Neighbour”—a euphemism), Ty 
surviving portions probably represent about one-tenth of the com. 
plete work. Some semblance of unity is imparted to the episodi 
narrative by a wrath motif recalling the Odyssey and the Aeneid 
the narrator is pursued by the enmity of Priapus, whose divinity 
he apparently offended in a lost portion of the work, The Satyr 
con has obvious affinities with the later Greek prose romanos, 
particularly in the rhetorical flavour which pervades it, but is 
immorality, or rather amorality, sets it in a class apart from then. 
Its tone recalls the notorious predilection of Nero and his cout 
for low life and suggests that it may have been composed spe 
cially for their amusement. Its literary ancestry is complex ай 
can only be guessed at. The loose narrative framework enclose 
a number of detached tales of the so-called “Milesian” type, the 
ancestor of the smoking-room story, a classic instance being the 
famous “Widow of Ephesus” (Satyricon, ch, 111-112); in ths 
the Satyricon resembles the later Metamorphoses of Apuleius. 
Other features, however, recall the “Мепірреап” satire (repre 
sented in Latin by M. Terentius Varro): namely, the mixture ol 
prose and verse in which it is composed; and the digressions i 
which the author airs his own views on various topics having i 
connection with the plot. 

The most remarkable of these digressions, which are the шу 
parts of the work which may properly be called satire, is the 
passage relating to contemporary epic poetry (ch. 118); її 
followed by a hexameter poem of 295 lines оп the ur 
tween Caesar and Pompey, apparently intended as a criticism | T 
a parody) of Lucan. Whether Petronius had a Greek model o 
whether the fusion of genres represented by the Satyricon wis t 
own invention must, in the present state of the evidence, 
uncertain. rind 

The longest and the best episode is the so-called Cena di 
chionis or “Banquet of Trimalchio” (ch. 26-78), ade 
a dinner party given by Trimalchio, an immensely rich i pee 
freedman (former slave) of oriental origin, to a group 0 b 
and hangers-on. Its length appears disproportionate em 
presumed original size of the Satyricon (though the inm M i 
and Psyche in Apuleius offers a partial analogy), and i à 
or no apparent connection with the plot. The sa P 
Roman town in Campania, possibly Puteoli (Pozzuo^ 
guests, mostly freedmen like their host, are d 
corresponded to the petit bourgeois class. 
quintessence of the parvenu, a figure familiar en' x 
satirical literature, but especially so in the rst century м suit 


н e 
freedmen as a class were at their most influential, e 
exemplifies a literary form stemming from Platos (Suits 


and already employed for satirical purposes by Horace 
ii, 8). ther anc 
Two features distinguish Petronius’ Cena from їз, "(m 
examples: its extraordinary particularity and ums e guts 
figure of Trimalchio. It is obvious that the table talk “al societi 
in the Cena is based on personal observation of prov and 0 
The speakers are beautifully and exactly character coll 
dialogue, quite apart from the invaluable evidenc? h it about 
Latin afforded by the vulgarisms and solecisms in MS pis d 
is a humorous masterpiece. Trimalchio himself, cultur i 
wealth, his tasteless ostentation, his affectation 0 е gri" 
superstition and his maudlin lapses into his natura. y: idi 
more than a typical satirist’s figure. That some Aaescripi 5 
crasies are taken from life is proved by > eth allow 


Calvisius Sabinus (Epistles, xxvii, 5); and, i 
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made for comic exaggeration, little about him is actually incredi- 
We As depicted by Petronius, however, he is one of the great 
originals of literature, fit company for Shakespeare's Falstaff or 
R S. Surtees’ Jorrocks. Development of character for its own 
ske was hardly known in ancient literature: the emphasis was 
always on the typical, and the classical rules as expounded by, for 
instance, Aristotle and Cicero, laid down that character was sec- 
ondary to more important considerations such as plot. Petronius, 
in his treatment. of Trimalchio, transcended this almost universal 
limitation in a way that irresistibly recalls Dickens, and much else 
jn the Cena is Dickensian—its exuberance, its boisterous humour 
(rare in ancient literature, where wit predominates) and its loving 
profusion of detail. 

The rest of the Satyricon is hardly to be compared with the 
(mi. It offends not so much by its indecency as by the selfish 
ind flippant hedonism which colours it throughout (a debased 
Epicureanism: see the poem at the end of ch. 132). This, allied 
toa Latin of unmatched grace and elegance, earned for Petronius 
(кот Justus Lipsius) the title auctor purissimae impuritatis, 
"writer of the purest impurity." The few poems transmitted sepa- 
niely from the Satyricon under Petronius’ name do nothing to 
enhance his reputation. To the middle ages he was known as the 
wthor of moral maxims, preserved in fragmentary excerpts; his 
popularity in modern times dates from the publication in 1664 
of the previously unknown Cena Trimalchionis, discovered in a 
manuscript at Trau (Trogir) in Dalmatia. 

BrutocrarHy.—The standard edition of the text is by F. Bücheler, 
(th ed. rev. by G. Heraeus (1922) ; there are also editions by M. Hesel- 
tine with Eng. trans. (1913), by A. Ernout, àrd ed., with Fr. trans. 
(1950) and, of the Cena Trimalchionis only, by W. B. Sedgwick, with 
introduction and commentary (1950). Translations abound; the best- 
known English version is by W. Burnaby (1694). For a general in- 
Induction see A. Collignon, Etude sur. Pétrone (1892); E. Thomas, 
Throne (1912) ; С. Bagnani, Arbiter of Elegance (1954). See further 
Sir S. Gaselee, “The Bibliography of Petronius," Trans. Bibl. Soc., 
01, x (1910) ; W. Kroll, “Petronius,” in Pauly-Wissowa, Real-Ency- 

pidie der classischen Altertumswissenschaft, vol. xix (1937); R. 
m “Römische Satiriker,” Jahresbericht über die Fortschritte der 

Wichen | Altertumswissenschaft, vol. 282 (1943); К. Muth, 

"tronius" іп Anzeiger der Altertumswissenschaft, vol. ix (1956); 


H.C, Schnur, “Recent Petronian Scholarship,” Classical Weekly, vol. i 
(1956). (E. J. Kv) 
PETRONIUS MAXIMUS: see MAXIMUS. 
, PETROPAVLOVSK, capital of the North Kazakhstan oblast 
în the Kazakh Soviet Socialist Republic, U.S.S.R., is situated at 
¢ point where the Ishim River is crossed by the Trans-Siberian 
Railway, Pop. (1959) 131,453. In addition to the processing of 
001 and clothing, its industries include timber and brick making. 
a are various technical training establishments, a museum, à 
D institute, and a theatre. (G. E. Wn.) 
,IETROPAVLOVSK-KAMCHATSKI, a town and ad- 
танне centre of Kamchatka oblast in the Russian Soviet 
di RUM Socialist Republic, U.S.S.R., stands on the eastern Pa- 
ae of the Kamchatka (g.v.) peninsula and has a good 
{5 fn harbour on the northeastern shore of the landlocked 
in Ba nskaya Gulf. Pop. (1959) 85,582. The town was founded 
it 0 during V. J. Bering’s Kamchatka expedition. In 1854, 
"d ы the Crimean War, an Anglo-French attack on Petropavlovsk 
4 p The modern town is a whaling centre and has a ship- 
ls mber mills, and engineering works. Freighters and fishing 
eh te built, and fishing nets are made. It is the terminus of 
Rives Y road in the peninsula, through the valley of the Kamchatka 
РЕ thas a pedagogic institute. (R. A. F.) 
inan TROPOLIS, a city of the state of Rio de Janeiro, Brazil, 
ls be valley of the Serra de Estréla or dos Orgáos moun- 
lo le] ^ ft. (803 m.) above sea level, is 27 mi. (43 km.) N of 
5 neiro, with which it is connected by railway and highway. 
nso maed in 1845 by Julius Frederick Knoeller, and was 
n by Dom Pedro II, the Brazilian emperor for whom it 
ol THES The emperor was attracted to the city’s relatively 
mer. ate—5° C. (9° F.) lower than Rio de Janeiro during the 
(y public 2nd held court there during the warmer months, attended 
А officials and members of ће diplomatic corps. 
houses Ornate royal palace, surrounded by luxuriant gardens, 
е Museu do Imperio (Museum of the Empire) that con- 
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tains many of the possessions of John VI of Portugal, who resided 
in Brazil for several years, and of the two Brazilian emperors, 
Dom Pedro I and Dom Pedro II. The cathedral of the town is of 
13th-century French Gothic design. There is a variety of manu- 
facturing industries in the city and a short distance away are rich 
farm lands. Pop. (1960) 93,849. Quitandinha palace, a leading 
resort centre, is about 3 mi. (5 km.) S of Petrópolis on the high- 
way to Rio de Janeiro. 072777.) 

PETROZAVODSK, a town and the capital of the Karelian 
Autonomous Soviet Socialist Republic, U.S.S.R., stands on the 
western shore of Lake Onega, south of the outfall of the Shuya 
River and 185 mi. (318 km.) NE of Leningrad. Pop. (1959) 136,- 
294. The town (its name means “Peter’s factory”) was founded 
in 1703 by Peter the Great as an ironworks to supply ordnance. to 
his new capital of St. Petersburg (now Leningrad) and the Baltic 
fleet. The metallurgical industry still persists and has been joined 
by timber working (furniture, prefabricated houses, and skis), ship 
repairing, fish canning, brewing, and distilling. Petrozavodsk is 
on the main Leningrad-Murmansk Railway, with a branch line to 
Suoyarvi and Finland. There are a university, a pedagogic insti- 
tute, the Karelian branch of the Academy of Sciences, and many 
other scientific and educational establishments. (R. A. F.) 

PETRUCCI, OTTAVIANO DE? (1466-1539), Italian 
printer of music, whose collection of chansons, Harmonice M: usices 
Odhecaton A (1501), was the first book of part music to be printed 
from movable type. Born at Fossombrone, near Ancona, he moved 
to Venice about 1490. He held music printing monopolies first at 
Venice, where he worked from 1498 to 1511, and later at Fossom- 
brone. In 1536, at the request of the Venetian Senate, he returned 
to Venice, where he died in 1539. His 61 music publications con- 
tain Masses, motets, chansons, and frottole by many of the fore- 
most composers of the 15th and early 16th centuries, Josquin 
Després, Jean d'Okeghem and Loyset Compére among them. He 
also published the first book of printed lute music, Francesco 
Spinaccino's Intabolatura de Lauto (1507). (D. Po.) 

PETRUS AUREOLI (PIERRE AURIOL, ORIOL or D’ORIOL) (с. 
1280-1322), French Franciscan, theologian, and philosopher known 
honorifically as Doctor facundus, “the eloquent teacher," was born 
near Gourdon in Quercy. Having studied in Paris and taught in 
Bologna and Paris, he became provincial of his order for Aquitaine 
(с. 1320) and archbishop of Aix-en-Provence (1321). Criticizing 
both Thomas Aquinas and Duns Scotus, he promoted an individ- 
ualistic empiricism, supported by a nominalistic-conceptualistic 
doctrine of universals which in some ways anticipated William 
Ockham (q.v.). His Commentary on the Sentences was first 
printed in Rome, two volumes (1596-1605). 

See A. Teetaert, “Pierre Auriol,” in A. Vacant (ed.), Dictionnaire de 
théologie catholique, xii (1934). (L. M.-Po.) 

PETTY, SIR WILLIAM (1623-1687), English political 
economist and statistician, one of the founders of economic thought 
and demographic and economic statistics, was born at Romsey, 
Hampshire, May 26, 1623. Having studied medicine at the uni- 
versities of Leiden, Paris and Oxford, he was in turn seaman, 
medical student, physician, professor of anatomy at Oxford, pro- 
fessor of music in London, inventor, surveyor and landowner in 
Ireland and a member of Parliament. He died in London on Dec. 
16, 1687. 

A protagonist of the empirical scientific doctrines of the newly 
founded Royal Society, of which he was a founder-member, Petty 
was one of the leading pioneers of political arithmetic; i.e., “the 
art of reasoning by figures upon things relating to government.” 
His Essays on Political Arithmetick and Political Survey or 
Anatomy of Ireland (1672) presented population estimates and 
rough calculations of social income. His methods seem crude and 
audacious by modern standards, but Petty was not unaware of their 
limitations. His ideas on monetary theory and policy, including the 
quantity theory, were developed in Verbum Sapienti (1665) and 
Quantulumcunque concerning Money, 1682 (1695). But his main 
contribution to political economy was Treatise of Taxes and Con- 
tributions (1662), in which he expounded what should be the main 
economic functions of the state. In doing so he touched on the 
fundamental problem of the theory of value, treating the labour 
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necessary for production as the main determinant of exchange value 
and seeking a standard of value in the necessary sustenance ofa 
man for a day. Petty—an advocate of religious toleration—fa- 
voured allowing scope to the natural forces of individual self- 
interest and “rather complying with the motions of nature than 
contradicting it with vehement administratives.” But unlike lib- 
erals after Adam Smith he considered the maintenance of a high 
level of employment by monetary and fiscal policies and by public 
works to be a duty of the state. 

See Economic Writings of Sir William Petty, ed. by C. H. Hull, 2 vol. 
(1899). (T. W. H.) 

PETUNIA, the common and generic name of popular garden 

plants of the nightshade family (Solanaceae), native to South 
America, mostly from Brazil and 
Argentina. They are sticky 
herbs, with soft, flabby leaves and 
weak, straggling stems. Petu- 
nias may be divided into two main 
divisions: bushy types, both high 
(7-15 in.) and dwarf (4-6 in.), 
used as bedding plants; and 
sprawling or weak-stemmed 
types, often called balcony pe- 
tunias, useful for window boxes. 
Modern petunia varieties have 
typically funnel-shaped flowers, 
only slightly asymmetrical, and 
variously crisped, fringed, or 
ruffled; double varieties have also 
been developed. Amply watered 
and їп а sunny location, these 
showy plants will bloom pro- 
fusely all summer, yielding blos- 
soms of pure white and cream through various shades of red and 
blue to deep violet; variegations are not uncommon. Some of the 
large-flowered types are easily beaten down by rain and should 
be staked. 

All the petunias are annuals and are not frost-hardy. They 
may be started from seed sown indoors and just barely covered 
with fine-grained soil eight to ten weeks before outdoor planting 
is safe. When warm weather has arrived, both seeds and seedlings 
can be planted outdoors in almost any ordinary garden soil. They 
do well in almost any temperate locale. (N. Tr.; X.) 

PETWORTH, a town of West Sussex, Eng., lies 14 mi. (23 
km.) NE of Chichester by road. Pop. (1961) 2,347. Petworth 
(Peteorde in Domesday Book, Puetewurth in 1181) under Edward 
the Confessor was an alodial manor held by Edith (probably his 
queen), and in 1086 Robert Fitz-Tetbald held it of Roger de 
Montgomery, earl of Shrewsbury. Later it became one of the 
principal seats of the family of Percy. Standing in a large park is 
Petworth House (National Trust) with a 13th-century chapel; the 
manor house was almost wholly rebuilt between 1688 and 1696 by 
the duke of Somerset. The south front was rebuilt in 1869-72. 
It is remarkable for its magnificent collection of pictures and its 
wood carvings by Grinling Gibbons and Jonathan Ritson (1776?- 
1846). (L. F. S.) 

PEUTINGER TABLE, a copy of a Roman map, made in 
A.D. 1265 by a monk of Colmar on 12 sheets of parchment. Eleven 
sheets are now in the Hofbibliotek in Vienna. The dimensions are 
268 x 134 in. (6.82 x 0.34 m.). The copy was found by Conradus 
Celtis in 1494 and bequeathed by him to his friend Konrad 

Peutinger (1465-1547) of Augsburg. 
The shape of the map, an elongated rectangle, obviously causes 
a grave deformation of the Roman world, the distances from north 
to south being compressed and those from east to west being unduly 
extended. The sea is even more restricted than the land, so that 
the Mediterranean becomes a narrow canal. Errors, major and 
minor, are therefore multitudinous. For example Thessalonica lies 
directly east of Piraeus and the Nile runs mainly west to east. The 
map is in six colours (black, red, green, yellow, blue, and rose); 
features and facilities in towns are indicated by small sketches. 

Opinions have differed as to how closely the lost original de- 
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pended on Roman itineraries and world maps, such as the 
Agrippa (the table goes beyond the frontiers of the Roman Emi 
totheeast). The dependence cannot be denied and may Муш 
fairly close. See also МАР: History: Greece and Rome, 
BIBLIOGRAPHY ~E. Desjardins, La Table de Peutinger (1869-19) 
J. W. Kubitschek in Pauly-Wissowa, Real-Encyclopiidie der dla 
Alteriumswissenschaft, x, 2126-44 (1919) ; F. Gisinger, ibid, xix, woe 
12 (1938). YN 
PEVENSEY, a village in the Hailsham rural district, Ea, 
Sussex, Eng., 5 mi. (8 km.) E of Eastbourne, consists of two party 
the old village, once an important seaport and a limb of the 
Cinque Port of Hastings, now а mile from the sea; and Pever 
Bay, a small holiday resort on the coast. Pop. (1961) 2,151, Thy 
Roman Anderida (c. 250) was a fort of the Saxon shore and there 
mains of its walls and towers are one of the finest examples of 
Roman building in England. William I landed at Pevensey in 1064 
and soon afterward Robert, count of Mortain, built a castle within 
the Roman walls. The gatehouse, towers, and walls of the inner 
courtyard were added in the mid-13th century. Pevensey was from 
Saxon times the head of the Rape of Pevensey, and the Early En 
glish church of St. Nicholas, the tiny courthouse, and the Mink 
House show its past importance. It was a borough from Saxon 
times until 1883. From the 13th century onward the silting up and 
reclamation of the Pevensey Levels brought about the port's de 
cline. See also SUSSEX. (G. C. B.) 
PEWEE, more properly called wood pewee (Contopus viren), 
isa common bird of the American tyrant flycatcher family (Тулі 
nidae). Smaller than a sparrow, it is olive brown above and whitish 
below, with two whitish wing bars. The pewee is а gentle, ш. 
suspicious species that perches on a dead branch in open woodland 
and turns its head constantly as it looks for flying insects, Th 
it captures with a graceful looping flight, punctuated by an audible 
snap of its broad, flat bill. The little flycatcher then returns t 
the original branch or a new observation post. Periodically i 
call is heard, a plaintive “pee-a-wee,” and sometimes a descending 
"pee-er." In the same shady woods, usually saddled on a hart 
horizontal limb and camouflaged with lichens, is the shallow nes, 
woven of fine grass, moss, and strips of inner bark. There bi 
two or three creamy white eggs, wreathed about the ШО 
with brown and lavender, which hatch after ап incubation 0 i 
days. The young are fed and cared for in the nest for foe 
more days by both parents before fledging. The eastern "m 
pewee (Contopus virens) breeds in eastern North America an 
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ee (C. sordidulus). Both winter as far south as north- 
western South America. y sai (W. J. ВЕ.) 

PEWTER, an alloy, the basis of which is tin. Modern pewter 
a tarnish-resistant alloy composed of approximately 91% tin, 
159% antimony, and 1.5% copper; the best grades contain no lead. 
The copper adds ductility and desirable working properties while 
ınlimony serves to whiten the alloy and to impart a hardness un- 
jnown to old pewter. Old pewter, first used nearly 2,000 years 

by the ancient Orientals and Romans, contained sufficient lead 
to cause the surface to darken with age. There are two schools 
of thought among pewter collectors: some prefer the dark satin- 
lke sheen of old pewter while others prefer modern pewter which 
аз its brightness indefinitely and lends itself to a whole gamut 
of finishes from a crisp bright finish to a soft satin sheen. 

Pewter played an important part in the development of civiliza- 
tion as a medium for artistic expression and as a material from 
which domestic utensils were fashioned. Pewter exceeds most 
other metals in ductility and ease of working, It may be stretched, 
vompressed, and bent into almost any desired shape; and it does 
tot harden or stiffen sufficiently on coldworking with tools for 
annealing to be necessary. Modern methods of manufacture dif- 
fer considerably from those of the early craftsmen, which involved 
sting, turning, and hammering. Much of the flat and hollow ware 
is spun on a lathe instead of being cast; the stamping press is 
wed frequently to produce such shapes as oval trays and gravy 
boats. Casting methods are still essential for making handles, feet, 
knobs, and hinges and for heavy ornamental pieces. Pewter ar- 
tides can be hammered into shape, the surface can be raised or 
stretched, surface lines can be emphasized by chasing and em- 
bossing, and decorative effects can be achieved by etching. Ma- 
dine methods for polishing have added interesting possibilities 
in new and artistic finishes, 

Modern Pewtet,—Modern pewter is somewhat softer than 
brass or bronze, In spite of its softness, it must be classed as one 
of the most durable metals and as one which will resist oxidation 
almost indefinitely. Utensils made from pewter have a high re- 
‘istance to almost all weak acids: food and drink may be served 
in them without fear of chemical action. 

Modern pewterware falls into two types: antique and modern. 
For the person who prefers antique pewterware, there are repro- 
m of early masterpieces of the American colonial period. 
Mure a complete line of Williamsburg reproductions are 
Por th le, some of which are actually cast from original molds. 
4 Ti who desire modern pewterware, there is a wide variety 

les such as coffee and tea services, plates, trays, water 

gs, tankards, candelabra, serviette rings, bowls, flasks, cigarette 
jewelry boxes, spoons, trophies, ship models, pepper and salt 
ts, ashtrays, and communion cups. Most modern manufac- 

t iia. adapting original designs or producing new designs, have 

е bold simple lines which are the chief charm of pewter. 
€ revival of interest in pewter can be attributed to several 
ors. For example, the public has become educated to the charm 
uty of nontarnishing pewter; contemporary craftsmen are 
ig pewter in new ways and in striking designs. Working with 
са been introduced as an important activity in industrial 
d. in the schools and the home workshop. Җ 
ive олз, Тһе historical background of old pewter ls ex- 
and many historical collections can be seen in museums 
Vitoria we the world, Famous collections are on display in the 
> tion in ae Albert Museum in London, the Smithsonian Institu- 
| ington; D.C., and the University of Copenhagen in 
i aw There are more than a dozen large pewter collections 
6.0, Wibe States. (See list of museums, B. N. Osburn and 

Hlstor, т, Pewter, 1947.) ? 
leave no Wy, Specimens of Roman pewter excavated in England 
legions Lus that pewterware was made in England by the Roman 
leen ipu rom the Renaissance, the use of pewter in England had 
Pete, y established in the church and for domestic purposes. 
the 11 


1 

aces had replaced wooden vessels before the end of 

рена ys until the 15th century it was customary to bury 
chalice with the priest. After the Reformation and 


Out the 17th and 18th centuries, a large number of pewter 


789 


vessels were found, especially flagons, alms dishes and collection 
plates. It was customary for every pewterer to strike his “touch” 
or mark: these marks were made with a steel die into which some 
ornamental design with the initials of the maker had been cut. 
The mark indicated membership in a guild called the Worshipful 
Company of Pewterers, chartered by the crown in 1503, Records 
of touchmarks were destroyed in the great fire of 1666. The 
activities of the company prospered and pewterware became an, 
important household item, Plates, saucers, tankards, mugs, candle- 
sticks, and mustard pots are excellent examples of some commonly 
used articles in English homes until the period when china and 
porcelain appeared. During World Wars I and II many valuable 
pieces of pewter relegated to the attic were sold for scrap and 
lost forever. It is surprising that so much pewter has survived 
and that it is possible to form a representative collection of pewter 
items from at least the late 17th century to the middle of the 
Victorian era. 

Much fine pewterware was made in other parts of continental 
Europe. The earliest known date on a pewter article made in 
Holland is 1331. In the 17th century, pewter played an important 
part in middle-class homes and in the inns. The modern pewter 
industry continues the old tradition. Century-old, well-tried 
models are still being made but craftsmen have given new shapes 
to the classic material by harmoniously combining usefulness and 
beauty. Dutch pewterware is plentifully available and is exported 
to all countries into which importation is allowed. 

The manufacture of pewterware began in Sweden before the end 
of the 13th century. Guild rules existed as early as 1485 when 
pewterers were required to stamp their wares. A rose-and-crown 
mark, much in evidence in the 17th century, denoted the highest 
quality. The artistically brilliant period of pewter in Sweden 
was the 18th century when it served widely for table wares and 
candlesticks. The decline occurred as in other countries but manu- 
facture was revived in 1924. 

Germany had established a pewter industry at Augsburg and 
Niirnberg in the 14th century. During the next four centuries, 
pewter was the most versatile metal available and wares of every 
kind were made. The treatment of pewter in relief was quite 
common as, for example, the plates with portraits of emperors or 
medallions of Biblical scenes. German hostels afforded much in 
the way of tankards and drinking vessels. After World War п, 
the pewter industry in Germany had revived strongly in the towns 
of Regensburg, Württemberg, Diessen and Nabburg. 

The rise of pewter in France and Belgium was contemporary 
with that in other European countries. In France the most inter- 
esting period was the 16th century. Highly ornamented pieces 
have been found which were associated with the name of Frangois 
Briot, the greatest of French pewterers. His well-known Tem- 
perantia salver and ewer are covered with ornament in relief. 
On the ewer are figures of the cardinal virtues, while on the dish 
are figures of Minerva and the seven arts, with the four elements 
and Temperance in the centre. Fine examples of his work are pre- 
served in the Cluny Museum, Paris. Little of the ancient pewter 
remains in Belgium because so much disappeared during the re- 
peated wars and invasions. 

Pewter was used much in the households of colonial America. 
The earliest pewterers came from England, bringing their tradi- 
tional styles with them. The period which marked its greatest 
production was the 150 years between 1700 and 1850. Boston, 
New York and Philadelphia were the main centres of manufacture. 
Every kind of utensil was made which was in any way requisite 
for domestic purposes: plates, bowls, spoons, tankards, candle- 
sticks, and lamps were made in enormous quantities. With the 
advent of cheap pottery, particularly plates, the pewterers turned 
their efforts to the manufacture of coffee pots and these became the 
mainstays. In the 20th century, there came a revival of interest 
in colonial period pewter; several firms took up the manufacture of 
antique reproductions and then branched into new designs which 
found favour. It is apparent that in spite of other available ma- 
terials, pewter retained its hold and popularity upon American taste 
long after it had ceased to interest the European public. During 
World War II and for a number of years thereafter, the manufac- 
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ture of pewter was not allowed because tin was reserved for es- 
sential purposes. Restrictions were removed in 1953 and manu- 
facturers made up lost ground by leaps and bounds. Since then, 
the world production of modern pewterware has exceeded the 
amount of pewter produced in any similar period in the history of 
the industry. See also ANTIMONY; TIN. 

BrsrrocRAPHY.—G. Bapst, Études sur l'étain dans l'antiquité et au 
moyen ûge (1884) ; Н. Lueer and M. Creutz, Geschichte der Metallkunst 
(1904) ; L. I. Wood, Scottish Pewter-ware (1904) ; H. J. L. J. Massé, 
Pewter Plate (1904), The Pewter Collector (1921), Chats on Old 
Pewter (1949) ; M. Bell, Old Pewter (1905); Paris, Musée des Arts 
décoratifs, Le Métal (1910) ; De Navarro, Causeries on English Pewter 
(1911) ; K. Berling, Altes Zinn (1920); G. Bossard, Die Zinngiesser 
der Schweiz und ihr Werk (1920) ; H. H. Cotterell, National Types of 
Old Pewter (1925) ; A. Riff, L'orfevrerie d'étain en France (1925) ; 
C. A. Markham, The “New” Pewter Marks and Old Pewter Ware 
(1928) ; J. B. Kerfoot, American Pewter (1942); B. N. Osburn and 
G. O. Wilber, Pewter (1947); R. F. Michaelis, Antique Pewter of the 
British Isles (1955). (R. M. MaclI.) 

PEYOTISM is the use by American Indians of peyote (e.g., 
mescal: Lophophora williamsii), spineless cacti native to northern 
Mexico and southwestern U.S. The word peyote seems to be a 
Spanish version of the Nahuatl term peyotl. When eaten, peyote 
produces extraordinary psychophysiological effects that vary with 
the social situation. Effects reported from laboratory studies dif- 
fer from those observed under ritual conditions. The medically 
active principle in peyote is mescaline (3,4,5-trimethoxyphene- 
thylamine), an alkaloid drug classified by pharmacologists as a 
hallucinating agent (see NEUROPHARMACOLOGY AND PsycHo- 
PHARMACOLOGY). 

Of the two major forms of peyotism, the old peyote complex is 
the earlier form; it flourished prior to the 20th century. Peyote 
was used primarily as medicine and to induce visions by individ- 
uals seeking supernatural revelation. It was also used in groups 
as an auxiliary in tribal dancing rites, evidently to induce a trance 
state. Little is known about the origin and distribution of the 
old peyote complex; however, peyote is depicted in pre-Columbian 
remains in Mexico. Documents from the 16th to the 18th cen- 
tury report the old peyote complex as extending from southern 
Mexico to northern New Mexico and Oklahoma. In the 1960s 
the old peyote complex existed in Mexico with diminished im- 
portance, 

The peyote religion is a more recent form of peyotism that 
developed during the second half of the 19th century. The religion 
is practised by a voluntary organization, with a rite of prayer, 
singing, and quiet contemplation, centred on peyote as a symbol 
of spirits being worshiped and as a sacrament. Peyotism as a 
fully developed religion probably originated about 1885 among 
Kiowa and Comanche in Oklahoma from an earlier Apache peyote 
rite. After 1891 it spread rapidly and became the most widespread 
indigenous Indian religion, extending from the Great Lakes to the 
Cascade and Sierra Nevada mountains in the U.S. and to the 
Rocky Mountains of Canada. Groups practising the peyote re- 
ligion were incorporated in 1918 as the Native American Church 
in Oklahoma. Іп the 1960s this church claimed 200,000 members. 

Peyotism has the basic traits usually found in religions: a doc- 
trine, ethics, and ritual. Most peyotists consider themselves 
Christians, holding peyotism to be the Indian version of Chris- 
tianity; they accept the Trinity and ethics of white Christians. 

Doctrine of the Peyote Religion.—Peyotist doctrine or re- 
ligious theory consists of a belief in the existence of power, spirits 
and incarnations of power, and is stated by peyotists as follows: л 

Power.—Power is the Indian equivalent of mana (ал). It is 
an immaterial and invisible supernatural force that produces char- 
acteristic physical effects and can be transferred from one thing to 
another under the proper ritual conditions, Man needs power to 
be successful and healthy; without it he becomes unsuccessful and 

ill. Spirits are immaterial personifications of power. The peyotist 
pantheon consists of what may be called white and Indian spirits. 

White Spirits: the Trinity —God is equated with the Great Spirit 
and acknowledged as the supreme being and the ultimate source 

of all power; he controls the destiny of everything in the universe 
including man. Whether he is held to be the creator spirit as well 
depends upon the tribe. In some tribes Jesus Christ is the culture 
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hero (often equated with the traditional culture hero) wh 
the white version of Christianity to the whites and peyotin ot 
Indians. In other tribes Jesus is a guardian spirit, rejected y 
whites who murdered him, who now looks after the fe 
jected Indians, Another of Jesus’ roles is that of intercessor yn 
between God and man; the Holy Ghost has been adopted 
part of the Trinity. ч 

Indian Spirits.—The spirit called Waterbird is usually identify 
as the snakebird (g.v.). Some equate Waterbird with the inj. 
tional Indian thunderbird, others with the white Christian dove 
Most often it has the role of a messenger spirit that carries mans 
prayers to God, In many tribes peyote itself is personified н 
Peyote Spirit, generally with the guardian spirit aspect of Jesus iy 
white Christianity. Peyote Spirit is a compassionate male beig 
always benevolent, sympathetic, and helpful, 

Incarnations —Incarnations are material embodiments of pont, 
and peyote is the prime incarnation. It was given to the Indis 
by God because he took pity on them for being a poor, weak, hip 
less, and ignorant subject people. When one eats peyote he abs 
and can use its power. Peyote eating thus is a sacrament, 

The next most important incarnation of power is the ritual йн 
drunk at midnight and in the morning. Water is needed by al 
living things, and therefore all water is sacred; the water is priyd 
over and blessed so that it acquires additional power. The momi 
water is particularly sacred because it is brought in and pri 
over by the wife or other close female relative of the leader, Sh 
represents womanhood as the source of human life ("the mother 
of us all"). In some tribes she also symbolizes Peyote Womit 
to whom the rite was revealed. 

The foods used in the morning communion breakfast (Шш) 
corn, meat, and fruit) also contain power, for they represent the 
nutrients needed for human life. 

Ethics and Eschatology.—Peyotists are expected to Ш! 
way of life called the Peyote Road, an ethical code with fo 
main parts: А 

Brotherly Love—Members should be honest, truthful, friendly, 
and helpful to one another. This is conceived as a spelling out 
the Golden Rule (g.v.). р 

Care of Family—Married persons should not engage in ert 
marital affairs and should cherish and care for each ee 
their children. Money should be spent on the family as 4 ¥ 
rather than selfishly, "T 

Self-Reliance.—Members should work steadily and reliably 
their jobs and earn their own living. d alcohol 

Avoidance of Alcohol.—There is a maxim: “Peyote an 
don’t mix.” ‘te (cael 

Ritual.— Characteristically, but not always, the rite ( 
meeting) is held in a Plains-type tepee. The all-night ce 
usually lasts from about 8 p.m. on Saturday to 8 AM, 00У 
and essentially involves prayer, solo and unison singing; 6 
sacramental peyote, and contemplation, 1 mT] 

The worshiper eats peyote under the proper ritual a T 
order to obtain power to commune effèctively with " "m 
Other spirits. Concentration on such communion % nic 
lift the worshiper to an exalted level of spiritual ө went É 
the Great Plains culture area the individual traditiona 3 оиу 
in isolation, subjected himself to ordeals so that he wou clin pe 
and prayed until some spirit appeared in a vision to aie 
sonal power. Peyotism changes the pattern somewhdl templit 
is a collective rite; but most of the time is spent in Ci hod po 
—in a kind of collective isolation. Most persons do 10 KE 
pleasant to take, and find it dificult to sit on the gront iil | 
їп one position. These are peyotist equivalents Gi г spirit 
ordeal. In the prayer for assistance God and the 0 ‘a 
asked for pity and help through peyote. The worship? jade 
to put away all evil thoughts, to be conscious of his Ps iy o 
humble, sincere in wanting the benefits of peyote, 
centrate on the effort, that i n. 

The successful worshiper experiences a revelation م‎ 
cases takes the form of a vision in which he sees OF tical sh 
In some cases the revelation takes the form of ee "m 
described as the unification of all immediate exper? 


]n either. circumstance the individual hasa vividly direct experi- 

rather than revelation obtained from inference or hearsay. 

T ray be interesting to know what others have to say; but all that 

]tmay eer ч 

шу matters to the true peyotist is what he has directly experi- 

enced what has been revealed to him personally by peyote. “The 
way to find out about peyote is to take it and learn from 
te yourself.” 

Daly the visions are of God, Jesus, or some other spirit 

nting a revelation that is related to the personality and prob- 
‘Jems of the individual. One peyotist may be comforted by learning 
more of peyote doctrine or may see or hear departed loved ones. 
Another may be shown how to solve some problem in daily life; 
orhe may be reproved for evil thoughts and deeds and warned to 
t. 

Peyotists oe vee results of vai ie as а 
[от peyote,” and consider peyote ап ine: austible teacher. A 
dock statement is: “You can use peyote all your life, but you'll 
ver learn all there is to know about peyote. Peyote is always 
teaching you something new.” Peyote is also believed to be a 
universal panacea for bodily as well as spiritual ills. Peyotist 
tiology is based upon traditional Indian beliefs: disease is pro- 
duced either by insufficient power or by a foreign object. Thus the 
sick person is told to eat enough peyote to absorb the amount of 
power needed to restore health; in more serious cases to pray to 
God and other spirits for power over and above that which is 
obtained from eating the peyote. The invalid may do this for 
himself, but in the most serious illnesses a doctoring meeting is 
held so that others can help pray. The sick person may vomit as 
A result Я eating peyote; in this way it is held that the foreign 

ject м ich caused the disease is ejected from the body; the 
fitient then eats more peyote to obtain the power necessary for 
B "Mir is believed also to purge one of spiritual un- 

ness, 

Legal Status.—Peyote religion has long been controversial. 
Th 1620 the inquisitor of New Spain prohibited the use of peyote 
byall Christians, Starting in Oklahoma in 1899, and continuing to 
the California antipeyote law of 1958, the use or sale of peyote 
Was prohibited by 15 states. By the 1960s some of these states 
Oklahoma, Iowa, Montana, New Mexico, Texas, and Utah) had 
vised laws to allow peyote in religious services. In the 

na Superior Court (Flagstaff), a law prohibiting the use of 
Peyote was declared (1960) “unconstitutional as applied to the 
ils of this defendant in the conduct of her religious beliefs" in 
( Case of peyotist Mary Attakai. In 1961 the Arizona Supreme 
urt dismissed an appeal of the case. In 1962 three Navaho In- 
‘ Were prosecuted in the Superior Court of San Bernardino 
ES for using peyote in a religious ceremony contrary to Cali- 
nia law, By 1964 the California Supreme Court had set aside 
ated sentences, comparing the practice of carrying 
pn beaded bags with the use of religious medallions and 
ling: “To forbid the use of peyote is to remove the theological 


n 
(the third 


с Tod: z 
fon ей itself jurisdiction over Navaho Tribal Council legisla- 
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American Scholar, vol. 32 (Autumn 1963); F. Barron ef al., “The 
Hallucindgenic Drugs,” Scientific American, vol. 210 (April 1964). 
(J. S. 5м.; O. C. ST.) 


PFEFFER, WILHELM (FRIEDRICH PHILIPP) 
(1845-1920), German physiological botanist whose work on os- 
mosis marked an epoch in investigations on the properties of 
semipermeable membranes and water solutions (see SOLUTIONS: 
Osmotic Pressure). He was born in Grebenstein near Kassel on 
March 9, 1845. After earning a degree in botany and chemistry 
from Góttingen University in 1865, he spent the next several years 
studying botany and pharmacy at Marburg University. He con- 
tinued his botanical studies as a private assistant to Nathanael 
Pringsheim at Berlin (1869-70) and to Julius von Sachs at Würz- 
burg University (1870-71). In 1871 he returned to lecture at 
Marburg and in 1873 was appointed lecturer of a higher rank at 
Bonn University. In 1877 he became a professor at Basel Uni- 
versity and later held similar positions at the universities of 
Tübingen (1878) and Leipzig (1887). 

Pfeffer made significant contributions in the following areas of 
plant physiology: respiration, photosynthesis, protein metabolism, 
tropic and nastic movements. In 1881 he published the first part 
of his Handbuch der Pflanzenphysiologie (English translation by 
A. J. Ewart, Physiology of Plants, three volumes, 1906), which pre- 
vailed for many years as an important text. He died Jan. 31, 
1920, in Leipzig.. He published more than 100 papers and books. 

(№. J. McI.) 

PFITZNER, HANS ERICH (1869-1949), German com- 
poser who upheld traditional ideals during the post-Wagnerian era. 
Born in Moscow on May 5, 1869, he was a pupil at Frankfurt of 
Iwan Knorr. Between 1892 and 1934 he held posts as teacher and 
conductor in several German towns, including Strassburg, where he 
was director of the conservatory and of the opera. His operas in- 
clude Der arme Heinrich (Mainz, 1895), Die Rose vom Liebes- 
garten (Eberfeld, 1901), and Palestrina (Munich, 1917), the last 
being his best-known work. Influenced: by the nationalist move- 
ments in European music after World War I, Pfitzner was held to 
reaffirm a specifically German character, though most of his works 
are written in a traditional Romantic style. Between 1915 and 
1919 he attacked modern tendencies in pamphlets on the music 
drama and contemporary music. His works were widely played 
in Germany but made little impression in other countries. He 
died at Salzburg on May 22, 1949. 

PFORTE (or SCHULPFORTE), formerly a Cistercian monastery 
(of which remains can still be seen), later a famous German board- 
ing school. It lies 2 mi. SW of Naumburg, Saxony, German Demo- 
cratic Republic. The monastery, which had the name Monasterium 
Sanctae Mariae de Pforta (or apud Portam), was established in 
1137. In 1540 it was dissolved by Henry of Saxony and in 1543 
his successor, Maurice, founded there one of his three Protestant 
“princely” schools (Fiirstenschulen), the others being at Grimma 
and Meissen. The school provided a humanist classical education. 
Its pupils include Paul Gerhardt, C. F. Gellert, Klopstock, Lessing, 
Ranke, and Nietzsche. From 1935 to 1945 it was a school for the 
training of a Nazi elite. After World War II it became a high 
school for boy and girl boarders receiving a scientific, modern lan- 
guage, or classical education. 

See W. Hirschfeld, Das Zisterzienserkloster Pforte (1933) ; F. Heyer, 
Aus der Geschichte der Landesschule Pforte (1944); R. Pahncke, 
Geschichte des Zisterzienserklosters Pforte (1956). 

PFORZHEIM, a town of West Germany in the Land (state) 
of Baden-Württemberg, Federal Republic of Germany. It is 
situated on the northern edge of the Black Forest, where the 
Nagold and Würm join the Enz River, 31 km. (19 mi.) SE of 
Karlsruhe by rail. Pop. (1961) 82,532. The inner town, destroyed 
during the war, has been rebuilt with broad thoroughfares and 
open spaces along the rivers. Notable buildings include the castle 
church of St. Michael (13th-15th century), the church of St. 
Martin (14th century) and the Reuchlin House (containing both 
history and jewelry museums). Pforzheim has been the main 
centre of the German jewelry and watch industry since the 18th 
century; other manufactures include machinery, radio and tele- 
vision apparatus, and paper. The town was a Roman settlement 
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(Portus), had the status of a city shortly after 1195, and was oc- 
casionally the residence of the margraves of Baden-Baden (q.v.) 
and Baden-Durlach. The humanist Johann Reuchlin was born 
there in 1455, and its Latin School was famous. The town was 
sacked during the Thirty Years’ War and the War of the Grand 
Alliance. (НЕ. W.) 

PHAEDO (5th-4th century в.с.), Greek philosopher, founder 
of a short-lived school of philosophy at Elis in the Peloponnese, 
was born at Elis late in the 5th century в.с. Taken prisoner in the 
war with Sparta (400-399), he was sold as a slave, In Athens 
he became acquainted with Socrates, one of whose pupils redeemed 
him from slavery. Plato named one of his dialogues after him 
(see Prato: The Earlier Dialogues), but Athenaeus says that 
Phaedo disclaimed all responsibility for the role ascribed to him 
in it. Aeschines also wrote a dialogue called Phaedo. After 
Socrates' death, Phaedo returned to Elis and set up his own school, 
of which his pupil Pleistanus became head on Phaedo's death but 
which Menedemus (q.v.) subsequently transferred to Eretria. 
Phaedo's main interest seems to have been in ethics. Of his own 
dialogues, all of which are lost, the best known were the Zopyrus 
and the Simon. U. von Wilamowitz-Moellendorff tried to recon- 
struct the content of these from references in later texts. 

PHAEDRA, in Greek legend, the wife of Theseus and step- 
mother of Hippolytus, whom she tried to seduce. See HiPPoLvrus. 

PHAEDRUS (f. 1st century a.p.), Roman fabulist of uncer- 
tain date, whose work, though ignored by classical Roman writers, 
was apparently the first of its kind in Latin and attained great 
popularity in the middle ages. It seems probable that he was 
born c. 15 В.С. and lived at least until the reign of Claudius. His 
birthplace was Thrace, whence he went early to Italy and received 
the customary training in Greek and Latin, studying among other 
authors, Euripides, Simonides, Ennius and Virgil. A slave by 
birth, he became a freedman in Augustus’ household, but, as the 
prologue to book iii of his Fabulae Aesopiae states, later fell foul 
of Tiberius’ minister Sejanus and was prosecuted and punished, 
“The fable," wrote Seneca c. A.D. 43, “has not been tackled by the 
Roman genius." If one presses the word “Roman” and recollects 
Phaedrus' foreign extraction, this statement need not imply igno- 
rance of Phaedrus. The Phaedrus mentioned by Martial (iii, 20, 
5) has been identified, but on uncertain grounds, as the fabulist. 
Fables are placed by Quintilian (i, 9, 2) on the curriculum of the 
young, but, though “Aesop” is named, Phaedrus is not. Unless 
Martial’s Phaedrus is the same man, the earliest reference to him 
is in the works of Avianus, who about the end of the 4th century 
composed 42 fables in undistinguished elegiacs. 

Though Ennius, Lucilius and Horace had introduced fables into 
their poems, Phaedrus was the first writer to latinize whole books 
of fables, His contribution consists of free versions in iambic 
metre of Greek prose fables then circulating under the name of 
“Aesop.” His iambic senarius, or six-foot line, conceivably in- 
fluenced by that of Publilius Syrus, is nearer the rough vigour of 
Plautus than the monotonous artificiality of Seneca: spondees 
frequently replace iambs in the second and in the fourth feet. 
Phaedrus” latinity, apart from a few instances of slipshod syntax 
and vulgar speech, is close to the Augustan norm. Abstract ex- 
pressions (e.g., majestas ducis = “the emperor”) smack of the 
Latin of the silver age. Original poetic imagery is wanting, and 
epithets are mainly conventional. Phaedrus plumes himself on his 
brevity; for this as for his simplicity he merits praise. 

The popularity, both in Europe and in the east, of the literary 
beast fable needs no emphasis. (See FaBLE.) Even the ubiqui- 
tous moral tag subtracts little from enjoyment of such favourites 
in the Phaedrian corpus as “The Fox and the Sour Grapes,” “The 
Wolf and the Lamb,” “The Lion's Share,” “The Two Wallets" and 
"The Pearl in the Dung-heap." Phaedrus considers himself a 
genuine artist, the pioneer of a genre unattempted by his Roman 
predecessors, whose poems, combining charm with a serious di- 
dactic purpose (utilitas), are assured of immortality. His stories 
are enlivened by various references to contemporary Roman so- 
ciety, and some could be interpreted, especially if the cap fitted, 

not merely as social but as political satire. 

The Recovery of the Text.—Avianus states that Phaedrus 
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wrote five books of fables only; and the first printed editi 
Phaedrus, published by Pierre and François Pithou at Todd 
1596, in fact had its contents divided into five books, if f 
beginning of the 18th century, however, there was discovered y 4 
Parma a manuscript of Nicolaus Perottus (Niccolò Perotto 
Perotti; d. 1480), the humanist archbishop of Siponto, pw 
64 fables of Phaedrus, of which 3o were new. These new ie j 
were published by G. A. Cassitto in 1808 and next, more cord 
by C. Jannelli in 1809; but these editions were superseded by the 
discovery of a much better preserved manuscript of Perottus inthe 
Vatican, published by Angelo Mai in 1831. The authenticity of | 
these new Phaedrian fables was for some time disputed, but js nor 
generally accepted, though it is impossible to assign them to their 
original places in the five books. They are usually printed ка | 
appendix. 

Knowledge of Phaedrus’ works, meanwhile, can be further qr 
tended by a careful investigation of the prose versions of his 
fables current in the middle ages. Of these the oldest collection 
existing seems to be that known as the Anonymus Nilanti, s 
called because first edited by J. F. Nilant (at Leiden in 1709), Fu 
his edition Nilant used a manuscript of the 13th century, but the 
collection itself is associated with a little-known writer called 
Romulus and may have been made in the Carolingian period or 
even earlier. Later such collections are the Adhemarian, madeby 
Adhémar de Chabannes; and the Weissenburg, from the monastey 
of SS. Peter and Paul at Wissembourg in Alsace, After a detailed 
examination of these three medieval collections, Carl Magnus 
Zander (see bibliography) restored зо more fables to the ianbis 
of Phaedrus. 

BripriocnAPHY,— There are editions of the Fabulae Aesopiae by J.B. 
Postgate (1920), by L. Havet (1895; annotated ed. 1923) and by A 
Brenot (with Fr. trans., 1924). See further C. M. Zander, Риа 
solutus (1921). (Н. H. Hy) 

PHAER (Prayer), THOMAS (15107-1560), Engi 
writer, best known for a translation of Virgil's Aeneid (159) 
which is less medieval in tone than those of Gavin Douglas UM 
and the earl of Surrey (1557). Educated at Oxford and at lit 
coln’s Inn, London, Phaer was a doctor (M.D. 1559) and me 
as well as a writer and describes himself as “solicitor to the ki 
and queen in the marches of Wales." He translated, МЕ. 
additions, a medical text by Jehan Goeurot under the ш ү 
Regiment of Lyfe (1544). He also contributed to A Ми 
Magistrates (1559) and has been credited with Natura us 
Newly Corrected in Englisshe (1532) and A Newe Book of jr 
dentes (1543): Seven First Bookes of the Eneidos 0 | 
Converted їп Englishe Meter appeared in 1558; it was m (ш. 
to nine books in 1562. The task, left unfinished at his dea es 
1560 at Kilgerran, Pembrokeshire) was completed me Ds) 
Twyne (1584), (Н.Е. 
PHAETHON, in Greek mythology, 


the son of Helios 


‘hinin 
sun-god, and the nymph Clymene. His name means “ИН 
"radiant" Taunted with illegitimacy, he appealed to ™ smed 

hatever he 


who swore to prove his paternity by giving him whate n 
Phaethon asked to be allowed to drive the chini him 
through the heavens for a single day. Helios begge! "T 
for something else, as the difficulties and dangers ш Sever M 
were insuperable for mortal man. Phaethon insisted, s sel oh 
Helios, bound by his oath, let him make the attempt. sun dan 
but was entirely unable to control the horses of the it, TOP 
which came too near to the earth and began to 5С0їС11, y 
vent further disaster Zeus hurled a thunderbolt at / lat 
fell to the earth at the mouth of the Eridanus, à lade 
tified with the Po. There his mourning sisters, де e sOn 
transformed into poplars and their tears became am retomar 
is fully told in the first and second books of Ovid’s 
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bodies. In the simpler forms of animal life, such as 
d sponges, phagocytosis is a means of feeding; in 
1s phagocytosis is chiefly a defensive reaction against 


foreign 
amoebae an 
higher апта 
infection. 


To Elie Metchnikoff is due the chief credit for recognizing the 


importance of phagocytosis in protecting the body against infec- 
tious agents. In man and in vertebrates generally, the most effec- 
tive phagocytic cells aré the macrophages (large phagocytic cells) 
md the granular leukocytes (small phagocytic cells). The macro- 

ges occur especially in the liver, spleen, and lymph nodes, where 
their function is to free the blood and lymph of bacteria and other 

ticles. Macrophages are also found in all tissues as wandering 
imoeboid cells, and а cell related to the macrophage is found in the 
blood (g.v.). The smaller type of phagocyte (granular leukocyte) 
j curried along by the circulating blood until it reaches an area of 
infection, where it crawls through the blood vessel wall, being di- 
rected toward the invading bacteria by means of substances given 
aff by the bacteria. 

This directed movement is known as chemotaxis. 

Before phagocytosis is accomplished, the phagocyte and particle 
must adhere to each other, and whether this is possible depends 
largely on the chemical nature of the surface of the particle. On 
lus virulent bacteria ordinary proteins from the blood form a 
surface film to which leukocytes adhere, and phagocytosis follows. 
But virulent bacteria are ingested with more difficulty, Leuko- 
cytes, instead of adhering to them, succeed only in pushing them 
iiy. If, however, the leukocytes succeed in pushing them against 
‘firm surface, such as the lining of a blood vessel, the bacteria 
may not be able to slip away and are ingested. This process is 
known as “surface phagocytosis.” Other virulent bacteria may 
mt be phagocytized until their surfaces are coated with peculiar 
ee (proteins) formed by the body in response to Y pres- 
бе of that kind of bacterium. Such globulins are called anti- 
bodies, and antibodies are of great importance in establishing 
immunity of the body to diseases. (See also IMMUNITY AND IM- 
MUNIZATION.) 

The manner in which a phagocytic cell ingests a particle varies 
po with the size of the particle. Small particles, ae as 
bacteria or minute grains of charcoal, seem to be ingeste in an 
instant: At one moment they appear through the microscope to be 
adherent to the surface of the phagocyte; at another moment they 
are inside it. Larger objects such as clumps of bacteria or tissue 
tells are phagocytized by a more prolonged response of the leuko- 
у cell flows around the object until it has been completely 
Menus of phagocytes are digestion and destruction of 
ini y means of enzymes 
m the phagocyte, This is the 
ii ч s ae не гоп 
" acteria an other 
Microorganisms. If the particle is 
M lé However, asisa grain 
sted by + eventually may be 
gested living BOS os 
Where baci ganisms, such as 

the rende үнд esses 

Mes and not оп] vit Wit 
Multiply ЖА xd survive but 
t тоу ab e phagocyte. 
May the 8 about, the phagocyte 
Other d Carry such bacteria into 
fore ne the body and there- 

eate f assist in the spread 
lal, or VIEN as is more 
Чай infection pea 
9t 15 Possible to mimic phago- 

Ion of AGNES of a demonstra- 
of Шого, ong models. A drop 
à T and abit ad Fonds In PHAGOCYTOSIS OF STREPTOCOCCI BY 
ss placed is aie thread Of A LEUKOCYTE, SURROUNDED BY 

act with the ERYTHROCYTES 


Osis 
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chloroform. Under these conditions, the glass is not taken up by 
the chloroform. Then the glass thread is coated with shellac and, 
since the chloroform is able to spread on the shellacked surface, 
the drop of chloroform phagocytizes the glass thread. Finally 
the chloroform dissolves the shellac and then ejects the uncoated 
glass thread. 

See also BACTERIA; INFLAMMATION. 


See Stuart Mudd, Morton McCutcheon and Balduin Lucké, “Phago- 
cytosis,” Physiol. Rev., 14:210-275 (1934); J. Berry and T. T. Spies, 
Medicine, Baltimore, 28:239 (1949) ; M. R. Smith and W. B. Wood, Jr., 
J. Exp. Med., 103:509 (1956). (M. McC.) 


PHALANGER, a name applied to small to medium-sized, 
woolly-coated pouched mammals of the family Phalangeridae, na- 
tive to Australia (where they are called opossums or possums), 
New Guinea and nearby islands. They have long, often prehensile 
tails, large claws and opposable, nailless, first hind toes. They are 
nocturnal in habit and feed on fruit, leaves and blossoms, though a 
few are insect-eaters. Several 
possess gliding membranes be- 
tween the fore and hind limbs. 

Included among the arboreal 
gliding species are the flying 
opossums or sugar  gliders, 
Petaurus, with several species on 
the Australian continent, the Aru 
Islands and New Guinea, and a 
parachuting form, the minute 
pygmy glider or feather tail (Ac- 
robates pygmaeus) of eastern 
Australia. 

The cuscuses (Phalanger) are 
arboreal animals the size of cats. 
The tail is prehensile. They in- 
habit the Solomon Islands, rang- 
ing thence to Timor and the 
Celebes. Nearly allied to these 
are the Australian forms, of which 
the common or brush-tailed phalanger (Trichosurus vulpecula), 
about the size of a small fox, is the best known. Others of the 
family include the pen-tailed phalangers (Distoechurus) and the 
long-snouted phalangers or honey possums (Tarsipes). The 
greater gliders (Schoimobates) and the ring-tailed opossums 
(Pseudocheirus) compose, with the koalas, the subfamily Phasco- 
larctinae, which is sometimes elevated to a family. See MAR- 
SUPIAL, 

PHALARIS, tyrant of Akragas (modern Agrigento) in Sicily 
€. 570—554 B.C., notorious for his cruelty, was responsible for the 
building of the Temple of Zeus Atabyrios in the citadel and took 
advantage of his position to make himself despot. Akragas seems 
to have prospered under his rule; its splendid planning probably 
belongs to his time. He fought against the Sicans and extended 
the territory of Akragas. 

In a bronze bull, designed by Perilaus or Perillus, his victims 
were roasted alive, their shrieks representing the bellowing of the 
bull. Perilaus himself is said to have been the first victim. A bull 
of some kind seems historical, though probably embellished by 
fiction. Phalaris was overthrown by Telemachus, the ancestor of 
Theron (tyrant c. 488-472), and, it is said, was burned in his 
own bronze bull. 

The later sophists perversely represented Phalaris as a naturally 
humane and cultured man. Lucian wrote two Phalaris speeches; 
the famous 148 Letters of Phalaris were proved by Richard 
Bentley (g.v.) to have been written by a sophist or rhetorician 
(possibly Adrianus of Tyre, d. с. А.р. 192) hundreds of years after 
the death of Phalaris. Before their exposure by Bentley the letters 
were highly thought of, e.g, by Sir William Temple in his 
Essay on Ancient and Modern Learning (1692), though others, 
such as Politian and Erasmus, perceived that they were not by 
Phalaris. 

For the letters see R. Hercher, Epistolographi Graeci, pp. 409-459 

(1873) ; R. С. Jebb; Bentley, ch. 4-5 (1882). See also T. J. Dunbabin, 
The Western Greeks, ch. 10 (1948), for history. 


AXEL POIGNANT 
PETAURUS 
OPOSSUM OF THE PHALANGER FAM- 
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PHALAROPE, the name for three species of shorebirds 
constituting the family Phalaropodidae. The lobed membranes on 
their toes and their denser plumage, features that distinguish 
them from sandpipers, enable phalaropes to swim freely. Males, 
which in the reproduction season are less brightly coloured than 
females, incubate the eggs. 

The red phalarope, or grey phalarope of the British (Phalaropus 
fulicarius), and the northern phalarope, or red-necked phalarope 
(Phalaropus or Lobipes lobatus), nest throughout the Arctic and 
subarctic latitudes, while Wilson's phalarope (Steganopus tricolor) 
breeds only in North America, from British Columbia to central 
California and northwestern Indiana. After breeding, all the 
phalaropes spread southward over the oceans; many traverse the 
Equator, Wilson's even reaching the Falkland Islands. 

(7. P. Cx.) 

PHALLICISM (Рнлтллѕм), a form of worship in which ado- 
ration is paid to the fertility and generative function, often sym- 
bolized by the male organ (phallus), The same principle is at 
the root of the nature worship of Asia Minor, in which the chief 
deity, the Great Mother of the Gods (q.v.), was the personifica- 
tion of the earth's fertility, Similarly in India worship is paid to 
divine mothers; the phallus is called linga or lingam, with the 
female counterpart called yoni; the linga symbolizes the genera- 
tive power of Shiva (see Hinpuism: Gods) and is a charm against 
sterility. The rites classed together as Shakti puja represent the 
adoration of the female principle (see SHAKTISM), 

Phallic emblems are found in many parts of: the world; for 
example, the serpent has been interpreted as a sexual symbol in 
Judeo-Christian religions (see Арлм AND Eve), The tendency, 
however, to identify all obelisklike stones and tree trunks, together 
with rites like circumcision, as remains of phallic worship has met 
with much criticism, and the best modern view is that phallicism 

never developed into an organized cult. 

See also APHRODITE; CaBEIRI; Dionysus; PRIAPUS; PRIAPEA. 

See E. S. Hartland, “Phallism,” in Encyclopaedia of Religion and 
Ethics (1928) ; G. R. Scott, Phallic Worship (1951). 

PHANARIOTES, the general designation of the principal 
Greek families resident in the Phanar; ie, in the Greek quarter 
of Constantinople (Istanbul) under Turkish rule, where the ecu- 
menical patriarchate of the Orthodox Eastern Church still has 
its seat, Members of these families served as dragomans (in- 
terpreters) to the Sublime Porte and to foreign embassies from 
1669 and were appointed hospodars of one or other of the Danubian 
principalities (Moldavia and Walachia, vassal states of the Otto- 
man Empire) in the period 1711-1821, which is therefore known 
as the Phanariote period in the history of Rumania (q.v.). Lead- 
ing Phanariote families were those of Argyropoulos, Cantacuzino, 
Mavrokordatos, and Ypsilantis. 

See E. R. E. (Rizos Rangabé), Livre d'or de la noblesse phanariote 
et des familles princiéres de Valachie et de Moldavie (1904), 

PHANIAS (Pramas) (f. c. 300 5.c.), Greek philosopher, 
of Eresus on the island of Lesbos, was a pupil of Aristotle and a 
friend of Theophrastus, whom he joined in the Peripatetic School. 
He is mentioned as the author of works on logic, in which he prob- 
ably followed Aristotle's doctrine; he also wrote, as Theophrastus 
did, on botany; and there are remains of works by him on poets, 
on the Socratic philosophers, and on history. His Prytaneis of 
Eresus was a history in which events in the Greek world in general 
were included, the chronology being determined by the series of the 
successive magistrates of his native place, In his Tyrants of Sicily 
he seems to have dealt with Western history against a panhellenic 
background. See also PERIPATETICS. 


See the texts ed. by Carl Müller, Fragmenta historicorum graecorum, 


Vol. ii. (1848) ; also R, Laqueur, "Phainias," in Pauly-Wisso Real- 
Encyclopádie der classischen Allertumswissenschaft, vol, xix BEST 


(F. Wı.) 
PHARAOH, the Hebrew form of the Egyptian Per-a’o, “the 
great house,” signifying the royal palace, an epithet applied in the 
New Kingdom and after, as a title of respect, to the king himself 
(cf. the use of “the Sublime Porte” to designate the sultan of 
Turkey). In the 22nd dynasty the title was added to the king’s 
personal name; the biblical “Pharaoh Hophra” is in accordance 
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with contemporary native usage. The Assyrian fo | 
In official documents the full titulary of the Eee. 
contained no fewer than five names. The first and oldest iden ^ 


him as the incarnation of the falcon-god Horus, TT 

j 
often written inside a square called serekh, depicting the пар 
of the archaic palace. The second name, “Two Ladies,” 


placed him under the protection of Nekhbet and Buto, the vultur 
and uraeus goddesses of Upper and Lower Egypt; the thin, 


“Golden Horus,” з Signified perhaps originally “Hon, % 
torious over his enemies,” The last two names, written withing 
ring or "cartouche," С, are generally referred to as бер 
nomen and nomen and were the ones most commonly used; the 


praenomen, preceded by W, “King of Upper and Lower Egypt" 
oo 


usually contained a reference to the king’s unique relationship 
with the sun-god Re, while the fifth, or nomen, was preceded by 


go “Son of Re,” ог by “Lord of the Two Lands.” This latte 


name was given him at birth; the rest were conferred upon his 
at his coronation, when his protocol was proclaimed, 
Pharaoh was referred to in narrative as “His Majesty,” or ‘the 
good god" or "the sovereign,” or simply by the impersonal “On 
went...” as а circumlocution of respect. In accordance with the 
concept of divine kingship his person was sacrosanct, and lii 
insignia—diadems, crowns, sceptres, staves—had magic properti. 
See H. Frankfort, Kingship and the Gods (1948) ; Hugo Miller, Di 
formale. Entwicklung der Titulatur der aegyptischen Könige, A 
gyptologische Forschungen 7 (1938). (М, S, De) 
PHARISEES, a Jewish sect of the second commonvetll 
Its origins are obscure. According to rabbinic tradition, the Pure 
sees were in the direct line of transmitters of the Oral low fron 
Ezra and the men of the Great Sanhedrin. Their more immedi 
ancestors were the pietistic group of Hasidim who, in the mi 
of the 2nd century в.с., helped spearhead the Maccabean rel 
(see МАССАВЕЕЅ). They gradually disappeared as a dac 
ment after the fall of Jerusalem іп А.р. 70, only because virt 
the whole Jewish people accepted their ideology. 1 
According to eo the Pharisees, in contrast with nee 
ducees, believed in retribution after death and personal res ۳ 
tion, and also espoused a combination of free will and Lina д 
tion. Far more important, however, was the Pharisees’ ms! 
on the binding nature of Oral Law, which, in their opinion, 
tevealed to Moses simultaneously with the written Torah 
co-ordinate authority with it. ў yat 
The polemical utterances in the Gospels (for insta i 
xxiii, 15; Mark vii, 6), apparently aimed at the more TEE 
of the house of Shammai (q.v), created the image of i 
as religious hypocrites—an image from which only m u 
search has been able to free them. See JEWISH e «рый 
THE SECOND COMMONWEALTH; see also references Ш 
sees" in the Index. jg 
See Louis Finkelstein, The Pharisees: the Sociological КЛ 
of Their Faith, 2nd rev. ed., 2 vol. (1940) ; Salo W- pamm ii, p.35 h, 
Religious History of the Jews, 2nd rev. ed., especially sw. B; M 
р. 342 ff., with bibliography (1952). (| nac 
PHARMACOLOGY. In the broadest sense, БЫ nd 
is the study of the changes produced in living anima? any P 
substances (except foods); the animals may inclu 
from a microorganism to man. ^ ore resi! 
The term pharmacology is used sometimes, in 4 BA, is, ut 
sense, to refer to the study of the action of drugs: ^". T 
Used to treat diseases, This represents the most imp я 
cation of pharmacology and explains its place angie the at 
Sciences. It is clearly distinguished from ИРАН Janis P 
preparing drugs for use, but is closely related to gical! 
application of drugs to the treatment of disease, 20 bet 
the study of poisons and poisonings; both of t 
sidered to be specialized applications of phar 


ad 
and bal 


pharmacology is the experimental science on which 
therapeutics is based, since the safe and effective use of drugs in 
the treatment of diseased patients is possible only after careful 
observations of their effects in the laboratory. ~ 

Origins of Pharmacology.—Attempts to use drugs to alleviate 
disease are as old as the history of man, but until the last century 
they were based mainly on superstition, magic, religion or at best 
on trial and error. European medicine before A.D. 1500 was char- 
егей by rigid adherence to the medical doctrines of the an- 
dent Greeks—principally those of Galen (с. А.р. 130-c. 200), whose 
prolific writings, about a hundred volumes in all, represented 
ome original observations, many elaborate recipes for prescrip- 
tions and a great many dogmatic “explanations.” The writings 

of Galen were accepted as absolute authority for more than a 
thousand years, to such an extent that original observations and 
experimentation were not only discouraged but often actually for- 
bidden. The first among many successful rebels against Galenism 
wis Paracelsus (Theophrastus Bombastus von Hohenheim, c. A.D. 
1490-1541), a truly bombastic iconoclast who wandered through 

northern Europe, always in trouble with the local authorities, but 
overcoming the objections of his contemporaries by his successes. 

He was an original thinker and daring innovator who introduced 
many new remedies and advocated simple prescriptions with one or 
afew ingredients rather than the dozens handed down from Galen. 
In the next 300 years, there was a steady accumulation of in- 
formation on the structure and functions of the body both in health 

ind disease. However, therapeutics remained an "art" rather than 

‘science, and, although the term "Pharmakologie" was used in 
1692 by S. Dale in London, it meant merely the description of sub- 

stances used in medicine. The pharmacopoeias (official volumes 

Containing descriptions and outlining standards for drugs) in- 
cluded such remedies as dried vipers, foxes’ lungs, and moss from 
the heads of criminals who had been hanged in chains, along with 
sme herbs of real value. The concept of systematic laboratory 
Investigation of drug action did not arise until about 1850; it was 

tot until then that the public was made aware of the necessity for 

imal experimentation (by Francois Magendie, the French physi- 
logist). Observations of the action of chemicals on the animal 
body became possible only after the new physiologists developed 

Sensitive methods for the measurement and recording of changes 

inthe function of the body. An’ equally important contribution 

Wis the striking development of chemistry. It was difficult to 

CES with the crude drugs and extracts available because 
iit potency varied from one batch to another. : The situation be- 

fin to change during the first half of the roth century, when 

"i new chemists in France and Germany isolated many active sub- 

Bae morphine; strychnine, atropine, quinine and many others 

tom their crude plant sources. 

ands rit pure chemicals became available (and later, as thou- 

E. of new chemical compounds were synthesized in the rapidly 
dins German dye industry), more and more studies of drug 
Poil made. The first students of pharmacology were physi- 
a who became curious about the effects of the substances on 

tie ы respiration or other of the physiological functions they 
gical lying—or who used the compounds as tools to study physi- 

tas problems. The first laboratory devoted. exclusively to 

Bos pharmacology was Rudolph Buchheim's at Dorpat 

the m Est.) in 1846-47; he insisted that the effects of drugs 

ody should be explained as well as described. 

Mealy (ecology as an independent experimental science was 
Бе and firmly established by the German Oswald 
Í the Ш. erg (1838—102т). He defined its purpose—the study 

acting ane brought about in living organisms by chemically 

ds stances (except foods, whether used for therapeutic pur- 
found TE He wrote a textbook of pharmacology, helped to 
periments first journal devoted to reports of pharmacological ex- 

Which atts and, most important, headed a school at Strasbourg 
nucle ‘acted students from all over the world. His school was 

Were pana which independent departments of pharmacology 
Æ ا‎ in universities all over the world. 

плас], and. Purposes of Pharmacology.—The work of 

Ologists is closely related to that of other biological scien- 


actical sense, 
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tists. In order to understand the changes produced in living ani- 
mals, pharmacologists must understand, and be able to measure, 
the normal operations of the animal body—physiology. They must 
also understand pathology, the study of changes in structure and 
function resulting from injury or disease. The recognition and 
description of such changes may require not only gross observa- 
tions on living animals but also microscopic examination of tissues 
or cells, or chemical determinations on body fluids or excretions. 
1f pharmacologists study the effectiveness of such drugs as anti- 
septics or antibiotics, they must use the concepts and methods of 
bacteriology. If they are attempting to find the ingredients re- 
sponsible for the actions of crude plant drugs, they may find them- 
selves involved in both chemistry and botany. Their work is often 
related to biochemistry (chemistry of living things), since they 
study effects of foreign substances on cells or chemical systems 
of the body; and to psychiatry, since they study the effects of drugs 
on the brain and behaviour (see NEUROPHARMACOLOGY AND Psy- 
CHOPHARMACOLOGY ). 

During the earlier years of the new science, its workers became 
aware that a relation exists between the chemical structure ofa 
compound and the effects it produces in the body. ‘Since that 
time, increasing emphasis has been placed on this phase of pharma- 
cology and many studies describe the changes in action resulting 
from small changes in the chemical structure of the drug. Since 
most agents of medical interest are organic chemicals. (complex 
structures containing carbon atoms), pharmacologists who engage 
in such studies must have an understanding of organic chemistry. 

The development of atomic resources for peacetime uses after 
World War II brought pharmacologists into a new area of investi- 
gation. One of the major problems of pharmacology has always 
been the difficulty of determining the fate of foreign compounds 
in the body. The doses of most potent drugs and poisons are 
small, and when they are distributed in large volumes of body 
fluids, they become almost impossible to detect or measure by 
ordinary chemical means. However, it is highly desirable to trace 
minute amounts of the compounds in the bloodstream or in the 
organs of the body in order to determine whether they are con- 
centrated in any organs or cells and to establish how long they re- 
main and how they are excreted. This was made possible by the 
availability for scientific investigation of radioactive isotopes 
(chemical elements having almost exactly the same chemical prop- 
erties as the normal, but capable of being detected by Geiger 
counters or similar instruments). Since 1945, pharmacologists 
have been tracing the passage of some compounds through the 
body by incorporating radioactive atoms into the compounds they 
wish to study. The small amounts of radioactivity are not harmful 
to the animals; in fact, in some carefully controlled studies such 
determinations have been made on human volunteers. The tracer 
compounds are usually synthesized chemically, but where this is 
difficult or impossible, they have been prepared by exposing plant 
or animal sources to radioactive materials in such a way that radio- 
active atoms are incorporated into the desired compounds as the 
living plant or animal manufactures them; the radioactive sub- 
stances are then isolated and purified to be used in experiments. 

In general, pharmacologic investigations are directed toward 
describing completely the interaction between the body and the 
drug. This includes describing fully the sequence of physiological 
changes that occur and describing what happens to the drug itself. 
It includes also explanations for the observed changes, at least in 
terms of physiology, and preferably in terms of chemistry or 
physics. Chemical explanations of mechanisms of action have 
been established for a number of chemical substances. These ex- 
planations have much more than academic interest; they tend to 
increase our knowledge of physiology and other biological sciences; 
they make it possible to use drugs more effectively; and by show- 
ing what characteristics are necessary for therapeutic action they 
stimulate the search for more effective new agents, without the 
undesirable side effects possessed by many available drugs. Such 
information is also sought for poisonous compounds used in the 
home (bleaches, insecticides, etc.), in industry or in agriculture 
(pesticides) in order to minimize health hazards (see Pharmacol- 
ogy in Public Health, below). 
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Pharmacology in Medical Education and Research.— 
Since pharmacology is a part of the curriculums of medicine, 
dentistry, veterinary medicine and pharmacy, departments of 
pharmacology are usually associated with educational institutions 
in these fields; the programs usually include training and study at 
the graduate level as well as the required courses of instruction. 
Such departments, especially in medical schools, are traditionally 
devoted to the study of basic problems in pharmacology and to the 
application of basic principles to the solution of specific medical 
problems. Research in pharmacology is conducted also in many 
hospitals and foundations, either publicly or privately supported. 

Pharmacology in the Drug Industry.—lImportant basic re- 
search is carried out in the research laboratories of pharmaceutical 
and chemical companies. After r930, this area of pharmacological 
research expanded rapidly, particularly in the United States. The 

. utilization of the financial resources of industry, together with the 
contributions of universities, hospitals and foundations, resulted 
in the solution of many complicated problems in a surprisingly 
short time. Many new therapeutic agents were developed (¢.g., 
sulfa drugs, antibiotics, cortisone, “tranquilizing” drugs and many 
others), and a great body of fundamental knowledge was ac- 
cumulated. 

The work of pharmacologists in industry deals also with the ex- 
haustive tests that must be made before promising new drugs can 
be introduced into medical use. Detailed observations of eífects 
on all systems and organs of experimental animals are necessary 
before the physician can accurately predict effects of the drug on 
his patients, but their principal purpose is to disclose any poten- 
tial toxicity to man. It must be emphasized that, except under 
unusual circumstances, the pharmacologist does not test the effects 
of drugs in patients; this is done only after complete tests on ani- 
mals and is usually conducted by physicians to determine the 
clinical effectiveness of new drugs. 

Constant testing is also required for the routine control and 
standardization of drug products. Those which contain only pure 
active ingredients can be tested by: chemical means, but a few 
still remain that consist of relatively crude mixtures of plant or 
animal products (digitalis and pituitary, for example). These 
can be standardized (adjusted to standard strength) only after 
the pharmacological potency of each batch is determined by com- 
paring its effect on some species of animal with the effect of a 
standard sample of drug. This process of testing is known as 
bioassay, and the entire process of standardization is known as bio- 
logical standardization. 

Pharmacology in Public Health.—The public welfare is 
obviously dependent on adequate pharmacological examinations of 
new products, but the development of new compounds and new 
processes throughout industry is also associated with potential 
health hazards for workers. The study of such hazards is termed 
industrial toxicology and the concepts and experimental methods 
are those of pharmacology, adapted for special conditions. An- 
other application of pharmacology (or, more specifically, of toxi- 
cology) is in the study of the poisons used in agriculture to control 
plant pests and animal parasites. Here pharmacological or toxi- 
cological studies are undertaken to discover how the agents act to 
destroy pests; this makes it possible to use the agents more effi- 
ciently, and to develop more satisfactory new ones. Attention 
is also focused on the evaluation of potential health hazards and 
on the development of antidotes and methods of treatment to be 
used in cases of accidental poisoning. See also PHARMACY: 
PHARMACOPOEIA. (V. E.) 1 

PHARMACOPOEIA, a book published by a government, or 
otherwise under official sanction, to provide, for a specific political 
area, standards of identity, quality and strength for those medici- 
nals which represent the best practice and teaching of medicine. 
The primary function of a pharmacopoeia is to describe each drug 
on the approved list in such a way that whenever dispensed it meets 

the standards of quality and strength established for it. The pro- 
visions of the pharmacopoeia in force (i.e., the one that is “offi- 
cial") are binding upon all who produce drugs and those who 
dispense them. The pharmacopoeia is a fundamental safeguard to 
public health. 
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The task of compiling most pharmacopoeias is carried Out vil 
out compensation by experts in the professions of medicine, q 
istry and pharmacy at the request of the agency undertaki 
compilation, usually that responsible for matters of public weli 
Most programs are financed from government. funds but the 
British Pharmacopaia and the United States Pharmacopry 
written by private, nonprofit organizations with the sen 
their respective governments. In the сазе of these pharmacy. 
poeias, the proceeds of their sale support the work of revision, 

The oldest record in the form of a pharmacopoeia is a suy 
tablet of ancient Babylonia, believed to have been inscribed ab 
1700 B.C. The first true pharmacopoeia to appear in Europe ws 
the Florentine Nuovo Receptaris (1498). The Danish Pham 
copoeia (established 1772) is the oldest in continued existente, 
The following countries established pharmacopoeias (the dis 
indicate the latest edition or [italics] supplement or reprinting); 
Argentina (1957), Austria (1960), Belgium (1930, 1953), Brail 
(1959), Chile (1941), China (1953), Czechoslovakia (1954, 1950), 
Denmark (1948, 1954), Egypt (1953), Finland (1956), Fran 
(1949, 1954), Germany (1926, 1951), Greece (1924), Ницу 
(1954, 1958), India (1955), Italy (1940), Japan (1961), Меш 
(1952), Netherlands (1958), Norway (1939, 1953), Panguy 
(1945), Poland (1954, 1962), Portugal (1946), Rumania (1956), 
Spain (1954), Sweden (1946), Switzerland (1933, 1958), Turkey 
(1948), U.S.S.R. (1961), United Kingdom (1963), United State 
(1960, 1962), Venezuela (1942), Yugoslavia (1951). 

Most countries not having a national pharmacopoeia adopted 
that of one or more other nations or in some cases adopted the in 
ternational pharmacopoeia (see below). 

The pharmacopoeial standards form the basis for enforcement 
of laws on the quality of drugs made available within the county 
concerned. Thus, the standards established have a vital bearing 
on the level of public health and the practice both of medicine 
and pharmacy. Actual enforcement of the standards is generally 
a function of an agency separate from that which creates them, but 
there are exceptions to this, notably in Canada, where the same 
department both establishes and enforces the standards. Елі 
ment involves collection and analysis of drug samples и 
to be of pharmacopoeial quality; when the analytical finding 
not substantiate the label claim, legal action may be taken. ra 
form of control varies greatly from one country (0 dh 
Where the central government is strong, the control is ues d 
on a uniform national scale, as in the Americas and bt 
Europe. Where the local government is strong, as 2 the j selt 
the cantons of Switzerland, enforcement is mainly on aa 
These inter- and intra-national differences result in Bal 
the strength and quality of drugs, which cause confusi ad 
travelers and medical practitioners and are not In the br e 
of public health. Travelers benefit especially from un! | m 
standards. For example, a diabetic who travels TU بی‎ 
largely upon local sources for the insulin that makes thea 
for him between good health and dangerous illness. img 
prepared from the pancreatic glands of cattle and its рай 
be standardized by assays on rabbits or mice. Fur ч 
deteriorates if not kept cold. However, thanks to pU m 
of uniform pharmacopoeial standards, good insulin 18 
almost everywhere. 

International Pharmacopoeia.—Efforts to © bit 
national differences in drug standards date to 1865, eT 
practical move was made іп r9o2 by the Belgian Ens zi 
sponsoring an international conference in Brussels. , om noi 
in the Brussels agreement of 1906, which proposed e rugs, Ww 
clature and standards of strength for many importan a tinc 
ticularly those which were being dispensed in the form iil 
and infusions. A second conference in 1925 went prr d 
toward establishing uniformity in pharmacopoeial stai ce they 
nations, These agreements were limited in SCOPE; 
plied to only a few of the drugs in use. r in ine 

The problem became more acute with the increast gus 
tional travel and in international trade in medicinal Pd ‘on of 
1925, and received the attention of the Health Organ immisit? 
League of Nations, which created a Technical C 


liminale int 


opoeial Experts. The original seven-member group under- 
prepare an international pharmacopoeia, but this was in- 
ed when the League went out of existence. However, the 
resumed almost immediately upon creation of the World 
ЕШ organization, a specialized agency of the United Nations 
his the successor to the Health Organization of the League. 
newly formed Expert Committee on the Unification of 
macopoeias (which later became the Expert Committee on the 
ımational Pharmacopoeia and Pharmaceutical Preparations) 
ed in compiling the first volume of the Pharmacopoea In- 
alis for publication in 1951. А second, complementary 
ppeared in 1955, and a supplement was added in 1958. 
0 published the texts in English, French and Spanish, but 
ions into German and Japanese were undertaken privately 
WHO authority. The WHO planned to revise the standards 
ally toward the end of providing model specifications for 
the important drugs. 
Pharmacopoea Internationalis was put forward by the WHO 
à recommendation aimed to minimize or eliminate entirely 
ns among national pharmacopoeial standards. Some na- 
among those without their own pharmacopoeia, for example, 
а and Israel, made the international pharmacopoeia official 
use within their borders. 
four Scandinavian countries and Iceland provided a notable 
of international co-operation toward uniformity in drug 
ds, Jointly, they formed the Scandinavian Pharmacopoeial 
til, which laid the foundation for publication of a single 
сороеіа in four languages (Danish, Finnish, Norwegian and 
h) that supersedes the existing national pharmacopoeias of 
countries as the binding authority on the identity, quality 
Strength of drugs. 
IooRAPILY.—Samuel Noah Kramer, “First Pharmacopeia in Man's 
History," Am. J. Pharm., 126:76 (1954); H. Baggesgaard 
m, “Fifty Years’ Endeavour to Create an International 
copoeia,” Bull. Féd. int. pharm., 24:20 (1950-51); George 
“The Development of Pharmacopoeias," Food-Drug-Cosmetic 
8:69 (1953); Lloyd C. Miller, *An International Pharma- 
ibid. 8:293 (1953) ; George Urdang and Glenn Sonnedecker, 
tative English-Language Drug Compendia Supplementing 
copoeias,” ibid., 8:485 (1953); C. H. Hampshire, “The Inter- 
l Pharmacopoeia of the World Health Organisation,” Bull. Féd. 
Марта), 24:123 (1950-51). (L. C. Mz.) 
RMACUS, the title given in ancient Greek cult to a 
[human scapegoat used in certain state rituals. It is first 
led by the 6th-century Ionian poet Hipponax in describing 
at Colophon in Lydia and is known also in Abdera (Thrace) 
аза (modern Marseilles), In Athens a man and woman 
Selected as scapegoats each year. At the festival of the 
gelia in May or June, they were feasted, led round the town, 
len with green twigs, and driven out. The accounts sometimes 
{ that they were killed with stones instead of being simply 
tof the country. The custom was meant to rid the place 
y of ill luck, 


M. P. Nilsson, Geschichte der griechischen Religi 
4 ў gion, 2nd ed., vol. 
101-110 (1955). 4 (Н. W. PA) 


IARMACY is the science and art concerned with the collec- 
y Preparation and standardization of drugs. Its scope includes 
1 tivation of plants that are used as drugs and the synthesis 
El compounds of medicinal value. It further includes 
lysis and standardization of medicinal agents. The phar- 

Cist iS responsible for the manufacture of the dosage forms of 
auch as tablets, capsules and sterile solutions for injection. 
8репѕіпр pharmacist, he compounds physicians’ prescriptions 
ugs. Pharmacology (q.v.) is the science that embraces all 
of drugs with special reference to their mechanism of 
many the treatment of disease. Obviously this broad science 
Many Subdivisions, such as toxicology (the study of poisons) 
na Peutics (the use of drugs in the treatment of disease). 
Y, according to the foregoing description, is one of the 


a ely ancient origin. When early man expressed a juice 
i Ucculent leaf to apply to a wound he was practising this 
ЇЇ art. In the book of Exodus, Moses was directed by the 
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Lord to prepare “an ointment compound after the art of the 
apothecary." In the Greek legend, Asclepius, the god of the heal- 
ing art, delegated to the beautiful Hygieia the duty of compound- 
ing his remedies. She was his apothecary or pharmacist. The 
physician-priests of Egypt were divided into two classes, those 
who visited the sick and those who remained in the temple and 
prepared the remedies for the patients. 

In ancient Greece the art of healing recognized a separation 
between the duties of the physician and those of the pharmacist, 
and this separation prevailed also among the Roman practitioners. 
During the middle ages in Europe the separation of the two groups 
became less distinct. Many physicians undertook the preparation 
of their own medicines. The Moorish influence in Europe brought 
about the practice of separate duties for the pharmacist and physi- 
cian again. The trend of specialization is exemplified by a law 
enacted by the city council of Bruges, Belg., in 1683, forbidding 
physicians to prepare their own remedies. 

The distinct role of the pharmacist as separate from that of 
the physician is evidenced by the establishment of the office of 
apothecary general in the army of France during the middle of the 
18th century, In America, Benjamin Franklin took an important 
step in keeping the two professions separated when he appointed 
an apothecary to the Pennsylvania hospital. 

Education.—The history of pharmaceutical education has fol- 
lowed in the wake of medical education. As the training of the 
physician underwent the change from the apprenticeship system to 
formal educational courses, so did the training of the pharmacist. 
The first college of pharmacy was founded in the United States 
in 1821 and is now known as the Philadelphia College of Pharmacy 
and Science. Other institutes and colleges were established in the 
U. S., Great Britain and continental Europe. Later many universi- 
ties organized schools and colleges of pharmacy within their 
courses of instruction. Colleges of pharmacy as independent or- 
ganizations or as schools of universities operate in most countries 
of the world. 

The course of instruction leading to the degree in pharmacy 
(bachelor of science in pharmacy) extends over four or five aca- 
demic years. Many institutions, however, offer graduate courses 
in pharmacy and cognate sciences leading to the degrees of master 
of science and doctor of philosophy. These advanced courses are 
especially intended for those who are preparing for careers in re- 
search, manufacturing or teaching in the field of pharmacy. 

It is clear that since the medication of the sick with drugs en- 
compasses a wide field of knowledge in the biological and physical 
sciences, an understanding of these sciences is necessary for an 
adequate pharmaceutical training. The basic four-year curriculum 
in the colleges of pharmacy of the United States embraces physics, 
chemistry, biology, bacteriology, physiology, pharmacology and 
many other specialized courses such as dispensing pharmacy. In 
addition, subjects of a general educational character such as lan- 
guages and mathematics are included. As the pharmacist is en- 
gaged in a business as well as a profession, special training is 
provided in merchandising, accountancy and pharmaceutical juris- 
prudence. After 1960 one year of college work in addition to high 
school was required for entrance to colleges of pharmacy in the 
United States. 

Legislation.—Before he is permitted to practise pharmacy, an 
applicant must be qualified by graduation from a recognized col- 
lege of pharmacy, meet specific requirements for experience and 
pass an examination conducted by a board of pharmacy appointed 
by the government. The passing of this board examination confers 
upon the person the legal right to practise pharmacy. In the 
United States he is then designated a registered pharmacist. 

The pharmacy laws include the regulations for the practice of 
pharmacy, the sale of poisons, the dispensing of narcotics and 
the sale and labeling of dangerous drugs. The pharmacist sells 
and dispenses drugs within the provisions of the food and drug 
laws of the country in which he practises. These laws recognize 
the national pharmacopoeia as the standard for drugs (see PHAR- 
МАСОРОЕІА). The pharmacopoeias of the different nations are 
compiled and published according to the respective legal national 
procedures. The World Health Organization of the United Na- 
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tions published the first volume of the Pharmacopoea Interna- 
tionalis in 1951. Its purpose is to standardize, as far as possible, 
the medication with drugs throughout the world. Furthermore, 
the Pharmacopoea Internationalis provides standards for drugs for 
smaller nations that have no national pharmacopoeia, —. 

Organizations.—There are numerous national and interna- 
tional organizations of pharmacists. In Britain the Pharmaceuti- 
cal Society of Great Britain, established in 1841, is typical of the 
pharmaceutical organizations. In the United States the American 
Pharmaceutical association, established in 1852, is a society that 
embraces all pharmaceutical interests, Some of the other organi- 
zations in the United States are the American Drug Manufacturers’ 
association, the Federal Wholesale Druggists’ association and the 
National Association of Retail Druggists. Among the interna- 
tional societies is the Fédération Internationale Pharmaceutique, 
founded in 1912 and supported by 35 national societies, for the 
advancement of the professional and scientific interests of phar- 
macy. The Pan American Congress of Biochemistry and Phar- 
macy includes the pharmaceutical societies in the various countries 
in the western hemisphere. 

There are also other international societies in which history, 
teaching and the military aspects of pharmacy are given special 
emphasis. , 

Research.—Pharmaceutical research is conducted mainly in the 
Schools of pharmacy and in the laboratories of the pharmaceutical 
manufacturing houses. It embraces the organic chemical synthesis 
of new chemical agents for use as drugs and is also concerned 
with the isolation and purification of plant constituents that might 
be useful as drugs. Research in pharmacy also includes methods 
for assay and standardization of medicinal agents. These phases 
of research in pharmacy are primarily an application of the science 
of chemistry to drug products, but the pharmacist also engages in 
research that is peculiar to the profession. This research involves 
formulation of dosage forms of. medicaments, a study of their 
palatibility, methods of standardization and their stability. The 
researches of pharmacy are usually published in journals, such as 
the Journal of Pharmacy and Pharmacology (London), the Jour- 
nals of the American Pharmaceutical association (Scientific Edi- 
tion and Practical Edition) (Washington), the American Journal 
of Pharmacy (Philadelphia) and the Pharmaceutica Acta Hel- 
vetiae (Zürich). See also APOTHECARY; PHARMACOLOGY; PHAR- 
MACOPOEIA, 

BisLro0GRAPHY.—Remingion's Practice of Pharmacy, 11th ed. 
(1956) ; E. Osol and G. E. Farrar (eds.), Dispensatory of the United 
States of America, 25th ed. (1955); British Pharmacopoeia (1963); 
Pharmacopeia of the United States of America, 16th ed. (1962); 
Pharmacopoea Internationalis (vol. 1, 1951; vol. 2, 1955; suppl., 1958); 
М. E. Howard, Modern Drug Encyclopedia, 6th ed. (1955); J. C. 
Krantz and C. J. Carr, Pharmacologic Principles of Medical Practice 
(1958) ; T. W. Price and R. A. Pannall, A Manual of Pharmacy Law, 
2nd ed. (1961); E. Kremers and G. Urdang, History of Pharmacy, 
3rd ed. (1963); Н. N. Gerrard, The Practice of Modern Pharmacy, 
2 vol. (1963). оС.) 

PHARNABAZUS (5th-4th century в.с.), Persian soldier and 
statesman, was hereditary satrap of Dascylitis under Darius 11 
and Artaxerxes II. In the war with Athens, which began in 413 
B.C», he supported Spartan operations in the Hellespont. When 
war broke out with Sparta in 400 в.с. he persuaded Artaxerxes to 
organize a naval counterstroke and with the help of Conon and 
Evagoras of Salamis raised a fleet in Cyprus. While the naval of- 
fensive was in preparation, he was hard pressed in Phrygia by the 
Spartan king Agesilaus, but in 394 the Persian navy, jointly com- 
manded by himself and Conon, completely destroyed the Spartan 
fleet off Cnidus and gained the mastery of the Aegean. In 393 
Pharnabazus accompanied the fleet to the Greek coast and gave 
support to the Greek enemies of Sparta; he provided funds and 
allowed Conon to use his crews for the rebuilding of the “long 
walls” at Athens, When in 388 the revival of Athenian imperialist 
ambitions led Artaxerxes to conclude peace and enter into an al- 

liance with Sparta, Pharnabazus, as the chief opponent of Sparta, 
was recalled with honour from his command. In 385 he was one 
of the generals in the unsuccessful attack on Egypt. In 373, after 
years of preparation, he led a second expedition against Egypt but 
failed to take Memphis and was eventually forced by the inunda- 
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tion to abandon the campaign. His failure was Partly duet 
distrust of Iphicrates, leader of the Greek mercenaries, te 
Pharnabazus died is not known. (J. M. МА) 

PHARSALUS, BATTLE OF (48 в.с), thi decisive, 
tory of Julius Caesar (g.v.) over Pompey. When Caesar di 
engaged himself from Dyrrachium and marched to Thess 
Pompey followed. The two armies made contact Somewhere ne, 
the modern town of Farsala in the nomos of Larissa, Greece th 
site which cannot be established with certainty, Pompey апу 
on higher ground which would favour his chances if a Байкин, 
sued, After some days Caesar, who had failed to provoke Pony 
to fight, decided to move off, but as he was starting he saw that the 
Pompeian army was drawn up for battle; he decided to stay and 
fight (Aug, 9 by the uncorrected Roman calendar, in fact June, 
Whereas Caesar had 80 cohorts or 22,000 men, Pompey had 110 
cohorts which Caesar (probably with exaggeration) assessed a} 
45,000 men. Further, Pompey trusted his cavalry and its comms. 
der, Labienus, He massed the main force of his cavalry on i 
left wing, hoping to outflank and envelop Caesar's right. Realizing 
the danger, Caesar hoped to thwart the attack by detaching eight 
cohorts from his third line (which he intended to hold back as: 
reserve) and placing them obliquely behind the cavalry on his right 
wing. His main infantry line was drawn up in the usual three lis 
of cohorts. Pompey ordered his men to await the enemy's attak, 
but Caesar's veteran army did not fall into the trap of апд 
exhausted. Without orders they halted halfway in their advan 
then after recovering their breath they charged and hurled the 
pila. Pompey's cavalry drove back Caesar's cavalry, only to fn 
themselves faced by Caesar's fourth line of eight cohorts, who ul 
their pila as stabbing spears instead of as javelins, against lle 
horses and the men’s legs and faces. Pompey’s cavalry turned ind 
fled. While the eight cohorts outflanked Pompey’s infantry, thet 
locked in battle, Caesar threw in his reserve third line. Pompeys 
legions broke; he himself fled to Larissa. About 24,000 Pompe 
surrendered; the rest were dead or in flight. When Caesar, д 
casualties were less than 250, surveyed the stricken field and 
dead optimates, he cried, “They would have it so” ( Hoc vie 
erunt”). The battle is described in book vii of the Bellum йй 
of Lucan. 

BrBLI0GRAPHY.—Caesar, De Bello civili, iii, 81-99; T. Rice Ho 
The Roman Republic and the Founder of the Empire, iii, 162 5,8 
(1923); M. Rambaud, “Le soleil de Pharsale,” in Historia, ji Ma 
(1955) ; W. E. Gwatkin, “Some Reflections on the Battle of Phasil 0 
in Transactions of the American Philological Association, 
ff. (1956), (H. B.) 

PHARYNX: see THROAT; THROAT, DISEASES OF, йт 

PHASE EQUILIBRIA. Most substances are capable 
isting in at least three forms or states of aggregation, i 
solid state, the liquid state and the vapour state. Water Pr 
miliar example. These forms, differing in internal siete 
physical properties such as density, mobility, refractive т Л 
heat content, constitute various phases of ће substance. 1 ad 
stance exhibits more than one crystalline form, as does | ' 
of its polymorphic varieties is a distinct solid phase “cit i 
stance. The number of possible phases in a system ns in 
more than one substance is greater, including solutio in 
the liquid and solid states and other phases that ae na yi 
Chemical compounds resulting from the chemical com 
interaction of the components. ither homo 

The materials of nature and of technology аге €" a | 
neous (ie. consisting of a single phase) or hetero ora 
polyphasic) systems, Ice is а single phase; à sample 0! a pitt 
sisting of some liquid with its vapour is in two Dew iy! 
granite generally contains three phases, being Dri as 
glomerate of pieces of quartz, mica and feldspar; ps asi 
phase, i.e., a solid solution of zinc in copper; and ordi? Fach p* 
is an intimate mixture of at least two solid phases: idered ГЫ 
although it may be present in separate pieces, 3 cons 


«distinct I 
one homogeneous kind of matter. The phase Js d ей 
ture, though not always in chemical composit iy " 


phases of the heterogeneous sample and is mec И 
from them. ый OF 
The conditions for the coexistence at equilibri 
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combinations of the possible phases of a system and for their 

- formation and transformations, as controlled by variations in pres- 
эше, temperature and composition, constitute the subject of phase 

| ша. ‘The principles of phase equilibria find application in 
the study of structure and constitution of alloys, in practical prob- 

` Jems of metalhirgy, in the ceramics and glass industries, in the geo- 
ical interpretation of minerals, in the study and utilization of 
salt deposits, and in general in problems of physical and chemical 

'sgparations such as distillation, crystallization and. extraction. 

The most useful and general principle underlying the treatment 

and representation of all phase equilibria is known as the phase 

nile, which was deduced by Josiah Willard Gibbs (q.v.) in his pa- 
pers on thermodynamics (1873-78). The realization of the prac- 

{ical importance and universal applicability of the law is due prin- 

cipally to H. W. Bakhuis Roozeboom, whose treatise, Die 

leterogenen. Gleichgewichte vom Standpunkte der Phasenlehre 

(1901-18), became the classical reference in the field. 

“The phase rule relates the number of components (a), the 

number of phases (8) and the number of degrees of freedom (i.e., 

the variance [F]) in a system in interphase equilibrium. The sys- 

tem is subject only to changes in pressure, temperature and com- 
position (proportions of its components). The equilibrium be- 

{ween liquid and vapour for pure water (one component) has a 

variance of one, ie., the system is univariant inasmuch as the va- 

pour pressure is a unique function of the temperature, and these 
ше the only intensive variables, (An intensive variable is one, 
sich as pressure and temperature, that is not a function of the mag- 
nitude of the phase. Pressure and temperature are intensive vari- 
ables, mass and volume are not; they are said to be extensive. 
St TuermopyNamics.) Arbitrary specification of one fixes the 
E A liquid-vapour equilibrium for a binary solution (that is, 
containing two components, such as acetone and water) is 
bivariant; it has two degrees of freedom. Of the four variable 
ntities—pressure, temperature, liquid composition, vapour 
ümposition—one may, within the range allowed by the system, 

Arbitrarily choose the values of any two without disturbing the 

Imber or nature of the phases in equilibrium. 

E words, it is necessary and sufficient to specify two 
the four quantities in order to fix the other two, and hence in 
ttl to specify the system completely with respect to its intensive 

Variables, Tf this system is cooled until pure ice appears as a third 

the variance is reduced to one, for the specification of any 
tof the several variables already mentioned suffices to determine 
System completely. At equilibrium these intensive variables 
‘independent of the masses, actual and relative, of the phases 
ved. The freezing point of ice, for example, does not depend 

‘ N amount of ice being melted. Likewise, the solubility of a 

Neg its concentration in its saturated solution) is independent 


е amount of solid salt present in excess. 

the number of components in a system is usually evident from 
mode of preparation of the system, as for an alloy or an 
l-water solution, It is not, however, simply the number 
cal species in а system. For example, water, a single sub- 
*, may exist in various states of molecular aggregation in its 
5 phases; it may exist in part in the form of ions and it may 
ate at high temperature into hydrogen and oxygen. But as 
59 38 all these species are in equilibrium with each other іп each 
ШК, and provided that the total composition of each phase is 
om tically Н,0 so that it is not necessary to state the propor- 
Ё of two or more substances making up the system, only a single 
nent is involved. The number of components is the smallest 
Der of independently variable substances required to account 
є е composition of all the phases of the system. In the hetero- 
te Us equilibrium between solid CaCO; and its dissociation prod- 
5 solid CaO and СО» gas, there are three distinct species but 
YO components since CaO and CO; together give the com- 

n of СаСОз. But one may also choose CaCO; as one of 
ess if the quantity of the other (either CaO or СО») 
th to have negative values in expressing composition. Sim- 
е four substances in the equilibrium BaSO, + NasCO; = 
H. Na;SO, involve only three components, since any three 

- used to express the composition of the fourth; thus 
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BaCO, = BaSO, + М№аСОз — Na,SO,. The choice of the na- 
ture of the components may be one of convenience, but their num- 
ber, defined as the sufficient minimum, is fixed. 

The phase rule states that for a system in equilibrium 


F-a—842 


The maximum number of phases possible at equilibrium is there- 
fore a+ 2. This maximum number occurs only when the system 
is invariant, Że., when Е = 0. The conditions of pressure, tem- 
perature and phase compositions are then uniquely fixed by the 
nature of the system itself. The pressure, for example, may be 
arbitrarily varied only if the equilibrium is at least univariant with 
the number of phases not greater than œ+ 1. In the formation 
of certain mineral deposits, moreover, it must be assumed that the 
total process has taken place over a range of both pressure and 
temperature; the number of coexisting phases in the accompany- 
ing bivariant equilibria then cannot exceed the number of com- 
ponents. Such restrictions, however, apply only to systems in true 
heterogeneous equilibrium. Because of the very number of phases 
present, consequently, many materials (for example, certain meta- 
morphic mineral assemblages, certain salt deposits produced by 
evaporation of sea water and some alloys undergoing various se- 
quences of thermal and mechanical treatment in their preparation 
and use) would thus seem to be beyond treatment by the phase rule 
because they are obviously not in equilibrium. Nevertheless it is 
only by reference to principles of phase equilibria combined with 
kinetics of chemical reactions and phase transformations, as they 
must apply to the possible relations in these materials, backward 
and forward in time through changes of pressure and temperature, 
that one can interpret their formation or origin and predict their 
future behaviour in their inevitable course toward equilibrium, 

The phase rule, moreover, is also limited in its application to 
the behaviour of systems assumed to be subject only to variations 
in pressure, temperature and proportions of components, and free 
from influences of electrical and magnetic fields, of gravitational 
effects and of surface energy effects. The effect of gravity, which 
can practically never be eliminated, is altogether negligible for al- 
most all applications of the phase rule. Surface effects, on the 
other hand, are extremely important in systems containing finely 
divided colloidal substances or other materials possessing large sur- 
faces, such as adsorbents and catalysts. The interphase relations 
in these cases are not covered by the ordinary phase rule, which 
applies to equilibrium of bulk phases. 

One-Component Systems.—Since pressure and temperature 
are the only variables to be considered, the phase diagram of a 
single substance is represented with two co-ordinates, as in fig. 1. 


PRESSURE > 


TEMPERATURE ~» 
FIG. 1.—PHASE EQUILIBRIA FOR THE SOLID, LIQUID AND VAPOUR STATES 
OF A SUBSTANCE 


Each of the three areas shows the range of pressure and tempera- 
ture in which the substance exists as a single phase, in bivariant 
equilibrium. Both pressure and temperature of a sample of the 
vapour, for example, may be varied without change of phase, and 
both must be specified in order to fix the properties of the vapour; 
these properties depend solely on these variables. A line between 
two areas represents the univariant conditions of pressure and 
temperature for the equilibrium coexistence of two phases; these 
are phase boundaries or phase transition curves, specifically the 
sublimation curve for solid-vapour, the fusion curve for solid- 
liquid and the vaporization curve for liquid-vapour equilibrium. 
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These three curves intersect at the triple point, which shows the 
single values of the pressure and the temperature for the coexist- 
ence of the three phases. д 

For the co-ordinates at point а the substance is entirely solid. 
As the temperature is raised at constant pressure, the properties 
of the phase, such as heat content, refractive index and density, 
change gradually but the phase remains a single phase until the 
fusion curve is reached. Here the temperature remains constant 
as heat is absorbed and as solid melts to liquid. The system does 
not leave the transition curve until the solid is consumed, The 
sample is then entirely liquid as shown, for example, at point b, 
until the temperature of the vaporization curve is reached. Now 
vapour begins to form with absorption of heat, and the tempera- 
ture remains constant until all of the liquid has disappeared and 
only vapour remains, The temperature may now increase further 
to a point such as c- The boiling of a pure liquid in the open, 
under constant atmospheric pressure, is thus seen to be a source 
of constant temperature (about 100° C. for water at 1 аёт.). The 
two-phase equilibrium thus persists at constant. temperature 
through isobaric introduction of heat, which is compensated by 
phase transitions leading to volume changes. Similarly, isothermal 
expansion of the system liquid-vapour merely causes some liquid 
to vaporize, with change in total heat content, while the pressure, 
depending solely on temperature, remains constant until the liquid 
is consumed. The triple point is characterized by unique values of 
pressure and temperature and hence of all the specific properties 
of each of the three phases. Neither a change in volume nor the 
addition or removal of heat can cause a change in any of the in- 
tensive variables because the applied stresses are completely com- 
pensated, at equilibrium, by changes in the relative amounts of the 
phases until one of them is consumed, leaving a univariant two- 
phase system. 

‘The ice-liquid-vapour triple point for pure (and isolated) water 
is at 4.58 mm. and 4-0.0100* С. In the open air at 1 atm. pres- 
sure, however, the constant temperature obtained from the equi- 
librium of ice and liquid water is, by definition, zero on the Celsius 
or centigrade scale. The difference in the temperature results from 
the effect of the increased pressure in lowering the melting point of 
ice and a further slight effect of air dissolved in the liquid. 

With increasing temperature at constant pressure, transitions 
occur from phases of lower to phases of higher heat content. With 
increasing pressure at constant temperature, transitions occur to 
phases of higher density. The slope of a transition curve at any 
point is given by the Clapeyron-Clausius equation: 


sr) = AH 
атла T(Vi-Vi) 


in which AH is the heat absorbed (per specified weight) during 
the transition from phase 1 to phase 2; (V5 — V4) is the accom- 
panying volume change (of the same specified weight); and P 
and 7 represent pressure and absolute temperature respectively. 
The equation applies not only to the transitions in fig. 1 but also to 
transitions between polymorphic solid forms. In consequence of 
this relation the intersection of three curves meeting at a triple 
point involves no angle greater than 180?, and the extrapolation 
of each curve beyond the triple point lies between the other two. 
The fusion curve rísing steeply from the triple point is usually 
positive in slope, since the solid is usually denser than the liquid, 
as illustrated in fig. 1. In the unusual case of water and a few other 
substances, the liquid is denser than the solid and the slope is 
negative. 

For the relative slopes of the sublimation and vaporization 
curves at the triple point (with the same pressure and tempera- 
ture for all three phases), the volume change is large and prac- 
tically equal for both transitions, but the sublimation curve is 
steeper since the heat of sublimation exceeds the heat of vaporiza- 
tion by the heat of fusion. The dashed extension of the vaporiza- 
tion curve of fig. 1 represents the liquid-vapour system supercooled 
below the freezing point without crystallization, as is possible, at 
least temporarily, in the absence of dust, że., of nuclei for crystal 
formation, and in the absence of mechanical disturbance, Al- 
though continuing to fall, the vapour pressure of the supercooled 
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liquid is higher than that of the solid (on the sublimation 
at corresponding temperatures. The supercooled liquid ig M 
be metastable with respect to the solid; the liquid eventual] 
cially if disturbed, transforms to the stable solid phase, Ж 

The actual physical and chemical properties are not беу, 
dicated on the phase diagram, but they are nevertheless com e 
determined by the information in the diagram—pressure he 
perature and phase compositions. The density of a pure 8 
for example, depends only upon its pressure and temperature, 

In a closed vessel containing pure water in the forms of lay 
and vapour at 25° C. the liquid is very much denser than its sl 
rated vapour. With increasing temperature the vapour prese 
rises, the liquid becomes less dense while the equilibrium m 
becomes denser and the two coexisting phases approach each ole | 
in all properties. They finally become identical, merging rra 
“fluid” phase at the critical point of the substance. This is show 
as point К in fig. 1, marking the end of the vaporization cune | 
beyond this point the distinction between liquid and vapour ha | 
vanished. The critical constants for water are 218.3 atm a 
374.2? C. Its density at the critical point is 0,32 g. per cuit | 
centimeter. 

When a substance exists in more than one crystalline form, the 
number of phase areas in the equilibrium diagram increases, $ 
also does the number of. transition curves and triple points, Ii 
the case of water the polymorphism of ice is manifested only u 
der high pressure, ‘The temperature of equilibrium between ord 
nary ice (ice I) and liquid watt | 
falls with increasing pressure ш - 
til, at triple point а of fg. 2l 
2,045 atm, and —22° C, a di 
ferent crystalline variety orit 
appears (ice III). Five isting 
high-pressure forms of ice hive 
been identified (II, III, V, Ve 
VII) with fields of stability & 
shown in fig. 2. Ice VII, гй. 
ing 21,700 atm. for ie bir 
5 is in equilibrium with ЇЇ 

ооо 3:1! <, «at 81-65 Co-(triple pany 
above. High-pressure polyt 


FIG. 2.—EQUILIBRIUM RELATIONS " 
FOR THE HIGH-PRESSURE FORMS OF phism is exhibited frequently 
both elements and compounes 


ICE 
Of the two crystalline forms of carbon—graphite and me 
—the first is stable under ordinary conditions. ex 
high-pressure form corresponding somewhat to ice ш ma 
Once formed, naturally or artificially, under appropriate val 
pressure and temperature, the diamond structure Laden 
nitely at ordinary conditions because the rate of tay (BN. 
to stable graphite is immeasurably slow. Boron nitri j | 
which is closely related to carbon in electronic structure, 
polymorphism parallel to that of 
carbon; i.e., it displays a hexago- 
nal form with a layered structure 
like graphite and a very hard 
cubic form, obtainable at high 
pressure, similar to diamond. 

The crystalline polymorphism 
of sulfur is observed, in contrast 
to the high-pressure relations of 
fig. 2, in the presence of the va- 
pour phase, either pure or in open 
air. (Polymorphism of an ele- 
ment is usually called allotropy.) 
Rhombic sulfur, which is stable 
at low temperature, transforms at 
95.5° C. to monoclinic sulfur, the 
form stable to the melting point. 
Each form has its own sublima- 
tion curve and the two curves іп-, 
tersect at the transition point 
(triple point a in fig. 3), where the pic. 3.—EQUILIBRIU 
two solids can coexist at equilib- sutrum (NOT 7° s 
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dum in presence of vapour. Such polymorphism, with a transition 
iat under the — — of e is via as Ene 
‚ The triple point b represents stable equilibrium of liq- 
dd d vapour -+ monoclinic sulfur; the range of stability of this 
solid under increasing pressure is limited, and at the triple point c 
(1,280 atm. and 151° C.) the rhombic form comes to be in 
sable equilibrium with liquid: If rhombic sulfur, in open air, is 
heated very rapidly through 95 .5° C., the monoclinic form may not 
r and the metastable triple point d, for rhombic sulfur + 
liquid + vapour, may be reached. The two forms haye the same 
vapour pressure only at the transition point, where they are in equi- 
librium. Above this temperature rhombic sulfur, metastable rela- 
tive to monoclinic, is higher in vapour pressure and therefore in 
free energy and chemical activity. 

When heated, monoclinic sulfur begins to melt only at a tem- 
perature (119° C.) higher than that of point b. The initial melt- 
ing point gradually falls, during melting, toward the final equi- 
librium value of 114.5° C. as the liquid, consisting internally of 
two or more interchangeable forms in dynamic allotropy, ap- 
proaches equilibrium proportions of these forms. The slowness 
of the approach to equilibrium gives the element a pseudobinary 
character in its liquid-solid transitions. 

The enantiotropic polymorphism of silica involves a number of 
successive crystalline forms: a-quartz to 573*; f-quartz to 867°, 
flptridymite to 1,470? and B-cristobalite to 1,723* C., the melting 
point; in addition, œ- and f;-tridymite and a-cristobalite appear 
в metastable forms at lower temperatures. ‘Transformations be- 
{ween these phases are sluggish; the liquid, moreover, is easily 
supercooled to the noncrystalline vitreous condition (silica glass). 
This tendency to form glass persists in mixtures of silica with vari- 
ous metal oxides. nit 

In monotropy, as contrasted to enantiotropy, one (or more) of 
the crystalline varieties ‘is always unstable with respect to some 
sible form. Thus white (or yellow) phosphorus, regularly formed 
from the vapour of the element, is monotropic with respect to the 
ted (or violet) modification. The vapour pressure of white phos- 
phorus, either as solid or as liquid, is higher at any temperature 
(шп that of red phosphorus, and the white form eventually 
changes, at а rate depending on conditions, entirely to the red. 
fa кушш exhibit monotropy; ‘menthol has ee 

, three of them monotropic with respect to the highest melt- 
one, 

Some complex organic compounds exhibit stepwise transitions 
otra hat epee and liquid (isotropic) states. The intervening 
her » KNOWN as liquid crystals or mesomorphic states, may show 
trans} enantiotropic_or monotropic relations, or both, and their 

sitions may be represented on the usual phase diagram. The 

nomenon was first discovered for cholesteryl benzoate (1888). 
м Component Systems.—The phase equilibria of a binary 

em require three dimensions for complete representation, with 
| Pun either weight percentage or mole fraction, plotted 
| йе ah. to the axes'of pressure and temperature. | Such 

i kun ud phase diagrams are not ЧЕЙ 

Studied for y, only limited aspects of the phase equilibria are 

tepresented most Systems; hence the observations usually may be 
э Heel gradi e E E uo of - oed 

d 7 ibria involving condensed р а5е5—50! 

с" investigated principally as temperature-composition 

" ia pet at constant pressure (isobaric) or with the pres- 
te and она eho Ey Деш of d 

sition and of pressure and temperature, on the 

m are important for equilibria involving vapour. — 

er first the liquid-vapour relations for a binary solution 

two N {д utinuously in composition from pure A to pure B, the 
from p кореш If the vapour pressure falls continuously 
bother at of component A, to Pp, that of component B, the 
Un al pressure-composition diagram would be, schematically, 
теш А diagram consists of three fields, defined by curves rep- 
“турс CAPS of coexisting liquid and vapour. These 
Positions Fi liquidus and vaporus respectively, meet at the com- 
Of the pure components. For compositions and pressures 


у (йа 
* the liquidus the system is entirely liquid, below the vaporus 


Вот 


it is entirely vapour. Between 
the curves liquid and vapour co- 
exist. Thus liquid / is in equilib- 
rium with vapour v, and its va- 
pour pressure at the temperature 


of the diagram is Р. Еа 5 
The temperature-composition @ 1 
relations of binary liquid and & 
vapour at constant pressure con- 
stitute a boiling point diagram. e 
Я 


The system of fig. 4 corresponds 
to the diagram of fig. 5(a) with 
the boiling points of all mixtures дА 
falling between those of the com- 
ponents. Positions of liquidus 
and vaporus are now reversed. 
Liquid of composition x begins 
to boil at Т„, giving off vapour of composition y. If this vapour, 
rich in A, is continually removed, as in open air boiling or in 
distillation, the residual liquid becomes richer in B and the boiling 
point rises, along the liquidus curve, toward that of pure B as a 
limit. Thus the mixture may be fractionated by distillation; the 
more volatile, lower-boiling component A accumulates in the 
vapour and hence in the condensate, while B accumulates in the 
residual liquid phase. 

Fig. 5(b) and 5(c) represent systems with a binary maximum 
(or minimum) in boiling point. (These systems would show a 
minimum or maximum, respectively, in their isothermal vapour 
pressure curves.) Separation by fractional distillation in these 
cases cannot bé carried beyond the maximum or the minimum. 
Liquids on the left of the maximum in fig. 5(b) give a vapour 
richer in A, and pure A may ultimately be obtained from vapour 
fractions but the residue cannot pass the composition of the maxi- 
mum. The same residue composition is reached by the boiling of 
liquids on the right of the maximum. The liquid at the maxi- 
mum boils without further fractionation, and without further 
change in boiling point, to a vapour of the same composition. 
This constant-boiling liquid, like that at the minimum of fig: 5(c), 
is called azeotropic, and the system is said to exhibit maximum (or 
minimum) azeotropy. 

Examples for fig. 5(a), 5(b) and S(c) respectively are the 
systems acetone-water, water-sulfuric acid, and alcohol-water. 

If the components are completely miscible in the solid state, so 
that the binary system forms a continuous solid solution upon 
freezing, the relations between solid and liquid phases in freezing 
or melting may be schematically represented by the curves of fig. 
5, The two-phase region of fig. 5(a) would now represent the 
equilibrium between a liquid solution (higher-temperature phase) 
as at point y, and a solid solution (lower-temperature phase) as 
at point x, with the freezing point falling continuously from that 


%Вв 
FIG. 4,—EQUILIBRIUM OF BINARY 
LIQUID AND VAPOUR AT CONSTANT 
TEMPERATURE 
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FIG. 5.—BINARY LIQUID-VAPOUR RELATIONS AT CONSTANT PRESSURE (BOIL- 
ING POINT DIAGRAMS) 
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of pure B to that of pure А. When any binary liquid is cooled, 
then, the first trace of solid to form would be richer in B than the 
liquid, which is in turn enriched in A. If complete equilibrium 
could be maintained, with sufficiently slow cooling permitting the 
necessary diffusion through the solid, the phase compositions 
should continually adjust themselves, and upon complete solidifica- 
tion the solid should consist of a single phase that is uniform 
throughout in structure and in composition. Since this condition 
is hardly ever attained, each part of the final solid possesses a 
varying structure and composition, with the core being richer in 
B and the surface layer richer in A than the original liquid, The 
final properties of an alloy, for example, thus come to depend not 
only on total composition but also 
on conditions of preparation. 

Continuous solid solution as 
represented by the curves of fig. 
5 is restricted, with few excep- 
tions, to pairs of components iso- 
morphous in the crystalline state 
and not differing greatly in lattice 
dimensions. Many examples are 
known both with continuous fall 
or continuous rise in freezing 
point, and with a minimum melt- 
ing point, as in fig. 5(с). A maxi- 
mum as in fig. 5(b) is rare. 

If the freezing of the binary 
liquid produces the separate com- 
ponents as pure solid phases, the 
phase diagram is of the type 
shown in fig. 6, It consists of 
two intersecting branches, each 
falling from the freezing point of a component; curve ae represents 
liquid solution in equilibrium with solid A and curve be liquid in 
equilibrium with solid B. Curve be shows the lowering of the 
melting point of B by component A; it also represents the variation 
with temperature of the solubility of B in the binary liquid. Solid 
B begins to precipitate from liquid y when the liquid is cooled to 
temperature T,, at which point the liquid has become saturated 
with B, At this temperature, solid B may be dissolved in pure 
liquid A until its concentration reaches the value y, where the 
liquid is saturated, and further addition leaves solid B in excess. 
The variation of the mole fraction of B, or (xg), with the absolute 
temperature (7) on the curve be is given by the equation 


TEMPERATURE 


^ (RS 8 
FIG. 6.—PHASE DIAGRAM OF BINARY 
SYSTEM WITH PURE COMPONENTS AS 
SOLID PHASES 


dxn _ хвАНв 
dT RT 


in which А is the gas constant and AH the heat of solution of 
B. Near the melting point of pure B, the quantity AH, is the 
heat of fusion of the solid, and when this is known the equation 
permits the estimation of the purity of a sample from the change 
in temperature during melting. A similar expression holds for 
component A on curve ae. Point e, called the eutectic point, is 
the liquid of lowest freezing point and, pertaining to both curves, 
represents solution saturated with both solids. 

As the liquid y begins to precipitate B at Т,, it becomes richer 
in A and its freezing point falls further. The residual liquid fol- 
lows the curve бе toward e while the quantity of B deposited as 
primary crystallization product continually increases. At e the 
residual solution freezes at a constant temperature to an intimate 
mixture of pure A and pure B crystals in proportions corre- 
sponding to point e itself. This eutectic mixture (so called be- 
cause it is the lowest-melting mixture of the binary system) is 
deposited as a secondary crystallization product usually distin- 
guishable visually from the primary pure B (or pure A). The 
system water-potassium nitrate illustrates fig. 6; the eutectic 
(— 2.8? C., 10.9% KNOs) is now the intersection of the “ice curve” 
and the "solubility curve" of the salt, and the eutectic mixture is 
one of ice crystals and salt crystals. The number of phases at 
the eutectic, including vapour in addition to liquid and two solids 
is four, so that this is an invariant point of the binary system. cor- 
responding to the triple point of a one-component system. 6 
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Binary systems of the eyte 
type are often useful because 
the low melting points obtai 
Although pure cadmium 
pure bismuth melt at 321° al 
27. I? « respectively, Suitably 
mixtures can be used as 
metal baths at temperatures a 
low as 144^ C. Tce may ie 
melted by addition of a salt be 
cause of the tendency to form ty 
low-melting eutectic of the ps 
tem. In some cases the ісе] 
mixture may be used to produe 
low temperature, or as a freezing 
mixture, because of the endothe, 
mic. nature of the. simultaneous 
melting (or dissolving) of the solids to form the low-melti 
liquid. It is thus possible to reach temperatures as low as 21j 
C. from snow and sodium chloride and — 54.9? C. from snow and 
calcium chloride hexahydrate. 

If the components dissolve in each other in the solid state tos 
limited extent, there are still two separate solid phases in the 
system, a solid ranging in composition from pure A to a limit 
ing concentration of B and one ranging from pure B to a limiting 
concentration of A. With two solids, the freezing point diagram 
again consists of two intersecting branches, with the intersection 
either at a minimum (eutectic type) or at an intermediate te 
perature (peritectic type). The system lead tungstate-lead sulfate 
(fig. 7) is of the eutectic type; points a and b are the limitin 
solid solutions at the eutectic, which is like that in fig, 6 erai 
that the two solids (a, b) are not pure components. Fig, 8 shows 
the peritectic type in the system platinum-silver (Pt-Ag), Cunt 
ap represents liquid saturated 
with platinum-rich solid solution 
on curve ac, and curve pb repre- 
sents liquid saturated with silver- 
rich solid solution on curve db; 
liquid, p is in equilibrium with 
two limiting solid solutions, ¢ 
and d. 

The limited mutual solubility " o 
(or miscibility) of liquids is usu- — ® 
ally more easily studied than that 
of solids. While some pairs of 
liquids, i.e., as alcohol and water, 
dnos in each other in all pro- į — пошо 
portions so that they always give y jí 
a single liquid phase, PEREN pairs form two liquid layers tht » 
in composition, Unless the mutual solubility is Zero; 5% | 
tically the case for mere 
water, neither layer 8 put 
small amounts of eth | 
in water, but the contin ie 
tion of ether lea 
of a second, lighte k 
equilibrium is itse ас is 
tion of wate! 
the temperature 
mutual solubility. att 
existing layers, 07 © 
uids, then Spp. Я 
concentration, hen 
ture may be reached iall 
two layers become er qiie 


merge with each other 
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FIG. 7.—SYSTEM LEAD TUNGSTATE 
( = A)-LEAD SULFATE (= В). S} = 
SOLID SOLUTION OF B IN A: S)= 
SOLID SOLUTION OF A IN В; L= 
LIQUID 


TEMPERATURE, °C 


[] 


Pt et 
LATINUN SINE 


N or AG INT 
prin 


ФА 
FIG. 8.—SYSTEM Р 
в; = SOLID SOLUTIO 
в; = SOLID SOLUTION OF 


K(210*) 


TEMPERATURE , *C. 


system phe! 
consolute P' Н 

Nicotine Solution tempe $ 
S NICOTINE > In the system °C ig p 
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both by an upper and by a lower consolute point (K and 
fig. 9). Between these temperatures, mixtures having com- 
ons falling within the closed curve separate into two layers, 
compositions of con jugate layers being given by points on the 
joined by an isothermal line (horizontal on fig. 9). A mix- 
having а composition outside the closed curve exists as a 
:Jiquid solution. A lower consolute point is relatively rare, 
"ni the cooling of the conjugate liquids usually leads eventually 
pitation of one of the solids of the system. Thus the two 
water liquid layers come to be in equilibrium with a solid 
rate of phenol at 1.7° C.; with vapour present this consti- 
а four-phase invariant point of the.system, 
(һе two liquids remain partially miscible up to the boiling 
he boiling point curve of the system, unlike those in fig. 5, 
of two branches. Their intersection then represents the 
g point of the conjugate liquids, which may be either the 
num boiling point of the binary system or some temperature 
ermediate between those of the components. 
"he binary liquid, in certain concentration ranges, may pro- 
‘on freezing a solid compound of the components. Two typi- 
wil relations for such a system are shown in fig. 10, in which the 
compound (C) is assumed to have the composition 1A:1B. With 
ê solid phases (A, C and B), the phase diagram consists of 
curves, the middle one representing solutions in equilibrium 
h the solid compound and hence yielding the compound 
0n freezing. In fig. 10(a) this curve has a temperature maxi- 
mum at the composition of the compound, and solid C is ob- 
п cooling solutions of compositions on either side of 
the compound itself, namely from e; to ey. The (gen- 
'Tounded) maximum of the curve is the melting point of the 
1 nd, which is said here to melt congruently to a liquid of 
dis own composition. The two halves of the diagram are like 
utectic systems (fig. 6) side by side, with eutectic e; for 
A and C, and е for C and B. In fig. 10(b), on the other 
ily liquids with composition between p and e (containing 
f B relative to the compound C) give as first crystal- 
oduct solid C. The compound in this case decomposes, 
е § incongruently, when heated to the temperature 7,' (а 
It point), yielding solid A and liquid p. Although the con- 
‘melting compound on fig. 10(a) is stable as a solid phase 
melting point (Т,), such compounds in general decompose 
extent in the liquid state, and the greater the extent of 
n in the melt the flatter is the freezing point curve 
the maximum. 
m calcium-magnesium (Ca-Mg) illustrates fig. 10- 
ith the intermetallic compound CaMg melting congru- 
718° C. Fig. 10(b) is illustrated by the system alumi- 
de (AlO; = A) — silica (5105 = В), with the compound 
?28i0,(— C) melting incongruently at 1,810° C. If the 
components form a number of congruently melting com- 
rying stepwise in composition between A and B, the 
am consists of a succession of curves, each with a maxi- 
the melting point and the composition of a com- 


em may involve both types of compounds and its 
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diagram may be further compli- 


8 cated sometimes by polymor- 
$ phism of these solids. Sulfur 
55 trioxide (503) and water (H0) 
ыб form six or seven congruently 
27 1 . n 
2 melting compounds (sulfuric acid 
[3 being one of them) and several 
b with incongruent melting points. 

s Sodium fluoride (NaF) and 
uranium  tetrafluoride (UF,) 


ui form two compounds of each 


class besides two that decompose 
with rising temperature before 
attaining equilibrium with liquid. 
In many binary alloys, interme- 
diate solids appear that may be both solid solutions and inter- 
metallic compounds. The first solid solution, or alpha phase, of 
the system Cu-Zn, extending from pure copper to almost 40% 
zinc, includes the composition of ordinary brass (30%-33% Zn). 

When a binary compound is formed directly and reversibly 
from a solid and a vapour, as in the reaction of copper sulfate 
(CuSO,) with water vapour to form the hydrate CuSO,  H30, the 
vapour pressure of the three-phase univariant equilibrium varies 
with the temperature. In fig. 11 are plots of pressure against 
temperature for the following reactions, each for two solids and 
vapour: 


T 

TEMPERATURE 
FIG. 11.—DISSOCIATION PRESSURES 
FOR HYDRATES OF CUPRIC SULFATE, 
CuSO, (NOT TO SCALE) 


Curve 0,1: CuSO, + H:O7ZZCuSOrH:O — 
Curve 1,3: CuSOsH20 + 2H?0 — CuSO4:3H20 
Curve 3,5: CuSOs3H20 + 2H20 — CuSO45H20 
At temperature T” the solids CuSO, and CuSO,’ H5O can co- 
exist at equilibrium only under a partial pressure of water vapour, 
Pao equal to а. If, at this temperature, Py, o is maintained be- 


low a the hydrate dissociates, If Pa, o is raised to the value b all 


the salt becomes hydrated, but if the monohydrate is now heated 
to T” it decomposes. If a suf- 
ficient quantity of the anhydrous 
salt is present the final partial 
pressure of water in a closed 
space at 7" cannot exceed the 
equilibrium value a, Thus, for 
example, magnesium perchlorate, 
forming a hydrate of extremely 
low dissociation pressure, is a 
powerful drying agent for moist 
gases. 

Three-Component and Mul- 
ticomponent Systems of 
Higher Orders—The phase 
equilibria of a ternary system 
(ie., a system of three compo- 
nents) involve four independent 
variables, i.e., the independent 
percentages of two of the compo- 
nents in addition to pressure and temperature. А three-dimen- 
sional diagram can represent only three independent variables, and 
for freezing, or solubility, equilibria of condensed phases the usual 
relations studied are those of composition and temperature. With 
composition plotted on an equilateral triangle as the base, and 
temperature as the vertical axis, the diagram takes the form of a 
triangular prism, in which pressure is either constant or is assumed 
to have negligible effect. Fig. 12 shows the type of relation re- 
sulting if the components form a single continuous liquid phase 
and if the only solids appearing on freezing are the separate, pure 
components (А, B, C). Each of the three surfaces (each of which 
may be regarded as either a freezing point surface or a solubility 
surface) gives the temperature at which liquids with compositions 
falling on that surface first yield a particular solid on cooling: 
solid C for the surface T'o-es-E-es, for example. This surface 
therefore represents ternary liquid solutions in equilibrium with 
solid C. Points ei, és, ез are the eutectics of the separate binary 
systems. Each represents the temperature and composition of a 


TEMPERATURE = 


FIG. 


12.—FREEZING POINT RELA- 
TIONS FOR A TERNARY SYSTEM WITH 
PURE COMPONENTS AS SOLID PHASES 
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Сис. 2H20 


KCI 


CuCl, 
CuCh- KCl KCI > 

FIG. 13.—PHASE DIAGRAM OF SYSTEM CUCL,-KCL-H,O AT 75? C. 
OF EACH COMPONENT IS MEASURED FROM OPPOSITE SIDE 


binary liquid in equilibrium with two solids (cf., fig. 6). Point E, 
the liquid of lowest freezing point and in equilibrium with all three 
solids, is the ternary eutectic. When only pure (or almost pure) 
components appear as solids from a multicomponent solution each 
additional component causes a further decrease in the minimum 
(eutectic) melting point. The eutectic of the ternary alloy bis- 
muth-cadmium-tin is at 102.5?. C., and the quaternary eutectic, 
with lead added, is at 70° C. 

A horizontal, isothermal section of fig. 12 represents the 
phase equilibria, specifically solubility relations, of the ternary 
system at a given temperature. Fig. 13 is the solubility diagram 
for the system copper chloride-potassium chloride-water (CuCl;- 
KCI-H,0) at 75° C. Compositions in the region labeled “Liquid” 
represent unsaturated solutions. The four curves from a to e, 
delimiting this region, represent, successively, the solubility, in 
ternary solutions, of each of the four solid phases of the system 
at this temperature: curve ab represents compositions of solutions 
saturated with CuCl. * 2H;0; bc with the double salt CuCl, - KCl; 
cd with the hydrated double salt CuCl;: 2KCl-2H.O; and de 
with KCl, Points b, c, d, denote compositions of solutions satu- 
rated with two salts, those of the adjacent curves. 

A system of four components, such as an alloy of four metals or 
the system of water and the salts'sodium chloride, sodium sulfate 
and sodium carbonate, involves five independent variables, for 
there are three independent concentrations besides pressure and 
temperature. A three-dimensional figure is required to represent 
the composition relations alone at fixed pressure and temperature. 
For the aqueous salt system, for example, this figure would be a 
tetrahedron with water as an apex, and each side touching this 
apex would be the solubility isotherm, like fig. 13, of a ternary 
system of water and two salts. Surfaces and curves within the 
tetrahedron would then represent the simultaneous solubility rela- 
tions in the quaternary solutions containing all three salts. 

Difficulties both of experimentation and of graphical representa- 
tion mount with each additional component. Nevertheless, at 
least partial studies of some high-order multicomponent systems 
have been made. Perhaps the most notable example is the work 
of J. H. van't Hoff on the complex system of sea water, treated 
essentially as a six-component system of the chlorides and sulfates 

of sodium, potassium, magnesium and calcium in water. Sig- 
nificant aspects of the phase equilibria were established at a num- 
ber of temperatures. This work was of practical importance in 
connection with the utilization of the Stassfurt (g.v:) salt deposits 
and of theoretical interest as a basis for the interpretation of the 
geological history of their formation. 

BisLi0cRAPHY.—Texts on Phase Equilibria: Н: W. Bakhuis Rooze- 
boom, Die heterogenen Gleichgewichte vom Standpunkte der Phasen- 
lehre, vol. i (1901), vol. ii, with E. H. Büchner and A. H. W. Aten 
(1904, 1918), vol. iii, by F. A. H. Schreinemakers (1911, 1913) ; R. 
Vogel, Die heterogenen Gleichgewichte (1937) ; J. E. Ricci, The Phase 
Rule and Heterogeneous Equilibrium (1951) ; A. Findlay, The Phase 
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Rhines, Phase Diagrams in Metallurgy (1956) ; J. Zernike a 5 
Phase Theory (1957). р Д d 
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van't Hoff, Zur Bildung der ozeanischen Salzablagerungen (о 
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gregation (1925); J. E. Teeple, The Industrial Development of S 
Lake Brines (1929); P. W. Bridgman, The Physics of Hi 
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(J. E. Ri) 
PHEASANT, any of about 50 species of game birds of ade 


World, belonging to the family Phasianidae (which also includes 
the new and old world quail and partridges), The males ar 
brightly coloured, generally with long tails; the females are int 
spicuously coloured. A few, like the tragopans (Tragopan) and 
impeyans or monals (Lophophorus) are short tailed; they are in 
termediate between the pheasants and the partridges, 

The typical pheasant (Phasianus colchicus) was according to 
legend introduced into Europe by the Argonauts from the banks 
of the Phasis in Asia Minor and was later supposedly brought to 
England by the Romans. As a wild species it occurs in many 
parts of Eurasia in a number of local races, of which the Japans 
green pheasant is especially distinct. The Chinese ring-necked 
variety was introduced into Oregon in 1881 and others wet 
brought to the eastern United States from England. Pheasant 
now occur across the northern United States and southern Canal, 
where in many places they are the most important game bir 
They are also raised for sport in shooting preserves in the United 
States and Britain (see Game Brros). Pheasants nest in late Aprl 
and early May, lay 7 to 18 olive-buff eggs in a nest on the gta 
hidden by a tussock of grass or 
a small bush. The male has bril- 
liant plumage and red wattles; 
the female is protectively col- 
oured in mottled brown. The 
wings are short, the tail long. In 
the breeding season sets of erec- i 
tile feathers on each side of the 
head give the cock a horned ap- 
pearance. The birds are polyga- 
mous, the male maintaining a 
harem. They feed on grain, 
seeds, shoots and insects. Both 
sexes fly and run well. 

The ornaments of pheasants 
are strikingly displayed in court- 
ship, the peacock (q.v.) being the 
most notable example (see 
CoURTSHIP, ANIMAL). The 
splendid Argus pheasant (Argu- 
Sianus) and the ocellated pheas- 
ant (Reinardia) are related to the 
peacock. The rare Congo pea- тетт 
cock (Afropavo), discovered in 
1926, is the only true pheasant (pyasianus coLCHICUS) 
found in Africa. All the domestic | (ойе 
fowls are descended from the Indian red jungle fow ty and th 
lus), which is also a pheasant. Because of their beau Pr 
comparative ease with which some of them can Бета” quj 
tivity, pheasants are in great demand by aviculturists. ere it ndt! 
species live in such dense cover and are so shy that, br 
captive individuals, man would never set eyes upon E gli 

In addition to those mentioned above, favourites a | 
pheasant (Chrysolophus pictus) and the lovely 14 oli ares 0 
pheasant (C. amherstiae). Many come from rer ent! y 
India and China where their continued existence P а rfo 
destruction of the habitat and by hunters who snare ; 008) 

See W. Beebe, Monograph of the Pheasants (1918-223 (p^ 
Pheasants of the World (1951). 
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PHEIDIAS: see PHIDIAS. 

pHEIDON (probably 7th century в.с.), а powerful king of 

y Argos, in Greece. The Dorians of Argos considered that they 
inherited the traditional supremacy of Mycenae, Agamemnon’s 
capital, and in the legend of the Dorian division of the Pelopon- 
nese most of the northeastern cities (Sicyon, Phlius, Epidaurus 
and others, but not Corinth) were reckoned to belong to the “lot” 
of Temenus, the Argive founder. A tradition of uncertain value 
sserts that Temenus’ successors were weak kings till Pheidon, the 
tenth, who reunited the “Jot of Temenus”: Herodotus attests that 
he seized Olympia and held the festival himself, and that he estab- 
lished the standard system of measures in the Peloponnese. 

Herodotus, naming Pheidon’s son Leocedes among the suitors 
of Agariste, daughter of Cleisthenes of Sicyon, dates Pheidon by 
implication с. 600 B-C., but at this time the tyrannies of Corinth 
and Sicyon were at the height of their power and there is no room 
fora period of Argive ascendancy. Some later writers assigned 
him to the 8th century, but there are also grounds for doubting 
this, The evidence on his seizure of Olympia is confused, Pausa- 
nias dating it to 748 while others say that the Eleans held the 
presidency without a break till 672 or 668. here are still advo- 
cates of the 8th-century date, but most modern writers prefer the 
early 7th century. We may then attribute to him the defeat of 
Sparta at Hysiae, on the pass leading up from the southern Argolid 
into Arcadia, which Pausanias dates to 669. 

The most striking evidence of his power is his ability to march 
across the Peloponnese and seize Olympia. A system of measures 
Шей Pheidonian certainly existed later in the Peloponnese and 
its colonies, апа also in Athens before Solon, but Ephorus' state- 
ment that Pheidon was the first to coin silver money must rest on 
[геш the beginning of coinage in mainland Greece is 
tow dated too late in the 7th century for Pheidon. Aristotle sa; 
that he exceeded the traditional bounda of kingship and ce 
tyrant; since he was legitimately king, the meaning must be that he 
меней the royal power more effectively than was usual in this 
| m period. The Argive recovery did not last long against 

combination of Sparta and Elis, and the northeastern cities 

Were soon independent under their own tyrants. 

Los P. N. Ure, The Origin of Tyranny, ch. vi (1922); A. Andrewes, 
m Tyrants, ch. iii (1956). (A. As.) 

LPS, WILLIAM LYON (1865-1943), U.S. teacher 
os a much to popularize the teaching of contenon 
ids Yale University (BA. 1997, МА. 1891) amd Harvard Uni- 

E 280. A; taught at Harvard for a атай Жеп 
f ale where he was for 41 years a member of the En- 

(Eb department and Lampson professor from 1901 until his re- 

i mm in 1933, For years his students voted him Yale's most 
mia кач ss to his classes поо 

0 ng of which he was a pioneer, an e 
inel In 1895 he taught the first U.S. college course in 

0 Hu novel, doing much to introduce Russian novelists to 

m A popular lecturer and critic, his literary essays in 

taper’ Magazine and other periodicals and his syndicated news- 

ш» e Daily Thought," brought him an audience esti- 

e millions, 

Wildes сна he helped make the popular reputation of Thornton 
с. AR object of the scorn of H. L. Mencken, he endorsed 
Пепе Prejudices. He died on Aug. 21, 1943, in New Haven. 

His one books were devoted chiefly to English literature. 
Ste also E eroon with Letters was published in 1939. 

PBÉT v H. Barber's Fellow of Infinite Jest (1949). 
slate in Кх, the family whose Jong tenure d чы 

ade it one of the so-called ministeri: 
© 17th~18th centuries 

ot DRÉLvPEAUX, SIEUR DE PONTCHARTRAIN (1569-1621), the 
in the ENSE in the presidial court at Blois, began a career 
notaries of es in 1583 and was appointed one of the four 

guedoc j state in April 1610. He died at Castelsarrasin, in 

Huguenot ; in October 1621, during the campaign against the 

Of the rer memoirs (published 1720) deal with the affairs 

®gency of his patroness, Marie de Médicis. 
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As Paul's son Louis I, SŒUR DE PONTCHARTRAIN (1613-85; see 
below) was an infant in 1621, the secretaryship of state was taken 
over by Paul's elder brother, RAYMOND, SIEUR D'HERBAULT (1560- 
1629), who in 1626 became the first secretary of state to be as- 
signed the sole administration of all foreign affairs and who also 
had the department of Huguenot affairs, as well as control of a 
number of provinces. Herbault’s son Louis I, SIEUR DE LA VRIL- 
LIERE (1598-1681), secured the secretaryship in 1629, with the 
Huguenot department and more provinces, but without foreign 
affairs. La Vrilliére was succeeded by his son BALTHAZAR, MAR- 
QUIS DE CHATEAUNEUF (с. 1638-1700), during whose lifetime the 
Huguenot department lost much of its scope because of the revo- 
cation of the Edict of Nantes (1685). Cháteauneuf's son Louis 
II, MARQUIS DE LA VRILLIÈRE (1672-1725), who obtained the 
Huguenot department in 1700, was the only secretary of state to 
be retained in effective function during the system of councils 
(1715-18) under the regency of the duc d'Orléans, when he was 
moreover secretary general of the council of regency. He secured 
the reversion of his old secretaryship, with the Huguenot depart- 
ment, for his son 1.010715, COMTE ре SAINT-FLORENTIN (1705-77), 
in 1723. Saint-Florentin, completely obsequious to King Louis 
XV, further obtained the department of the king's household (with 
the affairs of the clergy) in 1749, the rank of minister of state in 
1751, the title of duc de La Vrilliére in 1770, and temporary man- 
agement of foreign affairs in 1770-71. Hated for his ruthlessness 
toward parlements, heretics, and freethinkers, he was at last dis- 
missed by Louis XVI in 1775. 

Louis I de Pontchartrain (see above) became president of the 
Chambre des Comptes in Paris in 1650; but by refusing his assent 
to the condemnation of Nicolas Fouquet (g.v.) in the 1660s, he 
forfeited all hope of compensation for his father's secretaryship 
of state. His son Lours II, COMTE DE PoNTCHARTRAIN (1643- 
1727), who was quite unexpectedly appointed premier president 
of the Breton Parlement in 1677, restored the Pontchartrain for- 
tunes, becoming intendant of the French finances (1687-89), con- 
troller general of the finances (1689-99), minister of state (1690- 
1714), secretary of state with the marine department and the king's 
household (1690-99), and finally chancellor of France (1699- 
1714). His son JÉROME, COMTE DE PONTCHARTRAIN (1674-1747), 
was designated for the secretaryship in 1693 and took the depart- 
ments over in 1699. Tactless and incompetent, he was forced to 
resign his office to his young son JEAN FRÉDÉRIC, COMTE DE MAU- 
REPAS (q.v.) in 1715. 

PHENACETIN, a drug also called acetophenetidin, is an 
effective analgesic and antipyretic for headaches, colds, muscular 
pains, and rheumatic conditions. It is one of the three ingredients 
used in APC tablets, the others being aspirin and caffeine. 

Phenacetin crystallizes from water in colourless plates that melt 
at 135? С. It is soluble in about 70 parts of hot water and in about 
1,400 parts of cold water. It is prepared by acetylating paraphe- 
netidine or by heating paraacetylaminophenol and potassium ethyl 
sulfate with alcoholic soda to 150? С. Paraphenetidine is prepared 
by treating the sodium salt of paranitrophenol with ethyl iodide 
and reducing the nitrophenetole to paraphenetidine or aminophene- 
tole. The yield may be doubled by diazotizing paraphenetidine, 
coupling with phenol, ethylating, and reducing. 

The formula for phenacetin is C44H43NO, and its chemical 
name is paraethyoxyacetanilide. 

PHENACITE, a rare mineral consisting of beryllium ortho- 
silicate, occasionally used as a gem stone. ; In general appearance 
it is not unlike quartz, for which indeed it had been mistaken, 
and was for this reason named from the Greek meaning a deceiver. 

For gem purposes the stone is cut in the brilliant form but it 
is not in general use; fine examples are seldom seen outside of 
private or museum gem collections. The indices of refraction are 
higher than those of quartz, beryl, or topaz; a faceted phenacite 
is consequently rather brilliant and may sometimes be mistaken 
for diamond. 

Phenacite has long been known from the emerald and chryso- 
beryl mine on the Takovaya stream, near Sverdlovsk in the Urals, 
where large crystals occur in mica schist. It is also found with 
topaz and microline in the granite of the Ilmen mountains in the 
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southern Urals and of the Pikes Peak region in Colorado. Large 
crystals of prismatic habit have been found in a feldspar quarry at 
Kragero, Nor., and clear lenticular crystals are abundant at San 
Miguel de Piricicaba in Minas Gerais, Braz. 

The formula of phenacite is BeSiOy. It occurs as isolated 
crystals, which are rhombohedral with parallel-faced hemihedrism 
and are either lenticular or prismatic in habit. There is no cleav- 
age, the fracture is conchoidal, and the crystals are sometimes 
perfectly colourless and transparent, but more often grayish or 
yellowish and only translucent. The hardness is high, being 7.5-8; 
the specific gravity is 2.98. (Cr. F.) 

PHENACODUS, a genus of hoofed mammals, now extinct, 
of the family Phenacodontidae (order Condylarthra). The two 
best-known species are represented by complete skeletons found 
in the Bighorn Basin of Wyoming in 1881. Phenacodus, appearing 
in the Early Eocene of Europe and North America, attained the 
size of a pig or a fox. The teeth were short crowned, with low 
rounded cusps, the dentition unreduced, the premolars smaller than 
the molars and of simple pattern. The feet were five toed but the 
first and fifth digits were considerably reduced; the small flattened 
hoofs resembled those of the tapir. The arrangement of the wrist- 
bones was serial, the upper row directly overlying the lower ones, 
as in the hyrax and the elephant, instead of alternating as in other 
hoofed animals. The anklebone in the hind foot had a distinct 
neck and convex rounded head like that of carnivores. This char- 
acter distinguishes the Condylarthra from the higher ungulates, as 
the primitive construction of their teeth distinguishes them from 
the variously specialized ungulate tooth patterns. The brain was 
small and of inferior structure. (W. D. M.) 

PHENANTHRENE, an aromatic hydrocarbon of little im- 
portance in itself but of great value and interest because its struc- 
tural skeleton occurs as a part of many natural products, including 
the steroids, Phenanthrene was discovered in 1872 by Rudolf 
Fittig and Eugen Ostermayer. It has the same composition 

(СН) as anthracene and is found with it in coal tar distillates 
boiling between 300°. and 400° C. Phenanthrene crystallizes as 
colourless leaflets; its melting point is 101° C and its boiling point 
is 332° C. The commercial product is contaminated with anthra- 
cene, fluorene, carbazole, and other substances. It may be purified 
by treatment. with maleic anhydride to remove anthracene, fol- 
lowed by azeotropic distillation with ethylene glycol to remove 
fluorene, and then treatment with sodium to remove traces of sul- 
fur compounds. 

Phenanthrene is oxidized by chromic acid to the 9,10-phenan- 
threnequinone and diphenic acid (2,2’-biphenyldicarboxylic acid). 
This and a variety of synthetic methods of preparation establish 
its structure (I). 
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Phenanthrene also has been obtained from a Rumanian petro- 
leum distillate, and 1,8-dimethyl- and 1,2,8-trimethylphenan- 
threne have been isolated from high-boiling fractions of a Kuwait 
petroleum. The last-named is a major product of dehydrogenation 
of tetracyclic triterpenoids and of many diterpenoids, Retene 
(1-methyl-7-isopropylphenanthrene), structure II, is found in fos- 
silized pinewood and in the highest boiling fractions of pinewood 
tar. It is formed by dehydrogenation of abietic acid. 

The completely or partly hydrogenated phenanthrene nucleus is 
present in opium alkaloids (notably morphine), resin acids, sterols 
bile acids, sex hormones, adrenal cortical hormones, heart poisons, 
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saponins, and the steroid alkaloids. The key to the оба 
the structures of the various groups of steroids was the estal 
ment by synthesis of the structure of Diels’s hydrocarbon, I 
from members of this group by selenium dehydrogenation 
3’-methyl-1,2-cyclopentenophenanthrene (structure Ш), p 

Phenanthrene forms addition compounds on the 9,10 bond, 
drogenation gives as the initial product 9,10-dihydrophenanthrege 
the unstable 9,10-dichloride and 9,10-dibromide may also be pee 
pared. A large variety of substitution products has been obtained 
Nitration for example, gives all five possible mononitro derivative 

See L. F. and Mary Fieser, The Chemistry oj Natural Products Re 
lated to Phenanthrene, 3rd ed. (1949), Steroids (1959), (J, W, Cx) 

PHENIX CITY, a city of eastern Alabama, U.S. in Rusl 
County, on the Chattahoochee River, is opposite Columbus, Ga, 
of which it is a residential and industrial suburb. "Manufacture 
products include lumber, caskets, and embalming supplies, 

In 1923 the legislature extended the corporate limits of Рае 
City to include the town of Girard but it did not aller the 
county boundaries. In) 1927, a branch courthouse was edil 
lished, in that part of Phenix City which had formerly been Girard, 
to maintain jurisdiction over the northern division of Russel 
County. The county boundaries were finally altered in 1932, 
include all of Phenix City in Russell. The legislature in 1943 pro 
vided for the transfer of all records from the old county seat, at 
Seale, to Phenix City. For comparative population figures ж 
table in ALABAMA: Population. (P.A.B) 

PHENOLOGY, literally the study of phenomena or happen: 
ings, is applied to the recording and study of the dates of recurrent 
natural events (such as the flowering of a plant, or the first or hit 
appearance of a migrant bird) in relation to seasonal climalit 
changes. Phenology thus combines ecology with meteorology. 

The weather factor that has’ the greatest influence on тесш 
events in temperate climates is almost always temperature; it 
tropical areas it may be rainfall, humidity, or some other fact, 
The length of day, which fluctuates throughout the year but 
always the same on the same date in every year, often determines 
the average date of natural events, but not the variation from ya! 
to year їп a single locality, With resident species these local eve 
are influenced by previous weather conditions in the arem ) 
migrant animals dates of arrival are affected more by conti 
at the start of and during their flights. The accompanying 
shows the Marsham records (see below) for the first appe 
of two migrant birds, the cuckoo and the swallow, in eastern » 
gland as examples of the range of date of single annually И ти 
events over a period of nearly 200 years in the bs 
These data indicate that the swallow generally appears à tf 
earlier than the cuckoo, and is considerably more variable 
arrival date. " 

In addition to comparisons of the same event in dif 
in one locality, phenology is also concerned with stu e 
times of the same event in different localities in lr Ж 
(when differences of geographic position, soil, slope, * in one lt 
are involved), and of the sequence of different events 1 à 
cality during the annual cycle of climate and biological d p 
Phenological observations are of importance i 
deners, and to beekeepers who want to know when п {о 
flowers are at their peak production. The best vu ing, is ae 
for insect pests, particularly of fruit trees in the SP goner 
mined by the state of development of the leaf ani ication 
which varies from year to year; and the study and к! inst 
this is a branch of phenology. In the Netherlands anc Did 
of Agriculture informs farmers, a short time in ie state oft 
best date to start potato harvesting in relation to t е endl 
crop and the prevalence of certain fungus diseases. k: # 
records also have medical applications: they аге ue fever 3 
flowering seasons of plants whose pollens cause Hr ШИ 

Although the word “phenology” was first um Marti 
England the study began as early as 1736, with Ro “ol ing Ë 
observations of the seasonally recurring events inv! 
insects, and birds in his village in Norfolk; Eng: ti] 1980.85 
records were continued by Robert’s descendants UD' ilbert Wm 
fora break of 25 years. Before 1770 the naturalis! 
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corded the dates of the first appearances of 20 species of migra- 
шу birds at Selbourne, Hampshire, Eng. In 1875 the Royal 
| Meteorological Society of London organized observations of cer- 
` tain plants, birds, and insects; publishing an annual report up to and 
` ipdluding 1947. A brief history of phenology in the United King- 
` dom was given by J. E. Clark in 1936. 
Inthe United States an early phenological study was J. Bigelow's 
“рз Serving to Show the Comparative Forwardness of the 
ing Season in Different Parts of the U.S.A.” (1817; see Bibli- 
ography), In 1918, A. D. Hopkins, in an article called “Biocli- 
matic Laws,” proposed a method for determining the range of 
ate of occurrence of a seasonal event. His study of agricultural 
and forest conditions, particularly in the Midwestern U.S., sug- 
ted that if the date of a spring event was known at one locality, 
then the probable date of its occurrence at other localities in the 
sime year would be four days later for each degree of latitude to 
ihe north, for each five degrees longitude to the east, and for each 
400 ft, rise in altitude. Autumnal events would be approximately 
the same intervals earlier. Hopkins used his laws (with some 
empirical corrections) to advise farmers on the best date for cer- 
tain agricultural operations, in relation to known dates at a par- 
ticular experimental station. For example, he suggested the best 
date to sow winter wheat, which, if planted too early, was attacked 
by fruit йу and if planted too late would suffer from frost. His 
lays were of value in the comparatively simple weather conditions 
ofthe Midwest, where the spring isotherms move northeast at ap- 
proximately the rates he indicated, but they do not hold for other 
ireas where climatic changes are much more complicated. For ex- 
ample, in the British Isles some spring events happen earlier in 
the north than in the south. This is due to the unusual climatic 
(onditions, including the influence of the Atlantic Ocean and the 
Gulf Stream, which result in a mean January temperature in the 
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hi ^ 
UM ja Scotland and the west of Ireland as high as that in the 
ўа, апо In general, spring events in Britain are earlier in 
7 ап in the east, pF 
ii PORAPHY.—], Bigelow, Mem. Am. Acad. Arts Sci. Old Series, 
Soc, 0 i]; Es Clark, "History of British Phenology,” Quart. J. К. Met. 
Agricul 36); A. D. Hopkins, “Bioclimatic Laws,” U.S. Department 
latics, rure, Mon. Weath, Rev. Wash. Suppl, 9 (1918); "Bio- 
»" Misc. Publ, U.S. Dep. Agric., No. 280 (1938) ; 1. D. Margary, 
am, Phenological Record . ..." Quart. J. R. Met. Soc. 52 
Wal те »Marsham, Phil. Trans., 79 (1788) ; Quart. J. R. Met. Soc. 
шп ОТВ оп phenology (1875-1947) ; С. White, letter to Daines 
Seon M une 30, 1769, in The Natural History and Antiquities 


vne (1789) and numerous later editions. (C. B. W.) 
SRENOLPHTHALEIN, an organic chemical compound of 


8 Series that has two uses: (1) as an indicator for acids 
Lo n volumetric analysis; (2) as a cathartic drug. The 
are prepared by condensing phenols (9.7.), with 
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Colourless 


HO ( m 
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phthalic anhydride (g.v.), phenol itself giving rise to phenolphthal- 
ein together with a small quantity of fluorane. 

Phenolphthalein is obtained when phenol and phthalic anhydride 
are heated with concentrated sulfuric acid. Tt precipitates as col- 
ourless crystals (mp 2509-253? C) and is nearly insoluble in 
water, but the crystals dissolve in dilute alkaline solutions (pH 8.3 
or higher) with the appearance of a red-violet colour that is due 
to the formation of the red disodium salt. If an excess of alkali 
is added, the solution becomes colourless as the colourless triso- 
dium salt is formed. Crystals may be reprecipitated from these 
solutions by the addition of an acid. The use of phenolphthalein 
as an indicator is based on this remarkable colour change. (See 
also INDICATOR, CHEMICAL.) 

Phenolphthalein is used extensively as a cathartic under many 
proprietary drug names. It dissolves in the bile and intestinal 
fluid, which are slightly alkaline, and, since it irritates the intestine, 
causes intestinal peristalsis and evacuation. See also CATHARTIC. 

PHENOLS, a large class of organic substances of which phenol 
(hydroxybenzene) is the parent compound. They are character- 
ized by the presence of at least one hydroxyl group attached to 
the benzene ring. Members of the group, in addition to phenol, 
include the cresols (q.v.; or methyl phenols), the xylenols (di- 
methyl phenols), the dihydroxybenzenes (pyrocatechol, resorcinol 
[4:2.], and hydroquinone), trihydroxybenzene (pyrogallol; q.v.), 
the aminophenols, the halophenols, the nitrophenols (e.g., picric 
acid; q.v.), and the alkylated phenols (e.g., thymol, or 5-methyl- 
2-isopropyl-1-phenol), Important phenol derivatives include va- 
nillin and anisole. 

Phenol, or carbolic acid, was discovered in 1834 by F. F. Runge, 
who separated it in crude form from coal tar and called it Kar- 
bolsüure. In 1841 A. Laurent produced the pure substance, again 
from coal tar, and named it hydrate de phényle or acide phénique. 
The term “phenol,” which was later used, was introduced by C. F. 
Gerhardt. He prepared the substance in 1843 by the dry distilla- 
tion of salicylic acid in the presence of lime. In 1867 A. Wurtz 
and F. A. Kekulé von Stradonitz discovered the synthesis from 
benzene, a process still of commercial importance involving the 
fusion of a strong alkali with the alkali salt of benzenesulfonic acid. 

Phenol is found in coal tar, in wood tar, and in many other prod- 
ucts derived from the pyrolysis of animal and vegetable matter. 
In small quantities it is also present in Galician and Caucasian 
petroleum. It is a product of animal metabolism and, bound to 
other substances, it occurs in the urine of many mammals. 

The commercial manufacture of phenol began in 1860. Origi- 
nally this substance was obtained solely from coal tar. In the 
early years of the 20th century, and particularly during World 
War I, the demand exceeded the supplies available from coal tar, 
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and production was augmented by the commercial synthesis of 
phenol from benzene. . 

As a result of the rapid rise of the plastics industry, which 
absorbed increasing amounts of phenol in the making of Bakelite 
and epoxide resins, production by synthesis outgrew the volume 
recovered from coal tar, until by mid-20th century about 9096 of 
the production was by synthesis. 

Uses.—Although in the 19th century phenol was used exten- 
sively because of its antiseptic properties, its use in the operating 
room was discontinued because of its irritating action (see Por- 
SON). It also lost its important position among disinfectants, 
where it was largely supplanted by its homologues of higher molec- 
ular weight, by its derivatives, and by other chemicals. But it is 
still used as a standard in the evaluation of disinfectants. 

The great demand for phenol during World War I can be at- 
tributed to the extensive use of its trinitro derivative (picric acid) 
as an explosive. Although made by some of the Allies during 
World War II, it did not compare in importance with explosives 
such as trinitrotoluene. 

The increasing demand for phenol in the second half of the 20th 
century was caused principally by the expanding plastics industry, 
which absorbed about two-thirds of the total production. There 
phenol is treated with formaldehyde to make the infinite variety of 
Bakelite-type resins used for molding purposes, for laminating of 
paper, cloth, and wood, for adhesives, protective coatings, paints, 
and many other uses. For the epoxide-type resins, phenol is re- 
acted with acetone to form bisphenol A (4,4’-isopropylidenedi- 
phenol), which in turn is condensed with epichlorohydrin. Roughly 
one-fourth of the output went to the chemical and pharmaceutical 
industries for conversion into such derivatives as salicylates, chlo- 
rophenols, alkyl phenols, phenyl phosphates, nitrophenols and 
phenolsulfonic acids. The production of salicylic acid was one of 
the best-known outlets for phenol. From it many medicinals 
(e.g., aspirin), flavours, and dyes were prepared. The chloro- 
phenols are important as bactericides, fungicides, selective herbi- 
cides (2,4-dichlorophenoxyacetic acid, or 2,4-D), and starting ma- 
terials in the production of pharmaceuticals and photographic 
Chemicals. The alkyl phenols are useful as oxidation inhibitors 

(e.g., di-tert-butyl-meta-cresol), starting materials for drying-oil- 
soluble varnish resins (e.g., para-tert-butylphenol), and as reagents 
in the manufacture of synthetic detergents. Triphenyl phosphate 
is a plasticizer used in cellulose acetate film, and phenolsulfonic 
acids find application principally in the production of synthetic 
tanning agents. The. remaining production was used as selective 
solvents in the refining of lubricating oils, the extraction of aro- 
matic fractions (toluene) from petroleum distillates, and for many 
other purposes. (See also ADHESIVES; ANTIOXIDANTS; PLASTICS: 
Thermosetting Resins; RESINS: Synthetic Resins.) 

Properties.—Phenol is closely related to benzene, differing only 
in that one of the six hydrogen atoms in the benzene ring is re- 
placed by a hydroxyl (OH) group. Its formula is C;H;'OH. Thus 


OH 


Phenol 


it stands in the same relation to benzene as methyl alcohol 
СНОН, does to methane, CHy. (See also CHEMISTRY: И. ydroxy 
Compounds.) 

Although it has some properties that resemble those of the 
aliphatic alcohols, in particular of the tertiary alcohols, phenol 
cannot be classified as an alcohol. It is characterized by its 
acidic nature and its readiness to form salts with Strong bases, 
Phenol is the prototype of the hydroxylated members of the ben- 
zene series, 

Phenol has a molecular weight of 94.11, At atmospheric pres- 
sure it boils at 182? C. , It solidifies at 41° C into colourless 
needles, At 25° C its density is 1.072 and its refractive index at 
41° C is 1.5425. It has a characteristic pungent odour and in 
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dilute water solution a sweetish taste. In more co 
it is poisonous and produces burns on the skin. At TOOM temper, 
ture phenol is sparingly soluble in water. If more than d 
weight of phenol is present, two phases appear in the "e i 
bottom layer consisting of phenol with some dissolved water h! 
a top layer of water containing about 8% phenol, As tte 
perature is elevated, the mutual solubility increases, until al 
66° C phenol and water become soluble in all Proportions, р 

is readily soluble in alcohol, ether, chloroform, carbon dis 
glacial acetic acid and the hydrocarbons of the aromatic serie: 
It is less soluble in the liquid hydrocarbons of the aliphatic seris 
Because of its acidic nature, it dissolves readily in solutions of 
alkalies with the formation of alkali-metal salts. ‘These salts ay 
readily decomposed by the addition of acids, Similarly to иф. 
nary alcohols, phenol can be esterified with carboxylic acids, ah 
though the reaction does not proceed with the same ease ql 
often requires the action of the chloride or anhydride of th 
carboxylic acid or an alkali-metal salt of phenol. It can be com | 
verted into an ether by treating its sodium or potassium salt wit 
an alkyl halide, such as methyl iodide, or by treating it under d 
vated temperature and pressure with acetylenes in the presence of 
alkaline catalysts. 

Аз а typical derivative of benzene, phenol can be sulfonated, n 
trated, and halogenated. The presence of the hydroxyl grow 
enhances the reactivity of the benzene ring, so that milder cont 
tions are indicated to control the reactions. Halogenations pt 
ceed quantitatively to the trihalide stage, a fact that is useful ia 
the analysis for phenol. Substitutions take place: principally it 
positions ortho and рага to the hydroxyl group. Hydrogen, inthe 
presence of active catalysts, will add to phenol to form cyclo 
hexanol or, under more drastic conditions, cyclohexane, Of greit 
commercial importance is the readiness with which phenol reads 
with aldehydes, in particular formaldehyde, to form condensation 
products of high molecular weight. ~ 

Preparation.—Natural phenol is recovered at coal tar distil 
tion plants from a distillate fraction boiling between 160 
230° C. To extract the phenol together with its homologues—th 
various cresol (methyl phenols) and xylenol (dimethyl phenol) 
isomers—from this fraction, it is washed with dilute aqueou 
sodium hydroxide solution. To “spring” the acids out of th 
aqueous solution the extract is purified and treated with an? 
material, such as carbonic acid, which is often available in s 
or kiln gases. The acids thus liberated are withdrawn, pU? 
and finally fractionally distilled under vacuum to у 
E s i enol cul 
in various grades of purity followed by the cresol and xy " 

Synthetic phenol is produced from benzene mainly by Wk ў 
eral procedures which may be classified according to the 
Process steps as follows: pent 

1. Sulfonation process, which consists in the treatment ot ee 
with sulfuric acid and subsequent fusion of the resulting, whi 
sulfonic acid with sodium hydroxide to form sodium pheno 


is dissolved in acids to liberate phenol. bent 
2. Chlorination process, which consists in the treatment of деш 


Г, ri ing chloro! 
with chlorine and subsequent hydrolysis of the resulting O oy alkil 
with steam or with aqueous alkaline solutions to form phat йл 


phenoxide solutions, the latter being treated wi 
phenol. 


3. Cumene process, which consists in the reaction idation 0 
Propylene to form cumene (monoisopropylbenzene) ; 
cumene with air to make cumene hydroperoxide; and, 
of this hydroperoxide to produce phenol and acetone. n MT 

In the sulfonation process benzene is caused to P dri 
equivalent amount of concentrated sulfuric acid to 
benzenesulfonic acid according to the equation 


Сане + HaSO, > Сен:0:Н + Н20 oa 
c acid bee ied 


Since the reaction slows down as the reactant sulfuri cai 
diluted with the water of reaction, the process 15 d path, 08 
out by passing benzene vapour through a sulfuric ac! that шї 
tained at а temperature above 100° C, in such а be 

a portion of the benzene reacts while the rest сваре pas 
together with the water formed in the reaction. The A 
condensed, the water is separated, and the benzene 
the sulfonation bath. At the end of the cycle there 5 


ncentrated 1 


is roto از‎ 
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the bath benzenesulfonic acid which. is essentially free of sulfuric 
acid and which.can be used directly in the fusion step without the 
Jsborious intermediate steps necessary if appreciable quantities 
of free sulfuric acid remain dissolved in the sulfonation product. 
The second, so-called fusion, step in the process proceeds accord- 
ing to the reaction 


CiHs.SOsH + 3NaOH + CsHsONa + Na2SO3 + 2H20 


In practice this operation is carried out in cast-iron vessels. Caus- 
lic soda in excess of the theoretical requirement is first charged 
and heated to about 300? C. Then the benzenesulfonic acid or its 
sodium salt is pumped into the molten.mass. After about six hours 
the reaction mixture is plunged into aqueous-process liquors in 
which sodium sulfite crystallizes out because of its low solubility in 
strongly alkaline solutions. The solution is filtered, and the fil- 
trate, containing sodium phenoxide and residual free caustic soda, 
fs treated with sulfuric acid to liberate the phenol and to convert 
the soda into sodium sulfate. A final distillation of the phenol re- 
moves water and furnishes the marketable product. 

In the chlorination process, benzene is treated with chlorine 
lo form monochlorobenzene according to the equation 


CoHe + Cl > CeHs-Cl + НСІ 


The reaction is carried out in cylindrical vessels. Iron is added 
tothe charge аз а catalyst. To repress the formation of the more 
highly substituted polychlorobenzenes, an excess of benzene is 
maintained in the reaction zone. The resulting crude chlorination 
product is treated with a dilute caustic soda solution to free it of 
by-product hydrogen chloride. 

Aiter settling, the product is subjected to fractional distillation 
lo separate from it the nonconverted benzene and to purify the 
monochlorobenzene, The more highly chlorinated products re- 
main in the still bottoms. ‘The conversion of monochlorobenzene 
into phenol is commercially accomplished by any one of the fol- 
lowing reactions; 


(1) CoHs-Cl + HO > СНОН -+ НСІ 
(2) CcHs-Cl + 2NaOH > CoHsONa + NaCl + HzO 
(3) CéHs-Cl + Na2COs + НгО > CsHsOH + NaCl + NaHCOs 


Reaction 1, in the presence of a catalyst, proceeds in the vapour 
Phase at about 500° C and atmospheric pressure. Reaction 2 is 
feo out in the liquid phase at high pressure and temperature 
Rl constant autoclaves. The resulting sodium phenoxide 
( ША is treated with the by-product. hydrogen. chloride from 
E ч orination step to liberate the phenol. Reaction 3 is utilized 
Ne dew Chemical Co. process in which chlorobenzene and 
ха n outon are pumped through long copper coils at a pres- 
ture i 1000 Ib. per sq.in. and at about 320° C. After the mix- 
ча й ро е, the pressure is released and free phenol separates 
cop iPicarbonate solution. Diphenyl ether appears as the 
Presse "s a side reaction. Fortunately, its formation can be sup- 
Pis ste Y returning some of it to the mixture entering the hydrol- 
tional D. For final purification the phenol is subjected to a frac- 

" distillation under vacuum. 
gen af the vapour-phase hydrolysis (reaction 1) furnishes hydro- 
TN onde, economies could be realized if this by-product were 

ls ha ats source of chlorine in the chlorination of benzene. 
lines m ееп accomplished by the Raschig process, which. com- 
фоне f Principle of the: Deacon process—the. preparation of 
lion of pine hydrogen chloride and oxygen—with the chlorina- 
Hiro, ene and the subsequent vapour-phase hydrolysis of 
бота o The process uses air as the source for oxygen and 
tized у On а large scale, The individual reactions can be sum- 

by the equation 


Сене + 40: CcHs-OH 
, Th the 


ее пеле process (used commercially since 1950), benzene 
ашу саар gaseous propylene in the. presence of an acidic 
port, ch as aluminum chloride or phosphoric acid on a clay 
tilled t fter neutralization the resulting reaction mixture is 
Polyiso 9 separate monoisopropylbenzene (called cumene) from 
Propylbenzene and unconverted benzene. The cumene is 
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then subjected to air oxidation until about one-third is converted 
to cumene hydroperoxide. The excess cumene is removed from 
the oxidation mixture by distillation at reduced pressure and re- 
cycled. The residue contains the concentrated cumene hydro- 
peroxide and is contacted with a strong acid whereupon it decom- 
poses into phenol and acetone. These reactions are shown by the 
equations: 


CsHé + C3Hs > CsHsCH(CHs)2 
CsHsCH(CHs)2 + Оз > CoHsC(CH3)200H 
CsHsC (СНз) ООН > CoH50H + (CH3)2CO 


The final products, phenol and acetone, are separated by frac- 
tional distillation. 

See also references under “Phenols” in the Index. (E. W. V.) 

PHENOMENALISM (from the Greek piainomenon, “ар- 
pearance”: see PHENOMENON), a philosophical theory of percep- 
tion and the external world. Its essential tenet is that propositions 
about material objects are reducible to propositions about actual 
and possible sensations, or sense data, or appearances. According 
to the phenomenalists, a material object is not a mysterious some- 
thing “behind” the appearances which we experience in sensation. 
Tf it were, the material world would be unknowable; indeed, the 
term “matter” itself would be unintelligible unless it could some- 
how be defined by reference to sense experiences. In a phenom- 
enalistic analysis of material-object propositions, it is of course 
essential to mention possible sensations and not merely actual 
ones. The wall which someone sees just in front of him is hard 
and rough, though he is not at the moment touching it. But 
it is still true that, if he were to stretch out his hand, he would 
experience tactual sensations of hardness and roughness. These 
tactual sensations are possible, though not at the moment actual. 
Moreover, material objects continue to exist at times when they 
are not being observed at all. For instance, there is a fire burn- 
ing in the next room, though no one at present sees or feels it. 
But it is still true that, if there were an observer in the next room, 
he would experience bright, flickery, yellowish colour-patches, and 
he would feel warmth. Moreover, the precise character of the 
visual sensations which he would experience and, likewise, the de- 
gree of warmth which he would feel would vary with the point 
of view which he occupied in the room. In speaking about a ma- 
terial object, then, we must be referring to a very large group or 
system of many different possibilities of sensation, Whether 
actualized or not, these possibilities continue during a certain 
period of time. When the object is observed, some of these possi- 
bilities are actualized, though not all of them. So long as it is un- 
observed, none of them are actualized. In this way, the phenom- 
enalist claims, we can give an “empirical cash-value” to the 
concept of matter, by analyzing it in terms of sensations. 

It must be emphasized that the term “possible sensation,” as 
phenomenalists use it, is a kind of shorthand for a hypothetical 
(“if ..., then... .”) proposition. When it is said that a visual 
sensation of such and such a kind is possible, though not actual, 
the meaning is that a colour sensation of that kind would occur 
if there were an observer at such and such a place where there is 
in fact no observer. 

Some of the classical difficulties of phenomenalism arise directly 
from the central part which these hypothetical propositions play 
in the phenomenalist analysis. : The phenomenalist claims to 
analyze all material-object expressions in terms of actual and pos- 
sible sense experiences. But it is difficult for him to avoid using 
material-object expressions in his if-clauses, and this would make 
his analysis circular. In the example just given, “an observer” 
(ie. an animate human organism) is a material-object expres- 
sion, and so is “їп the next room.” No doubt we might attempt 
to analyze each of these material-object expressions in terms of 
other possible sense experiences. “The next room,” for instance, 
might be resolved into the visual and other sensations which an 
observer would have if he opened the door or looked through the 
window. Expressions referring to an observer might be analyzed 
in terms of the sensations which another observer would have if 
he were to look in a certain direction. But now the same dif- 
ficulty arises again about these new if-clauses. A second and even 
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more important objection is this: it is very difficult to believe that 
categorical propositions about material objects (e.g., “there is a 
fire in the next room”) can be analyzed without remainder into 
sets of hypotheticals; że., that a statement about what there 
actually is can be reduced to a set of statements about what there 
would be if certain (nonexistent) conditions were to be fulfilled. 
ВівілоскАрнү,—Сеогде Berkeley, Principles of Human Knowledge, 
sections 3, 58, 59 (1710) ; J. S. Mill, Examination of Sir William Hamil- 
ton’s Philosophy, 3rd ed., ch. 11 and appendix to ch. 12 (1866); M. 
Schlick, Gesammelte Aufsätze, ch. 5 (1938) ; A. J. Ayer, Foundations of 
Empirical Knowledge, ch. 5 (1940) and Philosophical Essays (1954) ; R. 
J. Hirst, Problems of Perception (1959). (H. H. Pe.) 
PHENOMENOLOGY is, in the 20th century, mainly the 
name for a philosophical movement whose primary objective is the 
direct investigation and description of phenomena as consciously 
experienced, without theories about their causal explanation and as 
free as possible from unexamined preconceptions and presupposi- 
tions. The word itself is much older, going back at least to the 
18th century, when Johann Heinrich Lambert (q.v.), in his Neues 
Organon (1764), applied it to that part of his theory of knowledge 
which distinguishes truth from illusion and error. In the 19th 
century it became associated chiefly with Hegel’s Phanomenologie 
des Geistes (1807), which undertook to trace the development of 
the human spirit from mere sense-experience to “absolute knowl- 
edge." The so-called Phenomenological Movement did not get 
under way until the first decade of the 20th century. But even 
this new phenomenology includes so many varieties that a fair 
picture requires a brief sketch of its development. 


ORIGIN AND DEVELOPMENT 


Husserl’s Early Phenomenology.—Phenomenology was not 
founded: it grew. Its fountainhead was Edmund Husserl (q.v.). 
Yet even for Husserl the idea of phenomenology as a new method 
destined to supply a new foundation for both philosophy and sci- 
ence developed only gradually and kept changing to the very end 
of his career. Trained as a mathematician, Husserl was attracted 
to philosophy by Franz Brentano (qg.v.), whose descriptive psy- 
chology seemed to offer a solid basis for a scientific philosophy, 
The failure of Husserl’s first work, Philosophie der Arithmetik 
(1891), to secure an adequate foundation for mathematics, in com- 
bination with the strictures of Gottlob Frege (g.v.), resulted in 
Husserl's systematic examination and repudiation of “psycholo- 
gism," the attempt to use empirical psychology as the ultimate 
basis for logic, Nevertheless, the “pure logic," which Husserl 
now outlined at the end of the “Prolegomena” for his Logische 
Untersuchungen (1900), still required, in his thinking, a parallel 
study of the acts in which the ideal structures of such a logic were 
given. So the second volume of this epoch-making work consisted 
largely of “phenomenological analyses,” exploring these acts in 
their essential structures, in contrast to the merely empirical in- 
vestigation of their factual modifications studied by psychology. 

The most important ‘of these painstaking studies dealt with 

Brentano’s concept of intentionality, the main feature by which 
he had tried to distinguish psychological from physical “phe- 
nomena” (taking this term in the wide sense given it by the New- 
tonian and positivist tradition), But while for Brentano the “in- 
tentional relation” meant merely the reference of our perceiving, 
judging, or loving acts to their perceived, judged, or loved objects, 
Husserl found in these acts a much richer structure, Thus in our 
perceiving of this printed page he would distinguish not only the 
seeing and the seen but also the perspective aspects through which 
this page appears and its modes of clarity, and he would study the 
ways in which consciousness relates and synthesizes the various 
appearances as they refer to the identical object, the page. Hus- 
serl also distinguished between “empty” intentional references and 
those fulfilled with intuitive content (Anschauung), which alone 
could. justify such intentions epistemologically. Besides, these 
intuitive acts were no longer confined to sense-experience. Even 
the correlates of such logical connectives as “and,” “or,” and “if” 
could be given in a nonsensuous or “categorial” intuition, an ex- 
tension which opened the way for the recognition of the intuitive 
givenness of such phenomena as relations, essences, values, and 
other phenomena, both real and ideal. 
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Only in the years after the publication of these Studies dj 
E lid 

serl develop the idea of phenomenology as a universa] founda 
of philosophy, capable of converting it into a “rigorous ess 
a science consisting in the descriptive exploration of the ы 
tial structures of the directly given, free on the one hand 
the unexamined assumptions of a “naturalism” restricted ۳ 
empirical natural sciences, and on the other hand from the rely 
tivism implied in the historicism of the Geisteswissenscha i 
This new scientific philosophy was, however, not meant tos ^ 
the cheap comforts of a complete Weltanschauung or a speculative 
metaphysics. 

Husserl’s Pure or Transcendental Phenomenology, 
development of a rigorous or “pure” Phenomenology as the sj. 
ence of the essential structures of consciousness by means of cor- 
related studies of the intentional act (noesis) and its objective 
referent (noema) involved for Husserl a systematic effort to purify 
the phenomena of all merely factual ingredients, as studied by 
the empirical sciences, and of all constructive interpretation, 
To this end he developed his technique of the “reductions,” among 
which the phenomenological or “transcendental” reduction wis 
the decisive one. Beginning with the suspension of belief in the 
reality of what seems to be immediately given, like the present 
printed page, and neither denying nor even doubting its existence, 
the reductive procedure (epoché) aimed at isolating first the field 
of pure phenomena given with absolute certainty. This field would 
include each reader's own ego, his acts of reading, and the page s 
read with all the complexities of its modes of givenness This 
immanent region of absolute subjectivity thus coincided for Hus 
serl largely with Descartes’ sphere of the indubitable ego, İl 
cogitating acts, and the objects of cogitation insofar as cogitated 
Adopting Kantian terminology, Husserl also called this immanent 
region the transcendental consciousness, as distinguished from їз 
transcendent counterpart, the objects of the real world, such as 
the page meant as part of the real world beyond consciousness 
As to this transcendent world, the reduction was to uncover the 
otherwise hidden ways by which it was constituted in our coi 
sciousness, either passively, as it happens in the perceptual expert 
ence of this physical page, or actively, as it takes place in pitt 
cative judgments or in the constitution of the sense of the sentent 
as read on this page. Such "constitutive phenomenology 
provided Husserl with the main evidence for his peculiar id 
scendental idealism" (to be distinguished from Berkeley's id vii 
with its basis in the empirical mind), according to which the that 
scendent objects owe not only their being known but also ж" 
very being to the constituting acts of transcendental 0180 
ness, Although even other transcendental egos were supp? nd 
be constituted in each one's own consciousness, Husser liar 008 
that he could avoid solipsism by the introduction of een 
of “appresentation,” which attested the equal rights ei 
transcendental egos. The outcome was a “metaphysical onadol- 
work for which Husserl adopted the Leibnizian term M 
ogy.” ? tion 

In his later philosophizing, consisting largely in the p 
of a vast number of research manuscripts, Husserl tried, h he ot 
especially his studies of the consciousness of time, (0 ti 0 
tributed fundamental importance for the understan p 
structures of all consciousness. But he also sought We wid 
avenues into his transcendental phenomenology. The life wo 
proved most fruitful was the study of the immediate е ёғ 
(Lebenswelt) of the individual with the ego at its CP да 
tinguished from the uncentred objective world of mot s js ft 
which, however, was supposed to have sprung from А dental d 
world was to provide guides for the study of transce? 
Sclousness. 

The Phenomenology of Essences.—A different 
nomenology, the phenomenology of essences, deve e Losi! 
tangential continuation of the phenomenology i dents in 
Untersuchungen. Its supporters were Husserl's AM. jnally $” 
tingen and a group of young philosophers in Munich, 0 away 
dents of Theodor Lipps (1851-1914), who had go jo wet 
the latter’s psychologism and discovered in Husser en po 
port. The Phenomenological Movement, which n0W 


type of por 


d fm! 


id its most tangible expression in the issuance of the 
fir Philosophie und phünomenologische Forschung 
j); a phenomenological yearbook under Husserl as main 
whose preface defined phenomenology in terms of a return 
jon (Anschauung) and to the essential insights (Wesens- 
) derived from it as the ultimate foundation of all 


11 volumes of the Jahrbuch contained, in addition to Hus- 
n works, the most important production of the movement 
der sense. Of the co-editors, Alexander Pfánder (1870- 
tributed chiefly to the development of phenomenological 
logy and pure logic, but developed also the outlines of a 
e phenomenological philosophy. Moritz Geiger (1880- 
d the new approach particularly to aesthetics, Adolf 
(1883-1917) to the philosophy of law, But the most 
id dynamic of Husserl's early associates was Max Scheler 
who had joined the Munich group and who did his major 
nenological work in ethics, where he applied it particularly 
blems of value and oughtness. The Polish philosopher 
garden (1893— ) did major work in structural ontol- 
analyzed the structures of various works of art in its 
while Hedwig Conrad-Martius (1889- ) worked inten- 
у in the ontology of nature. Wilhelm Schapp, Jean Hering, 
n, and others have made comparable contributions to 
в other fields of philosophy. None of these early phe- 
menologists followed Husserl's road to transcendental idealism, 
tried to develop a phenomenology along realistic lines. 
ger' Hermeneutic Phenomenology.—Phenomenol- 
а new turn in 1916, when Husserl moved to Freiburg im 
ll, where he was assisted chiefly by Ludwig Landgrebe 
) and Eugen Fink (1905— ), who, however, emanci- 
elves after Husserl's death, But the main event was 
ion of phenomenology by Martin Heidegger (q.v.), who 
trained in scholastic philosophy and in the Neo-Kant- 
of Heinrich Rickert. Approaching what was for him the 
question, that of the meaning of beingness (Sein des 
through an analysis of the being which we ourselves 
Фет), Heidegger saw in phenomenology the most promis- 
0 uncover the categories of human existence. (existen- 
a “fundamental ontology.” However, since neither 
Phenomenology of transcendental reduction nor the phe- 
Wy of essences proved adequate to this..task, he de- 
à new “hermeneutic phenomenology” designed to interpret 
ological meanings of such human conditions as being-in- 
d, anxiety, and care, with results as startling as they 
ces to phenomenology nearly disappeared from Heideg- 
ications after he had abandoned the completion of his 
pus, Sein und Zeit (1927), for a variety of reasons, which 
hot only his estrangement from Husserl, who was dis- 
In Heidegger as his academic successor for not con- 
Own transcendentalism, but also the failure of the 
nto being via human existence to yield the final answer 
¢ question, Still, even in his later works Heidegger 
the essential help of phenomenological seeing,” much as 
of philosophizing were otherwise changed. 
nological Existentialism in France.—Phenome- 
underwent further changes when it was adopted by French 
Mi in the form of phenomenological existentialism, a 
ch had not yet taken place in Germany, where Karl 
Ad opposed his philosophy of existence, with its existen- 
to the individual, to phenomenology, with its claims 
‘Tigour. Its first French practitioner, Gabriel Marcel 
in ), inspired primarily by Scheler, spoke оѓ phenome- 
the Context of his metaphysical meditations on human 
Using it as an aid in exploring concrete situations and 
riences as hope, which had been neglected by scientific 
sy and more objectivist philosophies, Jean Paul Sartre 
id in Husserl’s phenomenology the effective method for 
ptive explorations of the imagination and the emotions. 
| however, closer to Heidegger's version im his "essay on 
nological ontology,” L'Étre et le néant (1943). But 
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even then Sartre defined existence in terms of Husserl’s conscious- 
ness, rather than Heidegger’s Dasein, though he rejected Husserl's 
transcendental idealism as an account of being, the essentially 
opaque counterpart of consciousness. 

Phenomenology became even more central in the philosophy of 
Maurice Merleau-Ponty (1908-61), whose Phénoménologie de 
la perception (1945) was the most original achievement of French 
phenomenology of its time. Starting from Husserl's late phenome- 
nology of the life world, Merleau-Ponty anchored the phenomena 
of perception in the phenomenology of the lived body, in which 
the perceiving subject was incarnated, as the mediating link to 
the phenomenal world. Such a phenomenology of human “ргеѕ- 
ence" in the world was also to offer an alternative to the rigid 
disjunction between idealism and realism, in which consciousness 
and the world could be reciprocally related, Phenomenology thus 
became a way of showing the essential involvement of human 
existence in the world, starting with everyday perception. Im- 
portant uses of phenomenology can also be found in Paul Ricoeur's 
Philosophie de la volonté (1950- ) and Mikel Dufrenne’s PAé- 
noménologie de l'expérience esthétique (1953). 

Dissemination and Influence.—Phenomenology also spread 
to countries other than France, but there its contributions were 
less original and substantial, and its modifications less pronounced. 
However, in Belgium, seat of the Husserl Archives in Louvain 
since the salvage of Husserl's papers from the Nazis, in the Nether- 
lands, Switzerland, Italy, Spain, and the Latin-American coun- 
tries, where José Ortega y Gasset introduced it, phenomenology 
became a major philosophical trend. It. was less successful in 
the Anglo-American world, particularly in England, where it was 
soon eclipsed by the more congenial philosophy of Ludwig Wittgen- 
stein, although the efforts of such philosophers as J. N. Findlay 
produced signs of renewed interest. Even in the United States, 
where Marvin Farber gained a hearing for it in the late 19305, it 
never became fully naturalized, though John Wild's phenomenol- 
ogy of the life world gave it new impetus. It also influenced 
greatly such established international philosophies as Neo- 
Thomism (Albert Dondeyne). 

Of greater significance is the role of phenomenology outside 
philosophy proper in stimulating or reinforcing phenomenological 
tendencies in such fields as mathematics (Oskar Becker, Moritz 
Geiger, Hermann Weyl) and the biological sciences (F. J. J. 
Buytendijk), Much stronger was its impact on psychology, where 
Franz Brentano and Carl Stumpf had prepared the ground and 
where William James, the Wiirzburg school, and the Gestalt psy- 
chologists had worked on parallel lines: apart from the philo- 
sophical phenomenologists interested in psychology, David Katz, 
Johannes Linschoten, and C. G, Graumann may serve as examples. 
But phenomenology has probably made its strongest contribution 
to psychopathology, where Karl Jaspers stressed the importance 
of phenomenological exploration of the patient's subjective ex- 
perience, and was followed by Ludwig Binswanger, Eugène Min- 
kowski, Viktor von Gebsattel, Erwin Straus, and others... The 
phenomenological strand is also very pronounced in American ex- 
istential psychiatry, as promoted chiefly by Rollo May. Phe- 
nomenology has also affected sociology (Felix Kaufmann, Alfred 
Schutz), history (Raymond Aron), and the study of religion (Max 
Scheler, Rudolf Otto, Friedrich Heiler, Gerardus van der Leeuw, 
Paul Tillich). 


CHARACTERISTICS 


Considering the variety of phenomenologies which have thus 
issued directly or indirectly from. Husserl's inspiration, it is not 
easy to find a common denominator for such a movement beyond 
its common source. But similar situations occur in other philo- 
sophical and nonphilosophical movements. Although, seen from 
Husserl's last perspective, all departures from his own could not 
but appear as heresies, a more generous view will show that all 
those who consider themselves as phenomenologists subscribe, for 
instance, to his watchword “To the Things" (Zw den Sachen), 
meaning by it a fresh approach to the concretely experienced phe- 
nomena, as free as possible from conceptual presuppositions, and 
an attempt to describe them as faithfully as possible. Besides, 


812 


most adherents to phenomenology will hold that it is possible to 
obtain insights into the essential structures and the essential rela- 
tionships of these phenomena on the basis of the careful study of 
concrete examples supplied by experience or imagination and by 
systematic variation of these examples in the imagination. Some 
phenomenologists also stress the need of studying the ways in 
which the phenomena appear in our intentional consciousness. 
Beyond this merely static aspect of appearance some also want to 
investigate its genetic aspect, exploring, for instance, how the phe- 
nomenon intended, say, a book, constitutes itself in the typical 
unfolding of our experience. Husserl himself believed that such 
studies required a previous suspension of belief in the reality of 
these phenomena, while others consider it not indispensable but 
helpful. Finally, it should be mentioned that in existential phe- 
nomenology the meeting of certain phenomena such as anxiety is 
explored by a special “hermeneutic” interpretation, whose meth- 
odology needs further clarification. 

It may also be helpful to bring out the distinctive “essence” 
of phenomenology by confronting it with some of its philosophical 
neighbours, In contrast to positivism and traditional empiricism, 
from which Brentano had started out and with which phenome- 
nology shares the unconditional respect for the positive data of 
experience (“We are the true positivists,” Husserl claimed in his 
Ideen), phenomenology does not restrict these data to the range 
of sense-experience, but admits on equal terms such nonsensuous 
data as relations, categorial entities, values, etc., as long as they 
present themselves intuitively. Consequently phenomenology does 
not reject universals and recognizes, in addition to the analytic 
a priori and the synthetic a posteriori, knowledge of synthetic 
a priori relationships based on insight into essential relationships 
within the empirically given. 

Tn contrast to phenomenalism (q.v.), an epistemological posi- 
tion with which it is often confused, phenomenology, which is not 
primarily an epistemological theory, accepts neither the rigid divi- 
sion between appearance and reality, let alone a thing-in-itself, nor 
the narrower view that phenomena are all there is (sensations or 
permanent possibilities of sensations). These are questions on 
which phenomenology as such keeps an open mind, pointing out, 
however, that phenomenalism overlooks the complexities of the 
intentional structure of our consciousness of the phenomena. 

In contrast to a rationalism which stresses conceptual reason- 
ing at the expense of experience, phenomenology insists on the 
intuitive foundation and verification for all formal concepts, and 
especially for all @ priori claims; in this sense it is a philosophy 
“from below,” not “from above.” 

In contrast to an analytic philosophy which substitutes simpli- 
fied constructions for the immediately given in its complexity and 
applies Ockham's razor,” phenomenology resists all transforming 
reinterpretations of the given, analyzing it for what it is in itself 
and on its own terms. 

In contrast to linguistic analysis, with which however phe- 
nomenology shares its respect for the distinctions of the phe- 
nomena reflected in the shades of ordinary language as at least 
one possible starting point for phenomenological analyses, phe- 
nomenology does not think that the study of ordinary language is 
a sufficient basis for studying the phenomena in all their com- 
Can. which ordinary language cannot and need not try to ex- 

aust, 

In contrast to an existential philosophy which believes that 
existence is unfit for phenomenological analysis and description, 
since it tries to objectify the unobjectifiable, phenomenology holds 
that it can and must deal with these phenomena, however cau- 
tiously, as well as with other intricate phenomena outside human 
existence. 

In the third quarter of the 20th century it remained to be seen 
whether phenomenology could make solid contributions to philo- 
sophical knowledge. To this end it needed to develop rigorous 
standards, which had not always been observed by some of its 
most brilliant practitioners, such as Max Scheler, and which were 
apt to be violated in a philosophy whose ultimate appeal had to 

be made to intuitive verification: With this proviso, phenomenol- 
ogy may well be qualified, not only to become a bridge for better 
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international communication in philosophy but also to g 
light on philosophical problems old and new, to reclaim for phils 
ophy parts of our everyday life world which have been aband 
by science'as too private and too subjective, and finally aM 
access to layers of our experience unprobed in our everyday livi 
thus providing deeper foundations for both science and life i 

Bistiocrapuy.—The Logische Untersuchungen, not yet aval i 
English translation, are ably reported on in J. N; Findlay' ari, 
“Phenomenology” in the preceding editions of the Encyclopedia Brita. 
nica and. more fully paraphrased їп Marvin Farber's The Foundation 
of Phenomenology (1943). The first book of Ideen su einer тему 
Phänomenologie und phünomenologischen Philosophie is available jy 
W. Boyce Gibson's not always reliable translation (1931; reissued 
1952), the Cartesianische Meditationen in the faithful English reniy. 
ing of Dorion Cairns (1960). The Husserliana edition of the Huse 
Archives (1950 ff.) in its early volumes emphasized previously ‘unpub. 
lished materials but will eventually include all of Husserl’s works 
Husserl’s article “Phenomenology” in the 1929 edition of Encyclopadiy 
Britannica (retained until 1956) appears in the light of the German 
original (Husserliana IX) as an over-condensatión by the translator 
which cannot claim to be an authentic text. 

References to the major works of the phenomenological movement 
in the original and translation and to the secondary literature, epe 
cially in English, can be found in Н. Spiegelberg, The Phenomenologicd 
Movement, 2nd ed. (1965) ; see also works cited in the article Ниш, 
Epmunp.. Most of the origina) German studies on. phenomenology 
appeared in the Jahrbuch fiir Philosophie und phinomenologich 
Forschung (1913-30). The very different U.S. quarterly Philosophy 
and Phenomenological Research, ed. by Marvin Farber, occasioni 
publishes articles related to phenomenology. (He. 8) 

PHENOMENON (Greek phainomenon, from phainesthai,‘ 
be shown,” “to seem,” “to appear"), any object, fact, or occurrentt 
perceived or observed. The Greek verb phainesthai can be used 
with or without the implication that the thing perceived is olt 
than what it appears to be. Thus in Aristotle’s ethics “the ap 
parent good" is what seems good to a man, whether or not 
really is good. In general, phenomena are the objects of the sent, 
sights, and sounds, contrasted with the real objects apprehended by 
the intellect. In later Greek philosophy phenomena are the d 
served facts contrasted with the theories devised to explain then 
A theory is said to “save the phenomena” if it is consistent with 
facts, 

This last ise became common in the early part of the 17th б 
tury when scientists used phenomena for the observed facts Р 
they sought to explain (¢.g., astronomical phenomena, iu 
nomena of gravitation, phenomena of magnetism), 4 Wi i 
current. In modern philosophy the word is sometimes Us 
what is immediately apprehended by the senses before any 
ment takes place; but it has never become a technical tert 
philosophers preferring more artificial words such 48 iid 
datum (hence such terms as phenomenalism and ‘phenome 
qq.v.). In English versions of Kant the word is often U^." 
translate Erscheinung ("appearance"), Kant's word i awa 
mediate object of sensory intuition, the bare datum whit of si 
an object only when interpreted through the сме ret 
stance and cause; Kant himself uses it for the object m à thing 
through the categories as opposed to the noumenon (0:7. NS) 
in-itself, to which the categories do not apply. P. ү КТ 

PHERECYDES or Syros (fl. с. 550 в.С.), Gree AM 
rapher and cosmogonist, who is traditionally asso k 
Seven Wise Men of Greece, especially with Thales. one 
son of Babys and is to be distinguished from the £ 
Pherecydes of Athens, who lived about a century er shea 
est known reference to Pherecydes of Syros js in the ible for! 
poet lon of Chios. ‘The belief that he was responsi 
heliotropion (a means of marking the "turning-point p ш 
at the solstice) on the island of Syros made some rior W 
with a line in the Odyssey (xv, 404) and place a 0148, 
Homer; but tradition made him the teacher of РУШУ re" 
same miracles were ascribed to both, and this тау ^, Au 
why Cicero (Tusculam Disputations, i, 16. 38) pat M : 
(Contra Academicos iii, 17; Epistle cxxxvii, 12) soy edited id 
coat the immortality of the soul, He was also © T 
the doctrine of metempsychosis. н des 

Aristotle (Metaphysics 1091 b 8) characterized Phe piam" 
as a mixture of myth and philosophy. His book 


s correction Pentemychos is probably unnecessary), of 
„a few fragments remain, described the origin of the 
and the loves and battles of the gods. Despite its mythical 
it has features reminiscent of 6th-century Ionian speculation; 
ce, the god Time creates three elements, fire, air and 
which Zeus-Eros unites to form a cosmic system. Allegory 
ent, as in the names of the gods and in a fragment de- 
tobe embroidered by Zas (Zeus) for his bride Chthonie 
with representations of earth and ocean. Its philosophical 
and its prose form distinguish the work from most of 
h cosmogonical literature of the 7th and 6th centuries B.C. 
‘the theogonies of Hesiod and of the pseudo-Orpheus) ; 
critics have seen the influence of Anaximander in both 
4 


` (0. Kern, De Orphei, Epimenidis Pherecydis theogoniis (1888) ; 
| Diels and W. Kranz, Die Fragmente der Vorsokratiker, 3 vol., 7th ed. 
(SD. (W.K. C. С.) 
PHETBURI, a province of peninsular Thailand lying between 
E of Thailand and southern Burma. The eastern part, 
‘pecially astride the middle course of the Phetburi River, con- 
tains areas of productive alluvial soils which produce rice, coco- 
ш, and palm sugar. Irrigation, however, is necessary. The 
Load of the western part is mountainous and heavily for- 
led. Area 2,454 sq.mi. (6,359 sq.km.); pop. (1960) 237,853. 
- Phetburi (pop. [1960] 24,654), the capital, is near the mouth 
Phetburi River, 93 mi. (150 km.) SW of Bangkok by rail. 
Tn ancient times before the sea route through the Straits of 
data and around the Malay Peninsula was developed, Phet- 
i was the eastern terminus of an overland trade route from 
Ez to continental southeastern Asia. Ruins of 
I rahman and Buddhist temples and caves are found in 
[ce also a palace built by King Mongkut and one built 
‘his son King Chulalongkorn. (T. F. B.) 
PHIDIAS (Puewss) (active from about 475 to 430 ».c., or 
) an Athenian, the son of Charmides and pupil of Hegias, 
ee as the greatest of Greek sculptors. Among ма 
ily works, the most important were а bronze group at Delp! i 
ү IPS €. 465), erected as a memorial after the battle of Mara- 
jā gold and ivory statue of Athena in Achaea; and the famous 
bronze Athena on the Athenian Acropolis, also a thank offering 
Marathon, but not set up until c. 456 (с/., Hesperia, xv, рр. 
1. 1946), 
‘When Pericles rose to power (449) and initiated a great build- 
ue ogr; in Athens, Phidias was put in charge of all artistic 
— (see Plutarch, Perikles).. Phidias himself made the 
d ivory statue of Athena, about 40 ft: high including: its 
ше that Stood inside the Parthenon and was dedicated in 438. 
be ling to Pausanias’ Description of Greece (I, 24, 6), 
' goddess stood erect, wearing a tunic, aegis and helmet, a 
ме Em on her extended right hand, a spear in her lowered 
i by her side were a shield and a serpent; base, shield and hel- 
^ Ene iim figures, -From this description a number of 
€ been identified, notably the Varvakeion and Lenormant 
P ne in Athens, the Strangford shield in London and the 
eS" und in the sea off the Piraeus. 
" Чер, ens himself could not have executed the sculptures 
Ё lenon—the 92 metopes, the frieze about 170 yards long 
lor j о Pediments—it seems probable that he was responsible 
(ay, design. Much of the sculptural decoration has survived 
Vica ei London, Athens and Paris; a few pieces in the 
the style А Since ‘they are Greek originals, these remains show 
Parzen а better than a host of Roman copies. (See 


egi foremost work, in the estimation of the ancients, was 
LM and ivory statue of Zeus, about seven times life-size, 
Made for the temple at Olympia. It was considered the 
Ошон igious statue of Greece, and Quintilian (Znstitutionum 
es т, XII, то, 9) says that “its beauty can be said to have 
Ne the WA thing to traditional religion.” All that now remain 
‘Os ang cription by Pausanias, small reproductions on Roman 
oy s Ota moulds used for the drapery. Zeus was 
*d on a throne, holding a Nike in his right hand and a 
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sceptre in his left. All parts of the statue, even the sandals, were 
richly decorated. 

After long discussion among modern archaeologists, it is now 
agreed that Phidias made the Athena Parthenos earlier than the 
Olympian Zeus; for the moulds from Olympia, which were found 
in a dump adjoining what was described by Pausanias as Phidias’ 
workshop, and which had evidently been used for hammering into 
them the gold for the draperies of Zeus and Nike, indicate a style 
in the 430s rather than the 4505. 

Besides his two masterpieces, ancient writers mention a number 
of other statues by Phidias, all now lost. The most credible iden- 
tifications are: The Lemnian Athena, set up on the Acropolis and 
famous for its beauty, which is perhaps reproduced in a head in 
Bologna and a statue in Dresden; the Apollo Parnopius, also 
erected on the Acropolis, perhaps reproduced in the Cassel Apollo; 
the Anadumenus of Olympia, perhaps reproduced in the Farnese 
Diadumenus of the British museum; and the Amazon—made in 
competition with Polyclitus, Cresilas, Cydon and Phradmon (cf., 
Pliny, N.H., xxxiv, 53)—probably reproduced in a number of 
copies, all headless, of which the best-preserved is that found in 
Hadrian's villa, near Rome. 

From these works one can gain some idea of Phidias' style. 
Quiet stances, serene expressions and a certain majesty of concep- 
tion characterize his single figures; even when movement is repre- 
sented in some of his reliefs, a monumental quality is imparted. 
Though the construction of the human body is perfectly under- 
stood, its rendering is restrained and harmonized, In other words, 
Phidias may be called the initiator of the idealistic, classical style 
that distinguishes Greek art in the later 5th and the 4th century 
B.c., after the experimental epoch of Myron and his associates, and 
before the advent of the realistic Hellenistic age. And this idealis- 
tic quality—expressed in restrained modeling and in elevation of 
spirit—is still considered typical of Greek art. 

Phidias was also a painter, an engraver and a worker in embossed 
metalware. His chief pupils were Alcamenes, Agoracritus and 
Colotes. 

See also Otympra: The Remains. 

BisriocRAPHY.—]. A. Overbeck, Die antiken.Schriftquellen nos. 618- 
807 (1868), for the ancient sources, Among the most recent discussions 
are: E. Langlotz, Phidias-Probleme (1947); E. Buschor, Phidias der 
Mensch (1946) ; G. M. A. Richter, The Sculpture and Sculptors of the 
Greeks, rev. ed., pp. 215-228 (1950), and Three Critical Periods in 
Greek Sculpture, pp. 1-14 (1952) ; С. Lippold, Die griechische Plastik, 
рр: 141-157 (1950) ; С. Becatti, Problemi fidiaci (1951) ; S. Liegle, Zeus 
des Pheidias (1952) ; E. Kunze, Gnomon, p. 222 ft. (1955) and p. 318 ff. 
(1956), on the molds from Olympia. Lippold and Becatti give extended 
bibliographies of the earlier writings. (G. M. A. R.) 

PHIGALIA (Рнтліла), an ancient Greek city on the Neda 
River in southwest Arcadia. It stood on a high plateau between 
deep ravines, along which were defensive walls and towers in 
part still standing. The modern village of Figalia (formerly 
Pavlitsa) is at the southwestern corner of the ancient site, This 
remote fortress left only an inconsiderable record in the general 
history of Greece, but Pausanias, writing in the 2nd century A.D., 
noted some religious peculiarities, occult practices, and strange 
gods such as probably existed elsewhere in Arcadia. He describes 
the horse-headed Black Demeter, whose sanctuary was a cave, and 
the fish-tailed Artemis Eurynome. 

The distinction of Phigalia in ancient as in modern times comes 
from its Temple of Apollo Epikourios (“the Helper") at Bassae, 
4 mi. NW of the city on a high and desolate terrace of Mt. Cotilius. 
Pausanias says that it was the finest temple in the Peloponnese 
after that of Artemis at Tegea. It is now the best-preserved 
temple in Greece after the Parthenon and the Temple of Hephaes- 
tus (the so-called Theseum) at Athens. Pausanias also says that 
it was dedicated to Apollo by the Phigalians in gratitude for his 
protection during a plague and that its builder was the Athenian 
Ictinus, the architect of the Parthenon. The Peloponnesian states 
were then at war with Athens, but Ictinus could have worked in 
Arcadia during the short Peace of Nicias (421—418 в.с.), and this 
date agrees with the style of the architectural sculpture. The 
plan and structure of the temple were in many respects unique 
(see GREEK ARCHITECTURE: The Culmination at Athens [450—400 


B.C.]). 


BY COURTESY OF THE TRUSTEES OF THE BRITISH MUSEUM 


SOUTH FRIEZE OF THE TEMPLE OF APOLLO AT BASSAE, NEAR PHIGALIA, SHOWING THE COMBAT OF THE GREEKS AND 


AMAZONS; 5TH CENTURY B.C. IN THE BRITISH MUSEUM 

The site was first explored-in 1812 by the young English archi- 
tect C. R. Cockerell and a party of traveling companions. Thirty- 
five of the original 38 exterior columns were then standing, with 
most of their architraves, but the interior columns had fallen 
with their frieze, which was buried under fragments of roof and 
walls. The frieze, which was found complete or nearly so, was 
removed, shipped to Zante, there put up to auction; and bought 
by the British Museum. 

The material of the temple is the local limestone, but the 
frieze is a coarse marble. It consists of 23 slabs two feet high 
making a total length of 101 ft. Two conventional subjects are 
represented in high relief, the Battles of Lapiths and Centaurs 
and of Greeks and Amazons. The style is both dynamic and af- 
fected: violent and realistic motion in the figures, and fanciful 
exploitation of taut or flying draperies. It is the first appearance 
of the mannered style which is refined in the Victory of Paeonius 
at Olympia and later in the Amazon frieze of the Mausoleum at 
Halicarnassus. The execution of the Bassae frieze is inferior to 
the design. It was evidently cut by several provincial masons 
working from large detailed drawings. If the architect was 
Athenian, it may be assumed that the drawings came from Athens, 
and the assumption is supported by the relation of the style to 
Attic vase paintings and by the fact that the subjects represented 
were Attic versions of the myths. The protagonist in both bat- 
tles seems to be Theseus, who is certainly the central figure of the 
Amazonomachy, marked by his club and lionskin. This scene is 
therefore the Amazons’ attack on Athens, which was said to have 
ended in a formal peace. That happy issue may be indicated in 
the frieze by some friendly advances made by combatants of both 
sides toward their opponents. Such touches of humanity, and the 
pain and pity shown by facial expression, were a novel element in 
Greek art and here perhaps unique in sculpture. 

BIBLIOGRAPHY.—C, R. Cockerell, Temples of Aegina and Bassae 
(1860); British Museum, Catalogue of Greek Sculpture, i, pp. 270- 
288 (1892); H. Kenner, Der Fries des Tempels von Bassae-Phigalia 
(1947) ; J. G. Frazer, Commentary on Pausanias, iv (1898). 


PHILADELPHIA: see Amman, Jordan. арз 

PHILADELPHIA, the largest city of Pennsylvania, U.S., 
known primarily, perhaps, for its high place in U.S. history, but 
also one of the principal cities of the northeastern United States. 
In the first part of the 20th century it showed one of the most 
rapid rates of population growth among the major U.S. cities; 
its industrial growth was proportionately high and it became a 
leader in devising redevelopment programs to deal with the urban 
problems characteristic of the 20th century, The city, which is 
coextensive with Philadelphia county, is at the confluence of the 
Delaware and Schuylkill rivers about 83 mi. (134 km.) S.W. of the 
centre of New York city and about 126 mi. (203 km.) N.E. of the 
centre of Washington, D.C. 

The 1950 population of the city proper was 2,071,605, a 14.6% 
increase over the 1940 population.» Like most other large US. 
cities, Philadelphia lost population in the following decade; the 
1960 census figure was 2,002,512, a decrease of 3.3%, For com- 
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parative figures for E 
years, see table in РЕ, 
VANIA: Population, The 194 
population of the Standard my, 
ropolitan statistical area, lid 
includes Bucks, Chester, Du. | 
ware, Montgomery and Philadel. 
phia counties in Pennsylvaniaan 
Burlington, Camden and Сое; 
ter counties in New Jersey, m 
4,342,897, an 18.3% increase ov 
1950. Within the standard me, 
ropolitan statistical area are th 
cities of Chester and Norristoyy 
(qq.v.) іп - Pennsylvania and 
Camden (g.v.) in New Jersey, 
The suburbs reach out far to the 
north and south virtually to meet 
those of New York city and Bil 
timore, for Philadelphia is a part of the almost unbroken urbanized 
region which has come to extend along the Atlantic coast from 
Maine to Virginia. 

Philadelphia’s eminence resulted to a large extent from its рр 
raphy. Its central and oldest section lies on a peninsula betwen 
the Delaware and Schuylkill rivers. Although it is 88 nauticd 
miles (75 statute miles) from the Atlantic ocean, the broad Deli 
ware river and bay ensured ready access to the sea and made th 
city one of the leading U.S. seaports. Furthermore, Philadelphia 
occupies the place where the principal roads from New York city 
southward run close to the Delaware just after crossing it; 41 
Indian trail followed this route even before the coming of the 
white men. Thus the city is important to inland as well as to 
nautical communication. The valleys of the Schuylkill and й 
other tributaries to the Delaware, finally, have always gti 
Philadelphia avenues to the rich agricultural, mining and indus 
trial areas of eastern Pennsylvania. ; 

From the peninsula between the Delaware and the Schylil 
where the centre of the city lies, Philadelphia stretches wer 
south along the Delaware to a total river frontage of ЖТ 
(38.1 km.). Inland its extension varies from 5 to 15 ien 
24 km.). The topography of the city is largely of uci 
characteristic of New Jersey than of the Pennsylvad | А 
the west, since much of it occupies the Atlantic coastal 
The southern extremity, the Tinicum lowland, is protected, 
dikes, for in places it is more than 5 ft. (14 m.) below from 
The greatest part of the coastal plain rises gradually à 
Delaware to а height of about 150 ft: (46 m.) above the dif 
at the fall line. There, in the western extremities 0! 1, 
communities such as Roxborough and Chestnut Hill we ft, 01 
the Piedmont plateau, reaching an elevation of about е 
m.). oes : 
History.—Of the important Atlantic coastal cities, on Del 
was the last to be established, in part because navigatl n 
ware bay and the Delaware river presented severe P coll 
early mariners. The entrance to the bay was à e peat 
roadstead, which until the building of the id hun 
breakwater in the early 19th century continued to € Ec 
of ships, The channel of the bay and river were ш watt 
intricate, so that even after numerous improve tic cont 
pilots are often known as the most skilful on the "T 

Giovanni da Verrazano may have seen Do in ШУ 
and Henry Hudson is known to have reached its w^ js 
Thereafter various explorers traveled up the Бау ettlement p 
until sufficient interest was stimulated to lead (0 0s ie 
tempts by the Dutch and the English in the A delphia @ 
permanent white settlements in what is now ewe e té 
planted in the 1640s by the Swedes, whose intere wet 
had been aroused by certain dissidents from the s en S ciet 
company who believed their company had not ien 3655 № 
energetic in exploiting the Delaware country. . ew Ans y 
Sweden surrendered to a Dutch expedition from N d 
but from the brief Swedish colonial effort came 8 P 


ut: 2,000 Swedes and Finns who inhabited the Delaware area 
jy the 1680s, including the community in what is now South 
philadelphia which was later to build Old Swedes’ church. 

The reign of пе Б e D S [e when New 
wiherland surrendered to the English in 1664, ereafter the 
5 history of the city of Philadelphia is inseparable from that 
ofthe state. (See also PENNSYLVANIA: History.) On March 4, 
1681, William Penn received from Charles II, out of friendship 
with the king and the duke of York and in payment of a debt of 
446,000 owed by the king to Penn’s father, his charter for a colony 
` lie north of Maryland and west of the Delaware. As a Quaker 
_ der, Penn planned in his colony a “Holy Experiment,” where 

men of his own religious sect and of other persuasions might find 

freedom of the mind. Soon he sent out surveyors who were to 
pat a city along the river, which Penn envisioned as the capital 
ind metropolis of his colony. He instructed the surveyors to 
doose a high, dry and healthy site, one where ships might well 
fide, and if possible one where a navigable creek flowing into the 

Delaware would lend further encouragement to commerce. When 

the surveyors reached Pennsylvania, they found such a site at the 

peninsula formed by the flow of the Schuylkill into the Delaware. 

The Lenni-Lenape Indians of thei area called this place Kué- 

quenáku or, as the white men more commonly rendered it, Coa- 

qunnock, meaning “grove of tall pines.” Penn, however, had 
ilrady selected his own name, one with both classical and biblical 
ssociations and with a meaning appropriate to his purpose: Phila- 
dphia. Passages in the Book of Revelation refer to the city of 

Philadelphia in Lydia in Asia Minor. That City was worthy of 

Tmembrance as the seat of one of the seven early Christian 

thurches, and its name signified brotherly love. 

Penn enjoined his surveyors and other agents so to plan Phila- 
Фра that it should be “a greene countrie towne which will 
never be burnt, and always wholesome.” Each house, Penn in- 
Sructed, ought to be placed in the middle of its plot, with garden, 
pow E fields around it. The streets were to be laid out in a 

ight and regular pattern, reserving spaces for markets and 

Е осор scrupulously obeyed by ‘Thomas Holme, 

$ surveyor general. Holme's town plan formed a perfect 
theckerboard, to which the streets of rud Philadelphia have 

Mirallycontinued to adhere. 

Bil Penn himself sailed to his colony and city late in 1682, 

p^ E in the Ship. "Welcome" inside the Delaware capes on 

lo hi on proceeding thence, probably by barge from Chester, 
in iladelphia. He remained only until the political and busi- 
problems of his colony called him back to England in Aug. 

le qu during his brief stay he was able to witness a remark- 

м ov Dt city and colony. His policy of religious жү 

lv бери te tect large aod mulünatonal immi 
" b b 

Бена was to make Pennsylvania the prototype of the 

Mines dint pot. Swedes and Finns were already present; 

5 E Welshmen, especially Quakers, came (tin 
4 German s interest awakened by Penn's travels in Hollan 
йу aki у brought from those areas German Pietists, re- 

E. ED to the Quakers, who were the vanguard of the great 
i to colonial Pennsylvania, Whatever part of 

iladelphia was their destination, most immigrants landed in 

ted in d many of them stayed there. By the time Penn 

qe. vu there were 357 houses in Philadelphia, many of 
лее houses.” By the next year, there were said to 
m Pide tas a more than 000. When 
n i оч 

brun to: his colony in 1699, for another two-year stay, 

(rie “i Population growth already had erased his “greene 

Vide the e." His governors had felt compelled to divide and 
rich bun lots, and many of the owners had done likewise. 
coming one to enjoy lawns and trees but the middle class 

ls, while re in row houses, facing each other across narrow 

' constr the workingmen and their families occupied still 
behi the ieted quarters, often pressed into the narrow alleys 

LN eee streets, As the 18th century began, Phila- 

» becoming the crowded city of narrow red brick houses 
) 


КШ 


PHILADELPHIA 815 


which it was to be through the revolutionary period. Remains of 
this period can be seen in such places as Elfreth’s alley. 

The Metropolis of Colonial America—By the time of Penn’s 
second visit the economic pattern of 18th-century Philadelphia 
was becoming plain. . Like all the cities of colonial North America, 
Philadelphia built its economic life upon a commerce aimed at 
bringing to the new world the manufactured goods of the old 
world. Philadelphia was well supplied with commercial resources 
which,'as the 18th century progressed, enabled it to become the 
wealthiest and most populous city of British North America. 

For the export trade Philadelphia could draw upon the produce 
of the fertile farmlands stretching from the Delaware to the 
Susquehanna and beyond, a region which through the early 18th 
century filled up with skilful and industrious German farmers 
and then, farther west, with Scotch-Irish settlers.: Wheat, corn, 
hemp, flax, beef, pork and timber products reached Philadelphia 
from the Pennsylvania hinterland. Ву the second third of the 18th 
century iron furnaces and forges up the Schuylkill and farther 
west were adding another product to Philadelphia commerce, 
From the neighbouring provinces of New Jersey and Maryland, 
from the Delaware counties and in time even from the Shenandoah 
valley of Virginia came still more agricultural products: 

Much of Philadelphia’s export trade sailed to the West Indies, 
where foodstuffs went to the plantations in exchange for sugar, 
molasses or rum. Directly or indirectly the sugar trade in turn 
gave Philadelphia merchants staples which they sold in England 
and there bought manufactured goods, A brisk wine trade de- 
veloped with the Madeiras. In time of war with France, i.e., con- 
tinually through Philadelphia's colonial history, many of the West 
India traders were not above turning to privateering; even certain 
Quaker merchants seem to have formed connections with pri- 
vateers. Whether righteous or not, this activity also brought 
swift increments of wealth. In 1696 the governor of the province 
reported that "Philadelphia in fourteen years is become equal to 
the City of New York in trade and riches." Customs receipts in- 
creased from £1,500 in 1699 to £8,000 in 1702. By the middle 
years of the 18th century, Philadelphia was surpassing even Boston 
in volume of commerce. 

Often overlooked, but of equal importance with Philadelphia's 
West India commerce. and more important than its trade with 
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Europe, was its coastwise commerce. By the 1730s Pennsylvania 
had become the granary for the tobacco and rice colonies of the 
south as well as for the West Indies. In addition and more im- 
portant, Philadelphia had developed an exceedingly profitable 
business with New England, which produced neither wheat nor 
bar iron sufficient to its needs; therefore these products sailed 
from Philadelphia to the colonies to the north in exchange for 
merchandise, coins and bills of exchange. In 1752, 103 vessels 
cleared Philadelphia for New England. The favourable balance 
of this trade in the mid-18th century amounted to over £52,000 
annually. 

Philadelphia manufactories began to develop both as a result 
of the city's commercial growth and as a cause of further growth. 
After 1725 the Delaware valley became a shipbuilding centre; in 
1726 the Delaware yards turned out only 7 ships but during the 
next decade and a half they built 380 vessels. The yards were 
soon the most extensive in the colonies, The demands of the port 
stimulated cooperage establishments. Flour mills appeared in the 
city and in 1690 the first American paper mill began to operate 
along Wissahickon creek: By 1718 the cordwainers (workers in 
leather) were numerous enough to incorporate as a craft. Four- 
teen rum distilleries, three steel furnaces and an anchor forge, 
four carriage and wagon shops, an establishment for the manu- 
facture of fire engines and a glass works soon appeared. A dis- 
tinct merchant class developed but there also emerged a growing 


lower class of mechanics and artisans. 

With urban growth came civic improvements. In the mid-18th 
century Philadelphia ceased to be a wilderness outpost and be- 
came a community whose appearance rivaled that of European 
cities of comparable population. Public street lighting was insti- 
tuted in 1752 and in the 1760s the streets began to be paved, while 
500 public pumps were set up to supply the citizens with water. 
Public buildings of substantial size began to appear, many of 
which had grace as well as size and were among the architectural 
achievements of colonial America. Most notable was the state 
house, now known as Independence Hall, the construction of 
which began in 1732. Attorney General Andrew Hamilton had 
drawn up plans for a civic centre and shared with master car- 
penter Edmund Woolley the designing of the building itself; in it 
they gave Philadelphia an imposing structure of balanced masses 
in the 18th-century style. 

During the 18th century the population of Philadelphia spilled 
beyond the original northern and southern boundaries, Vine street 
and South street, to form the suburbs of Southwark, the Northern 
Liberties, Passyunk and Moyamensing. The total population of 
the city and suburbs grew from 13,000 in 1740 to 22,000 in 1760 
and to 40,000 by 1775. Ву that time Philadelphia was the largest 
city in the colonies (by about 15,000 persons) and in size probably 
ranked second only to London among empire cities. 

By the 1770s Philadelphia was a centre of learning and culture 
as well as of trade and industry, not only by American standards 
but by European as well. Its growth in these directions had once 
been slow; in the beginning, of course, its settlers were too busy 
wresting a livelihood from the wilderness to bother with things 
of the mind, and even as late as the 1720s visitors were im- 
pressed with the way in which business swallowed up all other 
concerns, But anew era was coming. Historians often regard 1726 
as marking the beginning of the change, for in that year Benjamin 
Franklin returned to the city from his first visit to England, 
still an obscure printer but destined to become the civic leader 
of Philadelphia and to guide his city into new paths of intellectual 
achievement. Among his contributions to the cultural life of 
colonial Philadelphia were his organization of certain alert and 
ambitious young mechanics of the city into the mutual improve- 
ment society which became the Junto; his assistance in the de- 
velopment of the Library Company of Philadelphia, the first 

subscription library in America, out of the Junto; and his leader- 
ship in the foundation of the American Philosophical society and 
in the establishment and growth of the Philadelphia academy, out 
of which the University of Pennsylvania was to arise. 

But important as he was, Franklin was merely first among equals 

in a general cultural awakening. The way for Franklin had been 
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INDEPENDENCE HALL, THE OLD STATE HOUSE ERECTED IN 1732, WI 
OF JOHN BARRY, NAVAL HERO OF THE REVOLUTIONARY WAR 


prepared (albeit by a man who did not like him) by Jamesi 
William Penn’s secretary, the collector of a private libraty 
than 2,000: volumes. Among Franklin’s Philadelphia 
poraries were the botanist John Bartram, corresponden 
naeus; the noted physician John Morgan, first America 
on medical education and medical history; Ebenezer Кї 
who rivaled Franklin as a pioneer investigator of electri 
the astronomer David Rittenhouse, a leader in the observat 
the transit of Venus across the sun in 1769 which Werê 
importance in determining the parallax of the sun. In he 
letters, Benjamin West ventured his first artistic efforts 
delphia; Thomas Godfrey, Jr., wrote the first Amene 
drama; and the literary circle which formed around Pro mtoni 
liam Smith of the College of Philadelphia is worth m 
if only to call attention to Smith, a man whose personal 
did much to make Philadelphia an intellectual centre. . 
Colonial and Republican Capital.—lts general proa 
gether with its central location, led to the selection 0° 
as the meeting place of the first continental congress T 
the city embarked on its turbulent revolutionary career. 
continental congress met in Carpenters' hall, and there 
the continental association and the Declaration of 1 
Grievances, steps which led the colonies almost d" 
against the mother country. In 1775 the second c 
gress met in the state house, acknowledged the ai on x 
Boston by organizing the continental army under e. 
George Washington and, by thus embarking on rebel jon 
course which led to the adoption of the Declaration E 
ence the following year. The role of Philadelphia th 
quarters of the revolutionary government made it 
of the British general Sir William Howe's campaig™ 
Howe defeated Washington's forces south of the. dd d 
fled and Philadelphia was occupied by the Brits” 7 
winter of 1777-78. The continental army Camp up 
city at Valley Forge, and fighting occasionally —€— 
places as Germantown and Barren Hill on the outs 
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78, a change of generals and of war plans led the 
British army to evacuate the city and to return across New Jersey 
to New York, opening the way for the reconvening of the congress 
iy Philadelphia. 
pnm occupation underlined the fact that the American 
Revolution made Philadelphia a city much divided within itself. 
Certain leading families were obviously not unhappy to welcome 
(ie British, and many Philadelphians: participated gladly in the 
social season which the British officers improvised. Many 
Philadelphians, like many other Americans throughout the colonies, 
wuld not easily abandon the loyalty which as British subjects 
they had always-felt to the crown. Mixed with their emotions of 
loyalty, furthermore, was the resentment which many members 
ofthe upper classes had come to feel toward a Revolution, which 
jn Philadelphia had become peculiarly the cause of the lower 
tlasses, the mechanics and artisans. Ву the opening of the Revo- 
lution, Philadelphia society had become distinctly stratified. The 
growth of commerce had been highly profitable to some Phila- 
ddphians and had opened wide economic divisions within the 
population, so that social and economic leadership was held 
lightly by а comparatively small group of merchants, professional 
men and proprietary agents. Political leadership resided in the 
sme hands, since the franchise was limited to men who possessed 
û freehold estate or personal property to the value of #50. By 1776 
only about 1 in 50 of the male inhabitants could cast a ballot. 
The political power of the upper class further enhanced its eco- 
nomic power, for the city government frustrated competition 
ftom below through its regulations of markets, auctioneers and 
peddlers, When the Revolution broke out, the aristocrats, nat- 
Шау conservative, hesitated to endorse the movement. But 
the mechanics, artisans and labourers took advantage of that 
lesitation to discredit the aristocrats as an unpatriotic class and 
this to make the independence movement also a movement for 
increased democracy. They joined with equally discontented 
farmers from the back country of Pennsylvania to establish the 
radical Pennsylvania constitution of 1776, which allowed every 
Adult male taxpayer to vote and hold office in the state govern- 
ment. It was against this background of a rising of the lower 
classes that much of the Philadelphia aristocracy welcomed the 
British occupation in 1777. 
sim end of the occupation brought back to Philadelphia both 
the continental congress and the ambitious local: democratic party, 
^» the withdrawal of the British and the eventual American vic- 
D їп the Revolution did not open the way for the unmitigated 
Я mph of either group. "The continental congress was trans- 
M into the congress of the Articles of Confederation, and 
bs the 1780s that congress, meeting sometimes in Philadelphia 
еше elsewhere, sank gradually into impotence. The 
ils ci of the Pennsylvania and Philadelphia democrats in the 
ici of 1776 gradually gave way before a counter- 
oh жр ч culminated in the conservative state constitution 
аан ў ће есопотіс power and social prestige of the Philadel- 
бе Um "M emerged from the war largely unimpaired, and 
a^ P. aimed at a substantial recapture of political power. 
hiladel "s state assembly passed an act of reincorporation of 
Clonal ep Which was considerably more democratic than the 
а charter but nevertheless favourable to the merchant aris- 
y. The vote was restricted to freeholders, who elected 30 
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жуы Councilmen for three-year terms and 15 aldermen for 


ring of 17 


kir thm terms. The aldermen chose the mayor from among 
Within Significantly, the first mayor under the new 


the үү oe Powel, had also been the last mayor under 
in ri id affairs the Constitutional Convention laboured 
hiladi Adelphia state house during the summer of 1787 with 
its most um Dhians Benjamin Franklin and James Wilson among 
first tet uential members. The congress of the new government 
Wet ofthe New York city, but in 1790 it voted to establish the 
Moving: "W ide government at Philadelphia for ten years before 
The de the permanent capital on the Potomac river. : 

Sica “cade 1790-1800, when Philadelphia’ was once again the 

Pital, constitutes something of a golden age in Philadelphia 
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history. Political, economic and cultural leadership of the new 
nation were all concentrated in Philadelphia. Congress and the 
U.S. supreme court sat in new buildings flanking the state house. 
Presidents Washington and John Adams maintained a republican 
court, centring on the president’s mansion on Market street near 
Sixth, whence Washington proceeded through the streets in a 
cream-coloured French coach, ornamented with cupids and 
flowers. The leaders of the new nation combined with the aris- 
tocracy of the city to give Philadelphia a social life distinguished 
for its conversation as well as for its gaiety and glitter. 

The Philadelphia economy had by this time readjusted from the 
dislocations of the Revolution and was growing at least as rapidly 
as before the war. The shipyards were prospering, building ves- 
sels of such quality that even Boston, New York city and Balti- 
more papers advertised ships “built of the best white oak and 
finished off in the neatest manner on the Philadelphia plan.” The 
U.S. navy yard had been established, building during the 1790s 
the frigate “United States,” on the plan provided by the Phila- 
delphia designer Joshua Humphreys for six sister ships, including 
the “Constitution.” The merchant ships built in Philadelphia 
yards and sent out by Philadelphia merchants ventured into new 
quarters of the globe. Thomas Willing was instrumental in or- 
ganizing the Philadelphia, Boston and New York city venture 
which in 1784 sent the first American trading ship to China, and 
thereafter until the middle of the 19th century the city was re- 
sponsible for one-third of the China trade of the United States. 
Philadelphia traders, at last outside the British navigation system, 
found new ports in Europe; coastwise trade also continued to ex- 
pand. In 1793 the total value of Philadelphia exports was $6,958,- 
736, exceeding those of all New England by $1,717,572 and of 
New York city by $2,934,370. Behind Philadelphia trade still 
stood the wealth of the hinterland, which in 1790, for example, 
sent 150,000 bu: of wheat to the metropolis from the upper Sus- 
quehanna country alone. 

The Philadelphia golden age of the 1790s was not without a few 
scars. During the early years of the decade mechanics and artisans 
aroused by the French Revolution became increasingly noisy in 
their discontent with the conservative turn of U.S. political events, 
to the point where some alarmed property owners began to fear 
new violence. Conservatives and Democrats alike suspended po- 
litical agitation, however, in the face of the great yellow fever 
epidemic of 1793, in which perished between 4,000 and 5,000 peo- 
ple, one-tenth of the city's total population. 

Meanwhile Philadelphia moved to leadership of the new nation 
in still another area, finance. Prerevolutionary America had pos- 
sessed no banks in the modern sense of the term, but from the 
establishment of the first such institution, the Bank of North 
America, in 1781, the growth of an Amierican banking system was 
rapid. The Bank of North America was chartered by the Con- 
federation congress largely at the urging of Robert. Morris, its 
principal purpose being the financing of the Revolution. Its 
location in the city assured Philadelphia's position as the first 
financial centre of the United States. State-chartered banks 
quickly followed in various places and the charter of the Bank of 
North America was suspended briefly during the 1780s; but the 
priority of Philadelphia in banking plus its general economic lead- 
ership gave the city continued financial pre-eminence. For this 
reason as well as because Philadelphia was the national capital, the 
first Bank of the United States was established there in 1791 and 
remained even after Philadelphia ceased to be the political capital. 
After the charter of that bank expired in 1811, state-chartered 
banks reassumed first place in a financial world of which Phila- 
delphia remained the centre. Stephen Girard of Philadelphia 
emerged as the principal financier of the War of 1812 and when 
congress chartered a second Bank of the United States in 1816 it 
was located in Philadelphia. Through the second bank and the 
activities of Girard, Philadelphia retained financial leadership un- 
til the 1830s, despite the fact that by that time economic suprem- 
acy in other matters had passed to New Vork city. 

The 19th Century.—By Andrew Jackson's presidency the golden 
age of Philadelphia had long since ended. The U.S. capital moved 
to Washington in 1800 and the capital of Pennsylvania already 
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had departed from, Philadelphia in 1799. The removal of the 
federal capital cast something of a shadow upon Philadelphia's 
cultural leadership, presently superseded by that of Boston and 
New York city. Philadelphia culture in the 19th century was to 
be distinguished by the presence of such notables as the Peales, 
Gilbert Stuart, Thomas Sully, Henry Inman and Thomas Eakins 
in painting, William Rush in sculpture, William Strickland and 
Thomas U. Walter in architecture, and Walt Whitman as well as 
lesser lights such as Bayard Taylor and S. Weir Mitchell in litera- 
ture. But the relative position of the city was far below what 
it had been; except possibly in painting, there was no longer in 
Philadelphia a community of national cultural leaders, but simply 
a collection of various-individual luminaries. 

Commercial ascendancy passed from Philadelphia partly because 
its port could not match New York city harbour, The approach 
to Philadelphia. by water. was far more difficult, the space for 
berthing of ships was limited and the port was on occasion im- 
peded by ice in winter (the Delaware is fresh water at Phila- 
delphia). The riches of the Philadelphia hinterland as compared 
with the narrow Hudson valley had more than offset the de- 
ficiencies of Philadelphia harbour during the colonial and early 
republican periods, but in the early 19th century there was opened 
to New York city a hinterland far richer and vaster than Phila- 
delphia’s: the old northwest, the Great Lakes and Ohio river 
country. Between, Philadelphia and this region rose the barrier 
of the Appalachian mountains; between New York city and the 
northwest stretched the open avenue of the Hudson and Mohawk 
valleys: The completion of the Erie canal in 1825 added im- 
measurably to the already great convenience of that avenue, 
Promptly after the opening of the canal, the census of 1830 re- 
vealed that for the first time the population of New York city 
exceeded that of Philadelphia. Even earlier, in 1820, Phila- 
delphia's exports had been only about $6,000,000 to New York 
city's $12,000,000, while Philadelphia imports had stood at $9,000,- 
000 as against $23,000,000 for New Vork city. 

Philadelphia did not yield its population and economic leader- 
ship without a contest. The city sought an answer to the Erie 
canal, a route of its own into the great valley beyond the moun- 
tains. Its effort to solve the problem was extraordinary, for the 
city promoted and helped to finance the completion of the amazing 
state-owned ‘Pennsylvania system" west to Pittsburgh. Begin- 
ning in:1834, passengers could travel from Philadelphia to Pitts- 
burgh in 4 days, freight in 12-14 days, over a 394-mi. route 
combining railroads, canals and inclined planes. 

Extraordinary, even heroic, as it was, the Pennsylvania system. 
did not serve to recapture Philadelphia's advantage over New 
York city; the Erie canal was a more convenient freight-handling 
system. But even a westward transportation system equal to 
New York city's could not compensate for the inferiority of the 
Philadelphia port. This fact emerged clearly after the Pennsyl- 
vania railroad was completed to Pittsburgh in 1854; it became 
one of the great railroads of the world but New York city con- 
tinued increasingly to outdistance Philadelphia in. population, 
wealth and general economic importance. 

With its national pre-eminence lost, Philadelphia embarked on a 
less spectacular career as a regional urban centre, but the city did 
not cease to be a major one; it remained second in size among U.S, 
cities until Chicago finally surpassed it in 1890, The agricultural 
wealth of the immediate hinterland remained and as the 19th 
century proceeded this area increasingly supplied industrial wealth 
as well. Philadelphia looked relatively less to its harbour and 
more to its inland resources to sustain itself. It developed its 
own manufactures.. The textile industry was among the first to 
rise in the United States 45 in other nations in the early stages of 
industrialization, and in that industry Philadelphia was a leader. 
By 1825 there were 33 cotton and woolen factories in the city and 
its vicinity, 20 of them alone working 28,750 spindles. Iron 
foundries and glass works also secured an early prominence. After 
1831 Baldwin locomotives and, still later, Stetson hats carried the 
name of Philadelphia through the 19th-century world. Phila- 
delphia shoes, especially women’s shoes, won note throughout the 
United States. The city became the principal distributing centre 


for the anthracite coal fields of northeastern Pennsylvania 
after about 1820 began their era of prosperity. The relati b. 
of emphasis upon the sea did not bring the abandonment oj 
shipbuilding industry; the William Cramp and Sons Ship an 
Engine company, founded in 1830, became the principal | 
of the U.S. naval vessels during the 19th century and the builder 
of merchant ships, foreign and domestic, as well, $ 
With industrial growth, the city’s population increasingly spl 
over the political limits, which had not changed since the fr 
drawing of the town plan. These limits confined the city tow 
area of two square miles. Beyond that area, much of Phi 
county was as densely populated as the city itself, There political 
subdivisions had sprung up haphazardly until the county included 
29 such units, variously organized as s, townships or boroughs, 
nearly all of them lay immediately adjacent to each other, cor - 
stituting for all common-sense purposes a single city but frustri 
ing each other through their political independence, In 1854] - 
Pennsylvania legislature at last acted to remedy this chaos, passing і 
the Consolidation act, which annexed 28 of the 29 subdivisions ilî 
Philadelphia. ] 
The city shared in one way or another in most of the prindpl 
national events of the 19th century. The influx of Irish and бе 
man immigrants to the United States during the mid-19th centuy 
called forth in reaction the first major American nativist mov 
ment, In Philadelphia, nativism culminated in a series of 00 
extending through the spring and summer of 1844, during whith 
two Roman Catholic churches were destroyed by fire, seven ФЙ 
ians and two militiamen were killed and many more persons wt - 
injured. Earlier the slavery issue had led to antiabolitionist rils, 
and this issue continued to divide the city during the Civil Wat 
Philadelphia Quakers had a long history of antislavery activi) 
but on the other hand prewar Philadelphia was a principal Бал 
and mercantile centre for Southern agriculturalists and had many 
Southern business connections. Some Philadelphians sup 
the Union war effort only lukewarmly even after Ft. Sumter, bul | 
for the most part the city rallied with determination to the Union 
cause. Philadelphians followed the leadership of Jay Cooke it 
contributing to war finance, and their Unionism tended to becom 
more pronounced after the Confederate invasion of Pennsylvatit 
in 1863, The Union League of America was an eps e 
Philadelphia’s support for the Union and membership 1 
league soon became a mark of status in the city. . Ш 
Philadelphia was the site of the 1876 Centennial e 
commemorating the adoption of the Declaration of Indepen 
Financed largely by Philadelphia citizens, the exposition in 
180 buildings along the Schuylkill to more than 8,000,000 e 
The emphasis of the exposition was upon industrial an 
mercial technology, in which the United States already ran 
a leading nation of the world. (ШЇЇ 
Journalists remarked during the exposition that the б P 
progress of the United States since independence had nomm ий 
material progress; the era was that of "Grants. м 
comment applied to Philadelphia. After the Civil Wes "t 
publican party used its record as a war party, its P 
friendship with business interests and an astute e politi 
every city precinct to win a stranglehold on Philadel modif 
Philadelphia and Pennsylvania were in the hands of "T 
led first. by Sen. Matthew Stanley Quay and then D roue 
Penrose. In the 20th century a local machine led | КО, 
George A., Edwin Н. and William S. Vare successful ‘phil w 
the statewide Penrose machine for control of ms Eu 
with no change in the quality of city government. Lo delphi is 
not inaccurately described turn-of-the-century Phi de f 
phrase that has become a byword, “corrupt and s rtly 
The city remained contented in its corruption Ри. 810 
the old problem which had led to the Consolidation ас, "s pif | 
emerged again: population had spilled bey E db suburbs | 1 
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о U.S. cities from southern and eastern Europe unprepared for 
the responsibilities of democratic citizenship. As in other U.S. 
cies, the new immigrants sought security by forming neighbour- 
hoods along ethnic lines. The long history of many Philadelphia 
neighbourhoods as independent political entities made for an un- 
usual degree of neighbourhood parochialism, and the forming of 
ethnic neighbourhoods intensified that tendency. 

The 20th Century.—1n the 20th century, especially after World 
War I, the immigrants and their children gradually became less 
docile voters. Other factors worked also to undermine the power 
ofthe city machine, not the least of which was the growth in the 
1930s of federal social welfare programs under the New Deal. 
Providing social security of various sorts in return for votes had 
heen one of the bulwarks of all urban political machines; the 
federal government removed such welfare measures from local 
politics, For these reasons and others, by the mid-20th century 
traditional machine dominance had much decayed. 

Furthermore, the decline of machine politics was only one of 
acomplex of changes stirring in Philadelphia in the middle of the 
10 century. By that time the phrase “corrupt and contented” 
was no longer so accurate; a new sense of civic responsibility had 
arisen, The citizens always had been proud of their city but that 
pride was becoming difficult to sustain. Rapid but unplanned in- 
dustrial and population growth had created slums that were 
among the worst in the world. A real property survey made in 
1934 disclosed that of 506,420 dwellings in the city, 19,035 were 
unfit for occupancy, while another 28,768 were in need of major 
repairs, About 19,000 houses were without bathing facilities of 
шу kind, Many of the slum dwellings were of the distinctive 
“bandbox” type, three stories high but only one room wide and 
deep. Such were depression conditions in the 1930s, but the years 
during and after World War II scarcely lightened the housing 
problem, A large influx of Negroes injected racial issues into 
ilready serious difficulties and many parts of Philadelphia became 
overcrowded Negro ghettoes, At the same time Philadelphia 
suffered from the common problem of all urban centres in the 
automobile age, an accelerated decay of the central city as popu- 
lation, industry and even commerce moved into the suburbs. The 
only virtue in all these developments was that they made it im- 
Possible for proud citizens to remain contented; they stimulated 
the new sense of civic responsibility. 
edad Redevelopment.—The Philadelphia Redevelopment au- 
ow. established under a state law of 1945, was constituted un- 
bi t at appointed by the mayor. Its purpose was to eliminate 
E ed areas and, in co-operation with both public and private 
арі, replace them with socially and economically sound 
id The. authority was to make use of federal, state and 
tire s Within ten years, by 1955, 19 areas of the city, com- 
20% HY out 11.5% of the total area and containing more than 
es Population, had been scheduled for redevelopment. 
аас nd activities of the redevelopment authority included 
n lon of middle- and low-income housing, the rehabilita- 
thes iartain old row houses; the development of new industrial 
amp uis Person of blighted areas into improved and enlarged 
iss Tek Or several of the city's universities, the provision of 
" Hp and playgrounds and projects for automobile parking 
authori widening, In many of its activities the redevelopment 
Similar y co-operated with. the Philadelphia Housing authority, a 

gency outside the regular structure of city government, 


i е} 
men pose was to clear slum areas and to build on slum and 
Mean ites safe and sanitary dwellings for low-income families. 


bhi ie private enterprise rebuilt part of downtown Phila- 
iting an planned commercial area, Penn Center. 

Ure its ladelphia sought to renew its blighted areas and to 
тез t Citizens of adequate housing, and it made substantial 
Y Oward those goals. But social problems spawned during 
Centuries of unplanned growth could not be remedied in 
бы ү two; large blighted areas remained їп the 1960s and 
Ore, es to appear as old ones were eliminated. Further- 
Bit Rousing alone could not cope with the fact that much 
tions, Vi, 5 housing problem was also a problem in гасе rela- 
lewing the growth of an already large Negro minority 
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(about 25% of the population in 1960), city leaders considered 
experiments which would seek to prevent new housing develop- 
ments from becoming Negro ghettoes. 
Government.—Important to the progress of the various rede- 
velopment programs of the mid-20th century was a newly reor- 
ganized city government. From its first incorporation under 
William Penn, Philadelphia was governed under various charters, 
all drawn’ up by the Pennsylvania legislature. After the Revo- 
lution, the charters tended to model the structure of municipal 
government upon the state and federal governments, with a bi- 
cameral legislature in the city council, an executive in the mayor 
and his elected and appointed assistants and a municipal judiciary. 
This system brought a multiplicity of offices and a diffusion of 
responsibilities grossly inappropriate to city government. Under 
the charter of 1885, for example, the bicameral city council grew 
to a total membership of 145, the largest municipal legislative body 
in the United States, so large that it tended to strangle its own 
usefulness. The charter of 1919 remedied this particular problem 
by creating a unicameral council whose membership ranged from 
20 to 22. But the charter of 1919 still failed to meet the full 
needs of a modern city, especially in that the mayor remained too 
weak an executive to assure efficient or even honest administration. 
Philadelphians came to conclude that what their city required 
was a charter drawn up by its own inhabitants, who understood 
their own needs.. A fight for such a charter went on sporadically 
after 1922, when an amendment to the state constitution made 
possible municipal home rule. In 1951 the efforts of a local. Com- 
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mittee of Fifteen combined with revelations of embezzlements by 
city officeholders to bring the movement for reform to a climax. 
In that year a special Philadelphia commission drew up a home 
rule charter, which was accepted by the voters; it went into effect 
early in 1952. 

Under the 1952 charter, the administration is in the hands of a 
relatively strong mayor, elected for a four-year term. Executive 
responsibility is focused upon the mayor, who appoints and re- 
moves the principal administrative officers and controls expendi- 
tures. Furthermore, the mayor participates in the legislative 
function by recommending measures to the council, exerting his 
influence for their passage and exercising a power of veto which 
can be overridden only by a two-thirds vote of the membership of 
council, The mayor formulates the city budget, with the council 
simply voting lump-sum appropriations to each agency. The 
council consists of 17 members, 10 of them elected from geographic 
districts and 7 elected at large. While the council’s administra- 
tive powers are severely limited in order to assure the responsi- 
bility of the mayor, its legislative powers are broad; it can legis- 
late on many matters which before 1952 required state legislative 
action, notably in the fields of public health and municipal salaries. 

Most municipal activities are in the hands of 14 departments, 
which are co-ordinated by the mayor’s four principal appointees: 
(1) the managing director, who supervises the departments of 
police, fire, streets, water, public health, public welfare, recreation, 
licenses and inspection, records and public property; (2) the di- 
rector of finance, who conducts, under the mayor, budgeting, ac- 
counting and purchasing, and supervises the departments of col- 
lections and procurement; (3) the city representative, who is the 
city’s chief public relations officer and heads the department of 
commerce, through it holding responsibility for wharf and airport 
facilities; and (4) the city solicitor, who heads the law department 
which gives legal advice to city agencies and represents the city 
in litigation. In addition, there are various independent or semi- 
independent boards and commissions, such as the civil service 
commission. 

The school district is a governmental unit completely separate 
from the city government. In addition to the city government and 
the school board, five “authorities” created for special purposes 
outside the regular governmental structure operate within the 
city. These are the Philadelphia Housing authority, the Phila- 
delphia Redevelopment authority, the Philadelphia Parking au- 
thority, the Philadelphia Airports Improvement authority and the 
Delaware River Port authority, the latter an interstate body. 

Philadelphia courts are part of the judicial system of Pennsyl- 
vania and thus are constitutionally separate from the city govern- 
ment. Their structure is that which is common to all Pennsylvania 
judicial districts, with the exception that Philadelphia also pos- 
sesses a municipal court, with limited jurisdiction over specified 
civil and criminal actions, and 28 magistrates’ courts, which have 
jurisdiction in minor civil and criminal cases and hold preliminary 
hearings in more serious criminal cases. 

An amendment to the state constitution was passed in Nov. 1951, 
consolidating the Philadelphia city and county governments, with 
all county agencies becoming city agencies. Subsequently there 
was a gradual integration of the former county offices into the 
structure of city government. i 

The home rule charter and the progress of city-county consolida- 
tion did much to give Philadelphia effective government, but they 
also left many problems unsolved. For example, the problem 
which the Consolidation act sought to solve in 1854 emerged again 
in aggravated form. In 1960 there were 625 governmental units 
in metropolitan Philadelphia on the Pennsylvania side of the 
Delaware alone. The tendency of this multiplicity of governments 

was to complicate such issues as police protection, water supply and 
urban transportation. There was an obvious need for some meas- 
ure of general metropolitan area government; but there were many 
obstacles, both constitutional and traditional, in its path. 

Industry, Commerce and Transportation. The leading in- 
dustries are metals and metal products, textiles, food products and 
chemical and petroleum products... During the mid-20th century 
industrial expansion was especially noteworthy in the metals in- 
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dustry, with the establishment at Morrisville on the Delay 
new plant of the United States Steel corporation intended fy 
processing of'ore from Labrador-Ungava and Venezuela, 1 

Railroads serving Philadelphia and its industries include 
Pennsylvania, of which the city is the headquarters the 1 
and the Baltimore and Ohio. Truck and motorcar transpo 
proceeds from the city over a highway network dominated hy. 
Pennsylvania turnpike to the west and the New Jersey turnpike 1 
the northeast. The Philadelphia International airport brings 
the city the services of transcontinental and trans-Atlanti 
lines. ry 

Although visitors are likely to remark that in no U.S, seq 4 
the presence of maritime activity less evident except in the imge 
diate waterfront area, and although the harbour has long sing. 
ceased to be the major focus of Philadelphia commerce, the po 
continues active. The Delaware River Port authority superis 
the second largest port in the United States, surpassed only by New 
York city, and the largest fresh-water port in the world, 

The trend in banking in Philadelphia as elsewhere in the lilt 
part of the 20th century was toward consolidation into larger ini} 
tutions. In 1950 there were 39 commercial and savings banks f 
the city; in 1960 there were 27. 

Education —The Quakers who founded Philadelphia weren 
devoted to education with the ardour of the Puritan fathers of Nr 
England, They favoured schooling in the rudiments of leamiy 
and in practical subjects but were inclined to regard higher lem 
ing as a form of worldly ostentation. Therefore they el 
founded elementary and some secondary schools but they diiit. 
hurry to do more. William Penn and his council hired a scil 
master in 1683 and in 1689 leading Quakers established li 
Friends’ Public school, now the Penn Charter school, which wi 
intended to be open to students of poor families without fee. M 
until the mid-18th century, however, was an institution appro 
ing collegiate rank inaugurated. In 1755 various antt 
coalesced to form the College of Philadelphia. Ву that time it 
original ‘emphasis on modesty in learning as in living had lit 
ground among many Philadelphia Friends and in any cist 
intellectual leadership of the city had passed largely to Anglia 
and disciples of the Enlightenment. Once established, the А 
rose rapidly to prominence among kindred institutions of Bri 
America. It was noteworthy among colonial colleges 6 
for the emphasis upon scientific studies and modem la y 
which its founders, including Provost William Smith, sou 
place beside the traditional preoccupation with the classics: d 
had to pass through further vicissitudes during the revoluti 
era before it emerged as the University of Pennsylvania, "i 

Meanwhile numerous private and church-related um 
schools and academies had made their appearance; with 
town academy (1780) and Episcopal academy (1785 ы 1 
among the latter, During the late 18th century pol 
state-sponsored public education began to arise but it is 4 
1818 that Pennsylvania took a substantial step In ias ils nid! 
by establishing in Philadelphia a school district where i 3 
obtain education at public expense, By 1830 more t "ITI 
children had received instruction, with girls between En 
boys from 6 to 14 eligible for its free services. The Phi 
school district now maintains public schools thro " 
school. The Roman Catholic archdiocese maintains : dé 
educational system, including elementary, special an : 
There are over 40 other private schools. k 

The University of Pennsylvania, founded in 
SYLVANIA: Education), and Temple university, found’, 
are the largest institutions of higher learning 7D, cole $ 
Other institutions in the city include Philadelphia of Те 
Pharmacy and Science (1821); Philadelphia Colle gg 
and Science (1884); Jefferson Medical College ° (188) 
(1825); Hahnemann Medical College and Нори i 
Women’s Medical College of Pennsylvania (1850) i Crol” 
a Roman Catholic college for men (1851): Divinity lo 
Protestant Episcopal Church (1862); Lutheran, llege fo! 
nary (1864); La Salle college, a Roman Catholic Hg for E d 
(1863); Chestnut Hill college, Roman Catholic, 
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(1871); Eastern Baptist Theological seminary, coeducational 
(1925); Drexel Institute of Technology, a private coeducational 
ie (1891); and Dropsie college, Jewish coeducational 
m In the metropolitan area are Haverford (1833), Swarth- 
i 869) and Bryn Mawr (1880), colleges Quaker in affiliation 

uon and Villanova, a Roman Catholic university (1842). 

п the grounds of Temple university is an interfaith chapel 
ong as a memorial to the four U.S. army chaplains— 
ond L. Fox and Clark V. Poling (Protestants), Alexander D. 
ilodi Nh) and John P. Washington (Roman Catholic)— 
Dorch, together in the sinking of the torpedoed troop transport 

ne (Feb. 3, 1943) after each had given up his own 
ДЕН to another passenger or crew member. 4 
the zin Activities. During the 18th century, Philadelphia 
bi ritish colonies in the establishment of libraries open to 
e Lib 1С, In 1731 Benjamin Franklin and his associates founded 
ıı tty Company of Philadelphia, the first subscription library 


inpia Three other such libraries had been founded when 
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American Philosophical society are especially rich in documents 
relating to American history. 

Philadelphia was also something of a pioneer among U.S, cities 
in the establishment of museums; soon after the Revolution 
Charles Willson Peale, the artist, opened his famous museum in 
Independence Hall, a hodgepodge collection of stuffed animals, a 
mastodon skeleton, curious gadgets and portraits of American 
patriots. Most of the portraits remain in Independence Hall. 

Philadelphia has attempted to sustain the artistic tradition begun 
by Charles Willson Peale and, before him, Benjamin West. There 
are in the city about 40 art associations, schools, museums and 
collections, public and private. The Pennsylvania Academy of 
the Fine Arts, oldest art institution in the United States, dates of- 
ficially from a charter of 1805, but unofficially from Peale’s efforts 
to organize an art school beginning in 1791. Its schools remain 
among the most distinguished in the United States. Thomas 
Eakins was long an instructor, and among those he stimulated were 
the artists of the Henri group, or the Ash Can school (see HENRI, 
ROBERT). The permanent collection of the academy is rich in 
examples of the evolution of U.S. art. 

The Philadelphia Museum of Art, a huge Greek temple standing 
on the leveled top of Fairmount, offers collections giving a broad 
view of the development of art throughout history. It has note- 
worthy "period" rooms, outstanding special collections such as the 
Arensburg collection of 20th-century painting and much U.S. and 
Philadelphia material. Associated with it is the Philadelphia 
Museum School of Art, founded in 1877—78. 

In the promotion of science, the American Philosophical society 
continues in the path opened by Franklin and his fellow scientific 
leaders of 18th-century Philadelphia. The Academy of Natural 
Sciences (1812), the oldest such institution in the United States, 
has sponsored numerous explorations, including Adm. Robert E. 
Peary's voyage of 1892 which proved that Greenland is an island. 
It maintains a museum in its headquarters building. The Frank- 
lin institute (1824) emphasizes the promotion of applied science 
and also maintains a large public museum. 

The theatre in colonial Philadelphia, as elsewhere in colonial 
America, had to surmount obstacles both in public attitudes and 
in law in order to establish itself. Itinerant performers drew 
crowds to the outskirts of the city as early as the 1720s, but the 
usual date given for the establishment of the Philadelphia theatre 
is 1754, when Lewis Hallam's company arrived from London. 
Within little more than a decade, in 1766, the Southwark theatre 
was erected, and the next year occurred the performance of God- 
frey's The Prince of Parthia, the first American tragedy. There- 
upon the Philadelphia theatre entered upon a century of imposing 
development. The completion of the first Chestnut Street theatre 
in 1794 was an architectural as well as a theatrical event. The 
Walnut street theatre, opened in 1809, remains as the oldest exist- 
ing theatre in the United States. The Arch street theatre (1828) 
became the most famous of all Philadelphia theatres, associated 
with Joseph Jefferson and the Drews. Late in the 19th century, 
however, a theatrical decline set in, as the Philadelphia stage be- 
came increasingly a satellite of the New Vork city stage. 

Music in Philadelphia began with the German immigrants; the 
first recorded recital was given by German mystics, the Hermits of 
the Wissahickon, who in 1703 played the viol, oboe, kettledrum 
and trumpet at an ordination service in Old Swedes' church. Dur- 
ing the heyday of the colonial city a wider musical interest de- 
veloped. An Italian music master helped encourage the art; the 
first public concert was given in 1757; and Francis Hopkinson 
emerged as the first American composer of any importance. Or- 
ganized cultivation of music was a product of the 19th century, 
with the organization of the Harmonic society (1802), the Haydn 
society (1809), the Cecelia society (1824) and, most important, 
the Music Fund society (1820), which built its own hall in 1824 
and established a school of music there. At this hall the principal 
performances took place until the opening in 1857 of the Academy 
of Music, home of the Philadelphia symphony orchestra. 

Hospitals.—Philadelphia has been a medical-surgical centre 
since the 18th century. The Pennsylvania hospital (1751) was the 
first to be established in the British colonies and it early dis- 


822 


tinguished itself especially in the study of mental diseases. | The 
medical school of the University of Pennsylvania (1765) is the 
oldest in the country. A Philadelphia medical society was orga- 
nized in 1768 and the College of Physicians and Surgeons was es- 
tablished in 1787. There are more than 40 general hospitals and 
more than 30 special hospitals and dispensaries within the city. 
Parks and Recreation.—The Philadelphia city park system of 
more than 7,500 ac. (3,035 ha.) includes large and small parks 
scattered through the city, athletic fields and play areas, main- 
tained by the board of education, and Fairmount park, supervised 
by a special agency of the city government. It comprises almost 
4,000 ac. (1,619 ha.) and extends 10 mi. (16 km.) along the Schuyl- 
kill river and Wissahickon creek, including within its boundaries 
the beautiful Wissahickon and Cresheim valleys, the Philadelphia 
Zoological gardens, oldest in the United States, Robin Hood Dell 
for summer concerts, 15 historic mansion houses, 2 surviving build- 
ings of the Centennial exposition, more than 50 sculptural groups 
and figures and many miles of driveways, avenues, footpaths and 
bridle paths. Throughout the park system there are varied recre- 
ational facilities, including golf, baseball, football, swimming, 
boating and tennis. A special board of trustees administers Con- 
vention hall, which can be used as an indoor sports arena. Inde- 
pendence Hall is now а part of the Independence National His- 
toric site, 18 ac, (7 ha.), administered by the National Park service 
since 1951. The Old Custom House, a fine example of Greek 
revival architecture and site of the second Bank of the United 
States, is also a part of the national park and monument system. 
See also references under "Philadelphia" in the Index. 
BiBLrocRAPHY.—]. Jackson, Encyclopedia of Philadelphia, 4 vol. 
(1931-32); J. T. Scharf and T. Westcott, History of Philadelphia 
(1884); J. F. Watson, Annals of Philadelphia in the Olden Time 
(1889); E. P. Oberholtzer, Literary History of Philadelphia (1906) 
and Philadelphia, A History of the City and Its People, 4 vol. (1912) ; 
E. К. Pennell, Our Philadelphia, with 105 lithographs by Joseph Pen- 
nell (1914); American Philosophical Society, Historic Philadelphia 
(1953) ; Federal Writers Project, Philadelphia, a Guide to the Nation’s 
Birthplace (1937) ; М. S. Burt, Philadelphia, Holy Experiment (1945) ; 
E. Rothman et al., Philadelphia Government (1956) ; Chamber of Com- 
merce, Philadelphia Facts: the Bulletin Almanac. (R. F. We.) 


PHILADELPHIANS, a sect of religious mystics, holding 
a kind of nature pantheism, who flourished in London in the latter 
part of the 17th century, In 1652 John Pordage (1607-81), rector 
of Bradfield, Berkshire, gathered together a few followers of Jakob 
Bohme (q.v.), the chief of whom was Jane Lead or Leade (1623- 
1704). Mrs. Leade had been from girlhood of a mystical tempera- 
ment and experienced visions which she recorded in a diary en- 
titled A Fountain of Gardens, beginning in 1670, in which year 
the Philadelphian Society for the Advancement of Piety and 
Divine Philosophy was definitely organized in Bradfield (it later 
moved to London), In 1693 some of Mrs, Leade’s writings were 
translated into Dutch, and by this means and her acquaintance 
with Francis Lee, an Oxford scholar who studied medicine at Leiden 
and became her son-in-law, a connection was opened up with Ger- 
many and Holland. In 1703 the Philadelphians drew up their 
confession, but they made no further progress and after Mrs. 
Leade’s death soon declined, the Dutch branch withdrawing and 
the English government forbidding the society to meet. 
See J. Hastings et al. (eds.), Encyclopaedia of Religion and Ethics, 
vol. ix, pp. 836 ff. (1917). A 
PHILADELPHUS, a genus of deciduous shrubs including the 
popular garden forms commonly known as mock orange or syringa 
(the latter is also the generic name of the lilac). Philadel- 
phus, comprising about 70 species, belongs to the saxifrage fam- 
ily (Saxifragaceae). The characteristic orange-blossom fragrance 
of many species is the chief reason for the name mock orange for 
these plants. They have opposite entire or toothed leaves, the 
pith being solid, the lateral buds hidden in the leaf axils. The 
flowers are solitary or arranged in terminal or lateral clusters, the 
parts in groups of four, the petals mostly white, in some varieties 
somewhat purplish at the base, and with numerous stamens. The 
fruit is a capsule with many small seeds. 
These decorative and fragrant spring-flowering shrubs are much 
planted in temperate regions because they grow unusually well in 
dry soils, endure the trying conditions encountered in city gardens, 
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and are subject to few insect 
pests and plant diseases. The 
growth habit is usually upright 
with arching branches, most of 
which originate at the base of the 
plant, Some species are not more 
than 4 ft. high, others may attain 
a height of 15 ft. 

Perhaps the oldest Philadel- 
phus in cultivation is the very 
fragrant common mock orange 
(P. coronarius), a shrub up to 10 
ft. high with clusters of creamy- 
white flowers; its varieties in- 
clude kinds with golden flowers, 
double blossoms, and leaves 
bright yellow in youth. P. micro- 
phyllus, a smaller shrub, has soli- 
tary l-inch-wide flowers with a 
pineapple scent. P. lemoinei, a hybrid of P. coronarius and A 
microphyllus, has given rise to a number of horticultural varieties 
with large and fragrant flowers. P. virginalis, with semi-doubleu 
double blossoms, is useful for forcing. (E. D. М) 

PHILAE (Arabic Jazrrat Ешан), an island of the № 
measuring about 500 by 160 yd., situated at the head of the 
First Cataract about 2 mi. above the Aswan Dam. Philae i 
the Greek name; the Egyptian term was P-aaleq, and the Сой 
Philak, meaning “the frontier," since it marks the boundary wih 
Nubia. The earliest buildings are those of Nekhtharteh 
(Nectanebo II), last king of the 30th dynasty (359-341 80), 
whose temple to Isis, partly destroyed by flooding, was rebuilt ly 
the 2nd and 13th Ptolemies and enjoyed a great reputation aX 
prosperity in Ptolemaic and Roman times. As a reputed buril 
place of Osiris it was sacred alike to the Egyptians and Ethie 
pians; and the island of Philae and its neighbour Bigeh (Bijih, 
ancient Sinan) were regarded as the sources of the Nile and the 
home of the Nile god. The worship of Osiris and Isis contin 
there for nearly 200 years after the Edict of Theodosius J in 4^ 
378 suppressing the old religion. The priests of Isis Re 
great powers unequaled elsewhere in Upper Egypt, proni 
cause they held the gold mines at Wadi Alaki and controlle 
terminus of the caravan route at Kubban. 

Other temples on Philae include one dedi 
with a Coptic Church within; a temple to Imhotep, 
Hathor; chapels to Osiris, Horus, and Nephthys; the kiosk 90. 
by Trajan and dedicated to Isis and Horus; and two 
churches. These “structures were thoroughly атй 
strengthened in the years 1895—96, before being partial 
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cated to Arsnuplis 
and one 


tirely submerged, owing to the raising of the AX 
years and for some years іп the dry season. (See ! w | 
first it was thought that the flooding would have port 
the granite temples, but the water damaged the & ; coni 
Stones, and by the mid-20th century they were some №) 
able signs of weathering and disintegration. ind » refers 
PHILANTHROPY, literally “love of mankin uy V 
benevolent efforts to promote human welfare and p doi 
help the handicapped, the sick, and the poor. ТИИ does a 
it was used by Jeremy Taylor in a sermon about jb c 
seem to have been commonly employed before us ity" but 
It is used interchangeably with the older word фар w 
latter may also have particular religious conn? 
CHARITY). ies b 
Usually, though not always, philanthropy applies relief © 
enterprises aiming at the prevention as well as t [ article 
man ills (see FOUNDATIONS, PHILANTHROPIC). hi d social S 
the origins of philanthropy in personal, religious, m group 
tions to care for members of the family, Or e sf 
to extend hospitality to strangers. It briefly sur Quit 
ence of the teachings of Buddhism, Islam, Ju‘ 
anity and the history of philanthropic institutio 
of the 16th-century poor laws, which were à lan 
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ition of social (secular and legal) as well as moral and 
icious obligations to aid the unfortunate (see Poor Law). 

Sue also Poverty.) For the development of modern public 
and private philanthropic programs see CHILD WELFARE; PEN- 

ws; SOCIAL SECURITY; SOCIAL SERVICE; SOCIAL WELFARE. 
International Programs are discussed under Омітер Nations EDU- 
CATIONAL, SCIENTIFIC AND CULTURAL ORGANIZATION; UNITED NA- 
qos RELIEF AND REHABILITATION ADMINISTRATION; INTERNA- 
TONAL REFUGEE ORGANIZATION ; WORLD HEALTH ORGANIZATION; 
and Foop AND AGRICULTURAL ORGANIZATION. 

Historically, philanthropy grew out of the obligations of the 
family, or kinship group, to care for its members and to extend hos- 
pitality to strangers. The self-maintaining clan-family (patri- 
utchal extended family) encompassed successive generations and 
provided a special niche for the elderly, the sick and disabled, and 
the widowed and orphaned. In cities, however, this form of so- 
cial organization was sometimes disrupted and other forms of aid 
became necessary: in Egypt the Pharaoh and his appointed agents 
gave shelter to the poor and distributed bread and clothing. It 
was believed that charity and good works would assist the soul in 
attaining salvation after death. 


EARLY GREECE AND ROME 


In ancient Greece and Rome the provision of food and shelter 
for the stranger involved precise rules and a code of conduct 
resembling the formal courtesies adopted by primitive peoples 
everywhere toward the tribal guest. Vagrants and beggars were 
under the patronage of the gods and on that account held to be 
deserving: later, as evidenced in the Odyssey and in Hesiod, they 
were regarded as nuisances. Begging was a recognized means of 
seli-maintenance and the treatment of beggars a perennial problem. 

In early Greek communities, as recorded by Hesiod (8th cen- 
шу вс.) of Boeotia, customary laws of charity involved duty 
lo one's guest and to one’s family, especially to orphans and the 
ged, and also a reciprocal duty to one's neighbour. Four hundred 
years later a pupil of Aristotle reported that the Boeotians were 
Wellto-do farmers, practising justice, good faith, and hospitality 
ind giving freely of their substance to needy neighbours and 
Strangers: "for meanness and covetousness are unknown to them.” 
Early Greek examples of philanthropy directed toward communi- 
lis rather than individuals include that of Cimon of Athens, who 
Bie and laid out parks and gardens; and that of Xenophon, 
m treated an endowed foundation in Scillus to provide food for 
Т on days of festival, One function of feasts was the relief of 
» Poor: beggars carried away extra food in their “wallets,” as, 
ошап clients carried away portions of food in baskets 
phe a) from their patrons’ dinners. Throughout Greece inns 

testing places for strangers were maintained at or near temples, 
pally the centres of medical relief for wayfarers and the 
s Ti there were brotherhoods in which hospitality was a duty 
a Supported a kind of common relief fund. These prac- 

n ontinued until the Christian era. y 
b чүй Rome, public lands (ager publicus) were distributed 
i ac State to citizens without property. As the patrician fami- 

Күп More and more of the land, other philanthropies 
than 9 i undertaken, and a kind of poor relief in the shape of 

EN Tee distribution of grain to all citizens was instituted: 
n Sate The right to relief was dependent on the right 
twas thu 1р; it was hereditary and passed from father to son. 
iy the s. у їп {һе nature of a continuous endowed charity affect- 
йге th, ‘ole population, although later it became necessary to 
8 т su bounty to as few persons as possible. 
tity db ula, referred to previously, represented the home 
— diet; he clan-family and the charity of the patron to his 
thnifcence ane the empire particularly, leading citizens displayed 
0 centuri, and benevolence in other ways. Thus in the Ist and 

"iii A.D., rich citizens gave freely for education, munici- 
lim; (уз) 6с. and some endowed religious or charitable institu- 
te Wider rations of craftsmen (collegia, forerunners of guilds) 
Contributi Spread. They embraced artisans and even slaves who 
fine ed regular sums toward the costs of common worship, 

» Care for orphans and widows, and loans to the needy. But 


under the emperor Severus (AD. 193) the collegia were brought 
under state control. This marked their decline as benefit societies 
and their transformation into purely industrial guilds controlled by 
the municipalities. 

The first recorded charitable foundation linked with the Roman 
“poor” as a class was apparently the alimentationes for bringing 
up poor children, founded probably by Nerva or Trajan about 
the end of the 1st century Ар. Hospitals in Rome developed 
from a refuge for sick slaves that existed in republican times on 
an island in the Tiber. By the 1st century private hospitals or 
valetudinaria for slaves and poor freemen had come into being, 
and these were followed by the public hospitals of the later empire. 


BUDDHISM AND ISLAM 


All the great teachers and philosophers who have influenced 
the history of the East stressed that the well-to-do had duties 
toward the unfortunate. As a result there are many examples 
of public philanthropic works, especially provisions for the sick 
and infirm. 

In ancient India philanthropy was promoted by the teachings of 
the Buddha. Buddhism, a profoundly ethical religion, naturally 
emphasizes compassion for suffering and the doing of good deeds 
as one of man’s duties and a source of merit. A scriptural writing 
of Theravada Buddhism, the Khuddaka Patha, in a teaching remi- 
niscent of the Sermon on the Mount, counsels, “By charity, good- 
ness, restraint, and self-control man and woman alike can store 
up a well-hidden treasure—a treasure which cannot be given to 
others and which robbers cannot steal. A wise man should do 
good—that is the treasure which will not leave him.” Mahayana 
Buddhism emphasizes the doctrine of the Bodhisattva, the com- 
passionate saviour, and man is urged to follow his example. The 
Tathagataguhya Sutra, describing the qualities of the Bodhisattva, 
says: “He gives the best food to those who are hungry. He pro- 
tects those who are afraid. He strives for the healing of those 
who are sick. He delights the poor with his riches. ,.. He shares 
his riches with those afflicted by poverty. He bears the burdens 
of those who are tired and weary.” 

The Buddhist emperor Asoka (c. 274-232 в.с.), according to 
one of his inscriptions, provided medical facilities throughout his 
realm and caused wells to be dug and trees to be planted for the 
enjoyment of man and beast. The infirmaries of Buddhist mon- 
asteries sometimes took patients from outside, and in Ceylon 
Buddhist monks studied medicine and visited the sick. In China 
there were houses of refuge for sick people, isolation hospitals, 
sick-visiting, nursing, and support of the needy. Craft associa- 
tions, or guilds, undertook much benevolent and charitable work. 
Typically, these paid attention not only to the material needs of 
the sick and infirm but also to their spiritual needs and to the 
religious proprieties; thus much importance was attached to the 
fitting burial of deceased members. 

Philanthropic works have long been among the glories of Islam. 
Indeed, one of the five “pillars” or obligatory duties of Islam is 
the payment of the zakat tax (from the root verb zaka, "to be 
pure,” which indicates its connotations), which is levied in varying 
percentages on specified types of property and is distributed to 
several categories of the needy. In addition to this obligatory 
alms, the voluntary payment of charities (sadagat) is considered 
highly meritorious, a witness to the truth of the Muslim's re- 
ligion. Numerous specific references in the Koran indicate the 
Prophet's concern for the giving of alms; e.g., “Of their goods 
take alms, that so thou mightest purify and sanctify them” (ix, 
103) ; "Those who rehearse the Book of God . . . spend (in charity) 
out of what We have provided for them, secretly and openly" 
(xxxv, 29). 

The early caliphate maintained an elaborate system of assistance 
to the widows and orphans of its soldiers and colonists. As early 
as A.D. 707 the first great hospital was founded at Damascus, fol- 
lowed in the last years of the 8th century by one in Baghdad, 
founded by Harun al-Rashid. In 1283 the Mameluke sultan 
Qalawun opened the great hospital in Cairo. In it, patients were 
isolated for study and treatment; there were separate wards for 
patients suffering from dysentery, fevers, diseases of the eyes, and 
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bone injuries; and there were galleries for convalescents. A resi- 
dent staff of men and women was supported by a full organization 
of storerooms, dispensaries (backed by a herb garden), kitchens, 
library, lecture rooms, and accommodations for “interns.” Fa- 
mous doctors—including some Christians and Jews—attended the 
patients and also made domiciliary visits, distributing food and 
medicines, Qalawun declared that this noble and magnificently 
endowed foundation was “for kings and servants, amirs and com- 
mon soldiers, rich and poor, bond or free, men and women alike," 
and directed that all indigent patients should receive a sum of five 
pieces of gold on their discharge. Another form of Muslim phi- 
lanthropy was the founding of universities, some of which, such 
as Al Azhar (970) in Cairo, are among the oldest in the world. 
Medical education in Europe largely sprang írom Moorish 
Spain: the Altasrif of the Spanish Muslim physician Abul Kasim 
includes some surgical notations and has been styled “the common 
fountain of modern medicine.” Moorish foundations in Spain, 
North Africa, and the Middle East included lazar houses (lepro- 
sariums), which had originated in Armenia about A.D. 260. 


JUDAISM AND CHRISTIANITY 


Jewish ethical thought recognized from the beginning that the 
poor had rights and that the rich had duties. This was exemplified 
in injunctions such as that for the remission of debts every 7th, 
or sabbatical, year and every 50th, or jubilee, year; and in those 
governing the right of the poor to glean in the fields, and the dis- 
tribution of largess at weddings and funerals. The Decalogue re- 
fers to sabbath rest for the stranger within the gates of Israel 
(Ex. 20:10); and the Levitical ordinances enjoin love of one's 
neighbour as oneself and good treatment of the stranger in memory 
of Israel's sojourn in the land of Egypt (Lev. 19:18 and 19:34). 

Ideal and practice were continued in later Jewish history, partly 
because of the need for solidarity. From the period of the fall 
of the Jewish state, the charity overseer was part of the recognized 
institutional system of every community. Numerous voluntary 
associations existed for the care of the indigent and unfortunate. 

By the Byzantine period the Jewish charitable inn heralded the 
appearance of endowed charity: every ghetto had its lodging house 
for indigent strangers, Alms were collected not only for the poor 
of the city but on occasion “for the poor of the whole world,” 
as the 12th-century rabbi Maimonides testifies, and it was laid 
down in the codes that a town without proper charity organiza- 
tion was not a proper place of residence for a self-respecting Jew. 
It was also expected that he would devote a tithe of his income to 
philanthropy. 

Christian teaching from the beginning inculcated charitable ac- 
tivity as essential to the showing forth of that love that is the 
fulfilling of the law (Rom. 13:8-10); and many Christians at all 
periods have found the motive for their philanthropy in Christ's 
saying: "Truly, I say to you, as you did it to one of the least of 
these my brethren, you did it to me" (Matt. 25:40). Some, 
however, with a materialistic view of the rewards and punishments 
of the afterlife, have seen, in almsgiving especially, a means of 
"making God their debtor"; and this was particularly obvious in 
the medieval period. 

Early Church Foundations.—TIn the early years of the Chris- 
tian Church, the congregational fund was used to succour the 
poorer members and those who had suffered for their faith; to 
bury such as lacked means, and to care for their widows and 
orphans, Later, through administration of charitable funds by 
the deacons, the churches of Rome and other large towns became 
well endowed, especially from the time of an edict of the emperor 
Constantine (А.р. 321) which for the first time authorized the 
willing of property to the church. Although the edict was tem- 
porarily withdrawn (by Valentinian in 379) because of legacy- 
hunting by the clergy, by 529 it had become legal to give prop- 
erty for "churches, hostels, poorhouses, infant and orphan homes, 

homes for the aged, and for any such community.” A share of 
an estate left to "Christ our Lord" was held to be payable to the 
nearest church “to become the alimony of the poor.” Legacies 
“to the poor” of a district were payable to its church. Such gifts 
were treated as given to pious uses, as “alms,” and were free from 
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taxation. Thus grew up the system of endowed charities, бу 
most part in relation to the church or administered by iis di 2 
Medieval Philanthropy.—Out of these privileges я 
system of philanthropy shaped by three factors: the posit 
the bishop, the eleemosynary nature of church funds, and the 
for some responsible charitable organization within an exp 
church. Originally all income of the church from alms and 
was paid into one fund, intended primarily for the poor. 
the reign of Constantine very few church buildings had 
erected and the church was in large measure a charitable sode | 
When the need for funds for building was recognized, a [mg 
division of offerings was made: (1) for the bishop; (2) fori | 
clergy; (3) for the poor; and (4) for church buildings, (Tracey | 
of this arrangement survive in the organization of funds in thy | 
Church of England.) Thus a separate fund for almsgiving, supe | 
vised by the bishop, was created and up to the time of Chih 
magne (c. 750-800) philanthropy was mainly parochial; measur 
to aid the poor consisted principally of assistance in the home | 
But during the wars and confusions of the 9th and 10th centuries 
almsgiving tended to be more and more obscured by the rise of 
the feudal system, which changed the obligation of individu 
to their church and to the poor of their parish into an obligation 
to their feudal masters, to whom they were bound by fealty, By 
the same process, the officially recognized clients of the фи 
came to consist of the gradually decreasing number of free рй 
and those who were tenants of church land. Under these circum 
stances, the revenues of property and charity for the poor all t 
often enriched private or ecclesiastical purses. Sometimes, hit 
ever, they passed to the newly founded monasteries, which became | 
institutional centres of relief, providing through an almonry W 
the aged, infirm, lame, and blind (who were visited in theit homes), 
and for travelers and the ever-present mendicants, Sometimes 
the almonry contained rooms for the sick. These were the fore: 
runners of the hospitals, which by the 12th century were comm | 
created out of the rich foundation endowments of the monastns 
(e.g, a grant of land was made by Henry I of England to te 
abbey of Abingdon "to the use of the alms of the said abbey ) 
From the 11th century, the number of hospitals greatly incre 
About 750 existed in England by 1540. The continent of e | 
showed similar development and European explorers helped in 
duce hospitals to the New World (e.g., the Hospital of iw 
Nazareth, founded by Cortés in Mexico City in 1524). (See 
НоѕрІтАІ: History of Hospitals.) 1 
Almshouses, too, were founded; for example, four in ong 
bury, two of which were endowed by Lanfranc in 198 P 
poor, infirm, lame, and blind men and women, and iy x " 
the town) for the victims of leprosy; i.e., all sufferers w 
figuring diseases. These institutions were attached to and * 
ministered by a priory and endowed with: tithes. ‘haved 
in its modern sense was but slowly created. Thus y 
great hospitals of London, St. Bartholomew's (1129) аб 
"Thomas's (1200), were part almshouses and part shelters mis 
diseased, and disabled in-patients; they also cared for Rd ке?! 
dren, St. Thomas’s, founded by Peter, bishop of 440 
had a master and brothers and lay sisters, and pape ere 
for the sick, poor, or aged. (Guy's Hospital—the dd in 11H 
hospital to be endowed by a single person—was founi pe 
to relieve the overcrowding at St. Thomas's.) Tu ys 
hospital orders (including the ‘“Hospitaller” Knights b from tt 
of Jerusalem, who have operated hospitals for the P the nen 
12th century to the present day), and the friars ds “| 
founded Franciscan order went about tending the 9' | 
tressed wherever they might be found. fa comme 
Often almshouses and schools were created out a he ‘he 
endowment and in a single complex of buildings, 2$ Both (ий 
pital” and school of Archbishop Whitgift (1596). "tion, 
the school has been rebuilt) still survive as one fou etl 
Religious institutions were not the only centré creas 
philanthropy; municipal authorities, too, took an M is papp 
in promoting the welfare of their inhabitants. “rly im 
first of course in the countries where town life W^ J 
tant: in Italy, for example, in the 9th century: 
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century many municipalities maintained tables des pauvres such 
as that at Ypres (Flanders; 12th century) for local residents and 
ilerims. The merchant and craft guilds, which rose to importance 
in the later Middle Ages also conducted secular charitable activi- 
ties, Richer citizens w led lands and funds to their guilds or 
municipalities for the maintenance of almshouses, the education 
of children, and the support of widows and unmarried daughters 
usually with prefer! for the families of other guild members 
or those born іп the c Endowments were made to finance ap- 
prenticeships and loans to young men starting in trade, and there 
were benefactions for the support of poor scholars at the universi- 
A curious mixture of nonendowed public and private philan- 
{hropic action is found in the medieval method of dealing with 
disasters such as fires. Before the Reformation, these had usually 
heen the occasion of church collections: but from that time royal 


letters patent, known as charity “briefs,” authorized collections 
in specified parishes or districts or in all the parishes of a county. 
Any surpluses were applied to the building of hospitals, bridges, 


causeways, etc.; e.g, to record a single instance, to repair the 
Cobb (pier) at Lyme Regis, Dorset. Boroughs also were left 
land and funds from which to maintain roads, fords, embankments, 
and bridges or, as in Scotland, for “the general good of the com- 
munity.” 

Decline of Medieval System.—The system of monastic and 
thurch-door poor relief had begun to break down a long time 
before the Reformation. The methods of charity practised by 
the monasteries had 1 indiscriminate, property of the hospices 
had often been diverted from its intended use, and the hospitality 
of monasteries or hospices had frequently served the rich rather 
than the poor. Against this popes and church councils fulminated 
i f Vienne (1311), after condemning corrupt 
tdministrators of leprosariums, hospices, and hospitals, had for- 
bidden the transformation of charitable foundations into clerical 
was renewed by the Council of Trent. In 

yc s, consequently, attempts were made to transfer the 
idministration of foundations to secular control. Thus in France 
from the time of Louis XII a series of ordinances sought to 
гале the administration of philanthropic institutions and to 
tike them out of the control of religious bodies. The same 
Tendencies were found in England, and the suppression of the 
Monasteries under Henry VIII and Edward VI did not destroy a 
istem of relief that had previously been working effectively, but 
"ndered more apparent the amount of pauperism that existed. 
des were the circumstances from which evolved the policy of 
md support through compulsory taxation to relieve at least 

iv роту through the enactment of poor laws. (See Poor 

hae: ‘oor Law: United States.) 

Bui Y COMMISSIONERS FOR ENGLAND AND WALES; CA- 
thy а Gump; HospITAL; Hovsixe; NURSING; TRUST; see 

ERR жы mer Philanthropy" in the inr Dd 
drin, 2n ed з х. Périn, De la richesse e d foo 
{1902 ^ 2 vol. (1868) ; L. Lallemand, Histoire de la chari! 
Empire (1926) Ron Social and Economic History of the RU 
Jews, 3 vol (13255 W. Baron, A Social and Religious Sl of ү 
Christianity in th i А. уоп Harnack, The Mission and Expansion 0, 
(1008) . e First Three Centuries, Eng. trans., 2 vol., 2nd ed. 
Bequests сезаз A Collection of Old English Customs and мй 

th Рйа hyo arities (1842) ; B. Kirkman Gray, A History oF i 
ч Philantropy (1924). ; Ephraim Fisch, An Historical Survey of Je 
169 ruled КЕТ (15537-1633), patriarch of Moscow who from 

own in bi ussia in harmony with his son Tsar Michael, was 
Чең son ода life as Fepor NIKITICH Romanov, being the 

s о, the boyar Nikita Romanovich. During the reign 
a soldier n Fedor I (1584-98), he distinguished himself both 

Was ( and as a diplomat. On the death of the childless tsar, 
Wiesced È Popular candidate for the vacant throne; but he ac- 

im, tes e election of Boris Godunov (q.v.), who compelled 
Рагер pats later, to take monastic vows under the name of 
Rho} logo llaret was confined to the Antoniev Monastery, near 

шоу}, but when the first False Dimitri overthrew the 

released Philaret and made him metropolitan of 

06). In 1609 Philaret fell into the hands of the second 
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False Dimitri, who named him, apparently against his will, patri- 
arch of all Russia—though in fact his jurisdiction was limited. 
In September 1610 Philaret was sent by the Muscovite boyars 
to King Sigismund III of Poland to negotiate for the accession 
of the latter's son Wladyslaw to the throne of Russia. The king’s 
intransigence caused these negotiations to break down, and Philaret 
was eventually arrested and sent to Poland, where he was kept in 
confinement (1611-19). After the election of his son Michael 
Romanov as tsar of Russia (1613) and a long-delayed exchange of 
prisoners, Philaret returned to Moscow and, on July 4 (new style; 
June 24, old style), 1619, was enthroned patriarch, Father and 
son then shared the sovereignty of the realm as co-regents. 

Philaret replenished the treasury by a more rational system of 
assessing and collecting the taxes. His most important domestic 
measure was the chaining of the peasantry to the soil, a measure 
directed against the ever-increasing migration of the serfs to the 
steppes, where they became freebooters instead of taxpayers. 
The taxation of the tsar's sluzhilye lyudi, or military tenants, 
was a first step toward the proportional taxation of the privileged 
classes. Philaret moreover formed the nucleus of the Patriarchal 
Library and commanded that every archbishop should establish 
a seminary for the clergy, himself setting the example. He also 
reorganized the Muscovite Army with the help of foreign officers. 
His death, in Moscow, on Oct. 11 (N.S.; 1, O.S.), 1633, put an 
end to the attack on Poland that had been launched in 1632, since 
it deprived Russia's still weak executive of its strongest prop. 

See R. N. Bain, The First Romanovs (1905). 

PHILARET (Улзил Мікнлпоуісн Drozpoy) (1782-1867), 
metropolitan of Moscow, whose strong personality, broad learning, 
and acute perception of the needs and demands of contemporary 
church life made him one of the most important and influential 
prelates and theologians of the 19th-century Russian Orthodox 
Church. He was born at Kolomna near Moscow on Dec. 26 (old 
style), 1782, the son of a priest. He completed the usual training 
as priest in 1803 at the seminary of St. Sergius' Monastery of the 
Trinity, and immediately enteréd on a brilliant career as teacher 
in theological seminaries and academies, first in Moscow and 
from 1809 in St. Petersburg, his subjects including Greek, Hebrew, 
philosophy, poetry, biblical hermeneutics, biblical history, church 
history and Christian archaeology, canon law, and dogmatics. On 
the advice. of his patron, the famous metropolitan of Moscow 
Platon Levshin, Drozdov became a monk (1808) and speedily rose 
in ecclesiastical rank and office. As rector of the St. Petersburg 
theological academy he was a member of many committees on the 
reform and improvement of theological studies in Russia. From 
1817 vicar bishop of St. Petersburg and from 1819 archbishop of 
Tver (now Kalinin), he was a member of the Holy Synod until 
the end of his life, although from 1843 to 1855 he was in disgrace 
with the high procurator N. A. Protasov and could make his 
influence felt only indirectly. On July 2 (O.S.), 1821, he became 
archbishop of Moscow and on Aug. 22 (O.S.), 1826, metropolitan. 
Philaret died in Moscow on Nov. 19 (O.S.), 1867. 

As metropolitan, Philaret was widely active in church politics, 
interesting himself particularly in reunion with members of the 
church in east Poland and in establishing a connection with the 
Old Believers. His Mnenia i otzivi (1905; “Views and Com- 
ments") dealt with all the theological, ecclesiastical, and political 
questions of his time, and their influence can hardly be overesti- 
mated. He worked eagerly for the introduction of a modern Rus- 
sian translation of the Church Slavonic Bible and from 1814 to 
1858 he fought a hard, and finally successful, battle on its behalf, 
associated as he was with the fate of the Russian Bible Society, 
of which he was a member until its dissolution. His most impor- 
tant literary work apart from his sermons is his catechism, which 
he first published in 1823 and of which he was obliged to publish 
three versions revised in accordance with the reigning theological 
opinions of the Holy Synod, that is of the tsarist government. 
]t became the official 19th-century Russian Orthodox catechism. 


See Philaret’s Catechism (Eng. trans.) in P. Schaff, The Creeds of 
Christendom, 2nd ed., vol. ii (1877). See also D. Jugie, “Philaréte 
Drozdov," in A. Vacant, Dictionnaire de théologie catholique, vol. xii 
(1933). (F. v. L.) 
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PHILATELY (Stamp CorrecrING) is the hobby of collecting 
and studying postage stamps. The first postage stamps for pre- 
payment of letter postage were issued in England in 1840. Almost 
everything connected with them began at that date, including the 
vocabulary needed for the hobby of stamp collecting and even the 
name stamp itself, For the history of posts and postal systems, see 
POSTAL SERVICES. 

The term philately was coined in 1865 by a Frenchman, M. Her- 
pin, who invented it from the Greek philos "love," a "negative," 
telein “to tax"; since the postage stamp was evidence of a letter's 
coming free of charge to the recipient, the postage stamp rendered 
it untaxed. The term caught the popular fancy much more than 
the word timbromania (Fr. timbre “stamp”) previously used, and 
became the accepted word to describe stamp collecting and the 
study of postage stamps. 

"This article is divided into the following sections: 

I. History 
II. Stamp Manufacture 
1. Production 
2. Paper and Watermarks 
3. Gum 
4. Perforation 
Stamp Collecting 
. Catalogues 
. Albums 
. Special Stamps 
. Specialization 
. Famous Collections 
. Philatelic Scholarship 
1. Societies 
2. Congresses 
3. Exhibitions 
4. Literature 
5. Libraries 
6. Some Philatelic Terms 


I. HISTORY 


In 1835 Rowland Hill (q.v.) began to study the tax situation 
in England, there having been a surplus of revenue. He noted 
that while reduction of tax rates sometimes brought a reduction 
of net revenue, the reduction of the tax on coffee by one-half had 
produced a net increase in revenue of one-half. Furthermore, he 
determined that postal revenues were falling despite increased 
rates, while a reduction in postal rates in France had increased the 
net revenue. 

Further inquiry revealed that since most letters went through 
post unpaid, to be collected on delivery, many of these were re- 
fused and had to be returned, often to be unclaimed or refused on 
return, thus necessitating records at every step of the two-way 
trip, as well as double portage for no revenue. Most illuminating 
of all was the discovery that the cost of transport per letter was 
frequently less for a long journey—from London to Glasgow, for 
example—than for a short one—such as London to Kent—for 
the long haul went with a greater number of letters than the short 
local trip. Hill therefore proposed a radical change: that letters 
be carried any distance within Great Britain and Ireland for a 
fixed rate, which he suggested be a penny for each one-half ounce, 
and that all postage be prepaid. Wrappers and envelopes with 
the stamp denoting prepayment were to be sold at all post offices, 
and for those who wished to use their own stationery he proposed 
“а bit of paper just large enough to bear the stamp” (he meant the 
imprint of the post office hand stamp), “and covered at the back 
with a glutinous wash, which might, by applying a little moisture, 
attach to the back of the letter, so as to avoid the necessity for 
redirecting it." 

Hill's pamphlet, Post Office Reform, was issued in January 1837 
for private circulation. Parliament investigated, and the post- 
master general Lord Lichfield reported that of all the wild and 
visionary schemes he had ever heard or read of, it was the most 
extraordinary. A second edition of the book, for public circu- 
lation, had its effect. The public response was loud and strong, 
the treasury reduced rates to a uniform 4d. per 4 02, basis, and in 
1839 reduced it to Hill’s proposed 1d. per 4 oz. regardless of 
distance, effective Jan. 10, 1840. 

Hill was asked by the treasury to work out the details. In 1839 
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he entrusted the design of the envelope and wra 
Mulready (q.v.). To create the “bit of paper,” 
competition, and more than 2,600 essays were 
while, Hill had heard of a new process of steel er 
he became interested. When the prizes (four of 
awarded, the “label” with the glutinous wash on 
finally produced by the new, revolutionary Perl 
reproducing steel engravings. 

Jacob Perkins, a native of Massachusetts, was 
mechanical devices. In 1819, having invented the 
perplate press, an engine lathe for engraving cop] 
plates, and the triple transfer process of reproducing 
ings together with the machines to carry it out, he 
to travel to England to interest the Bank of Englan 
for producing its notes. The British minister to the 
extended the invitation, and though the Bank of 
decided to proceed with a process then being insi 
reported to be £5,000, was made to Perkins am 
Meanwhile, he secured the business of many other 
to 1844 almost every British bank issued its own note 

In brief, the essence of the process is: a soft-steeld 
with the original intaglio of the proposed finished eng 
master die is then hardened and a soft-steel roller i§ 
it in a transfer press and rolled back and forth 
in relief is obtained on the roller. A second, third 
or even more, likewise can be obtained on the tra 
of them in relief; i.e., the lines that are cut into th 
and that will retain the ink to make tht n 
relief on the transfer roll. The roll is hardened, int 


stage is to impress the transfer roll against the plate f 
the printing is to be done, once more in the trans 
relief lines become intaglio lines on the printing p 


productions of the original die, reproduced as often 
To the inventor’s firm of Perkins, Bacon and Pet 
kins, Bacon and Co.), Sir Henry Cole, on behalf of 
in December 1839 the possibility of securing the cont 
proposed labels. n 
For Hill's label, the background chosen was am 
lathework that had been used often as a background ¢ 
To use this on the stamp, a die block was imp! 
proper amount of the geometric pattern from the 
(This same transfer roll was later used to make 
for the Cape of Good Hope triangular stamps of 
Vincent one-crown stamps of 1880 and the New 
series of 1915. It is now in the possession of the Ro 
Society.) The overall size and the space for the P 
queen were carefully marked. The pattern was tr 
roll, and the space for the queen’s head and the Ш 
were burnished clean. The roll was then entered | 
block. The portrait chosen was that engraved by j 
royal mint for the medal struck commemorating Wl 
visit to the city of London in 1837. Henry Corb 
drawing, and the engraving was made directly ‹ 
Charles and Frederick Heath. The first die was 
Second was made. Above the head was a panel 
“Postage,” the upper corners were embellished with 
below was a panel with “One Penny” or “Two P 
lower corners were initials, Hill was afraid of count 
for this reason the initials were used. Кү 
Each plate (11 were used for the one-penny V4 
the two-pence the first year) contained 240 stam 
tal row of 12 was therefore valued at as many sh 
stamp was worth pence. There were 20 rows, each 
worth in pounds what each stamp was valued in реш 
right-hand corner of the stamps was lettered “А f 
cal row, “B” for the second and so up to “L 
lower left corner was similarly lettered “A” for the? 
row, “B” for the second and so to “Т” for the 20th. 7 
that any counterfeiter would use only one or #0, 
and any very frequent recurrence of these would aj 
clerks of the attempt. ps we 
Neither the envelopes and wrappers nor the stamp 
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in January. Hand stamps were used to mark the letters “paid” 
until May 6, 1840. On May 1, both stamps and envelopes, in- 
duling wrappers, were ready—the one-penny black, the two-pence 
blue—and were put on sale. They were not valid for postage until 
May 6, It was Hill's thought that the envelopes and wrappers 
Would be in demand, and adhesive stamps would be merely for 
the exceptional user. But in fact, it was the stamps that were 
in demand, and the printers worked night and day to keep the 
dues supplied, while the original supply of the envelopes and 
p was never exhausted in the year they were available for 
ge. 
In the latter part of 1885 James Chalmers, whose father had 
A printer in Dundee, advanced the proposition that Hill had 
olen the idea for the adhesive postage stamp from the elder 
Ee Both the principals were dead, but an unpleasant 
a En arose that was scotched by Chalmers' own evidence, 
ich gave the date of his father's suggestion as after Hill's 
EP. àbove) had been read into evidence before a parliamen- 
Sion mittee; However, from time to time, copies of Chalmers 
th t pamphlets come into the hands of newcomers to philately 
е another tempest in a teapot. 
Dis Tad Hill's estimate of the loss of revenue was greatly sur- 
vertin, ү, the facts, there was never any serious question of re- 
a Si i the old system. Prepaid postage, and with it the 
Коры label that later became the postage stamp, had become 
ale the empire of Brazil issued three values of postage 
Stamps) didnot the second government to use them. These 
ures of hot contain the portrait of the emperor, but large 
y kno value on a background of engine-turning, and are popu- 
rich JU as bull’s-eyes. In the same year two Swiss cantons, 
stamp: a уа, issued stamps. That of Geneva was a double 
Paid jt wi alf paid the postage within one commune, the whole 
within the canton, 
184 he adhesive stamp in the United States was issued in 
Gans Semiofficial City Despatch Post of New York City for 
ates іс t delivery. In 1845 several postmasters in the United 
ork Cit ued stamps to facilitate prepayment of letters—New 
Samy ee а 5-cent value; St. Louis issued 5- and 10-cent 
Ra adding 20-cent) ; and the postmaster at New Haven, 
> BSued а 5-cent envelope. 
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In the succeeding two years, more postmasters issued similar 
local labels all with the tacit consent of the postmaster general, 
since the postmasters were charged with each letter they forwarded 
“paid” and the issuing of the stamps was merely their own method 
of bookkeeping. 

In 1847 the United States issued stamps of 5- and 10-cent value 
and the "postmaster's provisionals” were abandoned. Prepay- 
ment became obligatory in 1856. 

In 1845 the Swiss canton of Basel issued a stamp. In 1847 the 
British colony of Mauritius issued two values made locally that 
have become two of the philatelist’s most sought-after rarities. 
In 1848 the Bermuda postmaster issued a provisional similar in 
purpose to those issued by the U.S. offices between 1845 and 1847. 
France and Belgium issued their first stamps in 1849, as did Ba- 
varia. In 1850 Austria, Hanover, Prussia, Saxony and Schleswig- 
Holstein in central Europe, Spain and the three British colonies 
of New South Wales, Victoria and British Guiana all issued stamps. 
So did the Swiss federation, replacing the cantonal issue of pre- 
vious years, for these stamps were valid in all cantons. 

The first British stamps bore no country name, being intended 
only for internal use. Subsequent issues of Great Britain have 
likewise been content to bear the legend “Postage” without any 
designation of the country of issue. The first Brazilian issue was 
also without a name. The Swiss stamps, seeking to avoid giving 
offense to German-, French- or Italian-speaking Swiss, were like- 
wise without a country name; subsequent issues avoided argument 
by carrying the Latin name “Helvetia,” or later “Confoederatio 
Helvetica.” 

After 1850 the remaining countries of the world began to issue 
stamps, more being added each year. Some countries began with 
local issues for the larger cities. Others plunged into national pro- 
duction. Following World Wars I and II numerous new countries 
and subdivisions issued stamps, while others ceased to exist as 
stamp-issuing entities. 


II. STAMP MANUFACTURE 


Although the first stamps, those of Great Britain, were made by 
intaglio printing, not all stamps are so made. Five basic processes 
of printing are used in making stamps: (1) the engraved or in- 
taglio process, in which the lines to be reproduced are incised into 
the surface of the plate and inked, while the surface is wiped clean; 
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(2) typographed or letterpress, 
in which the lines to be printed 
are raised above the surface and 
inked; (3) lithographed or off- 
set, in which the line to be re- 
produced is drawn on stone (or 
on a metal plate with a surface 
simulating that of stone) with 
an oily ink which attracts the 
oily ink used to reproduce it, 
which in turn is repelled by 
water on the rest of the stone; 
(4) embossed, in which the 
paper is raised by an incised die 
struck against a soft platen or 
“force”; and (5) photogravure 
(rotogravure), in which lines 
are photographed through a 
screen on a sensitive film cover- 
ing the plate and then etched 
into it as in engraving. (See 
also Gravure; LITHOGRAPH}; 
PHOTOENGRAVING; PRINTING.) 

1. Production.— The first 
Stamps were made by private con- 
tractors under governmental su- 
pervision, Great Britain still 
contracts with private companies 
for supplies of stamps. The 
United States began by contracting for both postage and revenue 
stamps but, after the Civil War, the Treasury Department began 
printing its own tax stamps at the Bureau of Engraving and Print- 
ing. In 1885 this bureau bid on the postage stamps, but lost to a 
private concern, the American Bank Note Company. In 1894 the 
bureau was low bidder; thereafter it produced the postage stamps 
as well as the revenue stamps, banknotes, currency and bonds. 

France also began with a private contractor, but after 28 years 
transferred the production of stamps to the national mint. Many 
countries have followed the lead of Great Britain and entrusted 
their stamps to private concerns—Perkins, Bacon and Co., which 
produced the first British stamps, also produced the original issues 
for many other countries. For Chile, for example, the company 
printed the first issue in sheets of the same dimension and layout 
as the first British issue, which made bookkeeping rather difficult 
for the Chileans, who use a decimal currency. Most countries with 
decimal coinage use sheets of 100, 

2. Paper and Watermarks.—Philatelists are deeply conscious 
of the kind of paper used for stamps. Chief item in papermaking 
for stamps is the watermark (q.v.), a sign or symbol made in the 
paper as it is manufactured. On paper to be used in printing 
Stamps, watermarks may be spaced so as to fall on each particu- 
lar stamp, or to run through the sheet in a recurring pattern or to 
fall with one quarter on each stamp, a block making a full pattern. 
Typical watermarks are the small crown that appears on each of 
the 1840 stamps of Great Britain or the “crown and C A" (crown 
agents) on many colonial stamps; the “USPS” used by the United 
States between 1895 and 1915, a letter or part of one letter falling 
on each stamp; or the wavy lines used by Bavaria for early issues, 
which fell on each stamp and in the margins as well. 

Basically, paper is wove or laid. Wove paper is made on a 
Woven screen, and either presents no appearance other than gen- 
eral opacity when held to the light, or it dimly resembles a tiny 
network, as a woven screen greatly reduced. If the screen is 
strengthened with heavier wires evenly spaced in one direction, 
it becomes a laid paper, with these lay-lines showing. If these are 
exceptionally heavy, it is called batonné paper, and if the heavy 
batons are placed perpendicular to lay-lines it is laid batonné, 
A thin onionskin paper sometimes used for stamps is called pelure 

paper. 

Paper in which coloured fibres are used, presenting a gray or 
mottled appearance, is termed granite paper. Silk paper has tiny 
threads of coloured silk worked into it, and silk-thread paper has 
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1. BULGARIA, PARCEL POST, 1931-32. 
3. GERMANY, NEWSPAPER STAMP, 1939. 
5. ITALY, SPECIAL DELIVERY, 1948. 
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2. FINLAND, SEMIPOSTAL STAMP, 1938, SURTAX FOR BENEFIT 
4, NETHERLANDS, POSTAGE DUE STi 


6. INDIA, OFFICIAL OR SERVICE STAMP, 1950, FOR GOVI 


one or two very noticeable silk threads laid lengthwise 


it, falling on each stamp. (See also Parer MANURA 
`3. Gum.—The glue applied to the back of the sl 

moistened and thereby made to adhere to the envelop 

etc., is referred to as gum. Different kinds of gum 


tinguished by colour, opacity, streaks, etc. Stamps 
gummed. Usually gum is applied to the sheet of stamps 
the perforation process is performed 
4. Perforation.— The first stamps were printed on 
paper with no provision for separation one from the 
required use of a knife or scissors to secure individ 
Such stamps are known to collectors imperforate. 
an Irish engineer, Henry Archer, offered a machine to 
stamps with separations. A toothed wheel cut a series 
between the stamps, permitting easy tearing of the sheet 
ments were made by the British Post Office, and im 
chine was put in service. However, the wheel used 
scallops soon became blunted; it also damaged the wou 
new set of wheels with lancet-shaped knives fared | 
In 1849 Archer introduced a machine that punched tiny 
tween the rows of stamps. Such sheets as were not E 
perimenting were sold in the regular course of business 
offices. In 1854 the machine was so far perfected that | 
all British stamps were perforated. , ell 
Philatelists differentiate between these various ml 
Separating stamps. The first method, which cuts 
tween the stamps but does not remove any of it, p. 
ting; it is further differentiated by the pattern 0 
serpentine, scalloped (or em arc), saw-toothed 
straight-line (or en ligne), etc. When small pore 
are removed, it is termed perforated. These, WEL | 
make up the three main classes of separation of stamps. 1 
Philatelists further differentiate stamps by ned 
To many, though not all, collectors, a difference in t 
perforations creates a separate, collectible yari и 
differences caused by slight variations in the dimensio 
philatelists measure the number of perforations in? 207 
“perf. 12” means that there are 12 holes counted in 4 
Soon. Roulettes are similarly counted. 


Ш. STAMP COLLECTING 


No one can say with certainty when stamp collecting 
clearly it was subsequent to May 1, 1840, when 
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were put on sale. The earliest reference to it is in an ad- 
vertisement in the Times of London in 1841: 
юш lady, being desirous of covering her dressing-room with can- 
called postage stamps, has been so far encouraged in her wish by pri- 
vate friends as to have suc ceeded in collecting 16,000. These, however, 
being insufficient, she will be greatly obliged if any good-natured per- 
who may have these (otherwise useless) little articles at their dis- 
bd would assist her in whimsical project, Address to E. D., Mr. 
Butt’, Glover, Leadenhall Street; or Mr. Marshall’s, Jeweller, Hackney. 

That this mania for accumulating, if not collecting, was rather 
widespread within the year is evidenced by this paragraph in 
Punch, 1842: 

A new mania has bitten the industriously idle ladies of England. 
To enable a wager to be ained, they have been indefatigable in their 
tndeavours to collect penny stamps; in fact they betray more anxiety 
{o treasure Queen's heads than Harry the Eighth did to get rid of them! 

Accumulation led to collecting, in all probability, though there 
js no evidence of just how or where it started. 

1, Catalogues.—F'rom the practically simultaneous appearance 
of catalogues in the 1860s, it seems clear that collecting was spon- 
taneous and not confined to any one region. Great Britain, France, 
Germany, Belgium and the United States apparently had active 
collectors prior to 1862. In the British magazine Notes and Queries 
of June 23, 1860, appears a letter from a schoolmaster recounting 
that one of his pupils had a collection of 300 or 400 different stamps, 
ind that “Sir Rowland Hill had told him at that time there might 
be 500 varieties on the whole.” He suggests that a list of stamps 
would be useful and asks if there is any shop in London where 
stamps are sold and that has a list available. The identical idea 
must have been surging in other lands. In 1861 Oscar Berger- 
аш in Strasbourg, issued his list of stamps, Timbres-Poste, 
jy lithography from manuscript. In Paris, Alfred Potiquet pub- 
lished a Catalogue des timbres-poste crées dans les divers états 
du globe, The acceptance of the lists must have been immediate, 
for Berger-Levrault issued a second edition later in the year. In 
[шу 1862, J. B. Moens of Brussels, Belg., issued his Manuel du 

lectionneur, In and, Frederick Booty, J. E. Gray and 
Mount Brown all iss atalogues in 1862. A pirated edition 
of the last, listing 1.200 varieties, was issued by A. C. Kline in 
Philadelphia, Brown issued two more editions of his catalogue, 
e third (1866) listing 2,400 varieties, inclusive of what is now 
Han postal stationery or envelopes, wrappers and letter sheets, 

às many local issues. 
de standard modern catalogues exclude this latter material, 
m the total number of listings, including minor varieties, 

es more than 200,000. 
od ions нака in 1 i a азнав Е саша to 
4 ajor catalogues of Great Britain. е standard in 
me. nit Yvert and Tellier; in Germany it is Michel’s cata- 
M à ORTE Zumstein’s. The Scott catalogue (originat- 
tne ore Und See Bah he ыт i 
бше: stresses ТЫ е United States. ach of aud qa 
"td, ithe s information about the country in which it is is 

š fion S E part of the main volume or in a separate specialized 

бг bulk. any include postal stationery. Also, because of the 
Philatelic sips printed matter needed to catalogue over 200,000 
E aa the major catalogues tend to be published in two 
m. соза ; ree ya for pepan and general 

uced by both Gibbons and Scott. 
yn sl are issued for postal charges other than letter 
pu below), and some of the major catalogues list these 
fein cou nue and telegraph stamps, issued to prepay telegrams in 
Te ntries, also are collectible and may be listed in modern 


ie inthe first stamp albums were issued in 1862. 
ions iP ler originated both the French and the English edi- 
Dey stam aris. He rapidly increased his albums, to accommodate 
Place am PS as they were issued, and for several years held first 
his books, 5 collectors for the completeness and arrangement of 
informatie In the latter part of the decade (1867) he began to add 
. ee about stamp collecting and bibliographies. : 
letters al Stamps.—Airmail stamps are issued especially for 
0 be carried by air. Italy issued the first of these for the 
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first government-sponsored experimental flight in 1917; the first 
regular issue was that of the United States the following year. 
Almost every country has issued them since, with the exception 
of Great Britain and its colonies, though in these countries certain 
values of the regular postal issues are of denominations primarily 
for airmail use. Special delivery, registry, insured and acknowl- 
edgment-of-receipt stamps are for payment of the special fees 
levied for these services. Late fee stamps are sometimes issued 
to pay the extra postage for letters mailed after the closing of spe- 
cial mails. 

Official stamps are issued for the use of governmental depart- 
ments, Formerly widely used, they are now largely supplanted 
by printed franks. 

Semipostal stamps are sold at a premium over their letter- 
carrying value, the overage going to some officially recognized 
charity. Postage due stamps indicate the amount a letter lacks of 
full payment of the charges, which is collected on delivery. News- 
paper and parcel post stamps are for the special duties indicated.. 

Commemorative stamps are regular postage stamps issued to 
honour some event, activity or person of national importance. 
The first stamps of this kind were issued by New South Wales in 
1888, on the 100th anniversary of the founding of the colony. Ar- 
gentina (1892) and the United States (1893) issued stamps com- 
memorating the 400th anniversary of the discovery of America. 
In 1897 Great Britain and Canada signalized the diamond jubilee 
of Queen Victoria’s coronation. Thereafter, the practice became 
common. 

4. Specialization.—When Mount Brown's catalogue listed 
2,400 stamps (1866), a modest collection of 2,000 varieties would 
contain more than 80% of all stamps. A similar proportion in the 
1960s would necessitate 150,000 varieties. Because of the sheer 
bulk, not to mention the prohibitive expense, of such a general 
collection, most collectors turn to more or less limited fields. For 
example, they may collect only the stamps of one country, or of 
one continent or of one period. Others specialize in collections of 
certain kinds of stamps; some collect only one issue and study it 
thoroughly, others may collect only revenue stamps or postal sta- 
tionery. Those interested purely in stamp designs may collect 
art or religion on stamps, or flowers, fish, bridges, etc.; this sort 
of collecting is called topical or thematic. 

The collection of postal markings, both on stamped and pre- 
stamp covers, is a form of specialization; collecting of precanceled 
stamps is another. Meters (machines that print a postal frank on 
the envelope) have given rise to yet another specialized form. 
Telegraph stamps are also collected by some specialists. 

Plating.—The collecting of one issue or even of one stamp 
of an early issue, may necessitate some of the deepest philatelic 
study. The early stamps, especially the engraved ones, were often 
retouched after transfer, so that each stamp on each plate has 
minute identifiable characteristics. For instance, it is possible to 

identify each of the 2,640 specimens of the 
E p Great Britain one-penny of 1840, and this 
geet is easy, compared with other issues, be- 
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cause the plate position is located by the 
check letters in the corners. It is also 
possible to identify most of the 2,600 vari- 
eties of the 3-cent U.S. stamps of 1851. 
This has led to “plating” or reconstruction 
of the original sheet, which in turn has led 
to many discoveries of the ways in which 
sheets were laid out and manufactured. , 

Christmas Seals.—Christmas seals were invented by a Danish 
postal clerk, Einar Holbgll, in 1903, as a source of revenue for an 
antituberculosis society. They were used on packets and letters 
sent at Christmas, and sold for a small sum, the money going to 
the society. The use spread to many other countries, where they 
are issued each year. While they have no franking power, they 
are widely used and often collected. 

Government Philatelic Agencies.—Specialization in 20th-cen- 
tury stamps has been helped by establishment of governmental 
philatelic agencies to sell fine-quality stamps to collectors. The 
United States opened the first of these in 1921, and the success 
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was soon so apparent that similar agencies were established by 
many European countries. The U.S.S.R. made traffic in stamps a 
government monopoly and Germany followed suit when the Nazi 
Party came into power. In 1942 the U.S. placed revenue stamps 
on sale at a special agency for collectors. a ; 

The forms of specialization are limitless, and the ingenuity of 
collectors leads to the constant discovery of new and individual 
methods. 

5. Famous Collections.—Many famous collections of the past 
have been dispersed and absorbed by others. One of the most 
famous of all times was the collection of Philippe la Renotiere von 
Ferrari, an Austrian subject resident in Paris. During World 
War I he fled to Switzerland, where he died in 1917. His property 
was seized by the French government, and his collection, which 
he had formed during 40 years, was sold at auction, realizing more 
than 26,000,000 fr. (£400,000 or $2,000,000 at the rates of ex- 
change of the day). ы 

Arthur Hind’s collection, which included the Duveen collection 
of Mauritius and the Griebert collection of Spain and which was 
sold in 1933-34 after his death, brought a gross return of nearly 
$1,000,000. In addition, the 
unique 1-cent British Guiana ma- 
genta of 1856 was sold by private 
negotiation for a price reputed 
to be more than $50,000, the 
highest price ever recorded for a 
single stamp. 

The outstanding collection in 
Europe in the 1960s was the pri- 
vate collection of Queen Eliza- 
beth II. Principally formed by 
King George V, who was a famed 
philatelist, it is especially rich 
in British and colonial issues. 

Of the several famous collections in the United States, one of 
the most bizarre was formed by Col. E. H. R. Green; it stressed 
unusual materials, such as quantities of the “blue paper" issues 
of the U.S., the only position blocks of the 24-cent airmail with 
inverted centre (U.S., 1918) and a number of sheets of the 
imperforate 5-cent carmine error (U.S., 1915). Other noted col- 
lections were those of Sol Newbury (Chicago), Alfred Lichten- 
stein and Theodore Steinway (New York). Alfred H. Caspary's 
stamps were sold in the late 1950s in New York City for $2,895,- 
146, the largest sum realized by any stamp collection to that time. 

The Thomas K. Tapling collection, bequeathed to the British 
Museum, may well be the finest in public hands, The Smithsonian 
Institution collection at Washington, D.C., stresses U.S. stamps. 
The postal museums of many European capitals have outstanding 
collections, such as those at Berlin, at The Hague and at Stock- 
holm; the last received the Hans Lagerlof (New York) collection, 


IV. PHILATELIC SCHOLARSHIP 


1. Societies.—Clubs or societies of collectors are to be found 
in most cities of the world, with national and international societies 
tending to bind them together. The American Philatelic Society, 
founded in 1886, had about 13,000 members in the 1960s; the So- 
ciety of Philatelic Americans (1894) had about 6,000. The Royal 
Philatelic Society of London was founded in 1869 and became 
"royal" in 1906. The Junior Philatelic Society of London was 
founded in 1899. The Collectors Club of New York stands pre- 
eminently for philatelic research, as does the Royal Philatelic So- 
ciety. Many countries have national philatelic organizations with 
research groups. 

Because of the quantity of philatelic material, added to each 
year by the issuance of about 3,000 new stamps, with the resultant 
tendency to specialization, specialist societies have sprung up, 
notably since 1945. Many of these issue bulletins. Particularly 
noteworthy are the specialty clubs dealing with the philately of 
France and colonies, Germany, Italy and colonies, Korea, Lithu- 
ania, Luxembourg, Japan, Switzerland, airmails, postal history, 
postal stationery, U.S. bureau issues, and others too numerous to 
list. 
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BRITISH GUIANA, '"ONE-PENNY MA- 
GENTA." THE MOST VALUABLE 
STAMP IN THE WORLD, IT WAS IS- 
SUED IN 1856 
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2. Congresses.—The Philatelic Congress of 
brated its 50th anniversary in 1959 and the 
Congress celebrated its 25th the same year. The “Congres 
fosters philatelic research by the publication of articles ann 
in book form, with annual conventions at which these attics 
discussed and the material upon which they are based is studi 
The first (Congress Internationale des Timbrophiles) cong 

78. After 1945, there was a 


Great Britain oly 
American Phil, 


was held in Paris, June 26, 187 
crease in the number of congresses held in various Countries, 

3. Exhibitions.—One of the most important activities of 
stamp clubs is the holding of exhibitions from time to time, Na 
tional and regional societies hold annual exhibitions, Offering vi. 
uable awards in competition. International exhibitions are heldin | 
the United States at approximately ten-year intervals, Other 
countries arrange to honour phila or national events at the 
appropriate date with similar world e celebrations, 

4. Literature.—Perhaps no hobby has been so prolific of li. 
erature as philately. The standard catalogues (see above) iul 
annually are generally minor encyclopaedias of the hobby, byt 
there are and usually have been jour in every language, 

It is difficult to list accurately п y or weekly publication, 
since many are short-lived. The first one of record that was spe 
cifically devoted to philately was the British Monthly Inteligenca 
appearing first in October 1862, it lasted only three issues, In De 
cember 1862 appeared the British Monthly Advertiser, which ap 
peared in January 1863 as the Stamp Collector's Review; it lasted 
nearly two years. Moen's (Brussels) published the Timbre-Post 
for many years, starting in 1863, in which year the German Mago 
zin für Briefmarken-Sammler bega In 1874 John К. Тїш 
published The Philatelical Library talogue of philatelic liters 


ture in his extensive private library in St. Louis, Mo. This cok 
lection of books he afterward sold to the earl of Crawford, МЮ 
combined it with his own extensive holdings and bequeathed al 
to the British Museum. А 
Among the journals founded in the 19th century and still etu 
are Mekeel's Weekly Stamp News (founded 1892) and the er 
ican Philatelist (published by the American Philatelic pe 
founded 1887, but with two lapses since), in the U.S.; the L 


Philatelist (published уш 
Royal Philatelic Society); 4% 
Echoes de la Timbrologit, ^ 
EARN 
i Ë here have been many 0 
on stamp collecting, especialy 
specialized fields. Since het 
peal to a limited public, they > 
issued in small be аш 
emain long in print. n 
Tracie ln de Did 
States the library of the be 
tors Club of New York £r 
standing. The РШ, n" 
of Los Angeles, the Eugene Klein Collection in the rnm 
Free Library and that of the Philatelic Research Society (O 
Calif.) also are noteworthy. Many public libraries e have 
sections devoted to philately and are usually expecte f the Ro! 
least the standard catalogues. In England the library 5 ийй 
Philatelic Society has been kept up-to-date consisten б "n 
other European countries where there are postal md privat 
are apt to be an important adjunct. Probably beni c 
philatelic library is that of George T. Turner of Was hobby 
6. Some Philatelic Terms.— Philatelists, like er j 
use words with special meanings pertinent to j 
Some have been ска Mns. #4 words from “he pin 
twisted to specific connotations. Many words in nch. 
vocabulary have been internationalized from the Fre hal or i 
Bisect.—These are stamps that have been cut f the 180 us 
smaller bits to serve as postage; e.g., the 3-cent 0 but pi^ 
issue was bisected (trisected would be a better b пш 
lists continue to use bisect) to permit the a ch vised 
of forms that called for only two cents’ postage. 1 or 
usually collected only when on the original enve i 
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hen with a cancellation identifying them with the let- 
ter, Some bisects also have been overprinted with the new frac- 
tional value; in such case they bear their own proof of bona fide 
nd do not need the supporting evidence of the letter. 
Block.—A block consists of four or more stamps with the hori- 
zontal and vertical separations untouched. Thus, a block of four 
stamps can only be arranged two wide by two deep. 

Booklets —These ате blocks of stamps, sometimes all of the 
sme denomination, sometimes of different denominations, ar- 
ranged between covers usually with interleaving to prevent stick- 


jece, and t 


ing, Size and value о! booklets 
is determined by the country of 
issue. 

Col Stamps.—These are 
stamps issued in long strips— 
(usually 500) for use in mailing 
or vending machines. Some 
countries, notably Sweden, pre- | 
fer coils for post office sale in 


SWEDEN, PAIR OF VERTICALLY PER- 
FORATED COIL STAMPS, 1954 


are easier 
usually 
bottom (or the two sides) and perforate 
imperforate top and bottom, they come 
imperforate on the two sides, from vertical 


place of sheets as the 
tostore. The stamps 
imperforate on top 
between the stamps 
from horizontal coil 
coils. 

Cover.—A cover is outer wrapping of a piece of mail: the 
envelope or outer side of a folded sealed letter or the wrapper 
ofapacket. A stamp is “tied to cover” when the cancellation or 
other postal marking falls partly on the stamp and partly on the 
tover, 

Double Impression.-—This occurs where the sheet of paper was 
put through the press twice, the second imprint shifting slightly 
from the first one. 

Д Double Transfer.—1n engraved stamps this occurs where the 

Impression on the printing plate, either through shifting in the 

transfer press or an attempt to re-enter and deepen the impression, 

$ caused portions of the entry to have double lines. 

Grill or Grille —This is the impression of a knurled roller on 
‘stamp to break the fibres of the paper so the canceling ink will 
Soak in and prevent washing to reuse. 
nee —In arranging a collection, stamps are not pasted di- 
i үл the album page but secured there by hinges, small rec- 

gles of paper gummed on one side and folded. The gum is а 
cal kind that allows the hinge to be peeled off with minimum 
"pe to the stamp and its original gum. One gummed section 
titer a to the stamp, the fold at the top of the stamp; the 
ilf 1 fastened to the page. Thus the stamp may be lifted at 
1 or study of the back. 

EU Centres.—These occur only when two or more plates 

hen to make a stamp. Occasionally a sheet will be reversed 

Passing through the second press, and the centre will be in- 

Printed fj lation to the frame; actually the centre may have been 
О in which case it is an inverted frame. 

1 е Sheet—This term has two meanings. (1) A form 
a КУР in which stamps from the corners, sides, top, bottom 
‘ble ‘ast one from the centre are put together to show every 

sheet of RU the sheet possesses—nine stamps from a US. 

b tpplied t would give this effect. (2) More commonly the term 

Ber to little sheets of 25, 10 or fewer stamps issued as 
Sun These are also 


own ы Fa an occasion or a national event. 

(URP ы, Sheets. — ; 
Post office Is is the condition of a stamp as it comes from the 
MN its face with its original gum undamaged and without blemish 
blemish €. A stamp that has lost its gum but is otherwise un- 
Whe 


a 15 spoken of as “unused—no gum,” save in rare instances 
te was originally no gum, in which case it is still mint. 


ver pri 
Da samy or Surcharge.—Either of these terms is used to refer 
the Ori Пр that has been printed over, to change one or several of 


] ur qualifications. The trend is to use the word over- 
Word Se connotations that have become attached to the 
Value, usualy ec. Stamps are often overprinted to change the 

? Sually because there is a shortage of a needed denomination 
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and a surplus of another. Stamps are also overprinted to change 
the country, as stamps of one nation used in the territory of an- 
other in war or after cession. Another overprint is applied to 
change the use of stamps; a revenue stamp, for example, may 
be overprinted for postal duty. Stamps that have been withdrawn 
have been overprinted to make them valid again. 

Plate Numbers.—These are often put on the margins of plates, 
and thus are printed on the sheets, to identify the plate. Some- 
times, as with many issues of Great Britain, they are worked into 
the design and appear on every stamp. 

Postal Markings.—These are the cancellations, postmarks and 
other hand or machine stampings applied by the post office to the 
letter or piece of mail. 

Precancel.—Precanceled stamps are a particular form of over- 
print, a cancellation applied before sale to the user. Only those 
with special permits are allowed to use precanceled stamps, and 
these must be employed according to strict regulations. They are 
intended to save unnecessary labour by the post office clerks, and 
are usually used for large mailings of identical pieces or for news- 
papers or periodicals. 

Reissues.—These, not to be confused with reprints, are made 
by governments, hence are often called government reprints; fre- 
quently they are rarer and more valuable than the original issues. 

Remainders.—Remainders are stamps left in the hands of gov- 
ernments after they have been demonetized. Sometimes these 
remainders are sold in bulk and accordingly depress the value of 
unused stamps. 

Reprints.—These are stamps printed from the original plates 
after the stamps are no longer valid for postage. The only reason 
for doing this is to sell the stamps to collectors, and reprinted 
stamps are accordingly generally deprecated by philatelists. А 
few governments have been guilty of this practice, and some of 
them have been persuaded to turn the plates over to private 
parties. The most notable cases were those of certain Central 
and South American governments which, in the 1890s, entered con- 
tracts with the Hamilton Bank Note Com- 
pany, of New York, by which the company 
furnished a complete series of stamps each 
year, and after the stamps had been de- 
monetized, was permitted to sell the re- 
mainders and such other stamps as it 
wished to make from the plates. These is- 
sues, called Seebecks after the president of 
the company, have suffered accordingly. 
Certain African countries made similar 
contracts more recently. 

Misprints Reprinted.—In 1935 a Greek postage stamp was over- 
printed for use as a postal tax stamp and on a few the overprint 
was found inverted. Though the error occurred unintentionally, 
the Greek government had many more made to avoid speculation. 
This is an illustration of what a government may do although most 
are happy to have the philatelist enjoy the fruits of his discoveries 
(notably Canada when a small number of the St. Lawrence Seaway 
5-cent of 1959 was discovered with inverted centre). On Oct. 23, 
1962, a 4-cent bicoloured, two-process stamp was issued by the 
United States, in the usual quantity of 120,000,000 for commemo- 
rative stamps, to honour the late Dag Hammarskjóld, secretary- 
general of the United Nations. At least two panes of 100 of these 
stamps with the yellow colour inverted slipped past the inspectors 
inadvertently, one being found by a collector in New Jersey, the 
other in Ohio. When this reached the attention of the Postmaster 
General he ordered printed another 2,000,000 of them (later in- 
creased to a total of 10,000,000) on the theory that every collec- 
tor should have one if he wished. Instead of pleasing philatelists 
this new policy angered them almost unanimously as it took from 
their hobby the element of fame and benefit from a possible dis- 
covery, always a stimulating factor. 

Se-tenant Stamps.—These are two or more stamps unsevered 
from each other in which one or more of the stamps differ from 
the other. Sometimes two denominations of stamps are printed 
in one sheet; a pair of stamps of the different denominations 
would be described as a se-tenant pair. 
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Tete-Beche.—Occasionally plates have been made with one 
stamp entered upside down. Sucha stamp is said to be tete-beche, 
and can only be identified when se-tenant with one or more of the 
normal stamps. ү 

BisLrocRAPHY.—General Information and Advice: Winthrop S. 
Boggs, The Foundations of Philately (1955); Richard M. Cabeen, 
Standard Handbook of Stamp Collecting (1957); Barbara R. Mueller, 
Common Sense Philately (1956) ; R. J. Sutton, The Stamp Collector's 
Encyclopaedia, 5th ed. (1959). ads, 

Indexes and Handbooks: John Boynton Kaiser, “Bibliography: the 
Basis of Philatelic Research,” 19th American Philatelic Congress Book 
(1953); John Freehafer and Helen K. Zirkle, “Literature: Philatelic 
Handbooks, Including a List of Libraries in Which They May Be 
Found,” 22nd American Philatelic Congress Book (1956). American 
Philatelist, the American Philatelic Society’s monthly, prints a quarterly 
index of current philatelic publications from all over the world. For 
the specialist, it is recommended that each find out what is available 
by writing to his nearest philatelic library, and that each study the 
complete file of publications issued by the specialty group in his chosen 
field. (M. Ha.; Н. К. 7.) 

PHILEMON (c. 363-с. 264 в.с.), poet of the Athenian New 
Comedy, an elder contemporary and successful rival of Menander, 
whom posterity preferred to him. Born probably in Syracuse, by 
328 he was producing plays in Athens, where he eventually became 
a citizen; he also worked in Alexandria for a time. About 60 titles 
from his 97 comedies are known; they survive in Greek frag- 

ments (perhaps including quotations from his son, Philemon the 
Younger), and in Latin adaptations by Plautus (Mercator, Mostel- 
laria, Trinummus and possibly other plays). His characteristics 
include neatly contrived plots, vivid description and frequent 
moralizing in a style which lacks Menander’s grace. 

BrsLr0cRAPHY.—T. Kock, Comicorum Atticorum fragmenta, vol. ii 
(1884) ; J. Demiaficzuk, Supplementum comicum (1912); D. L. Page, 
Select Papyri, III, in the “Loeb Series" (1950), no. 50, 64, to be com- 
pared with E. Siegmann, Veróffentlichungen aus der Heidelberger 
Papyrussamlung, new series, 2, no. 184 (1956); T. B. L. Webster, 
Studies in Later Greek Comedy (1953). (E. W. Hv.) 

PHILEMON, EPISTLE TO, one of the Epistles of St. 
Paul in the New Testament. Though coming in the canon next 
before the Epistle to the Hebrews, it clearly belongs with the 
Epistle to the Colossians and among the "captivity epistles" of 
St. Paul Both Philemon and Colossians allude to Onesimus; 
both send greetings from Timothy, Epaphras, Mark, Aristarchus, 
Luke, and Demas; in both the writer is a prisoner. For the date, 
therefore, and the imprisonment in question, see COLOSSIANS, 
EPISTLE TO THE. 

The primary purpose of this epistle is to persuade one Philemon 
to forgive and receive back his slave Onesimus, who had apparently 
(though this is not explicitly stated) absconded, perhaps with 
money or goods, for which the apostle undertakes to compensate 
Philemon. St. Paul would have liked to keep Onesimus with him, 
to wait upon him in his imprisonment as Philemon’s representative 
but he would do nothing without Philemon’s consent. and, indeed, 
it was illegal to harbour a runaway slave. At the very least, how- 

' ever, he confidently asks Philemon to welcome him kindly: does 
not Philemon owe his very self to the apostle? This seems to mean 
that St. Paul had brought Philemon to Christ, a service he appears 
also to have done for the slave. The epistle includes a brief but 
weighty reference to the meaning of Christian love and faith, and 
shows that Paul was expecting release shortly, It is important for 
showing how Christianity, though accepting slavery as a matter 
of course, was revolutionizing the relation between master and 
slave ; Onesimus, sent back to his owner, is expected to be beloved 
by him, both as a man and as a Christian. Considering the severe 
penalties that might have been inflicted, this is remarkable. 

Philemon (with Apphia, his wife, and Archippus, perhaps their 
son) is, like Onesimus (Col. 4:9), a member of the group of Chris- 
tians in the Lycus Valley (in Asia Minor) and probably resident 
at Colossae. The letter, not strictly a private one, is addressed to 
Philemon’s house-church. The Epistle to Philemon appears in two 
2nd-century canons, that of Marcion and the Muratorian, though 

its lack of doctrinal importance as well as its brevity (25 verses 
only) threw it afterward into some disfavour among certain circles 
of the church. See also BIBLE; PAUL, SAINT. 
BrBLI0GRAPHY.—For editions, commentaries and translations see those 
quoted in bibliography to COLOSSIANS, EPISTLE TO THE, and the Eng. 


, 
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trans., with commentary by M. R. Vincent (1897), in Interna 
Critical Commentary and the commentaries in the Tnterpre х 
(1955) by J. Knox, in the Torch Bi "ommentaries (1960) 2 
C. Leaney, and in the Tyndale Ne stament Commentaren uk 
by H. M. Carson. See also E. »odenough, «Ра e UM 
mus," Harvard Theological Review, and Qr, 
speed, The Meaning of Ephesians (19 ], 
and Philemon,” Anglican Theological 
Preiss, Life in Christ (1954) ; W. 
Greek and Roman Antiquity (1 
Letters of Paul, 2nd ed. (1959). 


J. Knox, Philemon Among thy 
FD, M) 


were a pious Phrygian couple who hospitably received Zeus and 
turned away the gods, why 
ple ! 
were disguised as wayfarers. A "ward, they were saved fron 
a flood that drowned the rest of the country; their Cottage wx 
turned into a temple, and at their own request they became Dries 
and priestess of it. Long after, they ended their lives at the same 
moment, being turned into trees. Similar stories are given in the 
Märchen (“fairy tales") of the Grimm brothers, 

PHILES, MANUEL (13th/14th century), of Ephesus, vs 
a Byzantine court poet in the manner of Theodore Prodromus, He 
lived in Constantinople under Michael VIII Palaeologus and An 
dronicus I and IT, was acquainted with the chief persons of his diy, 
and traveled widely. His poems, mostly in iambic trimeters, it 
clude verses on church festivals, works of art, and animals, as vel 
as dialogues and occasional pieces. Their literary quality is nd 
high, but they have historical and socia] interest. 

BIBLIOGRAPHY.—Manuelis Philae carmina, ed. by E. Miller, 2 vl 
(1855-57) ; Manuelis Philae carmina i ta, ed. by A. Martini (1900); 
animal poems ed. by F. S. Lehrs Dübner, Poetae bucolic d 
didactici (1846). See also К. Krumbacher, Geschichte der буй 
tinischen Litteratur, 2nd ed. (1897) ; G. Moravesik, Bysantinoluráa, 
2nd ed., vol. 1 (1958). 

PHILETAS or Cos (c. 330-c. 275 ».c.), Greek poet and grim: 
marian, is rightly regarded as the founder of the Alexandrian 
school of poetry. He was tutor to Ptolemy II and taught Zenit 
tus, Hermesianax and Theocritus. ‘The titles of five of his poets 
or collections of poems have survived, the most important bin 
apparently the Demeter, an elegy narrating Demeter's vins 
Though he wrote at least one poem in hexameters Philetas ie. 
fame was as an elegist, His lady love was Bittis (or Batti) a 
Hermesianax states that the Coans put up a statue of him ba 
her charms. Among the Romans Propertius and Ovid үз 
him as their model. Philetas also compiled a lexicon of Mit 
laneous Glosses (Miscellanea) comprising a collection of rare wo 
from Homer, the Greek dialects and other sources. 

See A. A. Day, The Origins of Latin Love-Elegy, pP- i 


9 (19). 
A.B) 


PHILIP, SAINT, THE Ароѕтік, one of the Twelve, so 09 
tioned in the apostle lists, always as the first of the SL 
of four names (Mark 3:18; Matt. 10:3; Luke 6:14; AR M 
According to John 1:43-51 he came from Bethsaida, E 
Christ's call, and was instrumental in Nathanael's d (КУ 
part in the multiplication of the loaves and fishes (Jo ho wa? 
and with Andrew acted as a go-between for the o Jesus 
to see Jesus (John 12:21-22). In John 14:8-9 he askë 4l 
reveal the Father, and received the answer, “Have I bc 

so long, and yet you do not know me, Philip? He V t bim fot 
me has seen the Father." Nothing more is known e vit 
the New Testament. In later legends he was often СО 


Philip the “evangelist,” one of the seven deacons aa beet it 
church (Acts 6:5). His apostolate was supposed wording to) 


the territory of Scythia. He died at Hierapolis, 4. isi 
tradition, of natural causes, but according to another, a & 
In medieval art his symbol was loaves (dependent i ( 
or a tall cross. His feast day in the Western си 
with that of St. James the Less) is now May 11. (^ В), 
Church it is Nov. 14. See also APOSTLE. :oned in 
PHILIP, SAINT, rur Evancetist, is mention? sec 
as one of “the seven” chosen to superintend certam sion © 
ness of the Jerusalem church, in consequence of disse kei 
the Aramaic-speaking and Greek-speaking disciples. ers t0 ©. н, 
tioning the common meals appears to want his rea 
these officials with the later diaconate, but among 


they seem to have been originally parallel to the Twelve 
ng the Hebraists. Philip’s was a ministry of the word. He 
mt to Samaria and preached with much success, Simon Magus 
wing one of his converts (Acts 8:9-13). He afterward instructed 
baptized the Ethiopian eunuch on the road from Jerusalem to 
His missionary journey ended at Caesarea (Acts 8), where 
ntertained Paul and his companions on their last journey to 
em (Acts 21:8). His feast day is June 6. (W.K. L. C.) 
JP THE ARABIAN (Marcus JULIUS PHILIPPUS), Roman 
тог A.D. 244—249, came of a distinguished equestrian family 
rab descent, He was praetorian prefect when the emperor 
Gordian II was killed in a mutiny, with or without Philip's con- 
vance, Philip succeeded him, ended the Persian war, and un- 
tertook a series of campaigns against the Goths and other tribes 
ithe Danube, returning to Rome to celebrate in 248 the 1,000th 
miversary of the foundation of the city. He faced a series of 
revolts by provincial army commanders, the last of whom, Decius, 
and succeeded him in the autumn of 249, His wife was 
med Otacilia Severa. Christian writers of the 4th and later 
pme regarded him as a Christian, or at least as a patron of the 


IP I (1052-1108), king of France, was the elder son of 
inry I of France by his second wife, Anne of Kiev. Crowned at 
on May 23, 1059, he became the sole king on his father’s 
ith (Aug. 4, 1060). His minority, during which Baldwin V, 
of Flanders, was regent for him, ended in 1066, 

Philip was badly misjudged by contemporary chroniclers, who 
E his spoliation of churches and disapproved of his personal 


ШЕ He in fact increased the royal domain, maintained order 
d held his own against his powerful vassals, especially by 
oiting their quarrels among themselves. As the price of his 
ity in the struggle between the brothers Fulk le Réchin and 
lirey the Bearded for the heritage of Anjou, Philip obtained 
u-Landon and the Gátinais from Fulk (c. 1068), thus se- 
а territorial link between the county of Sens and the other 
f the royal domain around Paris, Melun and Orléans. He 
€ took advantage of the dynastic conflict in Flanders after 
0л УТ death (1070). He was engaged from 1076 in inter- 
ШШ hostilities against the kings of England: first against Wil- 
l who as duke of Normandy (g.v.) had more territory in 
than the king his suzerain; then against William II, whose 


Sout 1072 Philip had married Bertha, sister of Count Dirk V 
nd. By her he had two children who survived infancy: 
ly his son, Louis VI (g.v.) of France, who was associated with 
"Араз “king-designate” in the later years of the reign; and a 
г, Constance, married first, in 1097, to Hugh I of Cham- 
Secondly, in 1106 (after the annulment of her first marriage 
11104), to Bohemund I of Antioch. On May 15, 1092, however, 
buts, Philip abducted Fulk le Réchin's wife, Bertrada de Mont- 
a 1070-c. 1117). He next demanded the annulment of his 
* With Bertha and of Fulk's with Bertrada; some French 
look а complaisant attitude; and before the end of Octo- 
ng and Bertrada went through a form of marriage. Ivo 
of Chartres and other bishops strongly objected to these 
ngs; and in 1094, when Philip, on Bertha’s death, orga- 
council at Reims to ratify his designs, Pope Urban II's 
‘Ugh of Die, convened a countercouncil at Autun and ex- 
cated Philip, Urban himself, who had hitherto only pro- 
excommunicated Philip at the Council of Clermont in 1095. 
* Died to renounce Bertrada, Philip was absolved at the 
\ WM Nímes in 1096; but he soon resumed his relations with 
In April 1097 his lands were put under an interdict. Ab- 

Шаш (1098), he relapsed again and was excommunicated 
of the new pope, Paschal II, at the Council of Poitiers 
ur nally, in 1104, on his promising to abstain from carnal 
Зе with Bertrada and to see her only in the presence of 
ct” persons, Philip was reconciled with the church by the 
a jı ugency and of Paris; and thenceforward Paschal II 
ke ind eye to his conduct with Bertrada, who continued 
Self queen. Philip’s children by Bertrada were Philip, 
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count of Mantes from 1104; Florus, married to the heiress of 
Nangis; and Cecilia, married first to Tancred, regent of Antioch, 
secondly to Pons, count of Tripoli. 

Philip I died on July 29 or 30, 1108, probably at Melun. 

See A. Fliche, Le Régne de Philippe Ier, roi de France (1912). 

(M. Pac.) 

PHILIP П Avcusrus (1165-1223), king of France, with his 
father, from 1179 and sole king from 1180, was born in Paris on 
Aug. 21, 1165, the son of Louis VII of France and Adela of Cham- 
pagne. He was crowned at Reims on Nov. 1, 1179, so as to be as- 
sociated as king with his father, who had fallen mortally ill. His 
uncles of the house of Champagne, namely Henry I, count of 
Champagne, Guillaume, archbishop of Reims, and Thibaut V, 
count of Blois and Chartres, hoped to control France through the 
youthful king. To escape from their tutelage, Philip on April 28, 
1180, married Isabella, daughter of Baldwin V of Hainaut and 
niece, through her mother Margaret, of the count of Flanders, 
Philip of Alsace, who promised Arras, Saint-Omer, Aire and Hesdin 
—in other words the lands later known as Artois—for her dowry. 
The Flemings’ dreams of power were in turn frustrated by the king 
who had even less intention of being dominated by Flanders than 
by Champagne. When the Plantagenet Henry II (q.v.) of En- 
gland arrived in Normandy, perhaps with the intention of respond- 
ing to an appeal by the house of Champagne, Philip II entered into 
negotiations with him and, at Gisors on June 28, 1180, renewed the 
understanding which Louis VII had reached with him in 1177. 
The house of Champagne was thus politically isolated, and Philip 
II was already making all decisions for himself and acting as he 
saw fit when his father died, on Sept. 18, 1180, leaving him sole 
king in name as well as in fact. 

The disappointed count of Flanders soon allied himself with the 
Champagne faction, and there followed a serious revolt against 
the king. By the Peace of Boves, however, in July 1185 (con- 
firmed by the Treaty of Gisors in May 1186), the king and the 
count of Flanders composed their differences, which had been 
chiefly over the succession to the heritage of Vermandois: the dis- 
puted territory was partitioned, Amienois and numerous other 
places passing to the king, the remainder, with the countship of 
Vermandois proper, being left provisionally to Philip of Alsace. 
The king was thenceforward free to turn against Henry II of En- 

land. 

E The Struggle Against the Plantagenets.—Henry’s continen- 
tal possessions, the so-called Angevin Empire—Normandy, Maine, 
Anjou, and Touraine, with Aquitaine in the hands of his son, the 
future Richard I (q.v.) of England, and with Brittany ruled by 
another son, Geoffrey (d. 1186)—were a constant menace to the 
French royal domain. There were also long-standing disputes over 
the Vexin (see NoRMANDY), Berry, and Auvergne; Henry's prom- 
ise that Richard should marry Philip’s sister Alice remained unful- 
filled; and a new quarrel arose in 1187 over the wardship of the 
new duke of Brittany, Geoffrey's posthumous son Arthur I. 

Philip II launched an attack on Berry in summer 1187, but made 
the truce of Cháteauroux with Henry in June. This truce, which 
left Issoudun in his hands and also granted him Fréteval in Ven- 
démois, was for two years, but Philip found grounds for resuming 
hostilities in summer 1188. The estrangement between Henry and 
Richard was ably exploited by him: Richard did homage to him 
voluntarily at Bonmoulins in November 1188; and finally, by the 
Treaty of Azay-le-Rideau or of Colombiéres (July 4, 1189), Henry 
was forced to renew his own homage, to confirm the cession of Is- 
soudun, with Gracay also, to Philip and to renounce his claim to 
suzerainty over Auvergne. Henry died two days later. 

Richard, who succeeded Henry as king of England, had already 
undertaken to go on crusade against Saladin in the Holy Land. 
Philip now did likewise. Before his departure, he made the so- 
called Testament of 1190 for the government of his kingdom in 
his absence. On his way to Palestine he met Richard in Sicily, 
where they promptly found themselves at variance, though they 
made their Treaty of Messina (March 1191). Arriving in Pales- 
tine they conducted the siege of Acre, but Philip soon fell ill and 
made this his pretext for returning to France. In fact he was bent 
on settling the succession to Flanders (Philip of Alsace had just 
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died on the crusade) while Richard was still absent. By the end 
of 1191, Philip II was back in France. 

In spite of promises made in the Holy Land, Philip at once pre- 
pared to attack the Plantagenet possessions in France. Informed 
of this, Richard also left the crusade, but he was taken prisoner 
on his way back by the duke of Austria, Leopold V of Babenberg. 
Philip brought everything into play to prolong his rival's captivity, 
but Richard was at last set free (1194) and went to war against 
Philip. The French king suffered a number of defeats (from that 
at Fréteval in July 1194 to that at Courcelles in September 1198) 
in a series of campaigns punctuated by negotiations. Luckily for 
Philip, Richard was killed in April 1199. 

Richard's brother John (g.v.) was by no means so formidable a 
fighter. Moreover, his right to Richard's whole succession could 
be contested by Arthur of Brittany, whose father had been senior 
to John. To secure the succession, therefore, John came to terms 
with Philip: by the Treaty of Le Goulet (May 22, 1200), in return 
for Philip's recognition of him as Richard's heir, he ceded Évreux 
and the Vexin Normand to Philip; agreed that Issoudun and 
Gracay should be the dowry of his niece Blanche of Castile, who 
was to marry the future Louis VIII (Philip's son by Isabella of 
Hainaut) ; and renounced any claim to suzerainty over Berry and 
Auvergne. Shortly afterward, however, John entered into conflict 
with the house of Lusignan and other Poitevin barons, who ap- 
pealed to Philip as overlord. Summoned to appear before the 
royal court as a vassal of the French crown, John did not present 
himself. Consequently Philip in April 1202 pronounced John's 
French fiefs forfeit and undertook to carry out the sentence him- 
self. He invaded Normandy, overran the northeast and laid siege 
to Arques, while Arthur of Brittany campaigned against John's 
supporters in Poitou; but John, marching south from Maine, cap- 
tured Arthur at Mirebeau (Aug. 1). Philip in fury abandoned 
the siege of Arques and marched southwestward to Tours, ravaging 
John's territory on his way before returning to Paris. Guillaume 
des Roches, the powerful seneschal of Anjou, who had lately taken 
John’s side, came to terms with Philip in March 1203. 

Resuming operations against Normandy, Philip occupied the 
towns around the great fortress of Cháteau-Gaillard, to which he 
laid siege in September 1203, having overruled Pope Innocent III's 
attempts to mediate. John, who is supposed to have murdered 
Arthur of Brittany in April, retired to England in December, and 
Cháteau-Gaillard fell to Philip in March 1204. Then Rouen, the 
Norman capital, surrendered in June, after 40 days’ resistance. 

After his conquest of Normandy, Philip subdued Maine, Tou- 
raine, Anjou, and most of Poitou with less difficulty (1204-05), 
though the castles of Loches and Chinon held out for a year. He 
sought to secure his conquests by lavishing privileges on the towns 
and on the religious houses, but otherwise left the local barons in 
power. Unrest, however, was endemic in Poitou, and in June 1206 
John landed at La Rochelle. After a campaign in the south, he 
turned north toward the Loire. At Thouars in October 1206 he 
and Philip made a two-year truce, leaving John in possession of the 
reconquered Poitevin lands. Next year, however, Philip invaded 
Poitou again; and after a further campaign in 1208 only the south 
and part of the west of Poitou remained loyal to John (with Sain- 
tonge, some of the Aquitanian hinterland, and Gascony). 

Philip next hoped to exploit the dispute between John and Pope 
Innocent III. When Innocent was threatening to declare John 
unfit to reign (1212), plans were made for a French landing in En- 
gland and for the accession of Philip's son Louis to the English 
throne; but these plans had to be dropped when John made his 

` submission to the pope (1213). John on the other hand threw 
himself into schemes for revenge and formed a coalition against 
France: the Holy Roman emperor Otto IV, the count of Flanders 
(Ferrand or Ferdinand of Portugal), and the count of Boulogne 
(Raynald or Renaud of Dammartin) were to invade the Capetian 
territory from the northeast while John attacked from the west. 
with the help of his Poitevin barons. John landed at La Rochelle 
in February 1214 and advanced into Anjou, but was put to flight 
by Louis at La Roche-aux-Moines on July 2; and his confederates 
were completely defeated by Philip in the decisive Battle of 
Bouvines (g.v.) on July 27. The Anglo-Angevin power in France 
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and the coalition had been broken in one month. Меап , 
1213, Philip had transferred Brittany to his cousi lea 
in, Peter (д) 
of Dreux. ш 
When the English barons revolted against John (1215) Wi 
of France was invited by them to take the English throne 
landed in England in 1216, but the enterprise was ultimate н 
successful, and the barons gradually rallied round the V 
III after John's death (see Lovis VIII). a 
The Matrimonial Conflict with the Papacy.—s, 
before he tried to take advantage of the papacy's quarrel yi) 
John, Philip Augustus had himself been in dispute with Ron, 
After the death (1190) of Isabella of Hainaut, he had mantel 
Ingeborg, sister of the Danish king Canute VI, on Aug. 14, 1193, 
but next day, for some private reason, he had resolved to sepa 
from her. Having procured the annulment of his marriage by a 
assembly of bishops in November 1193, he took a Tirolese lady, 
Agnes, daughter of Bertold IV of Meran, as his wife in June 11%, 
Denmark meanwhile had complained to Rome about the repudii- 
tion of Ingeborg, and Pope Celestine III had countermanded i 
1195; but Celestine died (1198) before he could resort to coercty 
against Philip. The next pope, Innocent ПІ, was sterner: in Ja 
uary 1200 he imposed an interdict on France. Philip егш 
in September 1200 had to submit, pretending to be reconciled vili 
Ingeborg. In fact he refused to cohabit with her and kept herit 
semicaptivity till 1213, when he accepted her beside him—not 
his wife but at least as his queen. Agnes had died in 1201, afte 
bearing two children to Philip: namely Marie, countess of Nan 
(1211) and duchess of Brabant (1213) by successive marriages; 
and Philip, called Hurepel, count of Clermont (-en-Beauvaisi) 
The Northeastern Frontier and Languedoc.—It was ni 
only at the Plantagenets’ expense that Philip enlarged the туй 
domain. His claim to Artois through his first marriage and bi 
gains by the settlement of 1185-86 have been mentioned abot, 
and he subsequently proceeded, step by step, to acquire the ré 
of Vermandois and Valois. His regular insistence on his шей) 
over vacant fiefs and on his tutelage over minors and heiresses v 
particularly effective with regard to Flanders, since not only 
of Alsace (d. 1191) but also Baldwin IX, who disappeared 5! 
prisoner of the Bulgars (1205), left no male issue. yh 
Though he did not personally take part in the «Ардеш 
sade” against the Cathari in Languedoc, Philip Augustus alo 
his vassals and knights to carry it out. Simon de Montfort’ ap 
ture of Béziers and Carcassonne (1209) and his victory at 
over Raymond VI of Toulouse and Peter II of Aragon (1218) 
pared the way for the eventual annexation of eastern Langu 
to the royal domain six years after Philip’s death and ¢ 
Aragonese ambitions in southern France, т dus Lf 
Internal Affairs. Throughout his reign Philip Augus T 
a close watch over the French nobility, which he brought vd 
tively to heel. He maintained excellent relations with Uu 
clergy, leaving the canons of the cathedral chapters ON w 
their bishops and favouring the monastic orders. He and ite 
how to win the support of the towns, granting prie. ji 
ties to merchants and upholding the communal mod 
weakened the seigniorial authority of the nobles (see pand 
[Meprevar]). In return, the communes helped 2 "— 
and militarily: for instance, the militias of his Picar eiit 
were present at Bouvines. Most of all, Philip gave р 
to Paris (q.v.), not only fortifying it with a great Н 14 
D 
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having its streets and thoroughfares put in order. 


f s( 
countryside, he multiplied the number of villes пот ани 
towns"), or enfranchised communities, on the already 
pattern of the one at Lorris-en-Gátinais. domain 200 

The Capetian monarchy’s hold on the huge royal by nii 
the kingdom as a whole was considerably strengthened 0, gj 
institution of a new class of administrative oficer ji 


ns E i 
baillis and the seneschals for the provinces, Who “iatl yit 
by the king to supervise the conduct of aise the e 


("provosts"), to give justice in his name, to СО te 
of the domain for him, to call up the armed pu ji 
Conclusion. — Philip II Augustus died at Mar iy 


1223. His political ability and the indefatigable en® 


E bu accomplished an immense work on all fronts had made him 
jn fact supreme in his kingdom, where the Capetian dynasty’s 
шогу was henceforth more or less incontestable. Knowing his 
“gyn strength, he was e first Re ем not = have his 
son crowned and associated wit im during his lifetime. 
` See further FRANCE: History ; see also references under “Philip 
JI (of. France)" in the Index. 

BisciocnAPRY.—A. Cartellieri, Philipp IT. August . . . , 5 vol. (1899— 
ЕЕЕ a шош 
ES dal, Recueil des actes de Philippe Auguste, 2 vol. (1916. 
Be eee val part 2, of б. Clots, Hitore générale, ection 
| vol. iv, A г y 5 
fena Fawtier Les Capétiens et la France (1942) ; F. Lot and 

| Fawtier, Histoire des institutions françaises au Жр Тест ii 
958). . Pac. 
PHILIP III Le Harpr or THE Borp (1245-1285), king of 
France from 1270, was born on April 30, 1245, the second son 
of Louis IX of France and Margaret of Provence. Heir to the 
‘(own from the death of his brother Louis (1260), he was mar- 
tied in May 1262 to Isabella, daughter of James I of Aragon. 
Accompanying the crusade against Tunis, he was in Africa when 
Touis IX's death (Aug. 25, 1270) made him king. Having made 
truce with the Muslims (Oct. 1270), he set off for France via 
Пау. On the journey Isabella of Aragon died at Cosenza, as the 
L of a miscarriage, in January 1271. Philip was anointed at 
‘Reims on Aug. 15, 1271. 

Mathieu de Vendôme, abbot of Saint-Denis, whom Louis IX had 
it as regent in France, was maintained in control of the ad- 
Ministration, The first important matter was the annexation 
lû lhe French crown of the immense inheritance of Alphonse 
qn.) 0f Poitiers, and his wife, the heiress of Toulouse, who both 
т Ew. 1271. This was accomplished, pending settlement 
d claims, 
The king's personal entourage, meanwhile, was at first domi- 
"led by the chamberlain Pierre de La Broce, whose aggrandize- 
ment and accumulation of riches provoked envy. But in August 
2/4 Philip married his second wife, Mary, daughter of the duke 
E Gites III); and she made herself the focus at court 
“princely faction hostile to La Broce. When the prince Louis, 
eldest son by his first marriage, died suddenly in 1276, La 
ое ae a report that he had been poisoned as a step toward 
p. е way to the crown for Mary's children. For evidence, 
Ё toncocted supernatural revelations allegedly made to some nuns 
A Netherlands, The fraud was detected, and La Broce, whom 
ч 5 friends also accused of treasonable relations with Castile, 
Е" n eei 1278, and маи June 30. p 
f oix and Armagnac (1272) had been suppressed with- 
Ml much trouble; and Philip maintained correct relations ‘with 
1 Ward I of England, notwithstanding crises that arose over their 
E^ Limoges and in Béarn (1273-74) and Edward's claim 
of the Poitiers-Toulouse succession. More important 
Hen pin (1) of Champagne and Navarre and (2) of Castile. 
7 P П, count of Champagne, who was also king of Navarre 
а E a died in 1274, leaving his widow, Blanche of Artois, 
mor his infant daughter Joan. Though Joan had been 
it May to an English prince, then to an Aragonese, Blanche 
hing J concluded the Treaty of Orléans with Philip, be- 
ould govern to one of Philip’s sons and agreeing that Philip 
Ж ES Navarre till Joan's majority. In 1276 there was a 
Marriage ORA the French regime in Navarre; but Joan’s 
Mion of Ch 4) to the future Philip IV of France led to the re- 
f the ЖӨ and the royal domain and to a personal union 
Anche of F тт "Philip DRE d t ns by her husband 
inan, (Бел: , ip’s sister, ha ; WO 501 y 
ando de La Cerda), heir apparent to Alfonso X 
5), Ene ALFONSO.) When Alfonso, on Ferdinand’s death 
cla Sa 3 the rights of Blanche’s sons and: recognized 
mS, In gs 0 as his heir instead, Philip went to war for а 
Md the ki е autumn of 1276 a great army was mustere 
ing at Sauveterre, in Béarn; but it never crossed the 
} 8s diplomatic pressures and suggestions of treachery 
king to abandon the project in December. Punctuated 
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by truces, the state of war between France and Castile outlasted 
Philip’s reign. 

By the Treaty of Amiens (May 1279), Philip ceded Agenais to 
Edward I of England, undertook to investigate his rights to lands 
in Quercy and recognized his succession by right of his wife, 
Eleanor of Castile, to the countship of Ponthieu. This was a suc- 
cess for the queen mother, Margaret of Provence, who always 
supported a pro-English policy. Thereafter the party of Mary of 
Brabant steered French policy along a line favourable to Philip’s 
uncle, Charles of Anjou, despite Margaret’s persistent hostility 
toward him. 

The War of the Sicilian Vespers (q.v.) broke out in 1282. Im- 
pelled by Mary’s faction, Philip lent himself to the papacy’s appeal 
for a crusade against Peter III of Aragon. Having accepted Pope 
Martin IV’s offer of Aragon for his son Charles (q.v.) of Valois 
in Feb. 1284, Philip advanced with his army into Roussillon in 
May 1285 and crossed the Pyrenees into Catalonia in June. Ha- 
rassed by guerrillas and exposed to malaria, the crusaders besieged 
Gerona, which held out till September. Then the destruction of 
their fleet off the coast by Ruggiero di Lauria made retreat inevi- 
table. On Oct. 5, 1285, the king died of fever at Perpignan, 

Philip III left two sons by Isabella of Aragon, namely Philip IV 
of France and Charles of Valois, and three children by Mary. of 
Brabant, namely Louis, later count of Evreux (d. 1319), Margaret, 
married in 1299 to Edward I of England, and Blanche, married in 
1300 to Rudolf III of Austria. 

See C. V. Langlois, Le Régne de Philippe III le Hardi (1887). 

PHILIP IV te Bet or тне Farr (1268-1314), king of France 
from 1285, was born at Fontainebleau, the second son of King 
Philip III by Isabella of Aragon. The death of his elder brother 
Louis in 1276 made him heir apparent to the French crown; and 
on his marriage (Aug. 16, 1284) to Joan of Navarre and Cham- 
pagne he immediately assumed the title of king of Navarre and 
count of Champagne. He became king of France on his father's 
death on Oct. 5, 1285. 

Aragon, England, and Flanders.—Philip IV, who had dis- 
approved of his father's disastrous “crusade” against Aragon 
(1284-85), set himself to make peace with the new Aragonese 
king, Alfonso III. But their quarrel was part of the wider discord 
unleashed in the War of the Sicilian Ves- 
pers (g.v.); and their treaty of Brignoles 
(February 1291) was repudiated by Al- 
fonso's successor, James II. Peace, how- 
ever, was finally concluded with the treaty 
of Anagni (June 1295). 

Meanwhile, Philip's relations with Ed- 
ward I of England had deteriorated. In 
1293 there were skirmishes at sea between 
French and English or Gascon fleets, and 
Philip summoned Edward, his vassal for 
the duchy of Guienne, to answer at his 
court. "Оп the excuse of Edward's non- 
appearance, Philip announced the confisca- 
tion of Guienne (May 1294) and sent an 
army to invade the duchy. By 1296 almost 
all Guienne was in French hands, and in 
1297 Philip and Edward made a truce. 

Philip was also attempting to increase his 
influence in Flanders, and to this end he 
supported the town oligarchies against the 
count of Flanders, Guy of Dampierre. In 
1297 he demanded the cession of certain 
border towns. Guy's refusal and his alli- 
ance with Edward I led to a French inva- 
sion of Flanders, the royal army occupying 
the main cities. When Philip came to more 
definite terms with Edward and evacuated 
Guienne under the Treaty of Montreuil 
(1299), Guy was isolated; and in May 
1300 he surrendered to Philip, who was 
thus left in virtual control of Flanders. 
The Flemish towns, however, resented the 
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French king’s authority as much as the count’s; and on May 18, 
1302, the French in Bruges were massacred (the “Matins of 
Bruges"). Ап army sent to avenge them was defeated at Courtrai 
in July 1302, and Philip himself had to lead another army to 
Flanders. He defeated the Flemings at Mons-en-Pévéle (Aug. 18, 
1304) and forced them to accept the oppressive Treaty of Athis- 
sur-Orge (June 23, 1305). Guy's son Robert of Béthune was 
recognized as count of Flanders, but his subjects were pledged to 
assist France—if need be, against him; some town walls were 
demolished, French troops occupied certain places, and heavy 
indemnities and services were exacted. Though Philip had won, 
Flemish opposition to Capetian rule remained strong. 

The Eastern Frontier.—Philip IV also extended royal con- 
trol elsewhere on his eastern frontier. Henry III of Bar, who had 
allied himself with Edward I and attacked Champagne (1296-97), 
was taken prisoner and released only in 1301 on his acknowledging 
Philip's suzerainty over certain lands west of the Meuse (see Ban, 
Counts AND Duxes or). With regard to Lyons and the Lyonnais, 
Philip supported the townsmen against their archbishop from 1290, 
then accepted the archbishop as his vassal in 1307, and finally 
obtained complete sovereignty in 1312, notwithstanding the rights 
of the church or of the Holy Roman emperor's kingdom of Arles. 
In 1307 likewise, after long pressure, French control was recog- 
nized over the Vivarais, that is, the bishopric of Viviers and its 
dependencies along the right bank of the Rhóne in northeastern 
Languedoc. 

The Conflict with the Papacy.—Philip's most spectacular 
contest was with the Holy See. His relations with it had originally 
been cordial, but in 1296 a dispute broke out over the titles which 
Philip sought to levy from the clergy of France. The popes had 
hitherto allowed the clergy to contribute to the cost of crusades 
against Muslims, against heretics (such as the Cathari), or against 
the Aragonese in the matter of Sicily; and they could even be 
taxed "for the defense of the realm." Then the Cistercians, 
always heavily taxed, protested to Pope Boniface VIII. Boniface, 
à curt authoritarian who was convinced of the absolute sovereignty 
of the Holy See, thereupon issued the bull Clericis laicos (Febru- 
ary 1296), forbidding clergy to pay subsidies to lay authorities 
without his express permission. Philip retaliated by prohibiting 
the export of gold or silver from the country, so that the papacy 
would not receive its customary dues. The pope's next bull, Inef- 
fabilis amor (September 1296), was more conciliatory, and in 1297 
he allowed the French clergy to contribute for the Flanders cam- 
paign. 

In 1301 a more serious conflict began. Bernard Saisset, whose 
diocese of Pamiers had been carved from that of Toulouse by the 
pope's orders, was denounced to Philip by the bishop of Toulouse 
and was brought before the king's court at Senlis in October 1301. 
He admitted speaking against the king, and it is conceivable that 
he had, as was alleged, intrigued with the Aragonese; but further 
charges of heresy and simony seem to have been unwarranted. 
Boniface, to whom Philip sent a list of Saisset’s alleged crimes, 
retorted in December with Salvator mundi and Ausculta fili, which 
withdrew all privileges from the king of France, and summoned 
French prelates to a council to be held at Rome in November 1302. 
Philip convened an assembly of barons, prelates, and town repre- 
sentatives in April 1302, at which it was decided to boycott 
Boniface's council; and a letter was sent to Boniface denouncing 
him as an intruder in the Holy See, as the former pope, Celestine 
V, who had abdicated, had died in confinement under Boniface. 
(See CELEsTINE.) Boniface then issued the bull Unam sanctam 
(November 1302), defining his supreme authority, and prepared 
to excommunicate Philip. But, before the sentence was pro- 
nounced, Philip sent a small force to Italy, led by one of his coun- 
selors, Guillaume de Nogaret (g.v.). Nogaret’s men and their 
accomplices surprised the pope at Anagni (Sept. 7, 1303), did 
him some violence, and held him prisoner till the local populace 
released him two days later. 

Boniface died in Rome on Oct. 11, 1303. His successor, Bene- 
dict XI, reigned for less than a year; and Philip was able to en- 
force a conciliatory attitude on the next pope, Clement V, by the 
perpetual threat of pressing the question of Boniface’s legitimacy 
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of office. Clement annulled the bulls Clericis laicos and Un 
sanctam, thus conceding outright victory to the secular i 
its conflict with the church. Philip and his advisers NC Y 
no intention of allowing the church to meddle in secular 

though they of course recognized its jurisdiction jn mated 
conscience. д 

The Government of France.—Philip IV had collected aroun) | 
him a group of very able counselors, in particular the sq. 
“Jégistes,” who were men trained in Roman law and there) 
familiar with the idea of an all-powerful state. Servants of pro "il 
fidelity, they could also wield authority. Among them were pigs | 
Flote, keeper of the seals in the first part of the reign; Guil | 
de Nogaret, keeper of the seals after 1307; the jurist Guillaume | 
Plaisians; and Enguerrand de Marigny, who administered ty 
finances. 

The national assemblies which Philip convened to strength 
his government were the foreruhners of the French estates-genen]. 
After the assembly of 1302, called to range France with hin 
against the pope, two more assemblies of nobles, prelates, ail 
town representatives discussed ecclesiastical problems in 130} 
and in’ 1308 the affair of the Templars was discussed at ana 
sembly at Tours. The work of the parlement (q.v.) grew mon 
specialized, and the chancellery became increasingly importatl 
as an office of government in Philip's reign. But Philip’s influence 
was most clearly felt in the sphere of finance. Не reformed tht 
central fiscal administration and, in 1303, created the chambre dd 
comptes (camera compotorum: chamber of accounts) as a sovet 
eign court. Determined to increase his revenue, he enforced th | 
regular collection of direct and indirect taxes, laying particle 
stress on the so-called maltóte, a tax begun by Louis IX by whit 
the crown claimed one denier in the livre on every comm 
transaction, He also revived the fouage, a land tax for war sb | 
sidies, not employed since Charlemagne's time, Philips fi 
measures, however, provided insufficient revenue; and he res 
to debasement of the coinage. In 1295 and 1296 the quality d 
gold coins was debased and silver coins were reduced in sit 
A further debasement occurred in 1303, when the value of the 
royal gros Parisis fell by 50%; but this alarmed the merchant, 
andin 1306 a reverse policy of deflation was carried through. 1 
in 1311 the currency was again debased, before a better cong 
was restored in 1313. " 

Philip exacted vast sums from Jews and Lombards. те 
paid him 100,000 угез in 1292 and 215,000 livres in 1295, n А 
in 1302, and in 1303; and in 1306 they were arrested an 
assets appropriated, The Lombards were all imprisoned in 
and 1311, and were only released on the payment of heavy 
sidies. T 

The Affair of the Templars.—His desperate need Mer 
may have been the reason why, in October 1307, Philips p 
all the Templars (g.v.) in France; for they were immense Ес 
An excuse lay ready to hand in the accusations of pi ^ 
natural vice currently leveled against the Templats. Ш шї 3% 
Philip of the charges, Pope Clement V ordered an vee d 
decided that the Templars were to be interrogated by is j 
Nevertheless, partly by threatening to revive the © 
Boniface, Philip contrived to force the pope's han Vere bil 
Templars, who had retracted their earlier confessions, Y 
as relapsed heretics in May 1309. In March 1312 € 


family. Philip’s eldest son, the future Louis es quie of В 


been married to Margaret, daughter of Rober' W^ | 
gundy; and the Sipp sons, pe Philip V and Charest 
been married respectively to Joan and to Blanch jel у 
Otto IV, count of Burgundy (Franche-Comté). in May s 
and Blanche were arrested on charges of adultery * оез I 
and Joan alone was acquitted by the parlement, d 
convicted and imprisoned. t Fontaine 


Conclusion.— Philip died on Oct. 29, 1314 2 


a 


few kings have been so variously judged. Some historians have 

ted him as. insignificant, the pawn of his counselors and in- 
terested only in hunting. Recently, however, he has come to be 
rded as a skilful statesman who forcefully continued the cen- 
tralizing work of Philip II and Louis IX. Pragmatical, given to 
intrigue, taciturn and cynical, he yet showed more than conven- 
tional piety; his nickname “the Fair” is testimony of his outstand- 
ing good: looks. i à 

‘ye also references under “Philip IV (of France)” in the Index, 

BruiocrapHy.—E. Boutaric, La France sous Philippe le Bel, rev. 
ed. (1807) ; Е. Funck-Brentano, Les Origines de la guerre de cent ans: 
Philippe le Bel et la Flandre (1897); E. Lavisse, Histoire de France, 
vol. iil, part 2 (1901) ; G. Lizerand, Clément et Philippe le Bel (1910) ; 
J, Rivire, Le Problème de l'église et de l'état au temps de Philippe le 
fd (1926) ; С. Digard, Philippe le Bel et la Saint-Siège de 1285 à 1304, 
1vol, (1936) ; R. Fawtier, L'Europe occidentale de 1270 à 1380 (1940), 
being vol. vi (1) of the series Histoire du moyen. âge. in the Histoire 
(йш, ed. by G. Glotz; A. Lévis-Mirepoix, Philippe le Bel, 2nd ed. 
(1942) and Le Siècle de Philippe le Bel (1954) ; Marc Bloch, La France 
mus ley dernier Capétiens, 1223-1328 (1958); F. Lot and R. Fawtier, 
Histoire des institutions francaises au moyen áge, vol. ii ues ) 

‚ Pac: 

PHILIP V LE Lonc or THE TALL (1293 or 1294-1322), king 
of France from 1316, was the second son of King Philip IV by 
Jom of Navarre and Champagne. He was married in January 
1307 to Joan (d. 1330), elder daughter of Count Otto IV of Bur- 
gundy (Franche-Comté) by Mahaut of Artois. In December 
1311 his father made him count of Poitiers. His wife was accused 
of adultery in 1314, but was acquitted, whereas his brothers’ wives 
. were found guilty. 

While Philip was on a mission to the conclave at Lyons, his 
elder brother, King Louis X, died in the night of June 4—5, 1316, 
| ling (1) a four-year-old daughter, Joan (Jeanne), by his adul- 
(то first wife and (2) a pregnant widow, Clémence of Hungary. 
Inthis unprecedented situation the regency of France was claimed 
by Charles of Valois, as the eldest male of the royal house, and by 
Eudes IV, duke of Burgundy, as the infant Joan’s maternal uncle. 
Philip, however, reached Paris on July 12, won the support of the 
Осе of the crown and of the bourgeois, and seized the royal 
Масе, On July 16 an assembly of princes and magnates accepted 
lim as regent till the majority of the unborn child: if that child 

ould be a daughter, her claims, together with her half sister’s 
ind Philip's, were then to be adjusted. The Treaty of Vincennes 
{у 17) gave the custody of the infant Joan to Eudes, who in 
eptember was betrothed to Philip’s eldest daughter, another Joan. 
тсе produced a son, John I (q.v.), but he died five days 

T (Nov. 19, 1316). Thereupon Philip declared himself king, 
poa of his niece Joan’s rights. The duke of Burgundy and 
{ө own brother, the future Charles IV of France, refused 
۴ а Philip’s anointing at Reims (Jan. 9, 1317); but on 

3 ап assembly of barons, prelates, Parisian bourgeois, and 

E. of the University of Paris recognized Philip as king. (See 
ена Law or Succession.) 

hil and his brother Charles were reconciled when the death 
fumptive only son (Feb. 18, 1317) made Charles the heir pre- 

Bonner the existing arrangement. The Burgundians and 

m sli 5 partisans in Champagne, who had taken up arms, 
hie of MM with Philip in March 1318. In Artois, where the 
Ws rest ahaut was contested by her nephew Robert III, order 
Mi, d in July 1319. The count of Flanders, Robert of 

Ta whom Philip in 1316 had offered to review the op- 
Wat from RHN of Athis-sur-Orge (1305), was on the brink of 
Of Engla, 1218; but did homage to Philip in April 1320. Edward П 

im 2 did a form of homage for his French fiefs at Amiens 

0, 1320, 
the © assembly of February 1317 was hardly representative of 
kingdom asa wh гуз, bli 

t regional à whole. Philip convened seven more assemblies, 
racter an 7 some more limited, but they assumed no political 

finance xs were mainly consulted on monetary questions or 
been defo he king tried to restore the royal power to what it had 
cers a те Louis X; he strengthened the local militias, under 
ress; z Proved by the crown; and he was zealous for the re- 
lice. А Erievances and for the efficient administration of jus- 
et he could do little against the Pastoureaux (g.v.) in 
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1320; and his ordinance of June 1321 against the lepers, who were 
alleged to be conspiring with the Moors for the ruin of Christen- 
dom, authorized an atrocious persecution. 

Philip V died in the night of Jan. 2-3, 1322. Besides Joan (d. 
1347), duchess of Burgundy by her marriage, he left two other 
daughters: Margaret (d. 1382), countess of Flanders by her mar- 
riage to Louis of Nevers; and Isabella (d. 1345), who was married 
to Guigues VIII, dauphin of Viennois. 

See P. Lehugeur, Histoire de Philippe le Long, 2 vol. (1897-1931). 

PHILIP VI (1293-1350), king of France from 1328, the first 
king of the Valois dynasty, was the elder son of Charles (q.v.) of 
Valois by Margaret of Naples-Sicily. Nephew of King Philip IV, 
he was first cousin to the brothers Louis X, Philip V, and Charles 
IV, the last Capetian kings of the direct line. Count of Le Mans 
(or of Maine) from 1315, he succeeded to the countships of Valois 
and of Anjou after his father’s death, which took place in Decem- 
ber 1325. He had been married in July 1313 to Joan, daughter 
of Duke Robert II of Burgundy. 

Though Philip was Charles IV's closest kinsman by male descent, 
his right to the crown was contested by several claimants when 
Charles IV died (February 1328). In particular, there was sup- 
port for Edward III of England, whose mother was the daughter 
of Philip IV. An assembly of magnates, however, not without 
bargaining, determined (1) that Philip should be regent till the 
end of the pregnancy of Charles IV's widow; and (2), as the 
widow produced a daughter on April 1, 1328, that Philip should be 
king. He was crowned at Reims on May 29, 1328. (See SALIc 
Law oF SUCCESSION.) 

On behalf of Louis of Nevers, count of Flanders, Philip led 
an army against the rebellious Flemings and defeated them in the 
Battle of Cassel (Aug. 23, 1328). Then a dispute arose in the 
king's immediate entourage. Robert of Artois, who had helped 
Philip to win the crown, claimed the countship of Artois against 
joan of France (granddaughter of the countess Mahaut) and her 
husband Eudes IV, duke of Burgundy (Philip VI's brother-in- 
law). Philip had to institute judicial proceedings against Robert, 
who became his bitter enemy. Eventually Robert went to En- 
gland (spring 1334) and began to incite Edward to claim the 
French crown. 

Though Edward did homage to Philip for his French fiefs in 
1329 and in 1331, Anglo-French relations deteriorated rapidly 
from 1334, partly because of Robert, partly because of the con- 
tinuing French occupation of lands in Guienne, and partly because 
of France's support of the Scots. Philip in May 1337 declared Ed- 
ward to have forfeited Guienne; and Edward in October 1337 as- 
sumed the title of king of France. Thus began the Hundred Years’ 
War (q.v.). 

Military operations were at first restricted; the English sacked 
or besieged towns in northern France; the French seized castles 
in Guienne. In 1340, however, France suffered a grave defeat in 
the naval battle of Sluys. In 1341 the war shifted to Brittany, 
where Charles of Blois, backed by Philip, and John of Montfort, 
backed by Edward, were contesting the ducal succession. Medi- 
ation by Pope Clement VI's envoys procured the Anglo-French 
truce of Malestroit (January 1343). 

France's internal situation had worsened. Philip had been 
obliged, from 1335, to pack his council with nominees of the 
duke of Burgundy; and this Burgundian tutelage was almost in- 
sufferable to many of the king's subjects, especially in western 
France. A serious crisis resulted in 1343, and Philip had to act 
with severity against baronial revolts in Normandy and Brittany. 
The estates of the kingdom, summoned to Paris, took some mea- 
sures to appease public opinion and to reduce the burden of ad- 
ministration. Men less subservient to Burgundy were taken into 
the council, 

The truce of Malestroit, which had scarcely been observed in 
Brittany, lasted little more than two years. In summer 1345 the 
earl of Derby (Henry of Grosmont, soon to be duke of Lan- 
caster) launched an offensive from Bordeaux and ravaged Péri- 
gord, Agenais, and Bazadais; and in 1346, while a French army 
jn the south was trying in vain to take the little fortress of Aiguil- 
lon (northwest of Agen), Edward III landed in Normandy. After 
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threatening Paris, Edward turned northeastward into Ponthieu, 
where Philip, in pursuit of him, was heavily defeated in the Bat- 
tle of Crécy. aà 2 

This defeat, in which numbers of the French nobility perished, 
gave rise to another political crisis. To conciliate its opponents, 
the government undertook to reorganize the chambre des comptes; 
and control of the finances was entrusted to three abbots—those 
of Saint-Denis (Gille Rigaud), of Marmoutier (Simon Le Maire), 
and of Corbie (Hugues de Ver). Moreover, John, duke of Nor- 
mandy, Philip’s son and heir apparent, was excluded from pub- 
lic affairs, and a dynastic arrangement with Edward, to John’s 
disadvantage, was contemplated. By May 1347, however, John 
had recovered his position, which thenceforward grew steadily 
stronger. 

Meetings of estates had taken place in Paris (February 1346) 
and in Toulouse (February and May). After the fall of Calais to 
the English (August 1347), a new meeting was summoned to Paris 
for Nov. 30, 1347. This assembly, which seems to have been ex- 
tremely hostile to the king’s counselors, forced the king to prom- 
ise the reestablishment of a sound currency and to accept the resig- 
nation (January 1348) of his chancellor, Guillaume Flote, who 
had been ten years in office. The council was again recast, with 
the admission of men who would promote the necessary reforms. 
Then the spread of the Black Death in 1348 and 1349 distracted 
men’s minds from political questions. 

Philip VI died on Aug. 22, 1350. His first wife, Joan of Bur- 
gundy, had died in December 1349, leaving two sons, the future 
John II (q.v.) and Philippe (1336-75; see Orttans, Ducs р”); 
other children had predeceased her. By a subsequent marriage 
to Blanche of Navarre (d. 1398), Philip had a posthumous daugh- 
ter, Blanche. 

Philip VI was a man of positive and methodical character who 
preferred the ways of diplomacy to war. Reigning at a difficult 
time, he had to bow before events stronger than his will and to 
witness an important development of the political power of the 
estates. Though he left a kingdom divided and weakened by 
war and plague, he yet had expanded its territory: he purchased 
Montpellier from James III of Majorca in 1349; and transactions 
with Humbert II of Viennois culminated in the sale of Dauphiné 
to Philip’s grandson, the future Charles V, in 1349 likewise. 
Philip also continued the efforts of the 13th-century Capetians 
toward the progressive centralization of the administration in 
Paris. But Philip had no means of imposing on his kingdom the 
measures necessary for the maintenance of his monarchical power. 
To raise taxes for war he was obliged to make concessions to no- 
bility, clergy, and bourgeoisie. The bourgeoisie, profiting from 
the king’s power, proved grateful and loyal enough; it was chiefly 
among the clergy and nobility that the movement for reform took 
root. 

See R. Cazelles, La Société politique et la crise de la royauté sous 
Philippe de Valois (1958). (R. Cs.) 

PHILIP (c. 1177-1208), German king from 1198, also duke 
of Swabia from 1196, was the youngest son of the Holy Roman 
emperor Frederick I Barbarossa, of the Hohenstaufen dynasty, and 
Beatrix of Upper Burgundy (Franche-Comté). Destined for the 
Church, he was appointed provost of the cathedral at Aachen and, 
in 1190 or 1191, elected bishop of Würzburg; but he soon re- 
nounced his ecclesiastical career. His brother, the emperor Henry 
VI, made him duke of Tuscany in 1195 and duke of Swabia in 
1196; and in May 1197 he was married to Irene, daughter of the 
ш emperor Isaac II Angelus and widow of Roger II of 

icily. 

When Henry VI died in September 1197, his son, the future em- 
peror Frederick II, was not yet three years old, and the German 
princes were unwilling to accept a child as king. So, while the 
Hohenstaufens' Welf rivals, namely the brothers Henry and Otto 
of Brunswick, were absent from Germany, Philip rather than Fred- 
erick was elected German king at Mühlhausen on March 8, 1198. 
Since the archbishop of Mainz was absent, however, the right of 
crowning the king belonged to Archbishop Adolf of Cologne; and 
he was leader of the anti-Hohenstaufen party, which in June pro- 
ceeded to elect one of the Welf brothers as king, The Welf was 
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crowned as Otto IV (q.v.) at Aachen, the proper place for 
ceremony, by Adolf in July. Philip's Coronation, by 
prelate, did not take place till Sept. 8, 1198, at Mainz, 

In the consequent warfare the Hohenstaufen cause at 
prospered. However, Pope Innocent III, who claimed to be the 
arbiter of the conflict, in 1201 recognized Otto as king and er. 
municated Philip. Then Otakar I of Bohemia deserted рү 
side, as Hermann of Thuringia had already done. Philip's fig 
tunes thus waned till 1204, when they were restored by a stri 
of defections from Otto's side, culminating in that of Adolf of | 
Cologne himself. On Jan. 6, 1205, Adolf crowned Philip g | 
Aachen. і 

The town of Cologne, which had stood for Otto despite ity | 
archbishop, submitted to Philip in January 1207, and Otto's caue 
seemed lost. Innocent, to whom Philip had long been maki 
overtures, acknowledged him as king early in 1208, Philip w 
preparing a decisive stroke against Otto in Brunswick when he wy 
murdered in Bamberg, on June 21, 1208, by Otto of Wittelsbach, 
count palatine for Bavaria, to whom he had refused to give om 
of his daughters in marriage. His eldest daughter, Beatrix (d 
1212), was betrothed to the Welf Otto in 1209 as a step toward 
reconciling the factions; the second, Kunegunda (d. 1248), mar 
ried the Premyslid Vaclav I, king of Bohemia; the third, Mari (i. 
1235), married Henry II of Brabant; and the fourth, Elizabeth 
later known also as Beatrice (d. 1235), married Ferdinand III of 
Castile. A brave man, Philip was praised by contemporaries for 
his mildness and generosity. The diversion of the Fourth Crus 
to Constantinople is sometimes thought to have been prompted by 
him in the interests of his brother-in-law, the Byzantine emper 
Alexius IV. v 

As well as works cited under Отто IV, see О. Abel, König Philipp 
der Hohenstaufe (1852) ; A. Luchaire, Innocent III, vol. iii (1906). 

PHILIP II (382-336 в:с.), son of Amyntas III, king of Mace 
donia, made his country predominant in Greece and laid the e 
dations for its expansion under his son Alexander III (ea) " 
Great. As regent to his nephew Amyntas on the death 0 
brother Perdiccas III in 359 (for the dynastic history, se Mi 
DONIA, Кіхсром or: The Argeads to 336 B.C.), he Wim 
various rivals by generalship and cunning diplomacy and an, 
first the Paeonians, then the Illyrians who had overrun Lyn i 
(around modern Bitola, Yugos.). Probably in 356 My Pk 
consent he was hailed king in his own right. Аза di per 
had passed three years (367-365) as a hostage In T ci 
admiring acquaintance with Epaminondas there may have jn 
the reforms which now transformed the Macedonian batt : 
formidable weapon of expansion. Philip's first MO SER 
eastward into an area where Athens was deeply end 
357 he took Amphipolis, and from 356 onward the Bs over t 
Crenides (which he renamed Philippi) gave him con А n 
gold and silver deposits of Mt. Pangaeus, which enm military 
1,000 talents a year, thus furnishing the mainstay 9 НИ 
budget and'of a diplomacy in which bribery and corrupti 
to loom large. Meanwhile Philip's seizure of P (3 
cidice (356) and of Pydna (356) and Methone 
Thermaic Gulf rounded off Macedonian power along divi 
the further detriment of Athens. But the Athenians peir all 
ternally by rival policies, preoccupied with € sit y nt? 
and outmaneuvered by Philip's unscrupulous diplomacy, 
effective action. “ae gained a fill fo 

During the next nine years (354-346) Philip Бае лё shot 
hold in central Greece, where the still dominant , i the ni 
sightedly welcomed intervention against their enemies its 
bouring state of Phocis. The seizure of Delphi merce 
treasures by the Phocians, who used them to hire a e to pip 
army, led the Aleuadae of Larissa in Thessaly to appe 
After one setback in 353 he defeated the Phocian E». a 
chus at the Battle of the Crocus Field (see GREECE f stl a 
donian Period), thus becoming virtually master vd 
a joint Greek army, containing contingents po ili 
Sparta, denied him access to Thermopylae- 
with a new advance in the northeast, where j 
Athens’ Thracian allies and extended Macedonian 
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whole of Thrace between the Nestos River and the Black Sea. 
Next, between 351 and 348, he turned on the Chalcidian League, 
which had earlier connived at his seizure of Potidaea. Its chief 
tity, Olynthus, now appealed for help to Athens, but despite 
Demosthenes’ vigorous oratory the help sent was too little and 
came too late, and in 348 Olynthus fell. Philip meanwhile ham- 
strung Athenian resistance by stimulating a revolt against Athens 
jn Euboea, Eventually in 346 the Athenians sent envoys to Pella 
and the so-called Peace of Philocrates was sworn, This left Philip 
free to complete the defeat of Phocis, and he emerged as the domi- 
nant figure in central Greece, with a seat on the amphictyonic 
council controlling Delphi (see Amprictyony). 

Between 345 and 340 Philip carried out a determined campaign 
to consolidate and extend his position in Greece. His education 
had been Greek and as an Argead he claimed descent from Hera- 
des, The recognition implicit in his presidency of the Pythian 
Games (346) thus brought him great satisfaction. Hence he ap- 
pears to have shrunk from a purely military solution of his prob- 
lems, which could have been maintained only by garrisons and 
suppression, and to have preferred a subtle policy of diplomatic 
insinuation and the exploitation of internal differences among the 
parties in the Greek cities. At Athens the publicist Isocrates 
tumed to him as the potential leader of a crusade against Persia, 
which would open up Asia Minor for Greek colonization; and such 
plns may already have been in Philip’s mind, though hardly in 
the form in which Isocrates, concerned only for the Greeks, con- 
ceived them, Meanwhile Demosthenes devoted himself to whip- 
ping up an anti-Macedonian coalition, in which he saw the only 
hope of a secure, independent Athens. 

Philip used the lull to extend his power to the west and to the 
‘uth. In Epirus, to which he was already linked by his marriage 
in 357 to Olympias, a princess of the royal house, he now won 
{ull control by expelling the ruling king, Arybbas, and putting 
Olympias’ younger brother Alexander on the throne (342). In 
34/343 he became archon of Thessaly for life, and reorganized 
the whole state under his personal domination; Thessaly was to 
ш an appendage of the Macedonian monarchy until 197 в.с. 

emosthenes’ campaign now received a fillip from the king’s ad- 
Yance eastward toward the Bosporus, through which Athens’ vital 
pain trade passed, From 341 onward Demosthenes succeeded 
n ang a coalition including Chalcis, Corinth, Megara, 
li ES Some northwestern Greek states, and in the northeast 
1 ydos, Perinthus, and Byzantium. But most of the Pelopon- 
estan States held aloof, and the Thebans, grateful for help against 
ti Temained Philip’s hesitant ally. Philip's attack on Byzan- 
Pur was followed by an Athenian declaration of war; and 
бн nid with Amphissa within the amphictyony afforded 

0 bring Philip south to take the command in a new 
Em Now at last Demosthenes succeeded in winning 

à e Thebans, alarmed too late at Philip's proximity; but in 
Bust 338 Philip won a decisive victory at Chaeronea (q.v.) in 

ў tia, Where his well-timed use of cavalry and infantry routed 

"coordinated forces of Thebes and Athens. 
ыы of Greece Philip had to settle Greek affairs. Thebes 
Баа A treated and a Macedonian garrison installed; but 
thens Philip was lenient, for he retained a genuine re- 

E the Athenian cultural tradition and, perhaps more impor- 
Motives Athenians’ fleet still made them a formidable enemy. His 

Marl this point were almost certainly mixed and even con- 
lest it les discussed them without reaching unanimity. But at 
tea, {кага that he had now decided to attack Persia, having 
of lis үч off relations in 341 after the arrest and execution 
Чад Wo КОД ally, Hermeias of Atarneus. Ап anti-Persian 
to this. require a consolidated and collaborative Greece, 
fashion ee Philip now applied himself in a statesmanlike 
338/337 А l the Cities except Sparta quickly submitted; and in 
Оттоп Panhellenic congress was called to Corinth, where a 
tp, with was established and a confederacy of Greeks set 

lr" Ch representative council (synedrion) and Philip as 
d serve d ёветоп). This confederacy was allied to Macedonia 
l brought as an instrument of Macedonian domination in Greece. 
1 Greece a stability it had failed to find while indepen- 
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dent; but this did not last long, for the majority of the Greeks 
rejected a unity imposed by force from without. At a second 
meeting of the confederacy in 337 Philip announced the war 
against Persia, and in spring 336 an advance force of 10,000 crossed 
over into the Troad. But the same summer, at a feast held at 
Aegae to celebrate the wedding of his daughter Cleopatra with 
Alexander of Epirus, Philip fell murdered by one of his courtiers, 
Pausanias; this man may have been suborned by Olympias, whom 
Philip had recently repudiated (he had married a Macedonian, 
Cleopatra, in 337), but proof is lacking. 

The historian Theopompus said with some justice that Philip 
was the greatest man Europe had yet produced. He had built up 
Macedonia by centralizing power in the monarchy, by reducing the 
authority of the principalities in the fringe areas, and by intro- 
ducing territorial divisions into the national army organization; 
he had also secured it a seaboard by annexing Chalcidice and the 
Thermaic towns and had given it vast economic resources by his 
acquisition of the mines of Pangaeus in Thrace. Philip shared 
with his son Alexander the quality of high personal courage, and 
on various occasions he sustained serious wounds, including the 
loss of an eye at Methone. He was wholly tireless and campaigned 
readily at all seasons of the year. As a general he lacked Alexan- 
der’s adaptability and sheer genius, and he probably owed much 
to reliable subordinates like Parmenio. But he developed siege- 
craft significantly and trained the army with which Alexander 
was subsequently to conquer much of Asia. Following the tradi- 
tions of his country, he was a man of considerable sensuality and 
a heavy drinker; but his interests ranged beyond these pleasures. 
He assembled a mixed body of Greek and Macedonian “compan- 
ions" (hetairoi) around him; he had a real love of Hellenic cul- 
ture, and to educate his son Alexander he brought the philosopher 
Aristotle to Pella. In diplomacy he outstripped most of his con- 
temporaries and was quite unscrupulous in his methods; he used 
marriage alliances as an instrument of policy, and his widespread 
distribution of money acquired for him supporters in every city. 
Ultimately he may well have intended to reduce both Macedonia 
and Greece to elements in a personal autocracy; but his reign 
introduced an age of Macedonian preeminence which was to end 
only in 197 when the phalanx was broken by the Roman legions 
at Cynoscephalae. 

See also references under “Philip II (of Macedonia)” in the 
Index. 

BIBLIOGRAPHY—D. C. Hogarth, Philip and Alexander of Macedon 
(1897); A. W. Pickard-Cambridge in Cambridge Ancient History, 
vol. vi, ch. 8 and 9, with bibliography (1927); A. Momigliano, Filippo 
il macedone (1934); F. R. Wüst, Philipp II von Makedonien und 
Griechenland in den Jahren von 346 bis 338 (1938). (F. W. Wa.) 

PHILIP V (238-179 в.с.), king of Macedonia, son of Deme- 
trius II and his wife Phthia (Chryseis). On his father's death 
(229) Philip's half cousin Antigonus Doson adopted him, and 
when Antigonus died (summer, 221) Philip succeeded. He soon 
won renown in the war of the Greek alliance against Aetolia, 
Sparta, and Elis (220-217), and he asserted his personal control 
by executing several ministers for conspiracy in 218. After the 
Peace of Naupactus (217), incited by Demetrius of Pharos, he 
attacked the Roman client states in Illyria by sea and, after losing 
his fleet (214), by land. In 215 he made a treaty with Hannibal. 
The Romans countered this by an Aetolian alliance (211), and 
with the collaboration of Attalus of Pergamum soon gained an 
advantage in Greece; but Philip effectively aided his allies, and 
when the Romans withdrew in 207 he sacked Thermum and forced 
peace upon Aetolia (206). The Peace of Phoenice (205) ended 
the war in Philip's favour. He then turned to the east. He used 
a pirate, Dicaearchus, to obtain resources, plotted against Rhodes, 
and in 203/202 conspired with Antiochus III to plunder Ptolemy 
V’s possessions, But the people of Rhodes and Pergamum de- 
feated him by sea off Chios (201) and their exaggerated reports 
contributed to a Roman decision to make war. Philip meanwhile 
was attacking Athens and the Thracian Chersonese; but by 
September 200 a Roman army was in Illyria. Two campaigns in 
Macedonia (199) and Thessaly (198) shook Philip's position and 
detached his Achaean allies. In 197 at Cynoscephalae in Thessaly 
the Romans under T. Quinctius Flamininus defeated him, and by 
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the peace terms he was confined to Macedonia and had to sur- 
render 1,000 talents indemnity and most of his fleet and deposit 
hostages, including his younger son Demetrius, at Rome. : 

From then until 189 Philip collaborated with Rome, sending 
aid against Nabis (195) and Antiochus and Aetolia (192-189), 
and winning back some places in Thessaly. He afforded the 
Scipios invaluable help in Macedonia and Thrace; consequently 
his outstanding tribute was remitted and his son restored (190). 
His last decade was devoted to consolidating his kingdom. — He 
reorganized: finance, transplanted populations, reopened mines, 
and issued central and local currencies. But his neighbours con- 
stantly accused him at Rome, and with success. Adverse decisions 
(185) seemed to foreshadow his destruction and accordingly he 
turned his attention to the Balkans, where he carried out three 
campaigns (184, 183, 181). Meanwhile Demetrius’ pro-Roman 
policy precipitated a quarrel with the crown prince Perseus and 
Demetrius’ execution as a traitor (180). In 179, while pursuing 
a scheme for directing the Bastarnae against the Dardanians, 
Philip died at Amphipolis, 

Philip was a fine soldier and a popular king, at his best in ad- 
versity; but a lack of balance often led to political errors. He 

never neglected his northern frontiers, but his plans for expansion 
elsewhere, pursued without scruple, lacked consistent aim and en- 
countered limited success. Hence his historical significance lies 
mainly as an episode in the expansion of Rome. See also МАСЕ- 
DONIA, KINGDOM or: The Antigonids, 277-168 B.C. 

BreLrocRAPRY.—Polybius, with commentary by Е. W. Walbank 
(1957); Livy, books xxiii-xl; M. Holleaux, Rome, la Grèce, et les 
monarchies hellénistiques (1921); F. Geyer in Pauly-Wissowa, Real- 
Encyclopüdie der classischen Altertumswissenschaft, vol. xix, 2303-31 
(1938) ; F. W. Walbank, Philip V of Macedon (1940). (F. W. Wa.) 

PHILIP I тне HaNpsoME (1478-1506), the first Habsburg 
king of Castile, was born at Bruges, in Flanders, on July 22, 1478, 
the son of the future Holy Roman emperor Maximilian I and Mary 
of Burgundy. At his mother’s death, in 1482, he succeeded to 
her Burgundian (Netherlands) dominions, with Maximilian act- 
ing as regent for him during his minority. In 1496, at Lille, he 
was married to Joan (the Mad), daughter of Ferdinand II of 
Aragon and Isabella I of Castile. Recognized as prospective heir 
to the Spanish kingdoms in 1502, Philip was soon at variance with 
his father-in-law, who was unwilling to give up his own claims to 
the government of Castile. On Isabella's death (1504), Joan suc- 
ceeded to the crown of Castile; and early in 1506 Philip sailed 
for Spain, to claim his wife's inheritance. His ships, however, 
had to take temporary shelter in Weymouth, and Henry VII of 
England forced him to sign the so-called Imtercursus Malus, а 
trade agreement disadvantageous to the Netherlands. In Castile, 
Philip was supported by the majority of the nobles against Ferdi- 
nand, but he died suddenly at Burgos, on Sept. 25, 1506. His 
son, the future emperor Charles V, succeeded him in the Nether- 
lands and, after Ferdinand's death in 1516, also in Spain. 

BiBLrocnAPHY.— C. Haebler, Der Streit Ferdinands des Katholischen 
und Philipps I. um die Regierung von Castilien, 1504-1506 (1882) ; H. 
Pirenne, Histoire de Belgique, vol. iii (1907); R. B. Merriman, The 
Rise of the Spanish Empire, vol. ii (1918). (H. G. Ko.) 

PHILIP II (1527-1598), king of Spain from 1556, in whose 
reign Spain and the Spanish Empire attained their greatest power 
and widest geographical extent, was born at Valladolid on May 21, 
1527, the son of the emperor Charles V and Isabella of Portugal. 
From time to time, the emperor wrote Philip secret memoranda, 
impressing on him the high duties to which God had called him 
and warning him against trusting any of his advisers too much. 
Philip, a very dutiful son, took this advice to heart. From 1543 
Charles conferred on his.son the regency of Spain whenever he 
himself wasabroad. From 1548 until 1551, Philip traveled in Italy, 
Germany, and the Netherlands; but his great reserve and his in- 
ability to speak fluently any language except Castilian made him 
unpopular with the German and Flemish nobility. 

Philip contracted four marriages. The first was with his cousin, 
María of Portugal, in 1543, She died in 1545 giving birth to the 

ill-fated Don Carlos (q.v.). In 1554, Philip married Mary I of 
England and became joint sovereign of England, until Mary's death, 
without issue, in 1558. Philip's third marriage, with Elizabeth 
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of Valois, daughter of Henry II of France, in 1559, wag the 
of the Peace of Cáteau-Cambrésis (1559), which fora generati 
ended the open wars between Spain and France, Elizabeth | 04 
Philip two daughters, Isabella Clara Eugenia (1566-1635) ud 
Catherine Micaela (1567-97). Elizabeth died in 1568 ay à 
1570, Philip married another cousin, Anna of Austria, daughter of 
the emperor Maximilian II. She died in 1580, her only suryiyj 
son being the later Philip III. | 
King of Spain.—Philip had received the duchy of Milan fron | 
Charles V in 1540 and the Kingdoms of Naples and Sicily in 1 
on the occasion of his marriage to Mary of England. On Oct, 25 
1555, Charles resigned the Netherlands in Philip's favour, anim 
Jan. 16, 1556, the kingdoms of Spain and the Spanish overseas 
empire. Shortly afterward Philip also received the Franche-Comté 
The Habsburg dominions in Germany and the Imperial title wen} 
to his uncle Ferdinand I. At this time Philip was in the Nether 
lands. After his army's victory over the French at St. Quentin 
(1557), at the sight of the battlefield he exclaimed, “How could 
my father like this?” From then onward he always preferred to 
achieve his aims by peaceful methods rather than by war, although 
he did not shrink from it when he judged it necessary, 
After his return to Spain from the Netherlands in 1559 Philip 
never again left the Iberian Peninsula. From Madrid he ruled his 
empire through his personal ton 
trol of official appointments and 
all forms of patronage, Philips 
subjects outside Castile, this 
never saw him and they gradually 
turned not only against his mit- 
isters but against himself, Ths 
happened particularly in the 
Netherlands, in Granada, and it 
Aragon. 
System of Government- 
By sheer hard work Philip tried 
to overcome the defects of this 
system. His methods have be 
come famous. | All work was done 
on paper, on the basis of 0F 
sultas, that is, memoranda, 1 
ports, and advice presented 
by his ministers. In Maris 
in the gloomy magnificence of : 
monastic palace of El B 
which he built (1563-84) 0 
slopes of the Sierra: de GW à 
rama, the king worked kd 
his small office, giving his decisions or, as often, defert 
Nothing is known of his order of work, but all his content 
agreed that his methods dangerously, and sometimes (ШШ y 
down a system of government already notorious for its dila n 
Painstaking and conscientious, Philip's craving for ead 
formation hid an inability to distinguish between the T as 
the trivial and a temperamental unwillingness to make dec Hr 
] suspicion ^. 
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PHILIP 11, KING OF SPAIN, DETAIL 
FROM A PORTRAIT BY TITIAN IN THE 
CORSINI GALLERY, ROME 


tinguished, suffered disgrace. le 
very close,” wrote his official court historian, Cabrer? ^ gy it 
It was no exaggeration; for, in the case of Juan d to m! 
secretary of Don John of Austria, Philip even colin came W, 
(see PÉREZ, ANTONIO), As а result, Philip's court rash 
rious for the bitterness of its faction fights. ie nish git 
the Spanish court did much to poison the whole SPa ihe 
of government and this played no small part in c8U* ТАМ, P 
lions of the Netherlanders (1568-1609; see Метин an dh 
History), of the Moristos of Granada (1568-70), af yt 
Aragonese (1591-92; see Spain: History: The Ho 

Yet the “black legend" which, in Protestant p 
sented Philip II as a monster of bigotry, ambition, n 
is certainly false. Philip's spare and elegant appear 
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the famous portraits by Titian and by Anthonis Mor (Sir 


[шу More). A lover of books and pictures, an affectionate 
father to his daughters, he lived an austere and dedicated life. 


«you may assure His Holiness,” Philip wrote to his ambassador 
1 in 1566, “that rather than suffer the least damage to 
in Rome, Ё 
religion and the service of God, I would lose all my states and an 
hundred lives, if I had them; for I do not propose nor desire to 
be the ruler of heretics.” This remark may be regarded as the 
motto of his reign. To accomplish the task set him by God of 
serving his subjects in the true Catholic religion, Philip felt 
pre Li E М 
in duty bound to-use his royal powers, if need be, to the point of 
the most ruthless political tyranny, as he did in the Netherlands. 
Even the popes found it sometimes difficult to distinguish between 
Philips views as to what was the service of God and what the 
service of the Spanish monarchy. 

Foreign Policy.—For the first 20 years of his reign, Philip 
sought to preserve peace with his neighbours in western Europe. 
He was fighting a major naval war with the Ottoman Empire in 
the Mediterranean and, from 1568, he was faced with rebellion 
and war in the Netherlands. From the late 1570s, his policy grad- 
willy changed. The death (August 1578) without heirs of his 

i basti f Portugal, opened the prospect of 
arto "Portugal: "He had to conquer. (1580) by 
force what he regarded as his just, hereditary rights, but the rest 
of Europe was alarmed at this growth in Spanish power. Both 
England and France gave increasing support to the rebellious prov- 
inces of the Netherlands. Gradually, in the 1580s, Philip became 
convinced that the Catholic religion in western Europe, and his 
om authority in the Netherlands, could be saved only by open 
intervention against England and France. To this end he fitted 
out the Armada (q.v.) which, with the help of the Spanish army 
inthe Netherlands, was intended to conquer England (1588). He 
sent money and troops to support the League, the ultra-Catholic 
party in France, against Henry of Navarre and the Huguenots. He 
even, claimed the throne of France for his daughter, Isabella Clara 
Eugenia, after the murder of Henry III in 1589. Again, even his 
сен allies found it difficult to distinguish between Philip’s 
Bw of the Catholic Church and of the interests of the 

ush monarchy. 
on these plans failed. Henry of Navarre became a Catholic 
un and Philip had to accept (Peace of Vervins, 1598) his suc- 
i ipa as Henry IV of France. England and the northern Nether- 
n pou Protestant and unconquered. Yet Philip's reign 
di vi ‘ole was not a failure. He had defeated the great Ottoman 
К in the Mediterranean at the Battle of Lepanto (1571). 
ti ү Therian Peninsula he had completed the work of unifica- 
im gun by the “Catholic Kings," Ferdinand and Isabella. Most 
ота of all, in his own eyes, he had won great victories for 

à Atholic Church. If England, Scotland, and.the northern 
Ee were lost, the southern Netherlands (the modern Bel- 

D ad been preserved. In Spain and Italy he had prevented 
P ead of heresy and his intervention in France was one of the 

АҺ forced Henry IV to become a Catholic. When Philip 
bight 5 El Escorial on Sept, 13, 1598, Spain was still at the 
i ae her power and it took almost another half century before 

agg finally clear that the Counter-Reformation would make 

at major conquests. 

rin 30 references under “Philip II (of Spain)” in the Index. 
Wig, EEL. Cabrera de Córdoba, Felipe Segundo, Rey de 
їй, Eng el (1876-77) ; J. H. Mariéjol, Philip II, the First Modern 
of th Spanish ma by W. B. Wells (1933); R. B. Merriman, The Rise 
Rare i’ Ои Maid ae Me ON 
йа » Vez y juventi elipe II, 2 vol. SP 
Phil jid, La М, éditerannée et le онай ЗИМА à l'époque de 
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(1059). (1949) ; С. Mattingly, The Defeat of the бон соб 
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mel? TII (1578-1621), king of Spain from 1598, was born 


ort ian April 14, 1578, the son of Philip II by his fourth 
Married à of Austria, Succeeding his father on Sept. 13, 1598, 
1599, A the Austrian archduchess Margaret at Valencia in April 
Mon» he Tepresentative of the so-called “Baroque pacifist genera- 
е А Peace in western Europe: as his father had finally 

ace of Vervins with France, Philip LII concluded the 
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Treaty of London with England (1604) and the Twelve Years’ 
truce with the United Provinces of the Netherlands (1609). In 
this policy he had the ready collaboration of his chief minister, the 
duque de Lerma (q..), till 1618, when Lerma was supplanted by 
his son Cristóbal, duque de Uceda. Peace in the west enabled the 
government to deal with the internal problem of the Moriscos 
(q.v.) ; but the expulsion of the Moriscos had a serious effect on 
the country’s economy. 

In Italy affairs were complicated (1) by the activities of the 
duke of Savoy, Charles Emmanuel I, which led to war over Mont- 
ferrat (q.v.) ; and (2) by the attempts of Venice to undermine the 
Spanish position in the peninsula. The so-called “conspiracy of 
Venice” (1618) isa matter of controversy among historians: some 
see it as a real effort by Philip’s viceroy of Naples, Pedro Téllez 
Girón, duque de Osuna, and his agents to subvert the Venetian 
republic; others see it as an invention of the Venetians to discredit 
Spain. The policy of peace for western Europe was in any case 
brought to an end by the outbreak of the Thirty Years’ War in 
1618, whereupon Philip gave his unconditional support to the Holy 
Roman emperor Ferdinand II and the Catholic German princes. 
The occupation of the Valtellina (1620), carried out on Philip’s 
orders by his governor of Milan, the duque de Feria (Gómez 
Suárez de Figueroa), was intended to ensure communications be- 
tween Italy and the Habsburg territories north of the Alps. 

Philip signed a treaty with the shah of Persia, Abbas I, against 
the Turks (1602) and gave some encouragement to anti-Turkish 
movements in the Balkans. Against Morocco he made contact with 
the kings of Cuco, in the Atlas Mountains. 

Having resided at Valladolid for the first years of his reign, Philip 
eventually fixed his court at Madrid. After a visit to Portugal 
(1619), he fell ill. He died at Madrid on March 31, 1621. For 
his children who survived infancy see HABSBURG: Table 111. 

See Matías de Novoa, Historia de Felipe III, in the Colección de 
documentos inéditos . . . , vol. 60 (1875) ; C. Pérez , Bustamante, 
Semblanza de un monarca y perfiles de una privanza (1948) ; Ubieto- 
Reglà-Jouer, Introducción а la historia de Espana (1963). (J. RE.) 

PHILIP IV (1605-1665), king of Spain from 1621, was born 
at Valladolid on April 8, 1605, the eldest son of Philip III of Spain 
and Margaret of Austria. He succeeded his father on March 31, 
1621. 

For the first 22 years of his reign, Philip's valido or chief minis- 
ter was the conde-duque de Olivares (g.v.), who took the spread 
of the Thirty Years’ War (q.v.) as an opportunity, not only for 
resuming hostilities against the Dutch at the end of the Twelve 
Years’ truce of 1609 (1621), but also for an ambitious attempt to 
restore Spanish hegemony in Europe, in close alliance with the im- 
perial branch of the Habsburg dynasty. The Spanish armies won 
some conspicuous victories, for instance the capture of Breda from 
the Dutch (1626) and the defeat of the Swedes and Weimarians 
at Nórdlingen (1634) ; but France declared open war in 1635, and 
Spain's early successes were offset, from 1640, by the separatist 
rebellions of Catalonia and of Portugal, which provided the French 
with footholds in the Iberian Peninsula itself. ‘There was also an 
abortive conspiracy by the Andalusian nobility in 1641. 

Olivares was dismissed in 1643 and his place was then taken by 
Don Luis de Haro, who remained in power till his death. The 
course of events went worse for Spain, however: the French won 
great victories at Rocroi (1643) and at Lens (1648); there were 
insurrections in Palermo and in Naples (1647—48); a treasonable 
plot to detach Aragon from Philip’s dominions came to light; and 
finally the Treaty of Münster (January 1648), whereby Spain rec- 
ognized the independence of the United Provinces of the Nether- 
lands, was followed by the Peace of Westphalia (October), whereby 
the imperial Habsburgs and their German allies came to terms 
with France, leaving Spain to fight on alone. The scheme of 
Olivares for a revival of Charles V's empire was brought to nothing. 
After 11 more years of war Spain had to accept the Treaty of the 
Pyrenees (1659), ceding to France several places in the southern 
Netherlands and on the Pyrenean frontier, Roussillon and part of 
Cerdagne in return for France's renunciation of Catalonia, which 
in any case had been almost entirely recovered by Philip’s forces 
since Don John of Austria's entry into Barcelona in 1652. Con- 
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tinued attempts to reconquer Portugal were unsuccessful. 

Soured by defeat, Spain sank into pessimism, isolationism, and 
retrospection. The so-called “problem of Spain" became the sub- 
ject of argument between those who remained faithful to the Habs- 
burg tradition and those who demanded a complete change of 

olicy. 

а From the death of Don Luis de Haro (1661) to the close of the 
reign Philip had no valido, though he still received the advice of 
the nun, María de Ágreda (q.v.), whose long correspondence with 
him dealt both with spiritual matters and with affairs of state. He 
was twice married: first, in 1615, to the Bourbon princess Elizabeth 
(Sp. Isabel; d. 1644), daughter of Henry IV of France; secondly, 
in 1649, to the Austrian archduchess Maria Anna (Mariana; d. 
1696), daughter of the Holy Roman emperor Ferdinand III. For 
the children of these marriages see HABSBURG: Table II. Philip 
also had numerous mistresses and several illegitimate children, the 
most famous of the latter being the second Don John (g.v.) of 
Austria, son of the actress Maria Calderón. A poet and a lover 
of the arts, Philip was the friend and patron of the painter 
Velázquez, whose works are the most glorious monument of the 
reign. Philip IV died in Madrid on Sept. 17, 1665. 

Втвлосдарну. А. Cánovas del Castillo, Estudios del reinado de 
Felipe IV (1889) ; F. Silvela (ed.), Cartas de...Sor María de Ágreda 
y del sefior rey don Felipe IV, 2 vol. (1885-86) ; J. H. Elliott, The 
Revolt of the Catalans (1963); J. Sanabre, La acción de Francia en 
Cataluña (1640-41) (1956). (J. RE.) 

PHILIP V (1683-1746), king of Spain from 1700 except for 
a brief period from January to August 1724, was the founder of 
the Bourbon dynasty in Spain. During his reign Spain regained 
much of its former influence in international affairs. He was 
born at Versailles on Dec. 19, 1683, the second son of the dauphin 
Louis (son of Louis XIV) and of Marie Anne, daughter of Ferdi- 
nand, elector of Bavaria. Philip’s whole career was coloured by 
the fact that he was a grandson of Louis XIV and a great grandson 
of Philip IV, king of Spain. With his elder brother Louis, duc de 
Bourgogne, he was educated in France by Francois Fénelon, as a 
result of whose influence Philip always remained strongly averse 
to the immorality which had been prominent at the court of France 
in the youth of Louis XIV. He was also at all times scrupulously 
religious and had an abnormally tender conscience. The people 
who had the most influence on him were his two wives and his con- 
fessors, 

Philip held the title of duc d'Anjou until 1700. In that year he 
emerged as a person of political importance when Charles II, the 
last Habsburg king of Spain, died without issue and in his will 
left Philip all his possessions: Spain, Spanish America, the Spanish 
Netherlands, and certain parts of Italy. Louis XIV's acceptance of 
this will, together with his refusal to exclude Philip from the line 
of succession to the French throne, provoked the War of the 
Spanish Succession (g.v.). Philip proceeded to Spain in 1701 as 
Philip V and aided by his heroic and very young wife María Luisa 
of Savoy, who bore him four sons, he earned a good military reputa- 
tion and won the loyalty of the majority of the Spanish people. 
The Treaty of Utrecht (1713) deprived Philip of the Spanish 
Netherlands and of the Italian possessions of the Spanish Habs- 
burgs, but left him the throne of Spain and Spanish America. 

The death of María Luisa on Feb. 14, 1714, created a delicate 
problem. It was clear that whoever married the king would 
exercise very considerable influence on the policies of Spain. Dur- 
ing the first 13 years of his reign France had a dominant influence 
on the Spanish court. The French ambassador had a place on 
the inmost council of state and the queen had been largely in- 
fluenced by her chief lady of the bedchamber, the French princesse 
des Ursins. Though she was 72 years of age at the time of the 
death of María Luisa, her influence over Philip was so great that 
there were rumours that he would marry her. In fact Philip chose 
the young Princess Isabella (g.v.) Farnese, the niece and step- 
daughter of the duke of Parma. Under the tuition of Giulio 
Alberoni (q.v.), the Parmesan envoy at Madrid, this inexperienced 
princess banished the princesse des Ursins at their first meeting 
(Dec. 23, 1714), before Isabella had even met her husband. 

It was characteristic of Philip V that he did nothing to restore 
the fallen favourite. He was peculiarly cold blooded in his per- 
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sonal relationships. He showed no enduring friendship fo 
Spanish nobles who had supported his cause in the last А 
Charles II, and he had по real friendship for his ministers 5 
only really intimate friend was his master of horse, the duque ii 
Arco, who had saved his life while hunting. For a time the ney 
queen shared her influence over the king with his confessor hy 
though Philip remained all his life extremely religious, the quw 
gradually came to exercise the greater influence over him, J 
bore Philip four sons and three daughters, but since in 1714 Phil 
had three sons surviving from his first marriage there was lit 
chance that Isabella's children would inherit the Spanish throne 
For the rest of the reign, therefore, Spanish policy was directed 
partly by the dynastic ambitions of Isabella to obtain territoris 
in Italy for her sons (see Spain: History). Isabella's eldest ха 
Charles (afterward Charles III of Spain) successively received thy 
duchy of Parma (1732) and the kingdom of Naples (1734), and 
his brother Philip acquired Parma in 1748. 

Insofar as Philip had a foreign policy independent of the am- 
bitions of his wife, it was determined by his unswerving determin. 
tion to safeguard his claim as a Bourbon prince to the throne of 
France. His father had died in 1711 and his elder brother in 171} 
so that the only person who stood between Philip and Versaille 
was his nephew Louis XV, a sickly child who seemed most un 
likely to grow to manhood or ever produce an heir. In Januay 
1724 Philip abdicated from the Spanish throne. His decision my 
have been partly inspired by his desire to secure the throne of 
France, but his eldest son Luis, who succeeded him, died in Augut 
1724 and Philip was then prevailed upon by Isabella and by the 
French ambassador, the comte de Tessé, to resume the Spar 
crown. At home Philip’s reign was characterized by an increase it 
centralization and considerable financial reforms which wert 
largely the work of the French advisers, particularly Jean Om, 
who had been sent by Louis XIV to help the king at the beginning 
of his reign. The reforms were inspired by the example of Loi 
XIV, but they were the work of such men as Orry, Alberoni, ad 
José Patifio and owed little or nothing to Philip V. — ., 

Apart from his almost morbid devotion to religion, PRIM 
chief interests were hunting and music. In later life he cie 
appreciate the singing of the famous Carlo Farinelli. Philip ir 
sisted on Farinelli’s singing the same few songs night gs A 
and would himself shout them in a tuneless voice. Even wi y 
1722, when the duc de Saint-Simon visited Spain, Philip sho 
signs of having deteriorated seriously from the handian 
prince who had been nicknamed by his subjects El N 
ready his gait was shambling, his clothes old and shabby and! 
an audience he stood with his mouth open. For months du 
1730s Philip suffered from some kind of melancholia. He 
was being poisoned; would wear only a chemise belong 
wife; would not have his hair or beard cut; and someti ia 
bed for long periods without speaking. News of the powell 
a military expedition or a rumour that the king of France бн 
would revive him from these states of insanity, bul ble be 
latter part of his reign his wife largely controlled P! 
ness. Philip died at Madrid on July 9, 1746. 

See also references under “Philip V” in the Index. иш 

Втвіло; iis omoirs of the Kings of SP i 
of Blow o Соне ve (isis); H М.А. aia 
V et la cour de France, 5 vol. (1890-1900) ; the duc 0 (J. 0. Ia) 
Mémoires, ed. by A. de Boislisle, 45 vol. (1879-1930). 

PHILIP (c. 20 n.c.-A.. 34), the tetrarch, 
the Great by a Jerusalem Jewess, Cleopatra, 
Rome. By his father's final will, as ratified by А! 
became tetrarch of the northeastern appanages 0 
lturaea and Trachonitis (Luke iii, 1), in souther® 
modern Syria, to the east of the Sea of Galilee. 
ruler, of whom almost nothing is known, алс mi 
(3 B.c.-a.p. 34). Не went on official tours wit inst Í 
taking with him a portable judgment seat to à 
on the spot, He enlarged the temple precinct o рш 
the source of the Jordan, and called his new city Hero jas: 5 
He was married to a niece, Salome, daughter of dto quis 07 
she, not her blameless husband, who is remembere 

a 


been the immediate cause of the execution of John the 
st (Matt. xiv, 3-11; Mark vi, 22-28). 

Perowne, The Later Herods (1958). (S. H. P.) 
HILIP тне BOLD (1342-1404), duke of Burgundy from 1364, 
om on Jan. 17, 1342, the fourth and youngest son of John II, 
f France, He fought at his father’s side at Poitiers (1356) 
{shared his subsequent captivity in England. He was granted 
hy of Touraine in October 1360 and was appointed king’s 
nt in Champagne and Burgundy in June 1363. His father's 
of the duchy of Burgundy to him (September 1363) did not 
e effective till June 1364, when his brother, the new king 
V, confirmed it. Philip had renounced Touraine, but re- 
ned his appointment as king’s lieutenant till 1367. 
Philip and Charles V supported each other’s policies. Philip 
К ‘Charles to suppress marauding bands in Burgundy and later 
took part in the campaigns against the English, His marriage 
(June 1369) to Margaret of Flanders, widow of the former duke 
) dy, Philip of Rouvre (d. 1361), was arranged by Charles 
prevent Margaret’s marrying an English prince. 

‘Philip supported his father-in-law, Louis of Male, count of 
ү against the rebellious Flemings (see below); and when 
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died (January 1384) Philip and his wife inherited Flanders, 
ois, Rethel, Nevers, Franche-Comté, and some lands in Cham- 
pagne, Having won the submission of the Flemings in 1385, Philip 
‘in 1386 arranged to separate the administration of his northern 
ries from that of his southern, setting up both at Lille and 
jon a chambre de conseil (chamber of government) and a 
e des comptes (exchequer). In order to induce his wife's 
їшї, the childless Joan (Johanna), duchess of Brabant, to adopt 
"heir his second son, Anthony of Rethel, he had to oppose 
sto Brabant of the house of Luxembourg, to which Joan's 
nd had belonged. For this purpose he allied. himself with 
mts of Holland of the house of Bavaria (Wittelsbach).: in 
his eldest son John. (see Јонм the Fearless, duke of Bur- 
)-was married to Margaret of Bavaria, while Margaret's 
the future William VI of Holland, was married to Philip’s 
Margaret. For John and Margaret he bought the count- 
Charolais in 1390; and his transactions with Joan of Bra- 
nally secured the duchy of Limburg for Anthony in 1396 and 
ча] succession to Brabant on Joan's death in 1406. (See 
ERLANDS, THE: History.) 
While Philip and his brothers had shared the government 
nce and the spoils of power there during the minority (1380- 
their nephew, King Charles VI. In furtherance of his own 
hilip had taken the king and the royal army to Flanders in 
of Louis of Male in 1382, when they won the great Battle 
0 beke and laid siege to Ghent. He had also arranged the 
{+ Marriage (July 1385) to Isabella of Bavaria and involved 
(August. 1388) in ап arduous and inglorious campaign on be- 
Joan of Brabant against William of Gelre. In November 
arles terminated the regency of his uncles; but in 1392, 
rles became insane, Philip regained his preeminence in 
He could thus impose his own policies on the French 
ment: alliance with England (1396); and the withdrawal 
Of support for the Avignon pope Benedict XIII, since 
emish subjects adhered to the Roman, Boniface IX. On 
Pretexts, moreover, he extracted large sums of money from 
treasury, thus coming into conflict with Charles VIS 
uis, duc d'Orléans (q.v.), who favoured a different policy 
d any diversion of royal funds to be to his own benefit. 
Was a patron of the arts. He collected illuminated books 
Scripts and commissioned from Christine de Pisan the 
а $ Jais et bonnes moeurs du sage roy Charles V and from 
m ^ Bigne his poem on hunting. He ordered jewelry from 
Miths and precious cloth from the merchants (especially 
Maj Pondi of Lucca) and encouraged painters, for instance 
de et To shelter his tomb, at Dijon, he built the Char- 
‘ampmol, which was adorned by the sculptures of Jean 
4 Eod of Claus Sluter (q.v.). He fell heavily into debt, 
efly through financing his son John’s crusade against 
Bold q n Turks (1396) and then paying John’s ransom of 200,- 
‘Meats. Consequently his widow renounced her right of 
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succession and the obligations that it entailed after Philip's death, 
which took place at Halle, in Brabant, on April 27, 1404. 
BIBLIOGRAPHY.—O. Cartellieri, Geschichte der Herzöge von Burgund, 
1363-1477, vol. i: Philipp der Kühne (1910); H. David, Philippe le 
Hardi au début du XV* siècle (1945) ; J. Calmette, Les Grands Ducs de 
Bourgogne (1949) ; R. Vaughan, Philip the Bold (1962). (J.B. К.) 


PHILIP rue Соор (1396-1467), duke of Burgundy from 1419, 
was born at Dijon on July 31, 1396, the son of John (q.v.) the 
Fearless and Margaret of Bavaria. He bore the title comte de 
Charolais during his father's lifetime and was governing Flanders 
when John was assassinated (Sept. 10, 1419). Succeeding to the 
duchy and to his father’s other titles, Philip decided, not without 
hesitation, to recognize Henry V of England as heir to the French 
crown (see HUNDRED YEARS’ War), so as to compel the queen of 
France, Isabella of Bavaria, to disinherit the dauphin (later Charles 
VII of France), whom he held to be answerable for the murder of 
John the Fearless. He campaigned against the dauphin’s troops 
in Picardy (receiving knighthood at the Battle of St. Riquier) and 
on the frontiers of Burgundy. Even so, John, duke of Bedford, 
regent of France for the new English king Henry VI, had to marry 
Philip's sister Anne (1423) and to grant Auxerre, Mâcon, and 
Bar-sur-Seine to him (1424) in order to retain his loyalty; and 
when Philip withdrew his troops from the siege of Orléans (1429), 
Bedford had to promise Champagne and Brie to him as well before 
he would take up arms against Joan of Arc (1430). 

After his campaign of 1433 against Charles VII’s troops in Bur- 
gundy, Philip consented to act as mediator between English and 
French at the Congress of Arras (summer 1435). When his media- 
tion proved fruitless, he concluded his own Treaty of Arras with 
the French (Sept. 21, 1435). Ву this he acknowledged Charles VIT 
as.king of France, accepting his disavowal of the murder of John 
the Fearless, but exacting from him not only confirmation of the 
grants made by Bedford in 1424 but also new concessions in Bur- 
gundy and chiefly in Picardy; namely the countship of Ponthieu, 
Montdidier, Roye, Péronne, and the “Somme towns,” that is, all 
the strongholds, lands, and lordships of the royal domain on the 
Somme River and beyond it in the direction of the Low Countries, 
with the proviso that the French king might buy these Somme 
towns back for 400,000 gold crowns. 

At war against the English, Philip helped the French armies to 
recover Paris (1436) and conducted an unsuccessful siege of 
Calais; but in 1440 he signed a truce with the English. By paying 
the ransom for Charles, duc d’Orléans, he put an end to the long- 
standing enmity between the houses of Burgundy and of Orléans. 

Meanwhile Philip had been augmenting his territorial power in 
the Netherlands. He purchased the rights to the countship of 
Namur in 1421 and came into possession of it in 1429; he obtained 
the administration of Holland, Zeeland, and Hainaut from the 
countess Jacoba (g.v.) in 1428, after some years of conflict; he 
inherited Brabant and Limburg in 1430; and after transactions 
with Elizabeth of Górlitz he was able to occupy Luxembourg in 
1443. It only remained for him to subdue the Flemish communes, 
and by his victory in the Battle of Gavere (1453) he forced Ghent 
to submit. The ecclesiastical principalities of the Netherlands had 
to accept his nominees as bishops; e.g., David, one of his numerous 
bastards, bishop of Utrecht from 1455. Whereas the Holy Roman 
emperor Sigismund had objected, in vain, to Philip's aggrandize- 
ment, the future emperor Frederick III suggested in 1447 that 
Philip's possessions should be erected into a kingdom. Philip, 
however, rejected Frederick's terms. 

With the help of Nicolas Rolin, his chancellor from 1422 to 
1457, Philip reorganized the administration of his territories. He 
also founded the Order of the Golden Fleece on the occasion of his 
marriage, in 1430, to his third wife, Isabella of Portugal. His first 
marriage (1409) had been to Charles VI's daughter Michelle of 
France (d. 1422), his second (1424) to Bonne of Artois (d. 1425). 

Philip's great project, from 1432, was a crusade against the 
Turks. From 1441 to 1445 he maintained a fleet in the Mediterra- 
neanandinthe Black Sea. After the fall of Constantinople (1453) 
he took the cross himself at his splendid “Banquet of the Pheas- 
ant,” in Lille, on Feb. 17, 1454. He made contacts with the princes 
of eastern Europe who were already in league against the Turks 
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and tried to induce France and Germany to collaborate. Finally 
he organized an expedition and dispatched its first contingent in 
1464, but it went no farther than Marseilles. 

By this time Philip's relations with France were strained again. 
In 1456, when the dauphin Louis (see LOUIS XI, king of France) 
appeared at his court as a refugee, Philip granted him asylum, and 
Charles VII never forgave this. On Charles VII's death (1461) 
Philip escorted Louis back to France as king; but Louis then be- 
gan to build up a faction of his own among members of Philip’s 
entourage. One of these, Antoine de Croy, persuaded the duke to 
allow Louis to redeem the Somme towns (August 1463), in accord- 
ance with the treaty of 1435. Then Philip’s son Charles (see 
Cartes the Bold, duke of Burgundy), who had been on bad terms 
with his father since 1457, got rid of Croy by a coup d'état 
(February-March 1465) ; and in April 1465 Philip handed the gov- 
ernment over to Charles, with the title of lieutenant general. 
Philip died at Bruges, in Flanders, on June 15, 1467. 

Philip was renowned as a patron of artists—painters, miniatur- 
ists, sculptors, musicians, and writers. His court was magnificent; 
and jousts and banquets attracted knights from every part of Eu- 
rope. His lands enjoyed great prosperity under him. See also 
references under “Philip the Good” in the Index. 

See Algemene Geschiedenis der Nederlanden, vol. iii (1951); P. 
Bonenfant, Philippe le Bon, 3rd ed. (1955). (J. B. R.) 

PHILIP rue Macnanimous (1504-1567), landgrave of Hesse 
from 1509, an outstanding figure among the German-Protestant 
princes of the Reformation, was born at Marburg on Nov. 13, 
1504, the son of the shrewd and energetic landgrave William IT. As 
he was only five years old when his father died (1509), his mother, 
Anna of Mecklenburg, became regent for him. Her passionate and 
forceful character led to conflict between the government and the 
estates of Hesse till in 1518 the Holy Roman emperor Maximilian I 
pronounced Philip to be of age to rule. 

Philip never forgot the bitter experience of his youth, when, 
in the struggle against Franz von Sickingen (g.v.), a part of the 
Hessian nobility, out of self-interest, went over to the enemy’s side. 
For himself he retained his parents’ valued counselors, mostly of 
bourgeois stock, who worked for the political rehabilitation of his 
shattered territory and imbued him with their own single-minded 
devotion to its welfare. Throughout his reign he thought always 
in terms of the territorial state; and this consideration made him 
the defender of the Middle German principalities in the Peasants’ 
War (1525) and subsequently determined his relations with the 
imperial House of Habsburg. He ruled in a spirit of enlightened 
absolutism. 

In 1524, when Luther’s doctrine had already won some adherents 
at his court and elsewhere in his dominions, Philip personally went 
over to the Reformation; but he began to apply it to his terri- 
tory only when the imperial Diet of Speyer had apparently made 
such action legal (1526). He then convened a "synod'"—half 
Hessian church council and half an assembly of the estates—at 
Homberg and had the religious question publicly debated. His 
theologians, among whom the former Franciscan, Lambert of 
Avignon, was especially influential, consequently drew up the 
Reformatio ecclesiarum Hassiae, which included many elements of 
South German and Swiss Zwinglian thought; but since Luther and 
Melanchthon rejected this scheme, Philip in 1527 adopted instead 
a program modeled on that of the Reformation in electoral Saxony. 
Together with the secularization of monastic property, the Hessian 
Reformation was characterized by the systematic way in which the 
new ecclesiastical order was implanted: for instance, the first 
Protestant university was established at Marburg in 1527. 

Though he henceforth determined the religion of his territory, 
Philip, unlike many other German princes, yet respected freedom 
of conscience insofar as he allowed his subjects to emigrate. When 
Anabaptism spread over Germany, he saw in it a genuine crisis in 
the relationship between the faithful and their church. While 
numerous princes dealt harshly with the Anabaptists, he had some 
success in converting the dissidents by methods of gentle persua- 
sion, in which he had the valuable support of Martin Bucer from 
Strasbourg; and the rite of confirmation, introduced in Hesse (De- 
cember 1538) with a view to solving the Anabaptist problem, set 
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the pattern for all other Protestant churches, Philip's humay 
treatment both of the peasants after their defeat in 1525 ud 
the outlawed Anabaptists contrasts very favourably with the d 
duct of most other German princes. 

Philips change of religion compromised his politica] positi 
It was for that reason that he and the elector of Saxony, hin 
Steadfast, in 1526 formed the defensive alliance known m 
Gotha-Torgau League, which in 1531 grew into the 
Schmalkalden. For 20 years this Hessian-Saxon alliance fone 
the axis of the Protestant concert and decisively influenced the 
course of German history; and during this period the veru. 
and infectiously energetic Philip was the leader of political Proj. 
estantism. Yet the Pack affair of 1528 (see PACK, Отто von) 
exposed in him a credulity which detracted from his statesmanship, 
while the disadvantages of mixing religious motives with princely | 
interests also became apparent. Politically he recognized the diy 
ger of splitting the Reformation between North German Luthers 
and South German Zwinglians; and so, without regard for the 
dogmatic points at issue, he tried in vain to reconcile Luther ant | 
Zwingli at the Colloquy of Marburg (g.v.) in 1529, The far 
reaching hopes that he and Zwingli entertained of a Europet 
alliance against the Catholic emperor Charles V came to nothing. 
Philip brought his fame to its zenith through the successful cane 
paign of 1534 by which he restored the exiled Ulrich of Wiirttem 
berg to his duchy and opened Wiirttemberg to Protestantism. 

Philip forfeited his leading role in Protestantism and brought th 
Reformers into disrepute by entering, in 1540, into a secondar 
marriage with Margarete von der Saale, though his lawful wilt 
Christine of Saxony, whom he had married in 1523, was still ali, 
Since the emperor Charles V was already determined to solve the 
religious question by force of arms, hostilities could not long tt 
postponed; and despite a temporary rapprochement between tt 
rivals, the Schmalkaldic War broke out in 1546. Afteran ШИШИ 
campaign by the league in southern Germany, Philip's ally, te 
elector John Frederick I of Saxony, was taken prisoner at Mil. 
berg (1547), and Philip then made his submission to the emper 
To his bitter dismay, he too was taken into captivity. His atten 
to win freedom by accepting Charles V's Augsburg Interim wi | 
thwarted by his subjects" refusal to accept it; but the shallow 
of Philip’s religious insight and his readiness to abandon his 
tual commitments were made clear. Not until 1552 were 
and John Frederick set free, when the alliance of Pail | 
law Maurice (g.v.) of Saxony, Philip's eldest son the m 
William IV, and other German princes with Henry IL of | 
had forced Charles to make the Peace of Passau. , , | 


tween his two families of descendants, 
building the prosperity of Hesse again. К 
in high politics, it was to promote the unity of Protesta ndi 
to help those of the faith who were persecuted in France "i Kull 
Netherlands. By the time of his death, which took Pl? a 
on March 31, 1567, he was already known to n 
as Philip the Magnanimous (der Grossmiitige). 

Впитлосвлрнү.—Е. Küch and W. Heinemeyer ( 
Archiv des Landgrafen Philipp, 4 vol. (1904-59) ; 
Franz (eds), Urkundliche Quellen zur hessischen 
geschichte, 4 vol. (1915-55; 2nd ed. of vol. i, 1957) ;' 
Geschichte und Landeskunde, Festschrift sum Gedae 
Grossmiitigen (1904); Historisches Verein für с ег, 
Hessen, Philipp der Grossmiitige (1904); W. Heinen Л 
Philipps des Grossmütigen Weg in die Politik,” Hesse" (ү, 
Landesgeschichte, vol. 5 (1959). 

PHILIP (Indian name METACOMET) (С. In 
of the Wampanoag Indians and leader of the wors! d the 
New England's history, was the son of Massasoit ex 
of Alexander (Wamsutta). Both Alexander, n 
father (Massasoit) in 1661, and Philip, who bec? i 
Alexander's death in 1662, pledged to keep the peac aid 
Massasoit with the English, but the pledge became ste pé 
to fulfill as the differences between the Indian ally na 
became a struggle for survival between two mul iere if 
civilizations. The proud, ambitious Philip WS еЗ 


contempt 
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humiliations to which he, his brother, and his people were sub- 
jected, and there is circumstantial evidence that he had a plot 
under way in 1674-75 to clear the English from Indian lands. In 
une 1675, when three of Philip’s warriors were executed for the 
murder of an informer, John Sassamon, Philip could no longer 
hold his young braves in check, and war came before any well- 

ned or coordinated campaign had been worked out. The fact 
that this war was, in proportion to population, one of the most 
costly in lives ever fought in North America was more the result 
of colonial inefficiency than Indian genius in battle. Philip was not 
the great leader he was once assumed to be. King Philip’s War 
bears his name because he started it and became a symbol of the 
struggle, but he was never in command and actually had no major 
part in the battles after the summer of 1675. He was killed Aug. 
12, 1676. 

See D. E. Leach, Flintlock and Tomahawk: New England in King 
Philip's War (1958). (Ra. Mv.) 

PHILIP, JOHN (1775-1851), Scottish missionary, who suc- 
cessfully defended the rights of the Hottentots against exploita- 
tion by the settlers in South Africa, was born at Kirkcaldy, Fife, 
on April 14, 1775, and was minister to the Great George Street 
Congregational Church, Aberdeen, 1804-18. During this period 
he became a director of the London Missionary Society, which in 
1818 appointed him a member of a commission sent to investigate 
its affairs in South Africa. What he saw there of the disabilities 
and sufferings of the Hottentots, many of whom were virtually 
slaves to the British and Dutch settlers, determined him to seek 
justice for them. 

By correspondence with influential friends, among them William 
Wilberforce, by his own speeches during his visit to Great Britain 
in 1826 and by his book Researches in South Africa (1828), Philip 
did much to rouse opinion about the Hottentot question. He se- 
cured the enactment (1829) by the British government of Ordi- 
nance 50 embodying the principle that "the same freedom and 
Protection be given to all the natives of South Africa as are en- 
буй by all other persons residing at the Cape.” 

Philips activities on behalf of the natives brought him great 
unpopularity in Cape Colony, especially among those who, when 
“ег compeled by law to emancipate their slaves, had retained 
‘few Hottentots and believed in their right to control and direct 
them, Even after his death at Hankey on Aug. 27, 1851, his name 
Was execrated by many white people in South Africa, but historians 
К vindicated his memory. See also САРЕ or боор Hope: His- 

Bnttoctapay AW. M. Macmillan, Bantu, Boer and Britain (1963), 
in Xii, Cambridge History of the British Empire, vol. viii (1936) ; 

‚ Galbraith, Reluctant Empire (1963). (M. 0. J.) 

a HILIPON, CHARLES (1806-1862), French journalist, 
i" ‘caturist and lithographer who raised caricature from the level 
а print-seller’s venture to that of a regular feature in journal- 
m E at Lyons, April 19, 1806, he settled in Paris in 1823, 

Ў id ithography and began to draw caricatures for a living. 
Á s àn excellent draftsman with a fertile and irrepressible 

Se of Satire. Moreover, he had vigorous political opinions, an 
n Eine spirit and boundless energy. Among the-projects that 

i ы from his active mind was an ambition to found a paper. 
"má = realized in 1830 when he published a journal of political 
anava | a Caricature, Its career was brief and turbulent; after 

ile lanche of legal actions, it was suppressed in 1834. Mean- 

seh 1832, Philipon had produced a daily paper (with a new 
Ws to b every day) called Le Charivari which, ten years later, 
1839 7. ecome godfather to Punch or The London Charivari. In 
4 Caricature mad tious reappearance under the title 
X Lo Cari made a cautious reapp 

long the Cature Provisoire but its success was such that, before 
poy itive Provisoire was discarded. His next publication 
ared ance, Le Journal pour Rire (later Le Journal Amusant) 
cts 10 1849 in the form of large newspaper sheets filled with 
са, Besides these journals, Philipon issued many occasional 
Музоо) Such as Le Musée Philipon, Le Robert Macaire, Les 

9 and numerous political brochures. 3 à 
depicted artist, his best-known invention was a drawing which 
the gradual transformation of Louis Philippe into the 
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shape of a pear. La Poire became the common symbol of the 
king and all Philipon’s artists used it in their caricatures. They 
were a notable group: he was able to attract and inspire the best 
talents in France. Honoré Daumier and Gustave Doré were the 
most famous but, there were also Paul Gavarni, Grandville (J. I. I. 
Gérard), Henri Monnier, Auguste Raffet and Charles Joseph 
Traviés de Villers. For one man, his achievement was consider- 
able; his effect on caricature in France and other countries was 
decisive, as was his influence on the development of lithography 
as an artistic and commercial medium, 

Philipon died in Paris, Jan. 25, 1862. 

See Champfleury (Jules Fleury), Histoire de la Caricature M. oderne 
(1865) ; Edwin de Turck Bechtel, Freedom of the Press and L'Associa- 
tion Mensuelle: Philipon Versus Louis Philippe (1952). (Е. W. W.-S.) 

PHILIPPA or HAINAUT (c. 1314-1369), queen consort of the 
English king Edward III, was the daughter of William I the Good, 
count of Hainaut and (as William III) count of Holland, by his 
wife Jeanne de Valois, granddaughter of Philip III of France. 
Philippa's marriage was arranged in 1326 by Edward's mother, 
Queen Isabella, who was in Hainaut with her son gathering forces 
for the rebellion against Edward II. Philippa was married by 
proxy at Valenciennes in Oct. 1327; she crossed to England in 
December, joined Edward at York, and was remarried there on 
Jan. 24, 1328. She was crowned at Westminster а few weeks later. 
She accompanied Edward on his Scottish campaign in 1333 and was 
with him in Flanders, at the beginning of the Hundred Years' War, 
from 1338 to 1340. In 1348 she joined him at the siege of Calais. 

Philippa was constantly in debt, but this was not necessarily 
due to culpable extravagance. At her marriage only 1,000 marks 
(£666 13s. 4d.) out of a promised dower of £3,000 were assigned 
forherexpenses. In 1330, however, she was granted several estates 
and in Dec. 1330 she received, among other payments, £1,000 
from the customs at Hull. But in 1333 Edward had to disburse 
£2,000 toward her debts and in Feb. 1363 the revenues from all her 
lands were reserved for six years until her debts should be paid. 
Her household was then merged with that of the king. 

Philippa, described by contemporaries as a “full noble and good 
woman," was loved for her gentleness and compassion. When ‘a 
stand collapsed at a tournament in Cheapside (London) in 1331, 
injuring some of her retinue, she saved the carpenters from pun- 
ishment. There is no serious reason to doubt the famous story 
of her intercession for the lives of the burghers of Calais, although 
it is not mentioned by all the chroniclers. Unlike certain earlier 
foreign queens, Philippa did not swamp the English court with 
her compatriots. The most notable Hainauters of whom she was 
patron were Sir Walter de Manny, who arrived in her retinue and 
by 1372 held land in 16 English counties, and Jean Froissart, who 
acted as her secretary from 1361 until her death. She supported 
the Flemish weavers who settled at Norwich, visiting them in 
1340, 1342, and 1344. Queen's college, Oxford, founded by her 
chaplain, Robert of Eglesfield, was named after her, as were the 
castle and town of Queenborough in Sheppey (Kent), built by 
William of Wykeham. 

Philippa bore her husband seven sons and five daughters (see 
Epwarp ПІ). She died at Windsor on Aug. 15, 1369. 

See A. Strickland, Lives of the Queens of England, rev. ed. (1878). 

PHILIPPE, CHARLES LOUIS (1874-1909), French writer 
of novels which describe from personal experience the sufferings 
of the poor. Born at Cérilly (Allier), on Aug. 4, 1874, the son 
of a shoemaker, he was ambitious to become an army officer, but 
was refused entry to the Ecole Polytechnique in 1894 because of 
his puny physique and finally found employment in the Paris mu- 
nicipal service as a shop inspector. He died in Paris of typhoid 
on Dec. 21, 1909. 

His novels either describe the dregs of Parisian society or are 
set in his native province. Of the first group, the most notable is 
Bubu de Montparnasse (1901; English translation 1952), which 
tells the story of a young prostitute's relationship with her pro- 
curer, and with a young intellectual who tries to save her. The 
novels of rural poverty include La Mére et l'enfant (1900), in 
which he tenderly recalls his own childhood; Le Pére perdrix (1902; 
title page 1903), the story of an old blacksmith, reduced by illness 
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to indigence, and of a young engineer who loses his job because of 
his independence of outlook; and the unfinished Charles Blanchard 
(1913), a moving evocation of the unhappy childhood of the 
author's father. 

Philippe's novels are distinguished by acute pity for the social 
outcast, and by his power to depict tenderly, yet with realistic 
precision, the sufferings of the poor in their struggle against cold 
and hunger. Although his style can be cloying, at its best it con- 
veys emotional intensity by its simplicity and sincerity. 

See J. de Fourchambault, C.-L. Philippe: le bon sujet (1943). 

(Ja. La.) 

PHILIPPEVILLE (Algeria): see SKIKDA. 

PHILIPPI (modern Greek Еплррот in the nomos of Drama), 
a city of ancient Macedonia, on a steep hill near the Gangites 
(modern Angitis) River, overlooking an extensive coastal plain on 
the highway between Neapolis ( Kavalla) and "Thessalonica (Salon- 
ika). Originally a Thasian settlement called Crenides (^foun- 
tains”), it was fortified by Philip II of Macedonia in 356 B.C., to 
control the neighbouring gold mines. 

In 42 в.с. Philippi was the site of the decisive battle in which 
Mark Antony and Octavian (later the emperor Augustus) defeated 
Brutus and Cassius. The latter, whose forces roughly equaled 
those of their opponents, lay astride the Via Egnatia to the west 
of Philippi, their position being partly protected by a marsh. 
Antony made a successful attack on the camp of Cassius, who, 
not knowing that Brutus’ forces had successfully assailed Octa- 

vian's camp, committed suicide. About three weeks later, on Oct. 
23, Brutus against his better judgment fought a second action in 
which he was routed; despairing of restoring the republican cause, 
he too took his own life. 

After the battle a colony for Roman veterans was started at 
Philippi, and this was later reinforced by Augustus (according to 
Dio Cassius in 30 в.с. for supporters of Antony who had been dis- 
possessed of their lands in Italy; former members of the praetorian 
cohorts also shared in the settlement). The first colony (ignored 
by ancient writers) is attested by coins with the legend A(ntonii) 
I(ussu) (“by order of Antony") C(olonia) V(ictrix) P(hilip- 
pensium). Philippi was visited on his second and third missionary 
journeys by St. Paul, whose Epistle to the Philippians was written 
to the Christian converts there. The site has many ruins, especially 
of the imperial epoch, including the huge monument of the Ro- 
man soldier Gaius Vibius (known locally as "the manger of 
Bucephalus”), 

See S. Casson, Macedonia, Thrace and Illyria, part i (1926); P. 
Collart, Philippes (1937). (H. H. Sp.) 

PHILIPPIANS, EPISTLE TO THE, a book of the New 
Testament, written by St. Paul to thank the church at Philippi, in 
Macedonia, for the financial assistance it had sent him when he was 
in prison, apparently facing the prospect of execution but still 
not without hope of release (1:19-26; 2:24). Its authenticity, 
doubted in the 19th century, is now almost universally accepted. 

The Philippians seem to have been conscious of their position 
as the first European congregation of Paul, who crossed from Asia 
Minor into Macedonia after a special revelation (Acts 16:6-12). 
Paul himself looks back on the conversion of the Philippians as 
“the beginning of the gospel” (4:15). The Philippians alone among 
his churches continued to send him money (4:16; II Cor. 11:8-9), 
and they promised support for his collection among the gentile 
churches for the mother church of Jerusalem (II Cor. 8:1 ff). 
For a long time they had sent nothing, but hearing of Paul's im- 
prisonment they sent relief by the hand of one Epaphroditus, who, 
discovering his needy state and the insufficiency of the amount 
sent, laboured to earn more and in so doing fell ill. On recovery 
Epaphroditus became the bearer of Paul's letter of thanks to the 
church; the "bishops and deacons" singled out in the address (1:1) 
were perhaps responsible for the church chest. The Epistle is an 
intensely personal document, perhaps the most attractive of Paul's 
writings. At the same time there are undercurrents of passionate 
debate. His thanks are combined with admonition, and there are 
reverberations of harsh controversy centring in Paul himself. The 
Epistle's tranquillity is far from effortless, and the sunlight shines 

through lowering storm clouds. That Paul's rejoicing is achieved 
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under strain is shown by the left-handed praise for the evangelisti 
labours of his rivals (1:15-17). Ш 
Contents.—The book may be outlined as follows: 
1:1-11 Paul thanks the Philippians for their su 1 n 
prisonment Pport in his ig, | 
This imprisonment, however, has been providential} ] 
ruled б. | 
9-26 Soon he hopes to visit the Philippians | 
7-2:18 let them Keep unity by pun and love 
9-30 they shou e ready to welcome Timothy and 
ditus Pru. | 
3 they should beware of agitators 
4 let them continue in glad dependence on God in mulul 
harmony 


1:12-18 
1 


1: 
1 
2: 


1 


Literary Unity.—The problem of literary unity is raised by lly 
sudden attack (3:2 ff.) on some who teach that gentile Christin, 
need to be circumcised to attain perfection. The identity of thy 
teachers is problematic; they may be members of the оа 
synagogue, or Jewish Christians, or Judaizing “gnostics” of ut 
certain morality (cf. 3:19). The change of mood at 3:2 has led 
to the conjecture that at this point there has been inserted into 
the letter to Philippi a fragment of another Pauline letter of uy 
known date and destination. Those who hold this view, howevt, 
disagree about the point where the insertion ends (3:19; 41 4 
20 have all had advocates, 4:1 being supported by a majority). 
The probability of the conjecture is bound up with the view tiket 
of the similar phenomena of sudden changes of mood in I and If 
Corinthians, which have also led to speculation that these Epis 
(especially 11 Corinthians) consist of diverse fragments сыш 
united perhaps by an unknown person who in about the year 9 
supposed to have published the Pauline corpus. Admittedly, ll 
case for regarding either of the Corinthian Epistles as other than 
literary unity falls far short of demonstration, and the case for 
so regarding Philippians is much weaker. : 

Place of Writing.— Traditionally the place is generally unde 
stood to be Rome, where Paul is known to have been impris 
and executed, This hypothesis receives powerful support from t 
references to "the whole praetorian guard" (or "the whole pae 
torium") in 1:13 and to Christians in "Caesar's household insi 
These phrases, however, do not compel the conclusion. that f 
Epistle was written in Rome, and some 20th-century scholars it 
dated the letter many years earlier and ascribed it either n 
imprisonment at Caesarea in “Herod's praetorium" (Acts We 
35) or toa hypothetical imprisonment at Ephesus for Mee 
is no evidence. In favour of Ephesus it is argued, on the one mi 
that the hypothesis makes it easier to regard as. ШШ 
parts of the Pastoral Epistles to Timothy and Titus. an 
other hand that Epaphroditus' journey from Philippi ү 
would require seven weeks, whereas he could have reachel И 
inten days. (It is a point against the Caesarean ы Ге 


refer to a detachment of the praetorian guard in 
Asia was a senatorial province, but “Caesar’s house 
mean the staff who managed imperial estates there inal 
Phil. 1:1 and 2:19 ff, show that Timothy is with Pauli ү үң 
presence at Ephesus is attested in Acts 19: 2400 
ever in Rome is mere conjecture. According) 
pothesis can be made plausible. However, 
that the Epistle was written in Rome cannot b 
and it remains the more probable opinion. ‚| passages || 
Influence.—Theologically, the most influential p% тїї 
Epistle аге: (1) The Christological hymn of ш 9. opi 
the Son of God and his:exaltation on the ground 0 evident 
(2:5-11; this has been regarded, without sufficien c prist M 
a pre-Pauline hymn), ‘The doctrine of the person © 
is remarkable for its use of language closely para 
by Hellenistic writers about divine heroes such 25 to divi 
though the son of Zeus and Alcmene, was elevated he elf 
ours on account of his virtue. The passage influence 
of Theodore of Mopsuestia and the апад 


e, imes 
Antioch in the 4th and 5th centuries. In moder t 


Fr 


ment that the Son “emptied himself” has given the impetus to 
"'kenotic" Christology; 2.е., the doctrine that in the incarnation the 
Son of God set aside his distinctively divine attributes of omni- 
science, omnipotence and omnipresence, (2) The exhortation 
(2:12-13) “Work out your own salvation . . . for God is at work in 
you,” which has been appealed to on both sides in the controversy 
concerning grace and free will. (3) The mystical ideal of never- 
ceasing advance in the apprehension of Christ, which is also ap- 
prehension by Christ (3:8-1 6). The passage is perhaps the most 
important single statement in Paul’s Epistles of his doctrine of 
sanctification. See also BIBLE; PAUL, SAINT. 

BisniocRAPHY.—Greek text with commentary by J. B. Lightfoot, 
new ed. (1879) ; Eng. trans, with commentary by J. Н. Michael (1928) 
in Moffatt New Testament Commentary and by F. W. Beare (1959) in 
Black's New Testament Commentaries; German trans. with com- 
mentary by M. Dibelius, 3rd ed. (1937), in Handbuch zum Neuen Testa- 
ment, and by E. Lohmeyer, new ed. (1955), in Meyers Kommentar; 
French trans, with commentary by P. Bonnard (1950). See also O. 
Cullmann, The Christology of the New Testament, pp. 174-181 (1959), 
` gn Phil, 2:5-11; G. S. Duncan, St. Paul's Ephesian Ministry (1929), 

criticized by C. Н. Dodd, New Testament Studies (1953), Ken 
PHILIPPICUS Barpanes (VamDAN) (d. after 713), Byzan- 
line emperor from 711 to 713, was the son of the patrician Niceph- 
orus of Pergamum. His Armenian name may be derived from his 
mother, He was banished to Cephallenia by Tiberius III Apsimar, 
but recalled by Justinian II who sent him to destroy Cherson 
(Tauric Chersonese, in the Crimea), which was in revolt. He re- 
volted against Justinian, making common cause with Cherson, and 
was proclaimed emperor under the name of Philippicus. He sailed 
to Constantinople, gained the throne, and had Justinian and his 
family killed. Philippicus was a Monothelite, and though he roused 
the opposition of the orthodox and of Rome he was not without 
Supporters, His extravagance ill-fitted him to organize the imperial 
defenses against the Bulgars, who plundered up to the city walls, 
or against the Arabs on the eastern frontier. Military opposition 
brought about his downfall in 713, when he was deposed and 
blinded, His chief secretary, Artemius, mainly at the instigation of 

the senate and people, was hurriedly crowned as Anastasius II, 
, See J. B. Bury, Later Roman Empire, vol. 2 (1889) ; E. W. Brooks 

i Cambridge Medieval History, vol. 2, ch. 13 (1913). 

(7. M. Hy.) 
PHILIPPINES, REPUBLIC OF THE (REPÚBLICA DE 
ииз, REPUBLIKA NG PILIPINAS), an archipelago named 
= Philip II of Spain, of approximately 7,100 islands, about 
E "T off the southeast coast of Asia, lying between lat. 4° 23’ 
nd 21° 257 №, and long. 116° and 126° 30^ Е. It is bounded on 

5 HB and north by the stormy China sea, on the east by the 
cg с ocean and on the south by the Celebes sea and the coastal 
н їй of Borneo. The islands extend north and south about 1,152 
E на km.) and east and west about 688 mi, (1,108 km.), their 
эд 1 ounded by straight lines, being about that of an isosceles 
E and their area 115,707 sq.mi. (299,682 sqkm.).. The 
"iei island, Y'Ami, is 65 mi, S.E. of Formosa, while the 
idan kines Saluag, is 30 mi. E. of Borneo, Only 462 of the 
more th ауе an area of І sq.mi. or more. Eleven have areas of 
Ма x 1,000 sq.mi—Luzon, the most northerly of the large 
щл Р©, 0,420 sq.mi.; Mindanao, the most southerly, 36,537 
ami. тарі 5,050 sq.mi.; Negros, 4,905 sq.mi.; Palawan, 4,550 
Simi. RA 4,446 sq.mi.; Mindoro, 3,759 sq.mi.; Leyte, 2,786 
1262 sq = 1,963 sq.mi.; Bohol, 1,588 sq.mi.; and Masbate, 
m iion to the large islands and those with distinct names 
and n groups, among which may be noted the Babuyanes 

it her north of Luzon; the Visayas (or Bisayas), between 
Spectivel Mindanao; the Cagayan and the Calamian groups, re- 

ilan east and north of Palawan; and the Sulu archipelago of 

iti 5, the chief of which is Jolo. ; 
ticles vas information on the Philippines can be found in the 
вагу the individual islands, provinces and major cities. 
"cle is divided into the following sections: 
I. Physical Geography 
< Physical Features 
Geology 
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3. Volcanoes 
4. Climate 
5. Vegetation 
6. Animal Life 
II. The People 
1. Racial Types 
2. Languages 
3. Religion 
4. Customs and Culture 
III. History 
A. The Philippines Under Spain 
1. Conquest 
2. Philippine Nationalism 
B. The Philippines Under the United States 
1. The Insurrection 
2. Taft 
3. The Governors General 
4. Campaign for Independence 
C. The Philippines After Independence 
IV. Population 
V. Administration and Social Conditions 
1. Government and Administration 
2. Education 
3. Defense 
VI. The Economy 
A. Finance and Trade 
1. National Finance 
2. Trade 
B. Production 
1. Agriculture 
2. Forestry 
3. Fisheries 
4. Mining 
5. Industry 
C. Transport and Communications 
I. PHYSICAL GEOGRAPHY 


1. Physical Features.—The irregular configuration of the 
archipelago, the coast line of more than 21,500 mi. (34,800 km.), 
the great extent of mountainous country with the mountains lying 
close to the sea in many places, the narrow and interrupted coastal 
plains, the generally northward trend of the river systems and the 
lakes comprise the salient physical features of the Philippines. 
The islands have volcanic, coral and all principal rock formations, 
The mountain ranges for the most part run in the general direction 
of the main axes of the islands. The Cordillera Central of Luzon, 
running north to the Pacific ocean from the northern boundary of 
the central plain, is the most prominent chain. It consists of two, 
and in places three, parallel rangés, each of which averages 5,900 ft. 
(1,800 m.) in height. The narrow Ilocos or Malaya range, lying 
close along the narrow west coast, rises in places to more than 
5,000 ft. The Sierra Madre, fringing the northeast coast, rises 
to more than 5,000 ft. and is seldom less than 3,500 ft. high; 
it is largely volcanic. This range and the Cordillera Central 
coalesce in Nueva Vizcaya forming the Caraballo mountains. 
North of the latter and between the two ranges is the fertile 
Cagayan valley, about 50 mi. wide. In the southwestern part of 
northern Luzon are the rugged Zambales mountains, which con- 
sist of more or less isolated old volcanic stocks. 

"The central plain of northern Luzon is about 150 by 50 mi. and 
only about 100 ft. above sea level except near its centre. The 
greater part of southern Luzon is occupied by isolated volcanoes 
and irregular masses of hills and mountains. The highest peak is 
Mayon (7,943 ft.) near Legaspi in Albay province. 

Through Palawan (about 15 mi. wide) extends a range with an 
average height of 4,000 to 5,000 ft. Each of the Visayan islands, 
except Samar and Bohol, is traversed longitudinally by a single 
range with occasional spurs. Several peaks in Panay reach an alti- 
tude of 6,000 ft. or more. In Negros is Mt. Canlaon, a volcano of 
8,035 ft., and other peaks reach an altitude of more than 6,000 ft. 

There are several important ranges in Mindanao, the Diuata 
range along the eastern coast being the most prominent. West of 
this lies the fertile Agusan valley, 40 or 50 mi. wide. Farther west 
and southwest is the valley of the Río Grande de Mindanao, the 
largest river system in the island, and between the lower course 
of this river system and the southern coast lies a range trending 
northwest and southeast. On the southern border of the basin of 
Río Grande de Mindanao river is Mt. Apo (9,691 ft.), the highest 
peak in the Philippines. Around Lake Lanao are a number of vol- 
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canic peaks. A low cordillera extends into Zamboanga province. 

Many of the mountains are covered with dense forests in which 
are many valuable hardwood timbers. In northern Luzon the 
principal mountain tree is the pine. In many places where the 
forests have been burned away their place has been taken by cogon 
or other coarse grasses. The plains lying amid the mountains— 
e.g., the central plain of Luzon, the Bikol plain of southeastern 
Luzon, the Cagayan plain of northern Luzon, the central plain of 
Panay and the Agusan and Cotabato valleys in Mindanao—have 
the densest populations of the islands except in Cebu, where the 
people live mostly on the coastal plain, as the interior is high and 
rugged. The most important rivers are the Cagayan, Agno, Pam- 
panga, Pasig and Bikol in Luzon and the Rio Grande de Mindanao 
and Agusan in Mindanao. The Cagayan, flowing northward 
through northern Luzon and draining about one-fourth of the 
island, is the largest river. This river and the Rio Grande de 
Mindanao and the Agusan are each more than 200 mi. (322 km.) 
long. The Pasig, flowing through Manila, is commercially impor- 
tant, The largest lake in the archipelago is Laguna de Bay, located 
south of Manila. 

2. Geology.—Mountain building is still in progress, and evi- 
dence of the recent vertical movement of various portions of 
mountain mass can be measured. The archipelago is the crumpled 
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edge of the Asian continental platform. The structure isa 
one, however, for in addition to faulting and foldin, compie 
actions of diverse kinds have taken place. Prior to p шу 
period there seems to have been a period of intense defo 
when some of the schists were formed. Toward the E 
Miocene period, the Vigo and Batan formations were g н 
folded, in some places being intensively crumpled and f 
Another less pronounced period of folding occurred in the 
cene or early Pleistocene period. The islands were subjected j 
great uplift during the Pliocene, Pleistocene and Recent pe А. 
A striking similarity exists between the formation in the " in 
pines and the western coast of America. Practically all rock typa 
are found in the islands, as well as areas of coral limestone, — 

3. Volcanoes.—The volcanoes are the most conspicuous fe 
ture of the landscape, but there is relatively little volcanic activity 
All gradations of volcanoes can be séen, from the almost perl d 
cone of Mayon to old, worn-down volcanic stocks whose pre " 
form gives little indication of their origin. The several d 
volcanic areas are that of southwestern Luzon (the provinces of 
Rizal, Cavite, Laguna, Batangas and a portion of northwesten 
Quezon); that of southeastern Luzon; the mountain region in 
Camarines Norte; Negros; Mindanao; Jolo; and a few ollm 
Seismic disturbances are common. 4 

4. Climate.—The archipelago has a decided variety of іт 
The general direction of winds is from north to east, Octoh 
January; east to southeast, February to April; and southwest, he 
rest of the year. Typhoons often strike the islands from the’ 
to the southeast, then curve to the north, sometimes crossing th 
land to the China sea, sometimes only touching the easter ) 
Eighty-five per cent of them affect the islands from Samar to th 
north while only 15% are felt south of Samar. Often the greitel 
loss of life and destruction of property are caused not by 
velocity winds but by the concomitant or subsequent to 
rains, which cause floods. 

"Temperature differences are slight on the lowlands but altitudi 
nal variations are marked. Rainfall variations are importanti 
dividing the archipelago into climatic regions, and many ш 
rainfall patterns exist. The most common rainfall pattern В 
having two pronounced seasons, dry in winter and spring, Mi 
in summer and autumn, with local variation in the length of th 
dry season and in the total rainfall. This is found in 
Luzon and the western Visayas. А second kind of pattern 
marked winter maximum of rain and irregular but short p 
sons during the summer and autumn, with local variations. a 
is found in eastern Luzon, the eastern Visayas and northern 9 
eastern Mindanao, Southern and western Mindanao nal 
pronounced seasonal maximum of rain but do have short ire 
dry seasons, with local variations. 


tinental (Himalayan) elements occur in 
ern Luzon, while a few Australian types are fou 


nd at hee” 
tudes. There is a small percentage of native Eo 


mera ah \ fo 
percentage of native species (about 60%). The а gn 
species are usually native. Among the grasses E ' 
lands are lalang (cogon) and other coarse grasses \Ў 
tation of the coastal regions (including the mangrove i 
practically identical with that of similar areas (гб rg 
lay archipelago, Considerably more than half Wo "d 
the islands is covered with forest. Members of the ee 
known as Philippine mahogany, often comprise à bann 
of the forest. There are many other valuable hardw 20017 
as many softwoods. About 1,000 different woods have gl 
cial value, among: which may be noted apitong, acl 
lauan; mayapis, molave, narra, tangile, tindalo шї Ууз” 
timber trees attain a huge size which makes them &P q ei 
ble for tables and other large pieces of fori pin fd 
many useful kinds of palms, including the coco" й 
which is obtained food, clothing, fibre for ехрот s 
copra, building material and other products. Usef a on 
rattans abound. About 900 species of orchids occur the 
very rare, Several hundred fibres are know? 
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om which manila rope is 
E ps forests also yield 
з (including rubber), various 
fruits, nuts, spices and drugs, oils 
ind other useful substances. 

é Animal Life. Mammals 
are scarce, with the exception of 
shrews, rats, mice and bats. The 
anteaters are represented by the 
рш п, Red or brown deer 
(Rusa) are found in Basilan, 
Mindanao, Leyte, Samar and the 
Calamian Islands. The mouse 
der or chevrotain (Tragulus 
nigricans) is found in Balabac 
and Palawan, The timarau (Ви- 
bolus mindorensis), a small buf- 
filo, is peculiar to Mindoro. 
Carnivores are represented by 
mongooses (Mungos palawanus 
and M. parvus), the binturong 
(Arctictis binturong), an otter 
(Aonyx cinerea), civet cats 
(Viverra and Paradoxurus) and 
a small wildcat (Felix minuta) 
which is also found in Java. At 
least 56 species of bats are 
known, many being peculiar to 
the Philippines. The flying lemur 
(Cynocephalus volans) and tarsier" (Tarsius) range from Basilan 
to southern Luzon. Large fruit bats live in colonies and are 
sometimes hunted for their flesh and fur. Only one genus of 
monkey (Pithecus) has been found, but it is represented by five 
species. Five new genera of small mammals (Celaenomys, Chro- 
fonys, Rhynchomys; Batomys and Carpomys) representing 15 
species have been discovered on a small plateau on Mt. Data in 
northern Luzon, at an altitude of more than 8,000 ft. There are 
about 760 species of birds which show rather strong relationship 
lo those of Borneo. Reptiles and batrachians also abound, 

The marine fauna is one of the most abundant known, more than 
1000 species having been found, at least three-fourths of which 
ire used as food. Sharks and rays are caught for their fins. The 
fresh-water fish fauna is relatively unimportant. Terrestrial and 
[m mollusks are abundant, the Philippines having the richest 
шсш fauna of any equal area in the world, and many of the 
# are of great beauty. Many of the mollusks are edible and 

considerable local importance. Pearl oysters abound and the 
Karls of the Sulu archipelago have an international reputation. 
apa of Placuna placenta have been used as a substitute for 
Жын, oes Land mollusks are found in great variety and are 
iini ‘able for their beauty. The best sponges of the southern 

5 are equal to those of the Mediterranean. Coral beds are 
ad (R. E. НЕ.) 
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Il, THE PEOPLE 


The Population of the Philippines is composed of a considerable 
far. of cultura] and linguistic groups, the result of varied his- 
Bites, «Li sips and of local specialization. Ancestors of the 
of the Шау, Population came from southeast Asia, either by way 

^ island chains to the south or directly across the China sea. 

tse from the coastal cities of south China came to trade 
аа thee’ in Luzon and the Bisayas; Arab and Indian traders 
islands: "M blood to the Muslim population in the southern 
is nme came rulers from Spain and the U.S. At the time 

5 "s ah (1521) the estimated population of the Philippines 

urin; i 500,000; since then it has increased over fortyfold. 
taing Biel period there has been a blending of diverse racial 

е 20th ough linguistic differentiation continued until well into 
Panish century. Increased mobility and the long period of 
Cultural fan US. control, however, brought about considerable 

. Ra iniformity except in the Muslim and pagan areas. 

cial Types. "The peoples of the Philippines belong to 
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the Malay race which is a subdivision of the great Mongoloid 
stock of eastern Asia. They were preceded in the archipelago 
by the Negritos (g.v.), small Negroes related to those of the 
Andaman Islands and Malaya, who entered via land bridges at 
the height of the last glaciation, and survive today in the Bataan 
peninsula and other marginal areas. Discovery in 1958 of extinct 
fauna in apparent association with hand axes in the Cagayan valley 
make it probable that earlier types of man related to the Java 
series may have inhabited the area. 

The Malay race is sometimes divided into an earlier Indonesian 
or proto-Malay element, with a more Caucasoid appearance, and 
a later, more Mongoloid Malay type characteristic of the coastal 
regions; but these distinctions are not clear-cut in the Philippines. 
The composition of the ‘Filipino blend,” as it was called by 
archaeologist H. Otley Beyer, shows a number of earlier migra- 
tions, but the origins of the bulk of the population are to be 
sought in southeast Asia and Indonesia, where there are obvious 
resemblances in physical type. 

2. Languages.—All of the Philippine populations, including the 
Negritos, speak languages belonging to the widespread Malayo- 
Polynesian stock which includes most of the peoples of Oceania. 
Language offers an important clue to the history of Philippine 
groups, and according to Paul Benedict, the region of Hainan 
island is the probable “jumping-off” place for Malayo-Polynesian 
peoples for their journeys into Oceania. 

About 75 linguistic groups are found in the Philippines, and 
today language is an important identifying feature of Filipino 
ethnic groups. Three or four of these groups are major languages 
which are gradually absorbing their smaller neighbours. Tagalog 
(g.v.), the most important of these linguistic groups, is second 
in size, but its strategic position in central Luzon led to its adop- 
tion in 1946 as the basis for the national language. Bisayan or 
Visayan, the largest major language group, occupies the central 
islands but is split into three subdivisions. In northern Luzon, 
Tlokano has become the dominant language. 

Spanish was never widely used among the masses and declined 
sharply after World War II. English was the most widely used 
language at mid-20th century, being spoken by about 40% of the 
population, but Tagalog was also being taught in the schools and 
was increasing at a faster rate. 

3. Religion.—The great bulk of the Philippine population is 
Roman Catholic, reflecting the long period of Spanish control. 
Islam was introduced prior to the Spanish conquest by Muslim 
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traders from the south, but its spread was checked by the advent 
of the Spaniards until its resurgence in the 20th century. The 
aboriginal pagan religions are still to be found in the Mountain 
Province and Mindanao, though many of these groups have come 
under Christian or Muslim influence, 

During the revolt against Spain the Philippine Independent 
church split off from Roman Catholicism under the leadership of 
Gregorio Aglipay. The Aglipayans, less than 10% of the popula- 
tion, have kept many aspects of Roman Catholic ritual but have 
modified doctrine, introduced the vernacular, and added national 
heroes to the roster of saints, The Aglipayans later divided into 
two groups, one of which affiliated with the Episcopal Church, 

Protestantism entered the Philippines with the U.S. occupation, 
In 1925 there were about 22 independent national churches, and 
by the second half of the 20th century the number had more than 
doubled. With 2% to 3% of the population as members, most 
of these Protestant denominations are affiliated with the Philip- 
pine Federation of Christian Churches. An independent group, 
the Iglesia ni Kristo, grew rapidly in the post-World War II 
period. 

4. Customs and Culture.—Filipino culture has roots far back 
in the past of the Malayan world, and has been profoundly influ- 
enced by Spanish culture and by U.S. training for independence, 
The major ethno-linguistic regional groups show a general cultural 
uniformity. Outside of the cities rice (or corn) agriculture and 
fishing furnish the basic subsistence; the family and the “kinship 
circle” are the centre of social life, and the annual cycle of cere- 
monies and fiestas of folk catholicism give colour and meaning to 
daily life. 

In the Muslim areas in the south, there is a stronger develop- 
ment of political authority and territorial units, and the religious 
customs follow the Islamic pattern, but the other bases of life 
are similar to those in the Christian areas, Aboriginal cultures 
surviving in marginal regions show greater variability and retain 
some aspects of the pre-Spanish period. (F. R. E) 


ШІ. HISTORY 


The Philippine archipelago first became known to Europeans on 
March 16, 1521, through Ferdinand Magellan (g.v.). But there 
are authentic Chinese accounts of trading voyages as early as the 
anes 13th centuries, and the contact probably went back much 

urther. 

A Hindu influence undoubtedly came by way of the Malay 
peninsula, Java and other islands nearby, and probably reached 
back to the early centuries of the Christian era. The Hindus in- 
fluenced the life of the people intimately. Many Sanskrit words 
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in the languages and dialects of the people of the Р] 
the forms of the letters used at the time of their di 
Spanish indicate this. 


hilippines and 
Scovery by the 


A. THE PHILIPPINES UNDER SPAIN 


The second, third and fourth Spanish expeditions were those of 
Garcia Jofre de Loaisa, Alvaro de Saavedra and Ruy ice 
Villalobos. The next expedition, that of Miguel Lépez de Legi 
(1564-72), was dispatched, like its predecessor, from New Soin 
but it was far more carefully planned. Leaving Puerto de Navidad 
in New Spain on Nov. 20, 1564, Legazpi reached Cebu in Aprl 
1565, where the first permanent settlement was made early in My, 
But Legazpi, with inadequate forces and resources, meeting pro. 
longed hostility from the Portuguese who also were present in th 
region, at last (1569) moved his main forces to the island of Pany, 
hoping thereby to have better protection. In 1571 Legazpi made 
Manila the administrative centre. Thereafter the conquest of 
Luzon proceeded rapidly, at first principally under Juan de 9 
cedo, the precocious young grandson of Legazpi. All the arti 
pelago except the Moro islands of Mindanao, the Sulu агре 
and Palawan were in fairly peaceful possession of the Spanias 
before 1600. In June 1572 the city of Manila was formally estab. 
lished. In 1574 Manila was attacked by the Chinese Limahong 
but he was forced to retire from the island and from the à 
tire group. Several of the provisional governors were churchmen 
who played into the hands of the ecclesiastics or catered to thei 
own order, 

1, Conquest.—The Spaniards were accepted easily, even his 
pitably in many cases, and the native populations coming inf 
closest contact with them began almost immediately to take ont 
veneer of European culture. The conquest was especially easy 
along the coast and in the low interiors where the Spaniards fist 
went. The principal opposition at Manila in 1570 came ftom 
Muslims, but that faith was not yet strongly entrenched in Lun. 
The situation was quite different in Mindanao and at миоз 
points in the south. The Spaniards were instinctive enemies 0 
Islam, and it was they who gave the Philippine Muslims the name 
Moro (q.v.) by which they are still known. In 1574 the М 
of the Rio Grande de Mindanao offered submission. In itg 
Francisco de Sande (governor, 1575-80) conducted a fairly ч 
cessful expedition against the Moros, but the Spaniards ЖР 
able to gain any lasting advantage. Until 1837 pine ч 
were almost continuous. The Moros ravaged the cons m 
wide, even threatening Manila itself. They often joined t С di 
after the latter began to be interested in oriental waters 
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ceased. On Sept. 22, 1762, a British expedition reached Manila, 
found the Spanish but ill prepared, and on Oct. 5 captured the 
tity. By the treaty of Paris in 1763 Manila was restored to Spain. 

With Legazpi had come five Augustinians; in 1577 came the 
Franciscans, in 1580 the Jesuits, in 1587 the Dominicans and in 
1605 the Augustinian Recollects. It was the intention of Spain 
to replace the friars by secular parish priests whenever any mis- 
son assumed the character of a parish. But the friars, desirous 
of retaining their holdings and power, fought secularization and 
it was never carried out in its entirety. The friars became the 
stom centre of the gradually increasing Filipino demand for 
change; the insurrection of 1896 was directed principally against 
them, and during the later insurrection against the United States 
they suffered many indignities. 

The last Manila galleon left the Philippines in 1811 and re- 
tumed in 1815. Thereupon the trade was taken over by private 
persons, exports to the value of 750,000 pesos were allowed and 
three other ports besides Acapulco were opened to it, namely San 
Blas, Guayaquil and Callao. In 1766, however, the crown had 
allowed direct trade between Spain and Manila by one national 
vessel annually, In 1785 the Royal Company of the Philippines 
began to trade between Manila and Cádiz; the company ceased to 
exist in 1830. 

In 1809 an English commercial house was permitted to estab- 
lish itself in Manila, and in 1814 a like privilege was extended to 
all foreigners. As a rule, however, Spaniards were still jealous of 
foreigners, and reactionary decrees in 1828 and 1840 forbade them 
to sell goods at retail or to do any business in the provinces. 
The vacillating Spanish policy is seen again in the opening of 
seven ports to foreign trade in 1830 and their closing the next 
yer, In 1837 Manila was reopened to foreign trade, and Iloilo 
and Cebu were reopened in 1855 and 1863. In 1842 there were 39 
Spanish shipping and commercial concerns in Manila and about a 
dozen foreign houses. Various governments maintained consuls, 
among them Great Britain and the United States. 

2, Philippine Nationalism.—During the first half of the 19th 
Century, there were only from 2,000 to 5,000 Spaniards. in the 
archipelago. Spanish was spoken by some of the natives, prin- 
cipally in Manila and a few other important centres, but the friars 
had made comparatively little effort to inculcate a knowledge of 
Castilian, There was no homogeneity among the several native 
peoples, very largely because of the different languages. Partly 
*càuse of these conditions, insular representation in the Spanish 
Cortes carried little meaning or a mistaken one to the mass of the 
ано. After the building of the Suez canal, їп 1869, ambi- 
1005 Filipino youths went to Spain and other countries for study. 
he first daily newspaper was La Esperanza (1847). La Solidari- 
mee founded in 1888 in Barcelona by Graciano López Jaena 
i e of Filipino propaganda, and throughout its course 
Oro reforms in both religion and government. One of its 
ial оз шота was the precocious Chinese mestizo, José 
Se ercado. The Filipinos had ample grounds for complaint, 
Ws y after 1872. That year about 200 native soldiers at the 
оа revolted, killed their officers and shouted for inde- 

К dis Plans for a similar demonstration in Manila failed. 
б наш жаз quickly suppressed, and led to wholesale 
three Filip; Imprisonment and the execution, among others, of 
Was not Mis Secular priests, whose connection with the uprising 

Wis T COD explained. Pao д d 
ean to lle the gradually expanding idea of Filipino nationality 
UM manifest itself. The campaign of Rizal, Marcelo del 
ро рег Јаепа and Apolinario Mabini, leaders in the Young 
ig ata Was a protest against both the domination of the 
Í economic and administrative caciquism. These aspira- 
a sympathetic reception from several governors, but 
lards, especially the friars, were diametrically opposed; 
of the old easy and cordial intercourse between the two 
as changed. Rizal threw himself into the propaganda 
55. In 1891 he founded at Hong Kong an organization 
Te Was ERN Filipina, and in 1892 formed a branch at Manila. 

taf ested in 1896 at Barcelona, returned to the Philippines, 
arcical trial and executed on Dec. 30, 1896. At about 
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the time of Rizal's establishment of the Liga Filipina there 
was also founded an organization called the Supreme Worshipful 
Association of the Sons of the People, which is generally 
called the Katipunan. The organization was altogether Tagalog 
and is said to have numbered anywhere from 100,000 to 400,000 
members. 

On Aug. 26, 1896, the actual insurrection broke out. “The cry 
of Balintawak” is the name given to the first hostilities by the Fili- 
pinos. The centre of the revolt was in Cavite province, where 
Emilio Aguinaldo first came into prominence. Spain sent over re- 
inforcements until there was an army of 28,000 besides a few loyal 
regiments of native soldiers. A stiff campaign of 52 days brought 
the defeat of the insurgents, but upon the execution of Rizal the 
insurrection broke out again and spread to the provinces of 
Pangasinan, Zambales and Ilocos. Fernando Primo de Rivera 
opened negotiations with Aguinaldo and concluded with the in- 
surgents the pact of Biac-na-Bató. Accordingly, Aguinaldo left 
for Hong Kong on Dec. 27, 1897. With the blowing-up of the 
U.S. battleship “Maine” on Feb. 15, 1898, in the harbour of 
Havana, Cuba, and the subsequent wave of public indignation, 
actual hostilities broke out between Spain and the United States. 
(See SPANISH-AMERICAN WAR.) 

Aguinaldo returned to the Philippines May 19, 1898, and an- 
nounced renewal of the struggle with Spain. The Filipinos, who 
declared their independence of Spain on June 12, 1898, pro- 
claimed a provisional republic with Aguinaldo as president, and 
on Sept. 9, 1898, moved their capital to Malolos, with Apolinario 
Mabini, the “mouthpiece of the revolution,” as Aguinaldo’s chief 
adviser. A revolutionary assembly met on Sept. 15 and on Sept. 29 
ratified Filipino independence. In November and December revo- 
lutionary tribunals were organized in the Visayas. The Philippines, 
along with Puerto Rico and Guam, were ceded by Spain to the U.S. 
by the Treaty of Paris, Dec. 10, 1898. 


B. Tue PHILIPPINES UNDER THE UNITED STATES 


1. The Insurrection.—Relations between the Americans and 
the Filipinos were unfriendly and grew steadily worse. On Jan. 23, 
1899, the Malolos constitution, by virtue of which the Philippines 
were declared a republic and which had been approved by the as- 
sembly on Nov. 29 and by Aguinaldo on Dec. 23, was proclaimed. 
Aguinaldo, who had been president of the provisional government, 
was elected president. 

On the night of Feb. 4 the inevitable conflict between the 
Americans and Filipinos surrounding Manila was precipitated. 
Morning found the Filipinos, who had fought bravely, even reck- 
lessly, defeated at all points. While the fighting was in progress, 
Aguinaldo issued a proclamation of war against the United States. 
On Feb. 6 the U.S. senate ratified the treaty with Spain, and re- 
inforcements were immediately sent to the Philippines. Antonio 
Luna, the best-trained military man among the Filipinos, was 
given charge of military operations, but seems to have been greatly 
hampered by the jealousy and distrust of Aguinaldo, which he 
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fully returned. Luna was murdered, and on March 31, 1899, 
Malolos was captured by the U.S. forces. The Filipino govern- 
ment fled northward. In Nov. 1899 the Filipinos resorted to guer- 
rilla warfare, with all its devastating features. The capture of 
Aguinaldo by Gen. Frederick Funston in March 1901 virtually 
ended the real insurrection, although the last surrender was that of 
Gen. Miguel Malvar in Samar on April 16, 1902. The major op- 
erations of the insurrection were conducted in Luzon, and through- 
out the army was assisted materially by the Makabebe scouts, who 
remained loyal to the U.S. Meanwhile, on April 7, 1900, Pres. Wil- 
liam McKinley instructed the second (Taft) commission to “bear 
in mind that the government which they are establishing is de- 
signed not for our satisfaction nor for the expression of our 
theoretical views, but for the happiness, peace and prosperity of 
the people of the Philippine Islands.” Nothing was said about in- 
dependence, although the instructions were later often cited in 
support thereof. 

2. Taft.—Gov. William Howard Taft initiated negotiations with 
Pope Leo XIII for the purchase of friar lands (about 400,000 ac.) 
which were finally bought Dec. 23, 1903, at a price of approxi- 
mately $7,250,000. Taft pledged the credit of the Philippine gov- 
ernment for the amount, and bonds were issued therefor. A 
considerable portion of the lands, of high agricultural quality, 
were later sold to Filipinos. The pope also replaced the Spanish 
archbishop and bishops with U.S. prelates. 

In 1904 Taft was called home to become secretary of war, but 
he continued to govern the Philippines from Washington, D.C. In 
1905 he took a party of senators and representatives to the 
islands, at the expense of the Philippine government, and on 
Oct. 16, 1907, on the eve of his presidential campaign, he opened 
the first Philippine legislature at Manila, although there was still 
fighting in the Visayas and the act of 1902 required a state of 
“complete peace” before convening the legislature. Among other 
acts, that body voted to continue both Spanish and English as 
official languages until 1913, when Spanish was to be dropped. 
‘That, however, was never accomplished, and it was not until 1940 
that Tagalog was added as another official language. On Aug. 6, 
1909, congress passed the Payne bill, granting important trade 
concessions to the Philippines, and in 1913 the Underwood act pro- 
vided for complete free trade between the islands and the United 
States. This concession continued until Jan. 1, 1941. 

3. The Governors General.—Taft was succeeded as governor 
by Luke E. Wright of Tennessee, who had been a member of the 
Philippine commission and became the first American to bear the 
title of governor general. Serving from 1904 to 1906, he was very 
popular with Americans; but his firm and conservative policy 
failed to suit the more radical Filipinos and he was transferred to 
"Tokyo as minister. Henry C. Ide of Vermont was the next incum- 
bent of the office. He too was a member of the Philippine com- 
mission and had seen service in Samoa during the partition of that 
group. He was a wise and able administrator but was permitted 
to remain as governor general for a few months only. He was suc- 
ceeded by James F. Smith of California, who had come to the 
islands as a colonel of volunteers and later served on the supreme 
court and the Philippine commission. It was understood that he 
was much opposed to accepting the governorship but that Taít 
insisted on having a Catholic for the office. Smith served from 
1906 until 1909. On Nov. 11 of that year, W. C. Forbes of Massa- 
chusetts was inaugurated as governor general, serving until Aug. 
1913, when he was removed. Some of his acts occasioned bitter 
controversy (such as his deportation, without trial, of a large and 
prosperous group of Chinese merchants who had been long estab- 
lished in Manila), and his administration was a stormy one. Fran- 
cis B. Harrison of New York succeeded and served from 1913 to 
1921, the longest term of any U.S. governor general, 

The Wood-Forbes mission, sent by Pres. Warren G. Harding in 
the first year of his administration, reported that the grant of im- 
mediate independence would be premature and urged that the U.S. 
government not be left in a position of responsibility without 
authority. Leonard Wood, a major general in the regular army 
and the former military governor of Cuba and later of the Philip- 

pine Moro province, seemed unusually well equipped for the gov- 
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ernor generalship to which President Harding appointed hi 
effective Oct. 6, 1921. But by that time the Filipino et hin, 
ing had a taste of power under Wood’s predecessor, a 
mood to submit to authority if actually exercised. Hea in [Л 
the government through undersecretaries until 1927, when M 
in Boston, Mass. Meanwhile, Pres. Calvin Coolidge ju 
Carmi Thompson of Ohio "to investigate and report" us 
Philippines, He made the trip with considerable publicity ang like. 
wise reported against the grant of independence, but Tecommenjj 
certain reforms. 

Henry L. Stimson of New York was the next governor genen 
As secretary of war in the Taft administration he had acquire 
considerable familiarity with Philippine affairs, and he had jy 
returned from a successful mission to untangle a difficult situation 
іп a middle American state. Proceeding with tact and caution, he 
gradually won over the Filipino leaders, obtained some refor 
and was about to secure others, when he was called home in 101 
by Pres.-Elect Herbert Hoover to become secretary of state, 

In May 1930, Dwight F. Davis of Missouri, who had also been 
secretary of war, was appointed. His administration was uneven 
ful, as was that of Theodore Roosevelt, Jr., who succeeded him 
in 1932. Pres. Franklin D. Roosevelt appointed Frank Murphy 
of Michigan, a strong advocate of independence, who took ofice u 
governor general June 15, 1933, and served until Nov. 15, 1935, 
when he became the first high commissioner in the Philippines 
Leaving that post in 1936, Murphy was succeeded by Paul Y. 
McNutt of Indiana, who served until 1939. Не realized the val 
of the islands as a source of supply for tropical products and fi 
their mineral wealth, and evidently felt that the grant of independ 
ence was a mistake for both countries. But it was now too lt 
to effect any change in the general policy. Francis B. Sayre d 
Massachusetts, who was appointed to succeed him, arrived in Mi 
nila Oct. 21, 1939. He had been on the faculty of Harvard wi 
versity and later an assistant secretary of state. His prescril 
task was to prepare for independence. 

4. Campaign for Independence.—As early as 1929, the cat 
paign of the Filipinos for that goal had been gaining moment, 
with new allies, in the United States, among producers of supt 
tobacco, fats and other products and the labour unions wi d 
feared the competition of Filipino immigrants. A bill suppor! 
by these interests and providing for independence finally 
both houses of congress, was vetoed by President Hoover, pas 
again over the veto in Jan. 1933, but failed of ratification ДА 
Philippine legislature because of opposition by Manuel re 
who, his opponents declared, wished to divert credit from W 


who had secured passage of the bill in his absence from Uber 
ton. This would have been an opportune time to 16-00 
their longs? 


whole question, for the Filipinos had been given termin 
chance and had rejected it. But the U.S. interests were i^ d States 
to push the measure through. Quezon hurried to the ern 
to win President Roosevelt's support for a new bill, dil roi 
little from its predecessor, but omitting the important p 
reserving absolutely, as in Cuba, sites for naval bases, plic lt 
The new bill, known as the Tydings-McDuffie dential 1 
127—passed both houses of congress, receive pres ine If 
proval March 24, 1934, and was ratified by the ie 
lature on May 1. It established a Philippine poc on D 
provided for independence.in 1946 and for a gr ш d gove 


and increasing by 5% each subsequent year. ^. g 
by the act of 1939 (public law 200), exempting Cif riy it 
filler tobacco, coconut oil and pearl or shell puto 
all subjected to free quotas, reducible by 5% eae in 
and copra were already on the free list. The L: Jimi e$ 
laws were applied, and the annual Filipino quota ne вел! 
Pursuant to the act, a constitutional convention Feb: 9 p 
Manila July 30, 1934, and remained in session n 
when a draft constitution was approved. Tt was c 14 of the Al 
dent Roosevelt on March 23 and ratified on May ble doo 
yearby popular vote. It was on the whole à credita 


two of its unique features—a single six-year term for the presi- 
and a unicameral legislature—were eliminated by amend- 
fs adopted in 1939 and approved by President Roosevelt 
2,1940. Quezon, elected first president of the commonwealth 
t 1935, was re-elected for a four-year term Nov. 4, 1941, but 
ith the understanding—not legally enforceable—that he would 
way to Vice-Pres. Sergio Osmefia after two years. The 
Philippine army, trained under Douglas MacArthur, son of the 
‘st American military governor, was called into the U.S. service 
on July ae 1941, A Wem s d REAR hc invasion, 
“Dec, 8 (Philippine time). ee WORLD WAR II. 

With the Japanese invasion, Quezon, Osmefia and the common- 
“wealth cabinet left the Philippines to conduct a government in 
wile in Washington. Osmeña became president upon the death 
of Quezon in Aug. 1944 and returned to the Philippines when U.S. 
forces made their first Philippine landings on Leyte Island Oct. 20, 
1944. General MacArthur proclaimed the liberation of the Philip- 
pines in July 1945. In general elections held in April 1946, Osmeña 
was defeated by Manuel Roxas y Acuna, who served as the last 
president of the commonwealth and within a few months became 
first president of the Republic of the Philippines. 

й C. THE PHILIPPINES AFTER INDEPENDENCE 
On July 4, 1946, the commonwealth ended and the Republic of 
the Philippines came into existence as a sovereign independent 
sate. In contrast with the transition which had been envisaged 
f lhe time of the Tydings-McDuffie act of 1934, the Philippines 
had suffered invasion, a three-year Japanese occupation and the 
dded war damage of liberation. An estimated 1,000,000 lives had 
- been lost as a result of the war. The damage to major industries 
las estimated as follows: shipping 85%, transportation 70%, min- 
80%, sugar production 65% and coconut oil production 95%. 
0 in production of rice, hemp, lumber and tobacco and in the 
hing industry were estimated at $117,000,000. Damage to dwell- 
ds port facilities and communications was extensive. Manila 
Was one of the world’s most devastated capitals. In addition to a 
егей economy, the Roxas government was confronted with 
political controversy and an incipient Communist-led rebellion. 
Immediately prior to independence the United States had acted 
Eus the Philippine government in restoring the economy. 
E 30, 1946, Pres. Harry S. Truman signed the Philippine 
ation (war damage) act and the Philippine Trade act of 
46. The Rehabilitation act authorized the appropriation of 
à 1000,000 to meet war damage claims and for Philippine gov- 
lent reconstruction programs and authorized 12 United States 
j ment agencies to engage in rehabilitation programs in the 
001165. The Trade act extended the period of duty-free 
i Until 1954 with an increase of 5% of the full tariff rate to be 
pop thereafter. The act provided that no change would be 
wi, ES import quotas of Philippine sugar and cordage fora 
ан rs years. A military assistance pact authorizing the 
followed М of U.S. bases was signed March 14, 1947. This was 
Pres Ера Sum Seen үкү 3 Aug. 30, 195 pe Jo 
4 io Quirino became chief executive upon the dea 
E on April 15, 1948. Within one year the deficit in the 
Ў 1000 pc was reduced from 153,000,000 pesos to less than 
E 08. 
| m Quirino administration the Hukbalahap movement 
diring the reat to the republic. This movement had developed 
Be л ea tc 
1 of Japan the Huks, as they were called, 
ре st landowners and, in the interest of gaining reforms, com- 
‘Pinay. Dh i me terror principally in сүн [е апа 
{ end of 1949 the Huks renounced reform by con- 
E pereme e ps the CAT 
e e forceful overthrow of the government. 
e bite Defense Ramón Magsaysay began a program of com- 
I (ME Pressure and granting of homesteads on the island 
OM had died hee ee Huks. By Dec. 1955 the Huk rebel- 
z 2 
Of the yey was elected president of the republic as candidate 
Ationalist party in the elections of Nov. 1953. He was 


PHILIPPINES 


853 


elected on a platform promising real reform in government. Dur- 
ing Magsaysay’s first year in office, he succeeded in dominating the 
professional politicians of his Nationalist party. Early in May 
1954 the president relinquished the post of minister of defense, 
feeling that the problems of internal security were under control, 
The chief Hukbalahap leader, Louis Taruc, surrendered to the 
government during that month. Major progress in opening new 
land settlements outside crowded Luzon had taken the edge off 
agrarian unrest, though the basic issues of land reform had not 
yet been carried out in Luzon itself. President Magsaysay had at 
least temporarily stopped trends of opportunism among his po- 
litical opponents by committing the Philippines to participation in 
the free world’s collective security programs against Communism, 
and to the maintenance of the strong traditional ties to the U.S. 

The main problem facing the Magsaysay administration in the 
mid-1950s was unemployment, a result in part of economic stag- 
nation. Magsaysay, who died in a plane crash in March 1957, was 
succeeded by Vice-Pres. Carlos P. García. García, a member of 
the Nationalist party, was then elected president on Noy, 12, 1957. 

In preparation for the 1961 presidential elections the Progressive 
and Liberal parties merged to form a united front against the Na- 
tionalists. They nominated Diosdado Macapagal, vice-president 
under García, as their presidential candidate, while the Nationalists 
chose Garcia to run for re-election. On Nov, 14, 1961, Macapagal 
defeated Garcia for the presidency; the Liberals also won the 
vice-presidency but the Nationalists retained control of both 
houses of congress. Macapagal ran for re-election in 1965 but 
was defeated by the Nationalist candidate, Ferdinand Marcos, by 
about 650,000 votes after a campaign that stressed personalities 
rather than policy differences. 

Following independence the United States and the Philippines 
joined in treaty arrangements for the defense of the islands. Un- 
der the terms of a military bases agreement concluded in March 
1947, the use of designated military, naval and air bases was 
granted to the United States for a period of 99 years. In Aug. 1951 
a mutual defense treaty was signed between the two countries. In 
Sept. 1954, at a conference in Manila, the Philippines joined with 
seven other nations (Pakistan, Thailand, Australia, New Zealand, 
France, the United Kingdom and the United States) in forming the 
Southeast Asia Treaty Organization (q.v.). 

On May 15, 1958, a new U.S.-Philippine defense agreement was 
announced which established a mutual defense board and resolved 
the question of U.S. military bases. A memorandum signed 
Oct. 12, 1959, shortened the 99-year lease originally signed in 
1947, to 25 years. 


IV. POPULATION 


The population of the Philippines in 1960 was 27,087,685, an 
increase of almost 8,000,000 since 1948 (19,234,182), or an aver- 
age annual increase rate of more than 3%. The 1964 estimate 
indicated a total population of 31,764,000. 

Of the total population in 1960, only 14.395 lived in towns and 
cities with populations of over 5,000, and almost one-third of 
these were concentrated in the city of Manila. Manila alone had 
a population of 1,138,611 in 1960. Other cities, Quezon City 
(397,990), Cebu City (251,146), Davao (225,712), Basilan (155,- 
712), and Iloilo (151,266), also had considerable population con- 
centrations. Although the populations of these and other urban 
centres increased greatly between 1948 and 1960, the larger per- 
centage of the Philippine population continued to live in rural 
villages of fewer than 1,000 persons. Thus the Philippines can 
be characterized as a predominantly rural country. The average 
density of population in 1960 was 235.9 per square mile. The 
areas of greatest density were the city of Manila (81,329) and the 
provinces of Rizal (1,841), Laguna (1,015) and Cavite (759), 
while Palawan (29) and Mindoro Occidental (41) were the most 
sparsely populated. 


V. ADMINISTRATION AND SOCIAL CONDITIONS 


1. Government and Administration.—During the period 
of United States control, from 1898 until the Philippine republic 
attained sovereignty on July 4, 1946, the Philippine citizens in- 
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Area and Population by Province 


Province Area Pop. 
(with capital city) (n sq.mi.) | (1960 census) 

Abra (Bangued) . : 1471 115,193 18.3 
Agusan (Butuan). . . а 4,120 271,010 65.8 
Aklan (Kalibo) . . . «iti 738 226,232 306.5 
Albay (Legaspi) бут" 996 314,980 5170 
Antique (San Jose) E 1,035 238,405 230.3 - 
Bataan (Balanga; TA 517 145,323 281.1 
Batanes (Basco). . 3 76 10,3 135.6 
Batangas (Batangas) . ЖҮ 1,191 681,414 572.1 
Bohol (Tagbilaran) . . m 1,575 592,194 376.0 
Bukidnon (Malaybalay) . . . - 3,104 194,368 62.6 
Bulacan (Malolos) . +o e + + 1,021 555,819 5444 
Cagayan (Tuguegarao) . : 3,470 145,289. 128.3 
Camarines Norte (Daet) . 42 829 188,091 226.9 
Camarines Sur (Naga) S 2,060 819,565 397.8 
Capiz (Roxas) |. o . 7. 965 315,079 326.5 
Catanduanes (Virac) © . + " 552 156,329 2832 
Cavite (Cavite) . . . - 498 378,138 758.8 
Cebu (Cebu City) |. . . - 1,880 1,332,847 709.0 
Cotabato Cotabato), iata fie 8,868 1,029,119 116.0 
Davao (Davao) . . + + à 7,529 893,02. 118.6 
Ilocos Norte (Laoag). . » + 1,308 287,333 219.7 
Ilocos Sur (Vigan) . . . > 1,037 338,058 325.9 
Поћо (lolo). . . . ee 2,048 966,266 471.8 
Isabela (Ilagan). . e + e © 4,069 442,062 108.6 
Laguna (Santa Cruz). . . . . 465 412,064 1,015.2 
Lanao del Norte (Iligan) . . . . 1,313 270,603 206.1 
Lanao del Sur (Marawi) . . . 1,261 378,327 300.0 
La Union (San Fernando), . . 530 293,330 553.5 
Leyte (Tacloban). . . + x 3,084 1,172,972 380.3 
Marinduque (Boac) . . . 355 114,586 322.8 
маме (Masbate) 20000 Ty) yd 1,571 335,971 2139 
Mindoro Occidental (Mamburao) . . 2,075 81,316 40.6 
Mindoro Oriental (Calapan) : 1,816 28,998 126.1 
Misamis Occidental (Oroquieta) . 802 248,371 309.7 
Misamis Oriental (Cagayan de Ого) 1,512 388,615 257.0 
Mountain Province (Bontoc) . . . 5458 435,830 799 
Negros Occidental (Bacolod) . ^. . 2,989 1,332,323 445.7 
Negros Oriental (Dumaguete) . А 2,053 597,761 2912 
Nueva Ecija (Cabanatuan) . 2,120 608,362 287.0 
Nueva Vizcaya (Bayombong) . 2,627 138,090 52.6 
Palawan (Puerto Pr дона), 5 5,603 162,669 28.6 
Pampanga (San Fernando), , 827 617,259 7464 
Pangasinan (Lingayen) . . 2,021 1,124,144 556.2 
Quezon (Lucena) . AST sa 4,616 653,426 141.6 

izal (Pasig). ЕИ 7А 791 1,456,362 1,841.2 
Romblon (Romblon) . . . . - 512 131,658 257.1 
Samar (Catbalogan) . . . i . 5,309 867,994 163.5 
Sorsogon (Sorsogon) . . . К 793 347,771 438.6 
“шир A B 1,087 326,898 300.7 
ашаа (Surigao). . . a . 3,079 359,997 116.9 
Tarlac (Tarlac). . . . 0. 1,175 426,647 363.1 
Zambales (Iba)... |... . € 1,408 213,442 151.6 
Zamboanga del Norte (Dipolog) 2,285 281,429 1212 
Zamboanga del Sur (Pagadian). x 4232 742,404 1754 
Manila, city of . . . . à 14 1,138,611 | 81,329.4 
Tot i. STERA had s oos [1168308 . | 27,087,685 235.9. 
*Land area. 


creasingly were granted and assumed the responsibilities of self- 
government. With the end of military government on July 4, 
1901, a civil government was established under a governor (later 
called governor general). On July 1, 1902, the U.S. congress 
passed an enabling act providing for a popularly elected assembly 
which would constitute the lower house of a Philippine legislature. 
The Philippine commission, which consisted of seven members ap- 
pointed by the president of the United States, would serve as the 
upper house. An election of members of the assembly was held 
on July 30, 1907. Under the provisions of the enabling act two 
resident commissioners were appointed to the United States with 
power to speak on legislation affecting the Philippines but with no 
vote, In 1909 the Philippine commission was expanded to include 
four Filipinos. 

The Jones act of Aug. 29, 1916, provided for the replacement of 
the Philippine commission by an elected senate of 24 members and 
for a house of representatives of 91 (later 92) members. The act 
proclaimed a bill of rights. 

The Philippine Commonwealth and Independence act (Tydings- 

McDuffie act) abolished the office of governor general and placed 
remaining United States authority in a high commissioner. The 
commonwealth government was established in Nov. 1935 with 
Manuel Quezon as its first president. While the islands were un- 
der Japanese occupation during World War II, the commonwealth 
government continued to operate in exile in the United States. 
4 When the Republic of the Philippines became a sovereign and 
independent state, no substantial changes were made in the struc- 
ture of government provided in the constitution of 1935 (as 
amended in 1940 and 1946). By the amendment of 1940, execu- 
tive power was lodged in a president and vice-president, elected for 
terms of four years with eligibility for re-election. 
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The legislative power was vested in the congress of the Phili 
pines, composed of the senate and the house of Mes 
It was provided that the 24 members of the senate be did 
large by direct popular vote for six-year terms and the v 
of the house of representatives, representing 102 congressi | 
districts, be elected for terms of four years. ni 

Judicial power was vested in the justices of the supreme ty | 
(the highest tribunal), the court of appeals, courts of first isa | 
municipal courts of chartered cities and justices of the peace, 1 | 
justices and judges were appointed by the president, 

Each of the 53 provinces of the Philippines in 1958 (later i. 
creased to 55 provinces) was governed by a provincial board com. 
posed of the governor and two other board members, all elected, ү 
The 1,078 municipalities were administered by elected mayors anf 
had municipal councils. 

The governing body of each of the 30 chartered cities in 195 
was a municipal board composed of a mayor, vice-mayor and com. 
cilors. The members might be either appointed by the presiden 
or elected as provided by the charter. Quezon City, east of Me 
nila, was designated as the national capital and by the late 1950 
construction of several government buildings was under way, bu 
most of the functions of national government remained in Manik, 
The 55 provinces, their areas and capital cities are shown in the 
population table. 

2. Education.—The educational system of the Philippines is 
the most extensively developed in the orient. During most of the 
Spanish period, elementary education was undertaken only by tht 
pastors and curates of parishes and was designed primarily to it 
culcate Christian values. A decree in 1863 established а comp 
sory educational system under civil control. Although this бее 
was never fully implemented, educational facilities and oppor 
nities were expanded. A program of mass education was begun ia 
1901 under United States civil government; soldiers had aded 
teachers for about two years prior to that time, The psg? 
sought to develop free political institutions through universal ei 
cation, In 1901, 1,000 U.S. teachers were brought en masse tothe 
Philippines, English was established as the medium of instru 
and remained so. A system of scholarships was set Шр to! 
Filipinos in U.S. colleges and universities. The education ¥ 
tem thereafter continued to expand rapidly. The Philippi pi 
ple eagerly adopted the U.S. concept of education. Education 
highly valued as a factor in individual advancement and nil " 
development. The republic is perhaps unique in that the ie ! 
of the rural elementary schools have been built din iid 
people through private initiative and planning. The ЫШ | 
system is highly centralized, with administrative control a 
Public education embraces all levels: elementaty schod, 
years; intermediate school, three years; secondary “a for ath 
years; college and university. There are public per a 
and trades, commerce, agriculture and fishing. Toto 
from the secondary level on, but many scholars a vtl 
i i 3 is vi important, il 
The private educational system is vitally des All piv 


0 
utual e 
operation with the U.S. and SEATO (see Hr jc 
Philippine constabulary and local police maintain | Sí ssl 
The former is part of the armed forces whose С 
over-all command of the land, sea and air force 

VI. THE ECONOMY 
A. FINANCE AND TRADE 


1. National Finance.—The Philippines © 
after World War II under financial difficulties. Я 
tion costs were only partly compensated by "cu. as 
war damage compensation, and government i 3 v 
trade deficits, were normal, owing in good par 
velopment programs. 


ntered M 
Large? ji 
financial ® i 


E 


PHILIPPINES 


The Philippine Central bank's foreign exchange reserves fell 
from 800,000,000 pesos at the end of 1948 to 450,000,000 pesos on 
Dec. 9, 1949. On that date controls were imposed, placing all for- 
eign exchange under licencing. The economic and fiscal position 
of the Philippines continued to decline, and the Bell mission recom- 
mended in 1950 that, among other measures, taxes be increased 
and reforms be made in tax collection procedure. During 1951 tax 
machinery was improved and new taxes were imposed, including a 
tax of 17% on the sale of foreign exchange. 

During 1949 and 1950 import controls had been established as 
ameasure to stimulate Philippine production and to conserve for- 
eign exchange. This resulted in a decline in the yield of some 
internal taxes but it improved the general financial position. A 
partial relaxation of import controls in 1951 contributed to a gov- 
emment surplus in 1952. The degree of import control varied 
after 1952... Throughout the 1950s national government expendi- 
tures slightly exceeded revenue for each fiscal year. 

The international reserve had reached a high point of 782,500,- 
000 pesos on April 30, 1951, after the low level in 1949, but it 
declined slowly after that. 

Inaddition to the Central bank, there are more than 15 commer- 
cial banks with more than 100 branches and agencies, a few savings 
and mortgage banks, and numerous rural banks, Banking opera- 
tions are also conducted by the Postal Savings bank, the Agricul- 
tural Credit and Cooperative Financing administration, the 
Rehabilitation Finance corporation, building and loan associations 
and pawnshops. 

2, Trade.—During the period the Philippines were under Span- 
ish rule, external commerce for the most part was limited to trade 
with Spain and Mexico. Under United States sovereignty, foreign 
trade expanded. With the passage of the Paine Tariff act of 1909 
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and later the Underwood act of 1913, providing for unrestricted 
free trade between the two countries, the Philippines became 
largely dependent on the U.S. market. In pre-World War II 
years more than 65% of Philippine trade was with the United 
States. During the years after independence trade with the United 
States declined from 86% of the total trade of the Philippines in 
1945 to about 50% in the mid-1960s. 

Although the Philippine prewar exports were sufficient to offset 
imports, the wartime scarcity of consumer and hard goods resulted 
in an unfavourable balance of trade in the postwar period. The 
leading postwar exports were copra, sugar, abacá, abacá manufac- 
tures, coconut oil, base metals, lumber, canned pineapple, dried 
coconut and embroideries, Among the principal imports were 
textiles, grains and preparations, petroleum, automobiles, iron and 
steel, tobacco, dairy products, paper and machinery. 


B. PRODUCTION 


1. Agriculture.—The fertile soil and tropical climate of the 
Philippines are well adapted to the raising of agricultural products, 
and farming engages about two-thirds of the employed population. 

The total land area of the Philippines is 29,741,000 ha. (1 ha. = 
2.471 ac.). The 1962 area planted totaled about 8,000,000 ha., with 
70% in domestic food crops, and 30% in export crops. Rice is the 
principal staple food of the Filipinos, and in 1962 it was harvested 
from about 3,000,000 ha. (40%) of the cropland. The 1962 yield 
of about 4,000,000 metric tons was the highest on record and ful- 
filled the domestic requirement. Corn, another important food 
crop, also increased steadily to 26% of the cropland, about 2,000,- 
000 ha. in 1962. Fruits, nuts and root crops occupy significant 
shares of the cropland, and vegetables, beans and peas, coffee, 
cacao and peanuts are domestically important. 

Among the export crops, coconut was the leader in 1962, occupy- 
ing over 1,000,000 ha., or 16% of the total cropland; this was 
slightly lower than the 1940 figure. Coconut products such as 
copra, coconut oil, desiccated coconut and copra cake form the lead- 
ing export of the islands. Sugar cane revived to exceed its prewar 
acreage and production, but is no longer the chief money crop. 
Abaca declined slightly in relative importance in the economy. 
Tobacco is a minor crop and export, as are ramie, kapok, rubber, 
pineapple and derris. 

Next to farming, livestock raising engages the greatest number 
of persons. The carabao (water buffalo) is the beast of burden 
upon which the Philippine farmer depends. As a result of the 
destruction of livestock during World War II the total number re- 
maining in 1949 was estimated at less than 2,000,000. By 1962 the 
livestock population was as follows: carabao, 3,500,000; cattle, 
1,000,000; horses, 210,000; hogs, 6,725,000; goats, 628,000; sheep, 
23,000; and poultry, 53,000,000. 

2, Forestry.—The Republic of the Philippines is one of the 
world’s largest lumber-producing countries, ranking fifth in the 
ratio of forests to total land area. Commercial forests, which 
cover 34% of the total area of the Philippines, were placed under 
the administration of the bureau of forestry under a licencing sys- 
tem. In addition to building lumber and hardwoods, forest prod- 
ucts include dyewoods, rattan, tanbarks, bamboo, gutta-percha, 
gum copal and fibres. 

3. Fisheries.—Fishing is an important industry, ranking next 
to farming and livestock raising in the number of persons depend- 
ing upon it for their livelihood. Fish comes next to rice in im- 
portance in the Filipino diet. About 1,900 different species of fish 
are found in Philippine waters, of which the commonest are milk- 
fish, mackerel, snappers, sea bass, porgies, pompanos, mullets, 
anchovies, barracuda, tuna and bonito, Before World War II the 
average annual commercial inshore catch amounted to about 
21,000 tons in addition to 25,000 tons produced in fish ponds, 
Total fish production in 1961 was 455,000 metric tons. Canned 
tuna is the principal fish exported. Other marine products include 
coral, pearls, shells and sponges. Among the shells and shell 
products are mother-of-pearl, trochus, tortoise, green snail shells 
and shells used for windows, 

4, Mining.—The mineral wealth of the Philippines includes 
deposits of gold, silver, iron, copper, chrome, manganese and lead, 
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In addition to the base metals, such nonmetallic minerals as as- 
bestos, asphalt, marble, coal, gypsum, limestone, clay, petroleum 
and building stone are found. 

Gold deposits are in Baguio on Masbate; and in Surigao, Davao 
and Zamboanga on Mindanao. Iron deposits are found in 
Camarines Norte and Bulacan on Luzon and in Surigao. Chromite 
and copper are mined in Zambales on Luzon. Manganese is found 
in Ilocos Norte and Zambales on Luzon; on Palawan and 
Siquijor. 

Gold and iron mining are old industries, with records of gold 
mining by crude methods prior to the arrival of Magellan. Coal 
mining dates from the early Spanish period. Petroleum forma- 
tions are known to exist, and prior to World War II there were a 
few producing wells; in 1939, however, all petroleum lands were 
withdrawn from entry for five years pending the development of 
exploitation plans. During the Japanese occupation the mining 
industry suffered from lack of maintenance and the looting of 
equipment. After independence, the mining industry was the last 
of the major prewar industries to be rehabilitated. 

While gold production had been 1,033,037 oz. in 1939, repre- 
senting a 64% increase over production in 1929, in 1961 pro- 
duction was only about 424,000 oz. Silver production in 1961 was 
813,000 oz. as compared with the production of 1,175,000 oz. in 
1938. The production of other minerals in 1961 (in metric tons) 
was: zinc, 3,000; lead, 100; copper, 57,000; iron ore, 1,170,000; 
coal, 152,000; chromite ore (refractory) 485,000 and (metallurgi- 
cal) 145,000; and manganese ore, 19,000. Total value of mineral 
production in 1961 was more than 300,000,000 pesos. 

5. Industry.—Industrial development, speeded during the pe- 
riod of the commonwealth, was devoted primarily to the manufac- 
ture and processing of agricultural products. Among these ‘were: 
Sugar, rope, cigar and cigarette, cordage, wood and rattan furniture 
factories; sugar, rice and lumber mills; pineapple and fish can- 
neries; beer distilleries; and spinning mills. During the years im- 
mediately preceding the war, modern factories were established 
for producing shoes, hats, leather products, perfume and pearl but- 

um Household industry produced embroideries, candies and fibre 
ats. 

After independence in 1946, new industries were developed as 
a result of government-imposed import controls, government loans 
and legislation exempting new industries from taxation for a pe- 
riod of four years. These included an oil refinery and factories 
producing chemical products, fibre products, aluminum and enamel- 
ware, medical supplies, radios and musical instruments, wood and 
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pulp products, knitted 
rayon and cotton, biis a 
ber and steel products, ` 

The National Developmen 
company, established during (he 
commonwealth period and [73 
ganized following independence 
engaged in enterprises deemed iı 
the interest of a systematic te 
velopment of Philippine re. 
sources. Its subsidiary Corpora. 
tions. included the National Food 
Products corporation, Nation 
Rice and Corn corporation, Pep. 
ples Homesite corporation, Ne 
tional Footwear corporation, Ip 
sular Sugar Refining corporation, 
ional Tobacco corporation 
Manila Railroad company and 
others 

The National Development 
company participated directly in 
the construction of hydroelectric 
plants, a steel mill, shipyards, 
steel-products plants, pulp mill, 
heavy-machinery shops and spin- 
ning mills, The Rehabilitation 
Finance corporation granted 00 
to private investors for approved industrial enterprises. 


C. TRANSPORT AND COMMUNICATIONS 


During World War II transportation and communication fidi 
ties were badly da ed, but after the war they were substantily 
1es were badly damaged, but after the » "1 
rehabilitated. In the mid-1960s there were about 30,000 mi o 
roads in the Philippines. The railways are of the Red 
type. The Manila Railroad company, owned by the fies 
government, operates a system of more than 600 mi. in js 
tending from San Fernando, La Union, in the north 2 jM 
Albay, in the south. The Philippine Railway company has 
100 mi, of railways in the islands of Panay and Cebu. T 

Because of the republic's insular nature interislan E 
between the more than 200 local ports is an important vu 
domestic trade and communications, and more than S 
are engaged in this local trade. Foreign shipping, Кт orts of 
than doubled after World War II, is handled шаа het 
entry, Manila being the largest and most important 0 2 Tabu 
ports of entry include Cebu, Iloilo, Zamboanga, UA а 
Tacloban, Jolo, Jose Pafiganiban, San Fernando an Pil "m 

Philippine Air Lines services more than 30 pan Kor 
islands and maintains international connections wit ie 
Several international airlines also stop at the Philipp! republic 

Of the more than 130,000 telephones in use 1n j^ к, 
the mid-1960s, more than half were in Manila. Oe ip tht 

See also references under “Philippines, Republic 0 7] 
Iadex. ilii 
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IPPINE SEA, the name applied since 1944 to that part 
ern North Pacific Ocean lying east and north of the 
pines, ~The floor of the Pacific in this area is formed into a 
basin by a series of geologic folds and faults in the form 
These arcs protrude above the surface in many places, 
a series of bordering islands.’ The Philippine Islands of 
Samar, and Mindanao are on the southwest; Palau, Yap, 
hi of the Caroline Islands are on the southeast; the Mari- 
ding Guam, Tinian, Saipan, and others, are on the east; 
and Volcano Islands, including Iwo Jima, Kita Iwo, and 
to the northeast; the Japanese islands of Honshu, Shi- 
id Kyushu lie to the north; the Ryukyu Islands, including 
„ аге to the northwest; Formosa marks the extreme west- 
' of the sea. Maximum measurements for the Philippine 
1,800 mi. (2,900 km.) from north to south and 1,500 mi. 
)east to west. Ocean trenches, or deeps, mark the east- 
of the various folded arcs. Within the Philippine Sea are 
the Ryukyu trench and the Philippine or Mindanao trench 
ao deep). The latter reaches the second lowest depths 
any section of the ocean floors. Maximum depth is 
about 120 mi. (190 km.) northeast of the town of Surigao 
stern Mindanao. "The depth here is 34,583 ft. (10,541 
ded in 1951 by the Danish oceanographic ship “Galathea,” 
a 1945 reading of 34,440 ft. (10,497 m.) recorded by the 
pe Johnson” and a 1927 reading of 35,400 ft. (10,790 m.) 
by the German cruiser “Emden.” The warm North 
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Equatorial current flows westward across the southern part of the 
sea. Upon meeting the Philippine Islands the current divides; part 
swings north as the warm Kuroshio or Japan current and part 
swings toward the Equator as the Counter Equatorial current. 

During World War II the U.S. Navy achieved two significant vic- 
tories over the Japanese fleet in the southern Philippine Sea. The 
first was fought by carrier planes alone on June 19-20, 1944. 
The second, sometimes called the Battle of Leyte Gulf, involved 
the major units of both fleets and was a decisive American victory. 
See Wonrp Wan II: The War in the Pacific. (R. E. НЕ.) 

PHILIPPOPOLIS: see Provorv (Bulg.). 

PHILIPS, AMBROSE (1674-1749), English poet whose 
contemporary reputation rested chiefly on his Pastorals, was born 
at Shrewsbury, Oct. 9, 1674. He was educated at Shrewsbury 
school and St. John’s college, Cambridge, where he became a fel- 
low in 1699. In 1700 he published The Life of John Williams, 
an abridgment of J. Hacket’s Scrinia Reserta, A Memorial to 
Archbishop Williams (1693). After traveling in Holland, he ob- 
tained a commission and served in Spain. In 1709 his Pastorals 
appeared in J. Tonson’s Miscellany and won praise from Addison, 
Steele and Pope. They were later parodied by John Gay in The 
Shepherd’s Week (1714). Philips became secretary to Daniel 
Pulteney, the British envoy at Copenhagen, in 1709 and there 
composed a widely admired verse epistle to the earl of Dorset, 
A Winter Piece (1709). After tutoring in Italy he returned to 
London, where The Distrest Mother (1712), his adaptation of 
Racine’s Andromaque, was a success. His other plays are The 
Briton (1722) and Humfrey, duke of Gloucester (1723). His 
quarrel with Pope, described by Dr. Johnson as a “perpetual re- 
ciprocation of malevolence,” resulted from an article in The 
Guardian (No. 32 of 1713) in which Philips, and not Pope, whose 
Pastorals had also appeared in Tonson’s Miscellany, was hailed 
as the successor of Theocritus, Virgil and Spenser. 

Gradually Philips lost his literary friends. In 1714 he was 
made paymaster to the lottery, and justice of the peace for West- 
minster; but in 1724 he became secretary to Dr. Boulter, arch- 
bishop of Armagh, whom Swift detested, and found himself the 
butt of literary Dublin. His poems on the children of Lord 
Carteret and Daniel Pulteney, scoffed at by Swift as “little 
flams,” were parodied, and he was nicknamed “Namby Pamby.” 
He sat in the Irish parliament and held legal positions before re- 
turning to London in 1748. Не died there, June 1 or 2, 1749. His 
Poems were edited with an introduction by M. E. Segar in 1937. 

PHILIPS, JOHN (1676-1709), English poet and man of let- 
ters, best known for his brilliant parody of the Miltonic style 
in The Splendid Shilling, was born at Bampton, Oxfordshire, on 
Dec. 30, 1676, the son of Stephen Philips, archdeacon of Shrop- 
shire. He was educated at Winchester and at Christ Church, Ox- 
ford. His poem, The Splendid Shilling (first authoritative edition, 
1705), was called by Addison in The Tatler (No. 249) “the finest 
burlesque poem in the British language." Robert Harley and 
Henry St. John commissioned him to write a Tory counterblast 
(Blenheim, 1705) to Joseph Addison's Campaign. Cyder (1708), 
one of the earliest of the great didactic poems of the 18th century, 
is modeled on the Georgics of Virgil. Cerealia, an Imitation of 
Milton (1706), although printed without his name, may safely be 
ascribed to him. Philips died at Hereford on Feb. 15, 1709. 

See The Poems of John Philips, ed. by M. G. Lloyd Thomas (1927) ; 
Samuel Johnson in The Lives of the Poets, vol. i (1781). 

PHILIPS, KATHARINE (1631-1664), English poet known 
to her contemporaries as the “Matchless Orinda,” was born in 
London on Jan. 1, 1631. She married James Philips, a Welsh 
Puritan and parliamentary leader, іп 1648. Her home in Cardigan, 
Wales, became the centre of a "society of friendship," the members 
of which were known by romantic pseudonyms, Mrs. Philips being 
Orinda; her friend Mrs. Anne Owen, Lucasia; her husband, 
Antenor; and Sir Charles Cotterell, Poliarchus. Henry Vaughan 
exchanged poetical compliments with her and Jeremy Taylor ad- 
dressed to her A Discourse of the Nature, Offices and Measures 
of Friendship (1657). The atmosphere of the circle is preserved 
in The Letters of Orinda to Poliarchus (1705). Her Pompey 
(1663), a translation from Corneille, was successfully acted and 
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her poems appeared in a pirated edition (1664). An authentic 
edition by Sir C. Cotterell appeared in 1667. She died of small- 
x in London on June 22, 1664. 
P*Orinda’s poems represent a transition from the old courtly 
poetry to the Augustan manner of the Restoration. One of her 
lyrics was praised by Keats and she wrote the heroic couplet with 
skill and dignity. The Letters to Poliarchus are lively and кет 
ems were edited Ьу С. Saintsbury in his Minor Poets of the 
QUE LT vol. 1 (1905). See also P. W. Souers, The Matchless 
Orinda (1931). (V. DE S. P.) 

PHILIPS, PETER (1561-1628), important English composer 
of madrigals, motets, and keyboard music. He was a Roman 
Catholic, and in 1582 he left England for Italy, where he became 
organist of the English College in Rome. In 1585 he entered the 
service of Thomas, Lord Paget, with whom he traveled extensively. 
After Lord Paget's death in 1590 Philips went to Antwerp, and 
in 1597 he finally moved to Brussels, where he was appointed or- 
ganist of the royal chapel of the archduke Albert of Austria. In 
1593 he was accused by the Dutch authorities of planning the 
murder of Queen Elizabeth I, but after imprisonment and trial he 
was released. He probably took holy orders, for in 1610 he was 
appointed to a canonry. He died in Brussels in 1628. 

Philips published volumes of his own madrigals, to Italian texts, 
in 1596, 1598, and 1603. Eight volumes of his church music were 
published between 1612 and 1633. A posthumously published vol- 
ume of Masses is lost. Philips evidently enjoyed a considerable 
reputation during his lifetime, for many of his compositions ap- 
peared in contemporary collections, including Thomas Morley's 
First Book of Consort Lessons (1599) and the Fitzwilliam Virginal 
Book, which contains 19 keyboard pieces by him. Philips’ style 
reveals Italian and Dutch as well as English traits; J. P. Sweelinck 
was a powerful influence, and his firm polyphonic passages are at 
times reminiscent of William Byrd. (Da. C. B.) 

PHILISTINES, a people of Aegean origin who occupied the 
southern coast of Palestine during the 12th century B,C. 

History—According. to biblical tradition (Deut. 2:23; Jer. 
47:4; etc.) they came. from Caphtor (Crete), but there is no ar- 
chaeological indication of a Philistine occupation of the island. The 
name occurs for the first time,.in Egyptian records, as prst among 
the second wave of the “Peoples of the Sea” who invaded Egypt 
during the eighth year of Ramses III (c. 1190 в.с.) after ravaging 
Asia Minor, Cyprus, and Syria (see SEA PEOPLES). These peoples 
were displaced from their original homelands as part of the exten- 
sive population movements of the latter half of the 2nd millennium 
B.C. After being repulsed by the Egyptians they occupied the 
coastal plain of Palestine from Joppa to the Wadi Ghazzeh. This 
area contained the five cities (the Pentapolis) of the Philistine con- 
federacy (Gaza, Ascalon [Ashkelon], Ashdod, Gath, and Ekron; 
42.0.) and was known as Philistia or the Land of the Philistines. 
It was from this designation that the whole of the country was 
later called Palestine by the Greeks. In Gen, 21 :32, 34 and Ex. 
13:17; 15:14; 23:31 the references to Philistia and the Philistines 
are anachronistic, 

After settling on the coast, perhaps with Egyptian ermission, 
the Philistines expanded into neighbouring ou and aes came 
into conflict with the Israelites, also recently arrived in the coun- 
try. The Samson saga (Judg. 14-16) reflects this period. Due to 
their superior arms and military organization the Philistines were 
able (c. 1050) to occupy part of the Judaean hill country and to 
crush resistance at Ebenezer, destroy Shiloh, and capture the Ark 
(I Sam. 4:1-10). Archaeological evidence has shown that they 
devastated part of western Palestine. Saul was able to repel the 
Philistines (c. 1020), but their resurgence is shown by the Goliath 
story (I Sam. 17) and the account of David's victories over them, 
Aiter becoming king, David, using his intimate knowledge of their 
tactics, was able to defeat and subjugate the Philistines. They 
were reduced to a secondary role, and their history thereafter is 

that of the individual cities rather than of a people. After the divi- 
sion of Judah and Israel (c. 934 в.с.) the Philistines regained their 
independence and were often engaged in border battles with the 
Judahites and Israelites (I Kings 15:27; etc.). 

The first nonbiblical reference to the Philistines after their set- 
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tling on the Palestinian coast is in the annals of the Assyrian 
Adad-nirari III (810-782), who boasted of having Collected tribue 
from Philistia (Palastu). In the later Assyrian period the Phi 
tine cities were involved in pro- and anti-Assyrian intri Ч 1 
suffered from Tiglath-pileser ПІ (734), Sargon (720, 113, yy) 
and Sennacherib (701). Excavations in 1963 revealed fragmen | 
of a victory stele of Sargon set up in Ashdod. In the Tth cam | 
Gaza, Ashkelon, Ekron, and Ashdod were vassals to the Ass 
rulers Esarhaddon and Ashurbanipal. The city of Gath seems ty | 
have come under the dominance of nearby Ashdod, 1 
During the later part of the century the Philistine cities wep 
vassals to Egypt. An Aramaic papyrus from Saqqarah (Eg) 
records the plea of a Philistine ruler to his Egyptian overlord {yp 
help against Nebuchadrezzar of Babylon. With the conquests gf 
Nebuchadrezzar in Syria and Palestine, the Philistine cities bẹ 
came part of the Neo-Babylonian Empire. They were to remain. 
part of the Persian Empire, During the Greek and Roman period 
they were typical Hellenistic cities. À 
Culture and Religion.—There are no documents in the Phille 
tine language, and the only Philistine word that can be positively 
identified is seranim, “lords,” which is to be equated with Grek 
turannos, a word of Asianic origin. They were uncircumcised 
their only known cultural trait—for which they were despised by 
the Israelites (Judg. 14:3; 15:18; I Sam. 17:26; 18:25), Very 
little is known of the Philistine religion since all their gods known 
from biblical and other sources have Semitic пашез— 
Ashtaroth, Beelzebub (for Ba'al Zebul), and Marnas—and wert 
surely borrowed from the conquered Canaanites, It is also mol | 
likely that Canaanite and then Aramaic gradually became the li 
guages of Philistia, as Greek did during the Hellenistic period, 
Until their defeat by David the Philistine cities were ruled lj 
seranim, who acted in council for the common good of the natoni 
After their defeat, the seranim were replaced by kings. 
The Philistines in their period of expansion were able lo ms 
large numbers of well-armed and well-trained troops. The Ph 
tine warrior wore an Aegean kilt and a plumed headdress, : 
Goliath was armed to the teeth and engaged in single combat (1 
Sam. 17:5-7). The Philistines held for some time а К | 
on smithing iron (I Sam. 13:19—22), а skill probably acquit di | 
Asia Minor. At sites occupied by the Philistines at шеа 3 
a distinctive type of ceramics, a variety of 13th-century Муш. 
styles, is found. This “Philistine” pottery went ош of use 4 
the 10th century. At some sites anthropoid clay coffins are 4 
found in conjunction with this pottery. EV. 
The use of the term Philistine for a person deficient aed 
culture and enlightenment, whose chief interests are Pn 
prosaic, and commonplace, arose in the mid-19th ea yit 
early 19th century German students applied the ee ovt 
to those who had not received a university training e MUS 
therefore considered uncultured. English writers, 80 ТЛ 
and Arnold, took over the term and made it popular. Ls 
often used for those who oppose innovations 1n the ài E. 
Bretiocrarny.—R. A. S. Macalister, The Philistines | [LM Ў 
Heurtley, “The Relationship Between ‘Philistine’ and an vol. Y 
tery,” Quarterly, Department of Antiquities of Рази sry of te 
90-110 (1936); Н. L. Ginsberg, “Ап Aramaic Contes Rest 
Lachish Letters,” Bulletin of the American Schools of От" pad 
vol. iii, pp. 24-27 (1948) ; J. B. Pritchard (ed.), 


Ancient 
Texts Relating to the Old Testament, 2nd ed., рр. 26 ings; ppd 
308 (1955); D. Wiseman (ed.), Chronicles of Chaldaean Кады] 

68 (1956) ; G. Ernest Wright, “Philistine Coffins and 7 | 
Biblical Archaeologist, vol. xxii, pp. 54-66 (1959) ; Bie, vol im 

“Philistines,” in The Interpreter’s Dictionary of t. “Season at ) 
791-795 (1962); D. N. Freedman, “The Second 139 (98 
Ashdod,” The Biblical Archaeologist, vol. xxvi, Рр: GR) 


PHILISTUS (с. 430-356 в.с.), Greek histo ize powe ү | 
at Syracuse c. 430 в.с., helped Dionysius I to ph of 
and became his right-hand man and commande Pr, 
till he was exiled (386/385) for reasons now 1 to's first ү 
after 20 years by Dionysius II at the time of pe and lil 
his court, he held high command first in the A е 
home in the civil war, and died on active sern 
(356). During his exile, spent mostly in Ере 


4 


history, which attained ultimately to 13 books, 7 on Sicilian af- 
fairs before 405, 4 on the reign of Dionysius I, and 2 on the early 
s of Dionysius П (367-363). (It was continued by the 
Syracusan. Athanas.) Though the scanty surviving fragments do 
not illustrate why Cicero called Philistus “almost a miniature 
Thucydides,” his book clearly became a standard work, used not 
only by Ephorus in his Sicilian sections but also by Timaeus and 
Plutarch, writers who disliked his pro-monarchical point of view. 
See F. Jacoby, Die Fragmente der griechischen Historiker, vol. iii 
B, no. 556 and perhaps no. 577, fragments 1 and 2 (1950-55); A. бин, 
in Atti della Accademia nazionale dei Lincei, series 8, vol. 4, pp. 225- 
172 (1952). (С. T. бн.) 


PHILLIP, ARTHUR (1738-1814), British admiral, the first 
governor of New South Wales, was born in London on Oct. 11, 
1738. Educated at Greenwich, he became a midshipman in the 
navy in 1755 and saw service in the Mediterranean and in the 
West Indies, where he was promoted lieutenant (1762). Retired 
on half-pay in 1763, he was a farmer for the next 13 years. He 
then fought with the Portuguese Navy in its war against Spain, but 
the outbreak of war between England and France in 1778 caused 
him to return to England. In 1786 he was assigned the duty of 
taking several ships out to Australia to form a convict settlement. 
The “first fleet,” which set sail on May 13, 1787, consisted of 11 
ships, ill-equipped despite Phillip’s great efforts to obtain essentials 
fora settlement. After much difficulty, Phillip brought his ships 
first to Botany Bay (Jan. 18, 1788) and then to Port Jackson. 
Hampered by mutinous troops, by: convicts unable or unwilling 
to work, and—until the middle of 1790—by the threat of famine, 
Phillip and a few of his officers were able to establish a settlement 
through their energy, humanity, and example. Phillip permanently 
inspired the settlement and put it on the road to becoming a colony. 
Heleft Australia on Dec. 11,1792, and his resignation was accepted 
after his arrival in England in 1793. He saw further action at sea 
(1796-98) and was promoted rear admiral (1801), vice admiral 
(1809), and admiral (1814). Не died at Bath on Aug. 31, 1814. 
See also AUSTRALIA, COMMONWEALTH OF: History. 

Bon10crarny.—Historical Records of New South Wales, ser. I, vol. i 
(1892); G. D. Milford, Governor Phillip and the Early Settlement of 


Mu South Wales, 2nd ed. (1935); G. Mackaness, Admiral Arthur 
illi (1937) ; M. B. Eldershaw, Phillip of Australia (1938). 
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HILLIPPS DE LISLE, AMBROSE LISLE MARCH 
(1800-1878), a leading figure in the 19th-century Roman Catholic 
revival in England, was born at Garendon Park, Leicestershire, 
mbar 17, 1809, the elder son of Charles March Phillipps; he 
E the name De Lisle in 1862 from his paternal grandmother's 
amily, then without heir. Converted to Roman Catholicism from 
ена Anglicanism at the age of 16, he founded їп 1835 the 
gı DOS Reformation English Trappist monastery, called Mount 
m ernard, presenting an estate in Charnwood Forest, Leicester- 
Té, to а group of monks from Ireland. 
ч le wrote a number of religious works and was the benefactor of 
Шаш communities, the supporter of the Gothic revival- 
очо a A. W. N. Pugin (q.v.), a friend of leading figures of the 
Ж, Movement, and an overoptimistic worker for the corporate 
8 ion of the churches. He died at Garendon on March 5, 1878. 
ao. S. Purcell, Life and Letters of Ambrose Phillipps De Lisle, 2 vol. 
: (M. Dx.) 
) PHILLIPS, EDWARD (1630-16962), English writer and 
stapher of Milton, who was his uncle, was born in London in 
Sa His father, who died in 1631, was Edward Phillips 
only "OW office in chancery, and-his mother was Milton's 
fier Anne, Edward and his younger brother John were 
d de *d by Milton, in whose house they boarded and studied the 
| o: mathematics and music. Edward entered Magdalen 
derk i ford, in Nov. 1650, but left in 1651 to be a bookseller’s 
and oa London. He was tutor to John Evelyn’s son (1663-65), 
His int er, in the families of Lord Herbert and the earl of Arlington. 
ion ORM memoir of Milton (1694) is prefixed to his transla- 
of es Letters of State. John Aubrey states in his Min- 
п. Lives that all the poet's papers came into his nephew's 
eral Dj His other works include A New World in Words, or a Gen- 
ctionary (1658), which ran through many editions; an edi- 
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tion (1660-62) of Sir Richard Baker’s Chronicle of the Kings of 
England, with the section on 1650-58 showing a strong royalist 
slant; and Theatrum Poetarum (1675), a list of great poets, prin- 
cipally English ones, with critical notes and a prefatory Discourse 
of the Poets and Poetry which may have been written by Milton. 
He also added a supplement (1676) to John Speed’s Theatre of 
Great Britain, and wrote Enchiridion linguae latinae (1684), said 
to be based on Milton’s notes. The date of his death is unknown, 
but his last book is dated 1696. 

His brother Joun PHILLIPS (1631-1 706) has been proved to be 
the author of a biography of Milton which was long thought anony- 
mous. He appears to have acted as Milton’s secretary, and in 1652 
published a Latin reply toi the anonymous attack on the poet en- 
titled Pro Rege et populo anglicano. In 1655 he wrote a bitter 
attack on Presbyterianism, A Satyr Against Hypocrites, much in 
line with Milton’s disapproval of the sect. In 1656 he was sum- 
moned before the privy council for his share in a book of licentious 
poems, Sportive Wit (1656), which was suppressed, but only to be 
replaced by another, Wit and Drollery (1656). John Phillips was 
a voluminous writer, often obscene, but entertaining. 

See W. Godwin, Lives of Edward and John Phillips (1815) ; H. Dar- 
bishire, The Early Lives of Milton (1932). 

PHILLIPS, STEPHEN (1864-1915), English poet, play- 
wright, and actor, who achieved a brief but brilliant success as a 
verse-dramatist in the Edwardian theatre, was born at Summer- 
town, Oxford, on July 28, 1864, the son of a canon of Peterborough. 
He was educated at Trinity College School, Stratford-Upon-Avon, 
and at King’s School, Peterborough, and was recommended for a 
scholarship at Queen's College, Cambridge, but did not take up 
residence. In 1885 he joined F. R. Benson’s company as an actor 
and for some ten years played various parts, including Prospero 
in Shakespeare’s The Tempest, but his chief accomplishment in 
Benson’s eyes was that of a “first-class bowler of accurate length 
and varied pace.” He had poetic gifts as well, and the publication 
of his Poems in 1897 launched his career as a poetic dramatist. 
Three of his verse-dramas were produced by Beerbohm Tree at 
His Majesty’s Theatre: Herod (Oct. 31, 1900), Ulysses (Feb. 1, 
1902), and Nero (Jan. 25, 1906). With J. Comyns Carr he also 
prepared for Beerbohm Tree a version of Faust performed on 
Sept. 5, 1908. 

His most successful play was Paolo and Francesca, produced 
by George Alexander at the St. James’s Theatre on March 6, 1902, 
which was rapturously received, its author being compared to 
Shakespeare. In fact Phillips had a gift for picturesque language 
and effective situations but little more, and his reputation withered, 
even in his own short lifetime. His last plays to be produced were 
The Sin of David at the Savoy Theatre on July 9, 1914, and 
Armageddon, staged by Martin-Harvey at the New Theatre on 
June 1, 1915. Phillips proved unable to withstand sudden suc- 
cess and gradual failure. His final years were ruined by excess and 
he died, penniless, at Deal, Kent, on Dec. 9, 1915. 

See J. C. Trewin, Benson and the Bensonians (1960). (Се. R.) 

PHILLIPS, WENDELL (1811-1884), major U.S. aboli- 
tionist, orator, and reformer, was born in Boston, Mass., on Nov. 
29,1811. After graduating from Harvard College in 1831 and from 
Harvard Law School in 1834, he opened a law office in Boston 
but soon became active in the antislavery movement. In 1837 
he married Ann Terry Greene, a fervent disciple of the noted 
abolitionist editor William Lloyd Garrison, and thereafter Phillips 
collaborated closely with Garrison. He lectured for antislavery 
societies, wrote editorials and pamphlets, and contributed finan- 
cially to abolition enterprises. Public recognition as an orator 
came to Phillips in 1837, chiefly after his dramatic impromptu 
speech at Faneuil Hall in Boston denouncing the murder of the 
abolitionist editor Elijah P. Lovejoy in Alton, Ill. He was one of 
the most eloquent orators of the day and introduced to the U.S. 
public platform a direct and colloquial manner of speaking. 

Sacrificing social status and a prospective political career, Phil- 
lips devoted himself to the unpopular cause of the slave. As a 
reform crusader, however, he refused to link abolitionism with 
political action. Like Garrison, he condemned the U.S. Constitu- 
tion for its compromises over slavery and he advocated disunion 
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rather than association with slave states, He opposed the annexa- 
tion of Texas and the Mexican War. During the Civil War he as- 
sailed Lincoln’s unwillingness to uproot the institution of slavery, 
and after emancipation he contended that the Negroes should be 
guaranteed full civil rights. In 1865 he broke with Garrison over 
the discontinuance of the American Antislavery Society; and, after 
Garrison resigned, he served as its president until the organiza- 
tion disbanded in 1870. 

Phillips was also a temperance advocate and a champion of 
women’s rights. After the Civil War he continued his mission of 
moral education, advocating universal suffrage, labour reforms, 
prohibition of alcoholic beverages, prison reform, and issuance of 
paper money (see GREENBACKS). In 1870, in a brief and futile 
political episode, he was the gubernatorial candidate in Massa- 
chusetts of the Labor Reform Party and the Prohibition Party. 
Thereafter Phillips remained active on lyceum circuits until the 
1880s, giving popular lectures on a number of noncontroversial 
subjects. He died in Boston on Feb. 2, 1884. 

See Oscar Sherwin, Prophet of Liberty (1958); Lorenzo Sears, 
Wendell Phillips (1909). (R. J. 7.) 

PHILLIPSITE, a mineral of the zeolite group, is a hydrated 
potassium, calcium and aluminum silicate. Like other natural 
and synthetic zeolites its unique crystalline make-up and structural 
porosity make it possible for the mineral to lose and regain water 
reversibly with little or no change in fundamental structure. Like 
other zeolites it has the property of exchanging electrically charged 
atoms (ions) with other substances. (For discussion of these 
properties see ZEOLITE.) Phillipsite is a mineral of secondary 
origin and occurs with other zeolites in cavities in basic volcanic 
rocks (basalts and phonolites); in red clay and deep sea deposits; 
and is formed from some hot spring waters. It has been found 
near Rome, Italy, in France, Germany and Australia, near Mel- 
bourne, and at the Giant's Causeway, County Antrim, N.Ire. The 
composition of phillipsite approximates (K5,Ca) Alo (SiO) y 4H30. 
It varies somewhat in composition, the variety pseudophillipsite 
having the formula (Ks,Ca)5AL,Si;O,,'9H4O. Crystals are mono- 
clinic, but only complex cruciform twins are known. Spherical 
groups with a radially fibrous structure and bristled with crystals 
on the surface are not uncommon. The hardness is 4.5, and the 
specific gravity 2.2. 

The species was named in 1825 after the English mineralogist 
William Phillips (1775-1828) ; it also has been called christianite 
after Christian VIII of Denmark. 

PHILLPOTTS, EDEN (1862-1960), English novelist, poet 
and dramatist, was born at Mount Abu, Rajputana, India, Nov. 4, 
1862, and educated at Plymouth. A clerk for ten years in an in- 
surance office, he then studied for the stage, but became a writer, 
producing over 100 novels, many of them with a Devonshire set- 
ting. Among his more important works are the novels Children 
of the Mist (1898); Sons of the Morning (1900) ; Widecombe Fair 
(1913); studies of boyhood and adolescence, The Human Boy 
(1899); The Waters of Walla (1950); plays, The Farmer's Wife 
(1917); Fellow Sands (with his daughter Adelaide, 1926) ; poems, 
The Iscariot (1912); Brother Beast (1928); The Enchanted Wood 
(1948); and One Thing and Another (poems and essays, 1954). 
He died at Broad Clyst, near Exeter, Dec. 29, 1960. 

PHILLPOTTS, HENRY (1778-1869), English bishop, who 
combined efficient diocesan administration with vigorous and ef- 
fective political controversy on almost every major issue in the 
mid-19th century, was born at Bridgwater on May 6, 1778, and 
educated at Corpus Christi College, Oxford. He was bishop of 
Exeter from 1831 until his death at Torquay on Sept. 18, 1869. 
An energetic high churchman and Tory, Phillpotts defended the 
Poor Law, the Test Act, the Peterloo incident (see PETERLOO), 
the Tory ministry’s treatment of Queen Caroline and its policy 
toward Roman Catholic emancipation, He made a powerful at- 
tack on the Reform bill and on major ecclesiastical issues, in- 
cluding the foundation of the Anglican bishopric in Jerusalem 
(1841) and J. H. Newman’s Tract 90. Unlike most Tories he 

opposed the Crimean War. Among various lawsuits in which he 
was involved, the most famous resulted in the Gorham judgment 
(1850), which overruled Phillpotts’ refusal to institute С. б: 
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Gorham to a living within his diocese on grounds of Gorham! 
orthodox views on baptism. The Church of England owed x : 
Phillpotts’ successful agitation for the revival of me. : 
dm C. B. Davies, Henry Phillpotts, Bishop of Exeter, n 

PHILO, often called Pamo JupaEus (с. 30 BCC. AD, 40) 
Jewish philosopher, is the most important representative of Hell, 
istic Judaism, and his writings give us the clearest view of thie 
development of Judaism in the Diaspora, He was probably a 
native of Alexandria, where he appears tò have spent his whole 
life apart from one journey to Rome. His brother Alexander үн 
alabarch or arabarch (i.e., probably, chief farmer of taxes on the 
Arabic side of the Nile), from which it may be concluded that the 
family was influential and wealthy (Josephus, Antiquities, vij 
8, 1). The only event of his life which can be actually did 
belongs to д.р. 40, when Philo, then nearing the end of his yen, 
went to Rome to persuade the emperor Caligula (Gaius) to ачах 
from claiming divine honour from the Jews. Of this embassy Philp 
has left a full account. 

Philo appears to have been the greatest of all the Jewish phil. 
ophers of the Alexandrian School and has been called "the frst 
theologian.” His language is formed on the best classical mold. 
especially Plato. He knows and often cites the great Greek poets, 
but his chief studies had been in Greek philosophy. His system Wis 
eclectic, but the borrowed elements are combined into a new unity 
with so much originality that he may fairly be regarded as rore 
senting a philosophy of his own, which has for its characlerili 
feature the constant prominence of a fundamental religious ides 

Philo’s closest affinities are with Plato, with the later Pythig 
oreans and with the Stoics. Yet with all this Philo remained 
Jew, and a great part of his writings is expressly directed to recom 
mend Judaism to the respect and, if possible, to the acceptance ol 
the Greeks, He was not a stranger to the specifically Jewish ai 
ture that prevailed in Palestine; in Hebrew he was not proficiat, 
but he had evidently made some study of that language. Hi 
method of exegesis is similar in form to that of the РИШ 
rabbinic scholars, and there are coincidences in matter. 
recognized the Mosaic Scriptures of the Pentateuch as of absolut 
divine authority and as containing all truth. The other Jovi 
Scriptures he also recognized as prophetic (i.e. as Ше ҮЕ 
of inspired men) but he did not place them оп the bene) 
the Law: everything that is right and good in the doctrines 0 
Greek philosophers had already been quite as well, or evt dd 
taught by Moses. Thus, since Philo had been deeply in ШУ 
by the teachings of Greek philosophy, he found in the Pen 
everything which he had learned from the Greeks. em a 
premises he assumed as requiring no proof that the Greek w whit 
phers must in some way have drawn from Moses, à vie disi 
had already been expressed by Aristobulus. These peu " 
were maintained by an allegorical interpretation of crit 
With its aid he discovered indications of the profoundest Ti 
of philosophy in the simplest stories of the Pentateuc* 
method of allegory is borrowed from the Stoics. the ides ihi 

Theology.—Philo’s doctrine of God starts from 1 
God is a being absolutely bare of quality, excluding ny 
tion of body and soul, or of the four elements, il 
and accidental quality, or of matter and form. ble E 
can be predicated of God, who is eternal, unchange, | 
substance, free, self-sufficient, better than the good ani reduce 
ful. To predicate any quality of God would be to only Ш 
to the sphere of finite existence. Of him we can icis? 
he is, not what he is; and such purely negative PPP. an Я 
his being appear to Philo, as to the later Pythagorea™ -polt 
Neoplatonists, to constitute the only way of securing 
elevation above the world. eption of oi 

A consistent application of Philo's abstract {оо u” 
would exclude the possibility of any active relation ovement ®, 
world, for a being absolutely without quality and magapi 
not be conceived as actively concerned with the a abs 
individual things. In fact Philo does teach that t jated vy ot 
fection, purity, and loftiness of God would be VIO") it е 
contact with imperfect, impure, and finite things- 


wy of a connection between God and the world is reached 
ugh à distinction which forms the most important point in 

/s theology and cosmology; the proper being of God is dis- 

hed from the infinite multiplicity of divine ideas or forces: 
God himself is without quality, but he disposes of an infinite variety 
ofdivine forces, through whose mediation an active relation of God 
1p the world is dim ovs wc "e ie : 

“philo’s conception of the nature of these mediating forces was 
ocior. On the one hand they are nothing else than 
ideas of individual things conceived in the mind of God and, as 
such, ought to have no other reality than that of immanent exist- 
ше in God; and so Philo says expressly that the “intellectual 
world" or totality of ideas is simply the Logos (q.v.) or Reason of 
God as Creator. Yet, on the other hand, these forces are repre- 
gnted as daemons or angels, hypostases distinct from God, in- 
dividual entities existing independently and apart from him. This 
vacillation, however, as E. Zeller and others have justly remarked, 
j necessarily involved in Philo's premisses, for, on the one hand, 
itis God who works in the world through his ideas, and therefore 
they must be identical with God; but, on the other hand, God is 
not to come into direct contact with the world, and therefore the 
forces through which he works must be distinct from him. 
The same inevitable amphiboly dominates in what is taught as 
tothe supreme Idea or Logos. Philo regards all individual ideas 
as comprehended in one highest and most general idea or force— 
the unity of the individual ideas—which he calls the Logos or 
Reason of God and which is again regarded as operative Reason. 
c р, therefore, is the highest mediator between God and 
world, the firstborn son of God, the archangel who is the 
vehicle of all revelation and the high priest who stands before God 
on behalf of the world, ‘Through him the world was created, and 
he is identified with the creative Word of God in Genesis (the 
logos meaning both “reason” and “word”). Here again, we 
See, the philosopher is unable to escape from the difficulty се Ње 
08 is at once the immanent Reason of God, and yet also a 
stasis standing between God and the world. 
The whole doctrine of this mediatorial hypostasis is a strange 
intertwining of very dissimilar threads; on one side the way was 
Prepared for it by the older Jewish distinction between the Wis- 
dom of God and God himself, of which we find the beginnings 
Job (28:12 ef seg.) and in Proverbs (chapters 8 and 9) and the 

development in Ecclesiasticus and in the Book of Wisdom, 

E 5» Which comes very near to Philo's ideas if we cer 

е term "wisdom" that of (divine) "reason." e Stoic 
f Poseidonius had already identified the Platonic ideas with 

Stoic Logos. Philo goes a step further by placing the ideas in 
Mind 9f God; but he makes it clear that they represent only 
$ relation to the world, not his essence. 

е world and creation, іп Philo's doctrine, rest on the pre- 
“position of an absolute metaphysical contrast between God and 
E e wildan bê ascribed to бодро mitior agit 
h r orderly world; its material substratum 15 no! evel 
her tly referable to God. Matter is а second principle, but in 

ûn empty one, its essence being a mere negation of all true 
fice dm а lifeless, unmoved, shapeless mass, out of which God 
Strict] е actual world by means of the Logos and divine forces. 
omni ma e br formed, not created, since matter did 

1 od, 
E E Teaching.—Philo’s doctrine of man is also strictly du- 

Š rae Pc a from exse Man i маси ^ 

and a lower origin. the pure souls whic 
m those nearest the earth are attracted by the sensible and de- 
But on Sensible bodies ; these souls are the Godward side of man. 
раа ак em ws m «КОШЫ rs с е, 5 ATASA 
and all evil. e body, therefore, , 

"dd û grave for the soul which seeks to rise again to God, The 
World a axim of Philo’s ethics is therefore deliverance from the 
kin Sense and the mortification of all the impulses of sense. 

Stoics 17106 Out this thought, Philo differs from the Stoics. The 
Ent man upon his own resources; Philo points him to the 
lever nce of God, without whom man, a captive to sense, could 
tise to true wisdom and virtue. Even in this life the truly 
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wise and virtuous is lifted above his sensible existence and enjoys 
in ecstasy the vision of God, his own consciousness sinking and 
disappearing in the divine light. Beyond this ecstasy there lies 
but one further step, viz., entire liberation from the body of 
sense and the return of the soul to its original condition; jt came 
from God and must rise to him again. But natural death brings 
this consummation only to those who, while they lived on earth, 
kept themselves free from attachment to the things of sense: all 
others must at death pass into another body. Transmigration of 
souls is in fact the necessary consequence of Philo’s premisses. 

Works.—The titles of the numerous extant writings of Philo 
present at first sight a most confusing multiplicity. More than 
three-fourths of them, however, are really mere sections of a small 
number of larger works. Three such great works on the Penta- 
teuch can be distinguished. : 

1. The smallest of these is the Zetemata kai lyseis (“Questions 
and Solutions"), a short exposition of Genesis and Exodus, in the 
form of question and answer. The work is cited under the Greek 
title by Eusebius and by later writers, but the Greek text is almost 
wholly lost, and only about one-half is preserved in an Armenian 
translation. Genesis seems to have occupied six books. Eusebius 
tells us that Exodus filled five books. In the Armenian transla- 
tion, edited by the Mekhitarist monk J. B. Aucher (1826), are 
preserved four books on Genesis and two on Exodus, but with 
lacunae. А Latin fragment, about half the fourth book on Genesis, 
was first printed at Paris in 1520. Of the Greek text there are 
numerous but short fragments in various ancient anthologies. The 
interpretations in this work are partly literal and partly allegorical. 

2. Philo's most important work is the Nomon hieron allegoriai 
(“Allegories of the Sacred Laws"), a vast commentary on Genesis, 
dealing with chapters 2, 3, and 4 verse by verse and with select 
passages in the later chapters. The readers in view are mainly 
Jews, for the form is modeled on the rabbinic Midrash. The main 
idea is that the characters which appear in Genesis are properly 
allegories of states of the soul. All persons and actions being 
interpreted in this sense, the work as a whole is a very extensive 
body of psychology and ethics. 

3. A work of a very different kind is the group of writings ex- 
pounding the “Mosaic Law for Gentiles.” These, in spite of their 
diverse contents, present on nearer examination indubitable marks 
of close connection, In them Philo seeks to give an orderly view 
of the chief points of the Mosaic legislation in the Pentateuch and 
to recommend it as valuable to gentile readers. The method of 
exposition is somewhat more popular here than in the allegorical 
commentaries, for, though that method of interpretation is not 
wholly excluded, the main object is to give such a view of the 
legislation as Philo accepted as historical. This work has three 
main divisions: (1) the interpretation of the first two chapters of 
Genesis, Peri Moyseos kosmopoiias (Lat. De opificio mundi), as 
Moses put his account of the Creation at the beginning of the 
Pentateuch in order to show that his legislation was conformed 
to the will of nature and that therefore those who followed it were 
true cosmopolitans; (2) the “Lives of the Wise,” biographies of the 
three righteous men, Abraham, Isaac, and Joseph—being, so to 
speak, the living unwritten laws which, unlike written laws, present 
the general types of moral conduct; and (3) legislation proper, in 
two subdivisions, (a) the ten principal chapters of the law and (5) 
the special laws belonging to each of these ten. An appendix adds 
a view of such laws as could not be brought under the rubrics of 
the decalogue. 

4, Of the miscellaneous writings attributed to Philo, some ap- 
pear to have survived in their entirety, some are extant only in 
translation or in fragments and some have been held to be spurious. 
The Greek texts of the three books “Оп the Life of Moses" and of 
the treatise “Оп Nobility” have been preserved. Two of five books 
on the affairs of the Alexandrian Jews also survive in Greek: 
namely, “Against Flaccus,” in which Philo relates how the governor 
Flaccus, early in Caligula’s reign, allowed the mob to persecute 
the Jews in Alexandria; and Peri areton kai presbeias pros Gaion 
(Lat. De legatione ad Gaium), in which he describes the persecu- 
tion following Caligula’s demand for divine honours and recounts 
his embassy to Rome to seek relief for the Jews of Alexandria. 
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Of the two books “Оп Providence,” the title of which is twice men- 
tioned by Eusebius, we possess only an Armenian version edited 
with Latin translation by J. B. Aucher (1822); book i appears 
moreover to be ina Christian recension. Also in Armenian, except 
for two small fragments preserved in the Florilegium (anthology) 
of Leontius and Johannes, is the surviving text of Philo's Alexan- 
dros (“Alexander, or That Dumb Animals Have Reason"), men- 
tioned both by Eusebius and by Jerome. Eusebius (Praeparatio 
Evangelica, viii, 6, 7, 11) preserves fragments of the Hypothetika 
and of a “Defense of the Jews,” the latter being presumably iden- 
tical with the work “On the Jews” that he mentions elsewhere. 

The authenticity of the treatise “That Every Righteous Man Is 
Free" was disputed by Z. Frankel and by R. Ansfeld but was de- 
fended by Paul Wendland, who believed it to be an early work of 
Philo’s. The Philonic origin of the document on the Therapeutae, 
Peri biou theoretikou (Lat. De vita contemplativa; see JEWISH 
Sects DURING THE SECOND COMMONWEALTH) was also disputed, 
notably by Р, E. Lucius in Die Therapeuten (1879), but was ably 
defended by L. Massebieau in the Revue de l'histoire des religions, 
xvi (1887), by F. C. Conybeare in Philo About the Contemplative 
Life (1895), and. by Wendland in Die Therapeuten (1896). 
Against J. Bernays and others who denied Philo's authorship of 
the treatise “Оп the Incorruptibility of the World"—apparently 
one of the sources from which the suppositious treatise “On the 
World" was compiled—F. C. Cumont's vindication, Philo de 
aeternitate mundi (1891) may be consulted. Two discourses 
extant only in Armenian, one on Samson, the other on Jonah, are 
inauthentic. See also references under “Philo” in the Index. 

BIBLIOGRAPHY.—Editions of Philo's works include those by T. Man- 
gey, 2 vol. (1742) ; by L. Cohn, P. Wendland and S. Reiter, 7 vol. 
(1896-1930) ; and by F. H. Colson and G. H. Whitaker, 9 vol., with 
Eng. trans. and supplement, Loeb Series (1929-53). 

For studies of Philo see R. Marcus, “Recent Literature on Philo 
(1924-1934) ," Jewish Studies in Memory of G. A. Kohut (1935) ; E. R. 
Goodenough, bibliography in The Politics of Philo Judaeus (1938). 
The following deserve special mention: C. Siegfried, Philo von Alex- 
andria (1875) ; B. Ritter, Philo und die Halacha (1879) ; J. Drummond, 
Philo Judaeus, 2 vol. (1888) ; H. Guyot, Les Réminiscences de Philon 
le Juif chez Plotin (1906) ; N. Bentwich, Philo-Judaeus of Alexandria 
(1910) ; H. A. A, Kennedy, Philo’s Contribution to Religion (1919) ; 
T. H. Billings, The Platonism of Philo Judaeus (1919) ; E. Bréhier, Les 
Idées philosophiques et religieuses de Philon d'Alexandrie, 2nd ed. 
(1925) ; I. Heinemann, Philons griechische und jüdische Bildung (1932) ; 
E. R. Goodenough, By Light, Light: the Mystic Gospel of Hellenistic 
Judaism. (1935), An Introduction to Philo Judaeus (1940); H. H. 
Wolfson, Philo: Foundations of Religious Philosophy in Judaism, 
Christianity and Islam, 2 vol. (1947); and S. Sandmel, “Philo’s Place 
in Judaism: a Study of Conceptions of Abraham in Jewish Literature,” 
Hebrew Union College Annual, xxv, xxvi (1954-55). 

(E. Sc.; C. Br; A. Ам.) 

PHILOCTETES, Greek legendary hero who played a decisive 
part in the final stages of the Trojan War. The son of Poeas, 
he held sway over a group of cities on the southeastern Thessalian 
seaboard, He (or his father) had been bequeathed the bow and 
arrows of Heracles in return for lighting his funeral pyre; Philoc- 
tetes became a famous archer. En route for Troy he was incapaci- 
tated by the bite of a water snake and was left behind by the Greeks 
on the island of Lemnos. A prophecy of Helenus revealed that 
Troy could only be taken with the aid of Heracles’ bow and arrows. 
Accordingly Odysseus and Diomedes went to Lemnos and per- 
suaded Philoctetes to accompany them to Troy. There he was 

healed of his wound by Machaon, and killed Paris in single combat, 
thus paving the way for the city's fall. He subsequently returned 
home safely, but wandered as a colonist to southern Italy, where 
he ultimately met his end in battle. Homer gives only a skeleton 
outline of this story; the details were filled in by later epic writers. 
All three of the great Attic tragedians handled the theme, but 
Sophocles’ Philoctetes alone survives. In it Achilles’ young son 
Neoptolemus accompanies Odysseus, and the dilemma of his 
divided loyalties to the Greeks and to the tormented hero is re- 
solved only through the direct intervention of Heracles. Philoc- 
tetes is sympathetically portrayed—a symbol of a man triumphing 
over pain and through suffering (see SOPHOCLES: His Tragic 
Thought: Philoctetes and Oedipus Coloneus). 

See Pauly-Wissowa, Real-Encyclopidie der classischen Altertums- 
wissenschaft, vol. 19, col. 2500-09 (1938). (D. E. W. W.) 
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PHILODEMUS (c. 110-40 в.с.), Greek 
philosopher (see EPICURUS) who did much to spread that doctrine 
among Roman men of letters; was born at Gadara near the Sq 
of Galilee. After studying at Athens under the Epicurean 
of Sidon, he became the mentor of a Roman of high rank, L Qj - 
purnius Piso, with whom he lived in the vicinity of Naples, Hort 
is thought to have been much influenced by him, Cicero implicate | 
Philodemus in a personal attack on Piso in his speech Jn Pis 
but knew his writings well and used them as a source for Epicurean 
doctrine. Of his poems, 34 epigrams are extant; these consist of 
light verse, not linked with his philosophy. Treatises by Phil. 
demus predominate among the books of the great Epicurean Li 
brary discovered at Herculaneum; the library itself may have 
belonged to him, the house to Piso or to his heirs, Much of what 
Philodemus says evidently comes from Zeno of Sidon; but he gives 
glimpses of controversies between the later Epicureans and their 
opponents, and among themselves. (D. J.A) 

PHILODENDRON, the generic and common name for about 
200 species of plants of the aroid family (Araceae; g.v,), many 
of which are prized as landscape ornamentals in moist, warm te. 
gions or as conservatory and house plants. They are native to 
tropical America, mostly in forests, and are valued for the glos, 
sculpture, variegation and colour of their leaves. Most philoden- 
drons are vining plants but some (e.g., the “self-heading” horti- 
cultural varieties) are almost stemless, with leaves that arise from 
a crown. The leaf blades, which are relatively thick, vary in dif 
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ferent species from heart-shaped to ovoid, from smooth ma 
to deeply lobed and from a few inches to about three tic | 
in some species the leaves are perforated, and in certain ^ the 
tural varieties they turn red in cool weather. The ed with 
leaf stalk, or petiole, clasps the stem. The flowers are ou below, 
out petals, and are crowded, with male above and fear anal 
on a spikelike spadix enfolded by a leaflike spathe. a n 
which is usually whitish, yellowish or red, persists 8I? 
cluster of berrylike fruits, d soil anl 

As house plants, philodendrons require well-aeratel шу whet 
moderate light, They should be thoroughly watered 0 г weekly 
the soil begins to feel dry to the touch. Daily эрїаўШЁ m 5 10% 
washing of the leaves with water is helpful. Stem pe philo 
readily in water or in moist sand, peat moss, soil, etc. n pi 
dendrons soon require support. When grown as house P 
odendrons rarely blossom. p. D. V) 

See also House PLANTS. ( “Good 20 

PHILOKALIA (Dozrororyusie), “Love of tne asi 
the Beautiful,” a famous prose anthology of Greek mo 
first printed in Venice in 1782 and quickly sd but oil th 
Orthodox world. It was edited by Bishop Makarios of “jolt 
Nikodimos Hagioritis (Nicodemus the Athonite). if monas 
was part of the movement for spiritual renewal in б past 
cism, and Greek devotional life in general, by a return "T 
ideals (see Hesycuasm), Its great influence can be 
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шу against the background of Hesychast teaching and mystical 

ay of life. The 1,207 pages of the Philokalia consist of many 
" extracts from the desert fathers who since the 11th-12th 
aa had been regarded by Byzantine monasticism as the fore- 
runners of Hesychasm and from the Hesychast authors them- 
selves: Simeon the New Theologian (see SIMEON, SAINT), Nicetas 
Stethatus (d. c. 1050), Nicephorus (2nd half of the 13th century), 
Gregory the Sinaite (1255-1346), Gregory Palamas (see PALAMAS, 
sunt GREGORY); Ignatius and Callistus Xanthopulus (end of 
{sth century), etc. 

The theme of the Philokalia is “inner asceticism,” not merely 
outward obedience to one’s superior or the practice of physical 
auterities, Inner asceticism means, above all, true repentance for 
one's sins, daily recollection of death and judgment, together with 
perpetual remembrance of God as omnipresent and omnipotent, 
wd ceaseless prayer. A very important part is played by the 
‘Jesus prayer,” uttered in a particular bodily position with a spe- 
dal way of breathing. 

The Philokalia had great success in the Slav countries, espe- 
dally Russia, and a Church Slavonic version appeared in 1793 in 
St: Petersburg under the title of Dobrotolyubie. It was translated 
ly the starets Paissy Velichkovsky, who introduced a neo- 
Hesychast spiritual renewal into Russian and Moldavian monas- 
tidsm, Whereas in Greece the Philokalia apparently had little 
influence outside certain schools of monasticism (although at- 
tempts were made to reach a wider public with new editions in 1897 
and 1957 ff), the Church Slavonic version became through the 
influence of the startsi one of the favourite spiritual books of all 
tasses of Russian laity during the 19th century. In 1877 Feofan 
lavornik (Theophanes the Recluse), former bishop of Tambov, 
mide а Russian version in five volumes which altered the selection 
of extracts in a way that had been characteristic for Russian 
monasticism since the time of Nil Sorski in the 16th century. An 
interesting example of the influence of the Philokalia is seen in 
Ülkrouennye rasskazy strannika dychovnovy svoemu otsu (1894), 
Which was very popular in Russian and is now widely read in west- 
em Europe and America (Eng. trans., The Way of a Pilgrim, 
1930, revised 1952, by R, M. French). 
yy UOORMAPEY Par tial Eng. trans, by E. Kadloubovsky and G. E. 
(i si) n з from the Philokalia on the Prayer of the Heart 
ee rly Fathers from the Philokalia (1954) ; partial French 

Y J. Gouillard, Petite Philocalie de la priére du e y 
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PRILOLAUS (fl. in second half of 5th century в.с:), Greek 
b ilosopher of the Pythagorean School, was born at Tarentum or 
p to Diogenes Laértius viii, 84) at Crotona in southern 
ws After the death of Pythagoras great dissensions prevailed 
lily Italian cities, According to some accounts, Philolaus fled, 
"ing refuge first in Lucania and then at Thebes, where he had 
а ad Cebes as pupils. Later Philolaus returned to Italy, 
ere, it is said, he taught Archytas. He studied the Pythagorean 
T т theory, particularly the properties inherent in the decad— 
эң of the first four numbers, consequently the fourth triangu- 
umber, the tetractys. It is from a book of his that Plato's 
m a Speusippus is reported to have reproduced the doctrine. 
ould seem that Philolaus was the first systematizer of Pythag- 
ge but the evidence for this is a matter of dispute. 
Чг Pus probably knew the construction of three of the reg- 
тайый, 5, and Empedocles is stated to have been the first who 
these ae that there are four elements. Philolaus, connecting 
; leas, held that the elementary nature of bodies depends on 
iı pom and assigned the tetrahedron to fire, the octahedron to 
зч he sthedron to water, and the cube to earth; the dodeca- 
Toundin : assigned to a fifth element, ether or the pure air sur- 
nthe the universe. The elements themselves seem to have 
бей by Product of number, and they existed in a harmony pro- 
inii," Ве normal Pythagorean principles of Limit and the Un- 
Of the ty Similarly, in an animate body health consisted in a balance 
Vul as wo further opposites, heat and cold. Philolaus regarded the 
© mixture and harmony” of the bodily parts; he also as- 
of Substantial soul, whose existence in the body is an exile be- 
im ; Sn, showing the religious outlook that Plato attributes to 
Phaedo (61 D f.). For the important astronomical 
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theory sometimes attributed to him, see PYTHAGORAS AND PYTHAG- 
OREANISM. 

Both the astronomy and the physics which are credited to Philo- 
laus have been held to be inadmissible before Plato's Timaeus. 
Certainly the discovery of how to construct the octahedron and 
the icosahedron is put after Philolaus' time on far better evidence. 
(And the only quotation about the five elements, it should be no- 
ticed, does not name the regular solids at all.) The man himself 
has even been considered a fanciful invention of Plato; and Erich 
Frank argued that his works were forged by Speusippus. If his 
genuineness is accepted, it is certainly necessary to be discrimi- 
nating about the quotations which have survived and still more so 
about the descriptions of his doctrine made by ancient writers. 

BisLrocRAPHY.—Ancient testimonies and fragments are collected by 
H. Diels and W. Kranz, Fragmente der Vorsokratiker, vol. i, 7th ed. 
(1954). For the case against their genuineness see E. Frank, Plato und 
die sogenannten Pythagorüer (1923) ; for a reply to Frank's arguments, 
E. Zeller, La Filosofia dei greci, Italian trans. ed. by R. Mondolfo, 
pt. i, vol. ii, pp. 367-382 (1938). (А. С. Lp.) 

PHILOLOGY, a term now rarely used but once applied to 
the study of language and literature. A human society is apt to 
be bound together by a single language, in which its entire cultural 
tradition, written and unwritten, is composed. As time goes by, 
the universe of tradition is seen to contain diverse subject matter, 
which for convenience of handling is classified broadly to cor- 
respond to the activities of the particular society—its law, religion, 
history, philosophy, for example. That part of tradition, the con- 
tent of which is dominantly imaginative and the form artistic, ex- 
cites its own interest and criticism and even devotion, for the sake 
of its better preservation and understanding: this was designated 
philology. Nowadays a clear distinction is made between literary 
and linguistic scholarship, and the term philology, where used, 
means the study of language. It survives in the titles of a few 
learned journals that date to the 19th century. See LINGUISTICS. 

PHILOPOEMEN (с. 252-182 в.с.), Greek general of the 
Achaean League (q.v.), was born at Megalopolis, in Arcadia, and 
there trained to a career of arms by the Academic philosophers 
Ecdelus and Damophanes. When Cleomenes III of Sparta took 
Megalopolis (223), Philopoemen skilfully evacuated it, and his 
initiative at Sellasia (222) won the praise of Antigonus Doson, 
king of Macedonia. The next 11 years he spent as a condottiere in 
Crete; he returned to Achaea and was elected federal cavalry com- 
mander for 210/209, when his reorganized cavalry defeated the 
Aetolians on the Elean frontier. As general of the confederation 
for 208/207 he introduced heavier Macedonian armour and phalanx 
tactics, and so crushed the Spartans under Machanidas at Mantinea 
(207). This Achaean revival reduced Achaean dependence on 
Macedonia. General again in 206/205 and 201/200, he expelled 
Nabis of Sparta from Messene, and routed him at Tegea. But in 
the Second Macedonian War his policy of neutrality harmed him, 
and he returned to Crete until 193. In a fourth generalship (193/ 
192) he failed against Nabis by sea, but almost annihilated his 
army near Gythium. The Roman general Flamininus prevented 
his taking Sparta, but on Nabis’ assassination (192) he incorpo- 
rated it in the confederation. Henceforth he dominated Achaean 
policy. He was general in 191/190 and 189/188; in 191, when 
trouble arose at Sparta, he closed the gates against both Diophanes, 
the Achaean general, and Flamininus, but in 188 he inflicted savage 
reprisals after a Spartan attack, and abolished the Lycurgan regime. 
This incurred Roman censure. He was again general in 187/186 
and 183/182. When Messene rebelled, he was taken in a skirmish 
and given poison (182). Philopoemen's chief merit lies in his 
restoration of Achaean military efficiency. He was admired by 
Polybius, and by the unknown Roman in Plutarch who called him 
“the last of the Greeks”; but his general policy was narrow, and 
his constant assertion of Achaean rights alienated the Romans and 
prevented a collaboration that was inevitable from being also 
fruitful. 

BrstrocraPHy.—Polybius, Histories, books ii, x-xxiv; Livy, books 
xxxv-xxxix; Plutarch, Flamininus, Philopoemen (using Polybius’ lost 
biography) ; Pausanias, viii, 49-51; Justin, books xxx-xxxiv ; A. Aymard, 
Les premiers rapports de Rome et de la confédération achaienne (1938) ; 
W. Hoffmann in Pauly-Wissowa, Real-Encyclopüdie der classischen 
Altertumswissenschaft, vol. xx, col. 76-95 (1941). (F. W. Wa.) 
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PHILOPONUS, JOHN (5th-6th century A.), a prolific 
writer of the philosophical school of Alexandria who, as an ex- 
positor and critic of Aristotle, exercised a deep influence on later 
generations. The name John marks him as a Christian, and there 
is no good ground for supposing him to have been a convert. 
Since his earliest studies were in language and literature, he styled 
himself "Grammaticus," and he was also known by the surname 
Philoponus (“industrious”), which seems to have been the class 
name of a group of active Christian laymen. 

In philosophy John was a pupil of Ammonius Hermiae (q.v.). 
Among his works are several commentaries on treatises of Aristotle, 
which seem to be partly based on Ammonius’ oral instruction. He 
frequently adopts, on religious grounds, a critical attitude toward 
Aristotle, which distinguishes him from other commentators of the 
age. His De aeternitate mundi, written in 529, which has survived 
almost complete, is а refutation of Proclus, who, with other Neo- 
platonists, supposed the heavens to be divine and imperishable; a 
philosophical defense is given of the view that the world was cre- 
ated by God from nothing and will be destroyed, The work, writ- 
ten when Christianity was in the ascendant at Alexandria, may 
have been designed to shield the Alexandrian school of philosophy. 
Besides this, John wrote a treatise, the general outline of which 
is known from the bitter retort made by Simplicius (q.v.), against 
certain principles of Aristotle's physical science. John's theolog- 
ical writings, in which he supported the Monophysites (q.v.; 
Opuscula Monophysitica, edited by A. Sanda, 1930), were con- 
demned as heretical in 680. (D. J. A) 

PHILOSOPHY (ARTICLES ON). The article Рнпоз- 
opHy provides a general introduction to the subject matter of 
philosophical inquiry. For an outline of the course that this in- 
quiry has pursued in the Western world see PHILOSOPHY, History 
or. Parallel to this account from the final period of antiquity are 
ARABIC; PHILOSOPHY and JEWISH PHILOSOPHY. CHINESE PHI- 
LOSOPHY and INDIAN PHILOSOPHY are independent, 

METAPHYSICS briefly indicates the type of inquiry traditionally 
included under this heading. For particular aspects see, for in- 
stance, ABSOLUTE; ANALOGY; BODY AND MIND; CAUSALITY; Cos- 
MOLOGY; DETERMINISM; DURATION AND TIME; Form; FREE 
WILL; INFINITY AND THE INFINITE; Locos; PLURALISM AND MON- 
ISM; PREESTABLISHED HARMONY; QUALITIES; SUBSTANCE; and 
UNIVERSAL. KNOWLEDGE, THEORY OF, a key article, is supple- 
mented by the following: BELIEF; Empiricism; IDEA; INNATE 
IDEAS; INTUITION; PHENOMENALISM ; RATIONALISM; SKEPTI- 
CISM; and TRUTH. A distinct group is formed by Science, His- 
TORY OF and SCIENTIFIC METHOD, together with INDUCTION and 
PROBABILITY, and the shorter HYPOTHESIS. 

Locic and Locic, History or, with SEMANTICS IN Locic, are sup- 
plemented by numerous articles including ABSTRACT AND ABSTRAC- 
TION; CATEGORY; CLASSIFICATION; CONVERSION (IN LOGIC AND 
MATHEMATICS) ; DEFINITION; EXPLANATION; FALLACY; МАТНЕ- 
MATICS, FOUNDATIONS OF; MEANING; NAME (IN Locic) ; PROPOSI- 
TION; SYLLOGISM; and THOUGHT, Laws or. 

Eruics; ErHiCs, History or and ETHICS, CoMPARATIVE, are 
supplemented by Ecorsm; HEDONISM; and UTILITARIANISM. See 
also PoLiricAL PuitosopHy. For the history of theories of art, see 
AESTHETICS, HISTORY oF; for modern developments see AESTHET- 
ics. For schools and individual systems of philosophy the follow- 
ing articles, in roughly chronological order, may be consulted; 
PYTHAGORAS AND PYTHAGOREANISM ; ELEATIC SCHOOL; SopHists; 
ACADEMY, GREEK; PERIPATETICS; CvnENAICS; Cynics; $тоїсз; 
NEOPLATONISM ; SCHOLASTICISM; CARTESIANS; CAMBRIDGE Pra- 
TONISTS; IDEALISM; TRANSCENDENTALISM; NEO0-KANTIANISM ; 
Nero-HEGELIANISM ; POSITIVISM; PRAGMATISM; PHENOMENOLOGY; 
Locicat Positivism; and EXISTENTIALISM. 

Expositions of the thought of major philosophers will be found 
in the various biographical articles: ARISTOTLE; BERKELEY, 
GEORGE; and so on. For medieval philosophers particularly, where 
the name may be one of several forms, it is advisable to consult 
the Index first to determine the heading under which the biography 

is to be found. See also RELIGION (ARTICLES ON). 

PHILOSOPHY is a word whose range of usages can scarcely 
be explained without some account of its history. It is derived 
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from the composite Greek noun philosophia which means the 
or pursuit of wisdom. Herodotus uses the correspondj 
philosophein when writing of Solon's travels in’ search of kn 
edge; and Thucydides puts it into the mouth of Pericles Me. 
count of the famous funeral speech about the Athenian wy 
life. In these passages it suggests especially the attempt to к. 1 
curiosity, but sophia, like the English word "wisdom," ж 
only wide knowledge but also sound judgment about the values of. 
different things in life (i.e., about what is most worth pursuing for 
its own sake) and even sometimes shrewdness in practical der. 
sions; so that philosophia was in origin a very general word for 
the pursuit of mental excellence. Pythagoras is said to have been 
the first to call himself a philosopher (philosophos), but we hoy 
so little for certain about him that we cannot tell what nuances of. 
meaning the word had in his usage. In the Platonic dialogues 
it is often used by Socrates to describe a man engaged in the sort 
of inquiry that he himself pursued; and there can be little doubt 
that the historical Socrates called himself a philosopher, hie 
disclaiming the title of sophos, which was given traditionally to 
Solon and the other sages of antiquity. There is here the beginning 
of a specialized or technical usage of the word, and Plato’s repre: 
sentation of Socrates has had so great an influence on western 
thought that philosophy is still thought of as a study which dedi 
for the most part, though not exclusively, with the’ subjects of 
Plato’s dialogues and proceeds by the Socratic method, 

The earliest of the Greek thinkers whose names were afterward 
included in histories of philosophy recognized no divisions of 
knowledge. The records of their sayings contain material of al 
sorts, from speculations about the constitution of the world by 
condensation and rarefaction of a single stuff to reflections about 
forms of government, and from observations of eclipses to advice 
on the management of children. By the end of the 5th century 
B.C., however, arithmetic, geometry, astronomy and music 
been recognized as distinct studies. They are the mathemata, 0 
disciplines, from which the word "mathematics" is derived, aid 
for a long time they retained their special position as the first 
of the special sciences; thus they were still grouped together as the 
quadrivium in the curriculum of seven liberal arts taught at 
medieval universities, The historical Socrates seems to have 
had no more than an intelligent layman's appreciation of 
studies, and we are told that he gave up speculation about the Di 
ture of the physical world in order to concentrate attention on 
search for definitions of universal notions and especially б б 
notions that have to do with human conduct and human у) i 
ter. But in the dialogue of Plato called the Republic he d 
resented as saying that the mathematical studies are à wi 
preliminary to philosophical training. According to АЙЕ 
of education outlined there, anyone who would be а philoso? 


commonly. taught separately, and no опе can hope, things 
progress who lacks the power of synopsis (i.e, of mee 
together). But all this is preparatory to the understan dii 
system in which all: “forms” (i.e., characters in which id 
sensible things may participate) have their places deter 
their relation to the supreme Form oí the Good. f elopment 

It is difficult to work out any really convincing er j 
of the scheme suggested by Plato in this dialogue, ably s 
thought seems to be most ambitious; and we may rolled formi 
pect that Plato himself was unable to produce any denm "n 
lation that satisfied him. For he had recourse on i [ш 
sions to various analogies and sometimes even used here шей 
of mystical illumination. But there сап be found К of thos 
a number of features which recur constantly in the АЕТ wid 
later writers who are commonly accounted philosophers" ht. 
may therefore be taken as marks of philosophical thei 

Plato’s Four Marks of Philosophical b e scie 
there is the notion of а study in which the various pH syst 
are to be related together and understood as parts 9 sil thatit 
In recent times the increase of knowledge has been 59 PP, у 
is difficult if not impossible for anyone to be master zn и 
of a зсїепсе-зисһ as chemistry, and we have therefore 3 of P 
reason than Plato ever had to be worried about the 
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ization in education. So long as our plans for counteracting 
evils do not take us beyond the boundaries of a single 
such as chemistry, we do not think that they have any 
omection with philosophy; but if we are more ambitious and 
to provide a conspectus of all the sciences, this seems to us 
Ша philosophical enterprise. To make clear the distinction 
between the a priori and the empirical sciences and to show the 
ations within the latter group between the physical, the bio- 
logical and the e e EEE т E 
iether or not they are performed by professional pl iloso- 
dere too is the clarification of notions of high generality 
sich as that of causation. If, as in physics, the pete of Y 

‘ence makes it necessary to raise questions about concepts o 
ths level; the scientist who tries to answer them is conscious 
that he is engaged for the time being in philosophy. Sometimes, 
indeed, the word “philosophy” is used popularly to mean any 
formulation of very general basic principles for a practical ac- 
tivity, such as*politics or strategy. 

Second, there is a contrast between sensible appearance and in- 
teligible reality. Only those are philosophers who “contemplate 
things as they are in themselves and as they exist ever permanent 
md immutable” and “set their affections on that which in each 
ше really exists” (Plato, Republic, 479-480). According to 
Plato’s account, the realm of appearance is the ordinary world of 
genesis, or happening, about which we can never have more than 
opinion, while the realm of intelligible reality is the timeless sys- 
m mathematical objects and of “forms” such as goodness 
md justice (йе., the realm of ideas in the original sense of the 
word "idea," from which our modern colloquial usage is derived 
through a long and devious history). In the thought of some 
liter philosophers (e.g., Leibniz, Kant and Hegel) the contrast of 
sensible appearance and intelligible reality is drawn in a different 
ту, and it may therefore be objected that our second common 
trait is no more than a superficial resemblance in terminology. 
Yet, however it may be evaluated, the resemblance is there; it 
tn be found in the works of Indian and Chinese philosophers, who 
fave not been bewitched by the powerful magic of Plato’s style, 
and also in the philosophical utterances of modern physicists, who 
te certainly not Plato’s disciples, though subject to his influence, 

tall other men of western civilization. 

Third, in Plato's writings there is the suggestion that there 
E ся еа satisfactory account of the n of = un 
Оез not connect all reality with the Form of the 
Сш why it is best that things should be as they are. In the 
ү lic he makes Socrates assert that the Form of the Good 
lito Sn both of being and of intelligibility. Almost certainly 
Moth hot wish to identify it with the god of whom he speaks 
other places; but his language in this passage is like that of 
ES the intellectual satisfaction which he promises is like 
lig m many later philosophers have hoped to furnish by re- 
5 things to God. In Plato's argument the study which en- 

certain carefully selected guardians of his state to under- 

the system of "forms" by relating each to the Form of the 
ае M о са of the €— vec hide 

es the guardians to discern the best y d 

ipe ind зо to guide their fellow citizens aright; and again 
fof Pri have been made by many later philosophers on be- 
only ee study. When men speak of a philosophy, they com- 
et the an а very general account of things which is likely to 
^£, by outlook or emotional attitude of those who accept = 

0 тира them more contented or more confident) an 

me cou y to influence their conduct by making them prefer 
even diis that they might otherwise have found uninteresting 

leon reri In the West such claims have most often been 
Мо; b ehalf of systems which are in some way descended from 
байы Чї talk of philosophy as a world view which affects prac- 
а 15 to be found also among thinkers whom Plato would 
Sesion) SR heretics (e.g., among materialists of the Marxist per- 
А Мог is this surprising, since to most persons of any 


science, 


cation « 5 
А к Philosophy” still suggests the pursuit of wisdom. > 
Plato; ся intellectual insight of the philosopher-guardians 


public is supposed to be gained by practice of a 
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special method called dialectic. If we may judge by etymology, 
this word originally meant the art of discussion, but it was used 
by Zeno of Elea as a name for his own technique of establishing a 
conclusion by showing that the opposite thesis, put forward by 
a critic, led to self-contradiction. One of the difficulties in the 
interpretation of Plato’s account of philosophy is to know whether 
he fully accepted Zeno’s account of philosophical method and, if 
so, how in detail he thought this would help him to carry out his 
program. There is a less strict sense in which Socrates might be 
said to have practised dialectic when he asked his companions for 
definitions and then tested their suggestions for consistence with 
ordinary usage. In Aristotle’s works an argument is called dialec- 
tical when it proceeds from commonly received opinions as dis- 
tinct from premisses already known to be necessarily true. In 
later times, for example among the Stoics and again in the Mid- 
dle Ages, the word “dialectic” was often used as a general name 
for logic; and later still it was applied by Hegel and Marx to a 
special pattern of development by thesis, antithesis and synthesis 
which they supposed to be characteristic of philosophical thought. 
Clearly there is room here for a great deal of misunderstanding, 
and we may suspect without much uncharitableness that a great 
deal of misunderstanding and muddle has in fact occurred. But 
it is safe to say that when philosophical method has been explicitly 
distinguished from the method of other studies it has commonly 
been held to consist in the clarification of concepts by a technique 
like Zeno’s reductio ad absurdum. 

“Natural Philosophy” and “Moral Philosophy.”—Here, 
then, in Plato’s work we can find four marks of that kind of 
thought which we in retrospect call philosophical. But it was a 
long time before the name “philosophy” came to be restricted in 
ordinary usage to such thought. In the work of Aristotle and his 
successors for many centuries it still covers all that now would be 
called science. When he required a name for the Platonic study, 
including his own criticism of Plato’s theses, Aristotle called it 
“first philosophy”; but the collection of treatises which he wrote 
about it came to be called the Metaphysics, because it was placed 
“after the Physics” (meta ta physika) in the ordering of his 
works by his pupils. His other works were treatises on logic 
(though not under that name), physics, botany, animal anatomy 
and physiology, psychology, ethics, politics, rhetoric and poetics. 
For many centuries to come these treatises were regarded as sec- 
tions in an encyclopaedia of philosophy; and, long after their 
authority had been attacked by thinkers of the Renaissance, the 
subjects of which they treated were still described as parts of 
philosophy. Apparently this usage continued in England when it 
had become obsolete in some other countries; at the beginning of 
the 19th century Hegel found it curious that opticians and the 
like should advertise themselves in English learned periodicals as 
*philosophical instrument makers." And even now there are 
survivals of the usage in the titles of certain old foundations: the 
Philosophical Transactions contain papers of all sorts submitted 
to the Royal Society; and there are professors of "natural philoso- 
phy" who are engaged in nuclear research. 

When the term “natural philosophy," which is a rendering of 
Aristotle’s “physics,” was appropriated in the 17th century to 
the new natural science of Galileo and Newton, it became cus- 
tomary to use the phrase “moral philosophy” to cover not only 
the field of Aristotle’s “ethics” and “politics” but also psy- 
chology and all the other traditional parts of philosophy except 
logic. When he published his first work in 1739, David Hume 
called it A Treatise of Human Nature, Being an Attempt to In- 
troduce the Experimental Method of Reasoning into Moral Sub- 
jects. Except in such survivals as the name of the Moral Science 
faculty at Cambridge, the usage has now disappeared, but the ex- 
planation of its origin throws light on the development of men’s 
conception of philosophy. 

After the time of Aristotle, observational science was continued 
for a time in the Museum of Alexandria and in some of the medical 
schools, but it ceased to have any place in the curriculums of the 
philosophical colleges which existed side by side in Athens until 
the time of Justinian I. It is true that the Stoics and the Epi- 
cureans talked much of physics in their courses of instruction; 
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but they meant by “physics” speculative systems of cosmology not 
subject to empirical test, and the philosophers of each school 
valued their own system chiefly for the bearing that they thought 
it to have on the way in which men should think of themselves 
and of their destiny. Thus universal determinism was an impor- 
tant doctrine for the Stoics because it suggested to them an atti- 
tude of religious resignation such as that found in Cleanthes’ 
Hymn to Zeus; and atomism (which was later to inspire great 
scientific discoveries) found favour with Epicureans such as Lu- 
cretius because it could be made to furnish arguments against 
superstition. When a young man of Cicero’s age went to study 
philosophy in Athens, the lectures that he heard consisted mostly 
of arguments for a certain way of life. No intelligent man could 
find a sufficient guide in the public religion of the time, and an in- 
terest in philosophy was not a sign that a man was more unsettled 
than his neighbours but rather a sign that he was more serious. 
All the schools preached imperturbability (i.e., the calm which we 
still call philosophical), but they differed in the accounts which 
they gave of the good life; and so it was, for example, no accident 
that under the Roman empire many great servants of the state 
belonged to the Stoic school. 

The idea of philosophy which educated men of the 17th and 18th 
centuries got from their classical reading was that of a study 
concerned before all else with ends and duties; it was therefore 
not surprising that they called it moral philosophy when they 
wished to distinguish it from the new experimental science, then 
called natural philosophy, If they had read the works of the 
medieval schoolmen, they might perhaps have come to think of 
philosophy as something more ambitious; but they had no taste 
for the metaphysical subtleties of St. Thomas Aquinas or of Duns 
Scotus. Moreover, apart from all literary influences, there was 
a special reason why they should be interested at this time in 
moral philosophy. According to the new physics, nature was like 
a vast machine and all its parts, including living bodies, like 
smaller machines. If this was correct, how could men be held 
responsible for their behaviour? How indeed could purposive ac- 
tion of any kind be explained? Stoics and Epicureans had both 
said that all things were corporeal, but in their time such a declara- 
tion meant little more than a rejection of Platonism, because 
their natural philosophy was vague and undeveloped. Having said 
that souls consisted of a special sort. of matter, they had been 
content to go on talking about their thoughts and actions in the 
usual way. Now such talk seemed silly, because men had come to 
think of matter as that which obeyed the laws of mechanics and 
this conception left no room for spiritual attributes, At this time 
there was therefore a great need for some account of human life 
which would show how talk of purpose and responsibility could 
be reconciled with talk of mechanical regularity, and the attempt 
to find such an account was not unreasonably called moral philoso- 
phy, though it included difficulties that had not worried the ancients, 

Many of the books written to satisfy this need had titles such 
as An Essay Concerning Human Understanding, Sometimes the 
authors explained their choice by saying that they thought philoso- 
phy must begin with an examination of the faculties by which 
men acquire knowledge, but there were many who thought that 
a correct theory of knowledge would provide also an immediate 
solution of the problem about the status of minds and their con- 
nection with bodies. In their different ways Spinoza, Leibniz, 
Berkeley, Hume, Kant and Hegel all held this view of the task of 
philosophy. Dugald Stewart probably went too far when he wrote 
at the beginning of the 19th century for the Encyclopedia Britan- 
nica (8th ed., vol. i, p. 227) that a change in the pursuits of 
philosophers had so altered the meaning of the word “metaphysics” 
that it was now applicable to “all those inquiries, which have for 
their object to trace the various branches of human knowledge 
to their first principles in the constitution of our nature.” But it 

is true that all philosophy other than natural science was thought 
to be concerned with the mind. If, as sometimes happened, the 
title "moral philosophy" seemed too narrow, it was replaced by 
the fuller phrase “mental and moral philosophy." 

Philosophy Distinguished from the Special Sciences, 
Since the middle of the 19th century it has become customary to 
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describe physics, chemistry and biology as natura] scienc 
than as branches of natural philosophy, and some BER 
was once called mental and moral philosophy have also ' 6 
independent status. Psychology, economics, comparative : 


ogy, social anthropology and the theory of political iiit 
all now established as empirical sciences. We may hesitate wal 


them natural sciences, "nature" being still used in some Contexts 
make a contrast with “man”; but we no longer count them я 
philosophy, since they are now studied by specialists without 
gard to the other parts of the traditional field. In the 20th centur 
even formal logic has become independent as the basic йш 
mathematics, What then is left for the philosopher? бу 
study like that which Plato prescribed for his guardians, but om 
which is inevitably more complicated than his because of what 
has happened in the interval. з 
When we іп our time say that philosophy is concerned with the 
relations of the sciences, we must take account of the distinction 
between the a priori and the empirical sciences and, within th 
latter group, of the distinctions between the physical, the biolog: 
cal and the psychological. None of these distinctions is wholly 
new, but none of them could worry the ancients:as they worry us 
Plato was content to say that the study of the sensible world neve 
deserved the name of science, and even Aristotle, who was hime! 
a good observer, had no clear conception of the inductive method 
by which the empirical sciences have advanced since the 17th cn 
tury. There are also now difficulties of another kind that aig 
from the development of philosophy itself since antiquity, Th 
demands that Plato and Aristotle hoped to satisfy seem tote 
natural in the sense that they arise whenever men think seriously 
about their situation; but it has been argued that some of the 
are misconceived, and that there must therefore be included villi 
the scope of philosophy the question. whether some parts of le 
traditional enterprise are possible. Discussion of this matters 
not wholly new; it began with the skeptics of antiquity and wire 
vived many times, notably by Hume and Kant in the 18th century 
But it has become especially important in the 20th century wie 
philosophy has been finally disentangled from the special scient 
and criticism is more vehement than ever before. 1 
No one wishes to deny that there are genuine problems du 
the relations of the sciences that can be solved only. by M 
thinking, The status of a priori truth in relation to em 
science—in particular, the problem of the foundation of mathe 
matics—is obviously one such. Another that looks as tho n 
could never be solved by empirical methods is that of the cult 
tion between mind and body. From time to time we may Е 
of our ability to answer these questions, because none 0 wi 
gestions that has been put forward seems satisfactory an het 
think of nothing better; but to admit this is not tosay that ht 
are no such questions. Similarly, no one wishes to етт" 
jan (f 


these relations would lead to absurdity. М 
phers follow С. E. Moore in calling such thin! 
some use that word as a synonym for philosophy mù 
used his word “dialectic.” 

There are advantages in the adoption of a 
philosophical method, since “dialectic” 
standings for the reason explained above. 
turn may introduce the misleading suggestion 
hess of philosophers to find what Lord Russell once 
atoms, dical dei 

Positivist Criticism.—So far there is no 18 heit " 
from the Platonic tradition. On the other hand, - a dist 
strong opposition in the 20th century to all talk sonas 
between appearance and reality (in any but the cere 
in which it may be said that someone appears Ба"; ios 
really quite amiable) and to all talk of justifying * je 
look by proving something about the world as а 
example, that it was created by a benevolent Go 
inevitably evolve toward some highly desirable gon 


classless and stateless society). The writers who are most 
in this opposition sometimes call themselves positivists; but 
Auguste Comte, who invented the name, or Kant, who pre- 
Comte in rejection of transcendent metaphysics, they do 
their case on the supposed difficulty or impossibility of 
iting any knowledge about objects that cannot be investigated 
s methods of the positive sciences. Their thesis is more like 
ontention n Moe that p ieu a ae to inane of см 
в, but is based on considerations about language derived in 
rt from Ludwig Wittgenstein. 
“At first the philosophers of this modern positivist school main- 
that no utterance in statement form could be literally sig- 
nt unless it was either (a) a tautology, interesting only as an 
ion of conventions for the use of words, or (b) verifiable 
erience. According to one epigrammatic formulation of 
view, the meaning of a statement is the method of its verifica- 
‘Taken strictly, this thesis commits the holder not only to 
menalism (i.e., to the doctrine that statements about material 
tbjects are reducible to statements about the sense experiences 
expected in various conditions) but also to solipsism (é.e., 
of the existence of other minds) and even to the asser- 
n that statements about the past are meaningless unless they 
E 3 repe the — which oe гом 
tablish their truth. enomenalism was once favoured by 
philosophers, in particular by positivists like Ernst Mach 
sliked talk of imperceptible physical objects such as atoms; 
olipsism is a doctrine that no one outside a lunatic asylum 
find congenial, and the reduction of statements about the past 
tements about the future is plainly absurd. There have there- 
en various attempts to avoid these unpleasant consequences; 
5 pe some епн аас ро а really 
portant task for a positivist philosopher is to show the possi- 
of the unification of ‘chante by the formulation of all sig- 
nt statements in the language of physics. Whether this thesis 
tout the sufficiency of the language of physics is true or false 
it Seems to be false), it clearly involves a large departure 
Im primitive positivism, since modern physics is full of state- 
nis about objects that are essentially imperceptible. 
еп theoretical physicists constantly make successful use of 
potheses about electrons that are much further from the realm 
common sense than any speculations of St. Thomas about the 
E of angels, even those who pride themselves most on the 
ш 5 of their heads must allow that there сап be no objection 
‘Principle to talk of nonsensible objects. But critics of tradi- 
iil philosophy may still argue with justice that it is powerless 
‘Prove all those propositions about suprasensible objects which 
been asserted by philosophers in the past; for instance, 
С Propositions as that the world was created by a benevolent 
à E souls survive the death of their bodies. For the spe- 
od of philosophy is dialectical analysis, and it is evident 
ean be made so without much difficulty) that a proof of such 
sition cannot be merely the clarification of a concept. 
the Dast there has been some confusion about this because 
ent kinds of inquiry have not been distinguished clearly one 
manother. ‘Thus the proposition that there is a God has been 
by Most people to be one that can receive empirical con- 
" mm (e.g., from events that look like answers to prayers), 
‘ome û °sophers who have tried to prove it have usually made 
m Ee to empirical evidence. But this same proposition has 
ed treated by some philosophers as one that cannot be weak- 
ро (e.g, by the absence of events that look like 
обе :0 Prayers). The two views are incompatible, since no 
dm E, can receive confirmation from experience unless it is 
Of such b: open to infirmation by experience. Another example 
Es {шоп is to be found in the Marxist account of the 
* Es Society. According to its supporters, this is not only 
for the theory, well supported by historical evidence and use- 
that grea of predictions, but also a metaphysical see 
tons 5 „never be thrown into doubt by the failure of 
te th Which enthusiasts professed to have derived from it. 
€ peculiarity of such theses was first noticed it has 
nes been suggested that it is characteristic of metaphysics 
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to present as @ priori truths propositions which could be estab- 
lished, if at all, only empirically. This is an unfortunate general- 
ization (or, on another interpretation, an unfortunate proposal for 
a definition), because the work of Aristotle called Metaphysics 
contains only one book to which the criticism applies. For the 
most part he and his followers have discussed under this title such 
questions as the status of universals, the existence of substances 
(or basic entities) and the nature of causation: in short, problems 
that can be solved only by dialectical analysis, since they arise 
from puzzlement about concepts. 

Clarification and Discovery.—In an account of the task of 
philosophy in the 20th century it is not necessary to strike out 
Plato’s suggestion that dialectic will lead to knowledge of the non- 
sensible; for even positivistic philosophy is concerned with ab- 
stractions. But it must be appreciated that this study is some- 
thing quite different from the concern with nonsensible objects 
noted in theology or in modern physics. Whereas the theologian 
and the physicist both profess to give us information of which we 
should otherwise have no inkling, the philosopher, whose work is 
clarification, not discovery, can only set the familiar in a new light. 
As Socrates said, the answers to the questions which he asks must 
be known already in some fashion, though never before explicitly 
formulated. Admittedly, philosophers in all ages have discussed 
questions about the existence of God and the survival of human 
souls, and many have professed to give proofs or disproofs of 
these theses. But this is not surprising; for such inquiries are 
closely connected with the conceptual inquiries of the philosopher. 
If, for example, the immortality of the individual soul were proved 
empirically, we should say that the conclusion was of philosophi- 
cal interest, not only because it has in the past interested some 
persons called philosophers, but also because the settlement of the 
question would involve the drawing of conceptual boundaries in a 
field which has so far been mapped only with dotted lines and 
pictures of monsters. 

It may perhaps be thought curious that empirical discoveries 
should have any bearing on conceptual inquiries; for we have an 
inclination to say that all questions about meaning must be set- 
tled before any questions about fact can be raised. But this is 
a mistake. In ordinary language, as distinct from the language of 
a strictly axiomatized system such as geometry, the boundaries 
of the applicability of words are not drawn in advance of all 
applications; on the contrary, such rules as exist are established 
by usage, and it is often quite easy to think of circumstances for 
which there is as yet no rule. When the need arises, a rule is estab- 
lished by the adoption of some analogy which seems decisive at 
the time, and from then on the language is more determinate than 
it was before. 

“Soul,” which is the key word of the example, does not occur 
in ordinary talk, except in such phrases as “the life and soul of 
the party." It has, indeed, a usage in religious contexts, but this 
depends on assertions that have not been verified in a fashion gen- 
erally acceptable to scientists or even developed imaginatively to 
any satisfying degree of detail. We are therefore unable to un- 
derstand exactly what we are asked to believe. Sometimes it 
seems relatively easy to imagine situations in which we should 
feel constrained to say that the survival of a soul had been proved; 
but at other times the supposition seems senseless, because per- 
sonal identity is connected so intimately with bodily continuity 
that no incidents of the kind described by spiritualists could ever 
satisfy us. Getting messages through a medium from a dead man 
would undoubtedly be something like getting messages through 
the post from an absent friend; and, if the latter is to be taken 
as evidence of personal survival, why, it may be asked, should not 
the former also? On the other hand, the survival of a friend 
who sends messages through the post cannot consist solely in our 
receipt of the letters; we must assume that he wrote the letters 
and dispatched them. Do we know even in outline what it means 
to say that the soul of a dead man has sent a message through a 
medium? And if not, what is the use of making the remark? The 
bewilderment which these reflections produce is a sign of the in- 
completeness of our intellectual map; but the recognition of that 
incompleteness is itself a philosophical achievement. In ordinary 
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life continuity of memory and bodily continuity are both used as 
criteria of personal identity, Often one is used without the other, 
but only because they always give the same result when they M 
be applied together; and so our present use of the word "person 
is tied to both, though we might come to use the word differently 
if the normal association of phenomena were not maintained. - 
Philosophy and Language.—In the latest phase of the philo- 
sophical movement started by Wittgenstein there is no longer any 
attempt to formulate a general principle for distinguishing between 
sense and nonsense, not because the supporters of the movement 
are less critical of the utterances of older philosophers but be- 
cause they have come to appreciate that language is much more 
complicated than they once supposed and may therefore "go 
wrong" in very many different ways. According to this view, 
ordinary language—that is, the language in which men conduct 
their practical affairs—is part of the way of life to which it be- 
longs, and all philosophical troubles arise from perversion of it. 
Words and phrases have meaning not necessarily by standing for 
things, as proper names may be said to do, but by having a cus- 
tomary use in communication. So long as speakers observe the 
customs, what they say must at least make sense, though it may 
of course be unfortunate in various ways. If, however, speak- 
ers depart from ordinary usage and introduce novelty, there 
is always a danger of their talking nonsense, even though the 
novelty has been suggested by an analogy with something in 
ordinary usage. Bad philosophy is the theorizing which arises in 
such situations, and good philosophy consists in making clear the 
conventions that have been violated. When we are caught by bad 
philosophy, we are like flies trapped in a bottle; we buzz about 
continually, hurting ourselves against invisible barriers, unless we 
are clever and patient enough to crawl out slowly by the way 
by which we came in. In short, good philosophy is just liberation 
Írom bad philosophy, and its method is a therapeutic technique 
something like that of psychoanalysis. 

It is not difficult to find examples of bad argument into which 
great philosophers have been led by false linguistic analogies. 
One about which there is no longer any serious dispute is the 
ontological argument for the existence of God. According to 
this, God must exist, because we mean by “God” a being such that 
nothing more perfect could be conceived, and there would there- 
fore be a self-contradiction in saying that God does not exist. 
The reasoning is obviously based on the assumption that. the 
word “exists” may be said to ascribe a perfection; that is, a char- 
acter for the possession of which a thing is to be praised. But the 
word “exists” is not in fact used to ascribe a character to things. 
When we say that a so-and-so exists, we mean that something is a 
so-and-so; i.e, we assert a proposition which is entailed by every 
proposition to the effect that a particular thing is a so-and-so. 

' Before Wittgenstein wrote, this truth had already come to be gen- 
erally accepted as a notable result of analysis in the philosophy of 
logic, and so there is here a clear case in which good and bad phi- 
losophy are related according to the account given above. It would 
be a serious mistake, however, to suppose that the history of phi- 
losophy is nothing but a succession of linguistic muddles. Even 
the debate about the ontological argument has an interest that is 
not explained by this description. In a society whose language did 
not allow for an assertion of existence by any such formula as 
“God exists” or “God is,” the argument could never have oc- 
curred to anyone; but what made it seem plausible to Anselm and 
to a number of very intelligent men after him was something in 
their religious attitude. They used the word “God” to refer to the 
object on which that attitude could be appropriately directed, and 
it seemed to them plainly absurd to say that God's existence was 
contingent; i.e., that there might have been no God. Now the fact 
that men have a disposition to take up a certain attitude furnishes 
no proof of the existence of anything that would be an appropriate 
object of that attitude; and it might be contended that our an- 
cestors fell into a new and even more serious mistake when they 
passed from polytheism, with its stories of the birth of the gods, 
to monotheism, with its assertion of the absolute independence of 
God. But if there was any such mistake, it occurred long before 
anyone thought of the ontological argument, and there can be no 
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satisfactory philosophy of religion which ignores this fact, 

So too in other fields of philosophy, linguistic confusions 
they occur are only incidental to larger problems that ae 
posed or solved without reference to the Progress of the k 
sciences. Men do indeed misuse their language from time toti 
but when such misuse has a philosophical interest it is asym m 
rather than a cause of intellectual malaise, The patient ЫШ 
brought himself to a metaphysical neurosis by a purely gun. 
matical eccentricity does not exist outside the imagination of th, 
would-be therapist. Nor is it much better to say, as some modem 
philosophers do, that all philosophical questions are concerned 
with “logical grammar." For if “logical” is to be taken in its usul 
sense (i.e., as signifying connection with the science of logic), the 
statement is false; and no one has explained any other Sense for 
the word that allows the statement to be both true and useful, 

Relation of Philosophy to the Sciences.—The chief poit 
of interest that has emerged from modern attempts to characterin 
philosophy is the importance of distinguishing. dialectical orm. 
lytical inquiries about meaning from empirical inquiries abou 
fact. Recognition of this should produce a becoming modesty it 
those who profess philosophy, but it should not make them aban 
don the Platonic ideal of a study that is synoptic, gives mastery 
of abstractions and leads to wisdom of attitude. By continuing 
to make the last of these traditional claims they do not commit 
themselves in advance to support of any religious system but 
simply undertake to present things in such a light that men's feel- 
ings may be reasonably grounded. The need for this is especially 
obvious in moral philosophy, since persons who are conceptually 
muddled often manifest great moral earnestness in defense of 
positions that are quite irrelevant to morality. But the need tt 
mains the same in all philosophical inquiries, including even ds 
cussions of the foundations of mathematics. For it is obvio 
to a careful observer that persons who put forward theses abot 
the nature of mathematics are emotionally involved, and while it 
must be supposed that some of them are just confused, it must alo 
be allowed that a certain attitude may perhaps be a necessary ca 
dition for the making of discoveries. Thus it can scarcely eu 
accident that no great mathematician has ever accepted the ct 
ventionalist view according to which mathematical truths are mit: 
made. Н TI 
It follows from the account of philosophy given here p 
is impossible to summarize its results in the way арр ор d 
article оп any of the special sciences. The results of we imi 
sophical work that has been done in the past are to be foun jm 
present organization of studies. It cannot, indeed, be War 
that there is a single, coherent world view; but apart e 
servations and hypotheses of scientists, there are some prm 
conceptual framework about which there is no serious d fore 
ment among educated men. These are the principles m \ 
classification of studies in the universities and in епсус sa 
In order to convince himself of their philosophical pen" 
reader need only contrast, say, the Encyclopedia i yog 
Pliny's Natural History and notice that the intellectu na ideas 
of the intervening 2,000 years has involved a clarificatio Иш 
of explanation as well as an accumulation of discover, to 
one claims that the clarification of ideas was in dit 
development of the special sciences, we can agree Чопай ; 
ficulty; for the distinction made here between clarifica ng dift 
covery is not supposed to be a division of labour amo 
faculties. oust net 

Organization of Philosophical Studies.— There ern wl 
theless be some division of academic labour in the Ww йй 
since it is no longer possible for any one man to be 1716, "T 
branches of learning. Perhaps Leibniz, who diede ү than DIA 
last universal scholar, and his life is a warning rate js mote É 
ample.- In this situation the teaching of philosophy ^ 2000 
ficult than ever before, иі also more important. Г as in » 
hope to contribute much to the clarification of de ийїї 
matics who is not himself a mathematician, OF to i t and 9 A 
of ideas in physics who is not himself a physica patit 
throughout the table of the sciences, it seems ine? ciplines Ld 
should be evolved a number of philosophical e 
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to the various branches of study whose concepts need 
We have philosophy of mathematics (or the theory 
wi foundations), philosophy of physics (including cosmology), 
philosophy of history (no longer understood in the Hegelian sense 
asthe setting out of a plan to be realized by events, but consisting 
jnastudy of historical ideas and methods), philosophy of law (or 
jurisprudence), philosophy of criticism (or aesthetics), philosophy 
“of language and philosophy of religion. We may expect to hear 
of philosophy of biology and philosophy of psychology. 
"Whereas previously many scientists were frightened by talk of 
‘philosophy (and not without reason, ‘since’ professional philoso- 
pers were sometimes obscurantists who opposed the growth of 
"new studies), it seems now to be admitted that discussion of 
‘the philosophy of his subject (preferably in connection with 
‘ifs history) may be a useful part of the education of a future 
cialist. 
нщ» some philosophical studies can be distributed among 
the various faculties of a university in the way suggested, there 
"are others, including some of the most important, that cannot be 
associated with any specialism because the ideas with which they 
deal are common to all studies or not involved in any. 
_ First there is epistemology, or the theory of knowledge and 
its relation to experience, to belief and to language. For Plato 
this was already an important philosophical inquiry, and in the 
“With century it came to be regarded as the necessary preliminary 
‘to all other philosophical studies. The reasons for which episte- 
mology obtained this primacy may have been bad; but if philoso- 
‘phy is the dialectical clarification of concepts, it may reasonably 
‘he expected to include some explanation of the need for such 
clarification, and the explanation should come early in а systematic 
ourse of study. At the beginning we need some examples of 
| ‘Philosophical work taken from one of the special branches of 
Philosophy mentioned above; but when we have learned to dis- 
thhguish this kind of inquiry from others, we can profitably in- 
Vestigate the nature of the thinking that gives rise to it.’ This 
oninaturally to a philosophical inquiry about the status of 
ea in the world. 
, Not there is metaphysics. Here belong not only the task of 
1 tlarifying very general notions, such as those of substance and 
- tiusality, but also attempts to throw light on the relations of the 
Sciences (in particular of physics and psychology) by philosophical 
method. System building has led to so many failures in the past 
That it must always be regarded with caution; yet it is important 
Mat the project should never be wholly abandoned by academic 
E For if academic persons behave as though they had no 
а Фет t in the intellectual questions that seem most important to 
| Т men, the gap that they leave will soon be filled by others less 
P fied. By the study and transmission of the history of thought 
| Academic persons can at least make it possible for men to see mod- 


ding t 
vestigation. 
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ане in perspective, and if the difficulties are of a sort 
Solved by philosophical analysis, this is some contribution 
"Yard a solution. 
m Third there is ethics, or the philosophy of moral judgment. 
Be be assigned to any specialism other than philosophy 
i because moral judgment is not-an activity for experts but 
ething in which we are-all authorities: In the past the teach- 
8 0f ethics ‘has often been confused with casuistry (i.e., the at- 
i to set out a detailed moral code by the compilation of moral 
йеп on situations of all possible varieties) or with exhorta- 
fact to virtue. Like all other branches of philosophy, ethics is in 
| has а theoretical study in-which we try to clarify concepts. If it 
that 


More immediate practical importance than any of the others, 
E because muddles about the fundamental notions of morality 
| E Serious consequences in human action. 
E also references under “Philosophy” in the Index. 
| = eoo (W: CK.) 
шше ILOSOPHY, HISTORY OF. Separate histories of the 
fous Philosophical schools, surveys of the development of 
tral pr а disciplines such as logic and ethics, accounts of the cen- 
hilos. sts Such as skepticism, and, finally, studies of individual 
бус, ers appear under appropriate headings throughout this 
Opaedia. Неге we shall attempt to give a more comprehen- 
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sive view of the history of Western philosophy from ancient Greece 
onward and to show the succession of the various schools of 
thought and their reaction in response to criticism from one 
another. 

This article is composed of sections as follows: 


I. Ancient Philosophy 

1. Pre-Socratic Philosophy 

2. From Socrates to Aristotle 

3. From Aristotle to the 1st Century A.D. 
4. Later Greek Philosophy 

Patristic and Medieval Philosophy 

1. Patristic Philosophy 

2. Byzantine Philosophy 

3. Arabic Philosophy 

4. Jewish Philosophy 

5. Western Philosophy 

. Modern Philosophy 

1. Cartesianism 

. Spinoza and Leibniz 

. Locke and the “New Way of Ideas" 

. Sense and Reason in the 18th Century 
. The Enlightenment, Kant, and Hegel 
. 19th and 20th Centuries 

. Empiricism, Logical Analysis, and Linguistic Philosophy 


1. ANCIENT PHILOSOPHY 


The name “philosophy” is itself Greek, and ancient philosophy 
will, in the survey which follows, be understood to be limited to 
the philosophy of the Greeks, with its continuation during the Ro- 
man period down to the reign of Justinian I. Such a restriction 
sounds at first arbitrary but is perhaps justified by these considera- 
tions. The contact of the Greeks with foreign religion and ideas 
was only spasmodic. The mythologies of Babylonia and of Egypt, 
within which the germ of science was included, were not without 
influence upon the earliest Greek thought. Later, the Platonic 
Academy (4th century B.C.) showed knowledge of and interest 
in the dualistic religion of Persia. Some scholars think that there 
are traces of oriental influence in the system of Plotinus, though 
others again assert its wholly Greek character. Alexandria, in any 
case, was a centre in which Jewish and Greek ideas came together. 
Yet these influences are not close or continuous or certain enough 
to make it worth while to compare Greek and oriental philosophy 
in one survey, and it seems to have been always the Greek genius 
which converted mythology into science or philosophy as we should 
today understand them. The medieval thinkers, Arabic and Jewish 
as well as Latin, derived their view of the scope and problems 
and methods of philosophy from the Greeks. Chinese philosophy 
and Indian philosophy (qq.v.) must be considered quite separately. 

In the development of ancient philosophy; four phases may con- 
veniently be distinguished. 

1. Those who belong to the first phase, commonly termed pre- 
Socratic, try to give a rational account of the origin and existing 
state of the world and the powers operative within it, Parmenides 
and the Eleatics, who directed their attention not to the physical 
world but to being in general, nevertheless come within this first 
phase; it was their historical function to show the complexity and 
difficulty of the concepts of change and movement; and by doing 
this they deflected for some time the course of physical inquiry, 
though they did not arrest it. The science of mathematics prob- 
ably emerged during this first period. 

2. A new phase opens when, in the Sth century B.C., moral and 
practical problems are brought to the front by Socrates and the 
Sophists. Socrates, however, did not urge men to desist from 
scientific inquiry (that is a false, though ancient, view of the part 
that he played) but, as will be explained, gave a new impulse to 
science itself. During this period, likewise under the impulse of 
Socrates, the question within what limits scientific knowledge is 
possible begins to be recognized as one of the problems of phi- 
losophy; and both logic and the theory of knowledge date from 
this time. Otherwise, the confident endeavour to gain the widest 
possible knowledge of nature, because of its intrinsic interest, goes 
forward. Aristotle and his immediate successors may in this way 
be considered the latest representatives of a movement having 
its centre at Athens and initiated by Socrates and the Sophists. 

3. A third phase extends from the early 3rd century в.с: to the 
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Ist century A.D. With the decline of the self-governing city- 
state, social conditions were transformed and at the same time the 
speculative spirit was beginning to grow weary. There now ap- 
peared rival systems of “philosophy,” which agreed in offering 
such a world picture as might bring peace of mind to the individ- 
ual, however little favoured by circumstances. Happiness was no 
longer associated with political exertion, The disinterested pursuit 
of knowledge was no longer recognized as essential to philosophy, 
and ethics (in a practical sense) became its vital part. It is true, 
however, that the sciences were at this time beginning to flourish 
independently of philosophy. k 

4. Finally, from the 1st century A.D. onward, there is a revival 
of speculative confidence, accompanied by an intelligent and re- 
spectful interest in the classics of earlier philosophy. 

1, Pre-Socratic Philosophy.—In the Theogony of Hesiod we 
have a description in epic style of the formation of the world from 
chaos, the emergence of several generations of gods, and the succes- 
sive ages of man. These, with frank pessimism, are depicted as a 
decline from the Golden toward the Iron Age. This is already not 
far from philosophy, and the borderline will be crossed when the 
narrative form and the reference to personal agents are abandoned, 
when prose is employed instead of poetry, and when a system rest- 
ing on rational deduction and to some extent on observation is put 
forward. In the 6th century в.с. these conditions are fulfilled in 
men who flourished at Miletus and elsewhere on the Greek fringe 
of Asia Minor. These thinkers all deal with the development of 
a varied world out of one basic substance (not yet called by that 
name). This is not supposed to be lifeless, but rather endowed 
with some intrinsic power of development. As for the law by 
which development is governed, Anaximander holds that there 
is a "justice" in the cosmos whereby each particular substance, 
having exceeded its bounds for a time, must pay recompense to 
others. It appears also that, in accordance with this law, the 
cosmos will at fixed intervals be dissolved to allow chaos to resume 
its rights. Anaximenes, somewhat later, introduces the influential 
idea that it is by a process of contraction and expansion that the 
one substance appears as many. 

The use of systematic observation by these thinkers is at best 
occasional, they assume no necessary sequence of cause and effect, 
and their thought has many archaic features. They regard the 
world as “divine” and do not seem to see themselves as antago- 
nists of the traditional religion. They come to fulfill, rather than 
to destroy. In Xenophanes of Colophon, however, we find a hard- 
hitting critic of the theology handed down from Homer and He- 
siod. He seems to have asserted the unity and omnipresence of 
God; and he is ranked by Plato and Aristotle as a. precursor of 
Parmenides. 

In such cosmogonies as those of Hesiod and Anaximander, one 
basic entity is supposed to grow into many and to become pos- 
sessed of diverse qualities. Parmenides, by an analysis of the idea 
of “being” itself, arrives at the view that this change is impos- 
sible. He returns to the poetical form of exposition and gives two 
alternative and, in his opinion, discontinuous accounts of the 
world. The first is an account of reality, which, as it is based 
on reason alone, is true. The second is a description of appearance 
and takes the form of a cosmogony not unlike those which previous 
thinkers had offered. Only at this level are qualitative change and 
movement admitted. "Being" itself must be perfectly. homoge- 
neous, immune from change, and timeless; ie. beyond any dis- 
tinction of past, present, and future. Being cannot have an origin, 
for this would have to be "not-being," which is unnameable and 
inconceivable. The being of Parmenides is not personified; and 
though a theology could be founded on his deduction, his own use 
of it is purely logical. 

At this point some mention must be made of Heraclitus and 
of Pythagoras and his early followers, whose systems have always 
been supposed to precede Parmenides’ but are only to be under- 
stood, according to the more probable view of Karl Reinhardt, as 
a later response to his thought, Heraclitus replies that the tension 
between opposites, governed by a rational principle which holds 
them in balance, is the key to an understanding of the world. (t 
seems to have been the self-styled Heracliteans of a later day who 
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developed this into a belief in universal change, Involving the 

sequence that all judgment is relative and Science init 
From such a conclusion Heraclitus was held back by his xd 
that “measure” and “logos” [= reason] remain firm ina en 
world.) As for Pythagoreanism, it seems to have been, in its f 

form, a system whereby the series of numbers was made tọ ا‎ 
from more abstract principles and the sensible world wisn ag 
derived from number. 

Whatever may be the relation between Parmenides and ( 
two movements, the effect of his argument upon Subsequent phi 
losophy, for a long time to come, was decisive. No one was able 
to question this reasoning, which seemed to show the need fora 
persistent substance; but no one could resign himself to the belief 
that a moving, physical world is forever beyond the range of n- 
tional explanation. Systems therefore now arose in which, in 
deference to Parmenides, qualitative change was abandoned, but 
plurality and local moyement were retained. This is the pn. 
cedure of Empedocles, of Anaxagoras, and of the first atomis, 
Leucippus and Democritus. There are important differences be 
tween these systems. The Parmenidean attack on "not-being" in- 
volved the denial of empty space or void, and in this both Ап 
ras and Empedocles concurred, professing to be able to exin 
movement without such an assumption. The atomists, being per 
suaded that the void was really essential to the possibility of move 
ment, sought to establish its existence both experimentally and by 
reasoning. Again, Anaxagoras in contrast with the atomists boldy 
accepted the view that matter is infinitely subdivisible, precisely 
as abstract extension is: Moreover, Anaxagoras and Empedods 
raised two new questions and gave contrasted answers to them! 
how does movement first originate? and what is the cause of strut 
tures and processes which seem to be purposive in character, ep 
cially in the plant and animal world? Greek philosophy was n 
passing beyond the belief that the power of movement might ¥ 
assumed as a datum in the original substance. 

Apart from such indirect influence, Parmenides also had 10 
lowers of his own, Zeno of Elea, Melissus, and the n 
Gorgias. Zeno of Elea is responsible for a modification of 
Eleatic thesis, inasmuch as he starts not, as Parmenides did, fom 
"being" but from "the one." For Parmenides, unity Ma 
the first attribute of being. Zeno shows that plurality d si 
form, including the abstract units demanded by the ime 
is monstrous and inconceivable. His famous paradoxes 4% 
movement, reported by Aristotle in the Physics, have à ith 
purpose, In Zeno and Gorgias, the dialectical oes 
Parmenides had adopted with a metaphysical purpose M aly te 
obviously become an end in itself; the latter should pro! n 
regarded as a critic, not as a follower, of Parmenides. ec 
articles Erratic ScHooL; and lowiAN SCHOOL OP PRA p 

2, From Socrates to Aristotle.—There is a change mA 
sphere during the second half of the 5th century B-C- Hd jak 
cipal scene of events during this and the following ce? 

Ionia or Italy but Athens. 

BUS тањ were two sides to the change of at 
On the one hand, there was a general tendency to tur afi 
ural science and speculative cosmology toward سا‎ poni 
practical problems. Socrates (c. 470-399 p.c.) cert din Ў 
out this road (see Plato, Phaedrus, 229e-230d); we рг 
was assisted or preceded by the older Sophists, suc i training hit 
who made it their business to provide an intellectu ek states 
the man of action in the democratically governed." crates 
On the other hand, there was the aspect in which basic questions 
was the innovator: it was his mission to propound пф int 
hitherto overlooked, both іп the sphere of physics а ma 
ethics, and thereby to expose latent dogmatism em Ше 
contemporaries aware, for the first time, of PFP, Sop" 
ing philosophical and scientific method; and wee His 
were no longer the allies of Socrates but his opponens. dant, 
debate with them, recorded in several of Plato's 61 ayghl 


: e 
turns on the questions whether moral virtue xo ; s 
whether there is one form of moral goodness ОГ question v i 
Sophist professes to know the answer to these d elbet 


iding W 
Socrates does not. Hence the difficulty of deciding 
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range the Sophists together with Socrates or in the earlier period. 
The former aspect of Socrates work is well enough expressed 
jn the aphorisms which Cicero derived from his Greek teachers; 
namely, that he brought philosophy down from heaven to earth, 
introduced it into the cities and houses, and made it inquire into 
manners and morals. Yet if this were all, he would have been only 
ше moralist among others, and full justice is not done to his 
achievement unless he is viewed as an innovator in the sphere of 
method, who opened up new possibilities to physical science itself 
and posed new problems to the philosophers. He was no despiser 
of physical science and did not wish to make other men desist from 
itas fruitless or impossible. He himself had soon abandoned it, 
put only in order to raise problems which were not without a bear- 
ing on its future progress. The earlier physicists had emphasized 
matter at the expense of form, and the Sophistic contemporaries 
who shared his interest in practical questions were more concerned 
with describing the moral qualities than with defining them. He 
inferred, apparently from the example of the practical arts, that 
the great test of knowledge is the ability to state what a thing is, 
what is the unvarying essence which a word, if rightly used, de- 
notes, His persistence in posing this question and subjecting 
others to cross-examination led, in due course, to the discipline 
which came to be known as logic; and another offshoot of the 
sime demand for a definition of moral ideals was the Platonic doc- 
trine of transcendent ideas or forms (see FORM). 

This view, whereby Socrates is an important figure within the 
progress of science, is stressed by Plato, in the Phaedo, and by 
Aristotle, in the Metaphysics, both of whom would claim to be 
following in the Socratic tradition. (See further Етн1сѕ, His- 
tory or; Losic, History оғ; SOCRATES; SoPHisTS. The first two 
of these articles are relevant also for all that follows.) 

Cynics, Cyrenaics, and Megarians.—Plato was only one of sev- 
tral writers who commemorated Socrates, and various schools 
Were commonly supposed to be affiliated to him. Antisthenes 
seems to have held up for admiration the physical sturdiness of 
Socrates, his self-control, and his contempt for worldly goods; he 

red himself an enemy to pleasure, and he opposed the Platonic 
doctrine of ideas (presumably in what he thought to be the true 
Spirit of Socrates). From him, through Diogenes of Sinope, de- 
send the Cynics, preachers and moralists contemptuous of all 
fonventions, who reappear in one guise or another оп several oc- 
sions in the Hellenistic and Roman periods. On the other hand, 

* Cyrenaics, who considered that pleasure in itself is good and 
E were affiliated to Socrates through Aristippus; such 

^ Sis 1s, in fact, maintained by Socrates in Plato's dialogue 
ES. Another member of the Socratic circle founded a 

Which lasted for several generations; this was Euclid of 
tara (see also MEGARIAN SCHOOL or Рнпозорну). He up- 
р [узана procedure of teaching by dialogue and, like Soc- 
betrin d a moral and practical purpose. In other respects his 
stilit ze something to the Eleatics. Later there was some 

m etween his followers and Plato's, and the Megarian 

lato ecame a nursery of dialecticians. & 4 

^ ы heres the sources for all the doctrines mentioned 
Муцу е fragmentary, the entire writings of Plato (428/421- 

plus B.C.) are extant and there is even, from Aristotle and 
remains Pon some indication of his unwritten teaching. Plato 

im aithful to the dialogue form, and, until a late stage in his 

crates ik writer, uses Socrates as the principal interrogator; but 

m en subsides into a listener's role, other speakers come to 
е olde "апа Plato begins to define his position with reference to 

uH Systems—to Parmenides, to Heraclitus, to Pythagoras, 
m d SE: representatives. The subjects treated are: the 
sical е soul and of causation; the presence of design in the 

ge an PEN being" and its various senses; d 
language = relation between thought and sense perception anı 
Of these, t is convenient here to concentrate upon the first two 
the perm The doctrine of the Phaedo is that the soul is akin to 
ceptible a and invisible, the body to the changing and per- 
plored he nature of this affinity Was not, at that time, further 
ith о SR soul is never declared to be a “form”); but, together 

T arguments, Socrates says that it is enough to give us 
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confidence that the soul will survive the body. The soul is not, 
at this stage, regarded as a source of change but rather as a per- 
fectly unchanging being. In the Theaetetus, Plato demonstrates 
that the senses alone can present only a series of changing impres- 
sions. They cannot even relate these to one another, still less con- 
vey knowledge of forms which have no sensible counterpart. In 
the Phaedrus and in the Laws, he develops a new doctrine of the 
soul which is also a theology (since God is a perfect soul). The 
soul is by its essence a self-motion, the source of every movement 
which bodies display. Bodies, once they have received movement 
from soul, can impart it to one another; but there is no movement 
not initiated by soul. This does not mean that the soul is in space, 
for the primary movement with which soul stirs itself is that of 
reflection or foresight, and the physical movement is secondary. 

There are, however, random and irregular movements in the 
cosmos; and it is only soul with mind or reason (nous) inherent in 
it which can impart regular movement. The word nous has a com- 
plex previous history. Plato tells us repeatedly that sous cannot 
exist alone, that it must inhere in a soul (Sophistes, Philebus, and 
Timaeus). The doctrines of forms and reminiscence (the argu- 
ment of Plato's Meno, that knowledge is “recollection” of truths 
already known by the soul) do not seem to have been abandoned 
by Plato at the time when he was working out this later system; 
and presumably a soul with mous, or rational soul, would be one 
which is guided by steady intuition of the forms. Making the 
best use of the science available at the time, Plato undertakes to 
show, or rather says it can be shown, that the principal movements 
in the cosmos, including that of the sun and planets, are in fact 
perfectly regular. Given the principles that he has just stated, it 
follows that the world is controlled by divine beings, perfect souls 
to whom we are akin. He presents this teaching (Laws, books x 
and xii) as the exact reverse of what many persons, under the in- 
fluence of the Sophists, were coming to believe. In the Timaeus 
there is an account of the origin of the world in which the fol- 
lowing factors are involved: (1) the forms; (2) the "artificer," a 
personal agent who is guided by intuition of the forms and from 
whom regular movements in the physical world, as well as all 
adaptation of things to a purpose, are derived; (3) the world-soul, 
which is formed by the artificer and serves, as it were, as his 
representative; (4) the “receptacle,” within which qualities or 
powers exist in shuffling disorder, until the artificer regulates them 
by measure and number. This last factor is identified with space, 
but also has some of the functions which in Aristotle's terminology 
belong to “matter.” In view of later developments in theology, 
it is to be noticed that Plato’s “artificer” is not the source of all 
reality and is not the creator, in the full sense, of either form or 
matter. Another important metaphysical distinction made in the 
later dialogues is that between “limit” and “the unlimited,” two 
factors which combine to form a “mixture”; the mixture must 
have a "cause" and, where this cause is “reason,” will be harmoni- 
ous and durable. Here there is an even closer approach to the 
Aristotelian distinction of form and matter (Philebus, 23-26). 

Aristotle.—According to Aristotle (384—322 в.с.) there are four 
factors in every process of causation, whether natural or artificial: 
form and matter, which never exist apart from one another, being 
correlative; the motive cause, from which the change immedi- 
ately proceeds; and the end “for the sake of which” the process 
occurs. This analysis is meant to be applied not only to physical 
change but also to such processes as teaching a science or imparting 
moral discipline to a child. The “matter” upon which form is im- 
posed will in that case be the untrained capacities or emotions, and 
it is plain from this that the Aristotelian “matter” is quite different 
from what is so termed in modern physics. Another point to be 
noticed is that Aristotle is here distinguishing factors in causation 
rather than causes in the modern sense and that his “causes” may 
be contemporary with, or even subsequent to, the processes caused; 
e.g., if a man walks for the sake of health, health is a “final 
cause." 

Aristotle applied his analysis to the criticism of his predeces- 
sors, including Plato. For a long time, matter had been the only 
one of the causes to be recognized; subsequent thinkers had had a 
glimpse of the efficient and formal causes, but no one had yet suc- 
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menian, in Georgian, and in Persian, in Syriac, in Arabic, and 
in Hebrew; it developed enormously in Latin and, mainly from 
Latin, was inserted into the European vernaculars, French, Span- 
ish, Catalan, Italian, English, German, and Irish; it thus became 
part and parcel of modern speech, both technical and ordinary. 

The continued interest in philosophical studies was ensured 
above all by the late Greek schools of Constantinople, Athens, 
Alexandria, etc. Foreign students transplanted in their countries 
some of the Greek doctrines and methods from the 5th century on- 
ward; thus the Armenian, Georgian, and Syriac schools came to 
life, and Latin thought was being enriched until early in the 6th 
century. Refugees from Athens in the 6th century and from 
Alexandria in the 7th carried the philosophical tradition into Persia 
and strengthened the Syriac schools. From these and through new 

contacts with Constantinople, there arose in the 9th century the 
cosmopolitan philosophical tradition in Arabic; and later this tra- 
dition appears in Hebrew. The Greek inheritance passed again 
(and much more extensively) into Latin in the 12th-15th cen- 
turies, both from Constantinople and from the Arabic west. On 
the other hand, Latin philosophy influenced the Greek, Hebrew, 
and Armenian cultures in the 14th and 15th centuries. The works 
which contributed most to speculation were Aristotle’s treatises on 
logic, psychology, metaphysics, physics, ethics, and politics, several 
Peripatetic and Neoplatonic commentaries on the same texts, and 
a few independent Neoplatonic works, principally Proclus’ Ele- 
ments.of Theology. Plato was directly known almost only through 
his cosmology (Timaeus) and, among the Arabs, through the 
Republic and the Laws. The logical principles of philosophical 
method, the dualities of matter and form, substance and accidents, 
potency and act, the four causes, the notions and classifications 
of virtues, the idea of man as a "political animal," and the doc- 
trine of experience as the basis of knowledge were taken over 
from Aristotle and became instruments of thought through these 
ten centuries, Among the permanent Neoplatonic contributions to 
medieval speculation were the doctrines of a hierarchical organiza- 
tion of the world, subject to the law of efficient causality and to 
the one First Cause; of spiritual beings (“Intellects,” etc.) as 
intermediaries between man and God; and of the tendency of 
everything to return to its origin. 

The purely philosophical tradition was often supplemented, 
sometimes almost superseded, in those ten centuries by the 
philosophico-theological tradition of the Fathers of the Church and 
of some heretics; Christian, Muslim, and Jewish philosophers had 
to face all or some of the problems which they had faced. The 
Fathers provided, directly or indirectly, inspiration, materials for 
discussion, and solutions. They also added to the purely philo- 
sophical legacy by passing on Platonic and Stoic doctrines and 
original theories of their own. Above all, St. Augustine was ever 
present as an authority and a model for those who read Latin; and 
Pseudo-Dionysius (see Drowvsrus the. Areopagite) powerfully 
affected philosophy and theology among Greeks and Latins, Ar- 
menians and Syrians. 

Starting from these premisses and often accepting the older doc- 
trines, medieval philosophers (especially those of the Latin and 
Arabic tradition, to a smaller extent those of the Byzantine and 
Jewish) pushed further and deeper the study of the workings of 
the mind; attempted new or more convincing answers to old ques- 
tions (e.g., those of the existence of God and of the immortality 
of the soul); examined with refined techniques the claims of a 
priori and a posteriori knowledge; considerably advanced the in- 
quiry into the functions and pitfalls of language; debated and 
clarified the concepts of knowledge, certainty, belief, faith and 
probability; tried to organize all human knowledge systematically; 
often asserted the supreme value of intelligence in a humanistic 
sense; reasserted the importance of sense experience and induc- 
tion; enlarged and made more concrete the scope of social and 
political philosophy; and opened the way to the mathematical 
interpretation of physical phenomena, 

1. Patristic Philosophy.—St. Paul's words "the invisible 
things of God from the creation of the world are clearly seen, being 
understood by the things that are made" (Rom. 1:20) suggested to 
Christian thinkers how to combine philosophy and religion; and 
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the obviously philosophical account of the Logos (Word) aty 
beginning of St. John’s Gospel would give a doctrinal basis a 
a combination. The apologists of the 2nd century took a da 
stand with regard to philosophy: Justin Martyr and mo 
confirmed Christian doctrines by showing that they Agreed eith 
with Plato's or with the Stoics' views and borrowed Philos ide, 3 
the Greek philosophers derived their best opinions from M; 
Tatian, on the contrary, claimed that philosophy is mi 
and. Сой unknowable to human reason. At the same time qw 
half-philosophical doctrines were propounded which took in 
account the basic worry to which religion was to be a rem 
problem of evil. The best among the Gnostics, Valentinus gj 
Marcion (see also GNosTICISM), opposed the view of evil asi _ 
positive being to the optimism of most Greek philosophy, y 
history of the world is one long or ever-renewed strife еке 
Good and Evil; Evil will disappear with the destruction, not wi 
our perfect knowledge, of this world (see also МАМІСНАЕ) 
In Clement of Alexandria (с. 150-c. 215). philosophy appe 
partly as the best instrument for molding Christian theology, pariy 
as a forerunner of revelation; this view was to reappear in Abeli 
nine centuries later. Origen (c. 185—c. 254) answered Celi | 
objections to Christian doctrines with philosophical ar 
the Christian God is still the eternal immutable activity" 
philosophers, because before creating our world he may 
created others and because the Incarnation meant a change in li 
mind of men, not in the nature of God. ү 

St. Augustine (354—430) transformed some aspects of Platonin | 
and Stoicism, the two doctrines which most inspired him ай 
abandoned Manichaeism. According to him knowledge is, 
all, the result of illumination coming from God and manifes 
itself within and through our own mind, whether it is com 
with dispelling the ultimate doubts about our existence or 
the highest notions. Matter was not created asa barren ed 
of forms, but enlivened by rationes seminales, principles 
velopment. Thence forms will supervene, each as a mark 0 
tation of the "exemplar" which is in the perfection of God 
ture; each thing may have many forms, but every created 
however spiritual (souls, angels), will have its own matter; 
distinguishes creatures from Creator. The idea of man 
forming the civitas terrena in its passing on earth looked ba 
to the cosmopolitanism of the Stoics and forward to the Ani 
civilitas of Dante and to the more modern doctrines of 
versal polity. 


philosophy of language, not only of theology; his Y 
Hierarchia and Ecclesiastica Hierarchia gave the blessing 


implanted itself in most philosophical systems of a 
tury; while his negative theology often set the rules fo! M 
trines on the limits between rational and revealed E ie 
2. Byzantine Philosophy.—A fter the closing of pe € 
schools (529), philosophical activities continued for ШИП E 
century in Alexandria and other centres; the Theodo: h the 
sity of Constantinople probably kept them alive tue exponit 


7th, and 8th centuries, while St. Maximus interpreted pë presi 
Pseudo-Dionysius’ doctrines and St. John of Damasc otii si 
philosophy as a discipline introductory to theology. 1 , 
Michael Psellus, respectively in the 9th and in the joi 
upheld the primacy of rational inquiry over mytho 
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and over mysteries and magic, the former supp Platonism 9 


ism and positive research; the latter preire studies 
tellectual intuiti i Aristote? 
ctual intuition. The revival of Michael of E 


11th and following centuries (John the Italian, 
Eustratius, Theodore Metochites) spread ie ophi 
into the Latin West. In the 15th century the philoso gg 
mism of the Platonist Gemistus Pletho, according "y get 
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men may agree on the same “philosophical religion, t eit 
of Cardinal Bessarion on the fundamental x philos? $^ 


Platonism and Aristotelianism directly influence 
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July. To Italy was transferred, after the fall of Constantinople 
(1453), what remained of the Byzantine philosophical tradition. 

3, Arabic Philosophy.—After the early Mu'tazilites (8th cen- 
шу), who confined themselves to philosophical apologetic of 
Islam, mainly discussing the-unicity of God, free will, evil, and 
creation, a more definite philosophical tradition in the Arabic lan- 

age arose in Baghdad and spread to Persia and to Spain. The 
attempts of al-Kindi, an Arab, in the 9th century to combine with 
` [slam Aristotelian and Neoplatonic theories, particularly concern- 
ing the noneternity of the world, the independence of the soul, and 
prophetic knowledge, were succeeded by more constructive think- 
ing. The Persian Rhazes (i.e., Razi; d. 923 or 932), a rationalist 
for whom science and philosophy stand higher than religion and a 
man of great medical doctrine and experience, expounded a system 
based on five eternal principles: the Creator, the soul of the world, 
matter, time, and space. Al-Farabi (с. 870-950), a Turk, again as- 
ей the superiority of philosophy as the highest of human 
achievements, accessible to all men and the best instrument for 
establishing a sound political organization, 

Avicenna (980-1037), another Persian, a more systematic and 
universal thinker (his Shifa is the first great philosophical encyclo- 
pedia; mainly organized on the model of the traditional order of 
Aristotle's works), examined and elaborated most problems dis- 
cussed and solutions given by authors known to him. Religion 
and philosophy have, according to him, an equal status, or religion 
is superior; this attitude is reflected in his doctrine of prophecy 
(ie, that it is one of the highest intellectual faculties) and in his 
interpretations of Aristotle’s theory of the soul and of active and 
m ш А үүт? a epe ДЫЛ ed came from 

-Ghazzali (1058-1111), who “demolished” it by exposing its in- 
ner contradictions and established the primacy of sacred texts and 
rationalized dogmas. But he was soon powerfully contradicted by 
the greatest Spanish Arab, Averroés (1126-98) of Cérdoba. 
mons i боа philosophy alone p to IE 

al truth, while sacred texts contain at best a simplified an 
childish account for less-gifted people, and rational theology is 
muddled, pretentious and misleading (the theory of “double truth" 
Which often goes under his name was completely alien to his doc- 
trine), © His penetrating, extensive analysis of Aristotle’s works 
Was a model and a mine of ideas and information for philosophers 
of the Latin tradition from the 13th century onward. His com- 
Wentaries and his views on philosophical truth led, probably more 
than anything else, to the establishment of a “free” philosophy in 
E West; while Avicenna's systematic order and his psychological 

gnosiological analyses were of continuous inspiration in the 
o particularly to Duns Scotus. (See ARABIC PHI- 
M evan Philosophy.—If we except the syncretism of Philo 
E 385g philosophical elements in the Cabala, Jewish philosophy 
mine connected with the Arabic tradition and often, indeed, 
tii b) Arabic. Jewish attempts at adapting Platonism and 
fiet ene 80.as to avoid contradictions with the Bible an- 
adia Kang sometimes influenced the views of Christian thinkers. 
Against n Joseph in the first half of the 10th century proved 
n оца that the world has a beginning and that the soul 
ils bo cui against the Platonists, that every,soul is created for 
treat) ; against the Neoplatonists, that the world resulted. from 
д As from emanation. The doctrines of the plurality of 
Pounded са the presence of matter in spiritual creatures were ex- 
definite = A 11th-century Ibn Gabirol (Avencebrol) in more 
ites Clearer terms than by St. Augustine and thus were 
tury, ^ z the most representative Latin thinkers of the 13th cen- 
alent t udah ben Samuel Halevi (c: 1085-1141), the Jewish equiv- 
9 al-Ghazzali, opposed philosophy; but Maimonides (1135- 
бшу man from Córdoba. as was Averroés, maintained that 
methods or philosophy necessarily agree in spite of their different 
ew V. (this view was later held by St. Thomas Aquinas, who 
арапа, work). His theory, that immortality consists 
compara Jon in knowledge (i.e., in the eternal “active intellect ) 
Hillel Table with that of Spinoza, one of his later admirers. 
3 


lth "is Samuel, Gersonides, Hasdai Crescas, and others in the 


14th centuries did not produce any important or inde- 
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pendent doctrine. The only prominent thinker of the 14th-15th 
centuries, Judah ben Isaac (Leo Hebraeus), already belongs to 
the Platonism of the Italian Renaissance. (See JEWISH PHILOSO- 
PHY.) 

5. Western Philosophy.—Boéthius (c. 480-524) did not carry 
out his plan of harmonizing Plato and Aristotle; but his transla- 
tions and unoriginal elaborations of Aristotelian, late Peripatetic, 
Stoic, and Porphyrian logic provided the basis for much of the 
philosophical revival of the 9th and following centuries and for 
most logical studies until recent time. His application of philo- 
sophical methods and categories to theological problems was fol- 
lowed and carried further in the 12th and 13th centuries. His 
exaltation of philosophy as the greatest of human possessions was 
influential in less professional philosophical circles. Three cen- 
turies later an Irishman, Johannes Scotus Erigena (c. 810-877), 
favoured by the Frankish kings' cultural policy and influenced by 
Greek and Latin Fathers, especially by Pseudo-Dionysius, pro- 
duced the first great synthesis of the Latin Middle Ages, the almost 
pantheistic De Divisione naturae. This, however, was to be less 
important than the frequent theological debates on substance and 
accidents and the scholastic training on Porphyry's /sagoge and on 
Aristotle's Categories and De Interpretatione. On the basis of 
these texts much thought was given to the relations between words 
and things and to the different functions of words. In particular, 
the question whether universal words (“man,” “animal,” “white,” 
“humanity,” etc.) correspond or not to definite things provided the 
opportunity for shaping and expounding various metaphysical and 
epistemological views; for example, the “nominalism” of Roscelin 
(c. 1050-с. 1125), the “realism” of Anselm (1033-1109), etc. On 
the other hand, logic was often but an instrument of apologetics; 
even Anselm's famous proof that God exists because we have in 
our mind an idea of Him harnesses some rules of logical consistency 
in order to make explicit a religious intuition, (See also ONTOL- 
OGY.) 

In the 12th century dialectic is still in the forefront. For Peter 
Abelard (1079-1142) philosophy meant the dialectical elaboration 
of religious and moral problems, supported by views from ancient 
philosophers. His interest was often more genuinely philosophical: 
systematic doubt and inquiry into the meanings of words and into 
the propriety of their usage were his rules in the Sic et non; and 
the true value of words, their functions in clauses, and the psycho- 
logical processes connecting things and words were the subject 
matter of the best sections in his commentaries. At this time, the 
preeminence of philosophy of language is also manifest in the study 
of sophisms (a new and henceforward permanent feature of philo- 
sophical studies) and in other new chapters of logic (suppositiones, 
relationes, etc.). A more metaphysical interest was shown by 
Gilbert de La Porrée (c. 1075-1154), who thought it possible to 
separate universals, such as “humanity” or “divinity,” from par- 
ticulars, such as “men” or “God”; while cosmological doctrines, 
partly inspired by Plato’s Timaeus, were prominent in the school 
of Chartres. 

The bulk of the Greek and Arabic legacy was then discovered. 
Scholars of the Western world collected and translated books of 
science, philosophy, theology: Aristotle’s physical, psychological, 
ethical, and metaphysical treatises, something of Plato, texts from 
Proclus, some sections of Avicenna’s encyclopaedia, something of 
al-Kindi and of al-Farabi, Ibn Gabirol, Euclid, Ptolemy, Archi- 
medes, Galen and Hippocrates, John Chrysostom and John of 
Damascus. 

Some logical works of Aristotle in Boéthius’ translation were 
also rediscovered. The first signs of the assimilation of some of 
these works are found in Spain (with Dominicus Gundisalvi or 
Gundissalinus) and possibly in the pantheistic doctrine of Amalric 
of Bena and in the materialistic monism of David of Dinant. 

Complete assimilation was the work of the 13th century. The 
Church’s cautious attitude toward unknown doctrines slightly de- 
layed it; but in Oxford and soon in Paris (where a few works were 
excluded from the schools for some time) the process of analyzing 
and commenting on many of these writings led to the newly dis- 
covered doctrines being used in debates and for new constructions. 
Averroés became available in Latin in the 1230s, and other Aris- 
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totelian works, including the Politics, followed. Doctrines already 
popular in Latin had to be revised and refined. The theory of light 
as an element in the world and a means of knowledge was Augus- 
tinian in origin but was advanced by Robert Grosseteste (с. 1168= 
1253) in a new, more scientific spirit. Franciscan philosophers, 
such as St. Bonaventura (1221-74), would still accept the theories 
of the multiplicity of forms, of exemplarism, of matter in spiritual 
creatures, of knowledge by illumination, of rationes seminales, but 
they tempered them under the impact of the new texts; they faced 
the new doctrines or tried to find in them some support for their 
views. Philosophy asserted itself as something valuable in its own 
right; according to Roger Bacon (c. 1220-c. 1292) it can bea 
means of domination and well-being for mankind. The new urge 
to discover truth, either in the writings of philosophers, or by de- 
duction, experience, and experiment, led to the encyclopaedic 
works of Albertus Magnus (c. 1200-80) and Bacon. 

Competition between theology and philosophy, between faith 
and reason, became a burning issue. Although criticism was alert 
on all sides and Aristotle was more often than not simply an 
authority and hardly ever the authority, nevertheless some views 
that were either his or ascribed to him, as well as certain views of 
other “pagans” (Proclus, Avicenna, Averroés), were such as might 
carry too much conviction and endanger more “orthodox” doc- 
trines (e.g., the doctrine of creation or that of individual im- 
mortality). Enthusiasts and reasoning thinkers (such as Al- 
bertus) would alike proceed with their philosophical inquiries, 
fearless of possible conflicts, but add from time to time the rider 
that “this is what philosophers teach,” implying or stating that 
in case of disagreement they themselves would be on the side of 
orthodoxy, Thus philosophy would be pursued for its own sake, 
and its value as a giver of truth would be impaired only slightly. 
"This was notably the case with the “Averroists” like Siger of Bra- 
bant (13th century), who would adhere as much as possible to 
Aristotle and try to develop a more coherent Aristotelian system 
than Aristotle had ever produced, They avoided speaking of 
double truth, but came near to it; their ideal was a satisfactory ac- 
count of reality independent of theological interferences. 

An attempt at producing a comprehensive philosophical doctrine 
based on the conviction that faith and reason—philosophy on the 
one hand and Scripture and Fathers of the church on the other— 
are in agreement was made by St. Thomas Aquinas ( 1225-74): 
a magnificent compromise: between orthodoxy and Aristotelian 
philosophy, Some provinces of knowledge are the preserve of 
faith; but sense experience, aided by the “first principles” (which 
are present in the “active intellect” of every man) and by logic, 
reveals the structure of the universe and allows men to approach 
the less accessible realities, including the existence of God. 
Thomas took Aristotle as his model for most basic doctrines (mat- 
ter and form, efficient and final causes, categories of being, move- 
ments, and elements) but often “adapted” him and sometimes 
abandoned him. Thus the matter of each thing, not form, bears 
the marks of individuality; the highest level of reality (being) 
characteristic of each thing is its one form (“rationality” їп man 
Supersedes "animality" and other forms, it is not added to them) ; 
human soul is the form of the body, but, being individually cre- 
ated, is separable from it; the world is created, although “created 
ab aeterno." The Aristotelian theory of knowledge is systema- 
tized, the emphasis being put on sensé experience. In this lies the 
philosophical importance of Thomas’ criticism of the a priori 
(ontological) proof of the existence of God and its replacement 
by the hardly original “five ways": all of these start from sense 
experience, It is mainly due to Thomas that Aristotle's Politics 
and the naturalistic view of man as a political animal became the 
starting point of all future social and political philosophy, to which 
he also contributed his doctrine of the fundamental agreement be- 
tween individual and common good and his elaboration of the 
idea of natural law. 

Duns Scotus (c. 1265-1308) extended, in a sense, the province 
of philosophy. His theory of the “univocity of being," contrasted 

with Thomas Aquinas’ “analogy of being," allowed him to apply 
to God, significantly and positively, our categories of thought as 
expressed by means of the verb “to be.” His Neoplatonic vision 
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of a perfectly organized world in which various ч 
sality keep things closely knit together is coupled with an 
doctrine of individuality: perfect knowledge is kn 
dividuals (but again, universals are somehow existent inten 
On the other hand, our rational knowledge is limited--ir 
seems to be made insecure—by the absolute freedom of red 
might even change the order of the world. Duns's indiyi 
and doctrine of God cooperated with Thomas’ emphasis ш 
perience to prepare the ground for the more extreme оа 
of the 14th century. 

The 14th century was a period of constructive criticisms the 
process of assimilation was over, and philosophy had its ть 
dependent life. Absolute determinism ог indeterminism, pry 
bilism, empiricism and) rationalism, and extreme Ауегой ws 
being propounded; defended, and faced. According to fers 
Aureoli (d. 1322) knowledge is appearance of objects: we kss 
what exists by direct impressions, more or less clearly, but withet 
intermediaries; forms, essences, and universals are fictions fa 
Nicolas of Autrecourt knowledge is a bundle of appearances 
probability, never certainty, According to William Ockham it 
1280-1349) we know only individuals, and only through our senses 
the structure of the world, relations, classes, space and time qw 
constructions of our mind, The order of our world of knowetg. 
is the logic of our construction. Analyzing our language, wt č 
cover all that has been ascribed to the extramental world; ely 
individual things resist this analysis, God's existence cannot be 
proved; even the "five ways" lead us beyond experience, my 
from the truth. Knowledge of God belongs to faith, accordingii 
which God is absolutely free; “laws of nature" or knowledge # 
immutable facts and entities would impair God's freedom Ti 
fideistic side of these doctrines recommended them also ta let 
extreme thinkers such as Jean de Gerson and Pierre d'Ailly. T 
opposition to what was termed “nominalism”: or ^ 
failed to produce positive constructions; such “realists” as Wake 
Burley were not very original. Even the extreme т 
doctrine of Thomas Bradwardine seems to be partly M 
Ockham's idea of God's absolute power. ‘The Averroism of 
of Jandun followed a middle course. A positive doctrinal 0 
to those trends is to be found in the speculative iris 
Eckhart (12602-1328?) and his followers; by ^ 
Neoplatonic doctrines of the unity of the real, of the negative t 
ture of individuality and of the inherent need for every’ 
annihilate ‘itself in God, they strongly influenced later 
philosophy. ] 

“Free” inquiry into metaphysical issues was accompanied 
new developments in several scierices and sectors 0 pet 
‘These included formal logic (Albert of Saxony) and ae 
grammar of the modi significandi (Thomas of Erfurt); 
trine of the independence of political life from ecclesia! De 
and of the right of citizens to choose their rulers ( kham, ‘oi 
Alighieri, and Marsilius of Padua) ; the theory of “impetus 
numerical interpretation’ of qualitative changes (eti d 
Thomas Bradwardine, and Nicole Oresme); and 4 
nature of money (Oresme). 

In the 15th and 16th centuries the main trends of E 
the 13th and 14th (Thomism, Scotism, nominalism) Pe "i 
alive in the schools (hence the term “scholastl Ж 
Platonism and! the idea’ of life as animating all things ш 
inspired, outside’ the schools, more original thinker’ espida | 
ment of Neoplatonism, bordering on mysticism and d the = 
idealism, accompanied by a penetrating analysis d non 
gruities of the traditional doctrines of definition 47 реш 
diction if metaphysically applied to things, W35 probi 
Nicholas of Cusa (q.9.; 1401-64) ; the mati the vinci 
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the limits of infinite series are for him example: fa world b 
oppositorum. This is the fundamental rule 0 here Ged 
everything somehow includes everything else; We aine $ | 


expanded, “explicit” being) сап be compared "Marsilio Pe 
contracted, "implicit" being). Together with Ne щй | 
(1433-99), Nicholas shared Gemistus Pletho's ОР! | 
tion toward а universal philosophical religion. , get 

In the latter half of the 16th century and early i? | 


Platonism was interpreted in a more pantheistic and natural- 
"wein by the south Italian philosophers Bernardino Telesio, 
по Bruno, and Tommaso Campanella, Telesio wanted to 
де an explanation of nature that would start from “its own 
‘oles!’ and forgo all a priori doctrines; for Bruno, the whole 
ed is a living "animal" that renders explicit what its essence 
4. God) contains implicitly; and Campanella professed an ex- 
animism (things "sense," they are because sense: 
vere est esse). Pietro Pomponazzi (1462-1525), the lead- 

Averroist, had also tried to find in nature the solution to all 
Joblems; he thus denied the immortality of the soul. Direct cón- 
with nature led such men as Michel de Montaigne (1533-92) 
ursu detailed observation of how beings, particularly human 
$$, behave; and their keen sense of realities in limited spheres 
accompanied by skepticism as to the possibility of solving the 
problems" of philosophy. Similar interests, coupled with 
edge of mathematics and mechanics, made of Leonardo da 
d (1452-1519) the pioneer of the new science of nature, (See 
и ScHoLASTICISM ; also AVERROISM, LATIN; CONCEPTUAL- 
‚ NoMINALISM; REALISM; UNIVERSAL.) (L. M-Po.) 


IIl. MODERN PHILOSOPHY 


"More than any other intellectual discipline, philosophy derives 
Б stimulus from events outside its own immediate sphere. Be- 
d the rise of a new philosophy in the 17th century lay two 
happenings: the Reformation and the scientific movement 
lated by Copernicus (1473-1543) and continued by Kepler 
1571-1630) and by Galileo (1564-1642). The Reformation had 
lle immediate effect on philosophical speculation, for the re- 
laid primary stress on faith and inspiration rather than 
tason and learning; it was fot till the time of Kant that 
iestantism found philosophical expression. Nevertheless, by 
llenging the old order in the sphere of religion Luther and Cal- 
facilitated its overthrow in other fields. The scientific move- 
by contrast, exercised a powerful and direct influence on 
ophical thought almost from the first; The new scientific at- 
tude, with its emphasis on those aspects of natural phenomena 
th were quantitatively comparable as opposed to those which 
fê qualitatively different, had, it is true, been partially antici- 
din Platonism; and Platonism was not only influential in the 
ht of the early Middle Ages but had survived as an undercur- 
throughout the period when Aristotle was in the ascendant, 
tevived at the Renaissance in the manner just described. 
with familiar conceptions was, however, sufficiently 
р to present an intellectual challenge of the first importance. 
time imperative for thinking men to ask what were the im- 
lions of the new view of nature and to what extent they could 
Teco ciled with existing beliefs in other fields, in particular 
"M of religion. The great impression made by Descartes on his 
lemporaries owed much to the fact that he answered this ques- 
Án à way which seemed to do justice to religion and to science 
се. The whole of nature constituted a great machine; there 
Jothing in it—not even the human body—which could not 
ме ed in mechanical terms, But the mind or spirit of 
longed to another order altogether, an order to which God 
ged, and had to be dealt with in quite another way. 
new science could be admitted to the community of 
Ming without its being necessary to show religion the door. 
rtesianism.—The common ascription to René Descartes 
1650) of the title “father of modern philosophy” has been 
td by some in favour of Francis Bacon (1561-1626). 
* reputation rose as that of Descartes fell. ‘The short- 
B of Descartes's philosophy of nature, cast in the form of 
*ductive system, stood in contrast with Bacon's preoccu- 
Э With induction; and it was asked whether Bacon, a precur- 
| modern empiricism, had not a better grasp of the truth. 
"»g forever, Descartes's account of scientific method seems, 
э obvious errors, to correspond better than anything in 
0 the procedures of the advanced physical sciences today, 
orically there can be no question of the comparative influ- 
the two thinkers, For all his acuteness, Bacon could 
to have provided his age with a new philosophy; 
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nor was it Bacon's ideas which, for good or ill, set the stage for 
philosophical discussion during the next 300 years. 

Even the briefest sketch of the Cartesian system must take some 
account of its genesis, for Descartes is important not merely 
for his positive conclusions but also for the way in which those 
conclusions were reached. He began, in effect, as a logician, Con- 
fronted by the confusion and stagnation which characterized many 
forms of learning in his day, he sought a method or standard 
procedure for attaining to truth in the sciences. The method, 
closely based on mathematics, was to start from premisses of 
which our knowledge was "sure and indubitable" and to proceed 
only to conclusions clearly seen to be implied by those premisses. 
But though he began as a logician, Descartes did not remain long 
on the purely logical level. Skeptical doubts about the applica- 
bility, as opposed to the internal consistency, of scientific systems 
had troubled him from an early date, and it was to quieten them 
that he proceeded to construct a metaphysic. The skeptical argu- 
ments which, he believed, showed the untrustworthiness for the- 
oretical purposes of all sense judgments were powerless when di- 
rected against the existence of the self; for to doubt the self was 
itself to affirm it, since to doubt is to think. There was thus one 
firm fact on which knowledge could be built. What the argument 
proved, however, was very limited: only the existence of the self 
as a thinking thing, not that of body or matter. To prove the 
latter, Descartes maintained, further steps were required. We 
must first demonstrate the existence of God; then show that, if 
God exists, whatever we conceive clearly and distinctly must be 
true; finally establish that we have'a clear and distinct idea of 
body or matter, Descartes proceeded to try to make good each of 
these points, The final system’ which emerged, incidentally 
thought of by its author as no more than the prelude to a compre- 
hensive philosophy of nature, was a simple dualism of mind and 
matter as separate substances, a substance being defined (Prin- 
ciples of Philosophy, i, 51) as “а thing which so exists that it needs 
no other thing in order to exist.” 

Modern historians of philosophy, notably Etienne Gilson, have 
stressed the extent to which Descartes's thought connects with 
medieval ideas; and the terminology in which his views found 
expression was certainly often that of his predecessors, Neverthe- 
less, it would be wrong to ignore the profound novelty of the 
Cartesian system as a whole. We have already seen how by his 
metaphysical dualism Descartes met one of the primary intellec- 
tual needs of his age, in a manner which may now seem crude but 
was certainly effective at the time, by assigning distinct spheres of 
influence to scientists and to theologians, At the lowest estimate 
this must be counted a service, though perhaps an unintended 
one, to the cause of science. But the novelty did not stop there, 
The method sketched in the second part of the Discourse on 
Method and worked out in more detail in the unfinished Rules for 
the Direction of the Mind was revolutionary not only in its bold 
refusal of the name,of knowledge to whatever was capable of being 
doubted but still more in its author's conviction that "all the 
sciences are conjoined with one another and interdependent.” 
Knowledge was one, and hence any suggestion that method should 
vary with subject matter could be ruled out. This conclusion 
stood in such sharp contrast with the Aristotelian assumptions 
hitherto prevalent that men forgot that in many points Descartes 
and Aristotle were in agreement about scientific method, But it 
was in the field known now as “theory of knowledge” that 
Descartes's thought was newest and most influential; indeed, he 
may be said to have discovered (or invented) the subject in its 
modern form. The famous arguments at the beginning of the 
Meditations provided a starting point for the many subsequent 
discussions of knowledge and certainty, with the respective cog- 
nitive claims of sense and reason; while Descartes’s contention 
in the same context that he could be certain that he had ideas but 
not certain that anything independent of himself corresponded to 
them generated the celebrated problem of the external world, It 
is worth noting that on this and similar topics philosophers of an 
empiricist turn of mind accepted Descartes’s statement of the 
question equally with rationalists, though they disagreed with his 
way of answering it. (See further KNOWLEDGE, THEORY OF.) 
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The power of Descartes’s thought was clearly appreciated by his 
contemporaries and immediate successors, and it was not long be- 
fore a flourishing school of Cartesians developed (see CARTE- 
SIANS), Of these Nicolas Malebranche (1638-1715), who gave an 
Augustinian or Platonic twist to Descartes’s doctrine of ideas, is 
perhaps the most notable, Among Descartes's own contem- 
poraries there were, however, two thinkers of major stature who 
would certainly not have called themselves Cartesians, though each 
felt the force of Descartes’s ideas: Thomas Hobbes (1588-1679) 
and Blaise Pascal (1623-62). Hobbes, remembered today pri- 
marily for his views on politics, agreed with Descartes in his ac- 
ceptance of mechanical principles of natural explanation and in his 
confidence in the powers of human reason; where he differed from 
Descartes was in believing that nothing existed except matter 
in motion and thus that there was no such thing as mental sub- 
stance. Pascal, a genius of the first order whose contributions to 
mathematics, physics, and Christian apologetics were alike remark- 
able, found himself entirely out of sympathy both with Descartes's 
observations on method, which struck him as much too dogmatic, 
and with his metaphysical synthesis, which he thought did some- 
thing less than justice to religion. In a century notable for its 
intellectualism Pascal had the insight to ask if intellectualism was 
enough; but since he was not strictly a philosopher (and indeed 
doubted the value of any kind of constructive philosophy), his in- 
fluence on subsequent philosophical thought was small. 

2. Spinoza and Leibniz.—Benedictus de Spinoza (1632-77) 
and Gottfried Wilhelm Leibniz (1646-1716) shared many of 
Descartes’s fundamental assumptions as well as much of his termi- 
nology and were much preoccupied with difficulties which had 
arisen, inside the Cartesian system, about the relationship of mind 
and body, the role of sense experience in knowledge and the ques- 
tion of innate ideas or а priori knowledge, as it was later to be 
called. In addition, Spinoza was so far in agreement with Des- 
cartes's account of method that he attempted to set out his own 
philosophical conclusions in the form of a deductive system in 
his Ethics. Nevertheless, each was too original a philosopher to 
be described as a mere follower of anyone. 

Spinoza began by accepting the Cartesian definition of sub- 
stance and went on to argue that there could be only one substance, 
which he called indifferently God or Nature. Descartes himself 
had allowed that mind and matter were substances only in a sec- 
ondary. sense, for though each was otherwise complete in itself 
they each needed the concurrence of God in order to exist; God 
alone was "absolutely self-sustaining.” Spinoza’s version made 
mind and matter attributes of his single substance, the reality of 
which was, he said, presupposed by the reality of anything less 
than itself. God was to be thought of as a being of infinite at- 
tributes, but two attributes only, thought and extension, were 
known to human beings. Since each attribute was complete in 
itself, interaction between the mental and the material was strictly 
speaking impossible; but since God manifests himself in every 
attribute, whatever happens in one has its counterpart in all the 
rest. Thus to every mental event there corresponds a physical 
event, and vice versa. 

The originality of Spinoza lay in his presenting a de-Christianized 
version of Cartesianism. Descartes had accepted the orthodox 
Christian conception of God as pure spirit endowed with will and 
intellect and had followed Augustine in laying particular stress on 
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though he had known Spinoza personally as a young 
anxious to avoid being thought to share his views His 
philosophizing can be represented as a sustained if nob 
cessful attempt to avoid falling into Spinozism, Against aa ц 
all-embracing monism he maintained the existence of a M. 
ber of individual substances, each complete in itself, of which 
human soul was the most familiar example, These “mona 
were spiritual realities and, indeed, the only realities, for mateg 
things did not in the strict sense exist; it was only at the confu 
leyel of sense perception that men took them to be real, E 
monad was self-determining, the internal nature of each being th 
source of whatever happened to it, though thanks to God the ae 
tivities of all were harmonized. Determinism was avoided (org 
Leibniz thought) by distinguishing between truths of re 
which were logically necessary and therefore could not be 
than they were, and truths of fact, which. were contingent and 
depended only on God's decision to bring into existence the lee 
of all possible worlds, 
Leibniz had a mind which was at once highly acute and com 
hensive in its range; on many points of detail he made в 
which later philosophers found instructive. In some branches 
philosophy, notably in logic, his ideas were revolutionary, 
he was not a gifted writer, and he lived at a time when a 
method of philosophizing was beginning to come in, making li 
own approach appear dogmatic and uncritical. Except in 
native Germany, his philosophical work had little immediate efft 
(See further, BODY AND MIND; IDEALISM; RATIONALISM) 0 
3. Locke and the “New Way of Ideas.”—The new method dl 
philosophizing, mentioned above, owed its origin to John Locke 
(1632-1704). More than any other philosopher of his time Log 
bridged the gap between two ages and two traditions, for thou 
he shared much of the rationalistic outlook of the 17th century at 
indeed was in some respects a very conservative thinker (15 W 
ness his political theory, which falls firmly. into the naturasi 
tradition), he even so initiated methods and procedures which s 
to be typical of the following century. His work led to a shift J 
the interests of philosophers and to a diminution in their ambitions 
Descartes, Spinoza, and Leibniz had each sought to construct alt 
elaborate metaphysical system, and Descartes at least hi hop 
to make his metaphysics the basis for a speculative. phy d 
Locke, as he made clear in a famous passage at the beginning , 
his Essay Concerning Human Understanding, was more mue 
“Tn an age that produces such masters as the great Huy! 
and the incomparable Mr. Newton,” he wrote, “Й В Amn 
enough to be employed as an under-labourer in clearing the £ 
a little, and removing some of the rubbish that lies in ihe 
of knowledge.” This task could be achieved if philosophers E. 
turn their attention from the construction of systems to Me 
nation of ideas and to the question of their significance; ! 
recent terminology, to problems of philosophical дуй 
with the analysis and clarification of the idea of know? 
the Essay was explicitly concerned. se that here 
What makes this passage of special interest 15 tl deri 
the first time in modern philosophy there is suggested û i 
sion of function between philosopher and scientist 
thought of as опе, But Locke's innovations were not © 
this major step. He suggested not only а task for 


but also a way of solving philosophical questions: PY 4; 
what he called the “historical, plain method.” This сз 
an appeal to experience and, in particular, to this sim? 
consciousness as revealed in introspection. By taking 


freedom of the will both in God and in man. All this disappeared 
in Spinozism. God was as much body as spirit, and there could 
be no question of his doing other than acting according to the 
necessities of his nature; free will was an illusion fostered by 
ignorance, Spinoza added that the philosopher could attain to 
freedom of a sort by recognizing the true nature of things and 
ce it. ү ү in this sense that he sought to deliver men 
rom "human bondage,” as expressed in th i 
sections of the Ethics, н pe eee cote 

Spinoza’s philosophy, though it had a semimystical side which 
was later to appeal to the Romantics, seemed in his own time to 
be dangerously close to materialism; Hume’s (perhaps ironical) 
description of him as “that famous atheist” with his “hideous 
hypothesis” represented a common reaction. Certainly Leibniz, 


р jj Б 
step, Locke believed, men could eliminate (feo MT 
much pretentious but unfounded dogma, for instan! А ү 


ated with the contemporary doctrine of innate Ше 
only to look at their own thoughts to see that there torical م‎ 
be said for that doctrine. „Іп: introducing t в 
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largely occupied 18th-century philosophers, was clearly stated 
е; and the ideas to which they gave particular attention, sub- 

е; "power" and self-identity, for instance, had all been ex- 
amined by Locke. The difference between Hume and Kant about 
the function and status of a priori propositions arose, in effect, out 
of the treatment of knowledge in book iv. Similarly, Locke's 
interpretation of “reflection” as a kind of “inner sense” set the 
for later discussions of the problem of self-knowledge. On 
these and other points Locke may often have proved misleading, 
but that he was influential could not be denied, (See further 
CAUSALITY; INNATE IDEAS; PSYCHOLOGY, History OF.) 

4, Sense and Reason in the 18th Century.—The 18th cen- 
tury, so often described as the Age of Reason, began philosophi- 
ally with a sharp reaction against rationalism. The prestige of 
Descartes and the Cartesians slumped, partly because of the work 
of Locke, but still more because of the supersession of Cartesian 
physics by the less speculative theories of Newton. It was only 
inthe field of mathematics, as Hume observed, that the claims of 
rason had been vindicated, and they were successful there because 
what was in question was relations between ideas, not matters of 
fact, For knowledge of matters of fact and of existence, experi- 
exe (by which was meant sense experience) was essential. 

This movement toward empiricism, as it was subsequently 
called, had its counterpart in the ethical sphere when the intellec- 
tualistic accounts of such writers as Ralph Cudworth and Samuel 
Clarke gave way to the "moral-sense" theories of the 3rd earl of 
Shaftesbury and of Francis Hutcheson (see also Ermics, History 
or), It was carried to its furthest extent when Hume declared, 
inhis Treatise of Human Nature, that belief (i.e., what had tradi- 
tionally been called judgment") was “more properly an act of 
the sensitive; than of the cogitative part of our natures.” It should 
be pointed out, however, that despite such remarks Hume’s out- 
look Was rationalist in a different sense, insofar as he attached no 
Importance to immediate feeling or “enthusiasm” in the sphere of 
oll this respect he and other writers of the Enlightenment 
4.) did not diverge from the Cartesian tradition. 

Hume's philosophy is partly built on certain theories of George 
Berkeley (1685-1753), who in turn was much indebted to Locke. 
The debt was, however, negative rather than positive, insofar as 
cd in Locke's Essay set Berkeley thinking and provided him 
ks Siu) from which he drew conclusions of his own. These 

clusions principally concerned the status of the so-called “ex- 
temal world. Locke, following Descartes, had held that the im- 
mediate objects of human perception are ideas in the mind, but 
roe that we must suppose these ideas to be caused by inde- 
ries y existing material things, of which we could have no 
Bi; үа. Berkeley showed that, given Locke’s premisses, 

ch inference was warranted. ‘There could be no causal in- 
аа the occurrence of ideas to the existence of “inert” 

t such ка for nothing in experience justifies us in thinking 
iltichin les could be causes, and indeed we had difficulty in 

ib g a meaning to the very idea of such entities. The only 

i з Wis of our ideas was a "spirit." Hence Berkeley drew 
a Fa first, that the familiar things of sense must be 

iran: 4s collections of ideas, having no existence without 
ай i р апі second, that we must suppose the existence of an 

i нени excites ideas in us and thus makes our experi- 

к soni Philosophy was written, as the title of his Three 
itis Shubin it, "in opposition to Sceptics and Atheists"; but 

ise а whether it ever achieved much for the antiskepti- 

pen. din men from Samuel Johnson onward have found its 
ich Bainst matter paradoxical in the extreme, while its 
псу its Side is too lightly sketched to be convincing. His- 
osi main effect was on David Hume (1711-76), himself 
is own та j ckeptic, who drew from it arguments to strengthen 
lume жн empiricism. The features in Berkeley on which 
hid been pia (1) his polemic against abstract ideas, which 
il substa, oduced by Berkeley to discredit the notion of ma- 
Wete, ag nce, but the antimetaphysical implications of which 
ч NS saw, much wider; and (2) his explanation of the 
ion as met with in nature as being no more than a rela- 
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tion-of regular succession or, as Berkeley had it, of "sign" and 
“thing signified.” Using Berkeley's polemic as a means of elimi- 
nating spiritual as well as material substance, Hume went on to 
argue that Berkeley's analysis of the causal relation was valid for 
all cases of causation, including the activities of human agents. All 
events are “loose and separate," no one happening relates intrinsi- 
cally to any other. Connections between events there are, but 
they are external connections only, for “А causes B" means no 
more than, roughly, that (1) 4 precedes B in time; that (2) simi- 
lar sequences have been observed in the past; and that (3) as a 
result there is a strong tendency in the mind to expect something 
like B when A occurs, It should be noticed that accepting this 
analysis of causality means recognizing that causal relations can 
hold only between what is capable of being experienced—a conse- 
quence which casts grave doubt on the use of the concept made by 
many earlier philosophers. 

Hume's thought is misrepresented if we lay exclusive stress on 
his empiricism. There is another side to it, which he himself 
called “scepticism,” though he used the word in a different sense 
from Berkeley’s. The object of his skepticism was human reason- 
ing, or rather that part of it which concerns questions of fact, the 
reasoning which we employ in history and in daily life as opposed 
to that which we employ in mathematics. Hume pointed out. that 
all such “probable” or “moral” reasoning; as he calls it, proceeds 
on a principle which cannot be proved, the’ principle that the 
future will resemble the past; and he argued that because our con- 
fidence in this principle cannot be rationally justified, it must 
be derived from custom and habit; that is, it must have a non- 
rational basis. Men therefore deceive themselves if they suppose 
that their possession of reason makes them superior to animals, 
for in this all-important matter both are in precisely the same 
case, Outside the field of strict demonstration, human thought 
and animal thought proceed on the same lines. (See further IN- 
DUCTION; SKEPTICISM.) 

These challenging observations were little appreciated by 
Hume’s contemporaries. The Treatise of Human Nature, as its 
author complained, “fell dead-born from the press”; and the two 
Enquiries, in which Hume served up his ideas again in a somewhat 
emasculated form, attracted little intelligent comment. It was 
not till the time of Kant that the force of Hume's thinking was 
recognized. Meanwhile his fellow countryman Thomas Reid 
(1710-96) sought to answer skepticism by elevating common 
sense to be the criterion of philosophical truth, in a way that 
anticipates the work of G. E. Moore in the 20th century. The 
Scottish school founded by him (see COMMON SENSE, PHILOSOPHY 
or) was, however, largely undistinguished and left little permanent 
mark on philosophical thought. 

5, The Enlightenment, Kant and Hegel.—The most striking 
feature of the intellectual life of the 18th century was the way in 
which traditional Christian beliefs, still largely accepted by Des- 
cartes and even by Locke, lost their hold over men’s minds and 
gave way to a different creed, There were, of course, many edu- 
cated men, including some of the most eminent, such as Newton, 
who remained pious Christians; and indeed it was the exception 
rather than the rule for a man to proclaim himself an atheist or 
a materialist, But the atmosphere of the age, that of the En- 
lightenment, was hardly congenial to the claims of religion. Em- 
phasis was everywhere laid on the need for tangible evidence and 
for clarity of thought, in a way hostile to anything that savoured 
of the mysterious. Science, which had already done so much to 
explain the wonders of nature, was confidently expected to pro- 
ceed to fresh triumphs, and it was widely believed that these would 
be in the world of human affairs. Meanwhile the banishment of 
superstition and “metaphysics” (already a term of abuse) was an 
essential condition of further advance. 

It is against this background that we must judge the philoso- 
phies of Kant and his successors. Kant himself was in many re- 
spects a child of the Enlightenment; he shared its great respect 
for science and sympathized with its humanist ideals. But he em- 
phatically protested, in the name not so much of religion as of 
morality, against the prevailing tendency toward naturalism. The 
belief of the philosophes that the moral nature of man could be 
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compassed in scientific terms was, he maintained, plainly false. 
His successors, notably Hegel, went further. Living at a time 
when Romanticism was in the ascendant, they put forward radical 
criticisms of the Enlightenment’s whole outlook, alleging that 
its intellectualism stood condemned for utter failure to do justice 
to the rich individuality of things as we are immediately aware 
of them, and demanding a more adequate philosophy that should 
do just this. Yet it is notable that Hegel at least did not propose 
to turn the clock back to the simplicities of a prescientific age; if 
he questioned the omnicompetence of science, this did not blind 
him to its achievements. Whatever defects the Enlightenment’s 
ideal of clear and precise thinking might have, it was no remedy 
to proceed to the opposite extreme and abandon the attempt to 
think altogether. Mere feeling was as one-sided and inadequate as 
mere thought. 

Immanuel Kant (1724-1804) was a student at Königsberg at a 
time when the prevailing philosophy in the German universities was 
that of Christian Wolff (1679-1754), a follower and popularizer of 
Leibniz. Kant, however, had the good fortune to be introduced by 
his teachers not only to the ideas of Leibniz but also to those of 
Newton, whom he never ceased to admire. His early work was as 
much scientific as philosophical, and though the balance of his inter- 
ests shifted later he continued to follow scientific developments 
with close attention, Philosophically, he was influenced by Hume 
as well as by Leibniz, while Jean Jacques Rousseau, with his em- 
phasis on the priority of the moral over the intellectual nature 
of man, also affected his thought decisively. His development was 
slow; it was not till the 1760s that he began to write philosophical 
essays of importance and not till 1781 that his first major work, 
the Critique of Pure Reason, was published. Thereafter he poured 
out an astonishing series of treatises on a wide variety of philo- 
sophical topics. His ideas were, more often than not, obscurely 
and pedantically expressed, but their force and originality were 
apparent from the first. 

The aim of the Critique of Pure Reason, in the words of its 
author, was "to abolish knowledge in order to make room for 
faith." The declaration can easily be misunderstood. Kant was 
far from being antirationalist in his general outlook; on the con- 
trary, he pointed out—indeed overemphasized—the role of reason 
in natural science and questioned its pretensions only when em- 
ployed outside what he thought to be its proper sphere. The target 
of his polemic, in fact, was metaphysics, understood as a study 
which claimed to give knowledge of a suprasensible world. "There 
were three issues, Kant declared, which were of fundamental con- 
cern to human beings: the existence of God, the freedom of the 
will, and the immortality of the soul; and metaphysicians claimed 
to deal with each of these burning topics. Unfortunately for their 
pretensions, however, they had never been able to establish any- 
thing definitive on any one of them, and the time had now come, 
Kant thought, to make clear why they never had and never could, 
The truth was that such questions were beyond the competence 
of human reason, which could be put to work effectively only 
when it had empirical data on which to operate and could continue 
to function properly only if it remained within the sphere of ex- 
perience. Since God and the soul as discussed by metaphysicians 
were not objects of experience, reason could decide neither for nor 
against them. But Kant. did not draw the conclusion, as some 
later ‘philosophers have done, that all talk about such topics must 
be meaningless; he argued rather that belief in God, freedom and 
immortality, though not capable of justification on intellectual 
grounds, was nonetheless necessary for moral purposes. The moral 
agent, whether conscious of it or not, acted as if he accepted these 
beliefs, and indeed his actions made no sense without them. Thus 
morals or “practical reason,” as Kant called it, filled the gap which 
critical scrutiny of the pretensions of speculative reason had re- 

vealed. (See further ETHics, History оғ.) 

Kant is important historically not only for his attempt at a large- 
scale synthesis but also for many of his detailed suggestions. He 
succeeded in sharpening many old issues and in bringing to the 
fore many new ones, Thus his dichotomy of analytic and syn- 
thetic judgments, with the accompanying attempt to show that 
there are judgments which are at once synthetic and a priori, made 
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possible a fresh treatment of the problem of im 
celebrated doctrine of categories, while his stimy 
of the concept of teleology in the Critique of Judgm 
nated old controversies and revealed fresh problem 
language of the newly developing science of bio 
or worse, his philosophical vocabulary affected th 
losophers for the next century and longer. Hisi 
notion of a “transcendental” argument, alleged 
ductive nor inductive, was part of an attempt to di 
between philosophy and the empirical and exact 
wholly successful, it nevertheless called attention 
tions which previous philosophers had overlooked, - 
CATEGORY; TRANSCENDENTALISM. ) 
Kant wrote his main works at a time of intellect 
Germany, and his ideas had scarcely been made publi 
were criticized by his younger contemporaries, The 
piricist strain in his disposition, his antipathy to 
could not be tested by evidence, his liking for cui 
mulas and sharp dichotomies—none of these were ti 
a generation already infected with Romantic ideals. 
lieb Fichte (1762—1814), who at first claimed to 
developed Kant's ideas in a way that tended to pl 
of the a priori factor in knowledge, which Kant had тес 
strictly circumscribed, and to play down that of the 
ment. F, W.J. von Schelling (1775-1854) carried 
ency further and at the same time attempted a 
synthesis, in which the idea of life was made centra 
of the mechanical concepts on which Kant had. 
stress. Neither of these writers made much of a] 
sion, however; the thought of both was too lightl; 
bear serious examination. It was not long before b 
seded in the public eye by Hegel. у 
The reputation of С. W. Е. Hegel (1770-1831) hi 
than that of any other major philosopher. Admired 
point of adulation by some of his contemporaries 
quently been denounced as guilty of almost every in 
A metaphysical word-spinner, seeking to replace с 
patient empirical inquiry by alleged speculative 
tuition; the father of political Fascism and the gi 
political Communism; an enemy to science and the 
scurantism: these are among the descriptions whi 
applied to him. In fact his views were often sobe 
with others current at the time; they were not del 
scurantist though they were often obscurely expressi 
were opposed to the intellectual and political id 
lightenment, the opposition was openly avowed ai 
made to offer a rational justification of it.  — 
The basis of Hegelianism, as already indicated, kt 
between life as immediately experienced and thought 
conceived in the generation immediately preced 
Like Schelling, Hegel was opposed to the mechani 
of nature favoured by the physicists and by Kant; | 
ophy was not biologically centred as Schelling's was. 
from which he drew his key notion of a whole. 
unity with self-differentiation were rather, as his 
show, certain human experiences and institutions; it! 
his earliest criticisms of Kant were not of the latter 
losophy but of his ethics. Hegel held that a more 
than the logic of tradition was needed to think 
really is; and he believed that he had found the key 
in his dialectical principle. Traditional logic арр! 
operations of the understanding (illustrated par T 
thinking of natural scientists), which certainly 
could issue only in abstractions; dialectical logic 
ciently supple to do justice at once to the simal 
differences of things. Я 
Hegel was a great systematizer; and one result of 
to reverse, temporarily at any rate, that tendency to 
estimate of philosophy's competence which had set 
The Hegelian philosopher, like Plato, took all 
existence for his province. What is more, Hegel w 
simply to affirm this as a matter of principle; he ЭШ: 


PHILOSOPHY, 


siderable knowledge in many diverse fields and brought his philo- 
sophical theories to bear on all of them. Not surprisingly, the 

ree of success that he achieved in attempting a uniform philo- 
sophical interpretation of a wide variety of phenomena varied; he 
himself showed more understanding in some fields than in others, 
and his principles (which sprang from reflection on particular con- 
ceptual schemes) could not be applied with equal facility to all 
types of material. Later critics have tended to fasten on those 
parts of his system, philosophy of nature in particular, in which he 
was least successful. From the historical point of view, however, it 
is well to stress not these, where his influence was negligible, but 
rather his writings on such topics as religion, law, aesthetics and 
history, where he often displayed real insight and where his detailed 
suggestions have proved of interest even to those who disagree 
with his philosophy. (See further Етнісѕ, HISTORY oF.) 

6, 19th and 20th Centuries.—Philosophy after the death of 
Hegel no longer presents the spectacle of order which it is possible 
to discern without undue distortion in the thought of the two pre- 
ceding centuries. There were.a number of reasons for this state 
of affairs. One was quite simply that, in the rest of the 19th cen- 
tury at any rate, no major thinker of outstanding originality arose 
to dominate the philosophical scene. Men of ability worked at 
the subject, but they mostly followed one of the existing traditions 
rather than try to branch out on lines of their own, The fact 
that many of them were professional teachers in universities, well 
acquainted with the work of past philosophers, may be partly re- 
sponsible for this. At all events it is noteworthy that the publica- 
tion of Charles Darwin's Origin of Species in 1859, while it had its 
philosophical repercussions, led to no development of importance 
inside philosophy in the way in which Galileo’s work had led to 
Descartes and Newton’s to Kant. 

A further factor was the increasing effect of national differences 
on philosophical practice, Descartes, Spinoza, and Leibniz were 
men of international repute, who had their correspondents in most 
of the countries of western Europe; that one was a Frenchman, 
one a Netherlands Jew, and the third a German had little impor- 
tance, But by the end of the 18th century the most original and 
significant contributions to European philosophy were being made 

men who wrote a language which few outside Germany could 
understand and whose background included elements, such as Ger- 
man mysticism, which were certainly not the common possession 
of the whole continent, The result was not only that Kant and 

egel won little general appreciation in their own lifetimes, but, 
More serious, that philosophers in different countries tended to 
Conceive of their subject on widely different lines. While Germans 
tried to construct elaborate metaphysical systems, Frenchmen car- 
Tied 9n the Enlightenment tradition of empirical psychology as 
Practised, for instance, by Condillac, and Englishmen engaged in 
Philosophical analysis in the manner of Locke and Hume. There 
hid indeed, as the remainder of this article will show, a good deal 

Ctoss-fertilization among these different strains; yet, to speak 
andy, the divergences remained and indeed were still to be found 

a middle of the 20th century. 

0 t will be possible here to give only the briefest of sketches of 
me of the main philosophical currents after Hegel. 

Shoe Influence.—The system of Hegel came under sharp at- 

hae a few years of its author's death, yet Hegelian ways 
ty king were persistently influential throughout the 19th cen- 

Ту. The notion that philosophy is a synoptic study appealed to 

‘ge, and there were many attempts, by writers who acknowl- 
M no debt to Hegel as well as by professed Hegelians, to con- 
lio tı Metaphysical syntheses. Herbert Spencer (1820-1903), 
бы ried to apply the concept of evolution throughout the sci- 
tet may be mentioned as belonging to the first class; even 
Whee © Comte (1798-1857), despite the hostility to metaphysics 
Hegel Was so prominent a part of his "positive" philosophy, recalls 

ey his attempt to present a unified picture of the whole of 

omte’ ge and in trying to find a law of development in history. 
in He à Preoccupation with the social sciences also has its parallel 

i E: The “dialectical materialism” of Karl Marx and Frie- 
debte ree is easily the most celebrated system to admit in- 

ess to Hegel, though few non-Communists have ranked it 
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high from the purely philosophical point of view. Among more 
academic thinkers who continued the Hegelian tradition or felt 
Hegel’s influence may be mentioned Thomas Hill Green, Francis 
Herbert Bradley, Josiah Royce, Alfred North Whitehead, Henri 
Bergson, and Benedetto Croce (see further NEO-HEGELIANISM). 

The 19th century admired Hegel asa system builder; it regarded 
his Encyclopaedia of the Philosophical Sciences, which summarized 
his completed philosophy, as his masterpiece. But after 1905, 
when Wilhelm Dilthey published his pioneer study of Hegel's philo- 
sophical development, interest shifted to the Phenomenology of 
Mind, which Hegel described as his *voyage of discovery." It was 
the less abstract and less systematic Hegel of this work who proved 
philosophically stimulating in the middle decades of the 20th cen- 
tury. The stimulus was not confined to professing Hegelians, but 
affected writers as remote from Hegel in their general position as 
the existentialist Jean-Paul Sartre and the Marxist Gyórgy Lukács. 

T. Empiricism, Logical Analysis, and Linguistic Philoso- 
phy.—Throughout the period of the Romantic movement and its 
philosophical counterpart there were philosophers in Great Britain 
and France who remained true to the ideals of the 18th century. 
Jeremy Bentham (1748-1832), whose main debts were to the as- 
sociationism of David Hartley, to C. A. Helvétius and, through 
these two, to Hume, is only the best-known example. His follower 
James Mill (1773-1836), more important as a philosopher if less 
noteworthy for his practical influence, is another instance. The 
Benthamites as a group were strongly rationalist in their outlook; 
they were also passionately convinced that mental phenomena can 
all be explained in natural terms. They could see only confusion, 
or worse, in talk about philosophy's needing to engage in “tran- 
scendental" arguments, or in attempts to distinguish the faculties 
of reason and understanding: as a contemporary said, the Germans 
were "metaphysically mad.” 

Bentham and James Mill would doubtless have described them- 
selves as empiricists, yet neither contributed much to the theory of 
empiricism (Bentham was primarily interested in ethics and politics 
and Mill in psychology). James Mill's son John Stuart Mill 
(1806-73) is more notable in this connection. J. S. МШ? System 
of Logic (1843) contains a fairly comprehensive restatement of 
the case for empiricism, as well as an attempt to work out the 
inductive logic which he thought to be of far greater utility than the 
deductive logic of tradition. Mill had little difficulty in exposing 
the hollow character of the “intuitions” on which his opponents, 
whose affinities were with the Scottish school, mostly relied; but 
the case that he made out for his own positive principles was far 
from watertight, as Bradley and others were later to show. It is 
astonishing, indeed, that he could have written so naively with the 
discussions of Hume’s Treatise before him. (See further INDUC- 
TION.) 

Mill’s conception of deductive logic was wholly conservative; 
he equated “ratiocination,” as he called it, with syllogism and took 
his account of syllogism, on the formal side at least, entirely from 
Aristotle. The rest of the century, however, saw considerable 
changes in the state of formal logic, changes which, in time, had 
important philosophical repercussions. George Boole (1815-64) 
in his Mathematical Analysis of Logic (1847) began a process 
which served to bring out the restricted and incomplete character 
of the common textbook account of deduction. The essentials of 
truth-functional logic, which is altogether more comprehensive than 
the syllogistic logic of tradition, were formulated by Gottlob Frege 
(1848-1925), who also instituted important inquiries into the 
foundations of mathematics, arguing that the concepts of arith- 
metic can be reduced to those of logic. Frege made little imme- 
diate impression, partly because of clumsy symbolism, but the im- 
portance of both sides of his work was seen by Bertrand Russell 
(1872- ); and the three volumes of Principia Mathematica 
which Russell published with A. N. Whitehead in 1910-13 both 
consolidated the revolution in logic and attempted to extend 
Frege's “logicist” thesis about arithmetic to the whole of mathe- 
matics. (See Locic, HISTORY ОР.) 

Principia Mathematica more than any other work gave impetus 
to the empiricist, analytic, and linguistic movements which were 
so prominent a feature of philosophical life in the English-speaking 
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countries in the next 50 years (elsewhere it had little important 
effect, except on the short-lived “Vienna circle"). It fostered the 
impression that the speculative philosophers of the past had based 
their ambitious constructions on bad, because wholly inadequate, 
logic; and it offered a dazzling example of a different mode of 
philosophizing, in which concepts were rigorously analyzed and 
scientific authority claimed for the results, Furthermore, by in- 
sisting on differences between the grammatical form of statements 
and their “underlying” logical form, it focused attention on the im- 
portance of language and raised the question whether it would not 
be desirable for philosophers to devise a logically perfect lan- 
guage if they were to avoid ambiguity and error. 

Analytic and linguistic philosophers came to be divided into 

two main groups. One, which derived from Russell himself and 
claimed support from the enigmatic Tractatus logico-philosophicus 
of Ludwig Wittgenstein (1889-1951), was especially strong in the 
United States: it was avowedly empiricist and interested above all 
things in clarifying the concepts of science; and its pursuit of 
unambiguous expression led it to set store by formalized languages 
like that of mathematics and to find fault with everyday language 
as vague and inexact. The other group, predominant in Great 
Britain, owed most to George Edward Moore (1873-1958), who 
had defended common sense against the skeptical doubts of philos- 
ophers, and to Wittgenstein's later work, embodied in his post- 
humous Philosophical Investigations. There Wittgenstein argued, 
in a way which recalled Burke's defense of established political 
institutions, that natural language is a complex structure which 
s "in order as it is" and stands in need of no philosophical re- 
form. 'The puzzles which philosophers raised, about meaning for 
example, depended on misconceptions which a closer look at the 
actual workings of language would dissipate. Wittgenstein wrote 
as if philosophy could henceforth be no more than therapeutic; but 
his own work included striking, if informal, analyses of a wide 
range of ideas which had figured in traditional theory of knowl- 
edge, and its immediate effect was to stimulate fresh discussion, 
particularly in the field of philosophy of mind. A central feature 
of this discussion was a tendency in those taking part to move 
away from the dualism of mind and body preserved in classical 
empiricism toward a position akin to that of the pragmatists. (See 
further LOGICAL Positivism.) 

Pragmatism and Antirationalism—Where a British philosopher 
calls himself an empiricist, an American tends to call himself a 
pragmatist. Not that pragmatists would allow an absolute an- 
tithesis between the two. William James. (1842-1910), who did 
most to put pragmatism on the philosophical map, described him- 
self as a “radical empiricist”; and C. S. Peirce (1839-1914), who 
invented the word “pragmatism,” not only shared the common 
empiricist interest in natural science but had a far better grasp 
of scientific procedures than any of his British contemporaries, 
Historically, the difference between the two doctrines rests on the 
fact that, whereas British empiricism looks straight back to the 
18th century, American pragmatism, despite James’ suspicion of 
Bradley with his “block universe,” clearly owes a debt to Hegel. 
The debt comes out in the distrust of formal logic shown by such 
a writer as John Dewey (1859-1952) and in the related refusal to 
consider concepts and statements in isolation from the contexts 
in which they are used. The Hegelian polemic against the “ab- 
stractions” of the pure understanding reappears here. 

There is a further and more substantial difference which deserves 
to be noted. The British empiricists, from Locke to Russell, tended 
to assume with Descartes (and for that matter with Plato) that 
there are always two distinct components in knowledge: the 
knowing subject and the known object. They agreed with Des- 
cartes again that knowledge ideally occurs where the subject, which 
they identified with mind, is in the presence of, or directly ac- 
quainted with, the object, so that the latter can be grasped by the 
former. The whole operation is conceived as passive, like seeing: 
the object imprints itself on the mind without effort on the mind’s 
part. This analysis is decisively rejected by pragmatists. The 
typical cognitive situation for them is one where an animate body 
seeks through its sense organs to learn about its environment, 

with a view to acting on it later. A living thing is most truly itself 
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not when it is passive but when it is doing something, 
sult that knowledge is an activity and, for that m 
of the whole organism. It should be obvious that thi 
brings to light a profound contrast of metaphysical 
contrast which may even reflect a significant diffe 
temperaments, (See further PRAGMATISM.) “ай 

James is sometimes described as "anti-intellectualist 
said that men’s “passional and volitional” natures wen 
circumstances, entitled to consideration when it was 
what to believe; the same charge was brought against 
son (1859-1941) for arguing that the intellect isap 
ment which distorts the nature of fact even if it distorts. 
biological purpose, and for maintaining that the road te 
truth must accordingly be through “intuition.” Lat 
however, showed a more thoroughgoing antirationalism | 
be found in either of these writers. Soren Kierk 
55), a Danish theologian, had developed a bitter criti 
he took to be the panlogism and optimism of his older 
Hegel. The notion that reality can be comprehended 
however refined that faculty was taken to be, broke di 
of the facts, for there were elements of the “absurd” it 
world which could not be fitted into any tidy intellectu 
It was decision, Kierkegaard argued, which introduced 
ments. No amount of comprehension of the facts of 
would make a man’s mind up; a man had to commit h 
he made a decision, and his doing so was a leap in the di 
at once affirmed his existence and could not in prin 
dicted. Kierkegaard had little influence in his own 
diately after (though some of his views have 
thought of Arthur Schopenhauer and Friedrich Nie! 
rediscovery of his work in the 20th century gave his 
currency. The German philosopher Martin Hi 

), the first part of whose obscure but original 
Zeit appeared in 1926-27, was profoundly affected by 
is from the thought of Kierkegaard and of Heidegger! 
ous existentialist philosophies which were so popular 
tinent of Europe immediately after World War I dres 
their ideas. 1n 

See EXISTENTIALISM; see also references under 
History of" in the Index. 
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PHILOSTRATUS, the name of at least three 
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nian,” born perhaps in Lemnos, studied at Athens; 
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[ler 202 entered the circle of the philosophic Syrian empress of 
йр Julia Domna, whom he probably accompanied on her travels. 
On her death he settled in Tyre. He wrote the Gymnasticus (a 
treatise dealing with athletic contests); a life of the Pythagorean 
philosopher Apollonius of Tyana (4.0.5 Bioi sophiston (Lives of 
the Sophists), treating both the classical sophists of the Sth cen- 
шу B.C. and later philosophers and rhetoricians including some 
members of the second sophistic movement near to his own day; 
adiscourse (Dialexis ii) on nature and law; and the epistles (“Love 
letters") of which the 32nd (in the Loeb edition) forms the basis 
of Ben Jonson’s “Drink to Me Only with Thine Eyes." Flavius 
Philostratus may, have been the Philostratus who wrote the 
Heroicus, a dialogue about the cult of Protesilaus, and the dialogue 
Nero wrongly included among the works of Lucian, but these are 
sometimes attributed to other members of the family. 
PuiLosTRATUS (b. c. A.D. 190), called “the Lemnian," son of 
Nervianus, son-in-law of Flavius Philostratus, was the author of a 
letter to Aspasius of Ravenna (Dialexis i) and of the first series 
of the Imagines. in two books, discussing 65 real or imaginary 
paintings on mythological themes in a portico at Naples. They 
arean important source for the knowledge of Hellenistic art and 
roused the enthusiasm of Goethe who wrote an essay on them in 
1818 entitled Philostrats Gemaelde, but they are not now regarded 
as providing serious artistic criticism. 
Pumostratus (late 3rd century A.), called “the Younger,” 
grandson of “the Lemnian,” wrote the second series of 17 Imagines. 
BisuocnAPRY .—All works ed. by C. L. Kayser in the Teubner Series, 
1у0], (1870-71) ; Imagines, first series, ed. by О. Benndorf and C. 
Schenkl in the Teubner Series (1893) ; Imagines, second series, ed. by 
C. Schenkl and E. Reisch in the Teubner Series (1902) ; Gymnasticus 
ed. by J. Jüthner with German trans. (1909). Text with Eng. trans. 
inthe Loeb Series as follows: Life of Apollonius of Tyana by F. C. 
Conybeare, 2 vol. (1912) ; Lives of the Sophists by W. C. Wright 
(1921) ; Imagines by A, Fairbanks (1931) ; Letters of Alciphron, Aelian 
ond Philostratus by A. В. Benner апа Е. Н. Fobes (1949). On the 
Ve of the Philostrati, K. Miinscher, “Die Philostrate,” Philologus, 
upplement. 10. (1907), is fundamental. (G. B. Кр.) 
HILOXENUS (AxsENavA) or Маввос (d. A.D. 523), one 
of the best Syriac prose writers and a vehement champion of 
Monophysite doctrine, was born of Persian parentage at Tahal in 
the district of Beth Garmai east of the Tigris. He was educated 
at Edessa and soon attracted notice by his strenuous advocacy of 
onophysite doctrine. In 485 he was made bishop of Mabbog 
(Hierapolis) by Peter the Fuller (d. 488), Monophysite patriarch 
of Antioch, Later he bitterly opposed Flavian II, Peter's orthodox 
Successor. In 519 he was banished to Philippopolis in Thrace, and 
later to Gangra in Paphlagonia, where he was murdered in 523. 
It Was probably during the earlier years of his episcopate that 
i loxenus composed his 13 homilies on the Christian life. Later 
© revised the Syriac version of the Bible, and under his direction 
" chorepiscopos Polycarp produced in 508 the so-called Phil- 
à ‘Nan version of the New Testament, used by the Monophysites 
uring the 6th century, Philoxenus also wrote three treatises on 
j nity and the Incarnation, tracts on Christ, confessions of 
Nest commentaries on the New Testament, works against the 
orans and other heresies, prayers, and letters. Not all of 
se have been published. 
and ЕДО ОКАРНҮ.—Е, А. W. Budge, 
сен азо, 2 vol. (1894) ; see also 
ikgren, Ne eratur, рр. 141-144 (1922); e ta 
Кү nice Testament Manuscript Studies, pp. 32-33 (1950) ; A. de 
X, Philoxéne de Mabbog (1963). ‚бу. D. McH.) 
mythol S. The most famous figure of this name in Greek 
ears was a Thracian king who appears in the saga of the 
blind, (a.v). They found him at the entrance to the Euxine 
b Eu for a sin against the gods and plagued by the Harpies, 
this led off or defiled his food till he was starving. In return 
wi O Phêsying the Argonauts’? future course, Zetes and Calais, 
Cori ged sons of Boreas, drove away the Harpies. This is the 
j of the legend. 
0 م‎ occur їп explaining Phineus’ offense. Probably the 
Secrets F was that by his prophecies he had revealed divine 
leopatra atively he had blinded the sons of his first wife, 
tepmothe laughter of Boreas, persuaded by the slanders of their 
т. (Н. W. Pa.) 


The Discourses of Philoxenus, text 
A. Baumstark, Geschichte der 
M. M. Parvis and A. P. 
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PHITSNULOK, a province (changwad) and town in north 
central Thailand. Area 3,729 sq.mi. Pop. (1960) 351,642, The 
province extends from the Laos border in the northeast to the 
Nan-Yom River system in the southwest. The population is con- 
centrated in the western plains, the eastern districts of Nakhonthai 
and Wangthong being isolated and underdeveloped, The prov- 
ince is a major producer of rice and has several commercial rice 
mills. The provincial capital Phitsnulok, pop. (1960) 30,364, is 
situated about 240 mi. from Bangkok on the railroad to Chiengmai, 
which runs along the east bank of the Nan. During most of the 
Ayutthayan period (1350-1767), Phitsnulok town ranked second 
in size and importance to the royal capital; two of the greatest 
kings of the era, Naresuan and Ekathotsarot, were native sons, 
Near the centre of the old walled city is one of Thailand’s most 
revered Buddhist temples, Wat Phra Si Rattana Mahathat, which 
houses an early bronze Buddha famed for its beauty. The town’s 
commercial centre, which lies south of the city walls, grew rapidly 
after the construction of the motor road to Sukhothai and Tak in 
the 1940s. (G. W. SK.) 

PHLEBITIS: see VEINS, DISEASES OF. 

PHLEGYAS, in Greek mythology, son of the war-god Ares 
and eponymous king of the savage Phlegyae in Thessaly, but also 
associated with central Greece and the Peloponnese. His daughter 
Coronis, seduced by Apollo, gave birth to Asclepius, god of medi- 
cine. Phlegyas in revenge for the seduction set fire to the Temple 
of Apollo at Delphi and was killed by the god. (D. E. W. W.) 

PHLOGISTON: see CHEMISTRY: The Phlogiston Theory. 

PHLOGOPITE, a mineral of the mica group used as an elec- 
trical insulator. Mica mined in Canada and Ceylon is mainly 
phlogopite, a magnesium mica differing from biotite (black mica) 
in containing little iron. Sometimes brownish-red and coppery in 
appearance, it is named from the Greek for "fiery-looking." Usu- 
ally yellowish-brown, sometimes quite colourless and transparent, 
it often has a silvery lustre on the cleavage surfaces, hence the 
names “amber mica” and “silver mica" for some varieties. Phlogo- 
pite occurs chiefly as scales and plates embedded in crystalline lime- 
stones, The cleavage flakes are not so elastic as those of muscovite 
(white mica). In Canada it occurs with apatite in pyroxene rocks 
associated with Laurentian gneisses and crystalline limestones. 
The principal mining district is in Hull County, Quebec, and near 
Burgess in Lanark County, Ontario. In Ceylon the mineral forms ` 
irregular veins, rarely exceeding one or two feet in width, traversing 
granulite, especially near the contact of this rock with crystalline 
limestone. For the chemical formula and optical and other char- 
acters, see Mica. 

PHLOX, the common and generic name of hardy perennial 
plants, natives of North America (one Asian), which, introduced 
widely in temperate-zone countries, have become favourite garden 
subjects. It is the typical genus of the phlox family (Polemonia- 
ceae), and consists of about 60 species. The plants have entire, 
usually opposite, leaves and showy flowers, generally in terminal 
clusters. Each flower has a tubular calyx with five lobes, a salver- 
shaped corolla with a long slender tube and a flat flaring edge. 
The five stamens are given off 
from the tube of the corolla at 
different heights and do not pro- 
trude beyond it. The ovary is 
three-celled with one to two 
ovules in each cell; it ripens into 
a three-valved capsule. Many 
species and varieties are tall 
herbs yielding a wealth of bloom 
throughout the summer and early 
autumn. They require a deep, 
rich, rather heavy loam and a 
cool moist position. 

The so-called blue phlox (really 
a mauve colour), or wild sweet 
william (P. divaricata), is found 
throughout the woods of east 
coastal, central, and southern 
North America. 


1. HORACE MCFARLAND COMPANY 
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The dwarf perennial species and varieties, the moss pinks or 
creeping phlox of gardens (P. subulata), are suitable plants for 
the rockery, and as edging to beds and borders. They are trailing 
and tufted in habit, the branches rooting at the nodes. They suc- 
ceed in poorer soil and drier situations than the tall kinds. Seed 
is seldom produced. Propagation is effected by cuttings in July 
and early August (placed in a cold frame) and by division of the 
plants, which should be lifted carefully and cut into rooted portions 
as required. The tufted kinds decay in patches in winter if the 
situation is too moist. 

Annual or Drummond phlox (Phlox drummondi), often called 
Texan pride, and its numerous varieties are annual, small-growing, 
hairy plants up to 14 ft. in height, flowering profusely during the 
summer months. For early flowering they should be sown in- 
doors in March and April and transferred out-of-doors in June; 
they succeed if sown out-of-doors in midspring, but the flowering 
season is later and shorter. 

The tall-growing border phloxes are divided into early- and 
late-flowering kinds respectively, the former derived mainly from 
P. glaberrima and P. carolina, the latter from P. maculata and 
P. paniculata, both groups being common in moist woods in eastern 
North America. Over 200 horticultural varieties, comprising some 
of the finest garden perennials, have been derived from these 
species by selection and hybridization. Phlox come in a large 
variety of colours, but there are no yellows or true blues. 

Since practically all the phlox species are natives of North 
America, with handsome representatives in every section of the 
United States, adoption of the genus as the floral emblem or na- 
tional flower of the U.S. has been urged. 

The night phlox is Zaluzianskya capensis and the prickly phlox 
is Gilia californica. (N. Tr.; X.) 

Н MEASUREMENT: see HYDROGEN Ions. 

HNOM PENH, capital of Cambodia, is situated 125 mi. 
NW of Saigon at the confluence of the Mekong River and the 
Tonle Sap. Pop. (1962) 403,500. 

According to the legend of the town’s history, a woman called 
Penh came in the 14th century to live on the slopes of the hill 
(Phnom in Cambodian) overlooking the town. A bronze statue of 
Buddha, which she found in a tree trunk, swept to the foot of the 
hill during a flood and attracted a crowd of pilgrims, many of whom 
settled in the vicinity. In 1434 King Ponhéa Yat built his capital 
on the site. Subsequent kings chose Oudong, but in 1865 King 
Norodom I once again established the capital in Phnom Penh. 


It is a picturesque town at the centre of which is the royal, 


palace with its silver pagoda, throne room and museum. As well as 
archaeological museums there is the Jayavarman VII Art Museum. 
In the associated art school the traditional crafts of weaving and 
goldsmith’s work are taught with modern adaptations. Mimed 
performances of Buddhistic and Brahminical legends are given by 
the Royal Company of Cambodian Dancing Girls, wearing gor- 
geously embroidered clothes. There are schools and a Buddhist 
university for Pali and Buddhist studies. Although 173 nautical 
mi. from the sea, Phnom Penh is a major trading port in the 
Mekong Valley. It is accessible all year round to shipping. Cattle. 
dried fish, rice, maize, cotton, and pepper are the chief items of 
trade. Textiles and soft drinks are manufactured. Steamers 
connect Phnom Penh with Saigon and many towns on the Mekong 
and Tonle Sap. Excellent roads lead to Saigon, Angkor, and 
Bangkok; Phnom Penh is also connected by road with Kompong 
Som, the new seaport being built on the Gulf of Siam about 137 
mi. (220 km.) from the capital. There are railways to Bangkok, 
Saigon, and (via Bangkok) Singapore. The airport, from which 
services operate to Bangkok, Hong Kong, and Saigon, is at Pochen- 
tong, 5 mi. from the city. 

PHOBIA, from the Greek phobos ("fear"), is a pathological 
fear of a specific object or situation. In psychiatry such (phobic) 
reactions are classed as a single form of the neuroses (q.v.), al- 
though hundreds of prefixes have been used to specify the nature 
of the thing feared (e.g. hematophobia: fear of the sight of 
blood). While fear of water may be a symptom of hydrophobia 
(see RABIES), the condition is an infectious disease rather than a 
neurosis, 


PHNOM PENH—PHOCION 


See J. R. Ewalt and D. L. Farnsworth, Textbook of Pj 
(1963); S. Апен (ed.), American Handbook of Psychiat 
(1959). Ж 


PHOCAEA, an ancient Ionic city їп a sheltered Day 
northern promontory of the Gulf of Smyrna. The modern 
of Foça in the i of Izmir, Turk., preserves its name but 
survives of its buildings. Coming late to Asia (perhaps 10th 
tury B.c.) and possessing little arable land, the Phocaeans \ 
the sea and sailed the Mediterranean waters in long boats, T 
founded colonies in the Dardanelles at Lampsacus, on the 
Sea at Amisus (Samsun) and the Crimea, and on the Medite 
as far west as Massilia (Marseilles) and Emporion (Ampuris 
northeastern Spain); and traded with Tartessus (near Cádiz), 
sieged by the Persians c. 545 B.C., they took to their ships; 
the bolder spirits sailed to Corsica, which they evacuated 
destroying the navies of Carthage and the Etruscans in a bal 
annihilation. Phocaea itself was unimportant thereafter, thoy 
its captain Dionysius was chosen admiral of the Ionic fl 
Lade c. 494 в.с. Supporting Antiochus the Great against 
Pergamene upstarts in 190 в.с., the Phocaeans so savagely 
the Roman forces that the praetor L. Aemilius Regillus wis 
obliged to withdraw his men and entreat the citizens not to taketh 
war so seriously; the infuriated troops then took advan 
the truce to sack the city. After helping Aristonicus in his p 
lar rising (132) Phocaea was sentenced to destruction by tht 
Romans but reprieved through the intercession of its їшї 
city Massilia. (Jo. М. Co) 

PHOCAS (d. 610), Byzantine emperor from 602 to 610, 
a Thracian centurion in the army at the time of its rebellion 
Maurice (q.v.) in 602. Sent to Constantinople as spokesman 
took advantage of revolts in the capital to get himself cho: 
peror in place of Maurice, who was executed with his sons. 
most successful relations were with Rome, where his reto 
of the primacy of the apostolic see of St. Peter won him the Pf 
of Pope Gregory I. He made peace with the Avars and in 
agreed to pay them an increased annual tribute. He had to 
the avenging forces of Maurice’s ally, Khosrau (Chosroes 
under whom the Persians pressed into Asia Minor and by 608 
reached the Bosporus. In the eastern provinces Phocas wasi 
because of his persecution of the Monophysites and Jews; 
capital he grew increasingly tyrannical, General discontent 
fear of the Persians led to an appeal to the exarch of Carth 
In 610 the exarch sent an expedition under his son НИН 
had Phocas executed and was proclaimed emperor on Oct. §, 

See J. B. Bury, Later Roman Empire, vol. ii (1889) ; N. Н. ЫШ 
Cambridge Medieval History, vol. ii, ch. 9 (1913): ' (М 

PHOCION (c. 402-318 в.с.), Athenian statesman and j 
an opponent of the anti-Macedonian party of Беш ы 
others, and virtually ruler of Athens between 322 and п, v 
was a pupil of Plato and in later life a close friend of X 
He distinguished himself under Chabrias in the naval m 
Naxos (376), and subsequently won the confidence of ee j 
allies by his justice and integrity. At some date (eit б 
or 344/343) he served’ Artaxerxes III of Persia a8 4% ۸ 


commander and helped to subdue a revolt in Cypri акі 


he was elected general 45 times in all, according to by te 
348 he saved the Athenian force operating in Euboea, 
d Byzantine 


tory of Tamynae. He assisted Megara an! "Mes supp? 
Philip II M Macedonis; but he defended philips ger 
Aeschines in 343 and was one of the envoys sent E b. 
Philip after his victory at Chaeronea (338). 
Phocion opposed the Lamian War which [ense 0 
Alexander the Great (323), though he led the d (а) wilt 
against a Macedonian raid. The failure of the b Athens б i 


followed the Oat 


was deposed. He fled to the Macedonian reset 
but was sent back to Athens to be tried 
demned to death unheard. Shortly afterwar 

creed a public burial and a statue in his honour- 


g 


| PHOCIS—PHOENICIA 


prouiograPHy.—Plutarch, Phocion; W. S. Ferguson, Hellenistic 
Athens, ch, 1 (1911) ; N. С. L. Hammond, A History of Greece to 332 
ВС, book vi, ch. 1, 2, 6 (1989). 


PHOCIS, an ancient district of central Greece, bounded west 
by Ozolian Locris and Doris, north by Opuntian Locris, east by 
Boeotia, and south by the Gulf of Corinth (Korinthiakós Kólpos). 
It covered the southeastern parts of the two modern лото? (de- 
partments) of Phthiotis (Fthiótis) and Phocis (Fokís) (areas 
1620 sqmi: [4,325 sq.km.] and 806 sq.mi. [2,087 sq.km.]; cap- 
{tals Lamia and. Amphissa [Ámfissa]; pop. [1961] 160,035 and 
47,842 respectively) and the northwest corner of modern Boeotia 
(Voiotía). The massive ridge of Parnassus (Parnassós; 8,061 ft. 
[1457 m.]) traverses the heart of the country. Between this and 
the northern frontier range of Kallídhromon (4,000 ft.) is the 
narrow fertile valley of the Cephissus (Kifissés or Saranda- 
pitamos) River along which lay most of the Phocian townships, 
including Amphicaea or Amphicleia (Amfíklia), Tithorea, Elatea 
(Elítia), Hyampolis (Bogdhánou), Abae (Exarkhos), and Daulis 
(Dhávlia). South of Parnassus the small plains of Crisa (around 
modern Itéa) and Anticyra are separated by Mt. Cirphis. Phocis 
was mainly pastoral. 

The district’s early history is obscure. Its population was 

thought to be Aeolic, but the dialects are of the northwest Greek 
group, more akin to Doric, There was a tradition that the Phocians 
once owned land around Daphnus, opposite Euboea, and had their 
frontier at Thermopylae. Later restriction of territory was due to 
the hostility of the Boeotians and the Thessalians. The latter in 
the 6th century even raided the Cephissus Valley. In early days 
Phocians controlled the sanctuary of Delphi (q.v.). But about 
590 в.с. a coalition of Greek states proclaimed a “sacred war,” 
destroyed the city of Crisa, and put the sanctuary under the con- 
trol of the amphictyonic council. 
_ During the Persian invasion of 480 the Phocians at first joined 
inthe national defense, but their irresolute conduct lost Thermop- 
ylae for the Greeks; and at Plataea they were on the Persian side. 
In 458 or 457 an attempt to control the headwaters of the Cephis- 
Sus in the territory of Doris brought a Spartan army into Phocis 
in defense of the “metropolis of the Dorians.” In 449 or 448 the 
Spartans expelled the Phocians from Delphi, but not long after- 
ward the Phocians recaptured the sanctuary with the help of the 
Athenians, with whom they had become allied in 458 or 457. 
When Athenian land power declined, Phocian friendship waned, 
a in the Peloponnesian War Phocis was nominally an ally of 
parta and had lost control of Delphi. 

Th the 4th century Phocis was constantly endangered by 
м tian oppression. After helping Sparta to invade Boeotia dur- 
n the Corinthian War (395-394), the Phocians received as- 
i ‘ance from Sparta in 380, but afterward submitted to the grow- 
=з Power of Thebes. Phocians took part in Epaminondas’ earlier 
Pm into the Peloponnese (370-366), but took no/part in the 

pm of Mantinea (362). In return for this negligence the 
lon. Secured a penal decree against them for religious offenses 
аы е amphictyonic council (356). The Phocians, led by two 

d © generals, Philomelus and Onomarchus, replied by seizing 

Phi and using its riches to hire mercenaries with whose help 

jaune Boeotia and Thessaly, and though driven out of 
n id by Philip II of Macedonia, maintained themselves for 
teacher’ until the exhaustion of the temple treasures and the 
= di of their leaders placed them at Philip’s mercy. Their 
(46) de Split up into villages and an indemnity was exacted 
they i 5 339 the Phocians began to rebuild their cities; in 338 

" ight against Philip at Chaeronea; in 323 they took part in 
Ера War against Antipater; and in 279 helped to defend 
e against the Gauls: 
nia E. the 3rd century Phocis passed into the power of Mace- 
Under R of the Aetolian League, to which in 196 it was annexed. 
Маан Lan rule its league was dissolved, but was revived by 
аніс, Who also restored to Phocis the votes іп the Delphic 
| Athaean У which it had lost in 346 and enrolled it in the new 
С Таја" Le88ue. "The Phocian League is last heard of under 


ег 


LI E 
ÜGRAPHY — Strabo, pp. 401, 418, 424-425; Pausanias, x, 1-4; 
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E. A. Freeman, History of Federal Government, 2nd ed., pp. 113-114 
(1893); L. B. Tillard, “The Fortifications of Phokis,” Annual of the 
British School at Athens, vol. xvii, pp. 54—75 (1911) ; F. Schober, Phokis 
(1924), and in Pauly-Wissowa, Real-Encyclopüdie der classischen Alter- 
tumswissenschaft, vol. xx, col. 474—496 (1941) ; P. E. Arias, La Focide 
vista da Pausania, 2 vol. (1946) ; A. Philippson and E. Kirsten, Die 
griechische Landschaften, i, 2, ch. 3 with bibl, (1951); H. van Effen- 
terre et al, Kirrha: Étude de préhistoire phocidienne ЖЕДЕ 

(W. С. 


PHOCUS, in Greek mythology, the son of Aeacus and the 
Nereid Psamathe who-had assumed the likeness of a seal (Gr. 
phoce). Peleus and Telamon, Aeacus’ legitimate sons, resented 
Phocus’ superior athletic prowess, and at the instigation of their 
mother, Endeis, plotted his death, drawing lots to decide which 
should destroy him. The lot fell on Telamon, who murdered 
Phocus, feigning an accident. Aeacus, however, discovered the 
truth, and banished both his sons for this crime. (D. E. W. W.) 

PHOCYLIDES (f. c. 600 в.с.), of Miletus, Greek gnomic 
poet, a few fragments of whose maxims (almost all in hexameters 
and beginning “This too is Phocylides' ") have survived in quota- 
tions. Byzantine manuscripts also ascribe to him a poem in 
230 hexameters, entitled Gnomai, which was composed perhaps in 
the Ist century A.D. by someone acquainted with the Old Testa- 
ment; about 70 lines of it are also to be found in the so-called 
Oracula Sibyllina (ii:56-148). The orator Isocrates (Ad 
Nicoclem 43) mentions Phocylides along with Hesiod and Theognis 
as an author of “admonitions” (Aypothecai). 

See E. Diehl, Anthologia Lyrica Graeca, 3rd ed., vol. i (1949) for the 
genuine fragments and vol. ii (1961) for the spurious poem. See also 
W. Jaeger, Paideia, Eng. trans. by G. Highet, vol. i, 189-190 (1939). 

(Jn. A. D.) 

PHOEBE (Sayornis phoebe), the name given a sparrow-sized 
bird of the American flycatcher family (Tyrannidae). Gray-brown 
above and whitish below, it perches with flirting tail and, in sud- 
den flight, captures aerial insects. The abrupt, burry “phoebe” 
of the male is heard incessantly in the spring woods. Under an 
old bridge or overhanging ledge the phoebe builds a cup nest of 
mud and moss, lining it with grass and feathers; in it the three 
to seven white eggs are laid. The young emerge after an incuba- 
tion period of 16 days and fly after an added 15 days of nest care 
by both parents. This species breeds in eastern North America, 
wintering as far south as Mexico. Say’s phoebe (S. saya) is a 
western species, and the black phoebe (S. nigricans) lives in the 
southwest. (W. J. Br.) 

PHOEBUS: see APOLLO. 

PHOENICIA, in ancient geography, was the name given to 
a region corresponding to modern Lebanon (g.v.) with adjoining 
parts of modern Syria and Israel. Its inhabitants, the Phoenicians, 
occupied the mountainous area of the Lebanon and Anti-Lebanon 
and the seaboard between the Eleutherus River (Nahr al Kebir) 
in the north and Akko (modern Acre) in the south: Their chief 
cities (excluding colonies, for which see below) were Gebal (Gr. 
Byblos; modern Jebeil) ; Sidon (modern Saida) ; Tsur (Gr. Tyros; 
modern Tyre; Arabic Es Sur); and Berot (Gr. Berytos; modern 
Beirut), a city not mentioned before the 14th century 5.c. Others 
of lesser importance were Simirra; Arka (perhaps Tell Arga, 
northeast of Tripoli); Sianu; Zarephath (mentioned in I Kings, 
17:9; modern Sarafand); Achzib (Arabic Es Zib); Akko; Botrys 
(modern Batrun, between Tripoli and Jebeil), founded in the 
early 6th century в.с.; Tripolis (modern Tripoli), a colony of 
Tyre, Sidon, and Aradus, probably founded in the 4th century 
в.с.; and Orthosia, just north of Tripoli, founded in Hellenistic 
times. To the north lay the island stronghold of Aradus (He- 
brew Arvad; modern Arwad or Ruad) (Gen. 10:18; Ezek. 27:8- 
11). 

It is not certain what the Phoenicians called themselves in their 
own language. The term “Phoenician” is evidently derived from 
the Egyptian word Fenkhw, meaning an Asiatic, which is found 
as early as the Egyptian 5th dynasty and seems to have passed 
from Egyptian into Greek; but the Egyptians normally refer to 
them under geographical appellations, such as “Retenu.” The Old 
Testament merely uses the city name and speaks of Sidonians 
or Tyrians. The Homeric poems do the same but add the name 
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of Phoinikes, “Phoenicians,” which was interpreted to mean “red- 
skins," from Greek phoinos, "blood red.” The only general term 
they would have used for themselves would appear to have been 
kena ‘ani (Akkadian kinahna), “Canaanites,” a term which under- 
lines the Phoenicians’ racial identity with the pagan, pre-Hebraic 
population of neighbouring Palestine. (See CANAAN.) It is no- 
ticeable that in Hebrew the word kena‘ani has the secondary 
meaning of “merchant,” which well characterizes the Phoenicians, 
The earliest occurrence of the name is in the Akkadian form in a 
cuneiform inscription of the 16th century в.с. from Alalakh. 
This article is organized as follows: 
I. History 

1. Origins and Relation with Egypt 

2. Assyrian and Babylonian Domination 

3. Persian Period 

4, Constitution 

II. Colonial and Commercial Activities 
1. Colonies 
2. Commerce 
3. Navigation and Seafaring 
Art, Manufactures, and Writing 
. Architecture 
. Funerary Architecture 
. Sculpture 
. Carving in Wood and Ivory 
Metalwork 
Textiles 
. Glass 
. Writing 
. Religion 
1. Mythology and Pantheon 
2, Religious Practices 


I. HISTORY 


1. Origins and Relation with Egypt.—The Phoenicians 
probably arrived in Phoenicia c. 3000 в.с., although one of their 
native traditions, preserved by Philo of Byblos, claims that they 
were autochthonous. In fact excavations at Byblos itself indicate 
that a different population preceded the Phoenicians there in the 
Neolithic Period. Nothing is known of their original homeland. 
Classical writers (e.g., Herodotus, vii, 89) preserve traditions that 
they came from the coast of the Red Sea (i.e., the Persian Gulf), 
an area which excavations (e.g., at Bahrain) have shown to have 
had a high culture at least in the late 3rd millennium B.c., in touch 
both with Sumer and India. But it is premature to detect there 
any possible ancestors of the Phoenicians. The Roman historian 
Justin (xviii, 3) records that the earliest Phoenicians fled from 
their original home because of an earthquake, pausing on the way 
at the “Tyrian marsh,” presumably the Dead Sea, and perhaps 
implying an occupation of Jericho; after which they founded 
Sidon. This was believed to be their earliest settlement, and ac- 
cording to Philo it was built by a divine hero, Usoos. Some 
scholars have interpreted certain passages of the 14th-century-s.c. 
Legend of Keret found at Ras Shamra (Ugarit) as suggesting that 
the Phoenicians came via the Negev, in southern Palestine. This 
interpretation is not widely accepted, but discoveries of Chal- 
colithic settlements near Beersheba and in caves near the Dead 
Sea show that there were many agricultural and metalworking 
settlements which marked the road (and relieved its hardships) 
at least from the Red Sea at this period. 

Except at Byblos, no excavations have produced any informa- 
tion concerning the 3rd millennium in Phoenicia before the advent 
of the Phoenicians, At Byblos, the first urban settlement (level 
IV, Early Bronze Age I) is dated c. 3050-2850 m.c. Level VI, 
designated as proto-Phoenician by the excavator, shows an age of 
prosperity already reached, the site having passed through five 
building levels by 2750 B.c. Commercial and religious connections, 
probably by sea, with Egypt are attested from the Egyptian 4th 
dynasty (c. 2613-с. 2494 m.c.). The earliest artistic representa- 
tion of Phoenicians is found in a damaged relief at Memphis of 
Pharaoh Sahure of the Sth dynasty (early 25th century B.C.). 
This shows the arrival of an Asiatic princess to be the pharaoh's 
bride, in a fleet of seagoing ships, probably of the type known 

to the Egyptians as “Byblos ships" (see Navigation and Seafaring, 
below), manned by crews of Asiatics, evidently Phoenicians. 

Soon after 2200 в.с. the Egyptian Old Kingdom was brought to 
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an end-by a movement of Asiatic nomads, Level yy at Bly 
was destroyed by fire about 2150 в.с., probably by the invadi 
Amorites (g.v.). The Amorites rebuilt Byblos (level wt 
a-period of close contact with Egypt was begun. The Hee and 
foreign policy of the Middle Kingdom pharaohs, Particularly 
of the 12th dynasty, are illuminated by the discovery of figuri 
representing hostile Semitic princes, which: had: been is 
with their names and elaborate curses on them, then broken 
thrown away; and by the discovery of costly gifts from thy 
pharaohs to those Phoenician and Syrian princes such as the ruler 
of Ugarit and Qatna who were loyal to Egypt. 

The skill and beauty displayed in such Egyptian imports p. 
foundly influenced the taste and fashions of these northern cour 
and the Phoenician craftsmen set themselves to imitate the de 
gance and ingenuity of these Egyptian works of art and to master 
their craftsmanship. Glazing, goldsmith's work, fresco painting 
and other arts were imitated, though at first local products were 
somewhat clumsy. 

In the 18th century в.с, new invaders called Hyksos (q:)) de 
stroyed the Amorite rule in Byblos and, passing on to Egyp 
brought the Middle Kingdom to an end (c. 1720 в.с.). Little's 
known about the Hyksos’ origin, but they seem to have been eh 
nically mixed, including a considerable Semitic element, since the 
Phoenician deities El, Baal, and Anat figured in their pantheon 
(see Religion, below). The rule of the Hyksos in Egypt was brie 
and their cultural achievement slight, but in this period the links 
with Phoenicia and Syria were strengthened under a single em 
pire. When the Hyksos were finally expelled by Pharaoh Ahmose 
I (c. 1567 B.c.) he and his successor Thutmose I (c. 1525-151!) 
instituted the New Kingdom policy of conquest in Palestine and 
Syria, In his annals, Ahmose records capturing oxen from the 
Fenkhw, a term here perhaps referring to the Phoenicians. 

Fuller information about the state of Phoenicia in the 14th cen 
tury, B,C; comes from the, ‘Amarna Tablets," diplomatic tents be: 
longing to the Egyptian foreign office, written in cuneiform 
found at Tell el Amarna (g.v.) in Middle Egypt. Among thet 
letters are many documents addressed by the subject princes ү 
Phoenicia and their Egyptian governors to the pharaoh. Інв 
time of much political unrest. The Hittites (g.v.) were Ир 
Syria; nomads from the desert supported the invasion; an fe 
of the local chiefs were ready to seize the opportunity И А 
ofi the yoke of Egypt. The towns of Phoenicia were p 
Aradus, Simirra, and Sidon supported the rebellion; Rd : 
regent of Byblos, and Abimelech, king of Tyre, held out ш en 
But while all the towns made professions of fidelity, vi 
scheming for their own interests, and in the end Bem. of a 
all including Byblos, The tablets which reveal this Welt of 
are written in the language and script of Babylonia, an i 


alestine 
the extent to which Babylonian culture had penetrate esl 
and Phoenicia; at the same time they illustrate the Po ig) 


the relations between the Canaanite towns (i.¢., those I 
and the dominant power of Egypt. . 1361) 

After the reign of Ikhnaton (Amenhotep. IV; Mrs р 
that power collapsed altogether; but his successors the 


sn as fat a 
recover it, and Ramses II reconquered Phoenicia 24160) pn 


ment of the Philistines (g.v.) on the coast near 
successors of Ramses III lost their hold over 
dynasty no longer intervened in the affairs of e 
(Shishak) I, the founder of the 22nd dynasty, @ is (81 
deavoured to assert the ancient supremacy 0 ting 
14:25 f). His successes, however, were not ra аше 
clear from the Old Testament, the power of EgyP 
forward ineffective, ation Be 

2. Assyrian and Babylonian Dominatio tern a 
withdrawal of Egyptian rule in Syria and the hon oí P 
Assyria comes an interval during which the city "hiram, 
owned no suzerain.. Byblos had kings of its 0% ns have 3 a 
baal, Abi-baal, in the 10th century, as excavatio yes sid 
The history of this period is mainly a history 0 


en 
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to a hegemony among the Phoenician states but also 
colonies beyond the seas. Unfortunately, the native his- 
al records of the Phoenicians have not survived, but it is 
from the Bible that the Phoenicians lived on friendly terms 
Israelites. Hiram, king of Tyre, built the Temple of 
оп at Jerusalem in return for rich gifts of oil, wine, and 


following century, however, the independence of Phoe- 
creasingly threatened by the advance of Assyria. In 
hurnasirpal II reached the Mediterranean and exacted 
from the kings of Tyre, Sidon, Byblos, and other cities. 
halmaneser III, took tribute from the Tyrians and 
id established a supremacy over Phoenicia, at any rate 
which was acknowledged by occasional payments of 
him and his successors. In 734 в.с. Tiglath-Pileser III 
estern campaign established his authority over Byblos, 
nd Tyre. A fresh invasion, by Shalmaneser V, took place 
en he was on his way to Samaria, and in 701 Sennacherib, 
ellion of Philistia, Judah, and Phoenicia, drove out and 
Luli, king of Sidon, from Tyre, forcing him to flee to Cy- 
678 Sidon rebelled against the Assyrians, who marched 
id annihilated the city, rebuilding it on the mainland. 
: "Tyre took place in 672 and 668, but it resisted both, only 
‘submitting in the later years of Ashurbanipal together with Ma- 
maseh of Judah. 
luring the period of Neo-Babylonian power which followed the 
lof Nineveh in 612 B.C., the pharaohs made attempts to seize 
i Phoenician and Palestinian seaboard and the important land 
between two continents which they represented. Nebuchad- 
шїї IL king of Babylon, having sacked Jerusalem, marched 
against Phoenicia and besieged Tyre, but it held out successfully 
‘for 13 years, after which it capitulated, seemingly on favourable 


4. Persian Period.— Phoenicia passed from the suzerainty of 
bylonians to that of their conquerors, the Persians, in 538 
‚ Not surprisingly, the Phoenicians turned as loyal supporters to 
Persians who had overthrown their oppressors, and reopened 
them the trade of the Orient. At the time of Xerxes I’s invasion 
0 Greece, the city of Sidon was considered to be the principal city 

icia, and the ships of Sidon were considered the finest 
ener fleet, its king ranking next to Xerxes and before the 

01 Tyre. 


Toward the close of the Sth century, Phoenician coins began to 
ement historical sources. From the time of Darius I the 
monarchs allowed their satraps and vassal states to coin 
ver and copper money at discretion. Hence Aradus, Byblos, 
and Tyre issued a coinage of their own, The coins are 
рей as a rule with the emblem or name of the city, sometimes 
the ruler’s name. Several inscriptions on stone of this period 
est. In the 4th century Tyre, and later Sidon, revolted 
a the Persian king. The revolt was suppressed in 345 B.C. 
Tyre resisted Alexander the Great in a siege of eight 
Alexander finally captured the city by driving a mole into 
ihi from the mainland to the island. As a result Tyre, the 
tance ts of which were largely sold into slavery, lost all impor- 
by Alexa n being replaced in the leadership of the Oriental markets 
s» dria. After the cities of Phoenicia had changed hands 
a mes between the rulers who succeeded Alexander, the Ro- 
rated е to restore order. In 64 B.c. Phoenicia was incor- 
id Tyr to the Roman province of Syria, though Aradus, Sidon, 
Hiis = retained self-government. (For later history, see SYRIA: 
4 Con ANON: History.) 1 
"е, Stitution.—Little is known about the constitution of the 
the oldest States, All Canaanite analogy speaks for kingship as 
tions the в of Phoenician government. In the native inscrip- 
ays called ef of the city, in Phoenicia itself and in Cyprus, is al- 
Ang could king. The royal houses claimed divine descent, and the 
rer, Was oom be chosen outside their members. His power, how- 
fat ip Неа by the wealthy merchant families, who possessed 
the Есе in public affairs. The priest of Melkarth at Tyre 
Msa co cond тап in the kingdom. Associated with the prince 
à of elders; such at least was the case at Byblos, Sidon, 
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and perhaps Tyre. Inscriptions of the 3rd and 2nd centuries B.C. 
mention a rab (chief) in Sidon, Cyprus, and Gaulus; what his 
position was it is difficult to say; in the colonies he may have been 
a district governor. During Nebuchadrezzar II's reign (605—562 
B.C.) a republic took the place of the monarchy at Tyre, and the 
government was administered by a succession of suffetes (judges) ; 
they held office for short terms, and in one instance two ruled to- 
gether for six years. Much later, in the 3rd century B.c., an in- 
scription from Tyre also mentions a suffete. Carthage was gov- 
erned by two suffetes, and these officers are frequently named in 
connection with the Carthaginian colonies. But this does not jus- 
tify any inference that Phoenicia itself had such magistrates. Un- 
der the Persians a federal bond was formed linking Sidon, Tyre, 
and Aradus. It was their duty to contribute 300 triremes to the 
Persian fleet (Herodotus, vii, 89). Federation on a larger scale 
was never possible in Phoenicia, for the reason that no sense of 
political unity existed to bind the different states together. Com- 
mercial interests dominated everything else, and while these stimu- 
lated a municipal life that was not without vigour, civil discipline 
and loyalty were but feebly felt. On occasion the towns could 
defend their independence with strenuous courage; the higher 
qualities which make for a progressive national life the Phoenicians 
did not possess, 


П. COLONIAL AND COMMERCIAL ACTIVITIES 


1. Colonies.—By the 2nd millennium в.с. the Phoenicians had 
already extended their influence along the coast of the Levant by 
a series of settlements, some well known, some virtually nothing 
but names. Well known throughout history are Joppa (Tel Aviv- 
Jafía) and Dor (later Tantura, modern Nasholim) in the south. 
In the north, the island city of Aradus planted its colonies on the 
mainland opposite, beginning with Antaradus (modern Tartus). 
The earliest site, however, outside the Phoenician homeland known 
to possess important aspects of Phoenician culture is Ugarit (q.v.), 
which was identified in 1929 in excavations at Ras Shamra, about 
6 mi. N. of Latakia. The site was already occupied before the 
4th millennium B.C., but the Phoenicians do not appear to have 
become prominent there until the time of the Egyptian 12th 
dynasty (1991-1786 B.c., level IV), when the position of the site 
as a stepping-stone to the wealth of Anatolia and Cyprus first 
became appreciated. 

In level IV two temples first appear, dedicated to the Phoenician 
gods Baal and Dagon, although the ruling family appears to have 
been of a different, non-Phoenician stock, and the population was 
probably much mixed. The 15th century в.с. shows strong cul- 
tural influences already established there from Cyprus and the 
world of Mycenaean Greece. In the latter part of the 13th cen- 
tury B.C., a flood of land and sea raiders descended on the Levant 
coast, destroying many of the Phoenician cities and rolling onward 
to the frontier of Egypt, from which they were beaten back by the 
Pharaoh Ramses III. Ugarit was destroyed, together with Aradus 
and Byblos, though the latter were afterward rebuilt. Though 
Sidon was destroyed only in part, its inhabitants fled to Tyre, 
which from this time was regarded as the principal city of Phoe- 
nicia, and begins its period of prosperity and expansion. 

Tradition places the founding of Utica in North Africa, Tyre’s 
first colony, at 1140 B.C., or 1101 according to other sources. Ar- 
chaeological discoveries do not today support so early a date, 
though some objects found there may go back to the 10th century. 
Similarly, the statement of Strabo (1, 48) that the Phoenicians 
settled at Gadir (Gr. Gades; modern Cadiz in Spain) shortly after 
the Trojan War has found no archaeological support. It is likely 
that the expansion of the Phoenicians at the beginning of the Ist 
millennium в.с. is to be connected with the alliance of Hiram of 
Tyre with Solomon of Israel in the second half of the 10th century 
в.с? In the following century, Phoenician influence in the north 
is shown by inscriptions at Sam‘al (Zincirli) in eastern Cilicia, 
and in the 8th century at Karatepe (q.v.) in the Taurus Mountains. 
Both these cities acted as fortresses commanding the routes 
through the mountains to the mineral and other wealth of Anatolia. 
In the mid-7th century B.c. a short-lived Phoenician state was simi- 
larly established at Kundu and Sisu (modern Siz) in eastern Cilicia. 


ВОЕН =e Seese o н н н mee o н + eae o 


eae o Other shes D Cyprus. sock 
ww Hun Teman Cyan Lapin Gigi sad the ite tadı 
2002 


"n 
f 
р 
[ 


Jae е ( се ЕЯ ЕДА 
s + Tie fife. comes Pn he N ча da Mf mary өг h 
Apm e leet в Dhami 5 SD menm er + Be Mons 
невы анне Ён з ues to semua Com Lime (inline Le. 
ILI өн Wallis wu team tisque an Ow iana cut 

Be Өн Rem Donde swede anes уйы өч chu omelet Prem: hua 
LAB E oO S oe Phot 
wf FÎ Thr mahuinga ndings Cheer. fewer. dio qut ape 
jes 14 LAUR LI SU 

Ba erdine Deme n Рунаны йа wis o Nars (tunt Cagle) 


Kit CO eed arem i IC өбө DEES 


Won. байа (the island of Sent’ Antico sear 7 7 
rwe (Orlane) Inscriptions (oun! st Tharros and Pow 
L to belong to (he Ah севу aC EIL 
by ай иебиз As far ва can be "1 1 
Gove ын po Мый before the 7th century aC al e 
ely Pande rather than Phoenician send н well 


(have өзә mo vuliantial settlement io ordinis unti 
the of Aleris CAlalia) in about 131 oc. whid am 
te the Самаан 

In Spain, the settlement of Gadis (Cin) v dw 


Онай evidently gave the settlers кеке Ve Qe 


wad copper of Tartes (possibly srad Neville, a 
shis feds анне by J de М Carries in. Patti 
Now, ja 9. 1999) 
stained и Сыйы i regarded ss rm cartier then 00 
tary, theagh the splendid jewelry (ncm La Alani i 
LED ALD 

Ta hort, there te little factus) evidence to enlm 
“4 omy HOSS in quin earber (don the TO cmt Ae 


tee amethay view tee Cist) ani there ۸ 
viewed aa Pane rather thin Phares ian ona i 
Baty that the сайын eem: of thw Û 
ROG by mary emágramti (rome (he Pav 
hie (ыт posibi tet the oremus 
LU йы, sed Cortbagisisss oer mained © 
МА ours aC by the mary Slows vh OOF 
rede of The Расон анне = the Lana 
Wie de Grün wene repelling Ide mosas A 
sd deis Phsunicinn ally la the gna the ante dS 
lly rte culled apua to resist Чы Carag 
Memi Torme rit hur К роне 
im Neh Alvin over рена лүн" Шш 
wur lê Nay betwen Set amd 229 ус crafted ӨЙГӨ! 
Me hiad Сынау ied by he temas of Dant 
à furibus этрабы x phem in Nuls & EI 
mti: werenn М (art aieo Cant tt 
Coring gree imermensiy A: рый! Matin 
би qum af DEO. la 106 wc wee congrue Р 
ld ly P Морь Afruaeun sad wes tnn 
мч (fee the \Мёмгеу of the Меч 


Tike cite вадну ot 


барар anye! т шом ы at 
the time of 34 Даранаи Баер of Higgs 1 


PHOENICIA 


Gama oils hA Cdi rye e) siga jn 
diam e < LLLI Rl 
LLL LL me od e ur 

€ Phorm ¢ i ж cum nim sd intl prin ed ap emen 


ee o w mn wl 10м ime bie mele эзы 
pha ant u ct si ¢ madi көмү LM 
aeger o qoc peel guns! vd dert ond cmm e 
A eem en Fasten fumo of бө ID СЕИ 
dece o e sd ces tey dentro 
Rue et o ena hoya wher D bed paê gagi db ad we 
e i =й hee ML eld ir 
See eee LM io tiw дуун шема ves im 
gum Mint ei i Mery of Wandana imme ihe taie 
E at ei Trae ia the Nile би» 
e бн owas <1 о драг hird saiad er sat 
Re he oe o oa a te LEAL 
LINE ILS Ji il 
Вон її) s lemme daina «f the amy «і T. 
——— e ss siiami d la amene ng 
‚4 
чөө. eM у ү с ا‎ 
I Egan 
hue dyed wud sin d NI 
LINT 
LA Ir 
gh ends iu wos вуна ما‎ of Anatas 
LLLA 
Lnd o jens nary, chump, db omer 


MUT ei 


Nee que —— —=—————. 


L] 5o 


oo ce Ame V M ad 
اقا ی‎ o ee ا‎ oed teet 
LE 
тайн de de men 2 ө puihin Clo ier med 
бно онр e TRTE 
неи рне ай M LB S Nl E | 
Lm 
LR D 
LE SÉ 
wdi pep asr peercmibe worl cemóeweent | Bonge 1o 11 ed 
رد‎ HO me © 69 wm I امه‎ ma ass pim ao erem 
LI ABMS UI e Aipena né не 
Asise, der el 
Lf 
LAE, DL 
LN Em 
LE 
[Ln 
Md Gite «f Bergs vad Bulles ыле i | Fes ie 
LARA ARA umm 
МЕЕ m Aug nares em de ver sae A te 
[A A. ET ok maia 
LJ Emm 
эмн өөй I m gm 
de Che "Noo 1 Tigi iste sess muys m repels айса 
d مدنا‎ ce Barys Ca Lem eed queen af ЕЯ м 
Мону (Hedin 6 113) Pie Achim cepe (emis ah рне 
[OP 
LL disi MELLE I 
Ren е Pamit ہا س س‎ vens dime EDI 


: 
I 


ШЕНИН 


| a 1192 в 
ИШ eor НҮҮ ү 
ШИ ИШИНИН 
НЕЛЕ ШШЕ 
Bis ie PS 
i at ty Tit un ШЕНИН ШШ 
ИШИ jm ү "m 
n ШО pihi ie iin ҮШ n if ШШ 
d i illis Hill i iie ЙН Hm | 
ШЕ ү ШШ it ШОНАШ 
ШЕ Hata Hii ШШ : i jl Ий: ИШИН 


i 


i ШШ 


uh iH 
liit ИШИНИ 
1 ici Hii: за“ НН 


[ШИ ШЧ ИП 


gû кый sam turin) A 

amma Line! o ir rela eme 

By seyrana: 6 наве 
к ee داه‎ of which 


zh 
it 
ff 


| 
i 


aedis | 1 کد امس‎ in у азай مشا له‎ datada 
j mee, emo AI Мане, bourve, lm Gulan, amd at 
ga i lt (Consec temples have eee loud with n 
ju On he growed glen of Cot, satay, and. 

d dn, his amiy repent Dai of the LOD omn 
ма hie дне» e! Deae ed diens rid io tr Bude (] юр 
dnd o à perna mb comnis virtually à qd бирме 
a Минен» empir The mast shiling entered (оние of 
y Timed m C pelt ol pillars of bouner whic stemd (тше 
Qu denm eo o m heh conrund elaborate capitali десин Ае 

MM ily Co la Oo particudar, amd perhaps іа тетү 
ew э тайны, iba! the impie О - 
de Peni м Маань ot Tyre The better өз» very. ancient, 


nni iun 1150 +. according te Менаф» (8, 44). A 
antium ÛÛ кезт in а (зэ of a het Aveyron 
le Ge piwe of еа berib м Nineveh It shows a 
з emendis e i |44 ol emme aa beving too Ramee 
ND eet whe breed cornice. Before ite mala door 

М umes me pioto Lemke or Шуаро capitale, 

Viene ме the (ete cobumms of guid amd "emend" 


Omen as 


phage ркы н the Temple M e 

Мы à car pr of columns. The capitais of cme 
RINE me ihe о called pote lenc capitals abaid here 
Mm found ê rae ica im Palestine 


H 


i 


ZZ. 


КА 


891 


Eyin мум. ee ee o нн iar md man 
LISSE 
Pw bestei id he quer es < Spr and Phe 
tallas pon een inte ce id Borman буз © tmn ts ia Ded = 
LITE 
LP 
Wishes | Tale © u э ûe repentant ed a C nane 
D Bees HEE med omn Mn Minne бөз enm 
е alere ,الد‎ quem rs Г КК ТЕ 
Gote atl rn imd pars morem bp а Йе! үзе! oti 
Ce fo imi hewe ionmalladioom com 
[2 кш the ا‎ М» compre پا‎ feet of 

we The betty equ room ВЕКИ 
à санаан bdsm fot the meom aote Uke pellets served om 
LI. JH qd 
wes famed a Курек fadis be he bry o! the Deemed Prime 
Че eign of the mary of Ирей a ird of “Чагы 
í e) hea bah fee Ma omiy iugiter a Манна wah № ote. 
doen № culpa shama thes узы whe % sty mundi ba اد‎ har tu 
mals Tho the ung Fausse. peters vse ln doing 

The beled mount of Sedemen palace (1 Kings J) formis 
lad letoun Fhe iot enel бшш» ef (Ме Hemer Age weet ther 
of thee Teme Age И =з 5 Dey greet vite hal Gets of coder weet, ad 
Li dE 
قوشم‎ leat а ылда conss en eh фе ed مط )ا‎ pel un 
иб. the чүйрө, وا‎ c porte of the Middle Кам wmi 
moire Gm Andie Aspra valet From the pele of Sem 
inta bari дорно à Pum vee iiy of دام‎ pd сөн ей baidd 
[. ZG LILLA NU لدی(‎ od (he она الا‎ 
nio bare ایت با ا دسا اسو‎ өз wher eoa бшм! اه‎ all سا‎ 
Бін ом o S 

A redel (rm Cu placa of kes gi э! А но hws o biter. 


ЕИ САГЕ 


ПИ 


MAR M онтоо Gmi KO? EET 
Mtm OF t 
Ld A RIT NAE 3 3 047 
LUE 
- 


ent type of Phoenician building. 
Beside a lake in wooded hills is 
set a kiosk, or hunting lodge, the 
roof supported by columns with 
proto-Ionic capitals. The pres- 
ence of the horse-headed barge, a 
Phoenician hippos, and of officers 
holding Phoenician  sceptres 
clearly indicates the location in 
which this building is set. 

Conventional Assyrian illustra- 
tions exist of the city of Tyre 
perched on its island (on the 
bronze gates of Shalmaneser, 
from Balawat) and probably of 
Aradus also on a sculpture from 
Khorsabad (in the Louvre). A 
detailed view of the quay and 
seawall of Tyre in the relief from 
the palace of Sennacherib re- 
ferred to above shows that the 
curtain walls between the towers 
are hung with shields. This 
agrees perfectly with the descrip- 
tion of the city in Ezek. 27:11. 

A silver bowl from Amathus 
in Cyprus (in the British Mu- 
seum) shows a presumably Phoe- 
nician city with gateway towers 
undergoing assault by an enemy. 
Within the gateway are seen a 
number of beehive-shaped 
houses. Such houses (called 
magalia) were built by Cartha- 
ginians. A clay model of one was found at Ras Shamra. The 

custom of building round houses must have been imported into 
North Africa from the Levant, for whole villages of such houses 
are still found in north Syria (Neirab, Arslan Tash, etc.). 

2. Funerary Architecture.—In the Middle and Late Bronze 
Age the inhabitants of Phoenicia and Palestine constructed tombs 
in the form of caves cut in the soft rock and reached by vertical 
shafts. At Byblos the kings of the early 2nd millennium were 
buried in tombs of this kind, inside a stone sarcophagus. At Ras 
Shamra, however, under Aegean influence, the cavern took the 
form of a beehive tomb of carefully hewn blocks of stone, In 
Cyprus this tradition of a stone-built vault continued into the 6th 
and 5th centuries, the cavern being regarded as a sort of under- 
ground house reproduced in stone, approached by a descending 
flight of steps. In a tomb at Tamassus the wooden beams of a 
gabled roof are clearly represented, and at Amathus and Pyla the 
stone doorway is surmounted by a carved gorgon's head. But some 
strange funerary buildings were also erected above ground; e.g., 
the two cylindrical and dome-capped monuments at Amrith, one 
being flanked by figures of lions. They perhaps reflect the Phoe- 
nician circular houses. E. Renan also records a pyramidal tomb 
obviously inspired from Egypt. In Tunisia the well-known 2nd- 
century-B.c. mausoleum at Thugga (Dougga), which contained a 
bilingual Phoenician and Numidian inscription, represents a fusion 
of the Egyptian pyramidal funerary building and a Hellenistic 
Greek temple. 

3. Sculpture.—Of monumental Phoenician sculpture in the 
round, hardly anything survives. At Byblos, in the Temple of 
Baalat, only shapeless remains, chiefly the legs, exist of large 
statues depicted seated or standing in the forecourt of the temple. 
One large statue alone is complete, showing a stocky figure of Egyp- 
tian type, wearing a kilt, the hands firmly clenched and close to the 
hips, advancing with the left foot in the Egyptian manner and 
suggesting the type of archaic Greek kouros statue (see GREEK 
Art: The Greek Archaic Period [c. 650-c. 480 B.c.]). Its date is 
uncertain but probably it belongs to the Iron Age. There is a 

long tradition of Phoenician limestone statuary in Cyprus. A 
colossal figure of a deity rending a lion, from Amathus in Cyprus 
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(in the Louvre), belongs to the 6th century в.с, 
Sculpture in relief, on the other hand, has a very long | 
The excavations at Ras Shamra have produced a number 
belonging to the 14th-13th centuries в.с. One shows 
wearing the wrapped-round garment of the period, gp 
kings swearing a contract together. Others show deii 
Teshub, Resheph, or El. At Byblos was found the ear} 
work of Phoenician sculpture to survive, the sarcopl 
Ahiram, who is dated to the end of the 11th century B.C. T 
stone sarcophagus, bearing a long inscription, has carved 
men and lions on the lid and base, and its sides are decor 
funerary scenes showing worship of, and lamentation foi ^ 
man. There are (or were) traces on the lid of painting in 
blue, on the dresses of the figures. This sarcophagus 
reproduces in stone a contemporary decorated wooden d 
carved panels, and is the earliest example of what begal 
the established type of Phoenician funerary furniture, 
with little change through stone sarcophagi, such as thd 
Amathus and Tamassus and Athiénou (late 6th and 5 9 
B.C.) to the “satrap” and "Alexander" sarcophagi and thi 
“Pleureuses” at Carthage, In the Sth century B.C., relief sla 
employed architecturally (e.g., at Karatepe in the Tau 
tains). The tradition of the relief stele persists strongly fi 
nician art. From Amrith comes the fine stele in the Lout 
ing Shadrafa swinging a lion (c. 8th century B.C). 
Aleppo comes a relief of Melkarth, the god of Tyre, of sim 
In the Persian period there was a return to Egyptian) 
e.g., in the stele of Yehawmilk of Byblos (in the Louvre), W 
Umm al Awamid there is a graceful series of funerary stelag 
influenced by Greek art of the Sth century. The Sidonia] 
time tried to synthesize Greek and Egyptian currents of 
sarcophagus of Tabnith, king of Sidon, substitutes ideali 
heads as portraits of the dead on the lid of the sarcoph 
made of Greek marble, Several of the artists employed 
fact, have been Greeks, and it is debatable how far these wa 
to be strictly regarded as works of Phoenician art at all, | 
theless, these sarcophagi were very popular among weal 
nicians and are found not only at Sidon but exported 
prus, Egypt, Tartüs, Motya, Malta, Carthage, and 
it is clear that by the time Greek art had begun to flo 
nician art had spent itself and was quite derivative and 
simply employing the motifs and ideas of others. At Ca 
decadence of the relief, a genuine Phoenician tradition, Д 
be more complete. By the 3rd century в.с. it was reducet ; 
simple subjects (the Tinit sign, a bull, sun disk and moon @ 
etc.) coarsely scratched within a shrine. y 
4. Carving in Wood and Ivory.—One of the chief i 
Phoenician wealth was the much-sought-after timber of E 
cedars of Lebanon, Its beams were prized for shipbuil 
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architectural purposes, but cut into panels it could also be carved 
in relief. At this too the Phoenicians were skilled, probably as 
tarly as the Bronze Age. The sarcophagus of Ahiram clearly re- 
flects a carved wooden prototype. I Kings 6 and 7 describes the 
е of cedar for both functional and decorative purposes in Solo- 
mon's Temple and palace at Jerusalem under the influence of the 
Phoenicians, No examples, however, of this type of wood carving 
ave survived. Ivory carving, being closely related to carving in 
Id woods, also became a Phoenician specialty, probably before 
a 14th century B.c., especially for the decoration of furniture. 
Oy then aided by the convenient presence of a local supply 
Ol ivory derived from a native Syrian breed of elephant (which, 
(сует, it soon became necessary to supplement with ivory from 
eR and Africa), At Ras Shamra a carved round table of ivory 
[s E group of 16 carved ivory panels was found, bearing religious 
tion ological scenes; they evidently formed part of the decora- 
К, of а royal, perhaps ritual, bed. Such princely furniture of 
pu Side into fashion in the Levantine courts and shrines at the 
ф Й the 9th-8th centuries, and ivory couches, even “ivory 
Eu became a symbol of luxury and oppression and social in- 
53 € to Old Testament authors (I Kings 22:39; Amos 6:4; Ps. 
panels , Remains of such ivory furniture, in the form of carved 
: End in relief or open work, and various fittings, have been found 
mug at many sites in the near east. 

Dus those. years, however, the Syrian elephant herds were 
cities КН extinction by the Assyrian kings, and the Phoenician 
ing s emselves were repeatedly pillaged or taxed, their markets 
Craft Hine mes ruined and their craftsmen enslaved. Thus the 
inger, ү at least in Phoenicia. In the far west its traditions 
Cd a little longer in decadence probably into the 5th century 
„amples being the ivories found at Carmona in the Guadal- 


Quivi, y 1 пе 

tae? in Spain. These probably were of Carthaginian man- 
gue. 

Resh Metalwork, At Byblos in the foundations of the Temple of 


E (c. 2000 в.с.) vast numbers of dedicated metal objects 
% EU They showed that the wealth of Phoenicia then lay 
Leba In exploiting copper and gold deposits, probably in the 
and pin f yprus, as in other forms of wealth such as the cedar 
brilli ¢ forests. In gold working the Phoenicians were already 


antly skilful, as may be seen from some of the finds in the 
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Resheph Temple. After the finds of Byblos, Phoenician gold- 
smiths’ and metalsmiths’ work is well represented by two splendid 
gold bowls of the 14th century в.с. found at Ras Shamra, deco- 
rated with hunting and animal scenes. One of their specialties and 
perhaps inventions was the art of decorating a surface with tiny 
globules of gold to form a pattern. This art, called granulation, 
was later adopted by the Etruscans, on a considerable scale. But 
with them the secret of its technique died until rediscovered in 
modern times. 

From Tell el Ajjul, near Gaza, comes a collection of fine 
jewelry of the 15th century. Some splendid Iron Age jewelry was 
recovered from La Aliseda (on the Guadalquivir) in southern 
Spain, and from Tharros in Sardinia came jewelry of the 6th cen- 
tury (now in the British Museum). In the poems of Homer the 
Sidonians are reputed the most skilful bronze workers, but it is not 
possible yet to ascribe such Phoenician bronzes as survive to any 
particular city. At Nimrud in 1847—48 was discovered a fine series 
of bronze engraved bowls which are probably Phoenician. Phoe- 
nician or Punic jugs and bowls of silver and bronze haye been 
found in Spain. A spectacular account of the work of a Phoenician 
master craftsman and metalworker in the 10th century в.с. is that 
given of Hiram, who cast the great bronze pillars for Solomon’s 
Temple at Jerusalem (I Kings 7:13-15; II Chron. 2:13). Other 
great works of metal-casting in the temple (I Kings 7:16 ff.) were 
also clearly of Phoenician inspiration, small versions of the colos- 
sal wheeled bases executed in bronze having been found in Cyprus. 

6. Textiles.—Phoenician textiles were world famous. The 
finest linen came from Byblos, Tyre, and Berytos. The name of 
Motya in Sicily itself means “loom.” The purple dye made from 
the Murex snail, another Phoenician specialty, made Tyrian dyed 
cloth famous all over the ancient world until Byzantine times. 
Homer describes patterned textiles (whether embroidered or woven 
is not clear) as a specialty of the Sidonian women (Odyssey xv, 415— 
418), much prized in archaic Greece. Nothing of this, however, 
has survived. 4 

T. Glass.—An important part is claimed traditionally for th 
Phoenicians in the invention of glass, according to Pliny the Elder. 
This probably reflects the fact that about 1500 B.c. the manufac- 
ture of glass vessels was suddenly developed out of the age-old 
techniques of glasswork in the Near East, and Phoenicians pos- 
sibly took an important part in this achievement. The method 
of manufacture was to use a sand core, decorating the surface of 


ARCHIVES PHOTOGRAPHIQUES 
GOLD BOWL IN PHOENICIAN STYLE (DIAMETER 19 CM.) FROM RAS SHAMRA 
(14TH CENTURY B.C.) WITH HUNTING SCENE IN RELIEF, IN THE LOUVRE 


BY COURTESY OF THE TRUSTEES OF THE BRITISH MUSEUM 


PHOENICIAN GLASS VESSELS INLAID WITH THREADS OF DIFFERENT COLOURS: 
(LEFT) DARK BLUE WITH OPAQUE YELLOW AND LIGHT BLUE TRAILS, FROM 


CAMIRUS (5TH CENTURY B.C.): 
TRAILS, FROM THARROS, SARDINIA (3RD CENTURY B.C.). 
MUSEUM 


(RIGHT) DARK BLUE WITH OPAQUE WHITE 
IN THE BRITISH 


dark blue with undulating lines in a lighter colour. This technique 
continued until glassblowing was invented. From the mid-8th cen- 
tury B.C. until Hellenistic times Phoenicia was very probably one 
of the main centres for fabricating glass. 

Glassblowing was probably invented in the coastal area of Phoe- 
nicia in the 1st century B.c. or, according to some, as early as the 
3rd century. During the 3rd and 2nd centuries в.с. the art of blow- 
ing into molds was evolved. Many pieces bear the artist's signa- 
ture. 

8. Writing.—By the second half of the 2nd millennium в.с. 
two systems of writing, Egyptian and Mesopotamian, both convey- 
ing only whole syllables, were in use in the Levant. The former 
was the hieroglyphic, with perhaps also the cursive hieratic of 
Egypt, but there was also an experiment in using the hieroglyphic 
script more or less alphabetically. The latter was the cuneiform 
writing. (See CuNEIFORM; HrERocLvPHs.) While the Phoeni- 
cians were undoubtedly familiar with the Egyptian writing em- 
ployed on stone, papyrus, or leather, they seem to have been 
strongly inclined to use cuneiform. ‘The correspondence of the 
Egyptian chancery of Amenhotep IV (Ikhnaton) with the cities 
of the Levant, found at Tell el Amarna, was conducted in Akkadian 
written in cuneiform; and there exist many Phoenician cylinder 
seals (which were used only for signing clay tablets) exhibiting 
a mixture of Mesopotamian, Syrian, and Egyptian elements. But 
the Phoenicians’ practical nature evidently urged them to produce 
a script of their own, which would effectively express the sounds 
of their own Northwest Semitic language and would be at once 
easy to write (like the Egyptian hieratic) and to learn (unlike the 
cumbrous Egyptian and Mesopotamian syllabaries), thereby re- 
moving its mastery from the exclusive professional monopoly of 
priests and scribes and breaking much of their power. Before the 
final alphabet was achieved there were several local experiments: 

1. The “Sinaitic” or “proto-Sinaitic” script, an acrophonic adap- 
tation of Egyptian hieroglyphs, used apparently for a Semitic 
script by some of the Canaanite, perhaps even Phoenician, workers 

in the Egyptian turquoise mines at Sarabit al Khadim in Sinai. 
This is largely undeciphered, except for the beginning of a dedica- 
tion to Baalat on a sandstone sphinx in the British Museum. This 
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script is dated to about 1500 в.с. (See also WRITING: Phong 
phy; LocoGRAM AND SYLLABARY: Syllabic Systems: Wes} Seni, 
Syllabaries.) 

2. The Ras Shamra script, discovered on clay tablets found 
Ras Shamra in 1929, by the brilliant excavations of CS 1 
This is a true alphabetic script of Semitic type of 30 Signs d 
pensing with the vowel sounds and using only consonants, wri 
like cuneiform, with a stylus on a clay tablet; but, though the j 
are wedge-shaped, they have nothing else in common with cung. 
form, and the choice of letter forms is occasionally influenced 
the other alphabet of the Phoenicians. The original order in Which 
the letters were taught is now known, and conforms to the standar 
order of the later Phoenician and Hebrew letters of the alphabe, 
The tablets which were found written with it cover myths and leg. 
ends, administrative and commercial matters. Strangely. enough, 
this script appears to be almost exclusively confined to Ugi, 
(See also ALPHABET: Origin.) 

3. At Byblos, in level VII (c. 2000 в.с.), appeared a hie. 
glyphic script, sui generis, which in fact used pictograms, tho 
not of Egyptian derivation, and without any pictorial meaning 
this script, found used on a few stone and metal documents, bs 
been brilliantly deciphered as Phoenician by E, Dhorme, 

The Phoenician script of 22 letters, purely alphabetic and d 
stract, purged of pictorial associations, appears at Byblos already 
complete by the 15th century B.C., if not earlier, M. Dunant 
would derive this script from an adaptation of the bu 
hieratic. Be this as it may, this was the method of writing whit 
was to issue from Phoenicia to conquer the world, and it is the 
Phoenicians’ most remarkable and distinctive contribution to by 
man arts and civilization. The fact that it is always written from 
right to left suggests that it was first evolved by tee 
ing a hammer in the right and working with a chisel in the k 
But it was equally adaptable to writing with pen or brush on pap- 
rus or leather. It is only the more 
to be regretted that the resultant 
works of Phoenician literature, 
written on these softer materials, 
have all perished, and are repre- 
sented, unfortunately only in 
part, by the discoveries at Ras 
Shamra. It is recorded that 
Sanchuniathon of Byblos wrote 
nine books of mythology. There 
were also historical works drawn 
on by Menander of Tyre and 
others, while at Carthage works 
on agriculture were composed. 

A Neo-Punic script appears on 
funerary monuments of North 
Africa in the 2nd century A.D., 
and, though relatively uninterest- 
ing in its contents, shows from its 
cursive, if degenerate, forms that 
the art of writing the Phoenician language long SU! 
struction of the empire of Carthage. 
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powers and processes of nature. Куло 
worshiped, however, were localized, and are now knot 
their local names. A full knowledge of the Pac of it is 
unattainable, but a greatly revised understanding, consist 
made possible by the discoveries at Ras Sams. а 
original epics written down in the 14th century о веі th 
already much older. (See Baar.) These may E colony: il 
thology of Sidon, of which Ras Shamra-Ugarit pe los quii 
may be supplemented by (1) the traditions © vf the И 
Philo of Byblos, in Roman times, from an author in СОВ; 
tury B.C., Sanchuniathon (humorously referred us 
The Vicar of Wakefield but now known to have ments 
person); and (2) inscriptions and other monui 


‘These show а pantheon consisting of the forces of nature, 
er by the father of the gods, El, who has Asherah of the 
wife and their mother. 
re these deities depicted in art? El, according to Philo, has 
and two faces. Such a figure may be seen on a gold ring 
da in Spain, seated on a boat, presumably on the sea. 
shown winged, in Roman coins of Byblos, of which city 
patron god. Of his family, Baal—a mere title conceal- 
ly the name of the widely worshiped Syrian and Canaanite 
d Hadad (Adad [g.v.], Addu; known in Mesopotamia 
urru, god of the Amorites)—is said to be the son of Dagon, 
of corn. Baal-Hadad is shown as an elder deity with a 
p, оп the statue of Hadad of Panammu II from Zincirli, 
from Ras Shamra shows him with club and thunderbolt, 
ling above the waters of the earth. Often he has, as there, a 
address. His son is Aliyan-Baal, a god especially of 
ells, and fertility, who is perpetually engaged with an- 
Mot (death), in a seasonal struggle, in which, like 
other similar harvest deities, he is annually vanquished and 
і In this fight he is aided by his beloved sister, the virgin, 
‚ Canaanite illustrations of Aliyan-Baal are not yet known, 
‘series of stelae from Egypt show a nude goddess standing 
| frontally, often standing on a lion and holding flowers, be- 
a figure of the ithyphallic Egyptian god Min and а repre- 
tion of the warlike Semitic deity Resheph. An inscription on 
these stelae in Winchester (England) College Museum 
it the goddess is Astarte-Anat-Qedesht (see AsTARTE), 
rms of the same person. 
companion, Resheph (“the burner"), is a war-god, shown 
‘bearded man, brandishing an ax, holding a shield, wearing а 
ited headdress (a version of the Upper Egyptian crown), 
25 or gazelle's head on his forehead. This is no doubt 
lh—sprm, “Resheph of the Goats,” mentioned in the 
bilingual inscription, He is probably a form of Baal. In 
the 17th dynasty he is identified with Setekh (Set), 
ny of Osiris. Resheph was worshiped at Ras Shamra, 
and Arsuf (near Jaffa); under the title Mikal he was also 
at Beth-shan in eastern Palestine and at Idalium in Cy- 
e he is equated punningly with Apollo Amyklaios). He 
Бе represented on a Carthaginian razor of late date 
beneath a star, Another bearded god of fertility, resem- 
esheph, wearing a pointed hat with pendant tassel, is de- 
"Utica, Sousse, and elsewhere. 
thful, beardless god of benevolent character js Shadrafa, 
n the stele from Amrith (in the Louvre), standing on a 
mountains, wearing a long trailing garment and a 
headdress, and holding a small lion in one hand and a 
?) in the other. A similarly dressed figure appears on 
5 from Nimrud and Arslan Tash, plucking fruit from the 
fe.” An approximation to Eshmun of Byblos (equated 
lonis and perhaps also to Aliyan-Baal) seems suggested. 
а Was worshiped in North Africa as the tutelary deity of 
gna, being equated with Liber-Dionysus. 
th (Melkart, Melqart), "Lord of the City,” was the 
deity of Tyre, where his temple was seen and described by 
otus (who calls it that of Heracles). As Malku, he is 
© With the Babylonian Nergal, god of the underworld and 
j th, and thus may well prove to be related to the god Mot of 
lamra. His appearance is attested by an inscribed stele 
Orth Syria which shows him bearded, wearing a high 
| hat and a kilt and holding, significantly, an Egyptian 
Symbol of life, and, as symbol of death, a fenestrated ax, a 
Weapon used in Canaan in the Middle and Late Bronze 
ih his stele makes it possible to recognize him in gems of 
liy, Century в.с, from Tharros in which he is seen slaying a 
aand it explains his Greek equation with Heracles, the van- 


n 
ing festival, during which he made an epiphany between 
: AA of his temple when he represented the rebirth of the 
it Carthage he was represented still in his traditional form, 
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bearded, with high hat and fenestrated ax, on late terra-cottas. 
Another important centre of his cult was Gadir (Cádiz). As Baal 
of Tarsus, he was equated with the Anatolian god Santas or 
Sandon, and his burning on a pyre was annually commemorated 
at Tarsus in classical times. It is likely that he was thus equated 
with the sun. Baal Amon (Baal Hamman), “Lord of the Burn- 
ing Altar,” was perhaps his title in this capacity. A scaraboid 
from Ibiza shows him standing before an incense altar under a 
winged disk. A rectangular altar beneath a circular disk is de- 
picted on a miniature altar (at the Louvre) found at Ras Shamra, 
It is reasonable to suppose that this is a symbol of Baal Amon. 
Similar rectangular altars were found at Beisan and Hazor. Baal 
Amon is the chief god of Carthage, consort of the goddess Tinit 
(Tint). 

Baal Shamin, *Lord of the Heavens," is identified by San- 
chuniathon with the sun. But there is reason rather to identify 
him more correctly with Hadad, whereas at Ras Shamra the deity 
of the sun is a goddess, Shapash. Possibly Baal Shamin was her 
consort or parent. A winged sun-goddess appears on the silver 
bowl from Praeneste. 

The goddess Astarte (Ashtart) remains the principal figure of 
the Phoenician pantheon. In her virgin form she is Anat. The 
cycle of myth associating Astarte with Byblos as the Baalat Gebal, 
“Lady of Byblos,” is very ancient and goes back to the Egyptian 
Old Kingdom, where, with her son, Eshmun, she. was assimilated 
to Isis and her son, the child Horus, who is attacked by his brother 
Set. Sometimes the relationship of Astarte and Eshmun is sym- 
bolized by a group of a cow suckling a calf, and a further assimila- 
tion is made to the Egyptian goddess Hathor, whose horns and 
disk the Baalat Gebal wears on the stele of Yehawmilk of Byblos. 
Astarte is further symbolized by a sphinx, while the palm tree 
and various forms of the “tree of life" represent her son Eshmun. 
On a bronze bowl from Nimrud (in the British Museum), showing 
the pantheon, Astarte is shown seated beneath the canopy of 
stars as queen of heaven. Eshmun is a child like Horus, seated 
on a lotus flower. Similar scenes showing Eshmun occur on 
ivories from Nimrud and Arslan Tash. On an ivory panel from 
Ras Shamra, Astarte, wearing the horns of Hathor, suckles him 
when already a youth. A similar scene under a palm tree occurs 
on a relief from Karatepe and on a bronze razor from Carthage. 
In the form of the beautiful youth Adonis (as he was known 
to the Greeks from the Semitic Adon, *master") Eshmun was be- 
lieved slain and was mourned annually in the Iron Age in an 
elaborate ritual—the Adonia—which is described by Theocritus 
as it was practised in Hellenistic Sicily. In north Syria he seems 
to have been represented differently: as a four-winged figure 
wearing a triple afef crown, holding ears of grain, This grain 
deity seems to have found entry through Assyria into the art of 
the early Persian Empire, being depicted on the doorway of 
Cyrus’ palace at Pasargadae. 

In Punic North Africa, Astarte rapidly assumed a predominant 
place, being worshiped with Baal Amon under the name Tanith 
(Tinith), “face of Baal.” In Ibiza a rock sanctuary was found 
dedicated to her at Cueva d’es Cuyram. In terra-cottas found 
there she is represented partly in the form of a Greek goddess, 
wearing a polos (headdress), but ‘with her lower body truncated 
and wrapped in a pair of falcon’s wings, like a priestess. At 
Carthage, however, she is still represented in a Greek style, wear- 
ing a richly ornamented crown and heavy breast ornament. By 
the 3rd century B.C. she is represented uniformly aniconically, 
by a sign somewhat resembling an Egyptian ankh with a triangular 
base, probably evolved from the truncated type of figure seen at 
Ibiza. In Roman times, her astral capacity becomes supreme and 
she is called Caelestis or Genius Terrae Africae, and her consort 
Baal Amon is identified with Saturn. At this period, though still 
sometimes represented by the ankhlike symbol on Neo-Punic 
stelae, she is also illustrated as a woman with a lion's head and 
once more wearing the enveloping falcon's wings. In the worship 
of Tanith and Baal Amon, children, probably first-born, were 
sacrificed; remains have been discovered in the tophet at 
Salammbo and at Motya, at Sulcis and Tharros, 

А curious design on a ring from Carthage, showing a foot sur- 
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mounted by a bearded head, may be presumed to represent Pumai 
Elioun, “Foot of Elioun.” That this deity was worshiped at 
Carthage is shown by a dedication inscribed on a gold pendant 
from Douimes. He is none other than the character known to 
Greek mythology as Pygmalion. . 

From Punic and Phoenician names it is clear that the worship 
of Osiris, probably equated with Eshmun, was included in their 
cults. 

2. Religious Practices.—Probably, like other Canaanites, the 
Phoenicians offered worship “on every high hill and under every 
green tree"; but, to judge from the allusions to sanctuaries in 
the inscriptions and elsewhere, the Baal or Astarte of a place was 
usually worshiped at a temple, which consisted of a court or en- 
closure and a roofed shrine with a portico or pillared hall at the 
entrance. In the court sometimes stood a conical stone, probably 
the symbol of Astarte, as on the Roman coins of Byblos. Stone 
or bronze images of the gods were set up in the sanctuaries, along 
with the baetyli (meteoric stones) which were regarded as symbols 
of the gods. Pillars, again, had a prominent place in the court 
or before the shrine, but it is not known whether the sacred pole 
(asherah), an invariable feature of a Canaanite sanctuary, was 
usual in a Phoenician temple. The inscriptions mention altars of 
stone and bronze, and from the sacrificial tariffs (lists) which have 
survived it is clear that the chief types of sacrifice among the 
Phoenicians were analogous to those found in the Old Testament. 
The practice of sacrificing human victims was resorted to in times 
of great distress (e.g., at Carthage, according to Diodorus, xx, 14) 
or to avert national disaster (Porphyry, De Abstinentia, ii, 56). 
It was regarded as a patriotic act when Hamilcar threw himself 
upon the pyre after the disastrous Battle of Himera (Herodotus, 
vii, 167). The god who demanded these victims, and especially 
the burning of children, seems to have been the Moloch or Molech 
of the Old Testament, though according to some scholars this is 
the name not of the god but of the sacrifice. In this connection 
may be mentioned the custom of burning the chief god of the 

city in effigy, or in the person of a human representative, at Tyre 
and in the Tyrian colonies, such as Carthage and Gadir; the cus- 
tom lasted down to'a late time. Another sacrifice was regularly 
demanded by Phoenician religion; women sacrificed their virginity 
at the shrines of Astarte in the belief that they thus propitiated 
the goddess and won her favour. See also references under 
“Phoenicia” in the Index. 
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PHOENIX, in Greek mythology, the son of Amyntor, king 
of Thessalian Hellas. After a violent quarrel Amyntor cursed 
him with childlessness, and Phoenix escaped to Peleus, who made 
him responsible for Achilles’ upbringing. Phoenix accompanied 
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the young Achilles to Troy, and was one of the envoys who ya 
tried to reconcile him with Agamemnon. DEW 

PHOENIX, capital and largest city of Arizona, US, in 
of Maricopa county, occupies approximately 187 sqmi. of at 
saucer-shaped valley formed by the Salt river, midway bet 
El Paso and Los Angeles. The city is the commercial focus 
large irrigation projects, important to its growth, which are fe 
from the T. Roosevelt dam, 70 mi. N.E. The hub of an area, 7 
scenic grandeur, it is also a health and tourist centre, L 

The Salt river valley was occupied as early as 1300 ap, by 
historic Indians known to anthropologists as Hohokam (шл, 
“the people who have gone.” They developed a system of 
tive irrigation canals, erected early buildings and then vanished 
mysteriously. An historic gap followed until the first white men 
came during the American Civil War. One, an imaginative pros 
pector, Jack Swilling, noticed the visible remnants of ancient 
Indian canals and realizing irrigation possibilities, organized an 
rigation company. Canals and harvests followed and a crude vik 
lage was founded. Б 

An associate of Swilling’s, Darrel Duppa, English adventurer 
and scholar, was impressed by the evidences of prehistoric culture, 
Like the legendary phoenix which, consumed by fire, arose fromits 
own ashes, so, Duppa predicted, would the Salt river city be bom 
from ancient Indian ruins. Thus the settlement was named 
Phoenix. Incorporated in 1881, it acquired its first railroad in 
1887. Phoenix, with a population of about 3,000, became the 
seat of the territorial government in 1889, and remained the capi- | 
tal when Arizona attained statehood in 1912. The city has beet - 
council-manager governed since 1914. 4 

The economy is based on agriculture, tourism and manufactur 
ing. The fertile Salt river valley produces long-staple cotton, 
forage, vegetables and fruits. Manufacturing, almost nonexistent 
before 1940, later became the chief source of income, irt 
and electronic components, aluminum extrusions, air-conditioning. 
equipment and many small manufacturing enterprises add to E. 
economic wealth of the city. к 

More than 30 secondary schools and Phoenix college, à mec 
year college established 1920, are in the city proper. Indepen' І 
school districts are in outlying communities. Parks, playground 
an adult recreational centre, an active little theatre, à pro es : 
winter theatre, a symphony orchestra and professional base d 
provide recreational and cultural opportunities. Notable ш 
events are the Copper Bowl parade and football game, the Wordi 
Championship rodeo and the Arizona state fair. We 

The state capitol consists of an original building of ا‎ 
and of neoclassic design, with two additional wings for the ho i 
of representatives and the senate. These buildings ате set ‘a 
10-ac. park, where trees and shrubs indigenous to the region À 
represented. Papago park (1,094 ac.) lies within the city wk 
to the east and to the south is the city's South Mountain 
of 14,000 ac. 

The Phoenix standard metropolitan statistical area 
Maricopa county includes: Mormon-founded Mesa, iy ih 
state experimental farm; Glendale, a farming commun! i State 
nearby Luke air force base; and Tempe, location of АП Nomi 
university (established in 1885 as Arizona "Тео од 
school). A post-World War II population boom, with AY у 
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PHOENIX, a fabulous bird connected with 
the sun especially in ancient Egypt and in classic 
was known to Hesiod, and descriptions of its pun 
behaviour occur in ancient literature sporadically, s phot! 
in detail, from Herodotus’ account of Egypt onward. B d nl 
is said to be as large as an eagle, with brilliant are. a 
plumage and a melodious cry. Only one phoenix ives it m 
time. It is very long-lived; no ancient authority g 
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n of less than 500 years; some say it lives for 1,461 years (an 

ptian Sothic Period): an extreme estimate is 97,200. Аѕ 
jis end approaches the phoenix fashions a nest of aromatic boughs 
and spices, sets it on fire, and is consumed in the flames. From 
this pyre miraculously springs a new phoenix, which after embalm- 
ing its father’s ashes in an egg of myrrh flies with them to Heliopo- 
lis in Egypt where it deposits them on the altar in the Temple of 
фе Sun, One variant of the story makes the dying phoenix fly 
itself to Heliopolis and immolate itself in the fire burning on the 
sun's altar, a young phoenix being born from the flames. 

The bennu, a kind of heron, is traditionally associated with 
sun worship in Egypt, appearing on monuments as a symbol of the 
rising sun and of the life after death. Classical authors who 
allude to pictorial representations of the phoenix almost certainly 
have the bennu in mind. But despite the etymological similarity 
and the common religious associations, it remains true that the 
phoenix as described in literature does not at all resemble a heron 
in appearance and that its home is not in Egypt but nearer the 
rising sun (normally in Arabia or India, where spices for the nest 
and egg were plentiful). Clearly the colouring of the phoenix, 
ils miraculous rebirth, its connection with fire, and other features 
ofits story are symbolical of the sun itself, with its promise of 
dawn after sunset, and of new life after death. Probably the 
phoenix story originated in the Orient and was assimilated to 
Egyptian sun worship by the priests at Heliopolis. The adapta- 
tion of the myth to an Egyptian environment helped to bring 
about the connection between the phoenix and the palm tree (also 
called phoinix in Greek). A holy tree was long associated with 
the worship of the sun in Egypt, and the sacred palm tree was 
sid to live as long as the phoenix and to die at the same time. 
‚Аз has been shown, the Egyptians associated the phoenix with 
intimations of immortality, and this symbolism had a widespread 
appeal in late antiquity. The Latin poet Martial compared the 
Phoenix to undying Rome, and it appears on the coinage of the 
hte Roman Empire as a symbol of the Eternal City. It is also 
Widely interpreted as an allegory of resurrection and life after 
dath. These were ideas which appealed to emergent Christianity; 
Church Fathers and the Physiologus (see BESTIARY) use the 
Phoenix as an illustration of Christian doctrine concerning the 
nising of the dead and eternal life. Its miraculous birth was also 
Sometimes compared to the virgin birth of Christ. The Phoenix, 
t Latin elegiac poem 170 lines long, generally ascribed to Lactan- 
liis, exemplifies the Christian attitude. 

n р Rusch, in Pauly-Wissowa, Real-Encyclopüdie der classischen 
swissenschaft, vol. хх, col. 414—423 (1941). (D. E. W.W.) 
„1 HOLIDOTA, an order of placental mammals, comprising 

у the scaly anteaters or pangolins of Asia and Africa, The pan- 
Mi d Were at one time grouped with the true anteaters, sloths 
ШЧ armadillos in the order Edentata, mainly because of their 

Sg to the South American anteaters in the absence of teeth, 
a prs of the jaws, the enlargement of the salivary glands 
E aili length of the wormlike, extensile tongue; and to the 
theres, 05 in the possession of a hard dermal exoskeleton. But 
Шу. үле to the edentates are adaptive and due to simi- 
TEM diet and of habitat. The exoskeleton is of a totally dif- 
testi уре from that of the armadillos, since it consists of large, 
there Bat apping horny scales, composed of cemented hairs, 
3 vmm no trace of bony matter in the skin. They show 

semblances to the edentates of any systematic importance 
ег from them fundamentally in many anatomical characters. 
mien is short and conical, with apparently functionless facial 
tinct, and a moist elongate muzzle; the ear sometimes has a 
ae MR but may be represented by a vertical slit. only. The 
thaws. (cu, ort, but the feet, whose five toes are armed with large 
habit, pus the forefeet), vary in structure according to 
Sometime tail, sometimes: excessively long and prehensile ran 
0f tripo a era tively, shorty forms, with the hind legs, a siy 
e ets The anus and external genitalia are situate 

Band ег on an eminence formed mainly by the enlarged 
of ш, and the апиз 18 sunk їп а depression into which the 

glands open; both the penis and clitoris are quite 
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Pangolins range in Asia from north India and south China to 
Ceylon and Borneo and in Africa from Sierra Leone and Uganda 
to the Cape of Good Hope. There are several different kinds. 
Some are almost entirely arboreal, some purely terrestrial and 
others intermediate in habitat; all, however, are nocturnal and are 
able to swim a little. They feed mostly on termites, ripping open 
the nests of these insects with the strong claws of the forefeet. 
Their means of defense are emission of a repulsive odour from the 
large anal glands and rolling into a compact ball with the hard, 
often sharp, erected scales presented to the enemy and the soft- 
skinned hairy underside protected from injury. 

There are several fairly distinct types, all usually referred to 
genus Manis and to the family Manidae, but there is some dispute 
about the scientific names. In the Asian pangolins the hinder end 
of the breastbone is shaped like the blade of a spade, having a 
convex posterior edge and two forwardly directed spinous angles, 
To this group belong the northern Indian and Chinese eared pan- 
golin, the Indian and Ceylonese thick-tailed pangolin and the 
Javanese and Bornean pangolin, all of which differ in many exter- 
nal characters. 

In the African pangolins the end of the breastbone is prolonged 
into two rods running back to the posterior ribs. There are 
two groups differing in habitat and correlated structural charac- 
ters: the terrestrial, including the so-called giant pangolin, with 
the feet and tail adapted for ground life; and the.arboreal con- 
taining the small west African pangolins, which differ from all 
other pangolins in being exclusively adapted to life in the trees, 
the tails being exceedingly long and prehensile, and the feet with 
only four functional toes, the upper side of the forefoot being 
without scales. 

The earliest evidences of the Pholidota are the bones of a large 
pangolin, indistinguishable from those of the African giant pan- 
golin, found in a cave in Madras, India, These remains date to the 
Pleistocene, beginning about 1,000,000 years ago. 

See also PANGOLIN. 

PHONEMATICS: see LINGUISTICS; PHONETICS. 

PHONETICS is the study of speech sounds, their physio- 
logical production and acoustic qualities. It deals with configura- 
tions of the vocal tract used to produce speech sounds, the resulting 
acoustic patterns and the manner of combining sounds so as to 
make syllables, words and sentences. On another level it compares 
the speech sounds of different languages. 

Phonetics, since it is part of the analysis of the phenomenon of 
human language and speech behaviour, contributes to the fields of 
anthropology, linguistics, psychology, sociology and related fields. 
Furthermore it has several practical objects: (1) to help in learn- 
ing to pronounce foreign languages; (2) to contribute to speech 
therapy; (3) to record previously unwritten languages and to 
develop writing systems for them; (4) to develop more efficient 
electrical and electronic speech transmission systems (speech com- 
pression). 

History.—Although phonetics as an independent field of study 
did not come into being until the 19th century, speculations regard- 
ing the nature and origin of human speech, usually connected with 
magical or religious practices, are found in ancient civilizations. 
The use of alphabetic or syllabic notation, as opposed to pure 
ideographs, to record human speech shows an at least intuitive 
knowledge of speech units and their relationships. One of the 
earliest attempts at a systematic description and classification of 
speech sounds was that of the Sanskrit grammarians, whose work 
came to its climax with Panini (4th century в.с.). From the clas- 
sical era until the end of the 17th century, however, more emphasis 
was placed on the process of phonation rather than on an explicit 
analysis of speech units. Such descriptions can be found among 
the works of Hippocrates, Aristotle, Galen and, later, Leonardo 
da Vinci. Near the end of the 18th century considerable interest 
was shown in speech synthesis. In 1791 Wolfgang von Kempelen 
invented a machine which could produce speechlike sounds. 

During the 19th century a number of recording devices, such as 
the kymograph, became available for the quantitative measure of 
speech phenomena. These devices, along with the artificial palate 
and X-ray photography, gave impetus to the quantitative study of 
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the physiology of speech. Comparable studies in the acoustic 
structure of speech were made available through Helmholtz resona- 
tors and phonographic devices. By 1881, when Eduard Sievers 
published his Grundzüge der Phonetik, phonetics had become an 
independent discipline. While the quantitative aspects of speech 
developed into experimental or instrumental phonetics under the 
influence of the abbé Jean Pierre Rousselot, another group of 
phoneticians became preoccupied with the classification of speech 
sounds and the creation of a notation system for recording speech 
in a written form. Leaders among this group were Paul Passy, 
Henry Sweet and Daniel. Jones, all of them prominent in the 
sponsorship of the International Phonetic association which was 
inaugurated in France in 1886, The association soon drew up the 
International Phonetic Alphabet, which was designed to be ap- 
plicable to all languages and which has become not only the most 
widely used phonetic alphabet but also the basis for many suc- 
ceeding systems. 

Jan Baudouin de Courtenay (1845-1929) is credited as being 
the first to insist on the distinction between the speech sound and 
the phoneme, although Henry Sweet (1845-1912) also was aware 
of the necessity to make this distinction. With the formation of 
the Cercle Linguistique de Prague in 1926, led by V. Mathesius, 
N. S. Trubetskoi, Roman Jakobson and S. Karcewski, new impetus 
was given to the development of phonemics and phonemic theory 
as distinct from phonetics. 

After World War II, improvements in recording devices made 
available such instruments as the sound spectrograph, which 
permitted the analysis of speech sounds in great detail, and brought 
the acoustic study of speech sounds into the foreground. The in- 
terest in speech phenomena on the part of communication engineers 
and others outside the field of phonetics gave rise to an un- 
precedented study of all aspects of human speech. 

Phonetic Analysis.—Speech sounds are recorded and analyzed 
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in two general ways, either by ear or by machine, In 
method, the phonetician listens to a person speaking 
what he hears in the symbols of a phonetic transcription s te 
recording in as detailed a manner as he can or as suits his in ш 
In the latter method, speech is recorded with an instrument such 
the oscilloscope, kymograph, spectrograph or X-ray camera, The 
usually transforms the speech behaviour into a visual fom whieh 
can then be measured, and various samples of speech can be tom. 
pared. In either case, when the object of the analysis is to descri 
the speech sounds of a given language, the nature and mode “ 
formation of every speech sound of the language must be а. 
tained with the greatest possible accuracy; long passages of thy 
language must then be transcribed phonetically as accurately a 
possible with the object of finding out how the sounds may be 
grouped into distinctive sounds, or phonemes. The usage of the 
particular language as regards the duration of sounds, the stress 
of syllables and the intonation (pitch, musical accent) of words 
and sentences must be examined in detail. To obtain the bet 
results, investigations must be made by both methods. 
Analysis by ear can be carried out only by an observer who iss 
trained phonetician; i.e., a person who has been trained to dis- 
tinguish and recognize minute shades of sound and recognize and 
imitate a number of foreign sounds and sound combinations, He 
must have as a collaborator a native speaker of the language tobe 
analyzed. The phonetician asks the native speaker to repeat words 
and phrases of his language a number of times. He may find thew 
words and phrases to be composed of sounds already known to hin. 
If so (and if the language does not present special dificulties 
in the matter of length, stress or intonation), he will at once be 
able to repeat them to the native’s satisfaction. If the native 
is not satisfied, it means that the word or phrase contains one or 
more unfamiliar sounds or that the language contains some U 
usual features of length, stress or intonation. To acquire the 
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TABLE I—The International Phonetic Alphabet* 


Open 


*Secondary articulations are shown by symbols in parentheses. 


OTHER Sounps.—Palatalized consonants: t, d, 
(plosives with simultaneous glottal stop): p’, t', etc. 


etc. Velarized or pharyngalized consonants: #, &, z, etc. Ejec 
Implosive voiced consonants: B, d, etc. ř fricative trill. 0,@ ( 


lato- | Alveolo- 
dental | alveolar ped seth Palatal Velar Uvular | Pharyngal 0981 
ae 
Plosive . sos ^ 
losive pb kg 96 ее 
Nasal 
|j — ——— D 
, | Lateral Fricative 
3 Lateral Nonfricative 
А 
à Rolled R 
Flapped . R 
Fricative . Ew xy zs | hM hh 
Frictionless Continuants 
and Semivowels . 
Front Central 
Close (yuu) iy iu wu 
n 
$ Half-close (ө о) ев Yo 
> 
Halí-open e 9 ne 


tive cono 
labialized Vs d 


ors, z). 4,  (labialized f, 5). 3, ¢, » (clicks, Zulu c, q, x). 1 (a sound between г and 1). A (voiceless w). 1, Y, U (lowered gm 


i,y,u). з (a variety of ә). ө (a vowel between ө and 0). 


Affricates are normally represented by groups of two consonants (ts, tf, 
etc. ), or the marks ^ or _ (f8 or ts, etc.). ¢, J may occasionally be used in place of tf 
Leneru, Srress, Prrcu.— : (full length). * (half length). ' (stress, 3 


stress). 
rise). 
Mopirters.—“nasality. .. breath (| = breathed 1). 
close vowel (¢ = a very close e). „specially open vowel (e = 
(f = dental t). 'palatalization (2 = 2). + tongue slightly raised. 
Central vowels i (=i), ü (=#), ë (= ez), 6 (=e), ë, 5. 


"(high level pitch); 


- (low level); “(high rising); , (low rising); ‘(high falling); , (Јом falling); 


„Voice (s = 2). 

a rather open e). 
т tongue slightly lowered. slips more rounded. ‹ 
‚ (e.g. n) syllabic consonant. ~ consonantal vowel. f variety of 


(6,06 


ds, etc.), but, when necessary, ligatures are used 
d3. Aspirated plosives: ph, th, etc (second! 


placed at beginning of the stressed EP - (ah 


‘slight aspiration following P; © 
_labialization (n = labialized п). „ 
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pronunciation, the phonetician makes fine adjustments in 
оп and movements of his own speech organs in repeating 
5 {0 the native speaker. He tries one variation and then 
until he succeeds in pronouncing the word or phrase to 
satisfaction. He then knows by his own muscular and 
lions what is the exact manner of formation of the 
sounds of the language. 
of speech sounds by the acoustic method may be 
experimental methods; i.e., investigation by instru- 
positions of the tongue and velum (soft palate) and 
es assumed by the pharyngeal cavity may be more 
ertained with the help of X-ray photography. Indica- 
positions may also be found by the use of a special 
ial palate. 
tic Symbols.—In nearly every language the number of 
hable sounds is greater than the number of letters in the 
(Latin) alphabet. It is therefore impossible to represent 
uages unambiguously by means of the ordinary Roman 
ly. Any “romanic” phonetic system, therefore, whether 
urrent orthography or as a transcription for the use 
learners, must contain new letters to supplement those 
sent Roman alphabet. 
ation of Speech Sounds.—Table I, showing the In- 
Phonetic Alphabet (IPA), taken in conjunction with 
the organs of speech (fig. 1), shows the chief principles 
Classification. The meanings of most of the technical 
Ding the various classes of sounds are self-evident. 
may be called, however, to the following, which re- 
explanation: The back of the tongue is the part which 
ly opposite the soft palate; the front is the part which 
ly opposite the hard palate; the blade is the part which 
ally opposite the teethridge (upper gum, alveolars). 
Consonants are those formed by the front of the tongue 
hard palate, such as the English sounds of y or the 
in ich, Retroflex consonants are those made by the 
tongue against the hard palate, such as the Hindi sounds 
- (See also Уотс; PRONUNCIATION.) 
—An important branch of phonetics is that which 
nation, or the rise and fall in the pitch of the voice. 
ages called tone languages (e.g, Chinese and most 
antu languages) intonation is used to distinguish one 
another, Thus in Cantonese the syllable far said with 
g tone means “divide”; said with five other tones it 
wder,” “sleep,” “burn,” “courageous” and “duty,” re- 
In the Sechuana language (Bantu) of South Africa, 
ith a mid-level tone on each syllable means “villages,” 
id-level tone on the first syllable and a high-level tone 
ond it means “water.” 
which are not tone languages intonation affects the 
Н ole sentences, but it is not an integral part of any 
mation gives expression to sentences; it conveys shades 
8 Which cannot conveniently be expressed by other 
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means. Thus in English the two meanings of J beg your pardon 
(“I am sorry” and “What did you say?”) are distinguished by 
intonation. It is not practicable to mark this kind of intonation 
in orthography, though slight indications of it may be given by the 
use of punctuation marks or italics. 

Phonetic Description.—The sounds of speech are usually 
described either in articulatory or in acoustic terms. 

Articulatory descriptions are based on the parts of the vocal 
tract which are used in forming a given sound (see fig. 1). For 
instance, vowel sounds can be classified according to several posi- 
tions of the articulators such as the tongue, the lips and the degree 
of mouth opening. Fig. 2 shows the tongue positions for several 
vowels. Fig. 2 (left) shows a series of front vowels, so-called 
because the tongue is bunched forward in the mouth as opposed to 
the back vowels in fig. 2 (right) in which the tongue is bunched 
toward the back of the mouth. In fig. 2 (left) the letter [i], 
which is the phonetic symbol for the “ee” sound in "meet," is the 
highest of the front vowels, and [a] as in “cat” is the lowest of the 
front vowels, since the tongue is not so high toward the roof of the 
mouth. In fig. 2 (right), [u] as in "who" and [a] as in "father" 
are the highest and lowest back vowels, respectively. 

In some languages, such as Russian and Spanish, it is more ef- 
ficient to describe the vowel sounds in terms of lip rounding and 
mouth opening. In such languages [i] is described as an unrounded 
close vowel since the mouth opening is slight and the lips are not 
rounded or pursed as they are in [u], which is a close rounded 
vowel. These two vowels differ from the vowel [а] which is open 
and has no significant rounding or unrounding. (It is rather dif- 
ficult to drop the jaw and purse the lips at the same time!) Nasal 
vowels are produced by dropping the velum (soft palate) so that 
the nasal passage is open. (In the case of nasal vowels, the air 
does not usually pass through the nose, which is used only as an 
additional resonator for the sound.) 

Consonantal sounds are described in terms of point of articula- 
tion. For instance, [p] is called a bilabial because both lips are 
brought together to produce the sound, as opposed to the [t], 
which is called a dental sound because the tip of the tongue is at or 
near the upper front teeth. Both of these differ from [k], which 
is articulated with the back part of the tongue somewhere in the 
region of the velum; hence it is called a velar sound. Consonants 
are also described in terms of the activity of the air stream in the 
mouth and the activity of the vocal cords. When the vocal cords 
are vibrating the sound is said to be a voiced sound; otherwise it is 
voiceless, When the air stream must pass through a narrow open- 
ing, as in [f] or [s], the sound is called a fricative. The air stream 
is continuous in the fricatives but interrupted in the plosives or 
stops ([p], [t], [k]). 

In the case of the nasal consonants such as [m] and [n], the 
velum is dropped, as it is for nasal vowels, and part of the air 
stream passes through the nose. Finer degrees of articulation are 
shown in the IPA chart (Table I). 

In describing the acoustic qualities of speech sounds it is con- 
venient to consider their source and transfer functions. The 
former refers to the kind of excitation involved; i.e., whether the 
sound is periodic or random (turbulent), "When the vocal cords 
vibrate they produce a complex periodic wave form composed of 


FIG. 2.—TONGUE POSITIONS OF (LEFT) THE FRONT CARDINAL VOWELS 
AND (RIGHT) THE BACK CARDINAL VOWELS 
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a fundamental and its harmonics, On spectrograms (narrow band) 
such a wave form appears as a series of horizontal lines, longer or 
shorter depending on the duration of the sound. When the air 
stream is caused to pass through a narrow constriction, as in the 
fricatives (e.g., [s], [f]), the spectrogram shows a gray smear 
covering the entire frequency range. 

The various cavities in the vocal tract act as resonators which 
either reinforce or cancel out some frequencies or frequency regions 
of the original excitation function. Hence it is convenient to 
consider the source function to be the substance of the sound 
and the transfer or resonance function as its form. In vowels, for 
instance, the source is periodic and the resonators cancel out cer- 
tain groups of harmonics and reinforce others. A typical sound 
spectrogram of a vowel resembles music notation paper, a series 
of staves composed of lines, with blank spaces between. Such a 
staff of harmonics is called a formant or a bar, and indicates a 
resonance region. 

Except under very special circumstances, these formants are 
independent of the pitch or fundamental frequency at which the 
vocal cords are vibrating, since they are given their form by the 
shape of the resonating cavities in the vocal tract. Since the vocal 
tract assumes a different shape for each of the vowels, as explained 
above, the resonances or formant frequency regions of each vowel 
differ from those of other vowels. 

It has been found that the vowels of most languages can be dif- 
ferentiated by describing the lowest two (or three) formants, 
which occur between 250 and 3,000 cycles per second (c.p.s.). 
Thus the two significant formants of the [i] sound occur at the 
lower and higher limits of this region, those of the [u] both at 
the lower end of the region and those of [a] in the centre of the 
region, 

When the source function is not periodic, the resonators also 
reinforce certain frequency regions and cancel out others, but these 
regions are usually called resonance regions rather than formants. 
Thus a spectrogram of [s] will show a gray smear in a high-fre- 
quency region (around 6,000c.p.s.) and [f] a weak smear at a very- 
low-frequency region. The stops differ from the fricatives in the 
way they begin. The stops begin abruptly and have a short spike- 
like appearance on spectrograms, whereas the fricatives begin 
smoothly and are longer in duration. 

The Phoneme.—The only significant difference between the 
English words “ban” [ben] and “man” [mæn] is in the first sound. 
While both are labial sounds, one is a nasal and the other is a stop. 
When a word can be transformed into another word by such a 
change, the two sounds are said to be distinctive or phonemic. 
They are, or they represent, two different phonemes. Phonemics 
(an alternate term, phonematics, is preferred by some linguistic 
authorities) is the analysis of the distinctive sounds or phonemes 
of a language. 

Phonemic distinctions differ from one language to another, hence 
each language has its own set of phonemes or distinctive sounds, 
For instance, in Czech there is a difference between long and short 
vowels: náraz [na:ras], “shock”; naráz [nara:s], “at once.” This 
distinction does not hold for most varieties of English, although 
there is a phonetic difference in vowel length between “hit” 
[hit] and “hid” [hr:d] ; changing the length of the vowel in “hit,” 
however, will not transform it into another word, and the same 
holds true for shortening the vowel in “hid.” Phonemic transcrip- 
tions indicate only the distinctive qualities of the sounds and are 
enclosed in slanted lines to differentiate them from phonetic 
transcriptions, which are not committed to indicating only distinc- 
tive differences: 


Phonetic Ph i 
“hit” [hit] j МГ 
“hid” [hr:d] /hid/ 


When two words differ by only one phoneme, such as English 
“bat” /bæt/ and “sat” /set/, the words are said to be a minimally 
distinct pair. In a minimally distinct pair of words, if there is a 
difference of only one distinction between the two phonemes in 
question, then the two phonemes are minimally distinct phonemes, 
Thus in English "pat" /pet/ and “bat” /bet/, /p/ and /b/ are 
both stops, both are bilabial and the only difference is that /p/ is 
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unvoiced (or tense) and /b/ is voiced (or lax), 
/b/ and /s/ in the previous example are not minim; 
is a fricative, the other a stop; one is bilabial, the о 
one is voiced and the other is unvoiced. 
Distinctive Features.—For both phonetic and 
poses it is often necessary to describe the relatio 
tween sounds, the “structure” of relations between t] 
of a language. Most phoneticians and linguists a 


TABLE II.—Distinctive Features of American E, 


| H + + +H | © | Compact 


Consonantal 
Vocalic 
Continuous 
Tense 


*P=stop; F=fricative; N= ѕопогапі; 
H=/h/; T=Turbulent; W=Nonturbulent. 1 
Source: L. G. Jones, “English Consonantal Distribution, 
Jakobson, p. 246 (Mouton, The Hague, 1956). 


by using the phonetic classifications, either articulato 
(or both), such as those outlined above. A system 
these distinctive features in binary terms was develo] 
Jakobson and his collaborators shortly after World Wi 
system describes the phonemes of a language in te 
presence or absence of a small number of distinctive 
based on articulatory or acoustic terms. [ 
Table II shows such an analysis based оп one vari 
ican English. The plus (++) indicates the presence of 
the minus (—) its absence, the zero (0) its irrele 
(+) sign usually is used only where the feature can 
in terms of a scale of such values as high, mid oF 
avoided wherever possible. E 
- This type of classification, utilizing as it does the 
tion system of the mathematical theory of communi 
used to great advantage wherever phonetics and phon 
role, from the learning of foreign languages to the 
of more efficient electronic speech compression syste 
See LANGUAGE; LINGUISTICS; see also references 


dor Pho 
on (1912) 
; 


Phonell 


Monograph No. 23 (1948) ; R. Jakobson, C. n 


Preliminaries to Speech Analysis, Technical 
Laboratory, Massachusetts Institute of Technolo: 
Jones, The History and Meaning of the Term 
L. Kaiser (ed.), Manual of Phonetics (1957). 
phonétique (1889, etc.). imt! 
Experimental: E. W. Scripture, Elements of d t, 

(1902) and Speech Curves (1906); J. P. Кош í 
phonétique expérimentale (1897-1909) ; G. Рапсопсе tig 
rung in die Angewandte Phonetik (1914). Journals y s 
La Revue de phonétique (1911, ff.) ; Archives мело 
tique experimentale (1926, ff.) 


PHONOGRAPH 


Phonetics of English, French and German: W. Ripman, Sounds of 
Spoken English With Specimen Passages in Phonetic Transcription 

н; Н. Sweet, Primer of Spoken English (1900) and Sounds of 
( lish (1908) ; D. Jones, The Pronunciation of English, 2 parts (1909), 
pup Readings in English (1923), English Pronouncing Dictionary, 
sew ed. (1925), and Outline of English Phonetics (1922); L. E, Arm- 
strong, English Phonetic Reader (1923) ; H. E. Palmer, J. V. Martin 
nd F. G. Blandford, Dictionary of English Pronunciation With Amer- 
ies Variants (in Phonetic Transcription) (1927) ; I. C. Ward, Phonetics 
of English (1920) ; М. Montgomery, Types of Standard Spoken Eng- 
lish (1010); G: P. Krapp, The E of Standard English in 

ica (1910) ; J. S. Kenyon, American Pronunciation (1924) ; C. K. 
M An Introduction to the Phonetics of American English (1947) ; 
K.L, Pike, The Intonation of American English (1945); J. S. Kenyon 

к Knott, А Pronouncing Dictionary of American English (1953) ; 

miT Nicholson, French. Phonetics (1909); P. P The Sounds of 

; Nicholson, Frenc: onelics ; P. Passy, The Sounds o, 
jug nn Language, Eng. trans. (1913), French Phonetic Reader 
(1914) and Lectures francaises phonétiques (1918) ; A. Egan, German 
Phonetic Reader (1913). 

foit of Other European Languages: A. Frinta, Novoéeské 
Výslovnost (1909) and Czech Phonetic Reader (1925); R. Dijkstra, 
Holländisch (1899) ; A. R. С. Viana, Portugais (1903); Н. Forchham- 
mer, How to Learn Danish (1906, 1928) ; О. Broch, Slavische Phonetik 
1909); С. Panconcelli-Calzia, 7taliano (1911); A. Camilli, Italian 
( 
Phonetic Reader (1921); T. Navarro po dr ЫА ponen 
(1918); E. A. Peers, Phonetic Spanish Reader (1920) ; M. V. Trofimov 
and D. Jones, The Pronunciation of Russian (1923) : Z. Arend, Polish 
Phonetic Reader (1924) ; S. Jones, Welsh Phonetic Reader (1926). 

Phonetics of Asian Languages: E. R. Edwards, Etude phonétique 
sw la langue japonaise (1903); D. Jones and Kwing Tong Woo, 
Cantonese Phonetic Reader (1913); T. G. Bailey, Panjabi Phonetic 
Reader (1914) ; B. Karlgren, Etude sur la phonologie chinoise (1915) 
and Mandarin Phonetic Reader (1918) ; Yuen Ren Chao, A Phonograph 
det lja the Chinese National Language (1925); D. Jones and a zi 

«та, Colloquial Sinhalese Reader (1919); L. E. Armstrong and Pe 
us x Burmese Phonetic Reader (1925) ; Suniti Kumar Chatterji, 

jengali Phonetic Reader (1928). 

Phonetics of African Languages: C. Meinhof, Lautlehre der Bantus- 
тит (1910) ; D. Westermann, Sudansprachen (1910) ; D. Jones and 
ШЕ Uo Phonetic Reader (1916) ; W. H. betae 

onelics of Arabic (1925) ; C. M. Doke, The Phonetics of Zulu (1926) ; 
AN. Tucker, The Comparative Phonetics of Suto-Chwana. (1929); 
E, E, Elder, Arabic Phonetic Reader (1928). See also the publications 
of the International Institute of African Languages and Cultures. 
(Н D. Jones, Intonation Curves (1909); Н. i —M 

Intonation (1922); Н. Klinghardt and M. de Fourmes-Traux, 
French Intonation Exercises (1923) ; MiL, Barker, Handbook of Ger- 
m Intonation for University Students (1926); L. E. Armstrong and 
M Ward, Handbook of English Intonation (1926) ; H. Klinghardt, 
»" en in Deutschem Tonfall (1927). NU б. J. 

ONOGRAPH, an instrument for reproducing sound by 
‘tansmitting to the air (directly or indirectly) the mechanical 
Md of a stylus in contact with a sinuous groove in a moving 

‘ord, In a wider sense a phonograph is any instrument for re- 
producing recorded sound. In this expanded view the record may 
i mechanically, optically (photographically), or magnetically 

54 and reproduced as sound by appropriate apparatus. 

j nformation on related phases *of sound reproduction can be 

sg in the articles Hroxr-FrpgLrTY SOUND" SYSTEMS; Loun- 
n т mas ТАРЕ RECORDING, MAGNETIC: This article consists 

ollowing parts: 
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I, HISTORY 


A Prot 
Spit у. УР of the phonograph appeared in 1857 when Leon 
Constructed a device he called the Phonautograph, which 
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recorded, as a wavy line on the smoked surface of a rotating cyl- 
inder, the movements of a diaphragm or other vibrating body. 
The first record of vibrations which could be played back to re- 
produce sounds was invented by Thomas A. Edison in 1877. The 
record was in the form of indentations pressed into a sheet of tin 
foil by the vibrating recording stylus, which was attached to a 
diaphragm. The tin foil was wrapped around a cylinder that 
rotated as the sounds were being recorded. A thread on the shaft 
moved the cylinder axially as it rotated, so that the record groove 
was helical. A small helical groove having the same pitch was 
cut in the surface of the cylinder, and the recording diaphragm 
and stylus were positioned to bring the groove directly under 
the slightly rounded point of the stylus, thus making it easier to 
produce the indentations in the tin foil. The sound waves were 
recorded as variations in the depth of the groove. For reproduc- 
tion the groove was again run under the stylus tip, with only 
enough pressure to maintain contact with the groove bottom. 
The term “embossing” has been widely used to designate the 
method of recording in which the groove is impressed in a yielding 
material by a rounded point. 

Edison took steps toward the exploitation of his invention, which 
he called the phonograph, but he was soon diverted to the develop- 
ment of the incandescent lamp and electric power systems. Several 
years after the first flare of publicity which followed Edison’s 
demonstrations, Alexander Graham Bell became interested in the 
phonograph, and with two associates, Chichester A. Bell and Charles 
Sumner Tainter, began experiments in Bell’s “Volta” laboratory 
in Washington, D.C. They had best results with an arrangement 
much like Edison’s except that their machine cut or engraved 
the groove in a cylindrical surface of wax with a sharp tool carried 
by the vibrating diaphragm. This gave much better sound repro- 
duction than had been possible with Edison’s indented tin foil. 
In 1885 С. A. Bell and Tainter applied for a U.S. patent on this 
principle and other features of their developments, and in 1887 
they organized a company to manufacture and sell Graphophones, 
as they called their machines. Edison returned to his experiments 
with the phonograph, and he too. became convinced of the superi- 
ority of the engraved wax groove. 

Various promotional and organizational activities took place in 
the next few years, the most important results of which were that 
the Columbia Phonograph Co. became the manufacturing and sell- 
ing organization for the Bell and Tainter developments, and rights 
under both the Edison and the Bell and Tainter patents became 
available to both the Columbia and Edison companies. 

1. Disc Recording.—Another inventor, German-born Émile 
Berliner, was responsible for a radical departure in sound recording. 
The initial step in Berliner’s recording operation resembled that 
of Scott's Phonautograph, except that Berliner's mechanism traced 
its wavy line as a spiral on a flat disc, instead of as a helix on a 
cylindrical surface. The disc was of zinc, coated with a thin layer 
of fatty substance which protected it from the action of acid ex- 
cept where the scribe had traced its line. An acid bath then left 
a groove, the width and depth of which could be controlled by the 
duration and strength of the acid treatment, Berliner thus ob- 
tained a record which could be played by means of an appropriately 
designed reproducing mechanism. 

However, he did not contemplate using this etched master as 
the record to be played; rather, a negative was made from the 
master by electroforming, and the negative then was used to mold 
records in some thermoplastic material, a procedure that subse- 
quently became standard. Berliner first proposed using vulcanite 
or hard rubber as the molding material, but he later found a com- 
pany that could mold records for him in a material much like that 
which later became common for all records. Berliner’s. records 
were far harder and more durable than the waxes of which the 
cylinders were being made. The harder material, plus somewhat 
greater amplitudes due to the fact that the recording stylus did 
not have to work against any cutting resistance, made somewhat 
greater volume possible in the reproduced sound, 

Of still greater importance to the success of Berliner's discs, 
however, were the,ease of molding from a flat surface and the 
fact that he could make his grooves deep.enough to guide the 
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(Top left) The original tin-foil phonograph by Thomas А. Edison, 1877; (bottom left) His Master's Voloe Gramophone, 


about 1900; (right) Berliner Gramophone, 1888 


reproducing stylus across the record without the need for an 
auxiliary feed screw. It was to the latter feature that the most 
important of Berliner's patent claims were directed. 

Small-scale manufacturing of the Gramophone, as Berliner 
called his machine, was started in 1894. The Gramophones were 
much simpler than the cylinder machines of Edison and Columbia, 
and could be sold relatively cheaply, while records for them could 
be made at much lower cost. But driving the record by means of 
a hand crank was unsatisfactory for anything but demonstrating 
a principle. Berliner recognized the need for a clockwork drive 
and controlled speed. He sought outside help, and the problem 
was eventually brought to Eldridge R. Johnson, who operated a 
small machine shop in Camden, N.J. Johnson soon worked out a 
practical design for a spring-driven motor with a friction governor, 
and in a short time (1896) was building for the Berliner Gramo- 
phone Co. not only the spring motors but all the mechanical parts 
of the Gramophones. Besides developing the spring motor, 
Johnson made various improvements in the Gramophone, includ- 
ing a better “sound box,” the principal features of which were 
retained with little change throughout most of the history of the 
acoustic phonograph. 

Johnson’s experiments soon convinced him that the noisiness of 
the Gramophone records arose from the roughness of the etched 
surfaces, and he began to study the possibilities of cutting the 
groove in wax as Bell and Tainter had done; however, instead of 
recording the vibrations as variations in depth of the groove (com- 
monly called vertical or hill-and-dale recording), he followed 
Berliner’s practice of recording them as sidewise deflections of a 
groove of uniform depth (commonly called lateral recording). 
Johnson mastered the techniques of rendering the wax surface 
conductive by dusting with graphite and then electroplating, 
thereby producing a “negative” of the grooved wax. This nega- 
tive, built up in the plating process to sufficient thickness for 
needed strength, could then be used to press records in thermo- 
plastic material. The records so made were much clearer and less 
noisy than those produced by Berliner’s process. 

For several years the sale of Gramophones and records grew 
and Berliner prospered, but in 1900 his one sales outlet stopped 
ordering, and then a court injunction was obtained by competitors 
(based on alleged infringement of a detail patent) forbidding his 
company to make or sell Gramophones. Johnson had an enlarged 
factory and a large inventory of machines. He decided to do his 
own selling. He started with an advertising campaign featuring 
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greatly improved records 

duced by a newly developed һу. 
ess and offering а free sa 
The business grew and prospered 

In addition to his own technic 
contributions Johnson now had 
a going business to offer in ax. 
change for rights under the has. 
Berliner patents. In Oct, 19014 
new company was formed, the 
Victor Talking Machine Co, the 
stock of which went partly to 
Johnson and partly to Berliner, 
with the controlling interest in 
Johnson’s hands, 

A serious threat to the Victor 
company arose shortly after its 
formation, when the Columbia 
company acquired a patent de 
scribing and claiming the process 
of recording by cutting a laterally 
varying groove of constant depth 
in wax, exactly as Johnson was 
doing. The Columbia company 
was just beginning to make dic 
machines, but in so doing it was 
sure to fall afoul of Berliners 
patents. Rather than engage m 
costly litigation the Victor and 
Columbia companies arranged for cross-licensing. TE 
ward, competition was in terms of such factors as costs, ЖШ 
machines, prestige and quality and popularity of aval 
records. ~ 

2. European Developments.—The beginnings of the рш Й 
graph business in Europe were limited largely to the poe 
sales agents from the already established American compt 
Demonstrations of Edison’s tin-foil machine were given aie 
in England and Germany, where they created much m 
little else. A decade later Edison made a serious pye e 5 
his beginning business by demonstrating his Wax cylin de 
for many distinguished persons and making gendi 
voices of celebrities. The prices of machines importe ay 
US. were too high for any considerable sales for private we i 
in the United States, many people were willing to pay & 
to satisfy their curiosity and hear a machine talk. Charles ad 

As an attraction for their tavern, two Frenchmen, at a 
Émile Pathé, procured a phonograph írom England. , buying ! 
customers showed more interest in the popsibi rs decided 
phonograph than in the other Pathé business, the bro 00 
to start making phonographs. They started with а d i 
and by 1894 were doing a thriving business, making nec 
wax blanks. They were also active in recording, ee ag 
methods of duplicating the records, and by 1899 А singer? 
of available cylinders, principally of popular Freng the musi 

In Italy there was no large market for machines, w hear j 
loving public would pay at some public installations 
favourite operatic songs. { jon 

Aside from a short lived venture of making anm пй 
their simplest (hand-cranked) forms, started in 188 ^ ivit 
toymaker, there was little commercial phonograp) * ој 
Europe, except that of the Pathé brothers, unt . William БИ 
emissaries from the then-prospering Berliner group: oseph 522“ 
Owen in 1897 to establish a branch in England, and T vest 
in 1898 to help Émile Berliner's brother start а T dui 
plant in Hanover, Ger. By this time the q i Т 
had reached a point that made the Gramophone понт А 
source of home entertainment and that induced kiak inter 
to permit their voices to be recorded. Owen even ny was "f 
certain British investors, and the Gramophone EUST asse 
ized there in 1898; it imported parts from the st were pro d 
Gramophones in England. Records, at least at ait 65“ 
and pressed at the Hanover plant. Аз soon ? 
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records became available, extensive advertising was begun, and 
jn the autumn of 1898 sales reached the full capacity of the manu- 
facturing facilities. З Owen opened branches for Gramophone sales 
and recording activities in Berlin and in Russia and Austria, and 
finally in France and Spain. It was in Russia in 1900 that red 
labels were first used to distinguish recordings of celebrated artists. 
For these discs the size was increased from seven to ten inches. 
111899 Owen purchased for the Gramophone company the original 
inting of a dog listening to a phonograph, to which the name 
“His Master's Voice" was given. This was soon used as a trade- 
mark by the Victor company, and about a decade later also by the 
Gramophone company, whose records were designated by the 
initials “Н.М.У.” 
Код the lateral-cut gramophone discs in wax began in 
Europe as well as in the U.S. in 1900 but did not entirely supersede 
the etching system for a year or so. 

3, Technical Developments in Acoustic Recording.—Aside 
from the great growth in the phonograph business and refinements 
from time to time in recording equipment and techniques, the 
listory of the acoustic phonograph was marked by the following 
developments : 

Methods of molding cylinder records of a relatively hard thermo- 
plastic were introduced by the Edison and Columbia companies in 
1901, Since these were announced as "gold molded," it is pre- 
sumable that gold sputtering was used to give an electrical con- 
ducting surface to the wax original. 

The Odeon company was formed in Berlin in 1903. The fol- 
lowing year it introduced discs with recordings on both sides. 
Columbia began issuing double-sided records in 1908. Pathé be- 
3 making hill-and-dale cut discs in 1906 and in 1908 offered 

in. double-sided discs. 
In 1908 Edison brought out cylinders of a new material which he 
talled Amberol, which was harder than the materials previously 
wed, By increasing the number of grooves per inch from 100 to 
100 he could offer four minutes of playing time. In 1912 Edison 
introduced a further improvement in material; he called the new 
material, which was more resistant to abrasion, Blue Amberol. 
Roland Gelatt noted that the Blue Amberols were relatively noise- 
"ss and, when played with an Edison diamond reproducer, pro- 
duced better results than any other type of music reproducer then 
Wailable. In 1913 Edison began making discs and a phonograph 
lo play them, However, he. continued to make cylinders for 
E" cylinder machines until his company ceased operations 

The advent of radio broadcasting in the early 1920s brought 
vere depression to the phonograph industry. The Columbia 
(аршу Went into receivership іп 1923; the competition of the 
tome ne radio industry did not seriously affect the Victor 

ралу until 1925, The introduction of electrical recording (by 

Eos and Victor), improved phonographs and combina- 

British 2 receivers and phonographs soon brought recovery. The 

En olumbia company had fared much better than the US. 

Sought (now unaffiliated), and its president, Louis Sterling, 

шош interest in the American company and took 
he Vi or both companies to use the new developments; 

; e Victor Talking Machine Co. was purchased by Radio Corpo- 


A of Americain 1929, Its plant at Camden, N.J., became the 
o; Màn centre for radio equipment as well as phonographs and 


The performance of an acoustic phonograph is 
Tff ected by the size and shape of the horn; and while there 

p € in the way of technical study during the era of the 
b. Phonograph, there was some progress toward better horns, 
elo Poly and megaphones had long been familiar, and the 
toms Pets of phonographs were quick to take advantage of what 

E do for their machines. The horns assumed various 
fies hore ang to the ideas of those who made them. The 
000 4," to construct is of simple conical shape, but after about 
NM exponential horn was the nearly universal choice of 
lied by, À theoretical analysis of its characteristics was pub- 
[ON G. Webster in 1919, and the subject was further 


Y C. R. Hanna and J. Slepian in 1924. 
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An exponential horn is one whose cross-sectional area doubles 
with each increase of x inches in distance along the axis from the 
small end; or, if it is a round horn, the diameter doubles with each 
increase of 2x in axial distance. A small value of x therefore 
yields a horn of rapid flare, while a large value yields a slowly 
expanding horn. Every exponential horn has a critical frequency, 
known as its cutoff; below this frequency the horn is of practically 
no use, while for higher frequencies it will reproduce very ef- 
fectively. The cutoff frequency is that at which the wave length 
is approximately 20x; hence, to extend the range of response to 
lower frequencies, x must be made large. To avoid horn resonance, 
Hanna and Slepian recommended that the expansion be carried to 
the point at which the surface (of a horn of circular cross section) 
makes an angle of 45? with the axis. This results in a large 
bell or final opening. 

From the time of the very first phonographs it was customary 
to funnel the total air displaced by a diaphragm into a horn opening 
of considerably smaller diameter. This results in greater loading 
of the diaphragm, reducing its tendency to resonate (i.e., damping 
it) and deriving from it increased sound power. The volume of 
air within the sound box must be small so that appreciable com- 
pression will not take the place of air flow. 

Horns can be bent or “folded” to conserve space without too 
seriously impeding their performance, provided the difference be- 
tween the shortest and longest paths around the bend is not over 
about one-third the shortest wave length to be transmitted. 

Comparing a conical horn with an exponential horn of the same 
length and initial and final openings, the cone expands much more 
rapidly at its small end and much more slowly near the large end. 
The result is that the conical horn gives some multiplication of 
air flow at frequencies well below the cutoff frequency of the ex- 
ponential horn, and the output climbs gradually through a long 
range of frequency, without ever quite overtaking that of the ex- 
ponential horn above its cutoff. 

The horns of the early phonographs were in some cases frustums 
of simple cones, but more frequently they ended in a rapidly flaring 
bell, like a trumpet. In some cases the angle between side and 
axis increased toward the large end, giving a shape between that 
of a cone and an exponential horn. However, early horns were 
relatively small and were not designed to avoid resonances due to 
reflections at the bell.’ Some of the resonant points may have been 
regarded as desirable for increasing sensitivity. The feeble re- 
sponse at low frequencies was of less consequence, since there was 
little of low frequency on the records. Recording equipment was 
usually provided with larger horns, often of simple conical 
shape. 

As experience accumulated, the sizes of horns increased, at least 
on the better machines. In 1906 the Victor company marketed a 
machine with the horn built into the cabinet. This facilitated in- 
creasing the horn size and also made it desirable to keep down the 
size of the middle part of the horn, thus favouring a shape some- 
what closer to the exponential. The slight taper of the swinging 
pickup arm, which constituted the first part of the horn, increased 
the general resemblance to the exponential shape. In later models 
with larger cabinets, larger and still better-shaped horns were 
employed. However, it was not until the introduction of the 
Orthophonic design in 1925 that a definitely planned exponential 
expansion was followed, with considerable increase in length and 
with an end opening occupying practically the whole front of a 
large cabinet. 


II. ELECTRICAL RECORDING AND REPRODUCTION 


Prior to 1925 the phonograph had been developed almost wholly 
on an empirical or "cut-and-try" basis, with little theoretical anal- 
ysis and all decisions based on listening tests. Recording was 
looked upon as an art, and rightly so, for the judgments of an 
experienced recording engineer as to balance and choice of selec- 
tions were of utmost importance. Certain voices and instruments 
recorded well while others did not, and early recognition of poor 
qualities could often forestall wasted recording sessions. Details 
of recording equipment and practices were often treated as trade 
secrets. To the old-line phonograph organizations, the rapidly 
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developing and expanding radio and electronics industries seemed 
almost unrelated to their own, and few of them sought any help 
from electronics technicians. 

The great difficulty in all direct recording lay in the extremely 
limited amount of acoustical power which could be collected and 
applied to actuate the diaphragms of the record-cutting devices. 
Only in the electronics field was there such a thing as an amplifier 
capable of multiplying sound power a thousandfold and more, with 
almost no loss of quality. The initiative in the development of 
electrical recording was taken by the Western Electric Co. Some 
work looking toward phonograph applications had been started as 
early as 1915, interrupted by the war, and then resumed soon after- 
ward under the direction of J. P. Maxfield. The men who took 
part had extensive experience not only in amplifier applications but 
in the many electrical and mechanical problems encountered in 
telephone apparatus and transmission. Much use had been made of 
electrical-mechanical analogies which helped make experience in 
the electrical field applicable to mechanical problems and vice 
versa. 

1. Theoretical Aspects.—In the development of electrical 
recording and reproducing apparatus an important principle of 
design of vibrational apparatus was introduced. The essential 
moving parts of either a recorder or reproducer have a certain 
amount of mass. Forces to actuate these masses must be produced 
magnetically in the case of the recorder or by the action of the 
record on the needle tip in the case of the reproducer. It is 
desirable to minimize the required forces. It happens that it is 
not necessary for all of the moving elements of either device to be 
combined into a single mass. In the recorder the armature of the 
electromagnetic motor can be separate from the stylus bar and 
stylus. In the reproducer the needle with its clamp and the lever 
which connects it to the diaphragm constitute one part; the dia- 
phragm constitutes the other principal mass. If a phase dif- 
ference can be permitted between the motions of the two related 
parts, the maximum force that must be applied to the needle to 
vibrate these masses can be practically halved. The introduction 
of an elastic connection or “compliance” permits this phase dif- 
ference. In the recording cutter the torsional flexibility of a short 
shaft, between the motor armature and the bar carrying the stylus, 
offers the compliance, and there is another such flexible shaft 
between the stylus bar and a disk to which the mechanical re- 
sistance device is attached. The moment of inertia of each mass 
element, and the flexibility of each shaft, must be closely adjusted 
to predetermined values, and the structure of alternate masses 
and compliances (which is the mechanical equivalent of an elec- 
trical low-pass filter) must be terminated by a true mechanical 
resistance of correct value; otherwise there will be irregularities 
initsresponse. A pure mechanical resistance is not easy to provide. 

Some recording heads employed oil for viscous damping; others 
used special solid materials. In the case of the reproducing de- 
vice employed in the Orthophonic Victrola, the compliance was 
provided by a springy “spider” through which the lever actuated 
the diaphragm, and the required mechanical resistance was obtained 
by the reaction of the air in the “sound box" and horn throat on the 
diaphragm. With appropriate proportioning of the sound box 
volume and the relative areas of horn throat and diaphragm, and 
with a sufficiently slowly expanding horn, the energy was radiated 
as useful sound and the diaphragm worked against a substantially 
pure resistance. The Orthophonic design not only reduced the 
reaction of the needle on the record but, because of its higher ef- 
ficiency in radiating the vibrations, gave greatly increased sound 
output. 

While the input impedance of the recording device was prac- 
tically pure resistance throughout most of the frequency range 
covered, the springs that centred the motor armature between the 
pole pieces added a stiffness reactance which predominated over 
resistance below about 300 cycles per second (c.p.s.). The re- 
sulting characteristic of the recording system (expressed as stylus 

movement for constant electrical input) was of constant amplitude 
up to 300 c.p.s., and of constant velocity from 300 to 5,000 c.p.s., 
the upper limit being determined by the cutoff of the mechanical 
filter previously discussed. Were the constant velocity range ex- 
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tended much lower, the amplitudes at the lowest fre 
be excessive, necessitating wider groove spacings, 

Since the sound level needed for satisfactory operation with 

h i й i 
microphone and amplifiers was far lower than had been needed f 
direct recording, the introduction of electrical recording sibl 
no longer necessary to group the players close together aton 
recording horns, nor to resort to instruments of special construe. 
tion. Orchestras and choral groups could perform under cot 
ditions similar to those to which they were accustomed in concerts, 
It was not necessary to give preference to instruments of high 
acoustical power nor to singers with powerful voices, 

Licences were taken by the Victor and Columbia companies to 
use the Western Electric recording system and equipment, and ly 
build phonographs utilizing the principles and design features de. 
scribed above. The name Orthophonic Victrola was applied to the 
Victor machine, The horn in this model had considerably greater 
length (six feet) and final opening area (about eight square feet) 
than any in previous machines, the rate of expansion being slow 
enough to make the horn effective down to 115 c.p.s. To accom 
modate the length within the cabinet the passages were bent or 
folded several times. The improvements in records and phono- 
graphs were quickly recognized and resulted in great increases in 
sales. 

2. Electrical Reproduction.—Although the sound quality of 
the Orthophonic machine (which was nonelectrical) was excellent, 
the advantages of electrical reproduction—ease of control, high 
amplification and simplification by combining the phonograph and 
radio receiver—made it inevitable that the electrical system would 
sooner or later supplant the mechanical. The electrical lout 
speakers of the early 1920s left much to be desired, and the transi- 
tion would scarcely have taken place when it did were it not for the 
advent of a greatly improved loud-speaker described in April 1985 
by C. W. Rice and E. W. Kellogg of the General Electric Co. 1 
was marketed by Radio Corporation of America (RCA) in 19 
as a separate loud-speaker for radio, known as the Radio A 1% 
It has frequently been called the “dynamic cone speaker: i 
addition to employing the dynamic or moving-coil drive adi 
conical paper diaphragm (about six inches in diameter), it hi 
the following features which were equally important to the m 
cessful results: a very flexible suspension of the diaphragm Mees 
mental resonance about 60 c.p.s.); a baffle to prevent air kr 
tion between the front and back of the diaphragm ; and an ar 
of adequate power capacity to avoid overloading. Prior to "| 
the means most widely employed for actuating Joudspeak > 
phragms depended on the varying pull of a polarized v 
magnet on an iron armature. To maintain the armature al К 
proper spacing from the magnet poles, it had to be held pP ir 
spring, and therefore the very flexible diaphragm mounting V 
feasible with such *magnetic motors." The first electrica! 


ч е 
graph using the new loud-speaker was the pd sum d 


quencies Would 


1925; it employed an electromagnetic pickup. ` 
sound quality was the abundant bass. Early im 192 
Talking Machine Co. brought out several models 0 aiti 
phonographs, some of which were combined phonograph“ (Gent 
broadcast receivers, These used pickups of the en 
Electric) design as the Brunswick, but for a short perc ry gg 
speaker given preference was one utilizing a large E шї 
the cabinet like that of the Orthophonic, with an eee ү 


armature “motor.” Another electrical phonograpn, наета 
considerable popularity was the Majestic, similar eM 
ciples to the Brunswick but differing in design deta! il avanti 
The bafile loud-speaker offered an important pa much l 
for use in homes, because the space requirements pie pi ft 
than needed for horns of adequate size to give £000 "e poms 1 
theatre and auditorium applications the directivity 0 vase P 
important and space was not so restricted. Design™ til né 
practically without exception the horns were ed coil df 
pansion rate and after about 1926 the diaphragms xe oved pi 
The improved loud-speakers for auditoriums, 


with imp ni 
"c 0 
ups for reproduction from discs, were applied in them 


field, and resulted in the rapid conversion from silent to sound 
motion pictures. The commercial realization of this change started 
in 1926, and the earliest commercially successful sound pictures 
made use of lateral disc records 16 in. in diameter operating at a 
turntable speed of 334 r.pm. and synchronized with the motion- 
picture film. (See also Loup-SPEAKER.) (E. W. КЕ.) 

3, Evolution of Fine-Groove Records.—A number of factors 
played a part in the evolution of fine-groove records. The demon- 
strations by Н. C. Harrison and Н. A. Frederick in 1931 of their 
mew hill-and-dale acetate records showed what could be done in 

tly reducing surface noise through use of refinements in record 
processing and a pickup with low vertical force and low mechanical 
impedance; the pickup permitted use of softer record material, 
free of any filler such as was used in the shellac records. The 
development. of. feedback recorders, the vertical recorder by L. 
Vieth and С, F. Wiebusch, and the lateral feedback recorder by G. 
R. Yenzen, also helped contribute to low distortion, extended range 
and smoother response obtainable with a feedback control that 
induded the vibrating system. 

But there were obstacles to change in the home phonograph field, 
obstacles that applied in much less degree to broadcast transcrip- 
tion service, The first magnetic pickups had rather high output, so 
their signals could be fed to the first audio stage of radio receivers 
without additional amplification. But they were also of high 
mechanical impedance (stiff needle mounting), the correction of 
which would reduce the output, and high mechanical impedance 
necessitated high vertical force. Cost-conscious designers were 
reluctant to put in more amplification. Because there were in 
existence, millions of records hard and tough enough to stand such 
forces, incentive to make a change was lacking. It was not until 
H.J. Hasbrouck’s work on elimination of noise from the pickup and 
T&ord that a pickup having truly low mechanical impedance was 
Adopted. This permitted reducing the vertical force on the stylus 
toa few grams, but such small forces were insufficient to trip some 
record changers; consequently, full advantage could not be taken 
of the new pickups without improvements in record changers. 

The reduction in necessary vertical force was so great as to 
make it feasible to use stylus tips of reduced radius, resting against 

sloping sides of the groove instead of on the bottom; further- 
More, this could be done while using records of clear vinylite, 
from fillers, The advantages of using a finer stylus tip—in 
teduced tracing distortion, in finer groove pitch and in permitting 
dme reduction in linear velocities—had been realized for a num- 
E years but were especially convincingly shown in the analyt- 
Papers of Е. V, Hunt, J. A. Pierce and W. D. Lewis, who also 

*monstrated а practical design for a low force, jewel-tipped 
n They also showed the superior tracing possible with 
E records, provided the spherical stylus tip maintained 
E with the sloping side walls of the groove and cleared the 


E dimensions of a record groove are determined by the lateral 
l'acement. of the groove resulting from the signal, or music, 
t Y the dimensions of the reproducing stylus. It is evident 
à reduction in either or both of these factors permits a reduc- 
Eu the dimensions of the groove and thus makes possible 
les er record or a record having longer playing time. The use 
8 noisy record materials permits a reduction in the lateral 
i po of the groove without reducing the signal-to-noise 
* The use of pickups with a lower value of mechanical imped- 
Bin’ the use of a smaller reproducing stylus. Experimental 
Odu Proved that up to 300 grooves per radial inch and a 
e АЁ Stylus with a radius of 0.001 in. were practical. 
d amount of distortion in the signal reproduced from the 
the ove Increases as the stylus moves toward the centre of 
" —that is, as the relative circumference of the groove de- 
8 and the relative speed of the groove past the stylus de- 
LEN 4 ете боге, the speed at which a disc record should rotate 
‘both, 3 ке the amount of recorded material it contains, and 
rene E. ànd amount of material are governed by the circum- 
7 ithe innermost groove that will give the maximum per- 
€ distortion, 


TE к 
Addition, there is a definite relationship between the diameters 
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of the outermost and innermost grooves that gives the maximum 
playing time per unit surface area. This relationship is such that 
maximum playing time for a disc of given size will be achieved 
if the diameter of the innermost recorded groove is one-half the 
diameter of the outermost groove; this relationship also is governed 
by the amount of permissible distortion in reproduction obtained 
Írom the innermost groove. 

It is important to note that any major change in playing time 
calls for a change in speed of the record in order to achieve the 
least area or amount of record material, as the case may be. This 
assumes no change in the other factors, such as the radius of the 
reproducing stylus, the lateral displacement of the groove or the 
reproduced distortion at the innermost groove. 

Modern disc records are designed with full knowledge of these 
principles. Other factors of a practical nature have resulted in 
some deviations from the purely theoretical considerations of 
disc record design. In 1948 both Columbia and RCA introduced 
fine-groove records of clear vinylite. The Columbia version was 
12 in. in diameter, rotated at 334 r.p.m. and had a maximum playing 
time of 30 minutes. The RCA version was seven inches in diam- 
eter, rotated at 45 r.p.m. and had a maximum playing time of 
eight minutes. After several months of testing the market, the 
change to fine-groove records became complete, with Columbia 
and RCA each making both versions. 

The justification for these two records results from the wide 
difference in the playing time of “popular” and “classical” music. 
Each of the new records offered major improvements in cost, 
convenience and performance over the older 10- and 12-in. 78.26- 
r.p.m. records. (A. D. B.) 

4. Stereophonic Phonograph Records.—Stereophonic phono- 
graph records with two separate channels of information recorded 
in a single groove became a commercial reality in 1958, less than 
a year after the adopted system had been publicly demonstrated. 
A stereophonic system utilizes two or more independent channels, 
with separate microphones in recording and separate loud-speakers 
in reproduction, so arranged as to produce a sense of realism of 
recording hall acoustics and of location of the instruments of the 


BY COURTESY OF UNIVERSAL RECORDING CORPORATION 
STEREOPHONIC CUTTING LATHE THAT MAKES STEREOPHONIC MASTERS ON 
LACQUER-COATED DISCS FROM MATERIAL RECORDED ON MAGNETIC TAPE, 
ARM ON LEFT IS FOR PLAYBACK 


orchestra with respect to directivity and depth. The effectiveness 
of stereophonic reproduction was demonstrated by the Bell Tele- 
phone laboratories in 1933 when the sound of an orchestra playing 
in Philadelphia was reproduced. over loud-speakers located in 
Washington. The material was not recorded but was transmitted 
directly over telephone lines. Two-track stereophonic tape for 
the home became common in the 1950s, and Emory Cook produced 
some commercial stereophonic disc records, laterally recorded, in 
which the two channels of information were carried as separate 
inside and outside bands on the record; reproduction was through 
a forked arm carrying two pickups, one riding in each band. 

The system finally adopted as standard used a dual-channel feed- 
back recorder and a single stylus with its axes of movement in- 
clined at 45? to the record surface, the pickup being designed to 
produce two practically independent signals in accordance with 
the motion components along the two (90? displaced) axes. Since 
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the record groove is V-shaped and ordinarily has an included angle 
of 90°, the groove walls are 45? with respect to the record surface. 
Consequently, for the 45°—45° system the signal from one channel 
varies the position of one groove wall about a mean (no-signal 
condition) without changing the position of the other. 

Operation at 45° provides a symmetrical arrangement that offers 
advantages both in design of recorders and reproducers and in 
quality of reproduction, since frequency response, distortion and 
other characteristics of the two channels are alike. In addition, 
good reproduction is possible over a single channel (monophonic) 
system since information from both stereophonic channels is con- 
tained in the resultant lateral modulation.» However, due to the 
vertical modulation, monophonic pickups must have greater vertical 
compliance than normally required for lateral records. Р. C. 
Goldmark recognized this problem in earlier work on stereophonic 
disc recording and proposed that the vertical modulation be 
dynamically held within limits that would not exceed the tracking 
capabilities of existing lateral reproducers. Such а record could be 
designated as “compatible” and could be reproduced either mono- 
phonically over phonograph systems designed for lateral-cut rec- 
ords or stereophonically over stereophonic systems. However, not 
wishing to risk possible reduction in quality, record manufacturers 
decided to follow the recommendation of the Record Industry 
Association of America and produce the two types of records, 
monophonic and stereophonic, separately. (H. E. R.) 


Ш. RECORD MATERIALS AND PROCESSING 


The early tin foil and other recording media ultimately were 
supplanted by materials of two general types: the wax disc (actu- 
ally a heavy-metal soap with wax gel) intended for subsequent 
processing and duplication, and the instantaneous media intended 
mainly for playback directly from the embossed or engraved 
original record. 

The necessary accuracy of the recorded groove can be judged 
by the requirements established for fine-groove records: that the 
bottom radius of the groove be less than 0.00025 in. and the width 
about 0.0025 in., giving a depth of about 0.00125 in. This is less 
than one-half the groove size of the 78-r.p.m. record. 

In cutting or engraving the master record the stylus must be 
sharp and accurately ground so that the cut will be very clean. 
Lacquer-coated discs, usually on an aluminum base, were developed 
as an instantaneous recording medium, but because of the slightly 
rubbery nature of lacquer a smooth, low-noise groove was not ob- 
tained. The development of a burnishing facet on the stylus 
cutting edge resulted in quieter grooves but increased cross- 
modulation (echo) between adjacent grooves. The introduction 
of the heated cutting stylus about 1950 improved lacquer recording 
to the point where wax discs became practically obsolete for com- 
mercial master recordings. 

1. Electroforming.—To make copies of the recording, dies 
must be made whose surface is a negative replica of the master 
record surface. Electroforming techniques which reproduce the 
surface to an accuracy of better than 0.000001 in. are utilized. In 
electroforming, the surface is made the cathode in an electrolyte 
solution containing the metal to be deposited. The neutralization 
(reduction) of the positive metal ions at the cathode surface forms 
a metal sheet whose thickness is proportional to the current and 
time. 

Before this can be done, however, the master record surface 
must be made electrically conductive. Priorto 1938 wax recordings 
were made conductive by brushing graphite or bronze powder 
into the wax surface. In the 1930s Western Electric introduced 
gold sputtering, which was widely adopted by the major record 
manufacturers. With the improvements in lacquer discs and 
recording techniques, it was found that wet-silvering methods 
(e.g. the chemical reduction of an ammoniacal silver solution such 
as that used for silvering mirrors) led to improved results. By 
the early 1950s, in view of the more stringent requirements of 
the unfilled-plastic records and particularly the fine-groove records, 
lacquer discs with wet-silvering metallizing had been universally 
adopted by major record manufacturers. 

After separation from the recording, the electroformed metal 
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master disc can be used in a plastic molding press to pı 
and in cases where only up to 100 or so records are 
usually is done. In the case of commercial records, 
masters, called stampers, may be needed. Therefo 
the practice to electroform a metal positive from then 
This positive, called a “mother” or mold, can be pla 
for quality approval and then used to generate 
stampers by electroforming. By using a metal mas 
a number of molds and each mold to generate a number 
it is possible to make many stampers, and thus 
records, from each recording, 

2. Record Materials.—Commercially, records ai 
thermoplastic materials, which become soft and fi 
sure when heated but when cooled to room tem 
rigid. Shellac, a natural thermoplastic, was used 
with a finely ground filler such. as clay for many ye 
the early 1930s synthetic thermoplastic resins gradi 
it. High-quality record compositions without fille 
used for transcription records for radio broadcasi 
introduction of the fine-grooved records, use of the 
compound became necessary to reduce the noise ca 
filler particles. Of the synthetic materials, the vinyl] 
most-commonly used for records. [ 


ТҮ. PHONOGRAPHS AND RECORD С 


1. Stylus Shapes and Materials.—Except for 
and-dale phonograph, which had a diamond reprodü 
most phonographs prior to 1935 required frequent ch 
orneedle. Heavy pickups, weighing from 100 to 200 
upon the small area of contact at the tip of the styl 
pressures far in excess of the strength of record material 
compounded mixtures used in records included a la 
of abrasive filler, usually fine limestone and cla 
ground the tip to conform to the groove shape. In 
contact area between stylus and groove was increa 
thus decreasing the unit pressure so that record weat Wa 
When; between 1933 and 1935, attempts were made to 
styli with electrical pickups weighing 50 to 150 g. 
was found to be excessive, probably because the 
not quickly be worn sufficiently to reduce the unil 
the stylus tip tola satisfactory level. It was not uml 
duction in the late 1930s of pickups weighing less 
sapphire and diamond styli became practical. The 
also permitted the use of unfilled-plastic record mal 

When comparatively large forces were necessary to 
signal from the groove, the output was affected by 
needle used. A short, stubby steel needle resulted in 
with good high-frequency response, but this also bro 
surface noise of the record. With a longer, thinner 
more flexible needle, the over-all output was reduci 
frequencies were attenuated to a greater degree, maki 
noise less audible. Steel needles were used most comm 
this period, although “low-noise” fibre or thorn M 
compliant than steel, also were used. 

Steel needles had to be changed after every play Wy 
filled records. In the 1930s chrome-plated needles, ' 
be used somewhat longer, were introduced, and nee th 
metal tips such as osmium were also available. d 
of light-weight pickups, jeweled styli (sapphire an 
came predominant. "The poi 

Record styli are made to precise specifications. 
be spherical, tapering off to а 50° cone. For the 
à 0.003-in. point radius is desirable, and for the fine 
а 0.001-іп. radius. Specifications for селва à 
call for a stylus point with a maximum radius на б 

There is no permanent stylus. Even a diamon! b 
with time: With light pickups a diamond stylus 
satisfactorily for 100—500 hours of playing time а 
about one-fifth of that time. : f the 

The needle should make contact on the sides ° oq 
best reproduction. As the stylus wears, its sides 
the stylus rides more closely to the bottom of 
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iding on the bottom of a record groove results in noisy and dis- 
riding 
torted reproduction. —— (А. M. Ma.) 

2, Reproducer or Pickup.—A phonograph pickup is a device 
which, when actuated by the record groove, will produce a usable 
signal proportional to the signal (music) recorded in the groove. 
Common forms of phonograph pickups produce an electric signal 
proportional to the amplitude or velocity of the signal in the record 

е. 

ШЕ тер pickup designers have explored nearly all of the 
jnown principles of electric generation, including the piezoelectric 
effect from certain crystals, variable resistance, variable capacity, 
variable magnetic flux cutting, variable magnetic reluctance and 
variable light-beam photoelectric effects. In general, it is possible 
todesign a pickup using any principle that will produce an electrical 
signal from a mechanical signal. The selection of the principle 
and the design of the pickup is usually determined by cost, en- 
yironmental conditions, etc. 

Because of relatively high electric output, crystals of Rochelle 
salts, properly cut and designed into a pickup, have been exten- 
sively used in low- to medium-priced phonographs. Barium 
titanate and lead titanate zirconate also have been used, as these 
materials are less affected by moisture and temperature variations 
than Rochelle salts (see PIEZOELECTRICITY). Mechano-electro- 
magnetic principles have found considerable use, moving-iron and 
moving-coil devices being commonest, Mechano-electro-capacity 
principles also have been employed. 

Pickup designers, for the most part, have directed their efforts 
toward designs of low cost, low mechanical impedance, low distor- 
tion and high reliability. Low mechanical impedance has received 
considerable attention because its attainment permits a low value 
of stylus force. The less the. stylus force, the less will be the 
wear of the stylus and the record groove. Concentrated effort on 
the part of pickup designers reduced the mechanical impedance 
to the point where only a fraction of an ounce of stylus force was 
necessary to hold the stylus in contact with the walls of the groove. 
It was this development which permitted the use, of clear vinylite 
record materials and a stylus radius of 0.001 in. or less, То ap- 
preciate the magnitude of this accomplishment, it is only neces- 
sary to consider that many mechano-acoustic pickups required a 
un force of over six ounces with a stylus radius of 0.003 
Stereophonic pickup design followed the same basic principles 
used for monophonic pickups. The so-called. universal pickups 
wed for hill-and-dale and lateral transcription equipment were the 
forerunners of the 45°-45° stereophonic pickups. In the stereo- 

onic pickup, it was the design objective to produce two inde- 
Pendent signals using a single stylus actuated by two independent 
Sgnals recorded in a single record groove, Thus the pickup has 
‘wo independent electric generating units connected to and actuated 

à common stylus. 
= . Record Changers.—A record changer is a mechanism de- 

ened to permit a stack of selected records to be played without 
ther attention, 
ile a number of early patents were granted on automatic 
the d-changing devices, very few machines reached the hands of 

public until after the mid-1930s, The low-cost, single-play 
i rogtaph attachment, for use with a radio, stimulated interest 
or їз Playing of records, As record collections grew, the need 
ae changers became apparent. By 1940 many manu- 
R IS were equipping their phonographs with record changers. 
попе o d- changing mechanisms were of varied designs: Com- 
tecords in the early period was the edge-selector type in which the 
eir ENS placed over the centre spindle and supported at 
iat pumference on two or more shelves. Blades or knives, 

à е shelves, sliced in between the bottom record and the 

т deve to drop the bottom record onto the turntable. In an- 
Offset ‘sign the record stack was supported at the centre on an 

k Sen of the spindle and at the circumference by a shelf. 
Жу Portion of the spindle was tilted slightly to provide 

liii ү the stack. The shelf support included a mechanism 

Spin ‘lle Push the bottom record from the off-set portion of 

€. Edges and centre holes-of shellac records were 
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the 
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damaged by these types of mechanisms. 

After World War П, many improvements were made in record- 
changer mechanisms. The use of vinylite record material prac- 
tically eliminated damage to the record by the selector mechanism. 
In addition, improvements were made in the turntable drive sys- 
tem, tone arm, tone arm landing and tripping mechanisms, etc. 

: (A. D. B.) 

4. Phonograph Motors and Drive Systems.—The first ex- 
perimental machines were hand cranked, usually with some steady- 
ing effect by flywheels, but in one of his early patents Edison 
stressed the importance of correct and uniform speed. Battery- 
operated electric motors were soon used, but these were sensitive 
to changes in load and voltage; flyball governors were used to re- 
duce speed variations. The most satisfactory of these governors 
were those with a friction disk, the friction of which increased 
rapidly if the speed exceeded the desired value. While Edison was 
reluctant to give up the electric motor, a spring-driven, governed 
motor developed by Frank Capp, a pioneer in many phonograph 
improvements, was demonstrated to Edison and adopted, and 
spring motors also were developed by the Columbia company and 
by Berliner, At the end of 1896 all three companies were using 
governed spring motors. 

For recording, weight-driven machines with friction governors 
were used for many years. The weight supplied a constant torque, 
and the governor was connected to the turntable spindle through 
a worm gear. These were precision-built machines. 

Electric motors did not come into very extensive use until radio- 
phonograph combinations were introduced, and then for many 
years the motor served only to provide a reasonably uniform 
driving torque, and friction governors, geared to the turntable, 
regulated the speed. The induction disk motor (like those used in 
watt-hour meters) was widely used in this manner. Small, high- 
speed, split-phase or shaded-pole induction motors with governors 
were among the many forms used during the 1930s, and a true 
synchronous motor, resembling a clock motor, was used in some 
machines. The latter had a multitoothed steel disk which, once 
started, was kept rotating by the intermittent pull of its toothed 
pole pieces. 

“Rumble” due to vibration of the turntable or pickup pivot pre- 
sents a problem. The vibration is primarily caused by the high- 
speed motor and transmitted through the motor supports or the 
speed-reduction system. Cushion mounting of the motor is there- 
fore necessary. Problems arise because the ear is especially sensi- 
tive to slow pitch fluctuations. Successful filtering is increasingly 
difficult as the frequency of the disturbance is lowered. Belting 
between motor and turntable can give excellent results in reducing 
rumble. Transmission of rumble by the belts can be almost com- 
pletely avoided. Very light, thin, flexible belts of exceptional 
uniformity are required, especially if one of the pulleys is small; 
usually, two stages of reduction are used. Friction drives with 
rubber tires also are widely used because the rubber tires can be 
ground to a high degree of concentricity. By grinding the end 
of the motor shaft in its own bearings (after balancing the motor), 
the shaft end can serve very satisfactorily for the first unit of the 
drive train, even though it is as small as qêy in. in diameter. The 
inside of the flanged turntable, machined to concentricity, can 
be the final friction drive surface. The rubber tires can then be 
on the intermediate wheels. Since the load is light, the slip or 
“creep” is negligible. (E. W. Ke.) 


V. MAGNETIC RECORDING 


The advantages of magnetic recording were quickly appreciated 
by the phonograph industry, once its excellent low-noise and audio- 
quality characteristics had been demonstrated. Greater recording 
time, immediate playback, the possibility of erasing and reusing 
the medium and the feasibility of editing, a feature never possible 
in disc recording, soon made magnetic tape a popular medium 
for phonograph recordings and broadcasting. In a very short time 
all original recordings were being made on magnetic tape; these 
were transferred, after editing, to discs. 

Magnetic tape also offered another means of bringing recorded 
music into the home, with the advantage that more than one track 


BY COURTESY OF UNIVERSAL RECORDING CORPORATION 
MUSIC RECORDING STUDIO EQUIPPED WITH FOUR SPEAKERS FOR IMMEDIATE 


PLAYBACK OF RECORDED MATERIAL, GLASS WINDOWS AT LEFT SHOW ROOM 
TO ISOLATE VOCALIST AND AT RIGHT CONTROL ROOM WHERE SOUND FROM 
EIGHT SEPARATE AUDIO CHANNELS (FOUR WITH ECHO AND FOUR WITHOUT) 
IS MIXED AND FED TO A FOUR-TRACK MAGNETIC TAPE RECORDING MACHINE 


could be recorded simultaneously, thus permitting stereophonic 
recording. Prerecorded tapes soon became available for home use 
for both monophonic and stereophonic reproduction. These ap- 
peared as two-track recordings on tape 1 in. wide, on spools either 
seven or five inches in diameter, depending upon the playing time. 
The operating speed was 74 in. per second. For monophonic 
recordings each track was used separately and a total playing time 
of approximately one hour was possible. For stereophonic re- 
cordings where both tracks were used simultaneously the total 
playing time was about 30 minutes. After tape having a thinner 
base became available, the playing time was increased by about 
50%, thus permitting a playing time of about 45 min. for a stereo- 
phonic recording. See TAPE RECORDING, MAGNETIC. 
(H. E. R.) 


VI. PHONOGRAPH MUSIC 


The day in 1877 when Thomas Edison reproduced his own voice 
ona tin-foil cylinder, reciting “Mary Had a Little Lamb,” marked 
the beginning of an activity with potentialities unforeseeable 
even in the most extravagant dreams. Edison’s “talking machine,” 
generally regarded as an elaborate toy but offering the novelty of 
hearing one’s voice reproduced, preserved the voices of many 
prominent people of the time, such as those of William Gladstone, 
P. T. Barnum and Robert Browning. An early musical recording 
was that of Brahms playing one of his own works. 

Commercial recording was established in the 1890s and in spite 
of quantity production problems had an amazing growth. Many 
early records were of vaudeville skits, monologues and descriptive 
accounts, with some musical selections by bands, whistlers and 
singers. By the early 1900s many first-rank artists were to be heard 
on both discs and cylinders. The fact that the voice reproduced 
better than instruments made singers much in demand. Among 
the earliest artists to record were Medea Figner, Nikolay Figner and 
Enrico Caruso, whose great success undoubtedly influenced other 
artists favourably. In the United States, “Celebrity Disks” were 
issued by the Columbia company, followed by the Red Seal list 
of Victor. By 1910 nearly every first-ranking singer was repre- 
sented on records. Orchestral accompaniment to vocal records 
began in 1906 after an unsuccessful start in 1900. Many instru- 
ments did not reproduce well; since brass instruments recorded 
better than others, there was a tendency toward their overemphasis, 
the musical result often being far removed from the composer's 
intention. Orchestras had to be small because of the necessity 
for grouping the musicians close around the recording horn. 
Among the first instrumental soloists to record were Sarasate 
(Pablo de Sarasate y Navascues), Joseph Joachim, Raoul Pugno, 

Fritz Kreisler, Jan Kubelik, Ignace Paderewski, Eugéne Ysaye, 
Vladimir von Pachmann and Efrem Zimbalist. 
Recording of orchestral repertory began in London in 1909 when 
the Odeon company issued the Tchaikovsky Nutcracker Suite, 
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played by the London Palace orchestra under Herman 
increased interest in instrumental recording brought fort 
of works, played by various orchestras, often in conde 
In the United States in 1912, the Columbia company eng 
von Weingartner to conduct an enlarged staff orchest 
discs. In 1917 Columbia engaged the Chicago symphom 
Frederick Stock, the Cincinnati symphony under Eins 
and the New York Philharmonic under Josef Stranski 
1918 Victor began a series by the Boston symphony. 
Muck and by the Philadelphia orchestra under Leopold 
Chamber music made its appearance in 1916 in Europ 
cordings by the London string quartet. An occasional 
large work was recorded, one of the earliest being a 
performance of Leoncavallo's opera 7 Pagliacci under 
poser's direction, The main interest, however, seemed 
on the artist rather than the music. 
The introduction of electrical recording in the 1920sm 
beginning of the second period of phonograph development; 
which the emphasis shifted to production of complete W 
use of microphones eliminated crowding around a recor 
this, along with improved quality of sound and incre 
range, opened up new fields of instrumental literature; 
catalogues listed complete symphonies, operas and chami 
by nearly all the well-known composers of the past as 
by many contemporaries. The composer and the 
rather than the artist, became the chief points of inte 
cally, progress in electronics, which made such technici 
possible in the recording field, served to work against in 
of the phonograph because of the rapid growth. of ra 
casting. World War II was another restraining influen i 
the end of the war brought an increased activity in recot 
several improvements in reproduction techniques, such 
frequency-range recording introduced in England by 
company. The real revolution, which marked the b 
the third great period of phonograph history, was the intro 
of fine-groove records in 1948. Their almost total la 
face noise, improved faithfulness of reproduction, and the 
they allowed recording of complete works on one OF 
of a single record meant that the fine-groove records 
mediately supplanted older types. Ne 
A development of equal importance was the introd 
magnetic tape for making original recordings. In a timi 
production costs, the advantages of tape were obvious: 
did soloists and orchestras have to repeat compositions mi 
to achieve a performance satisfactory for public sale on 
instead, sections containing flaws could be rerecord a 
sections could then be patched into the tape to make afin 
tape from which the master disc was transcribed. E 
maintained that the too-perfect results thus obtaine 
realism of actual performance, but the reaction of er 
record purchasers was in general enthusiastic. In a 
mobility of tape-recording equipment: made it nn 
record actual performances in concert halls and theat did 
ting on discs many performances otherwise ша e f 
Tape-recording and playback equipment was avail © 
use, in both monophonic and stereophonic type E. 
companies offered extensive lists of prerecorded (арі ) 
when reproduced on good equipment, the quality 
exceeded that of the best disc recordings. h were 
The educational possibilities of the phono By 
early in such collections as the History of Music A "n 
edited by Percy Scholes, Two Thousand Years of tel 
Curt Sachs, and numerous other sets of similar v of 
special issues were tests for measuring musical WU 
plishment, discs for technical instruction of varios 
part records for learning chamber music and num jd 
remarkable result of the new recording technique stical 
of many of what might be termed rerecorded old p Ӯ 
making it possible to hear artists of earlier ay da 
favourable conditions of reproduction. Pople y 
was one of the mainstays of the industry, the m 
able in this field being even more complete t 
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listing of the classical field. The popularity of dance bands on 
records began in 1913, gaining increasing interest each year. Folk 
songs from nearly every area of the world appeared both as spe- 
cial studies and as regular releases, Nonmusical lists, in addition 
to the usual numerous sketches, monologues and similar short 
offerings; showed an increasing number of complete plays and 
musical shows, as well as recordings of noted poets and authors 
reading from their own works, Of documentary importance as 
well as general interest were the collections of statements by 
prominent people and comments on newsworthy current events. 
Foreign language and other instruction, children’s stories and Bible 
stories were among the many choices of instruction and entertain- 
ment made available, An important development for scholars was 
the establishment of archives by museums and libraries for pre- 
serving old and new records for their historical value. 

Information regarding available records was to be found in 
magazines such as the American Record Guide, the Gramophone 
and Disques, devoted solely to dispensing record information, as 
well as in others having record sections. Numerous books on the 
subject were also published, some surveying the entire field and 
others dealing with only limited portions. (Ay. D.) 

BmuocnAPRY.—Roland Gelatt, The Fabulous Phonograph (1955, 
1956); Frederick W. Gaisberg, The Music Goes Round (1942); H. F. 
Olson and Frank Massa, Applied Acoustics (1934) ; Harvey Fletcher, 
Speech and Hearing (1929) ; P. Wilson and G. W. Webb, Modern Gram- 
ophones and Electrical Reproducers (1929); Н. Courtney Bryson, The 
Gramophone Record (1935) ; Leroy Hughbanks, Talking Wax (1945) ; 
Frederick V. Hunt, Electroacoustics (1954) ; J. G. Frayne and H. Wolfe, 
Elements of Sound Recording (1949) ; Н. F. Olson, Musical Engineering 
hie Read, The Recording and Reproduction of ier 

PHONOLITE, a group of alkaline lavas rich in nephelite 
(qv) and sanidine, an alkali (potash) feldspar (q.v.). The name 
isa Greek rendition of the German Klingstein (phone, “sound,” 
indlithos, “stone”), referring to fine-grained compact lavas which 
slit into thin, tough plates and give out a ringing sound when 
struck with a hammer. The presence of a feldspathoid mineral 
Wis suspected from gelatinization tests (decomposition by hydro- 
chloric acid, with separation of gelatinous silica) as early as 1828, 
— an ue 1867 that nephelite was shown to be a major 

ituent of the matrix. 
ома most important constituent of phonolite is alkali-feldspar, 
li ет sanidine or anorthoclase, which forms not only the bulk of 
еше mass, but most of the large crystals іп porphyritic 
is rarely appears in large crystals but may occur either 
s aly or in well-formed microphenocrysts. The principal 
the eee mineral is a pyroxene, titanaugite, aegirine or cores 
| ormer mantled by the latter. Pyroxene in phenocrysts 15 
ie euhedral ; in the matrix it occurs characteristically in 
m 1 p аса often so abundant as to impart а 

e rock. 
rn i phibole (q.v.) is practically confined to phenocrysts and is 
al eg alkaline variety, barkevikite, riebeckite or arfvedsonite. 
Ea vem other than nephelite may be present jn accessory 
(an), Е commonest being noselite, sodalite (g.v.) and leucite 
mount ass has been reported occasionally but only in small 
ıı кштепсев.—Моз. phonolites are of Tertiary or Recent age, 
niferous т examples are found at several localities in the dud 

eimie strata of Scotland and also of Brazil. In terms o 
volume d of recorded occurrences, though not perhaps in total 

Ашур ertiary or Recent phonolites are common in Europe, in 
Bohemia Е (Mont Dore), the Eifel, the Laacher See and 
in the Me di hey have been described from a number of sites 
Ile Creek literranean area, chiefly in Italy, as well as from in 
mous Deviants and the Black Hills, South Dakota. The 
T p nolite 5 Tower, Wyoming, is variously described as tinguaite 
tloy 10116, depending on whether it is considered a plug or 


Nee phonolites are perhaps best known from the vicinity of 
ШП Pachite, from the Apache Mountains, west Texas, is an 
Heh in cg Phonolite. Kenyite, from Mt. Kenya, east Africa, is 

Cossytite and olivine. The phonolite of Olbruck, Ger., 


in 
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a rather popular local building stone, is said to contain about 15% 
of noselite and 8% of leucite. 

Phonolitic trachytes are found on St. Helena and a number of 
other oceanic islands. (F. Cs.) 

PHORMION (probably died 428 в.с.), Athenian admiral, 
son of Asopius. He first appears in 440 в.с. among the generals 
bringing reinforcements to the Athenian troops before Samos. 
Later he was sent to help the Acarnanians and Amphilochians 
against Ambracia; this was the origin of Athens' useful alliance 
with Acarnania. In 432, after Callias' death before Potidaea, 
Phormion went out with fresh forces and completed the circum- 
vallation of the city. He was still there in 431, but at the end of 
430 he was sent with 20 ships to Naupactus to block the entrance 
to the Gulf of Corinth. There in summer 429 he won two brilliant 
victories. In the first he defeated 47 Peloponnesian ships on their 
way to support the Spartan Cnemus' campaign in Acarnania; in 
the second, Cnemus' fleet of 77 attacked him in the narrows, but 
he turned and routed them. The next spring he returned to 
Athens. In summer 428 his son Asopius was sent out, the 
Acarnanians having asked for a general from Phormion's family, 
which suggests that he himself had died. See PELOPONNESIAN 
War. (A. As.) 

PHORMIUM (New ZEALAND FLAX; also termed New ZEA- 
LAND Hemp). The plant (Phormium tenax) is a perennial of 
the Liliaceae family and is propagated either by rhizomes or by 
seed. While termed “New Zealand flax” and also “New Zea- 
land hemp," the plant has no relationship to either flax (Linum 
usitatissimum) or hemp (Cannabis sativa). Phormium is a native 
of New Zealand and, while known to be adapted in many other 
countries, is not commonly grown for commercial fibre production 
in any country other than New Zealand. 

The thick sword-shaped leaves grow in tufts from the tips of 
the rhizomes and reach a length of four to six feet. The flowering 
stem, which also starts from the tip of the rhizome, grows out 
through the centre of the tuft of leaves and reaches a height of 5 to 
15 ft. The flowers are usually cross-pollinated though some self- 
pollination occurs. The parts above ground die soon after the 
flowering stage, but the plant continues to live from year to year 
by new growth from short, thick underground stems (rhizomes). 

Much of the phormium fibre of commerce has come from 
harvesting the volunteer growth, but considerable quantities have 
been obtained from cultivated fields, The crop is adapted to a 
wide range of New Zealand soils, but the greatest yields have 
been obtained from well-drained swamp lands. 

The plant is grown principally for the fibre which develops in 
the leaves, and which is separated from the nonfibrous tissues by a 
process of scraping and washing. This processing is done in fibre 
mills by means of special machines designed for the purpose. 

The cleaned, dried fibre is arranged in hands (“heads”) and then 
packed in bales, in which form it is exported. The fibre is similar 
in appearance to such other leaf fibres as abaca (Manila hemp), 
henequen (Yucatan sisal) and "true" sisal. Its principal use has 
been for twines and ropes. 

See H. J. Critchfield, “Phormium Tenax—New Zealand's Native Hard 
Fiber," Econ. Bot., vol. 5 (1951). (A. H. Wr.) 

PHORONEUS, in Greek legend a very early king of Argos 
(q.v.), the son of Inachus. Inachus was, in one tradition, the 
earliest of all Hellenic rulers, but he was sometimes admitted to 
be simply a river-god, so Phoroneus was the first mortal king. 
The only legend extant about Phoroneus is that he and two river- 
gods had to decide between Poseidon and Hera as the deity of the 
land. They chose Hera, and Poseidon took his vengeance by de- 
priving the Argolid of water. (Traditionally from Homer onward 
Argos was "the very thirsty” land.) (H. W. Pa.) 

PHORONIDA is a phylum of small, marine, wormlike animals 
which live in self-secreted tubes embedded in the sea bottom or 
attached to solid surfaces. They are found in shallow tropical 
and temperate waters of many parts of the world—Europe, North 
and South America, Australia, South Africa and Asia. Phoronids, 
constituting a small and relatively homogeneous group, are con- 
sidered to be a separate phylum because they are structurally 
unique; they cannot clearly be related to any other group of ani- 
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mals. In the past, however, attempts were made to relate them to 
the Annelida, Mollusca and Chordata among other phyla. Two 
genera, Phoronis and Phoronopsis, and about 16 species are rec- 


ognized. р 
Мапу phoronids occur in vertical tubes placed just below the 
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FROM L. HYMAN, “THE INVERTEBRATES: SMALLER COELOMATE GROUPS," VOL. Vj COPYRIGHT, 
1959, MCGRAW-HILL BOOK CO. USED BY PERMISSION 


FIG. 1.—(LEFT) PHORONIS PSAMMOPHILA, WITH TUBES COATED WITH ROCK 
GRAINS AND SHELLS; (RIGHT) AGGREGATION OF P. HIPPOCREPIA 


surface in intertidal or subtidal mud or sand flats. Other species 
form dense feltlike masses of intertwined tubes attached to rocks, 
pilings or logs in shallow water. In both these cases the tubes 
are encrusted with small particles of sand or shell. A third living 
habit concerns those phoronids which are found living inside 
closely fitting channels in limestone rock or in the discarded shells 
of bivalve mollusks. Phoronids appear to be widely distributed 
in temperate and tropical seas, but there are no records from polar 
regions. 

E cute and Function.—In all phoronids the body is more 
or less elongate—most species ranging in length from less than a 
centimetre to 20 cm.—and bears a crown of tentacles at one end. 
The tentacles are arranged in a double row surrounding the 
usually crescent-shaped mouth. The mouth is partly covered by 
a flap of tissue known as the epistome. The anus occurs at the 
same end of the body as the mouth and is borne on a small papilla 
located immediately outside the double row of tentacles. The 
digestive tract is therefore U shaped. The tentacles may forma 
slightly indented circle or a complex double spiral. Situated near 
the bases of the tentacles is a supporting structure made of connec- 
tive tissue and known as the lophophore. Depending on the species, 
there may be from about 50 to over 300 tentacles, each one bearing 
fine hairs or cilia. The movements of the cilia create currents 
which carry food particles from the surrounding water into the 
mouth and waft waste particles away from the anus. Feeding 
and excretory currents have not been studied in great detail. 

The digestive tract consists of esophagus, stomach, intestine and 
rectum. These various regions differ from one another in size 
and in the nature of the cells forming the internal lining. In 
some species there is a distinct muscular valve between the esoph- 
agus and the stomach. The junction of the stomach and intestine 
occurs at the proximal end of the body, that is, the end which does 
not bear tentacles, mouth and anus. The tentacular end of the 
body is known as the distal end. The food seems to consist chiefly 
of microscopic phytoplankton. Diatom shells may frequently 
be found in the digestive tract and in the fecal pellets. 

There is a system of blood vessels in which circulate elliptical, 
nucleated corpuscles containing the red pigment hemoglobin, 
similar to the hemoglobin found in human blood. - Two longitudinal 
vessels, known as the afferent and efferent vessels, are continuous 
with one another at the proximal end of the body. At the distal 
end both vessels connect with a pair of semicircular vessels located 
at the level of the lophophore, immediately below the tentacles. 

Within each tentacle is a single, blind vessel which branches into 
two at its base and so connects with both semicircular vessels, 
In the living animal the red blood corpuscles can easily be seen 
pulsating up and down in the transparent tentacular vessels. As- 
sociated with the longitudinal vessels are a blood sinus surrounding 
the digestive tract and a large number of short, blind vessels which 
are particularly numerous in, or may be restricted to, the proximal 
end of the body. Associated with these blood vessels is a jellylike 
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tissue known as the fat body or the vasoperitoneal tissue, 
the large, semifluid cells of this tissue are a number of Anny 
of varying size and shape. Some of them probably кы 
guanine and may be considered to be deposits of waste his M 
Others may represent the products of hemoglobin breakdown 

The body cavity is subdivided by a series of long, thin men 
branes known as mesenteries, which extend from the digestive ing 
to the body wall. In most phoronids there are four such 
teries dividing the body cavity into four longitudinal chamber, 
There is also a horizontal mesentery near the tentacular end of 
the body separating a lophophoral cavity from the four linge 
cavities occupying the rest of the body. In the living phoroni 
the body cavity is filled with a fluid which is responsible for the 
turgor or relative firmness of the otherwise soft body, 

On either side of the papilla which bears the anus is a sm] 
pore connecting with an organ of excretion known asa nephridiun, 
Each nephridium consists of a duct, coiled once on itself and co. 
tinuous with a pair of funnels opening into two of the four larger 
body cavities. The walls of the funnels tend to be much folded 
and are heavily ciliated. The activity of the cilia probably create 
a current in the body cavities which carries fluid waste into the 
funnels and eventually to the outside via the nephridial potes, 

The body wall consists of an outer layer of epithelial cells ant 
two layers of muscle fibres: the outer circular and the inner long: 
tudinal. Many of the epithelial cells secrete a fluid which is wel 
by the animal to build the tightly fitting chitinous tube in whid 
it lives. The freshly secreted fluid is transparent and sticky, bi 
on contact with water it gradually hardens. In some species the 
secreted tube becomes encrusted with tiny grains of sand, mil | 
or shell which adhere to the surface. In many such cases the 
cemented particles are arranged to form a very even and beautiful 
mosaic. The tube is in most cases closed at the proximal ed; 
from the distal open end the body may be extended a rather tong 
distance. Most phoronids can shorten or lengthen the body cots 
siderably; this is accomplished by the muscles in the body vl 
contracting against the fluid in the body cavity. E 

The nervous system is also located in the body wall and consis 
chiefly of a nerve net lying immediately beneath the epi! 
cells. This nerve net is continuous with a more dense concen 
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"on of nervous tissue in the horizontal mesentery. Extending 
fom this region and running along, in or beneath the epidermis 
"ae one or two giant nerve fibres which taper and end near the 
хіта] end of the body. The giant nerve fibres are known in all 
but опе species and are probably related to the animal's ability 
- o withdraw the body ris the iet great rapidity. 

"Reproduction and Natural History.—Reproductive tissue 
ES. from cells located on the thin walls of the short, blind 
“flood vessels in the proximal part of the body: The phylum in- 
“dudes species in which pei iris are either male or 
female and other species in which each animal is a hermaphrodite 
and carries both male and female organs, As the reproductive 
issue grows along the walls of the blood vessels it displaces the 
surrounding vasoperitoneal tissue which shrinks proportionately. 
‘When the ova and spermatozoa are ripe, they are shed into the body 
cavity, find their way to the nephridial funnels and pass through 

‘these organs to the outside. In some species the sex cells simply 
- pass out into the surrounding water where early development takes 
place. In others the ova are retained in the tentacular crown of the 
adult until each has developed into a tiny, transparent, free- 
swimming larva. The type of larva characteristic of the phylum 
Phoronida, an actinotroch larva, is distinguished chiefly by a ring 
f ciliated tentacles and a flap of tissue over the mouth. 

"The actinotroch larva may spend over a month swimming freely, 
feeding on plankton and increasing considerably in size. Even- 
‘tially, it settles on the bottom and undergoes a metamorphosis 
"whereby it is rapidly and drastically changed into a tiny adult 
phoronid. All phoronids can reproduce sexually, and in most cases 
the life history includes an actinotroch larva. Some species are 
‘known to reproduce asexually as well, by the apparently simple 
process of dividing the body into a number of segments, each of 
І E breaks off and develops into a new adult. 

‘See L. Н. Hyman, The Invertebrates, vol. 5 (1959). (J. К. Ma.) 

PHORORHACOS, a genus of extinct flightless birds of large 

‘size, known from Tertiary formations in southern South America. 

They appear to have been remotely related to the living seriema 

ШО; E cristata) of that region. Phororhacos (family 

‘Phororhacidae) is included in the order Gruiformes, to which the 

living cranes (Gruidae) and rails (Rallidae) belong. Numerous 
| Parts of specimens have been 

m and the most complete 

Е 

5 vis, ones 
ûd some of the vertebrae are 

Tecorded. 

The skull in this bird is about 
Min, long, with the maxilla high 
- Mofile, much compressed lat- 
rally and EHNA in а 
ding hook; the heavy mandible 
4 RM upward at the tip. The 
E. E strong though 
long 1 Abia being 15-16 in. 

* the small size of the wing 
Mouse" the form of the E 088 
r girdle and the skeleton ?Y covsresY or BRITISH MUSEUM. (NATURAL 


à whole indi ОП атову) 
8 icate a cursorial 

STORATION DRAWING OF PHORO- 
Species unable to fly. From the gy 


H COS, AN EXTINCT BIRD 

ind the bill, the bird was ap- RUN 

ut A a formidable predator. It is estimated to have stood 
ree feet high at the shoulder. 

ne skull of another species, P. longissimus, is about 24 in. long 
‘allied е beak 10 in. high, indicating a bird of gigantic size. An 
су Benus, Andrewsornis, described by B. Patterson from ап 
mplete skull and other fragments, had a slender 15-in.-long 
Mese, p nd indications of a stronger wing. Another genus, 
10,000.09 rnis, has been recognized from Pliocene deposits (about 
тоге s 0 years аро). Several workers have described a dozen or 
ling cis from fragmentary bones in addition to those men- 
may Put the relationships of several of these are doubtful. The 
eii, t earliest known representative of which appeared in 
* Part of the Oligocene epoch (more than 30,000,000 years 
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ago), continued into the early Pliocene. 


See Karman Lambrecht, Handbuch der Palaeornithologie, pp. 494- 
516, fig. 147-154 (1933) ; Bryan Patterson, “A New Phororhacoid Bird 
From the Deseado Formation of Patagonia,” Field Museum of Natural 
History Geological Series, vol. 8, no. 8, pp. 49-54 (1941). (A. Wr.) 


PHOSGENE (CARBONYL CHLORIDE) is a colourless, extremely 
poisonous gas, about three and one-half times heavier than air, 
having a stifling, nauseating odour resembling sour green corn or 
musty hay. It is a lung injurant and even in small amounts may 
prove to be very harmful. It may act slowly, its full effects 
sometimes developing several hours after inhalation. It first came 
into prominence in World War T; being used as an offensive poison 
gas either alone or mixed with chlorine. 

Phosgene was first synthesized in 1812 by John Davy, the British 
chemist, by the reaction of carbon monoxide and chlorine in the 
presence of sunlight; hence the derivation of its name from the 
Greek Phos (light) and genes (born). It is manufactured by 
passing the two gases over a specially prepared charcoal catalyst. 
The reaction is expressed chemically by the equation CO + Cl; э 
COCly. It has also been manufactured by the reaction of fuming 
sulfuric acid on carbon tetrachloride. The preparation of a num- 
ber of pharmaceuticals, industrial chemicals, and dyestuffs in- 
volves its use. 

Phosgene is active chemically; it fumes in moist air and reacts 
with water to form hydrogen chloride (hydrochloric, or muriatic, 
acid) and carbon dioxide: СОС1„ + H,O — 2НСІ + СО. It is 
sometimes formed when chlorinated hydrocarbons are heated; 
e.g., when carbon tetrachloride is used as a fire extinguisher. 
Phosgene gas can be readily condensed to a liquid, which boils at 
8.2? C (46.8? F) at atmospheric pressure. It is ordinarily stored 
and transported under slight pressure-in steel cylinders, although 
under certain circumstances it is stored and transported as a 
solution in toluene. (A. V. C.) 

PHOSPHATE ROCK, a sedimentary formation of marine 
phosphorite usually interbedded with shales or limestones. It oc- 
curs in many parts of the world and is mined in North Africa, 
Germany, the U.S.S.R., the United States and several other coun- 
tries. The name collophane is sometimes given to the massive, 
seemingly noncrystalline apatite (q.v.) that is the essential con- 
stituent of phosphate rock. It is composed largely of calcium 
phosphate, an important ingredient of bones, teeth and many 
shells. Other components include lime; silica, fluorine and car- 
bonaceous (carbonate) matter. Phosphate rock is used in the 
preparation of fertilizers and as a source of phosphorus for matches 
and of phosphoric acids used in the chemical industries. It origi- 
nated on the sea floor during several geologic periods at times and 
under conditions that favoured precipitation of the apatite from 
solution but retarded the addition of much land waste. For uses, 
occurrences, production, etc. see FERTILIZERS AND MANURES. | See 
also MINERAL PHOSPHATES; PHOSPHORUS. (Ji DX P. 4X2) 

PHOSPHATES: see PHOSPHORIC ACIDS AND PHOSPHATES. 

PHOSPHORESCENCE: see BIOLUMINESCENCE; LUMINES- 


CENCE. 

PHOSPHORIC ACIDS AND PHOSPHATES. Phos- 
phates are salts of phosphoric acid. Phosphoric oxide, P505 or 
P4010, combines with water in three proportions to form 
H,0:P,0; or HPO;, metaphosphoric acid; 29Н,0:Р:0; or H,P50;, 
pyrophosphoric acid; and 3H50-P4O; or H3PO,, orthophosphoric 
or ordinary phosphoric acid. These acids each give origin to sev- 
eral series of salts, those of ordinary phosphoric acid being the 
most important, especially as fertilizers. See also PHOSPHORUS : 
The Oxyacids of Phosphorus; FERTILIZERS AND MANUnES: Phos- 
phorus-Supplying Fertilizers. 

Orthophosphoric acid, H;PO,, a tribasic acid, is obtained 
by boiling a solution of the pentoxide in water; by oxidizing red 
phosphorus with nitric acid, or white phosphorus under the sur- 
face of water by bromine or iodine; and also by decomposing a 
mineral phosphate with sulfuric acid. It usually forms a thin 
syrup which on concentration in a vacuum over sulfuric acid de- 
posits hard, transparent, rhombic prisms which melt at 41.7? C. 
After long heating the syrup is partially converted into pyro- 
phosphoric and metaphosphoric acids, but on addition of water and 
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boiling the ortho acid is reformed. It gives origin to three classes 
of salis: M'/H5PO, or М”(Н,РО,):; M^;HPO, or M"HPO,; 
and M'/5PO,, М” (РО, ) or M^'PO,, wherein M’, М”, M” denote 
a univalent, bivalent and trivalent metal. These correspond to 
HPO; in which one, two or three atoms of hydrogen, respectively, 
have been replaced by a metal. The three principal groups differ 
remarkably in their behaviour toward indicators. Those of the 
first type are strongly acid, the second are neutral or faintly alka- 
line, while the third are strongly alkaline and are decomposed by 
carbon dioxide: Na3PO, -+ СО» + H90 — NaHCO; + NasHPO,. 
The salts of the types NaH PO; and CaH,P20g may be obtained 
in crystal form, but those of the heavy metals are stable only when 
in solution, All soluble orthophosphates give with silver nitrate 
a characteristic yellow precipitate of silver phosphate, AgsPO,, 
soluble in ammonia and in nitric acid. Since the reaction with 
the acid salts is attended by liberation of nitric acid: NaH5PO, + 
3AgNO; — AgsPO, + NaNO; + 2HNO,, NagHPO, + 3AgNO; 
— AgsPO, + 2NaNO; + HNOs, it is necessary to neutralize the 
nitric acid if the complete precipitation of the phosphoric acid is 
desired. 

The three series also differ when heated: the trimetallic salts 
containing fixed bases are unaltered, while the monometallic and 
dimetallic salts yield metaphosphates and pyrophosphates, respec- 
tively. Other common precipitants of phosphoric acid or its salts 
in solution are; ammonium molybdate in nitric acid, which on 
heating gives a canary-yellow precipitate of ammonium phospho- 
molybdate, (NH,)3P0412MoQs, insoluble in acids but readily 
soluble in ammonia; magnesium chloride, ammonium chloride and 
ammonia, which on standing in a warm place give a white crystal- 
line precipitate of magnesium ammonium phosphate, Mg(NH,)- 
PO4:6H50, which is soluble in acids but highly insoluble in am- 
monia solutions, and on heating to redness gives magnesium 
pyrophosphate, Mg5P50;. 

Of the organic phosphates, triphenyl phosphate, (C;H;)3PO, is 
important, acting as.a filler or “dope,” and as a plasticizer. It is a 
colourless solid of m.p. 53° C and b.p. 245° C. 

Pyrophosphoric acid, H,P,0;, is a tetrabasic acid which may 
be regarded as derived by eliminating a molecule of water between 
two molecules of ordinary phosphoric acid; its constitution may 
therefore be written (НО)ОР:О'РО(ОН),. It may be obtained 
as a glassy mass, indistinguishable from metaphosphoric acid, by 
heating phosphoric acid to 215? С, When boiled with water it 
forms the ortho acid, and when heated to redness, the meta acid. 
After neutralization, it gives a white precipitate with silver nitrate. 
Being a tetrabasic acid it can form four classes of salts; for ex- 
ample, the four sodium salts Na4P,0;, NagHP40;, NasH3P,0; 
and NaH;P40; are known. The most important is the normal 
salt, Na,P50;, which is readily obtained by heating disodium 
orthophosphate, Na;HPO,. It forms monoclinic prisms (with 
10H50) which are permanent in air. 

All soluble pyrophosphates when boiled with water are con- 
verted into orthophosphates. C 

Metaphosphoric acid, HPO;, or more correctly Н,Р,0, as 
determined by vapour density, is a monobasic acid which may be 
regarded as derived from orthophosphoric acid by the abstraction 
of one molecule of water, thus H3PO, — H:O — НРО, ; its con- 
stitution is therefore (HO) POs. The acid is formed by dissolving 
phosphorus pentoxide in cold water, or by strongly heating ortho- 
phosphoric acid. It forms a colourless vitreous mass, hence its 
name “glacial phosphoric acid." It is readily soluble. in water. 
the.solution being gradually. transformed into the ortho acid, a 
reaction which proceeds much more rapidly on boiling, Although 
the acid is monobasic, salts of polymeric forms exist of the types 
(MPO), where n may be 1, 2, 3, 4 or 6... They may be obtained 
by heating a monometallic orthophosphate of a fixed base, or a 
dimetallic orthophosphate of one fixed and one volatile base; eg. 
microcosmic salt: MHaPO, — MPO; + H0; (NH4) Na HPO, 5 

NaPO; + NH; + HO. The salts are usually noncrystalline and 
fusible. Their solutions on boiling yield orthophosphates, while 
those of heavy metals give a trimetallic orthophosphate and ortho- 
phosphoric acid: 3AgPO; + 3H0 — AgsPO, + 2H3PO,.. Meta- 
phosphoric acid can be distinguished from the other two acids by 
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its power of coagulating albumen, and by not b 
by magnesium and ammonium. chlorides in the p 
monia. кй 

For perphosphoric acids, see PHOSPHORUS. | _ 

See W- Н. Waggaman, Phosphoric Acid, Phosphates a 
Fertilizers, 2nd ed. (1952). “i 

PHOSPHORITE, impure massive carbonates. 
bearing apatite (g.v.), or phosphate rock (g.v,), 
TILIZERS AND MANURES; MINERAL PHOSPHATES: .— 

PHOSPHORUS. Phosphorus was first prepari 
form in 1669 by the alchemist Hennig Brand of 
used the residue from evaporated urine as the: 
ment. News of the discovery soon spread over Gi 
did not disclose to the public his method of produ 
but he sold the secret to Johann Krafít of Dresden, 
Johann Kunckel sought to learn from Brand the пи 
found only that urine had been used as the sour 
phorus. With this information Kunckel was able, 
to duplicate Brand's accomplishment. Kunckel 
to keep the process a secret and, like Brand and; 
various times to sell it. Dalle 

Krafft exhibited samples of phosphorus in many. 
1677 he performed experiments with it before 
Royal society in England, A few years later the | 
Robert Boyle devised.a method of preparing th 
posited with the secretary of the Royal society 
his method which, however, was not published at. 
had little or no interest in alchemy. In Europe, n 
sought the philosopher’s stone, and it was thougl 
unusual material as phosphorus might lead to the 
It is of interest to note that Gottfried Leibniz, the G 
matician, then librarian for Duke Johann Fi 
arranged a contract between Brand and the d 
Brand was to demonstrate his process and reveal 

It is easy to understand the widespread interest tl 
in the 17th century by the discovery of such ай 
stance as phosphorus. A substance which glowed 
took fire spontaneously upon exposure to the aif 
startlingly new and mysterious. It is indeed not 
ment so difficult to isolate should have been discovere 
unguided fumbling of an alchemist. adi 

In the decades that followed 1680, methods for 
of phosphorus from various animal and vegetable 
developed and, in some instances, published. 
1775, more than a hundred years after Brand’ 
Carl Scheele published the much easier method 
element from bones, which then became the € 
used as a source of phosphorus. 

The Phosphorus Atom.—The chemical atom 
phorus is 30.9738, and its atomic number of 15 im 
are 15 positive charges on the nucleus of the 
atomic mass number is 31, the nucleus is compo: 
and 16 neutrons. The 15 electrons which revolve al 
are arranged at three major quantum levels, usu 
the K-shell, the L-shell and the M-shell. There 
at the first quantum level or K-shell, eight electron 
and five electrons in the M-shell. 

In the nomenclature commonly used, the & 
electrons about the nucleus of the phosphorus ati 
pressed as 1 s?, 2 s? p9, 3 s? p3. In this exp 
refer to the major quantum levels or shells, the san 
within the principal quantum levels, and the expo! 
numbers refer to the numbers of electrons at each 

The only stable isotope of phosphorus is Ps" 
radioactive isotopes have been produced: P28, hal 
Р?%, half life 4.5 sec.; P30, half life 2.5 mins; 


dri 


only P?? is useful as a tracer element. 
role-that phosphorus compounds play in the chê 
life, it is unfortunate that the only useful radioac 
so short a half life in relation to the normal 
plants and animals. 
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Qecarrence.— Phosphorus does not occur free in nature, but its 
compounds are widely distributed and are found in many rocks 
and minerals. It ranks rrth in abundance. in the lithosphere. of 
which the average content of phosphorus is about 0.12%. Some 
of the common minerals of phosphorus are apatite [CajoFo- 
(PO)ols eee [Aly PO,) 4 (OH) ¢.9H20] and vivianite [Fe;- 

),.8H30]. 

aus deposits of rock phosphate are found in many localities. 

These deposits are of great economic value аз a source of phosphate 

in the manufacture of fertilizers. In the United States the deposits 

of Florida and Tennessee have been exploited extensively, and ex- 
ploitation of the deposits of Utah, Wyoming, Idaho and Montana 
is increasing rapidly. In Africa the deposits of Algeria, Tunisia 
ind Egypt are also mined on a large scale. АП these deposits 
were laid on the floor of shallow seas and are mostly the remains 
of myriads of aquatic microorganisms. The phosphate beds of 
the western United States are primary. deposits which lie con- 
formably with the shales, limestones and other formations of the 
region, whereas the main deposits of Florida, Tennessee and North 

Africa are secondary, being the residues from the leaching of 

phosphatic limestone. (See also MINERAL PHOSPHATES.) 

Many textbooks of chemistry and technical articles erroneously 
ter to rock phosphate as tricalcium phosphate, Ca,(PO,)o, al- 
though the phosphatic material present is actually a calcium fluor- 
oe or possibly yet аа which gives the 
same X-ray pattern as the mineral apatite. 

Phosphorus is one of about 20 elements essential to the growth, 
development, and maintenance of plants and animals, and it is 
necessary that the supply of phosphoric compounds in agricultural 
soils be maintained. Where crops are removed, the supply of phos- 
phorus compounds in the soil may become the limiting factor in 
“0р production. Large quantities of phosphorus compounds are 
wedas а fertilizer and an extensive deposit of rock phosphate rep- 
Tents a great natural resource. (See also BIOLOGY: Properties of 
aie м FERTILIZERS AND MANURES: Phosphorus-Supply- 
ing Fertilizers.) 

Preparation.—Phosphorus may be prepared readily by heating 
metaphosphoric acid with carbon, or by heating a calcium phos- 
pate with carbon and sand. Carbon monoxide and phosphorus 
"роит are evolved in both processes. 

In the modern industrial method for the production of phos- 
a tock phosphate, coke and silica pebble are charged con- 

ously into a three-phase electric furnace. The electric energy 
zi only to heat the charge, which melts and reacts chemically 

the coke and silica to produce phosphorus vapour and car- 
нае which pass out of the furnace, while a molten 

Bins silicate slag accumulates in the furnace. Any iron com- 

ii i present as impurities in the furnace charge are reduced 

x à molten metallic iron then absorbs phosphorus to form 
in Ea which is heavier than the slag and therefore 

From " e floor of the furnace. 

T 1те to time the furnace is tapped and the m 
Nur X cast into pigs, while the slag is granulated by means 0 
Silicate ae The granulated slag is composed chiefly of шш 

ч е ferrophosphorus is used in making iron alloys but 
" Mise ое not utilize all the by-product даат 

sr i everal methods were developed for the recovery © 

À comme e phosphorus from the ferrophosphorus but none was 
д ССА use early in the second half of the 20th century. 

u Phosphor of gas from the electric furnace consists principally 
hát M eut and carbon monoxide. After the gas aped 
беа] en cooled the phosphorus condenses to the liqui 

ally to the solid form. Because it ignites spontaneously 


еп i 
аи to air, the usual practice is to store the phosphorus 
er, 


imn Properties. Phosphorus exists in several allotropic 
M Ch will be discussed later. The ordinary variety, when 
Ше, but оше, semitransparent, waxy solid at room tempera- 
Althou, S usually slightly yellow because of impurities present. 
апу P Virtually insoluble im water, white phosphorus is 
Кепер vole in many organic liquids, in phosphorus trichloride, 
ammonia, and liquefied sulfur dioxide, and is extremely 


А 
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soluble in carbon disulfide, Its molecular weight in solvents, and 
in the vapour state, corresponds to a P, molecule. The atoms 
in the molecule are in a tetrahedral arrangement, the edge of the 
tetrahedron being 2.21 angstrom units. 

When phosphorus vapour is heated, the dissociation of P, mole- 
cules into Р, molecules becomes measurable at about 800° C. 
Spectrographic examination of hot phosphorus vapour indicates 
that P,, P, and P molecules are present, but even at 1,200° C, the 
proportion of monatomic molecules is exceedingly small. 

Some of the other physical properties of white phosphorus are 
given in the following table: 

Specific gravity . 

elting point 

Boiling point 

Heat of fusion 

Critical temperature . 

Heat of sublimation . 

Hardness ..... 

Atomic heat cap: 


Atomic volume 
Surface tension . 


3 
14° C. at 1 atm. 
05° C, at 1 atm. 
2 cal. per Ра mol. 


720.6 
14,066 cal. per Ра mol. 

on Mohs” scale 

9 cal per gram atom 
о с.с. per gram atom 
09 at 783° C. 

56 at 132,19 C. 

1.8244 for the D line at 29.2* C. 


Index of refraction .. 
Parachor " 
Entropy $5298 (s 0 Æ 0.02 cal. per gram atom per °С, 
Cp, cal./mole Ра/° С 25 + 0.510 X 10T — 2.980 X 1057-2 


Allotropic Forms.— The data accumulated from the many in- 
vestigations of the allotropic forms of phosphorus are voluminous, 
confusing and contradictory. In the present summary the state- 
ments are those for which the experimental evidence seems most 
consistent and convincing. 

White phosphorus exists in at least two allotropic forms. The 
one that occurs under ordinary conditions of temperature and pres- 
sure is called the a form. It has a density of 1.83. At —77.8° C. 
the a form changes to a Û form which has a density of 1.88. The 
crystal habit of the a form is cubic whereas that of the 8 form 
is hexagonal. 

The 8 form is strongly doubly refractive and this makes it 
possible to observe the transition from the one form to the other 
by means of a polarizing microscope. 

Red phosphorus can be prepared by heating the white variety 
at 250° to 300° C, in a closed container. The conversion is ac- 
celerated by a trace of iodine. Red phosphorus may be obtained 
also by exposure of phosphorus vapour to an electric glow dis- 
charge, to a spark discharge, or to a heated tungsten filament. 

Red phosphorus does not ignite in air at ordinary temperature 
and is not dissolved by the usual solvents for white phosphorus. 
The red form melts in the range 590° to 600? C. and, as ordinarily 
prepared, is amorphous or microcrystalline, Tts colour, density 
and other physical properties, as well as its chemical activity, are 
governed by the conditions under which it is formed. Upon pro- 
longed heating, the ordinary amorphous form of red phosphorus 
undergoes progressive, exothermic, irreversible transitions to 
crystalline modifications. Thermal analyses, X-ray diffraction 
measurements and microscopic observations lead to the conclusion 
that there are certainly three and possibly five forms of red phos- 
phorus, At one end of this series of transitional forms stands 
the variety obtained by the methods ordinarily used for the con- 
version of white phosphorus to the red form. The density of that 
variety may be as low as 1.9, and its X-ray pattern is diffuse, which 
establishes the absence of structural regularity. As the change 
progresses from one form to the next, the X-ray pattern sharpens 
and becomes progressively more complex. The most highly crys- 
talline modification obtained by the thermal aging of ordinary red 
phosphorus is probably at least monoclinic but the symmetry is 
usually distorted so that its optical properties are those ога 
triclinic crystal. This form has been called violet or metallic 
phosphorus. It seems best, however, not to increase the con- 
fusion with regard to red phosphorus by giving special names to 
any of the modifications. 

Black phosphorus is deemed another distinct allotropic form of 
phosphorus and is obtained by subjecting white phosphorus to a 
pressure of 35,000 atmospheres at ordinary temperature or to 
12.000 atmospheres at 200? C. This allotropic form is a flaky, 
crystalline material that resembles graphite and has a density of 
2.699. It is a conductor of electricity with a resistivity of 0.711 
ohms per centimetre cube, and is not dissolved by any of the liq- 


о, 


uids that dissolve white phosphorus. Black phosphorus changes 
irreversibly into the red allotrope at about 550° C, under ordinary 
pressure. A 

Chemical Properties.—Phosphorus is a nonmetallic element 
and belongs in Group V of the periodic table. The subgroup to 
which it belongs includes the elements nitrogen, phosphorus, 
arsenic, antimony and bismuth. The transition from nonmetallic 
to metallic elements as atomic weights increase is unusually sharp 
in this subgroup. It is also characteristic of the subgroup that 
corresponding compounds of the five elements do not resemble 
each other as closely as might be expected, even when the formulas 
are alike. Probability of resemblance is greatest in the hydrides, 
less in the halides, and least in the oxides. Even in the hydrides, 
however, the correlation of properties for corresponding formulas 
is poor. 

The usual valencies of phosphorus are three and five. It would 
be expected from the arrangement of electrons in the phosphorus 
atom that the valency due to exchange of electrons would be plus 
five when the outer shell is stripped of electrons, and minus three 
when the outer shell is filled by the capture of three electrons. 
The chemistry of phosphorus is complex, however, and the element 
forms many compounds wherein its valency is other than the 
simple kind due to loss or gain of electrons in the outer shell of the 
atom. 

White phosphorus is relatively active. It glows in the dark and 
ignites spontaneously to form dense white fumes of the oxide 
P4010. 

It, precipitates copper and lead from their solutions at ordi- 
nary temperatures and reacts with most metals to form phosphides 
at elevated temperatures. 

Hydrides.—There are two well-known hydrides of phosphorus, 
namely PH; and РН,. Phosphine, PH;, is a colourless, poisonous 
gas of characteristic odour. It can be produced by heating white 
phosphorus in a solution of potassium hydroxide, or by the hy- 
drolysis of a solid phosphide such as Ca3P,. Phosphine solidifies at 
—134° C. under its own vapour pressure of 27.3 mm., and there 
are at least four allotropic forms of the solid. 

The hydrogen atoms of the phosphine molecule are replaceable 
by metals with the formation of unstable compounds such as 
РН,К, PKs, etc. 

The hydride P5H, is a liquid which boils at 52° C., solidifies at 
—99° C. and ignites spontaneously. Other solid hydrides such as 
PH, and РН; have been reported, but X-ray studies of these 
solids indicate that they are probably solid solutions of РН, in 
phosphorus. 

The monovalent phosphonium radical РН + is analogous to, al- 
though much less stable than, the ammonium radical NH,*. 
Phosphonium iodide is a colourless, crystalline solid formed by 
the interaction of phosphine and hydrogen iodide; the correspond- 
ing chloride and bromide are gases. 

Halides and Oxyhalides—The halogen compounds of phos- 
phorus are numerous, In addition to simple halides such as PClg 
and PCl;, there are many mixed halides such as PFCls, PFgCls, 
etc, Theoretically there are 20 simple and mixed halides of triva- 
lent phosphorus and 56 such halides of pentavalent phosphorus, 
In addition to these halides, not all of which have been prepared, 
there are phosphorus halides of the type Pal, which is analogous 
to the hydride Р.Н}. 

There are also many oxyhalides of phosphorus, of formulas 
POF;, POCI;, POFClo, etc.; and for each oxyhalide there exists 
the corresponding sulfohalide, such as PSF3, PSFClo, etc. 

Oxides.—The three best-known oxides are: РО, usually called 
phosphorus trioxide and expressed as P405; Р,О,,, sometimes 
written as P3O, and called phosphorus tetroxide; P,O,o, nearly 
always written P.O; and called phosphorus pentoxide, 

In addition to these three oxides, existence of an oxide P.O, is 
indicated by considerable evidence, and some doubtful evidence 
suggests the possibility of P40 and Р.О. 

The oxide P,Og, phosphorus trioxide, is a colourless, crystalline 
substance which melts at 23.8? С, and boils at 175.4? C. It forms 

phosphorous acid, НзРОз, in cold water and therefore may be said 
to be the acid anhydride of this acid, but it yields phosphorous, 
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phosphine, phosphoric acid and other compounds when fy 
with hot water. The vapour density, the Raman spectrum; 
electron diffraction pattern of phosphorus trioxide indicate 
molecules and the molecular formula of the trioxide wh 
solved in molten naphthalene is also P40,. 

Its heat of vaporization is 9,400 cal. per mole at the 
point. 

The oxide P,O», is a lustrous, crystalline substance of d 
2.537 at 22,6° C. The vapour at 1,400° C. has a феі 
responding to molecules of P;O;,. Phosphorus tetroxide 
slowly in water with some evolution of phosphine but the pri 
products are phosphorous acid and metaphosphoric acid, (HPQ, 

The oxide P,Oj, usually expressed as PO; and designated 
phorus pentoxide, is the main product obtained when phosphor 
is burned in an excess of air. The vapour density, 
spectrum and electron diffraction pattern agree in indica 
Р.О; molecule of the T, point group with a symmetry num 
12. This oxide exists in several forms which vary in appea 
The white, amorphous powder is the one most common but th 
is a vitreous, glasslike form and also a silky white form. 
most volatile is a crystalline variety obtained by the sublimation 
of the ordinary white form in vacuo. The vapour pressure of 
crystalline variety is one atmosphere at about 358° C. 

Phosphorus pentoxide, P4030, is an unusually effective agent fot 
the drying of air. It hydrolyzes first to metaphosphoric acid, The 
water vapour pressure over this P,Q, -acid mixture is not mor 
than 1075 mm. of mercury at room temperature, Its cap 
for water absorption is low, however, since one gram of 
will convert nearly eight grams of P4O1 to metaphosphoric a 

Sulfides.—The sulfides of phosphorus are not as closely an 
gous to the oxides as is usually the case with elements other 
phosphorus. The sulfides P,Ss, P,S;, P4S7 and PS, at ¥ 
known and there is some evidence for the existence of Py 

The Oxyacids of Phosphorus.—There are six wel: 
oxyacids of phosphorus, namely: hypophosphorous acid, Hy 
phosphorous acid, H,PO,; hypophosphoric acid, HPs; 1 
phosphoric acid, (НРО); orthophosphoric acid, HP) 
pyrophosphoric acid, Н,Р„О;. i 

The barium salt of hypophosphorous acid can be forme 
through the prolonged boiling of phosphorus with an excess ol 
barium hydroxide. The over-all equation is: 1 


8P + 3Ba(OH)2 + 6H;0 > 2PH; + 3Ba(H2P0:2): 


The excess of Ba (OH); is precipitated by means of COs and Be 
resultant BaCO; filtered off. Sulfuric acid then is add cit 
solution to free the hypophosphorous acid and dip. А 

barium sulfate which then is removed. When the solution i 
orated, colourless crystals of hypophosphorous acid, 


linkage. As written for organic acids, the formula ` 
TARO. The acid and its salts are power! 
ough they often react slowly. А so 
Fomor acid, H3POs, i a colourless, deque 
which melts at about 72? C. It is a dibasic acid and sire of 
ducing agent. It is prepared easily by drawing а "ation 
through PCl, and then through cold water. The €9 


PCI; + 3H:0 > HsPOs + 3HCI 


Hypophosphoric, acid, НАРО, is formed by the 
tion of moist phosphorus under special conditions. 
formula may be written as PyO9.2H20, the acid is “i y 
P408 is brought into contact with water. е 
sodium salt, NagH»P,0,.6H»O, can be prepa no 
addition of red phosphorus to a cooled; alkaline 7 ss, 0000 ag 
hypochlorite. Hypophosphoric acid is a colour abasic acid, 
solid which decomposes when heated. 1 is а tet? 
one, two, three or four replaceable hydrogens: . jg 

Theoretically, metaphosphoric, pyrophosphoric 
phoric acids can each be obtained by the reaction 9 
with the appropriate amount of water; ie. 


2 


£ROn о 
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P4010 + 2H20 — metaphosphoric acid 
PsO10 + 4H20 > pyrophosphoric acid 
Р:Озо + 6Н20 — orthophosphoric acid 


Likewise, orthophosphoric acid can theoretically be dehydrated 
to pyrophosphoric and to metaphosphoric acid in succession. 
However, phosphoric acids with compositions corresponding to 
these acids are not pure, simple acids, but are complex mixtures 
of several polymeric acids, the proportions of which depend upon 
the over-all concentration. 

Metaphosphoric acid exists in several polymerized forms indi- 
tated by the general formula (HPO;),. The salts of several of 
what were supposed to be the individual polymers are known by 
such names as Pascal’s salt, Madrell’s salt, Knorre’s salt, Graham’s 
salt, Kurrol’s salt, etc. It has been found, however, that these 
supposed salts of individual polymers of metaphosphoric acid are 
mixtures of different complex polymers, the degrees of complexity 
of which have not been determined with certainty. The sodium 
salt of so-called hexametaphosphoric acid is formed by the heating 
of NaH,PO, and is important industrially for the treatment of 
boiler feed water, In hard water this complex sodium phosphate 
forms soluble complexes with calcium ions and thereby prevents 
the formation of the usual insoluble calcium compounds respon- 
sible for boiler scale. 

Pyrophosphoric acid, Н,Р„Оу, is a colourless solid. It is tetra- 
basic and, so far as the first replaceable hydrogen is involved, is a 
stronger acid than orthophosphoric acid. In aqueous solution it 
hydrolyzes slowly to orthophosphoric acid. 

Orthophosphoric acid, H,PO,, is commercially the most impor- 
tant of the oxyacids of phosphorus. The acid and many of its salts 
find extensive industrial applications, Some of the most widely 
used salts of both metaphosphoric and pyrophosphoric acid are 
prepared most readily through dehydration of the appropriate 
orthophosphoric salt. Thus when the monosodium, dihydrogen 
Re ud orthophosphoric acid is heated, sodium metaphosphate is 
lormed: 

1nNaH?PO4- (NaPOs)« + nH20 
And, likewise, when the disodium, monohydrogen salt of ortho- 
phosphoric acid is heated, the corresponding sodium pyrophos- 
phate is formed: 
2Na:HPO4 > Na4P20; + HO 

Prthophosphoric acid is a tribasic acid and at ordinary tempera- 
ures anhydrous HPO, is a colourless, crystalline solid which 
ns at 42.3° C. to a syrupy liquid. It forms a hemihydrate 

5PO,H,O, which melts at 29.3" C. 

E methods are in common use for the manufacture of ortho- 
Phosphoric acid. In the older method, rock phosphate is treated 
e E acid solution and the engendered calcium sulfate 
‘il vw insoluble material filtered off. The impure solution of 
Bis. REQUE acid can then be purified and concentrated. Be- 
m Du difficulties encountered in the removal of impurities 

li е step of concentration, the phosphoric acid obtained by 
оте wet method” is utilized almost exclusively in the 
ҮЙҮН of fertilizer superphosphate, for which purpose the 
nethod f heed not be removed from the acid: The modern 

е bur for the manufacture of orthophosphoric acid consists in 
Which RS of white phosphorus in an excess of air to form P4010 
fiii Mud and the vapour hydrated to orthophosphoric acid 
ci dS f ich is collected by means of an electrostatic precipitator. 

t ШЫ desired concentration can be prepared by this method. 
free fis product contains about 80% HPO, and is relatively 
Usually d impurities. As produced in industrial plants the acid 
solve TM some solid impurities in suspension and traces of 
toride impurities, the most objectionable of which is hydrogen 
and Bo Ч suspension can be removed by filtration or settling, 

It vill b the hydrogen fluoride by blowing air through the acid. 
fused ab € noted that in the case of several of the oxyacids dis- 
formula SE not all of the hydrogen atoms that appear in the 
ordinal, replaceable by metals. Inasmuch as the most common 
ider the fen number of phosphorus is 4, it is instructive to con- 
Do ollowing co-ordination formulas: 

| H,- 
"sop ponas 


204; [PH] X 
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These formulas lead to the expectation that the hydrogens re- 
placeable by a basic element would be three in the case of the 
orthophosphoric acid molecule, two in the case of the phosphor- 
ous acid molecule, and one in the case of the hypophosphorous 
acid molecule. The co-ordination formulas are in agreement with 
the observed facts in each case. 

The fourth member in the above-listed series is known only 
through its organic derivatives and the fifth member is represented 
in phosphonium compounds. 

Two other oxyacids of phosphorus have been described in tech- 
nical writing, namely permonophosphoric acid, HgPO;, and perdi- 
phosphoric acid, H,P,O,. It is known that a double oxygen 
(peroxide) group can replace one of the co-ordination elements. 
Thus, permonophosphoric acid would be: 


0-0 
[ree] 
and perdiphosphoric acid would be НГО P О-О PO4]H». 

The oxide P,O;, is miscible with water in all proportions. 
Orthophosphoric acid contains 72.4% of P4019 equivalent, pyro- 
phosphoric acid contains 79.8%, and metaphosphoric acid contains 
88.75%. Compositions corresponding to these acids are solids 
under ordinary conditions. Compositions containing 75% to 76% 
of P404, equivalent are liquid at room temperature. With small 
shift of the P4O;; equivalent in either direction, solutions are 
obtained which will yield crystals when seeded at room tempera- 
ture. 

In the absence of seed crystals, however, the solutions can be 
strongly supercooled. Little is known about melting points in the 
composition range between pyrophosphoric and metaphosphoric 
acids. 

Some Industrial Uses of Phosphorus and Its Compounds. 
— White phosphorus, as such, has but few industrial uses. In war- 
fare it is used in incendiary bombs and for the generation of smoke 
screens. (See also INCENDIARY MIXTURES: Phosphorus.) Red 
phosphorus finds its main use in the match industry, as does the 
sulfide PyS;. (See also Matcu.) 

The trichloride and the pentachloride of phosphorus are em- 
ployed in the manufacture of organic chemicals. 

Phosphorus pentoxide, P,Ojo, is used widely as a drying reagent 
in laboratories, but the oxide costs too much to permit its use for 
this purpose in industry. 

Of the several oxyacids of phosphorus the one most widely used 
as such is orthophosphoric acid. This acid is used in dental ce- 
ments, in the preparation of albumin derivatives, in the sugar and 
textile industries, and it serves as a substitute for the more costly 
tartaric and citric acids in the manufacture of food products such 
as jellies and essences. 

Phosphoric acids are used as reactants in the manufacture of 
a large variety of phosphates of industrial importance. Of the 
sodium salts, the tripolyphosphate, Na;P30jo, is used in the largest 
amounts. 

Several other sodium salts also find wide uses. 

When ground rock phosphate is treated with phosphoric acid a 
fertilizer known as superphosphate (sometimes called double or 
treble or triple superphosphate) is formed. The main reaction 
involved is indicated by the equation: 


CaioF2(PO4)6 + 12H3PO4 > 9CaH4(PO4)2 + СаЕг 


Monocalcium phosphate, CaH,(PO,)s, has a P4019 (or P405) 
equivalent of more than 60% but the concentrated superphosphate 
made from ground rock phosphate carries only 48% to 50% of 
P,0,, equivalent. Hundreds of thousands of tons of this super- 
phosphate are made annually, but several million tons of a much 
lower grade superphosphate are made annually through the acidu- 
lation of ground rock phosphate with sulfuric acid according to 


the equation: 
CaıoF2(PO4)s + 6H2S04 > 3CaH4(POA)2 + 6CaSOs + СаЕз 


In this case the generated calcium sulfate is a diluent and the 
superphosphate made by this process contains 16% to 20% of 
Р,О;о equivalent. 
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Considerable tonnages of other phosphates such as (NH,4)Hs- 
PO, and (МН,):НРО, are also used in the fertilizer industry. 
The Tennessee Valley authority developed a process for the manu- 
facture of a calcium metaphosphate fertilizer by the direct reaction 
between rock phosphate and P40} vapour at about 1,100° C. 
This fertilizer carries 60% to 62% of Р.О; equivalent. 

Several of the phosphates of sodium, notably the so-called 
hexametaphosphate, tetrasodium pyrophosphate, Na,P$0;, and 
trisodium phosphate, NagPO,, are useful as water softeners. Di- 
sodium pyrophosphate, NagH P207, is used in electroplating baths 
and in tinning. Dicalcium orthophosphate, CagH»(PO,)2 (or 
CaHPO,), is used as a supplement to animal and poultry food. 
It is also an excellent fertilizer but costs more than superphosphate 
upon the basis of Р,О; о equivalence. 

Besides such inorganic phosphates as those mentioned above, 
several organic phosphates have industrial importance. 

See also PHOSPHORIC ACIDS AND PHOSPHATES; and references 
under “Phosphorus” in the Index, 

BibsLrocRAPHY.—Encyclopedia of Chemical Technology, edited by 
R. E. Kirk and D. F. Othmer (1953) ; N. V. Sidgwick, The Chemical 
Elements and Their Compounds (1950) ; R. E. Threlíall, The Story of 
100 Years of Phosphorus Making, 1851-1951 (1952) ; W. H. Waggaman, 
Phosphoric Acid, Phosphates, and Phosphatic Fertilisers, 2nd ed. 
(1952); J. R. Van Wazer, Phosphorus and Its Compounds (1958-61). 

(H. A. Cs.) 

PHOTIUS (c. 820-891), patriarch of Constantinople (858- 
867 and 877-886) who defended the autonomous traditions of his 
church against Rome and was the leading figure of the 9th-century 
Byzantine renascence. An accomplished scholar, Photius began 
his career as professor of philosophy at the Imperial Academy, to 
which he was appointed by Theoctistus, chief minister of the em- 
press Theodora, reigning in the name of her son, Michael III. 
The marriage of his brother Sergius to Theodora's sister Irene 
gave him an entrée to the court. He became director of the im- 
perial chancellery and a senator. In 855 he took part in an em- 
bassy sent to the caliph al-Mutawakkil. During his absence 
Theodora’s brother Bardas murdered Theoctistus, deposed Theo- 
dora, and made himself regent. In the strife between the in- 

transigent elements supporting Theodora and the liberals led by 
Bardas, the patriarch Ignatius became involved in a conflict with 
the government and was induced to resign. Photius, still a layman, 
was elected in his place, ordained within six days, and acknowl- 
edged by all the bishops (December 858). Soon afterward the 
intransigents refused him obedience and, during demonstrations 
provoked by them, Bardas, taking sharp measures, imprisoned 
Ignatius, whose patriarchate and ordinations were declared il- 
legitimate. This judgment was confirmed by the papal legates 
sent by Pope Nicholas I in 861 on the ground that Ignatius had 
not been canonically elected but appointed by the empress. Nich- 
olas himself, however, sided with the intransigent refugee monks 
who claimed to represent the patriarch Ignatius, disavowed his 
legates, and excommunicated Photius (863). The emperor 
Michael III retaliated with a violent protest in 865. 

When Roman missionaries replaced Byzantine priests in Bul- 
garia, Photius convoked a synod (867) and condemned the viola- 
tion of the rights of his church by Rome; Michael asked the West- 
ern emperor Louis II to depose Pope Nicholas. However, the 
co-emperor Basil, murderer of Bardas, assassinated Michael ПІ, 
became sole emperor, and, in order to win the support of the in- 
transigents, reinstated Ignatius as patriarch (Nov. 23, 867). The 
council of 869-870 confirmed the deposition and excommunica- 
tion of Photius, but the majority of the clergy remained faithful 
to him and the emperor recalled him from exile. Photius became 
reconciled with Ignatius, who asked Pope John VIII to send 
legates to a new council. Ignatius died in 877 before the legates 
arrived. The council of 879-880 confirmed Photius as patriarch 
and canceled all conciliar measures against him. , Photius canon- 
ized Ignatius. Photius had to resign in 886 at the instigation of 
Leo VI (who succeeded Basil in that year), and died in the mon- 
astery of Gordon, probably on Feb. 6, 891, in communion with 
Rome. He had contributed to the healing of the rupture which 
his firm attitude and the intrigues of the intransigents had pro- 
voked; and he had extended Byzantine religious influence to Bul- 
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ria, Moravia, and Russia. He was canonized 
4 of the 10th century, and his feast day is Tbe ee at the 

Photius’ most important work is the Bibliotheca or Мул, 
lion, giving criticism of and extracts from 280 works which he 
studied. Thanks to this immense achievement, much is known 
many Greek writers, pagan as well as Christian, whose works ha 
perished. A manuscript of his Lexicon, found in 1959 in Кеш 
astery of Zabora in northern Greece, completes the manuscript gf 
Trinity College, Cambridge. Photius appears also to have taken 
part in the composition of the Etymologicum genuinum, Ts 
Amphilochia gives answers to about 300 questions on religion, He 
also wrote epistles, homilies, and other theological works, includ 
ing a treatise against the Manichaeans, the Mystagogia. (on the 
procession of the Holy Spirit), and commentaries on the New Tes. | 
tament extant in fragments only. 

BisrrocmAPRY.—Most works in J. P. Migne, Patrologia Graeca, yo) | 
101-104 (1860); Bibliotheca, ed. by R. Henry with French tram, 
(1959- ); Lexicon, ed. by S. А. Naber, 2 vol. (1864-65); fragments 
of commentary on Pauline Epistles, ed. by K. Staab, Pauluskommenter 
aus der griechischen Kirche (1933); Eng. trans, of the homilies by 
C. A. Mango (1958). See also F. Dvornik, The Photian Schism, His 
tory and Legend (1948), The Patriarch Photius in the Light of Recent 
Research (1958); R. Reitzenstein, Geschichte der griechischen Ey- 
mologika (1897). (F. рт) 

PHOTOCHEMISTRY is the study of chemical process 
initiated by light or, more generally, by electromagnetic radiation 
For a photochemical process to occur, energy in the form of visi 
ble, infrared, or ultraviolet radiation must be absorbed by a sub- 
stance. The immediate consequence of this absorption is called 
the primary photochemical process. Any subsequent changes 
following from this process are called secondary processes, and 
are also included within the domain of photochemistry. 
process by which a photochemical reaction is carried on is 

hotolysis. 1 
Р The theoretical aspects of photochemistry are derived largely 
from the principles of atomic and molecular physics and of qui 
tum mechanics, while its analytical methods are mainly those n 
spectroscopy. The reader therefore may have occasion, throug 
out, to consult the articles Атом; LIGHT; MOLECULAR ae 
Quantum MECHANICS; and SPECTROSCOPY, More particulara 
references are provided in the text. "T. 

Scope.—Photochemistry differs from most other E 
chemistry in one regard. If an atom or molecule absorl % р 
from a beam of light, it gains far more energy than it PE T 
by other methods; e.g., from ordinary heating. Соири 
photochemical processes аге sometimes extremely effcien £ 
conversion of energy from light into chemical energy. s, pol 
important single photochemical process for living bur 
synthesis, is exactly of this type. Through photosynth chemi 
plants convert light energy very efficiently into ae: 
energy, producing carbohydrates from carbon dioxi d 
Many other natural phenomena are photochemical proc one i 
intimately linked to photochemical processes. The 0 ita 
upper atmosphere, which shuts out most of the Mi T 
radiation from the sun, is produced by the action of. is Ree 
molecules: sunlight breaks some of the molecules $ Ee. 
these combine with other oxygen molecules to mà “hoto 

Bleaching laundry in sunlight is at least partly à EU si 
process and so is the darkening of white lithopone pro 
paint. Photography is based on a рһоќосһешо о " 
action of light on grains of silver chloride or silver (develop 
is a process in which conventional chemical egy ht alone; cal 
of the film) amplifies the photochemical action of bo hi H” 
verting to metallic silver only the grains of silver 
absorbed minute amounts of light. h misty 00 

(For further examples of the scope of photo à 
plications, below.) -on of light 0 

Kinds of Photochemical Effects.—The actio? A 
chemical system may take various forms: i i, 

1. Light may act as a booster to maintain 4 reac ndin which A 
otherwise proceed at an imperceptibly slow rate aP! th theif 
reacting molecules exchange little or no net enea рабо) 
vironment. Some molecular rearrangements (isom 
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into this category (see IsowERISM; MOLECULAR REARRANGE- 
E ie actasa trigger, initiating a reaction that, once started, 
can proceed spontaneously. An example is the initiation of the 
reaction between hydrogen ( Н») and chlorine (Cl) to give hydro- 
Фолс acid (НСІ). Hydrogen and chlorine can be kept mixed 
together for an indefinite period at room temperature in a dark 
container, but if violet or ultraviolet light reaches the mixture the 
two substances react explosively, giving off considerable stored 
chemical energy as heat. The primary photochemical process in 
this case is the formation of two chlorine atoms from a Cl, mole- 
cule. 

3, In some photochemical processes, absorbed light converts the 
reacting molecules to a new state higher in energy than their initial 
state; in this case the energy of the absorbed light is converted 
into chemical potential energy and is stored that way. Most pho- 
tochemical processes occurring in biological systems are of this 
type; e.g, ultraviolet irradiation converts ergosterol, found in 
plant and animal tissues, into a biologically active substance, vita- 
min D. 

4, A photochemical system may store light energy from the 
sun as chemical energy and then, only incidentally to the photo- 
chemical process, release that energy as electrical energy. This 
is the solar battery, used to supply the power in satellites and 
space vehicles, 

All these processes have one common characteristic: each re- 
quires, at some stage, that a large quantity of energy be available 
toa single reacting atom or molecule. The requirement may be 
athermodynamic one, in which the products simply contain more 
stored energy than the reactants. Alternatively, the requirement 
may be kinetic; in this case the products may store more or less 
energy than the reactants, but some step along the reaction path 
TQuires a large quantity of energy to ‘surmount a barrier, as it 
were, (The Н,-СІ, reaction has as its barrier the requirement 
that a CI-CI bond be broken to convert a chlorine molecule into 
its two constituent atoms.) In more complex molecules, the re- 
arrangement from one shape to another exhibits an energy bar- 
rier because, between the initial and final structures, there must 
у n of intermediate shapes of higher potential energy than 

er the initial or final shapes. 
tory ^ The hydrogen-chlorine reaction (see above) was per- 
ps the first recognized photochemical reaction; it was observed 
CU ele (1801) and studied in detail by J. W. Draper 
mM That only the absorbed light can affect à chemical re- 

Ў Was recognized by T. von Grotthus (1818) and by Draper, 
s century passed before this qualitative idea could be stated 
H нне law. Between the era of Cruikshank, Grotthus, 
он e and the development of the modern theory by Ein- 
hun, otochemistry was largely confined to the identification of 

iN уйшщ; often from the action of sunlight (work of 
adc d D. Berthelot; С. Ciamician and P. Silber; E. Paterno 

ic ieffi; and the early work of H. Stobbe and К. Stoermer). 
Proposed by process by which light is absorbed by matter was first 
tected y Albert Einstein (1905, 1912, 1916). His work was 
ii, neatly toward the photoelectric effect (see Рното- 
lin HM but the interpretation is general, and provides the 
М теши 9f modern photochemistry: a beam of light is a beam 
tion (see Ce quanta (energy packets) of electromagnetic radia- 
Moon ig totochemical Quantities, below): The energy of each 
a Eur ee to the frequency of the light, and the total 
TER otons is proportional to the intensity of the light. 
отоп У photochemical process then follows directly from the 
сс d one photon by one atom or molecule. (Exceptions 
tration of S radiation field is very intense; then the concen- 
photons. e may be so high that some molecules absorb 
AN E. Warburg began his classic study of the formation 
удеп mol 3) by the action of ultraviolet light on the normal 
Ment of th, есше (0g). This work represented the first measure- 
of Ru number of product molecules formed for each quan- 
lion (sg Z absorbed: the so-called quantum yield of the re- 
e below), In the next few years most of the foundations 
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of modern photochemistry were completed. In 1921 O. Klein 
and S. Rosseland predicted "collisions of the second kind": col- 
lisions in which excess internal energy of an atom or molecule is 
exchanged with its collision partner or converted into kinetic en- 
ergy of the colliding partners, or, from another viewpoint, col- 
lisions in which an excited atom or molecule is deactivated by 
energy exchange. Such collisions, involving the exchange of exci- 
tation between mercury and thallium, were observed by G. Cario 
and J: Franck (1922-23). 

The role of chain reactions in photoprocesses was first elucidated 
for the H.-Cl, reaction by M. Bodenstein and his co-workers 
in the period 1913—25, and the field grew steadily in the next 
three decades. From about 1955 photochemistry expanded rapidly 
asit came to be used as a tool for the synthesis of organic mole- 
cules, and was extended to the study of very short wavelengths 
(including X rays and gamma rays) and of chemical phenomena 
produced by the optical amplifier, or laser (q.v.). 


THE PRIMARY PHOTOCHEMICAL PROCESS 


Photochemical Quantities.—The most fundamental idea and 
the basis of all quantitative interpretations in photochemistry is 
the quantum-mechanical principle that all energy consists of 
packets called quanta, and that the quanta of electromagnetic 
radiation, called photons, act like particles. The energy E (in 
ergs) of each photon is related to the frequency of light, v (in cy- 
cles per second) by the direct proportion E = hy. The constant 
of proportionality л is called, after its discoverer, Planck's con- 
stant; it has the value 6.67 X 107%" erg-sec. Alternatively, since 
the frequency v and the wavelength ^ of light are related to c, its 
velocity (3 X 1010 cm. sec.) according to vA = c, the energy of a 
quantum is related to the wavelength of the corresponding radia- 
tion by the inverse proportion 2 X 10~8/) if E is in ergs and ^ is 
in angstrom units; E — A, which is 12,400/A, if E is in electron 
volts per photon and А is in angstrom units; or 2.85 X 105/ if 
E is in kilocalories per mole of photons and А is in angstrom units. 
The angstrom unit (A) is 1078 cm. and is commonly used to desig- 
nate wavelength. The electron volt (ev), 1.602 X 1071? ergs, is 
the usual unit for measuring energies of individual particles in 
atomic physics. The energy unit, the kilocalorie (kcal), is the 
standard chemical unit; chemical energies are usually given in 
terms of kcal/mole. The mole is Avogadro's number of particles, 
6 X 1023, so chosen because 6 X 1023 is the number of atomic mass 
units per gram. One mole of photons is often called an einstein. 

By means of these quantities we can express more precisely the 
relationship between ordinary chemistry and photochemistry, in 
terms of some simple magnitudes. Green light, for example, has 
a wavelength of about 5000 A. (The entire visible region lies 
between about 4000 and 7000 À.) Consequently a photon of green 
light has an energy of about 2.5 ev, or an einstein of green light 
photons has an energy of 57 kcal. Ultraviolet light of wavelength 
2500 À has just twice as much energy per photon or per mole. By 
comparison, a weak chemical bond requires an energy of about 
1 ev to be broken, while a very strong bond requires over 10 ev. 
At the other end of the scale of comparison, two molecules collid- 
ing at room temperature strike each other with an energy of only 
about 0.05 ev. 

Absorption Phenomena.— The history of a photochemical re- 
action necessarily begins with the absorption of a quantum of elec- 
tromagnetic energy by an atom or molecule. Initially, the ab- 
sorber is in a state in which its energy is relatively low. The energy 
contained in the absorber is essentially of four types: (1) kinetic 
energy of motion through space (translational energy); (2) en- 
ergy of rotational motion about its centre of mass; (3) energy of 
vibration of the component atoms against each other, if the species 
js a molecule; and (4) energy of the negatively-charged electrons 
moving in the field of force produced by the other electrons and 
the positively-charged nuclei. The energy change initiating a 
photochemical process virtually always involves excitation of one 
electron from a state of low energy to a state of higher energy. 
When the absorber is a molecule, changes in rotational and vibra- 
tional energy usually occur also; the translational energy of an 


918 


atom or molecule is almost completely unaffected when a quantum 
of radiation is absorbed except in the case of gamma radiation. 

Usually, in the initial low-energy state of an absorber, the elec- 
trons are in their lowest possible state of energy, or quantum state. 
The electrons cannot absorb all incident radiation; they can only 
absorb quanta whose energy corresponds to the allowed quantum 
jump for that particular absorber. (A hydrogen atom in its lowest 
state can absorb only those quanta whose energies fit the expres- 
sion 13.7 (n? — 1)/n? ev, when п may equal 2, 3, . . . ; it cannot 
absorb a 6 ev photon, for example.) The energies that a quantum 
may have in order to be absorbed by a molecule or atom corre- 
spond to the characteristic frequencies of the absorption spectrum 
of that species. The spectrum of an atom consists of lines and, 
above a minimum energy characteristic of the element, a con- 
tinuum. A molecular spectrum contains many more lines because 
of the many ways a molecule may absorb energy into vibrational 
and rotational motion; these lines generally are grouped into 
bands. Any molecule also has a continuous spectrum. 

The occurrence of a photochemical reaction, then, begins with 
the absorption of a quantum whose energy corresponds to a char- 
acteristic absorption line or band of the species. Moreover the 
energy is used mainly or entirely to raise one electron into an 
excited state so that the molecule or atom is in an activated state. 
The primary. photochemical process can be shown schematically, 
using the asterisk to designate an electronically excited species: 

M + hv (luminescence) 


TC 


М + C* (nonradiative decay) 

M+ +e- (photoionization; 

immediately upon absorption) 

М +hy M'A + B (photodissociation; may occur 
immediately upon absorption) 


N (rearrangement) 


D +E, or other products of 
bimolecular reaction 


MC, 
+С 


Absorption step Primary photochemical step 


Each kind of molecule has its own spectrum, within which more 
than one kind of excitation usually is possible. One of the origins 
of continuous absorption is photoionization; in this case the ex- 
cited state of the electron is one in which it is free to escape. It is 
the one case in which absorption and primary reaction are essen- 
tially identical. Photo-ionization can be thought of as a prototype 
—perhaps the most elementary photochemical process. Continu- 
ous absorption is characteristic of a transition in which a new free 
particle is produced: it may be an electron, as in photo-ionization, 
or it may be an atom or a molecular fragment. These latter two 
are produced by photodissociation, a second type of photochemical 
process, which usually occurs when the electron being excited 
moves away from a locale where it can participate in a chemical 
bond, into some other region where it is unable to use its attrac- 
tion to pull two nuclei together. In normal photodissociation the 
excited electron remains bound to one or the other of the products 
of the photolysis. Photodissociation is sometimes almost as di- 
rectly linked to the absorption process as photo-ionization is, but 
it can also be considerably slower. 

Absorption in a line or band spectrum leaves all the particles 
bound together with their geometrical configuration of atoms es- 
sentially unchanged, at least for a short time (10714 sec.). The 
change produced by such an absorption involves the excitation of 
one electron from a closely held low-energy state to a larger and 
more loosely bound excited state. In many cases there are two 
or more possible excited states and several electrons that could 
undergo a transition; however, since each spectral line or band 
corresponds to one specific electronic transition it is frequently 
possible for an experimenter to study one kind of electron excita- 
tion at a time. This can be done by irradiating the sample with 
light lying only in the energy range corresponding to the transition 
of interest. An experiment of this type can often be done with 
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light of almost a single pure frequency (monochromatic jj ] 

Subsequent States.—As soon as an electron is excited , 
a molecule is in an activated state, several things can follow, 1 
molecule may return to its initial state, without reacting in ih 
of two ways: it may radiate, giving up a light quantum by | : 
nescence (q.v.); or it may lose all its excitation energy, wi 
radiating or reacting, by undergoing nonradiative decay, 3 Dro 
that requires effective collision partners to carry off the exci 
energy. Nonradiative decay usually goes through two stages, 
the first. step, little or no energy is lost; the energy of els 
excitation is simply converted into vibrational energy by wh 
called intersystem crossing or internal conversion. In the 
stage, the excess energy is given up to the environment gra 
through a succession of collisions. 

If the excited molecule does react, it may do so in any of s 
eral ways. It may undergo photo-ionization or photodissoci 
It may undergo an intramolecular reaction like a rearrangen 
or it may undergo an intermolecular process, An example 
rearrangement is the conversion of trans-1,2-dichloroethylene 
its cis isomer: 


H cl H Cl H 
gii ail Thy p =з» 
СІ H Cl H Cl 
*90- form," i 
Planar, trans twisted about Planar, cis 
the C-C bond 


The product, in this case, has almost the same energy as the st 
ing compound; the excitation energy required to reach the tw 
intermediate form must be given off somehow by the product, 
usually by collision, J 

Primary intermolecular reactions may involve nothing 
than the transfer of a quantum of energy, as with mercury 
and ethylene (CH4): 

Hg (vapour) + hy —> Hg* 

Hg* + С.Н, — Hg + С:Ни* Я 
leaving the excited ethylene to undergo secondary reaction, 
intermediate kind of primary nondissociative reaction uses @ 
lisions in a way akin to the nonradiative decay process. ^ 
cited molecule undergoes a collision which converts it into ane 
reactive. state without removing much of its excitation net 
The collision may change the geometry of the reactive mo 
into a form that can rearrange bonds or dissociate rdi Ji 
may change the electronic state of the molecule through E 
conversion or intersystem crossing. Changes in electra : 
usually involve only the single excited electron, but som 
the molecular geometry is also involved. t 

In order for any state, be it the initial excited st t 
subsequent one, to play a part in a photochemical rd 
endure long enough for the reaction to occur. Each р dedi 
cal reaction competes with radiative and nonradia Pye numi 
tion to consume the activated molecules. A few typlt E 
examples will illustrate the way this competition Tn oi di 
luminescence, called fluorescence, occurs with à half-li an 
10-5 sec.; ie., roughly half of the excited molecules : E 
ple will radiate their excitation energy away M ahan 
provided they have an allowed path for fluorescence ant 
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they are not destroyed faster by some other prote 2 


molecule in an unstable state dissociates in a bout 
an atom to go through one vibrational period, or 2 Pin зан 
Consequently a molecule excited to а truly 955008 i the pil 
virtually no chance to radiate and will indeed fo! cour i dn 
dissociation. Other unimolecular processes тау Es m 
acteristic times ranging from 10713 sec. up (0 а fes; 
other process interferes. 

Radiative processes can also be slow. Slow. ofa йш 
called phosphorescence; and is the result of emission forhi 3 
from a molecule undergoing a relatively improbab € j 
transition. Fluorescence is the result of an “alloy eint E 
Phosphorescence frequently is characterized bY 
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excited molecule between 10-5 and 107? sec., but many cases 
outside these bounds are known. Fluorescence, phosphorescence, 
dissociation, and some rearrangements involve only a single mole- 
Ше алй have specific rates (rate per unit of reactant concentra- 
tion) or lifetimes for reactant molecules that are independent of 
the number of molecules present. Processes involving two mole- 
cules have specific rates that depend on the concentration of col- 
чол partners, since they depend on the frequency of collisions, 
The maximum rate for a bimolecular reaction is just the collision 
rate; this rate is attained only if the reaction occurs with every 
collision, ‘The collision frequency for most molecules at a pressure 
of 1 atm. is above 109 per sec. so that the lifetime of a reactive 
species toward bimolecular reaction must be 10710 sec. or more. 
Since collision frequencies increase directly in proportion to pres- 
sure, a bimolecular reaction rate can be increased or decreased over 
several orders of magnitude. The value of 10? per sec. at 1 atm. 
pressure corresponds to a reaction rate constant of about 2 X 1010 
litres per mole-sec.; that is, the rate of reaction per unit of con- 
centration of each species has an upper limit of about this figure. 
If one reactant is hydrogen, then the rate can be a bit higher 
ом omy of the high velocity of the light hydrogen atoms 
or molecules. 

In solution, the maximum bimolecular rate is governed by the 
tate at which the reactive species can diffuse together through the 
liquid or solid medium. This rate was derived by M. Smoluchow- 
ski and P. Debye, who showed that it is about 10! litres/mole- 
sec, for solutions in water and other solvents of similar viscosity. 
Like the collision frequency, it represents an upper limit for the 
tate of reaction. Rates in solution are inversely proportional to 
the solvent viscosity so that bimolecular processes generally pro- 
ceed slower in glycerin than in water, for example. Bimolecular 
de-excitation processes are usually limited by the rate at which 
the internal electronic state can change. This rate is as high as 
5X 108 litres/mole-sec. in rapid cases, and may be smaller by 
several powers of 10. Comparison of these various rates shows 
the following: (1) Dissociation will almost always occur if it is an 
available path. (Actually, in a solution, the dissociating species 
îre sometimes trapped together by the surrounding solvent mole- 
tules and recombine with each other. This is the “cage effect” 
discovered by J. Franck and E. Rabinowitch.) (2) Fluorescence 
predominates over inefficient bimolecular reactions in the gas 

i at atmospheric pressure, is quenched by efficient bimolecu- 

Teactions (those with a probability of reaction above 1 in 10, 
ч) ыш and is quenched in some cases by nonradiative de- 
iis ^ 4 Fluorescence and unimolecular reactions in solution are 
bit ‘en to be slow compared with efficient bimolecular processes 
Pisa p by solvents of high viscosity. Again, fluorescence 
Pn cel less efficient than nonradiative decay, sometimes 
Te a molecule changes its electronic state without direct 
may 100 of light, as in nonradiative decay or internal conversion, 
ied Ass sis à new excited state which, left alone, would be short- 
НҮҮ an about 107—6 sec.); or it may go into a long-lived 
ity, but es excited state, Both types are known in photochem- 
i thay " long-lived states are particularly important in stor- 
лаште dd chemical processes. The most important of the 
itle ind of transition is a single-triplet transition, or an 

тет crossing process. 
ON are the most commonly found phosphorescing states. 
түе oe tadiate rapidly, and are therefore among the ШЕ 
liran са species. For this reason triplets are цыш y 
te ien products of photochemical reactions. Excited sing] tie 
Me susce Mis found, but because of their Shorter lifetimes, € еу 

identi fed i to decay processes, often to triplets. Triplets can 
t individu Js their magnetic properties ; by contrast with d 

(el each àl electron magnets of a triplet do not compensate апі 
ташыл) other 80 that triplets exhibit weak magnetism (para- 
Mic susce eae can be detected either by measuring the mag- 
tion o Sid bility of the material or by observing the reorienta- 
Magnetic fi Мо electron magnets in combined electric and 
"ated n, elds (electron paramagnetic resonance). Triplets in ir- 

‘aphthalene were first detected this way by C. A. Hutchin- 
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son and B. W. Mangum in 1958-61. (See MAGNETISM: Para- 
magnetism.) 

An interesting case in which the entire photochemical process 
occurs in the primary reaction is that of valence tautomerism. The 
name is used for cases in which two molecular structures differ 
very little in the relative positions of their atoms, but have dif- 
ferent arrangements of chemical bonds. One clear example is the 
photoisomerization of bicyclo [2,2,1]-heptadiene, or norborna- 
diene: . 


cH CK 


HC 
Lh CH hv 


CH 
A B 


Structures A and B are nearly identical geometrically, yet repre- 
sent different states of the electrons. Both are singlet states, but 
apparently B is stable and neither radiates nor decays nonradia- 
tively to A. 


HC 


SECONDARY PROCESSES 


If an excited molecule does not return by a direct path to its 
lowest energy state, then it must dissociate, react with neighbours 
or itself, or revert to a new electronic state, still having some ex- 
citation energy. These are the primary steps. Any subsequent 
step is a secondary reaction. An example is Warburg's finding 
that when the oxygen molecule (Оз) absorbs light whose wave- 
length is shorter than 1750 À, it becomes two oxygen atoms in the 
primary dissociation step; the only secondary reaction of impor- 
tance in pure oxygen is then the reaction of oxygen atoms with Os 
to produce ozone (О). 

Rearrangement Reactions.— These reactions, in which atoms 

move from one site to another within a molecule, may be inter- 
preted as secondary reactions following the photoexcitation proc- 
ess, Benzene irradiated with light between 2000 A and 3000 A 
rearranges (inefficiently) to fulvene with the movement of a hy- 
drogen atom: 
In a case of this kind the first 
step involves only the excitation 
of one of the six relatively free 
electrons of the double-bond sys- 
tem of benzene. These six elec- 
trons are not strongly bonding, 
and especially do not participate in carbon-hydrogen bonds to 
any significant degree. Thus only in a secondary step following 
photoexcitation can the atoms rearrange to the molecular structure 
of the product. 

Frequently the primary photochemical process is only used as 
a tool to permit the secondary reactions to be studied. Photo- 
sensitized reactions often fall into this category. Mercury atoms 
can absorb light from a mercury lamp very efficiently and then, 
in their excited state, collide with other molecules and transfer 
their excitation to these molecules. К. J. Cvetanovic (1955) used 
this technique to dissociate nitrous oxide (№0) to prepare and 
study oxygen atoms. The reaction sequence proceeds this way: 

Hg + hv —э Hg* 

Hg* + №0 — Hg +N: +O 
(The alternative mode of decomposition, to give NO + N, does 
notseem to occur.) Then the oxygen atoms may react with what- 
ever other species are present. Measuring the amount of nitrogen 
produced in a photolysis gives directly the number of oxygen atoms 
which were available for reaction. Many other sensitizers, both 
atomic and molecular, can absorb and then transfer energy the 
way mercury does; each has its characteristic energy. 

Chain Reactions.—If a primary step involves dissociation of 
a molecule into two radicals, the secondary steps are often chain 
reactions (M. Bodenstein, 1913; W. Nernst, 1918; N. N. Semenov, 
1939-43). J. A. Christiansen and H. A. Kramers (1923) devel- 
oped the idea that there could be cycles in which reaction of an 
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active intermediate with a molecule of starting material to give 
product necessarily produces a new active intermediate. The 
hydrogen-chlorine reaction is an example. Light dissociates a few 
chlorine molecules into atoms, which then attack H5 molecules to 
give НСІ product and H atoms. The H atoms return to Cl; mole- 
cules to produce more HCl and Cl. Thus: 

hy + Cl ——9 2С1 

CI + Hy ——» HCl +H 

H + Ch —> НСІ + CI 
A reaction of this kind requires an initiator (light, in this case) and 
a propagating mechanism, and may involve a terminating step. 
Termination actually occurs either when the concentration of at 
least one reactant becomes very low, or when another substance 
(e.g., oxygen or iodine) is present to react more rapidly with the 
radicals than can the Hy or Clg. The reaction must also be exo- 
thermic or nearly thermoneutral, otherwise it may cool the system 
so that it no longer reacts. In the reaction just cited, 44 kcal are 
given off every time 1 mole of Н» and 1 mole of Cl, react to give 
2 moles of HCl so that considerable heat is generated—usually 
much faster than it is radiated or transferred to the vessel walls, 
and an explosion is the result. A much more unstable situation 
arises if one radical initiator produces more than one new radical. 
This is the case in the reaction of oxygen with acetylene or of 
oxygen with hydrogen, In the latter case a branching chain can 
be initiated by the following mechanism: 

H 4-0: —— OH +0 

O+ H; — OH +H 

OH + Н: ——9 НгО +H 
Other processes enter into the reaction but the key steps for chain 
branching are exemplified by the first two reactions above; the 
third is a normal chain-propagation step. 

Chain reactions, normal and branching, always produce many 
product molecules for every quantum absorbed; i.e., the quantum 
yield may be much greater than 1 for the reaction. Reactions 
involving no chain processes necessarily have quantum yields near 
or below 1, while a reaction like the Н,-СІ, reaction may reach 
a quantum yield of 80,000. Even a rough measurement of quan- 
tum yield will generally show whether a reaction proceeds through 
a chain mechanism, 


EXPERIMENTAL METHODS 


The methods of photochemistry arise from problems of three 
main kinds, in the following order of experimental procedure: (1) 
There is always the problem of getting the desired light energy 
into the system being studied. (2) One must have a way of de- 
termining the progress of the reaction—of getting immediate perti- 
nent information from the experiment. (3) One must have the 
means of determining, from results of individual experiments, the 
broader inferences for which the study is carried out; e.g., photo- 
chemists commonly try to determine from a series of individual 
reactions the mechanism of a reaction, on the detailed level of the 
behaviour of each atom throughout the progress of the reaction. 

Illuminating the Sample.—This is largely a problem of de- 
vices, Light itself can be varied in four independent ways: (1) 
The frequency or energy of the light can be controlled. This de- 
termines the amount of energy given to each absorbing molecule 
oratom. (2) The intensity of the light can be varied, to control 
the rate at which photons arrive at the sample, and thereby to con- 
trol the number of excited molecules present at one time. (3) 
The total illumination can be varied, to control the total number 
of excited molecules produced. (4) With the advent of lasers it 
became possible to control the coherence of the electromagnetic 
field; i.e., to control the range over which the electric field of force 
of the light wave is really a sinusoidally oscillating force field. 
(See ELECTROMAGNETIC WAVES: Maxwell’s Field Theory.) 

In the earliest photochemical observations the white light of the 
sun was the source. No control could be exerted, of course, on the 
frequency of light coming from the source itself, but simple con- 
trols of the light received were available through the use of sample 

containers of differing composition; e.g., heavy flint glass transmits 
very little ultraviolet radiation (to about 3600 A), borosilicate 
(Pyrex) glass transmits light to a wavelength of about 3000 A, 


PHOTOCHEMISTRY 


and some fused silica is transparent to wavelen 
1700 A. The next simplest way to control the 
ing the sample is to interpose a suitable filter j 
Filters may transmit broad bands of frequencie 
nearly monochromatic bands. A more compl 
the monochromator, a device (usually a prism oi 
ing) that permits the continuous variation of lig] 

Incandescent sources like sunlight and ordinary 
filament lamps emit light of all frequencies, 
and the distribution of this intensity in any so 
marily on the source temperature alone: intensity can 
creased if temperature is increased. Consequen 
available for such sources is severely limited. 1 
ties it is often possible to use the emission spectrun 
or molecular vapour. Some common sources us 
mium, sodium, xenon, hydrogen, or deuterium in 4 
discharge to provide intense and steady fluxes o 
If the lamp pressures are low the atomic lines emitti 
cadmium, or xenon are sharp and the lines from 
well separated. It is easy to eliminate all the radi 
mercury lamp except the one desired atomic line, й 
ing a choice of intense illumination at 1849 A, 25% 
4046 A, 4358 A, or 5460 А. If the pressure of the emiti 
the emitted frequencies span a broad band and can be sor 
filters or a monochromator. Such lamps often deli 
100 w. of power in just a few lines, broadened ont 
LIGHTING: Modern Electrical Light Sources: 
Lamps.) 

For very intense illumination, conventional 
charge tubes, and incandescent sources are ina 
high flux of quanta is required, then a flash tube, ap 
gamma source, or a pulsed laser is required. The 
gas-filled tube, usually with a pressure of roughly 
of gas, to which a large amount of stored elec! 
livered in a very short time. Typically a medium-ei 
an argon-filled tube might last 5 X 1075 sec. and rad 
of energy as light, thereby emitting 107 w. (10 Mw 
ergy. This energy is divided between continuo 
and is distributed over a very wide wavelength ri 
from the infrared to below 2000 A in the ultraviolet. 
sources deliver comparable amounts of energy, alm 
is in the high-energy range; these sources character 
ionization of many molecules per absorbed photo 
tron sources, though not strictly photochemical, 
type of products as pulsed X-ray sources. ^ 
monochromatic source is the pulsed laser, whi 
much as 108 w. of power for 1078 sec. within 
line. Within its range, the laser emits about 1,000 
the energy radiated by a flash in the same wavelen| 
though the total power delivered by both may be € 

Samples to be subjected to photochemical reac 
pure liquids, pure solids, or solutions. Gasesn 
pressures to study unimolecular processes OF E 
the way the absorbed energy is eventually tral 
vironment, In gases at high pressures or Jn 
the absorber is in intimate enough contact Wi 
(or collides sufficiently often) that, apart from 
tion energy, it is in equilibrium with the environ 
densed phases, therefore, electronically excited 7 
their best opportunity to be stabilized, by losing 
vibrational energy they have before dissociation. 
the sample is in a solid, a pure or mixed С 
molecules are not free to move through the 
cases, even to rotate, Such an environment encol 
with nearest neighbours, intramolecular NE. 
bilization of the primary products of the a gr 
Phosphorescence from triplet states, for examp 
monly the result of irradiation of an organic SUP 
solution at —195.8° C, the normal boiling tempe 

Monitoring the Reaction.—The problem 
photochemical reaction may be solved by many Ре 
ical methods. The experimenter simply suits ОА 


mediu 
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cific problem. in turn. It is often sufficient just to know what 
the final reaction products are. Naturally this level of monitoring 
relies on all the methods of qualitative identification—often, par- 
ticularly, on methods well suited for identifying small amounts of 
samples. Vapour chromatography, mass spectroscopy, and con- 
ventional spectroscopy ( visible-ultraviolet electronic spectroscopy, 
infrared vibrational spectroscopy, electron paramagnetic resonance 

troscopy, and nuclear magnetic resonance spectroscopy) are 

werful tools for these analyses. Furthermore, they can all be 

used at the next level of inquiry, the stage at which one asks for 
the relative amounts of each final product. 

Often the information sought from a photochemical reaction 
can only be derived by examining the intermediates—the species 
present during the course of the reaction but not at the end. Some- 
times an indirect observation identifies an intermediate; methyl 
(CH), ethyl (C2H5), and other radicals react with metal surfaces 
and can be detected by their ability to remove a metal mirror from 
a vessel's walls. Radical intermediates can also be detected if a 
“radical quencher” is added to the reacting mixture. Quenchers 
(eg, Ip; NO, sometimes Оз) react very rapidly with free radicals 
to form identifiable products. In their presence reactions involy- 
ing radical intermediates usually do not go on past the stage of 
radical production because the quenching process consumes the 
radicals faster than does the reaction under study. Ionic inter- 
mediates can sometimes be inferred from the products that still 
appear even in the presence of radical scavengers. 

More direct methods of studying the intermediates are avail- 
ablein many cases. If a reaction is made to go slowly enough the 
intermediates can sometimes be observed by conventional means. 
Many simple radicals: can be detected in glassy solutions at low 
temperatures (below about —190° C). In this method, a hydro- 
tarbon or hydrocarbon mixture is cooled enough to form a glass 
ind then irradiated with high energy radiation, either X rays or 
gamma rays, Examination of the glass by electron paramagnetic 
resonance spectroscopy shows the presence of simple free radicals 
like ethyl or methyl, and usually gives enough information for 
their unambiguous identification. 

Transition intermediates can be found and identified in some 
photochemical reactions proceeding at their natural rapid rates. 
One method of doing this is flash-kinetic spectroscopy, advanced 
fist by R. С. W. Norrish and G. Porter (1949) and indepen- 
dently by G. Herzberg and D. Ramsay (1950) and N. Davidson 
and co-workers (1951). It is based on a rapid photolysis effected 
by ûn intense flash, followed by a second flash from a small lamp 
st ue ine ary 
ire initiated, although most wi based on this method has been 
Ж out on microsecond and millisecond time scales. The 
ü 4 has been particularly successful for identification of spec- 

small transient species like the radicals NH», HCO, NCO, 
al sd СН, and of more complex species like the phenyl radi- 
чүн A 5). Gases, liquids, and solids can be examined by flash- 
Paus pectroscopy to determine the time dependence of the ab- 
Eu Spectrum. One way this can be carried out is to do a 
ter pi photolyses, taking spectra at progressively later times 
ies rae and accumulating the data experiment by experi- 
' An alternative procedure makes use either of a photo- 
m film moving past a fixed image or a moving image of the 
ON evens, along a fixed film. Either gives a streak spec- 
т the fil graph, in which wavelength varies along one direction 
Vaties in Хз in the conventional way and the time of incidence 
tinuous direction. The streak spectrum 1s thus eka 
imeresaived ni of the spectrum of the Shine rae 
Of triplet exes pectra have been used to determine the r 
en t, cited states, to measure the rates of product formation, 
centration MET. the quantitative dependence of M on n 
titatively net where spectral intensities баг ape p 
Ihe metho, ae limitations of the method are twofold. 5 

Yelength Tequires that the transient species absorb in the spectr: 
ough to ао being observed; and it must absorb strongly 
Material, € detected in the presence of unphotolyzed starting 
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Second, it is not always possible to identify the absorber from 
its spectrum alone; this is a much greater problem with large 
polyatomic molecules than with small molecules, but even there 
identification can cause considerable difficulty. 

As a complement to optical absorption spectrum of a rapidly 
reacting mixture, one can study the time dependence of the mass 
spectrum. G. B. Kistiakowsky and P. H. Kydd (1957) introduced 
the time-of-flight mass spectrometer into photochemistry to study 
reactions of ketene (СН,:СО) and of NO». This device is capable 
of scanning the mass spectrum of a gas being sampled as often as 
once every 1075 sec. The appearance of a particular mass only 
during the middle stages of a reaction indicates that the mass is 
associated with an intermediate, which may be either a transient 
electronically-excited state of one of the starting materials or 
products, or a true intermediate species. It is generally possible 
to identify the mass of each intermediate and to distinguish it from 
its own fragments which are formed in the mass spectrometer (and 
not in the reaction). A combination of kinetic mass spectrometry 
with optical flash-kinetic spectroscopy can sometimes solve a pho- 
tolytic kinetic problem almost completely, as in the case of the 
flash-photolytically generated transient species benzyne (СН); 
this species was identified and its rate of reaction (2С;Н = 
Cy2Hsg, biphenylene) was measured by just such a combination of 
techniques. 

Flash methods use a sharp pulse of light to carry out the photo- 
excitation step. Two other approaches based on discontinuous 
illumination are also useful. In one approach, the exciting light 
is simply turned on (or off) very suddenly and left that way, while 
the concentration of intermediates, starting materials, and prod- 
ucts changes. Any fast method of monitoring the concentrations 
(usually absorption spectroscopy) is used to follow the actual 
change. What is actually measured is a relaxation time for 
the concentration being observed; i.e., the time it takes for the 
chemical system to adjust to the instantaneous change in the 
light level. 

In the second approach, the light is made to vary periodically 
(most commonly just on-off, but it may vary sinusoidally). With 
this technique the rate of reaction is most easily found by varying 
the rate of alternation of light and dark, and measuring the de- 
pendence of stationary concentrations as a function of this fre- 
quency. If the switching frequency is faster than the chemical 
relaxation time the system will begin to respond as though the light 
was continuous at an intensity level corresponding to the average 
illumination from the intermittent lamp. 

Possibly the most fundamental quantitative measurement of a 
photochemical process is that of quantum yield, or actinometry. 
This process may be carried out from a knowledge of the absolute 
emission characteristics of the exciting source and of the absolute 
absorbing ability of the absorbing species; or the measurement may 
be made as a relative one, by using as a comparison and standard 
a reaction whose absolute quantum yield is precisely known. Ab- 
solute measurements are usually much more difficult than relative 
ones, so the relative method is more common; but the standards 
must come from absolute measurements. Absolute measurements 
have been made of rates of the photo-ionization of atoms (e.g., by 
H. Beutler, 1933-40; R. W. Ditchburn, 1928-60) and molecules 
(e.g., by M. G. Inghram, 1960; J. D. Morrison, 1960; G. L. Weis- 
sler, 1952-58), and of the photodetachment of electrons from 
negative ions (by L. M. Branscomb and co-workers, 1958). In 
these undertakings the light intensity, emitted electron current, 
and, where appropriate, the atom concentration and ion current 
had to be measured absolutely. Other absolute measurements 
have been based on measurements of light intensity, absorption 
coefficient, and the number of moles of a characteristic product. 

Light intensities can be measured with thermocouples, bolome- 
ters (q.v.), photomultipliers, or photoconductive devices. These 
detectors all give signals whose strength varies directly with the 
intensity of the light incident on them, but only the thermocouple 
and bolometer detectors are also relatively independent of the 
wavelength of the light. Detectors are ultimately calibrated in 
terms of standard sources whose spectral properties are well 
known. One of the common standards is a block of carbon floating 


920B 


in gold, at the melting temperature of gold, 1,063° C. The radia- 
tion from such a source, which is a nearly perfect radiator, follows 
Planck's radiation law well enough that its absolute intensity at all 
wavelengths is rather precisely known. 

The actinometer (q.v.) that is most reliable for solutions makes 
use of the photolytic decomposition of highly purified uranyl oxa- 
late. It was developed by С. S. Forbes and his co-workers (1930- 
34). The net reaction is the decomposition of oxalic acid: 
H3C50, + hv — H30 + СО, + CO. The amount of unreacted 
oxalate can be determined quite precisely by titrating the solution 
with permanganate. The quantum yield of this reaction is well 
established as a function of wavelength, temperature, intensity, and 
concentration of various ions, particularly hydrogen ions. For gas 
phase actinometry, other reactions are available; e.g., the photol- 
ysis of hydrogen iodide, whose quantum yield is precisely 2 for a 
wide range of conditions. 

Determining the Mechanisms.— Determining the actual path 
of a photochemical reaction frequently requires setting up hypo- 
thetical models corresponding to different possible mechanisms; 
finding from its kinetic equations how each model system depends 
on concentrations, light intensity, and any other pertinent varia- 
bles; and then deciding, from experimental variation of these vari- 
ables, which model best describes the system. (See REACTION 
Kinetics.) This is how a succession of investigators have shown 
how simple alkyl iodides, e.g., CHI, decompose on photolysis and 
how the fragments must react. The methyl iodide system is in- 
teresting in that at least part of the energy of the absorbed photon 
stays in the reactive species long enough to assist in one crucial 
Step. The steps of the mechanism and the variables used to deter- 
mine the role of each step are as follows: 

(1) Primary step: 

CH3I + hy (near ultraviolet) > 


Quantum yield approximately 1, 
СНз + I 


shown by independent use of 
scavengers for iodine and CH3; 
presence of radicals shown by 
kinetic spectroscopy 

(2) Normal secondary steps (M — inert collision partner to carry 

away energy): 

2CHs (+M) > C2Hs (+M) 
21 (+M) > In (+M) 

(3) Inhibiting secondary steps (recombinations) : 
CHa + I> CHa +1 Rate determined from low-pres- 
sure, low-intensity photolyses to 
minimize three-body reactions 


Rate determined from high-inten- 


sity photolysis to maximize fre- 
quency of radical-radical collisions 


From product analysis 


CHa + I + M CHsI + M 


(4) Other secondary steps: 
CHa + CH3I > СНА + CHA Inferred from methane in prod- 
ucts; thermochemistry requires 
either reactant to have 9 kcal/ 
mole excess energy. 


From CH?lz in products 


From 1, 2-di-iodoethane in prod- 
ucts 


The presence of activation energy in either CH; radical or the 
CHI molecule is confirmed by the quenching effect of foreign 
gases and the rise of quantum yield of methane (CH,) as the 
photon energy is increased. The actual photon energy is about 
50 kcal/mole or more, so that only a small fraction of this need 
remain available for the methane-formation. reaction. 

Other than direct detection of intermediates, the most. powerful 
tool for elucidating mechanisms is probably the use of isotopic 
labeling. For example, deuterium can be used in place of hydro- 
gen, or one of the other carbon isotopes instead of C12, at selected 
sites in the starting material; the tagged atoms then can be located 
at particular positions in the product molecules.. A method that is 
similar but not quite so clear-cut is the use of relatively inert sub- 
stituents like alkyl groups on carbon atoms. An example of the 
unequivocal information isotopic substitution can give in a fa- 
vourable case is in the photolytic decarboxylation (loss of carbon 
monoxide) of cyclopentanone. The process has alternative paths 
(a) and (b): 


CH: --I(4- M) > CHI: (+M) 
2CH2I  CH:ICH3I 
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CH: А 
bet : ik | | i 
| C-O--h» (2300-3000 A) HC сн 
H.C eet d 
“сн; 
СО +2бн, 


(у 
The use of a specific tetradeuterated species shows that the | 
are mutually exclusive. No CoD, is formed and therefore the 
ethylene cannot be a product of an intermediate in which all foy 
carbon atoms are equivalent. The isotopically Jabeled reaction 
is this; 


CD: CO + CHD w 
Hc Ref ae 
| eti = O + kv SEL 
HAC 
DCDi CO + 2CHCDi (ў 


Another application of isotopic labeling occurs in photosensitized 
reactions. For example, a photoexcited mercury atom gives up 
its excitation directly to a collision partner, which may be an 
unexcited mercury atom or a complex molecule. If it collides with 
a complex molecule the mercury atom may simply transfer its 
energy or it may react to form a mercury compound which can 
be isolated as a product. Suppose the mercury photoexcitation is 
effected by a cool, low-pressure lamp containing a single pure met 
сигу. isotope. Since each isotope radiates a characteristic spe 
trum, and in a cooled low-pressure lamp the spectral lines are wel 
separated, the light from a monoisotopic lamp will excite oily 
those mercury atoms in the sample cell which are the same isotope 
as that in the lamp. If the product (the mercury compound 
formed in the photosensitized reaction) contains the same put 
mercury isotope as the lamp, the observer knows that the product 
is formed in a single step involving excited mercury and the com: 
plex starting material. If, on the other hand, the mercury in the 
product has the normal mixed isotopic composition, the 0 
knows that the product was formed after the photoexcited mercury 
had lost its extra quantum and returned to the pool of unex 
mercury atoms. This method shows that the direct reaction (8) 
is about one-third as efficient as the two-step process (b); 


* 1 НСІ — НЕСІ + Н 
Hee i HCI > He +€ TH 
The same result holds for the alkyl halides. istry) f 
A good method (and one of the oldest in photochemisi 
determining both kinetic constants and mechanisms 15 y 
of fluorescence quenching. If a large molecule (ед, an ne 
pyrene, or acridine) is photoexcited and does not ris i: 
it will fluoresce. If a species is added which reacts тар! 1 m 
photoexcited substance, fluorescence will no longer oe sent 
will be quenched. In practice, the quantum yield fo 
(ф) or the ratio of quanta absorbed to quanta enun Eu 
cence (1,/1,) is used for systems representing seve? 


a 
0 


tions of the nonfluorescing reactant. If 1/Ф oF Ый i 
as a function of the quencher concentration, then a ШУЙ «О 


of the following type must give a linear dependence be 
on quencher concentration: (0 


A+ ys At f 
A*—> At hy Fluorescent @ 
А* + А (or B) — A B)  Deactivatio! 
es UA ls +A (or B) | 0 
or Reaction 
A*-LB— C stat 
. te 00 
The slope of the line, for /,/7,, is the ratio of thag intere 


for reaction (4) to that for fluorescence, while ү he ratio 0 l 
the axis corresponding to zero concentration is i+ (t T 
rate constant for deactivation to that for fluorescence 
used, the roles of the constants for fluorescence an d $ 
tion are interchanged. This method was develope ег. 1 
and M. Volmer (1919) and refined by many later WOU cgi 
made possible the determination of the strengths 0 ч jor 
electron states (Т. Förster, 1949) ; of rate constants ent 
of complexes with excited states (A. Weller, 1960); 


dimer formation in anthracene (E. J. Bowen and co-workers, 
1939); and of rates of long-range transfer of energy (T. Förster, 
1960 and previously). ; 

Fluorescence has been the key to understanding two kinds of 
fundamenta] processes in the photochemistry of liquids and solids. 
Inthe first of these, investigated by S. Boudin (1930), H. Kautsky 
(1935), and G. N. Lewis and co-workers (1941), an irradiated 
glassy oF liquid solution of an organic dye or aromatic species (¢.¢., 
anthracene or pyrene) emits both its normal rapid fluorescence 
and slow phosphorescence radiation and, in addition, a delayed 
fluorescence whose emission rate is comparable to that of phospho- 
rescence but whose spectral distribution is that of fluorescence. 
The intensity of delayed fluorescence relative to that of phospho- 
rescence decreases as temperature is lowered. In the case of dye- 
stuffs it was shown (C. A. Parker and C. G. Hatchard, 1961) that 
thermal excitation alone, from the upper state of the phosphores- 
cence (triplet) to the slightly more energetic fluorescing excited 
singlet state, led to the delayed fluorescence. The delayed fluores- 
cence of anthracene and other aromatics, by contrast, exhibits a 
temperature dependence too complex to be due to the simple re- 
excitation mechanism; moreover its intensity depends on the 
square of the incident light intensity, so two quanta must be in- 
volved, The responsible mechanism is the collision of two long- 
lived triplets, producing one excited fluorescing singlet and one 
normal unexcited singlet. 

The second photochemical process, which often appears in sys- 
tems which also exhibit delayed fluorescence, is the formation of 
dimers in the excited state only. These photodimers of molecules 
or atoms that do not combine in their ground state are called 
excimers (B. Stevens, 1961); their existence was first proven in 
irradiated solutions of pyrene (T. Férster and К. Kasper, 1955). 
Excimers can fluoresce normally or in a delayed process. They 
play an important role in the mechanism of the action of plastic 
(polystyrene) scintillation counters (F. Hirayama, 1963). An 
excited phenyl ring interacts with a neighbouring ground-state ring 
ilong the chain to form an excimer—provided the chain is flexible 
tough for the rings to come close together (M. Vala and S. А. 
Rice, 1964). Photoexcited atoms (e.g. of argon, krypton, and 
tenon) form excimers in solid, liquid, and gas phases. In both 
Чот and molecules, chemical binding of excimers occurs in the 
excited state only because in that state one antibonding electron 
В removed from the immediate vicinity of the two atoms, per- 
hitting the effect of the bonding electrons to dominate over the 
maining antibonding electrons. 


APPLICATIONS 


pp thetic Chemistry.—Since absorption of a light quantum 
0 requently a property of a single group within a molecule, photo- 
Tere Sometimes offers a highly specified tool for including a 
Mus reaction at a specific molecular site. This becomes espe- 
hi. valuable in cases where thermal excitation would be very 
cal er where heat would destroy the reactant. Photochemi- 
an syntheses include the formation of valence tautomers, isomers, 
single dimers, and elimination reactions: 
copo syntheses are sometimes most effective if the reac- 
à nk held rigidly by a solid lattice so that a reactant molecule 
тесі, Ing a quantum is in a favourable and fixed orientation for 
ion. Solid-state photolyses of this kind have been used by 
nd M and co-workers in the synthesis of the dimers of maleic 
E ic acids (1960). ‘The photographic process is essentially 
0 түү synthetic process їп а solid. The property peculiar 
of he, Which the photographic process uses is the easy diffusion 
aide j the photoexcited electron and the vacancy it leaves on a 
HRS Eventually the electron vacancy can diffuse to a crys- 
. tom| fig to form neutral bromine, forcing the electron to re- 
atom, * With a positive silver ion and thus giving a neutral 


ü 


| Wit on Chemistry.—The photochemistry associated with 
kaeT radiation (X rays and gamma rays) is closer to the 
itty IY of electron-bombarded materials than to the photochem- 
бе, à Visible-ultraviolet radiation. This is because a high- 

BY process (radiolysis) of electron or photon bombardment 
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produces ionized species in addition to excited neutrals, and these 
ionized species are products of very fast secondary processes, not 
of the primary quantum absorption process. The primary proc- 
esses associated with high-energy radiation are simply too fast to 
lead to any chemistry in the traditional sense of bond formation 
or breakage. Radiation chemistry is largely concerned with de- 
termining what the first-formed new chemical species are and what 
reactions they undergo. Three examples of radiolysis will exhibit 
the extent of this branch of photochemistry: 

1. Since the chemical species differ from their precursors by one 
or more charges, it is natural to examine oxidation-reduction 
(“redox”) processes induced by gamma-radiolysis. One type of 
radiolytic redox reaction involves a rigid organic glass containing 
a substance (e.g., paraphenylenediamine) which is susceptible to 
oxidation processes. Radiolysis leads first to mobile electron va- 
cancies or electronic excitation in the solvent; this travels rapidly 
through the glass until it meets a solute molecule, and then oxidizes 
the paraphenylenediamine, leaving an ion or ion-pair (W. H. 
Hamill and co-workers, 1964). 

2. Radiolysis is a natural approach in the study of ion-molecule 
reactions and, in the gas phase, ion-radical reactions and the sec- 
ondary processes leading to the final ions. Ions are very reactive 
toward neutral molecules because their attractive force of inter- 
action is rather long-range, varying as the inverse fifth power 
(r75) of their separation, instead of the inverse seventh power. 
А saturated-hydrocarbon ion-molecule colliding with neutrals 
readily undergoes transfer of an atom of hydrogen, a proton, or a 
negative hydride ion with a frequency comparable to the collision 
frequency of the neutral parent molecules with each other, In 
liquids, large free radicals and ion-molecules are produced, but in 
solids it seems that the cage effect of the lattice prohibits formation 
and diffusion of radicals. In condensed phases the ion-molecules 
react with their neighbours or intramolecularly to form Н» and 
either unsaturated monomers or dimers (L. Kevan and W. F. 
Libby, 1962). In the gas phase, ion-molecules often break into 
fragments when ionization occurs, both because of the large energy 
delivered directly by the ionizing radiation and, more specifically, 
because the ion-molecule, formed almost instantaneously so far as 
the atomic nuclei are concerned (i.e., according to the Franck- 
Condon principle), is produced in a state of very high internal 
potential energy—higher than that of dissociated fragments, The 
newly produced ion-molecule dissociates unless its excess energy is 
removed by collisions before the fragments can escape from each 
other. In a gas these collisions are not available; in a liquid or 
solid they are (F. H. Field, J. L. Franklin and co-workers, 1957- 
64). 

3. The action of high-energy radiation on water and water solu- 
tions is a fundamental problem of radiolysis. Radiolysis of aque- 
ous solutions characteristically produces reducing species; i.e., 
molecular species which eventually add electrons to solute species 
capable of accepting them; e.g., the ferricyanide ion Fe(CN),°—, 
which can be converted to the ferrocyanide ion Fe(CN)4*- by 
addition of an electron. The water radiolysis problem depends 
directly on determining the reducing species and characterizing 
them. In strong acid, at least one reducing species is the hydrogen 
atom; in neutral and basic solutions, both OH radicals and hy- 
drated (or solvated) electrons are formed by the radiation. The 
solvated electron was first characterized by its kinetic properties 
and then by its absorption spectrum (M. S. Matheson and co- 
workers, J. W. Boag, 1963); the OH radical was long a well- 
known species from a wide variety of spectral and chemical proper- 
ties. 

Radiation chemistry assumes a particularly important role 
in the understanding of how living beings react to radiation and 
how they can be protected against its damaging effects. (See Ra- 
DIATION: BIOLOGICAL EFFECTS.) Chemical protection can be ac- 
complished to some degree with an amino acid cysteine and other 
compounds containing sulfur-hydrogen bonds.  Elucidating the 
role of these compounds as traps for free radicals, as hydrogen 
sources or as fast scavengers for OH or hydrated electrons, is a 
major task of radiation chemistry. 

Studies of the Atmosphere.—The phenomena of terrestrial 
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and planetary atmospheres, e.g., atmospheric structure, auroras, 
radiation shielding, and weather, depend on the chemical constit- 
uents of the atmosphere and the radiation striking it. The earth’s 
atmosphere is largely molecular nitrogen and molecular oxygen 
at the earth’s surface but contains quite a different set of atomic 
and molecular components at high altitudes, largely because of the 
radiation that these upper layers absorb. The upper ionospheric, 
or F, layers, at heights of 150 to 300 km. (100 to 200 mi.), contain 
high proportions of electrons and ions; there the ion concentra- 
tion is about 10° per cubic cm. ina total density of 10? particles per 
cubic cm,—enough to reflect relatively long radio waves effectively. 
The ionic constituents or the F layers are largely O+, Os, Оз+, 
Nt, and Not. 

The most important photochemical reactions occur in the lower 
part of the F layers and the upper part of the lower ionospheric, 
or E, layers. There, oxygen molecules are photodissociated into 
atoms by sunlight. The oxygen atoms react with Оз molecules to 
form ozone. The ozone then absorbs virtually all the solar radia- 
tion between 3000 À and 2200 À, protecting the earth's surface 
from what would be very intense energetic radiation, quite harm- 
ful to life as it now exists. The ozone is converted into O + О by 
this absorption, and the oxygen atoms can also be excited; e.g., to 
a state whose radiation is responsible for the green auroral line 
(5577 A). The most important mechanism for this process is 
probably 30 ——50» + O*. Other kinds of excitation by radia- 
tion are also important in the atmosphere. The excited NaF 
ions responsible for the blue color in the aurora are produced in- 
directly by high-energy ionizing particles from space. ‘The second- 
ary electrons produced by the high-energy particles collide with 
nitrogen molecules and simultaneously excite and ionize them. 

Photochemical processes control another atmospheric process: 
air pollution and smog formation. There are several types of 
smog; typically they are dispersions of very small droplets or 
particles of reaction products suspended in air, and often contain 
irritating and corrosive materials. The origins of smog are varied, 
depending on substances distributed into the atmosphere. An 
automobile exhaust smog like that of Los Angeles, Calif., occurs 
When a mixture of unsaturated hydrocarbons (e.g., ethylene), 
nitrogen oxides (NO and NO;), and frequently sulfur dioxide is 
irradiated in air, The NO» and perhaps the SO. absorb light and 
react with hydrocarbons, ultimately photooxidizing the hydro- 
carbons to formaldehyde, acrolein, PAN (probably peroxyacetyl- 
nitrate, CH;(CO)OONO;, but unproven because of its explosive 
character), and other less irritating materials. The detailed mech- 
anisms and even many of the reactions are not known; however, 
it is known that oxygen atoms and ozone are present, that NOs 
is regenerated by chain mechanisms probably involving higher 
oxides of nitrogen, and that sulfur dioxide greatly enhances the 
formation of suspended droplets in the photooxidation process, 

Biological Processes.—The most important photochemical 
processes of living systems haye already been mentioned. They 
include photosynthesis (g.v.), or the reduction of СО» to carbo- 
hydrates by the action of light on photosynthetic pigments such 
as chlorophyll; vision, or the absorption of light quanta by retinal 
pigments; photoinduced activation of vitamin D by way of a 
photochemical rearrangement; the damaging action of high-energy 
radiation, which involves inactivation of sulfur-containing en- 
zymes, at least in part. (But even irradiated water can be toxic 
to living species.) On the periphery of photochemical phenomena 
in biology is bioluminescence (q.v.). 

Photosynthesis, apart from its role in plant metabolism, is 
a unique and exceedingly complex photochemical process, It 
involves the absorption of eight quanta of radiation for every 
СО» molecule used, and these eight quanta are divided equally 
between two different pigment systems. Both systems contain at 
least one pure pigment in common, chlorophyll а; at least one 

system also contains accessory pigments. Moreover, light seems 
to be required by a plant for the manufacture of chlorophyll it- 
self. When one also considers the elaborate chain of secondary 
oxidation-reduction-energy transfer steps, it is clear that the photo- 
synthetic mechanism is much more intricate than any of the one- 
quantum or two-quanta processes discussed previously—so much 
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so that these processes are almost qualitati 
photosynthesis. Я 
Photophysical Phenomena. “Photophy 
nient label for phenomena intimately related t. 
in photochemistry but not part of the mainsü 
cal kinetics. They involve some change in a 
due to the action of light; therefore they may be 
phenomena representing the transition from 
processes. Photochromism, photoconductivity, 
of laser action are among these processes, | 
Photochromism.—One such phenomenon is p 
the reversible production of colour or of.a chang 
substance by the action of light. Most organi 
materials actually undergo rearrangements, pho 
photoreductions when they exhibit their peculiarity 
their photoprocesses are no different from those 
viously, except that the photoproducts of photocht 
absorb visible light. Some materials do not m 
rangements or other reactions in their photochron 
These require that a coloured “photo-accessible” 
constituent be relatively stable. riplet states s 
this criterion; e.g., photoexcited triphenylene! in 
glass remains as a stable coloured triplet witha 2 
Impurity centres in inorganic crystals (e.g., trai 
bismuth in calcium sulfide) are photochromic, 
of photooxidation of the impurity ion. Another 
chromism is the formation of colour centres in 
tals; e.g, NaCl. (These centres are known as F 
Ger. Farbe, “colour.”) Photoexcitation removes al 
a halide ion, just as it does in a silver halide in p 
electron then becomes trapped in a lattice vaci 
centre; its colour appears because the energy req 
trapped electron corresponds to a quantum of vi 
Photoconductivity.—If light is absorbed bya 
excited by the absorption process may have eno 
the solid altogether, This is the photoelectti 
previously. When insulating materials are irradi 
electrons do not have sufficient energy to esca 
terial but are able to move more or less freely € 
Whenever the excited electrons do remain mobile 
bulk material, they are able to drift, and more ра! 
under the influence of an electric field, and th 
carriers for electric current... Without, photo 
trons are essentially immobile: in an insulator,’ 
excited electrons cannot move from a quantum 
one atom to a state on the next atom because 
states are already filled. If an electron аз Б 
one atom, e.g., by photoexcitation, then it lt 
quantum shell where it originated. Such a 
available for an electron on a neighbouring 
electron to move, and therefore for the hole to 
of motion can continue, so that the hole drifts 
lator, behaving very much like an electron exe 
in the opposite direction. 3 
Electrons and holes both share in carrying 
in the phenomenon of photoconductivity. if 
can move easily from site to site. whenever ã 
then the mobility of the hole is high and it is an 6 
carrier. Similarly, if the excited electron cam 
losing its energy or being diverted by collisi 
high mobility and carry current easily. 
Among examples of photoconductors are those 
by R. W. Pohl and his co-workers (19247 
diamond, zinc-blende, the alkali halides, and. 
Pure germanium js a photoconductor when it; 
radiation of energy greater than about 0.6-0. 
and anthracene photoconduct when they abso 
tion; cadmium sulfide will do so under the ac 
of mercury, Even liquid solutions of hydro 
conduct when they are sufficiently concentrati 
Laser Action—Another photophysical pheno? 
sociated with light amplification, or laser action 
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for “light amplification by stimulated emission of radia- 
A molecular system containing stored energy may radiate 
this energy spontaneously in a spectral line at frequency », or it 
an be stimulated to emit the energy by applying weak radiation 
of frequency v to the system. Molecular amplification of radia- 
tion was first observed by J. P. Gordon, H. J. Zeiger, and C. H. 
Townes (1955) for a characteristic microwave frequency of am- 
monia. T.H. Maiman (1960) demonstrated that the same process 
occurs with visible light, the 6940 A line of chromium in ruby. 
Since then, many systems— gaseous, liquid, and solid—have been 
found which act as lasers. To produce laser action, energy is 
“pumped” into the storage atoms or molecules with a high-intensity 
fash lamp; the exciting light contains a rather broad spectrum of 
frequencies, Then, іп a properly designed and tuned system, the 
slightest stimulus will cause most of the stored energy to be 
radiated in a single narrow spectral line; ı From a photochemical 
standpoint, the process depends on the existence of a set of energy 
levels which make it possible for a system to absorb large amounts 
of light and then release it in a single line without reabsorbing it. 
The resulting beam of light can be made virtually nondivergent, 
so that it can be propagated for astronomical distances; it can be 
produced with extremely high intensity, so that it can produce 
harmonics or overtones of its own frequency when it passes through 
an appropriate material; or it can be focused to a point where the 
field is intense enough to explode air or to be a surgical tool for 
exceedingly delicate operations. (К. S. Ве.) 
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,PHOTOELECTRICITY (literally, "light electricity") is 
the study of certain changes of an electrical nature induced in 
b by light and other forms of radiation. When the primary 
hs of the absorption of electromagnetic radiation by matter 
the 5 dissociation of the matter into electrically charged particles, 
Heg is designated a photoelectric effect. As commonly in- 
io ay with radiation lying between the X-ray and infrared 
pus of the electromagnetic spectrum, the photoelectric effect 
ler li in the ejection of electrons from the atoms of which mat- 
е The y rays whose energy exceeds 1 Mev (mil- 
‘ti ectron volts) may create pairs of positive and negative 
May ЧА. The y rays whose energy is very large (~ 300 Mev) 
h teate т mesons (see PARTICLES, ELEMENTARY). ‘ 

for ШУ of the photoelectric effect was of major importance 
of the 2 evelopment of physical theory during the first two decades 
lurin Oth century. The role played by the photoelectric effect 
in ah is period was largely due to the unambiguous manner 
ate As it displayed the quantum properties of radiation which 
lines. C describable by the electromagnetic wave theory of 
Waves.) lerk Maxwell, (See ELECTRICITY j ELECTROMAGNETIC 
ves dition, observation of the behaviour of photoelectrons was 
"A M aid in solving the riddle of atomic structure. For 
ер SEIS a brief survey will be given of the early history of 
"quen oelectric effect, after which the photoelectric effect of high- 
the су radiation and of low-frequency radiation, applications 
Photoelectric effect, and nuclear photoeffects are discussed. 
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This article, therefore, is divided into the following sections: 


I. Historical Survey 
II. Photoelectric Effect of High-Frequency Radiation 
1. Direction of Emission 
2. Compton Effect 
3. Auger Effect 
III. Photoelectric Effect of Low-Frequency Radiation 
1. Metals 
2, Insulators 
3. Gases 
4. Photovoltaic Effects 
IV. Applications of the Photoelectric Effect 
V. Nuclear Photoeffects 


I. HISTORICAL SURVEY 


E. Becquerel, in 1839, reported that the illumination of one of 
a pair of metal plates immersed іп a dilute acid solution altered 
the electromotive force of the cell. The decrease in the electrical 
resistance of selenium on illumination was discovered by Wil- 
loughby Smith in 1873. These photoelectric phenomena attracted 
great interest at the time of their announcement but remained 
unexplained and isolated observations. 

In 1887 Heinrich Hertz observed that the behaviour of a spark 
gap was affected by illumination of the electrodes. W. Hallwachs 
investigated Hertz's observation and in the following year reported 
that a clean, insulated zinc plate acquired a positive charge on 
illumination with ultraviolet light. A negatively charged plate 
could be made to lose its charge by illumination. The effect was 
found to persist if the metal was placed in a vacuum. 

In 1900, three years after the discovery of the fundamental 
particle of negative electricity, the electron, Philipp Lenard 
proved that the effects observed by Hallwachs were due to the 
ejection of electrons from the metal under the stimulus of radia- 
tion. It was found that the effect was a common property of 
metals but that only a few (i.e., the alkali metals and some alkaline 
earth metals) were sensitive to visible light. In general, it was 
necessary to use ultraviolet radiation to provoke the effect. 

J. Elster and H. Geitel discovered in 1900 that the number of 
photoelectrons emitted per second from the surface of a metal is 
proportional to the intensity of the incident radiation. Lenard 
established in 1902 the important fact that the maximum kinetic 
energy of a photoelectron depends only on the frequency of the 
incident radiation and is independent of its intensity. 

According to Maxwell's theory, radiation consists of an electric 
and a magnetic field propagated through space in the form of a 
transverse wave. The constant velocity c of propagation in a 
vacuum is the product of the wavelength of the wave and the 
frequency of vibration of the electric and magnetic vectors. The 
energy transferred by the wave across unit area perpendicular to 
the direction of propagation in unit time is the intensity of the 
radiation and is proportional to the square of the amplitude of 
the electric vector. ل‎ 

It was believed that the electric field of the radiation exerted a 
force upon the electron which freed it from the atom to which it 
was bound. It was difficult to understand from the theory of 
Maxwell how the kinetic energy of the electron can be independent 
of the intensity of the radiation, which is fixed by the magnitude 
of the electric field. 

This difficulty was ascribed by A. Einstein to a fundamental 
incompleteness of the Maxwellian wave theory of radiant energy. 
Einstein proposed that radiation possessed many of the properties 
commonly associated with material particles. In particular, he 
suggested that in a beam of radiation of frequency v, the energy 
exists in the form of units of magnitude hv. The names photon 
and quantum are given interchangeably to these units of radiant 
energy. Einstein viewed the photoelectric process as one in which 
an electron absorbs a photon. The kinetic energy of the free 
photoelectron is the difference between the energy it has absorbed 
and the work it has performed in its escape from the forces bind- 
ing it to the atom. Einstein proposed in 1905 the simple relation 
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between the-maximum kinetic energy, Т, of the free photoelectron 
and the frequency. v, of the radiation. The constant w is the mini- 
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mum work which the electron must perform to escape from the 
material to which it is bound. Einstein predicted that the constant 
h would be found to be the same constant which Max Planck had 
previously introduced into theoretical physics in discussing the 
emission of radiation from matter. 

The experimental data available in 1905 did no more than 
suggest the correctness of these conclusions, but by 1916 the 
validity of Einstein’s relation between the maximum kinetic energy 
of a photoelectron and the frequency of the absorbed radiation 
had been fully confirmed. This was largely the result of the beau- 
tiful experimental work of Robert Millikan, whose measurements 
also determined Planck's constant, Л, with great precision. 

Photoelectric phenomena present another major difficulty to 
Maxwell's theory of radiation. It was estimated by Lord Ray- 
leigh in 1916 that according to Maxwell's theory it would take a 
time of the order of several hours for an electron to absorb suffi- 
cient energy from a beam of radiation to escape from an atom. 
But Elster and Geitel had noted that the appearance of photo- 
electrons occurred simultaneously with the illumination of a metal 
surface. In fact, Е. O. Lawrence and-J. W. Beams, in 1928, found 
that the time lag between the incidence of radiation and the 
appearance of photoelectrons was less than 3 X 107° seconds, 
The experiments of A. T. Forrester and his co-workers established 
in 1955 that the interval between illumination and photoemission 
is less than 10719 sec. If the photoelectric effect is initiated by 
the collision of two corpuscles, the electron and the photon, then 
there is no difficulty in understanding the instantaneous character 
of the emission. 

The success of the photon hypothesis in yielding the Einstein 
equation (1) and in interpreting other photoelectric phenomena 
stands in sharp contrast to the successful application of the wave 
theory of radiation to the field of interference and diffraction ef- 
fects. (See Ілснт.) It appears that a dual character must be 
ascribed to radiation and that a complete description of its inter- 
action with matter cannot be obtained by the consistent use of 
either a wave or a corpuscular theory. (See QUANTUM ME- 
CHANICS.) 


IL PHOTOELECTRIC EFFECT OF HIGH- 
FREQUENCY RADIATION 


Radiations whose wave lengths lie between 100 and 0.01 ang- 
stroms are termed X-rays. The angstrom unit of length, named 
in honour of the Swedish spectroscopist A. Angstrém, is equal to 
a hundred millionth of a centimetre (1 X 10—10 пу). - X-rays are 
commonly produced by the impact of fast electrons upon matter 
(see X-Rays); y rays are of even shorter wave length and are 
emitted by the nuclei of radioactive atoms. 

The photoelectric effect of high-frequency radiation in gases 
is easily demonstrated with an instrument known as an ionization 
chamber, This consists of a closed box filled with the gas. A thin 
window of metal foil or mica allows entrance of the X-ray beam. 
Inside the chamber are a pair of metal electrodes. By connecting 
the electrodes to the terminals of a battery an electric field is 
established between them. A gas under normal conditions is a 
good electrical insulator and no current will pass between the 
electrodes. 

When X-rays enter the chamber, the photoelectrons and the 
positive ions formed from the atoms which have lost electrons are 
swept by the electric field to the electrodes and an electric cur- 
rent may be readily detected. The fast photoelectrons collide 
with the atoms of the gas and dislodge electrons from them so 
that the total number of electrons and positive ions is many times 
the number produced photoelectrically. 

The photoelectrons produced by X and y radiation possess 
very large kinetic energies and, therefore, very high velocities. 
The velocities commonly approach the speed of light and necessi- 
tate the use of relativistic equations in the discussion of their 
motion. The kinetic energies correspond to those acquired by 
electrons which have been accelerated by potentials of many 
thousands of volts. 

With an instrument known as a f-ray spectrograph, H. Robin- 
son and his co-workers performed some very informative experi- 
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ments. This device, the use of which was introduced by 0, Hah, 
L. Meitner and C. D. Ellis, is illustrated in fig. 1. Robins, 
allowed X-rays of known frequency to impinge upon a solid place] 
in the position indicated. A fraction of the photoelectrons emitted 
by the solid pass through the slit and enter the evacuated chamber, 

Here they are bent in arcs of circles by a uniform magnetit 
field of known magnitude. The photoelectrons then fall upon the 
photographic plate leaving developable traces. The position of 
the traces and the dimensions of the apparatus determine the 
radii of the circular arcs traversed by the electrons. A knowl 
edge of these radii and of the magnitude of the magnetic fell 
makes calculable the velocities of the electrons. 

Robinson tested Einstein's equation with X-rays of know 
frequency, The energy lost by a photoelectron in escaping fron 
an atom of a given chemical element’ (the quantity w) was found 
to assume several sharply defined values. This behaviour wis 
direct evidence for the existence of atomic energy levels. 

If radiation of unknown frequency is allowed to eject elet: 
trons from an element whose atomic energy levels have bet 
determined, the unknown frequency may be determined by the 
use of Einstein's equation after measurement of the kinetic evt 
gies of the photoelectrons with the f-ray spectrograph. In 
manner, Ellis and M. de Broglie examined the rays emit 
many radioactive elements and established the very important 
fact that y-ray spectra are discontinuous as are the atomic specta 
of the elements. This important work was the beginning of as 
troscopy of the nucleus and the establishment of nuclear energ 
levels. tel 

1. Direction of Emission.—An important problem come 
with the photoelectric effect is the direction of emission gs 
electron by the radiation, According to Maxwell's theory, Кш 
tion consists of a transverse wave, and the direction of emi 
should be the direction of the force exerted upon the MY 
the electric vector which lies іп a plane perpendicular p 
direction of propagation of the radiation. This prose p 
investigated by using the photoelectric effect of X-rays Up 
ina Wilson cloud chamber. (See CLoup С HAMBERS.) " 

The Wilson chamber is a vessel in which a gas fe ide | 
saturated with water vapour by a sudden expansion. ther aton 
tron ejected from an atom by the radiation strikes o dimit 
in its passage through the gas. In this manner it sem charged 
from the atoms of the gas leaving the atoms fo hu sedit 
е droplets condense upon the ions Hm forme 
visible the igh- y toelectron. 0 

path of the high-energy um fe "m т, 
t the most PI. 
r to xut A 


increased, the majority of the photoelectr 
direction which makes an angle less than ; 
of propagation of the wave. This effect is explain 
that in the photoelectric process the electron тес 
the energy, у, but also the momentum, 4/6 em 
It is only when the frequency of the radiation ay is 
that of soft X-rays that the momentum of the ation of P 
bris to have: a discernible effect upon the dite thesis 
sion of the electron. 7 

Neither Maxwell’s theory пог the simple photon Pf ar 
Einstein is entirely successful in its description 
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mental results. Maxwell's theory demands that all the electrons 
je ejected in the plane perpendicular to the direction of propaga- 
tion of the radiation. The photon hypothesis predicts a definite 
angle between the perpendicular plane and the direction of emis- 
sion which is approximately half that observed between the most 
probable direction of emission and the perpendicular plane. The 
wntum-mechanical treatment of the problem has met with con- 
süderable success. The observed variation in the direction of emis- 
sion is correctly described and the effect of the quantum momen- 
tum upon the direction of emission is greater than predicted by the 
photon hypothesis. 

2, Compton Effect.—A most unusual type of photoelectric ef- 
fect is that in which in the act of absorption of the photon its full 
energy is not given to the photoelectron but a fraction is scattered 
asa quantum of smaller energy. (See Compton EFFECT.) 

This phenomenon was originally observed in experiments upon 
the scattering of monochromatic X-rays by solids. Among the 
scattered X-rays there is radiation of the same wave length as 
that of the primary X-rays and two types of modified X-rays of 
longer wave length. Atoms which have absorbed quanta may re- 
radiate energy as fluorescent radiation. 

This fluorescent radiation contains wave lengths which are char- 
acteristic of the absorbing atoms and independent of the wave 
length of the primary X-rays and of the angle of observation. 
There is also present a scattered radiation whose wave length is 
dependent upon the wave length of the incident radiation and upon 
the angle which the direction of observation makes with the di- 
rection of the primary radiation. 

The existence of this last-mentioned type of scattered radiation 
Was established and a simple explanation of its origin was given 
ty A. H. Compton in 1923. Compton suggested that, if radiation 
has the corpuscular character ascribed to it by Einstein, a quan- 
tum of energy лу and momentum /m/c might be conceived as 
making an elastic collision with a free electron whose kinetic 
tnergy before the collision is negligible by comparison with that 
of the quantum. The laws of conservation of energy and mo- 
mentum, when applied to the collision, give at once a relation 
between the energy of the scattered quantum and the angle at 
Which it is scattered. Expressed in terms of the difference in 
Wave length between the scattered and incident quanta the re- 


lation is 
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where A) is the difference in wave length, and 0 is ће angle of 
png The constants №, m and c which enter the equation are 
lanck’s constant, the electron mass and the velocity of light, 
spectively, 
E equation agrees very closely with the results of experi- 
sible «, Observation with Wilson cloud chambers has made pos- 
re detection of the recoil electrons. The simultaneous ap- 
arance of the scattered quantum and the recoil electron at the 
Predicted angles has been observed by experiments in gases with 
"Ier counters, 
1923 т Effect. It was observed by C. T. R. Wilson in 
accom at the absorption of an X-ray quantum by an atom 1s 
tons, Ka occasionally by the emission of two or more elec- 
energy n such a case, only one of the electrons has a kinetic 
nrar ich depends upon the frequency of the quantum in the 
oth lescribed by Einstein's equation, The kinetic energy of 
ki Wes electrons is characteristic of the type of atom. These 
ere established by P. Auger in an extensive investigation 
Thet nomenon. ; 
boun ue lanation of the Auger effect is as follows. A tightly 
Hectric ectron is first ejected from the atom by the usual photo- 
Vin Bj process: Such an electron is one for which the constant 
ission Stein's equation is large. After the act of photoelectric 
decrease the atom is left with the excess energy, w. The atom can 
ergy le its energy by transferring an electron from a higher 
Of this ae to the one vacated by the photoelectron. In the course 
а qu Tansition the atom loses energy, usually by the emission 
antum of radiation. Occasionally the energy freed by the 
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transition is given to one of the electrons of the atom which is 
ejected. 

Such an Auger electron will appear outside the atom with a 
kinetic energy which is the difference between that given to it by 
the atom and the energy lost in escaping from the atom. Since 
each of these energies is determined by the atom, the kinetic en- 
ergy of the Auger electron is characteristic of the atomic species. 

In stripping itself of its excess energy the atom may emit more 
than one quantum and several Auger electrons. The total energy 
so lost cannot be greater than w, the excess energy with which 
the atom was left as a result of the initial photoelectric act. 


Ш. PHOTOELECTRIC EFFECT OF LOW- 
FREQUENCY RADIATION 


The wave-length region from 2,000 to 10,000 angstroms (À) is 
of primary importance for photoelectric studies. The opacity of 
air and most optical materials has severely limited work in the re- 
gion below 2,000 А. The quanta of infrared radiation of wave 
lengths longer than 10,000 A possess so little energy that they pro- 
duce photoelectric effects in few substances. Visible radiation, or 
light, includes the wave-length region from about 4,000 to 7,000 A. 

1. Metals.—The most important topic of investigation with 
low-frequency radiation has been emission from the surfaces of 
metals. In this case, the constant w of Einstein's equation is 
known as the work function of the metallic surface. A brief dis- 
cussion of the structure of a metal is necessary in order to under- 
stand the significance of the work function. 

The large electrical conductivity of metals is attributed to the 
presence of electrons which are not bound to particular atoms but 
are free to roam the interior of 
the metal. At the surface the 
electrons are subject to forces 
which prevent them from leaving 
the metal; The number of free 
electrons is of the same order of 
magnitude as the number of 
atoms. The minimum work 
x Б | which must be performed against 

HESUREACE the surface forces to extract an 

FIG. 2.—ENERGY DIAGRAM FOR AN electron from the metal is the 
ELECTRON AT THE SURFACE OF A Work function. 

METAL ا‎ i 

This discussion may be ampli- 

fied by reference to fig. 2. The heavy solid line, ABCD, repre- 

sents the potential energy of an electron in the neighbourhood of 

the surface, It is assumed that inside the metal the potential is 

constant as indicated by the horizontal part, AB, of the line. In 

passing through the surface the potential energy increases sud- 
denly as shown by the portion, BC, of the line. 

Outside the metal the potential energy is again constant along 
the line CD. To extract an electron, initially at rest inside the 
metal, would demand the work U. The electrons in the metal, 
however, have kinetic as well as potential energy. The kinetic 
energies vary between zero and a maximum value as indicated 
by the horizontal line, EF. The maximum kinetic energy of an 
electron inside the metal is K. The work necessary to extract the 
fastest electron and leave it with zero kinetic energy outside the 
metal is the difference between U and K (or w), the work function. 
The equation 

(3) 


determines the photoelectric threshold frequency. Radiation of 
smaller frequency is incapable of ejecting electrons, Equation 
(3) is the Einstein equation (1) with the kinetic energy T of the 
photoelectron set equal to zero. For most metals the photoelectric 
threshold is in the ultraviolet. Tungsten has a work function of 
4.53 electron volts (ev) which corresponds to a threshold wave 
length of 2,730 А. This is well into the ultraviolet. Sodium has a 
work function of 2.28 ev or a threshold wave length of 5,400 À, 
which is in the green of the visible spectrum. The electron volt is 
a common unit of work or energy in photoelectric studies and is 
the work necessary to move an electron through a potential differ- 
ence of one volt. 
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FIG. 3.—PHOTOELECTRIC YIELD OF BARIUM AS A FUNCTION OF WAVE 
LENGTH EXPRESSED IN AMPERES PER WATT OF INCIDENT RADIATION. THE 
EFFECT OF REFLECTION IS INCLUDED IN THE THEORETICAL CURVE 


It has been found that the work function is extremely sensitive 
to the presence of traces of impurities upon the surface of the 
metal. If the characteristic work function of a metal is to be 
measured it is necessary to remove all traces of absorbed gas 
from the surface, preferably by prolonged heating at as high a 
temperature as possible in a very good vacuum. 

If monochromatic radiation is incident upon the surface of a 
metal, the photoelectric yield (ie., the number of electrons 
emitted for each quantum absorbed) is zero when the wave length 
of the radiation is longer than the threshold wave length. As the 
wave length of the incident radiation is made less than the thresh- 
old wave length, emission begins and the photoelectric yield in- 
creases with decreasing wave length. There exists a wave length 
for which the yield is a maximum and for shorter wave lengths 
than this the yield decreases. This behaviour is illustrated by the 
experimental curve of fig. 3 for the metal barium. As the wave 
length of the incident radiation decreases, its quantum energy in- 
creases and a greater fraction of the photoelectrons are able to 
escape from the metal. The existence of a maximum in the yield 
curve is not so immediately understandable. It results from the 
fact that the probability of absorption of a quantum by an electron 
decreases rapidly with increase of the frequency or decrease of 
wave length. This is a general feature of photoelectric absorption 
by electrons under all conditions. 

The maximum in the photoelectric yield curve is then the re- 
sult of a superposition of two effects. The shorter the wave 
length of the radiation the greater is the fraction of the electrons 
which will escape from the metal after the act of absorption. But 
the shorter the wave length, the smaller is the probability that 
any individual electron will absorb a quantum. For wave lengths 
less than that which corresponds to the maximum in the yield 
curve, the second effect is more important than the first, 

Radiation incident upon the surface of a metal and not re- 
flected is absorbed in a thin layer approximately a hundred thou- 
sandth of a centimetre in depth. The photoelectrons must come 
from this layer. I. Tamm and S. Schubin suggested that the 
majority of the photoelectrons are produced in a much thinner 
layer at the immediate surface of the metal. If the potential en- 
ergy of an electron inside a metal is constant as drawn in fig. 2, it is 
easily demonstrated that only at the surface can photoelectric ab- 
sorption occur. In the act of absorption the electron increases its 
energy by the amount ли but its momentum increases by the neg- 
ligible amount /m/c. 

As a result, a free electron, which is one moving in a region of 
constant potential, cannot satisfy simultaneously the laws of con- 
servation of energy and momentum during the act of photoelectric 
absorption of a quantum. The surface of the metal where the 
potential is rapidly changing may act as a third body and enable 
the conservation laws to be obeyed. 

In actuality, the potential energy of an electron inside a metal 
is not constant and the possibility of photoelectric absorption by 
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the electrons in the interior exists. Only photoelectrons роще 
in a thin layer approximately а ten millionth of a centimetre uni 
will have an appreciable probability of escape, however. m 
is the order of magnitude of the distance traveled bu E 
electron before making a collision with another electron in 
it loses a substantial fraction of its energy. 

Tamm and Schubin pointed out, however, that the thresh 
wave length for the emission of photoelectrons produced in 
interior will be shorter than the threshold of the surface photo 
electrons. Electrons at the surface can absorb quanta of n 
frequency and the work function of the metal determines H 
threshold. Selection rules, determined by momentum considera. 
tions, set a lower limit to the frequency of the quanta which may 
be absorbed by interior electrons. This lower limit of frequen 
varies from metal to metal but is always greater than the thresh. 
old frequency set by the work function for the surface photo. 
electric effect. if 

The theoretical curve of fig. 3 for barium was calculated ac- 
cording to the quantum-mechanical theory of К. Mitchell, who 
assumed that photoelectrons are produced only at the surface of 
the metal. It is not known to what extent the neglect of photo. 
electrons from the interior of the metal affects the divergence be 
tween the calculated and experimental curves. It is probable that 
the discrepancies are primarily due to an inadequate treatment of 
the behaviour of the radiation near the surface of the metal, where 
it is reflected and refracted. ) 

The work function depends slightly upon the temperature af 
the metal. The most important reason for this effect is the varit 
tion of the kinetic energies of the electrons in the metal wit 
temperature, At the absolute zero of temperature there is a dfs 
nite upper limit to the kinetic energy of an electron as indica 
in fig. 2. 

At any finite temperature, the upper limit is not sharply defined 
but the probability that any electron possesses more than a det 
nite amount of kinetic energy is small, An effect of this indefinite 
ness in the upper limit of the kinetic energy is that the photoelectric 
threshold is not well defined. R. Fowler and L. A, DuBridge de 
veloped approximate theories of the photoelectric effect w 
permit the determination of the work function that the me 
would possess if the electrons were at the absolute zero of ү] 
ture. It is this fictitious work function which is usually tabulated 
and discussed. 

If a metal is heated to a high temperature, an observati na 
ber of electrons obtain sufficient kinetic energy to escape. : d 
known as the thermionic effect. From the variation in the И 4 
ber of thermionic electrons with the temperature it is po 
determine the work function w, It is highly gratifying t t Ж. 
functions measured in this manner agree with the ue i 
work functions, This is especially true in so far a$ it a e 
confirmation of the theory of Tamm and Schubin йы 
near the threshold, the photoelectrons are produced at 
diate surface of the metal (see THERMIONICS). duced by 8 

It has been mentioned that the photoelectrons pro Бийи [i 
given wave length of radiation emerge with på d ught і 
kinetic energies and velocities. At оле time it was tho! | 
the electrons inside a metal were practically at rest 2 egy 
distribution of energies among the photoelectrons was jn thel 
of collisions of the electrons with atoms of the js ano! 
escape. If the photoelectrons originate at the sur! i ү foun 
reason for their distribution of kinetic energies mea for à i 

According to the model pictured in fig. 2 the VAR 
tribution of energies is the fact that before photoe ERA ‚Ї 
tion takes place the electrons possess different, N the 5 
all electrons absorb the same energy, 4v, and if all su distri \ 
energy loss, w, in escaping from the metal, then E 
of kinetic energies of the photoelectrons is an ассы ш w 
the distribution of the kinetic energies of the elec 
metal. 4 

A comparison of the theoretical and experim 
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кае М асе 
tributions of the photoelectrons from a sodium ae ly 
in fig. 4. The agreement between the curves is P. пей test of 


for the most energetic electrons and provides а. @ 


Dirac distribution func- 
h is used to describe the 
th temperature of the 
gy of the electrons 
jn metals. The differences be- 
tween the experimental and theo- 
retical curves at low energies may 
be due to a slight velocity-de- 

dent reflection of the escap- 
jng electrons by the surface po- 
tential. 

The photoelectric effect of con- 
laminated metal surfaces has 
ben studied in great detail. 
Many of these surfaces have high 
yields and very low work func- 
tins, They are, therefore, of 
great importance in the manufac- 
ture of commercial photocells. 
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RELATIVE NUMBER OF ELECTRONS 
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ELECTRON ENERGY 
BY COURTESY OF “PHYSICAL REVIEW" 
FIG. 4.—ENERGY DISTRIBUTION OF 
THE PHOTOELECTRONS FROM SODIUM. 
THE WAVE LENGTH OF THE RADIATION 
1S 3,650 A; TEMPERATURE OF THE 
SURFACE, 25* C. 
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The properties of a surface which is widely used, known as the 
cesium-on-silver oxide surface, are almost entirely unexplained. 
The threshold is in the infrared near 12,000 A and the yield is 
extremely large over the visible and near ultraviolet regions of the 
spectrum, An antimony-cesium alloy is also used for commercial 
photocells because of its high and stable sensitivity to visible and 


ultraviolet radiation. 


2. Insulators.—The topics of interest in the investigation of 
the photoelectric effect with dielectric solids are somewhat differ- 
ent from those with metals. Little work has been done upon the 
emission of photoelectrons from surfaces of insulators. The loss 
of electrons leaves the surface with a positive charge which pre- 
vents the establishment of a steady photocurrent. (See also IN- 
SULATING MATERIAL [ELECTRICAL ].) 

Whereas the photoelectrons produced in the interior of a metal 
Cause an unobservable change in its conductivity, the decrease in 
resistance of an insulator due to the presence of photoelectrons 
i readily detected. This phenomenon is referred to as photocon- 


duction, 


Typical insulating crystals, such as the alkali halides and the 
oides of the light metals are quite transparent to visible and 
Near ultraviolet radiation. Absorption by the electrons starts 
Somewhere in the ultraviolet. The typical absorption spectrum 
begins with a series of overlapping bands which are absorption 
wa broadened by the interaction of the electrons with the vi- 
tating ions of the crystal lattice. Following these bands and 
petting them is a region of continuous absorption resulting 
i ui the photoelectric production of free electrons. In this 
ad of the spectrum the absorption is so large that the radia- 
eer only a thin layer of material as in a metal. Ex- 
ii ents with photoconduction are usually performed with radi- 
lin absorbed in the long wave-length tail of the first absorption 


In this case one cannot predict unambiguously whether photo- 


conduction will result. 


m Teason for this statement is that absorption in the bands 
rect] precede the region of continuous absorption does not lead 
solid, у to the production of a free electron in the interior of the 


The electron is raised by the absorbed quantum to an excited 
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te in which it is still bound to the positive charge left on the 
which the electron originated. The electron and posi- 
are not bound to an individual atom of the crystal but 
as a pair throughout the volume of the solid. The move- 
1S pair, or exciton, as it has been called, cannot lead to a 
€ctrical charge and photoconduction. The exciton may 
сеп energy from the vibrating ions of the lattice, how- 
h E it to dissociate into a free electron and a free posi- 


j i * " n 
не field they may then move in opposite directions 
ise to a photocurrent. The temperature of the crystal 


termines th 


е average energy of the vibrating ions and it is to 


ее 
*Pected that if photoconductivity occurs because of thermal 
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dissociation of excitons, it will disappear at a sufficiently low tem- 
perature. 

Absorption of radiation in the long wave-length tail of the ab- 
sorption band of an alkali halide crystal such as sodium chloride 
does not produce photoconductivity. Presumably the excitons are 
not thermally dissociated. Under the same conditions, photocon- 
ductivity is produced in the silver and thallous halides. In this 
case the question has been raised as to whether the absorption is 
not due to foreign impurity atoms. 

Large quantum yields, approaching one electron freed for each 
quantum absorbed, are quite common. In the region of true con- 
tinuous absorption and the direct production of photoelectrons, 
the measured yield becomes small. In the cases of diamond and 
zinc sulfide the photoconductivity disappears entirely. The rea- 
son for this is not understood but may, in some cases, be due to 
the two following effects. When the absorption coefficient be- 
comes large the reflectivity of the crystal surface becomes large. 
The major fraction of the radiation does not enter the crystal, an 
effect which has been commonly overlooked. In addition, since 
the radiation is absorbed in a very thin layer at the surface, the 
concentration of photoelectrons is large and recombination is pro- 
moted. 

The fate of a photoelectron in a crystal is a matter of interest. 
Through collisions with the lattice ions it rapidly loses the energy 
gained from the absorbed quantum and comes into thermal equi- 
librium with the lattice. Finally, it will recombine with an atom 
which has lost an electron or will be trapped at an impurity atom, 
a crack, or other imperfection of the lattice. 

It appears to be the rule rather than the exception that the 
photoelectrons in the interior of the crystal initiate secondary re- 
actions. These may be of the most diverse types and have com- 
plicated enormously the study of the primary photoeffect. It is 
commonly observed that the primary photocurrent produces а 
more or less permanent decrease in the resistance of the crystal. 
Ina few cases it has been possible to study this secondary current 
independently of the photocurrent proper. 

The problem is further increased in complexity by the unavoid- 
able presence of minute amounts of impurities. Concentrations of 
impurities of a few parts per 1,000,000 may determine completely 
the observed effects, either by acting as sources of photoelectrons 
or by trapping them and giving rise to secondary reactions. 

An example of the last-mentioned effect is found in the silver 
halides. The formation of the latent image in photographic emul- 
sions is the result of the production of photoelectrons in the in- 
terior of the small crystals of silver halide which are dispersed 
throughout the gelatin of the emulsion. The photoelectrons are 
trapped at specks of silver sulfide which are present as impuri- 
ties on the surfaces of the crystals. The silver halide has a small 
number of positively charged silver ions wandering throughout the 
interstices of the crystal lattice and these are attracted to the 
trapped electrons. 

The electrons and silver ions unite to form silver atoms. Sub- 
microscopic clumps of silver atoms form the latent image which 
makes the silver salt susceptible to development by the proper 
chemical reagents. 

Photoconductivity is a general property of semiconducting sol- 
ids. Semiconductors have a feeble, temperature-dependent, elec- 
tronic conductivity which disappears at low temperatures where 
they become good insulators. The photoconductive properties of 
selenium and cuprous oxide have been known and used for many 
years. The pure elements silicon and germanium are semiconduc- 
tors that exhibit photoconductivity when exposed to radiation 
whose wave length is less than 1.2 microns (и) and 2 p, respec- 
tively. One micron equals 10,000 A. These threshold wave 
lengths correspond to the onset of strong optical absorption by the 
elements. The semiconducting compounds lead sulfide, lead sele- 
nide and lead telluride are extraordinarily sensitive to near infra- 
red radiation when properly prepared in the form of thin films. 
Lead sulfide films are formed by vacuum evaporation followed by 
sensitization with oxygen or by chemical deposition from solution, 
Lead sulfide is a useful photoconductor for wave lengths less than 
about four microns, while the threshold wave lengths of lead tel- 
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luride and lead selenide are near six microns and eight microns, 
respectively. Lead sulfide cells are commercially available and 
have numerous industrial and military applications. The military 
applications include not only infrared signaling but also the loca- 
tion of vehicles and personnel in the dark. 

Trucks, tanks, ships, planes and missiles can be detected at long 
ranges by means of the infrared radiation emitted by heated parts 
or exhaust gases. Infrared radiation in the form of body heat of 
soldiers has been used in their detection at night. Infrared search 
systems offer better optical resolution and less susceptibility to en- 
emy jamming than do radar systems. 

Cadmium sulfide is commercially important for the manufacture 
of photographic light meters and similar devices because of its 
stable characteristics and high sensitivity to visible radiation. 

3. Gases.—The photoelectric effect in gases is of particular 
interest because the ejection of an electron from a free atom repre- 
sents the simplest photoelectric process. Unfortunately, experi- 
mentation in this field is very difficult. The work necessary for 
the removal of the most weakly bound electron from the atoms or 
molecules of the simple gases is large enough to place the photo- 
electric threshold in the neighbourhood of 1,000 A. In this region 
of the spectrum there are available neither convenient high- 
intensity radiation sources nor simple optical instruments. Com- 
mon difficulties are the emission of electrons from the walls of the 
reaction vessel by scattered radiation, and the occurrence of sec- 
ondary chemical reactions which are induced by the primary photo- 
electric effect. 

The photoelectric threshold frequency can be predicted very 
precisely from spectroscopic observations. Photoelectric emission 
of electrons from atoms or molecules which have been previously 
excited by absorption of a quantum frequently gives an apparent 
threshold at a lower frequency than the predicted one. While the 
available data are in qualitative agreement with the theoretical 
prediction that one electron is emitted for each quantum absorbed, 
a precision test of this point is lacking because of the experimental 
difficulties. (See also LUMINESCENCE.) 

4. Photovoltaic Effects.—The photovoltaic effect consists in 
the generation of an electromotive force in a material on illumi- 
nation. An electromotive force (e.m.f.) is the source of the elec- 
tric field which produces a current in a closed circuit of conductors. 


The discovery of the phenomenon by Becquerel is mentioned in. 


the Historical Survey section of this article. A similar effect was 
noted in 1876 by W. Adams and R, Day, who observed the genera- 
tion of an e.m.f. on illumination of a junction of selenium and 
platinum. 

The junctions of semiconductors and metals which exhibit a 
photovoltaic effect usually possess the property of being recti- 
fiers. That is, the resistance of the junction: depends upon the 
direction in which current is passed through the junction. Two 
of the most important junctions of this type are the selenium- 
metal junction and that between cuprous oxide and copper. 

A theory of the photovoltaic effect at such junctions given by 
N. Mott appears to be at least qualitatively successful. In the 
case of the cuprous oxide unit there is a film, termed the block- 
ing layer, of pure oxide of the order of a ten thousandth of a 
centimetre in thickness separating the copper and the impure bulk 
oxide. 

The bulk oxide owes its semiconducting properties to the pres- 
ence of an impurity which is an excess of oxygen. When radiation 
is absorbed in the oxide near the blocking layer, electrons are 
ejected from the oxide into the blocking layer. Within the block- 
ing layer, there exists an electric field which drives the electrons 
to the metal. This results, in a closed circuit, in the production 
of a steady current. The field in the blocking layer exists because 
of the trapping of electrons from the copper by the impurities of 
the cuprous oxide, giving the oxide a negative charge with respect 
to the metal. 

The cuprous oxide-copper photocell has a threshold in the neigh- 
bourhood of 14,000 À and a maximum sensitivity near 6,000 A 
Another commercially important photovoltaic cell is that formed 
from the junction of a metal and selenium. Its characteristics are 

much like those of the cuprous oxide cell (see SELENIUM CELL), 
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These cells are extremely convenient for many applicati 
А i plication, 
since they generate their own power and operate Without the tye 
of batteries or power supplies. The electromotive force gen u 
by moderate illumination is sufficient to operate a low-resistan 
microammeter. Their stability is inferior to that of vacuum 
cells. In addition, when amplification of the small ел, is ne 0. 
sary it is an extremely difficult matter. The response to chanm 
in illumination is slow so that the cells cannot be used for many 
plications. ш 

The chief field of application is the qualitative detection of nd. 
ation and measurements where high precision is unnecessary, asin 
light meters for photographic work. In photometric work d this, 
type, the fact that the relative sensitivity of these cells to light 
of different colours is similar to that of the human eye is of particu. 
lar importance. 

A photovoltaic effect is produced when radiation is absorbed 
near a P-N junction (see TRANSISTOR) in a semiconductor, Er 
cellent photovoltaic cells have been constructed with silicon, fete 
manium or indium antimonide as the semiconductor. The P 
junction is formed by adding to the pure semiconductor care 
fully selected impurities with the proper spatial distribution. 
Arsenic and boron are typical impurities used with silicon, The 
silicon crystal is prepared so that there is an abrupt transition 
from a region in which boron is the dominant impurity to an at- 
jacent region in which arsenic is the dominant impurity, At the 
junction of the two regions there is a karge electric field that ac 
celerates free electrons produced by absorption of radiation, Sil: 
con photovoltaic cells have an output voltage of approximately 
0.5 and a threshold wave length near 1.2 д. They are eficient 
converters of solar energy to electrical energy. Their conversio 
efficiency is about 10%, approximately half their theoretical di 
ciency. Silicon solar cells provided electrical power for a rd 
transmitter of the first U.S. earth satellite, launched March 1, | 
1958. The Mariner 2 probe used 10,700 solar cells to operate its 
instrumentation and transmit data a distance of 36,000,000 ml 0 - 
earth as it passed Venus on Dec, 14, 1962. 7 

P-N junctions in germanium are used to make photodiodes 
and phototransistors which (because of their fast response, hi 
sensitivity and tiny size) have important applications for the a 
matic control of machinery, the sorting and counting of mant 
tured articles and the operation of high-speed computers. 
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tainable from а typical photocell is only of the order of a micro- 

Om the use of amplifying circuits the photomultiplier tube 
bas been developed. This tube is illustrated in fig. 5 (B). In 
this device the photoelectrons are accelerated to the first of a 

. set of auxiliary electrodes called the dynodes. The surfaces of 
the dynodes have the property of liberating several electrons for 
each electron which strikes them. In this manner the initial photo- 
current is amplified as it passes from dynode to dynode. Such a 
device may have as many as ten dynodes and the current to the 
collector may be 100,000 times the primary photocurrent. The 

otomultiplier tube is manufactured in a size no larger than the 
ordinary photocell, 

The scintillation counter is a device for the detection of rays 
or high-energy nuclear particles. A y-ray photon or particle 
strikes a luminescent crystal and produces a brief flash of lumi- 
nescence. A typical crystal is sodium iodide containing a trace 
ofthallium as impurity. The photons of the luminescent radiation 
strike the cathode of a photomultiplier tube and eject photoelec- 
trons that are amplified by the tube. If, as is commonly the case, 
the nuclear particle loses all its energy within the luminescent 
crystal, the number of luminescent photons and the magnitude of 
the output pulse of charge from the photomultiplier are a measure 
of the energy of the particle. The scintillation counter not only 
can detect and measure the energy of individual nuclear particles 
and y-ray photons but does so in an incredibly short time. The 
speed of response of the counter is usually less than a microsecond 
and with crystals such as trans-stilbene may be as short as 0.006 
microseconds, 

. The fundamental use of a photocell is to convert a change in 
lle intensity of the incident radiation into a change in an electric 
current, This change in electric current may then be used to 
operate control or measuring devices. For example, a person ap- 
proaching a doorway may interrupt a light beam which is inci- 
dent upon a photocell. The abrupt decrease in photocurrent may 
be used to start a motor which opens the door or rings an alarm. 
The variations upon this usage are endless. In the manufacture or 
Processing of materials photocells are used to detect imperfect 
articles and to actuate mechanisms which reject them. The speed 
i accuracy of such control is far greater than possible with a 
uman operator, 

In the production of sound motion pictures, a strip of variable 
density upon the photographic film is converted by a beam of 
light and a photocell into a fluctuating electric current which 
ү ш operates the loud-speakers. (See Моттох 

RES, 

In television production the photoelectric effect is used to con- 
ur the light reflected from the object to be televised into an 
кш т деге ще | patna ks че a 

er into the long wave-length radiation termed ra 
b. These are picked up by the receiver, transformed into 

(trical impulses and finally appear as a picture upon the fluo- 
"scent screen of a cathode-ray tube. (See TELEVISION.) - 

FEN Scientific work photocells are used whenever it is desired to 
lure the intensity of a light beam with precision. They are, 
ae used in the construction of photometric instru- 

1 ee PHOTOMETRY.) А 

ın lly, it should be noted that the photographic film, whose 

puce need not be reviewed, owes its light-sensitive proper- 

Й ath the Production of photoelectrons by light in the interior of 
ver halide crystals of the emulsion (see PHOTOGRAPHY). 


у У. NUCLEAR PHOTOEFFECTS 


сам and М. Goldhaber discovered in 1934 that the 
Quant; п, the nucleus of the deuterium atom, will absorb a y-ray 
Ша and disintegrate. The disintegration products are a pro- 
atom of à neutron, The proton is the nucleus of the hydrogen 
tharged which deuterium is an isotope. The neutron is an un- 
tini Particle of approximately the same mass as the proton. 
шу оң quantum energy of 2,170,000 ev (2.17 Mev) is neces- 
The dn roduce the photoelectric disintegration of the deuteron. 
© of many other atoms have been shown to exhibit a 
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similar reaction. In all cases the photoelectric effect results in the 
ejection of a neutron. ` 

A second important nuclear photoeffect is pair production. 
A y-ray quantum in traversing the neighbourhood of a nucleus 
may be annihilated and a positive and a negative electron created. 
This is a direct conversion of radiant energy into matter in which 
energy and mass are related by an equation due to Einstein: 


E- (4) 


where E represents the energy converted into the mass m, and c is 
the velocity of light. With m taken as the sum of the masses of 
the positive and negative electrons, thesninifmum quantum energy 
E which is necessary for pair production is calculated as 1,020,000 
ev. A quantum of greater energy will impart kinetic energy to the 
created electrons. This process is one of the most important 
mechanisms by which high-energy quanta interact with matter. 
The positive electron is unstable and soon after its creation com- 
bines with a negative electron, the pair being annihilated with the 
creation of one or two y-ray quanta. 

The y-ray photons whose energy exceeds 150 Mev interact with 
protons and neutrons to create positively charged (7 *), negatively 
charged (т^) and neutral (7?) mesons. The charged m mesons 
have the same charge as that of an electron but have a mass that 
is 273 times that of the electron mass. They are unstable particles 
that decay into u mesons and neutrinos with a lifetime of 2.6 X 
1078 seconds. The neutral meson has a mass that is 264 times 
the electron mass and disintegrates into a pair of y-ray photons in 
about 10715 seconds. 

The interaction of a y-ray photon with a proton may either 
transform the proton into a neutron with the creation of a m+ 
meson or create a neutral 7° meson and leave the proton un- 
changed. Similarly, the interaction of a y-ray photon with a neu- 
tron may produce a proton and a v^ meson or create a 7? meson 
without transformation of the neutron into another particle. 

Pairs of т mesons and of и mesons are also created by the inter- 
action of y-ray photons of sufficient energy with nuclear particles. 
Since it is believed that mesons are responsible for the forces be- 
tween nuclear particles, they are the subject of intensive research. 

See Атом; NucLEUs; see also references under “Photoelec- 
tricity” in the Index. 
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Processes in Ionic Crystals (1940) ; V. K. Zworykin and E, G. Ramberg, 
Photoelectricity and Its Application (1949); R. A, Smith, F. E. Jones 
and R. P. Chasmar, The Detection and Measurement of Infra-Red 
Radiation (1957) ; E. U. Condon and H. Odishaw, “The Photoelectric 
Effect” and “Meson Physics,” ch. v, pt. 8, and ch. xiii of Handbook of 
Physics (1958); J. J. DeFrance, Electron Tubes and Semiconductors 
(1958) ; A, Rose, Concepts in Photoconductivity and Allied Problems 
(1963). (R. J. Mr.) 

PHOTOENGRAVING, the photomechanical procedures by 
which an illustration with a relief printing surface is produced for 
use in the letterpress printing process. Although the term was 
originally applied exclusively to etched metal printing plates on 
which an image was obtained by photomechanical methods, photo- 
engraving has come to be applied broadly to the making of let- 
terpress relief printing surfaces in zinc, magnesium, and copper 
or in plastic or photopolymeric materials (photosensitive plastics), 
and to printing plates made by one of the electromechanical plate- 
making machines. Many of the physical and optical bases for 
photoengraving are identical with those employed in the offset 
lithographic or gravure platemaking operations. (See also PRINT- 
ING; LITHOGRAPHY; GRAVURE.) This article is arranged in the 
following sections: 


mc, 


I. Historical Development 
1. Halftone Screens 
2. Special Effects 
3. Process Developments 

II. Modern Engraving Techniques 

A. Basic Production Processes 

1. Camera and Darkroom Equipment 
2. Plate Coating and Printing 
3. Etching and Finishing 
4. Blocking and Proofing 
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B. Colour Plate Production 
1. Colour Separation 
2. Elimination of Moiré 
3. Colour Scanners 
C. Production Specifications 
1. Line Plates 
2. Halftone Specifications 
3. Combination Line and Halftone Plates 


I. HISTORICAL DEVELOPMENT 


The use of illustrations is as old as printed and written text. 
Photoengraving is the oldest of the engraving techniques employ- 
ing photomechanical methods, since the printing process it serves, 
letterpress, was in existence for more than 300 years before other 
processes were developed. 

Although printed illustrations appeared as early as the 15th 
century, the first engraving made by the action of light on a 
photosensitive plate is reported to have been that of Joseph Niepce 
(1826), a Frenchman, who coated a metal plate (either pewter 
or copper) with photosensitive asphalt, and under bright sunlight 
printed the image of Cardinal Georges d’Amboise from an etch- 
ing which he used as a positive image. He then developed and 
etched a relief image on the metal surface. Niepce’s discovery 
may have been of historical importance, but it did not bring an 
immediate use of photoengravings for printed images. Many 
other experimenters in Europe and the United States made further 
attempts at producing engravings, but the origin of the modern 
engraving process rested in the discovery by Mungo Ponton (1839) 
of the light sensitivity of chromium salts, However, Ponton was 
not an engraver and apparently was not interested in this field. 
The work of Firmin Gillot in Paris appears to have given the 
greatest impetus to engraving on zinc, although none of the early 
experimenters employed photography to produce the printing 
surfaces. In fact, much of the work antedated photography. 

The discovery of the wet-collodion process for photography pro- 
vided the means for producing the photographic negative as the 
basic element in photoengraving. Frederick Scott Archer intro- 
duced this process about 1850. The technique also provided a 
method of stripping or removing the image from the glass photo- 
graphic plate, The wet-collodion process was used extensively by 
process photoengravers until the introduction of commercially 
coated stripping film in the 1930s. Thereafter, its use gradually 
declined because of the greater convenience and lower cost of the 
ready-made stripping films. 

W. Н. Fox Talbot, in England, appears to have been responsible 
for the direct application of the dichromated colloid to photo- 
engraving (1852). He was interested in gravure images, but he 
learned of the light-hardening effect of dichromated gelatin in 
this work, and use of this information in other applications fol- 
lowed naturally. 

It was obvious to Talbot and other experimenters that, if the 
reproduction process was to succeed, a means of breaking up the 
continuous-tone images in photographs or drawings, and repro- 
ducing them in quarter, half, and three-quarter tones, had to be 
found. Since the letterpress printing machine provides a uniform 
coating of ink on the printing surfaces, no provision can be made 
for reproducing intermediate tones between black and white in an 
illustration by varying the thickness of the ink film laid down by 
the press. Therefore, some other means of producing this effect 
had to be found, The answer, of course, lay in the halftone proc- 
ess, in which grays are obtained by varying the size of halftone 
dots and thus controlling the amount of ink laid down in a given 
area. However, as in the case of so many developments, credit 
for the invention of the halftone technique cannot be attributed 
to any individual; the work was evolutionary. 

A single-direction line screen in which parallel lines were 
scratched in an opaque background is described in a French patent 
of 1857. As early as 1869, William A. Leggo, a Canadian, pro- 
duced an image with a crossline halftone in the Canadian Illus- 
trated News. Later, in 1882, Georg Meisenbach, using a single- 

direction screen, produced a crossline halftone by making half the 
exposure with the screen in one position and half with the screen 
rotated 90°, 
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Frederic E. Ives, who in 1885 prepared a тес] 
crossline screen on film, was responsible for the optic 
that led to modern screens. There were other: 
by various means, but the brothers Max and 
were the first to succeed in producing commercial 
The Levy brothers coated selected plates of high- 
glass with an etch-resistant base in which parallel lin 
a ruling machine. The ruled lines were etched 
acid and filled with an opaque material, after which 
in sharp contrast with the unetched glass. Two m 
were then cemented face to face with the lines at ! 
bound in a metal frame. 4 

1, Halftone Screens.—In principle, at least, ther 
significant change in the making of glass halftone 
methods used by the Levy brothers. Other screen 
as the grainlike mezzograph screen, have been tried | 
produced such consistently good results as the һай 
Halftone screens may be obtained with line freque 
40 to 400 lines per inch. The coarser screens are 
trations printed on rough papers and the finer ones 
of higher quality on high-finish and coated papers. 
65-, and sometimes 85-line halftones are generally | 
paper reproduction, while 100-, 110-, and 120-line 
suitable for supercalendered papers and for the text 
some magazines; they find wide application for 
trations and for some multicolour work on these p 
133-, and 150-line halftones are usually used for 
tions in magazines and books printed on coated 
picture detail is important. The 175- and 200-lin 
ings are seldom used because of the difficulties in ke 
filling in the plates during the press run. These 
however, find some application in offset lithogra] 

Although the production of glass screens has not ch: 
since the initial work of the Levys, there have been 
changes in the application of the halftone screen t 
ing. Among the most important was the introducti 
tact screen. This is a film material containing ап 1 
pattern produced by a glass halftone screen. In use, 
contact at the focal plane of the camera or enlarge 
the film onto which the image is printed, and the 
while contact is maintained. This eliminates cer! 
effects inherent in glass screens, frees the operator 
the lens diaphragm restrictions imposed by glass si 
nates the necessity that lens opening, screen dis 
focal plane, and screen ruling be in proper relatio 

Contact screens are made with a silver (gray) E 
with a magenta dye image; the dyed screen gives 50П 
control over halftone negative quality through the Û 
filters on the camera. : 

2. Special Effects.—Such techniques as dro 
highlights from the halftone negative (i.e., elimin 
in these areas) in order to achieve increased cont 
tions were studied and introduced by several individ 
Garland patented such a method in 1883, and in 
Bassani introduced a camera attachment that m 
impart a slight motion to the image on the film and 
exposure to the point where small highlight halftone 
printed or developed. However, the most successfi 
lighting methods were those employing fluorescen 
Walter Marx in 1938 patented his fluorographic pF 
fluorescing materials were incorporated in the. 
Alexander Murray patented similar pigments 12 
designed for colour correction in water-colour ill 
Kemart process, introduced shortly thereafter, UZ 
paper board. All of these processes were based ОП 
cedure: making an exposure under normal 
reproduction, and then making an additional co nd 
under ultraviolet light. The fluorescence produc 
violet illumination provided additional exposum 
areas that gave the necessary correction for hig 
correction, 

3. Process Developments.—The discovery 
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In producing a photo-engraving plate, the subject is first photograpned through a 
halftone screen so that the image is divided into a great number of small "'dots." 
Here the cameraman is positioning copy in a pressure frame that will be tilted so 
that the copy is held vertically when it is photographed by the process camera 
in the background 


PLATE MAKING 


^ j "a ra i r to cut out nonprinting areas To make colour proofs, the finished yellow, red, blue 
Aer üt an rese plate In an lig А роми router Ie umd o out out нт атаа qn М шн a les о э grat bane 
with an etching bath, e modern technique of already cut by hand tooling proof press which prints the four colours "wet" in 
ing produces good pistes without the use of rapid succession 
ү blood etching р once generally used 

Prevent undercutting the printing surface 


Ten a "м б - z 

Alfton, f — he The PDI scanner, an electronic machine made by Printing Developments, Inc., a 
Mier detn, j i5 inspeoted to determine if the plate PETAT to tne subsidiary of Time, Inc., makes colour-separation negatives from a colour trans- 
th ink q he depth is too little, the space around the parency in one operation. Here the operator inserts a photographic transparency 


rice In Printing. This plate is shown on an engraving machine called the 


vari 
and han 


eh А 
ograph, which can be adjusted to enlarge or reduce the copy and to of a colour subject into the scanner 


ety of halftone screens. This machine eliminates camera work, etch- 
d finishing 
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COLOUR PRINTING 
BY FOUR COLOUR PROCESS 


YELLOW PLATE 


RED PLATE 


BLACK PLATE 


PHOTOGRAPH, ENAT FROM THREE Lions ren 
Reproduction of a painting, a photographic transparency or such subj п\агу c10 ыт 

2 jects as impleme! ow 
wood grain and fabric is accomplished by the halftone colour Process—a photo- meh ON age larron ae rea and pale m ed 
mechanical technique which has replaced tedious and expensive hand engraving. used to hot Аан neat ve: d hie and black хае е НИЙ 
The reproduction may be sitter larger or smaller than the original. The first «леу. When. prac cite t estat рон) are made P the ا‎ 
step in making four-colour printing plates f : { е 

о plates from the Ektachrome transparency at cally-produced separation negatives, each contains the tro (too t 
" 


left above is to make colour-separation negatives by means of colour, filters on it represents. The plates are printed in the seq 


the camera, as indicated in the diagram. When the transparency is photo- above. The final black "key plate" provides sharp detall 


n was primarily responsible for the development and growth 
of photoengraving, and this growth was directly affected by other 
developments related to the printing industry. The introduction 
‘of the first practical colour film for amateur and professional use, 
Kodachrome, in 1935 probably did_more to accelerate printing 
developments than any single invention, It made a colour studio 
out of the entire world and greatly increased the use of coloured 
illustrations. At approximately the same time, the commercial 
production of on-the-machine coated paper and heat-drying print- 
ing inks for letterpress printing began. Many colour developments 
lated to films, printing processes, and materials followed. 
Electrolytic and Powderless Etching —Although the etching of 
metals by chemicals was the obvious method of producing printing 
"plates, Henry Mawicke of Chicago was among the first (1912) to 
apply the electrolytic principle, utilizing the plate being etched 
as the anode in an electrolytic bath. The electrolytic etching ma- 
‘chine is still used for specialty work, but it never found widespread 
‘acceptance, 
— Early methods of etching zinc and copper—methods that are 
ИШ in use in many areas—were tedious, inexact, and could be 
learned only by trial-and-error training. The principal difficulty 
lay in achieving sufficient vertical etching depth without encoun- 
tering undue lateral etching, which would undercut the edges of 
halftone dots and lead to their collapse on the print- 
press. Some success in overcoming this problem was 


deposited around the sides of the dots, permitting further etch- 
ig in depth. The method did not, however, give consistently 
Satisfactory results. A major step toward solving the problem— 
‘infact, the most important development in the field of etching 
since photoengraving was invented—came in the Dow-Etch 
method, a means of etching a magnesium plate without the use 
of powder, introduced in the U.S. by the Dow Chemical Company. 
perimenters found that by adding an oily material and a surface- 
Шуе (wetting) agent to the nitric acid bath, and controlling the 
ditions under which the plate was etched, they could produce 
acters in relief with adequate etching depth and virtually no 
Mining area loss during the etching. The process was later 
K led to the etching of zinc, and was quickly adopted by en- 
savers in all parts of the world. 

With, this major hurdle overcome in the etching of zinc and 
hesium, attention turned to copper. Rexford Jones, working 
group of photoengravers carrying on developments under the 
me Photoengravers’ Research Institute, found that a powderless 
aching process for copper was possible when thiourea was added 
Û the iron chloride etching bath. He obtained a patent in 1956. 
18 Work was followed by further refinements in the process and 


the techniques of electronics, optics, and mechanics. The 
Successful result of these efforts was the Scan-A-Graver, in- 
uced in 1947, which optically scanned a picture and simul- 
neously reproduced it as a relief printing plate on a plastic sheet. 
" Scan-A-Graver found wide application, particularly in news- 
Per plants where photoengraving procedures were time-consum- 
Band therefore costly. Within a short time, machines were de- 
Ped that were capable of making etched plates in metals. 
8 while, investigators at the du Pont laboratories in the 
ЧЁсоуетей about 1950 that some methacrylate compounds 
à be quickly polymerized by exposure to light. Nylon was also 
terial to have photosensitive properties, and by 1958 both ma- 
І A Were being offered for use in printing plates. — 
1 Кона Plates—A significant improvement in letterpress 
- plat, ng techniques came with the development of the wraparound 
s it a thin metal or plastic sheet on which an entire printing form 
à Bin; Printed and etched. In appearance and in use the wrap- 
rmi Plate is much like an offset lithographic plate. Because it 
ted letterpress printing with a relatively inexpensive but 
Bd rotary press, the wraparound plate was particularly 
tageous for smaller printing plants, which previously had 
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to rely on slower flat-bed presses for letterpress work. 

The term wraparound is generally associated with the thinner 
flexible metal or plastic-coated metal plates affixed to the press 
cylinder by clamping devices. A second type of photoengraved 
printing plate is prepared by etching an image on heavier precurved 
materials, varying in size from single page forms to several pages 
on a single plate. 

Wraparound plates require an etching depth of approximately 
0.01 to 0.015 in. on plate material 0.025 in. in thickness. The pre- 
curved printing plates have thicknesses of 0.032 to 0.040 in. and 
etching depths up to 0.020 in. Rigid plates are affixed to press 
cylinders by small clips. Therefore, plates of this thickness, as 
well as some wraparound plates, are completely engraved in curved 
form, a procedure that also insures accurate colour register and 
image length. 


П, MODERN ENGRAVING TECHNIQUES 


Plates made by the photoengraving process are all relief letter- 
press printing plates, but they may be further classified into groups 
on the basis of the materials from which they are made or the 
types of images they are to reproduce. Photoengravers classify 
them as zinc, magnesium, copper, or plastic plates; the plastic 
plates may be those produced either from the photopolymeric plas- 
tics or by one of the electromechanical engraving machines. 

Buyers of printing commonly classify engravings in terms of 
cost, and such a grouping includes, in ascending order of costs: 
line engravings, halftone engravings, combination line and half- 
tone engravings, single-colour, two-colour, and duotone engrav- 
ings, and process colour plates. Each of these types may be pro- 
duced in any of the customary metals or plastics. Process colour 
plates are usually made of copper in the U.S. and U.K., and of 
zinc elsewhere. 


A. Basic PRODUCTION PROCESSES 


The essential operations for the production of all types of photo- 
engravings are similar. They include photography, photomechani- 
cal operations, etching, finishing, routing, blocking, and proofing. 

1. Camera and Darkroom Equipment.—The engraver's 
camera, called a process camera, is a rigidly built machine designed 
to allow precise positioning of the lens and copyboard so as to pro- 
vide control over the enlargement or reduction in size of the copy. 
It has a colour-corrected lens designed to give the sharpest possible 
image when focused on a plane surface, without the distortions 
commonly found (though usually unnoticed) in the average por- 
trait or amateur camera lens, Process cameras are designated as 
gallery or darkroom types. The gallery camera may be installed 
in any convenient location, but all film must be removed in a light- 
tight cassette and processed in a separate darkroom. The dark- 
room camera is installed with its film holder as an integral part of 
the darkroom wall, giving easy access to the darkroom facilities, 

Virtually all photographic work is done on film coated with 
high-contrast emulsions especially developed for graphic arts work. 
The introduction of dimensionally stable film bases has nearly 
eliminated the use of glass plates. The film emulsions used for 
halftones are of the “lith” type, giving the extremely high contrast 
needed for halftone or line reproduction. Stripping film, a laminar 
film with a soft adhesive layer between the base film and the 
emulsion layer, is widely used to permit images to be removed from 
the base film and properly oriented on the glass or film flat through 
which the metal plate will be exposed. 

2. Plate Coating and Printing.—Photomechanical opera- 
tions include cleaning the metal plate surfaces, coating them with 
a light-sensitive solution, drying the coating (known as the top 
or enamel), and making the exposure on this coating through the 
negative prepared in the earlier photographic step. Care is re- 
quired throughout these operations to prevent imperfections such 
as bubbles, dirt, or scratches in the light-sensitive coating. The 
zinc, magnesium, or copper is prepared for coating by a careful 
cleaning with pumice and water. The light-sensitive coatings are 
usually poured over the surface and then the plate, held flat, is 
whirled to insure uniform coverage by the solution. 

The light-sensitive coatings are usually a dichromated colloid 
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material, but light-sensitive resins are also used. The most com- 
mon are called hot top and cold top enamels. Cold top enamels 
are used on zinc and magnesium, which cannot be heated be- 
cause of their low recrystallizing temperatures. They are usually 
slightly alkaline solutions of shellac or polyvinyl alcohol to which 
a dichromate is added. Hot top enamels nearly always contain 
fish glue, as well as some egg albumin, to which is added a dichro- 
mate sensitizer. The mixtures of glue and albumin are used when 
it is necessary to control the etch-resistance and the ease with 
which the edges of the enamel break away during the etching proc- 
ess. Hot top enamels must be set at temperatures of 400°-600° F 
and therefore are used mainly on copper. 

The tops are high-contrast materials that, when exposed to 
strong light, harden where the light strikes them and lose their 
solubility in water. Development in water then removes the coat- 
ing from the unwanted areas of metal, exposing the metal to the 
etchant in the etching process. Photosensitive resinous materials 
find wide application in electronic circuit printing, an operation 
analogous to photoengraving (see PRINTED CIRCUIT). They have 
more limited applications in the making of photoengraved letter- 
press plates. These resinous materials are developed in organic 
solvents. 

3. Etching and Finishing.—Nitric acid is commonly used in 
etching zinc and magnesium, the strength varying from 6 to 15% 
depending on the metal. Copper is attacked by some acids, but it 
is more readily attacked by ferric chloride (iron chloride) and this 
is the most common material used in photoengraving, usually in 
concentrations of 30° to 44° Baumé. 

The etching may be done in an open tub or tray, but this method 
does not give the control needed for economical operation and is 
employed only where control is not critical. Most quality work 
is carried out in etching machines provided with agitators that 
break up the etchant into a spray and force it against the plate. 

In the conventional etching processes, the acid or iron chloride 
is used without modification, although great care is needed to 
prevent overetching. In many cases, especially when making line 
plates, the etcher resorts to powdering to protect the upper print- 
ing areas from attack while he continues to etch in depth, but it 
is becoming more common to etch these plates by one of the 
powderless etching processes described earlier. Line plates are 
usually etched to depths of 0.010 to 0.045 in. Halftones may 
be etched to depths of 0.0023 to 0.009 in. depending on the fine- 
ness of the screen. Coarser screens are etched deeper. 

The photosensitive plastic plates are not etched in the ordinary 
sense. They are washed out with either dilute alkali or alcohol. 
Overetching is not a problem with this type of plate. 

Finishing includes hand operations to remove imperfections in 
the image area of the plate, and to improve its outward appear- 
ance. In colour plates, finishing also includes colour correction, 
a process of further etching or burnishing selected areas to im- 
prove fidelity of reproduction. Finally, unwanted metal in the 
nonprinting areas of the plate is removed by a mechanical routing 
machine. 

4. Blocking and Proofing.—Blocking consists in adhering the 
plates to cherry-wood blocks to bring the printing surface to type 
height, 0.918 in. Until the development of thermoplastic adhesives 
in the 1940s, blocking was always done by nailing the plates to the 
wood blocks. This tedious and costly operation was largely re- 
placed by hot-mounting of the metal plate. First the plate is 
placed on a block of wood precoated with adhesive and then this 
sandwich is subjected to heat and pressure. Upon cooling, the 
plate sticks firmly to the block without need for nails. 

Proofing consists in placing the plates on a precision press and 
taking sample impressions or proofs that will show how the plates 
will print during a regular press run. 


B. Cotour PLATE PRODUCTION 


The first colour work in printed matter was produced manually 
—artists painted in the necessary colours on the black-and-white 
printed sheets. Later, stencils were used to speed this work and, 
in a further development, colours were printed—either as solids 
or tints—from hand-engraved plates. All of this work, however, 
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was crude by modern standards, and nothing approaching f 
colour process printing was possible. ng f 
Modern colour printing, done with either three or four plat 
each using a different colour of ink and overprinting the olhe 
is based on the subtractive system of colours; ie, any 
diate hue can be obtained by some combination of two or 
the subtractive or secondary colours. The best colour p 
usually done with four colours: yellow, magenta (blue-red) 
(blue-green), and black. The black plate is used to provide ad 
uniformity of colour rendition and to maintain the detail in the pi 
ture. In theory, black should result whenever the three subir 
colours are superimposed. Thus, it should be possible to produ 
black wherever all three of the secondary colours are present 
out affecting reproduction, Further, any reproduction theoreti 
could be obtained by using only black plus the proper two of th 
secondary colours. However, this has not been found practical 
because of the nature of printing ink pigments and the lack of com 
plete precision in the printing operation. Consequently, it is com 
mon practice to use the black plate to supplement the colour plates 
portions of which are allowed to print in all except pure 
areas of an illustration. The colour plates and the black 
must be printed in register; że., they must be superimposed s 
that identical portions of the image in each plate colour overpriit 
each other. 1 
1. Colour Separation.—In manufacture, the production ul 
an individual colour plate involves the same steps used to pro 
an ordinary black-and-white engraving, once the image is printed on 
the metal. Prior to this, the only differences lie in the use of tik 
our filters on the engraver’s camera and in steps to reduce 
contrast range of the copy (the contrast range of a photographit 
transparency may be as great as 300:1, while limitations in the 
printing process reduce the attainable range with paper and nk 
to about 20:1). The camera filters аге the red, green, and bluti 
filters for the colour negatives, and the yellow filter for the black 
negative. The blue filter produces the yellow negative, the 
filter the magenta negative, and the red filter the cyan n 
Masking procedures such as those employed in other forms 0 
colour print reproduction are followed to remove yellow vals 
and magenta values from the blue and red negatives and thus 


rect for deficiencies in the printing inks and in the colours of tht 
tand 


copy. indi 

Colour plates are made by two general methods, the Me tive 
direct. The indirect method produces continuous-tone пер 
separations from which positive continuous-tone NES 
prepared. These are film or plate transparencies. Af 
ing and other tone correction work has been done on i 
positive image is placed in a process camera with a ШШШ E 
and the screen negatives are produced. In the direct bs h 
screen negatives are prepared direct from the copy pu. 
colour separation filters and a halftone screen onto a ii 
panchromatic film or plate to produce a negative ready for 
to the metal plate. 

The proofing of halftone colour plates for wet pr dry before 
speed presses (when one colour does not have time to a 
the next is laid down) is a critical operation, for the proo 05] 
be carried out under conditions simulating as closely a cially 
those that will be encountered on the production p they © 
built proof presses make this possible. In appearan the 98 
semble four conventional units placed end to end, an ve, bet 
of paper is passed in turn over the four plates. Hov ш 
the production press employs not the original flat p spelt 
duplicates made from them, and because ink and PP reli 
tions are highly variable, exact duplication of produc a 
in a proofing operation is difficult. ; 

2. Elimination of Moiré. —A serious problem in M mit 
duction is the occurrence of an interference ра ош p 
caused by the overprinting of the screens in the two pest 
(a similar effect can be obtained by superimposing impose f 
window screening or fine net cloth). Because it is шу 1 " 
maintain printing register within the degree песе fonê sce 
such an effect, it is common practice to rotate the ates sË 
when making the negatives so that each of the four P 
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ктеп pattern ina different position. The screens are placed so 
ıs to provide maximum separation in rotation between the black, 
magenta, and cyan screen angles, with the yellow screen positioned 
between two of the least troublesome colours. For example, the 
yellow screen may be set at 90°, the magenta at 105°, black at 
45°, and cyan at 75°; here it will be noted that the lightest colour, 

llow, is at the angle of maximum disturbance to the eye and the 
darkest colour, black, is at the angle of minimum disturbance. In 
three-colour reproduction, when black is not used, the cyan screen 
would generally be placed at the 45° angle, 

Amoiré pattern may also occur during wet colour printing if the 
inks are not performing properly. One expedient used to avoid 
this is to make the yellow plate with one screen ruling and the 
est of the plates at another ruling; e.g., the yellow plate with a 
133-line screen and the magenta, black, and cyan plates with 120- 
line screens. 

3, Colour Scanners.—Paralleling the development of the elec- 
tromechanical engraving machine, experimenters in the U.S. and 
Europe produced several machines that automatically made cor- 
rected colour-separation negatives. In one of these, developed for 
Time, Inc. in the U.S., a photographic transparency wrapped 
around a transparent cylinder was scanned by a beam of light 
which then passed through a colour splitter and into a bank of 
photoelectric cells. Energy from these cells activated lamps that 
produced the colour-separation negatives on another drum at- 
tached tothe same shaft. 


C. PRODUCTION SPECIFICATIONS. 


1. Line Plates.—In line illustrations all of the image areas 
are either black or white, and hence no halftone screen is required 
lo copy them for use in making a printing plate. The negative is 
suitable as it comes from the camera to transfer the line image onto 
the metal, 

Plate preparation, coating, burning-in, etching, and finishing are 
essentially the same as for halftone plates. However, certain speci- 
fications must be met... The nonprinting areas must be etched suf- 
ficiently deep to prevent the ink rollers from touching them on the 
press, and to prevent them from rubbing on the surface of colour 
sheets during wet colour printing. For presses with accurately 
adjustable ink rollers, the-etch depth may be as little as 0.01 in., 
ind the same depth is permissible in thin, wraparound press plates. 
For conventional printing presses, the minimum etch depth is about 
BR in. Plates that аге to be duplicated by electrotype or stereo- 
Уе processes may require slightly greater depths, although nor- 
» etching ordinarily is sufficient to produce good duplicates. 
Fi а from which rubber duplicates are to be made will require 

Й depths as great аз 0,045 in, 

. Halftone Specifications.—Etch depths in halftone plates 
m Dot be as great as those in line plates, but the contour of the 
bat dot and the. depth of the etched areas are very important. 
tone epth in highlight areas, the most critical portions of half- 
lines, varies from 0.006 in, in a 6S-line halftone to 0.002 in. in 

3 line engraving. 

s Combination Line and Halftone Plates.—These plates 
lone ¢ prepared by assembling, in the negative form, the half- 
iat un the line portions of the illustration, and then, after trans- 
б ш onto the metal, etching them in two operations so as 

à ain the best results for both portions. Some workers have 

fh Successful in simultaneous etching of both parts of combina- 
Plates, but these are special cases and usually require a high 
ae of Skill. However, the powderless etching processes permit 

m etching of coarse-screen combination plates for use in news- 
diced Ъ Combination line and halftone plates may also be pro- 

lem As making two plates in separate operations and mounting 

ЗА а single block in proper position with respect to each other. 

ШЫ 50 references under “Photoengraving” in the Index. 
Printing eR —] . S. Mertle and С. L. Monsen, Photomechanics and 
gravin, 957) ; W. J. Smith, E. L. Turner, and C. D. Hallam, Photo- 
Colour 8 in Relief, 3rd ed. (1951); R. W. G. Hunt, Reproduction of 


(1961). (1957); М. С. Rogers, The Electronic аатай 


m HOTOGRAMMETRY is the use of photographs for meas- 
nts to be applied in such fields as map making and surveying 
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(see Gropesy). In 1851 the Frenchman Aimé Laussedat first 
compiled map data based on measurements from photographs. 
Handicapped by the narrow field and imperfections of the photo- 
graphic lenses of his time, Laussedat (known as the father of 
photogrammetry) and other workers made little practical progress. 
Nearly 50 years after Laussedat’s original conception of pho- 
togrammetry the first practical work was done by E. Deville, a 
Canadian who constructed maps by plotting intersections from 
phototheodolite pictures (i.¢., those taken from tripods on the 
ground). Deville also invented a simple machine for drawing 
maps from a stereoscopic pair of pictures. In the 20th century 
progress in photogrammetry was much more rapid. Practically 
all the development prior to World War I contemplated the use of 
apparatus for automatic plotting from phototheodolite pictures. 
Many machines of European origin were made for this purpose; 
these use a pair of pictures taken from the extremities of a meas- 
ured base line. They mechanically plot the intersection of the 
light rays that formed the common images of the two pictures. 
This terrestrial method was very successful and economical, 
especially in such mountainous regions as the Alps and in Alaska 
where the steep terrain afforded camera stations overlooking an 
extensive area. But photogrammetry changed abruptly with the 
introduction of practical aerial photography in World War I. The 
airplane afforded a superlative camera platform and flew rapidly 
from one exposure station to the next. Large areas could be 
covered in a single overlapping pair of photographs and blind areas 
(a serious handicap in the terrestrial method) were minimized. 
Aerial photography also produced complications; in terrestrial 
work the length of the base subtending the two pictures is known, 
but not so in aerial photography. Other unknowns in aerial pho- 
tography are the precise elevation from which the pictures are 
taken, and, especially, the difference in elevation between an over- 
lapping pair of pictures and the angle of inclination of the camera 
at the instant of exposure. The stereoscopic plotting machines 
developed for terrestrial photography were replaced by universal 
plotting machines that used terrestrial or aerial photographs, and 
dominated most of the period between World Wars I and II. By 
1945 terrestrial photogrammetry was used very little. Even large- 
scale maps of dam sites (for example, at 1:240) were produced 
by aerial methods. The quality was excellent, and the method 
proved economical. Emerging from World War II were aerial 
stereophotogrammetric processes, mosaics, and a once widely used 
reconnaissance mapping technique, the Tri-Metrogon system. 
Ordinary aerial photographs have a wide variety of uses aside 
from photogrammetry; the airview (oblique photograph) em- 
ployed for many illustrative purposes is the simplest and most 
widely understood application of aerial photography. Uncorrected 
vertical contact prints are extensively used, especially in petroleum 
geology. Hundreds of thousands of square miles of territory have 
been photographed for this purpose, to produce complete sets of 
stereoscopic, overlapping, vertical prints; usually with an index 
map that relates each print to the survey as a whole. 


GEOMETRY OF THE PICTURE 


Early users of aerial photography discovered that a picture 
taken with the camera axis vertical was truly a map only if the 
ground was flat and horizontal. Aerial pictures in those days were 
said to be distorted, partly from defects in the lenses used. The 
major trouble, however, was displacement; i.e., the picture was a 
conic projection. Thus, vertical objects (such as telegraph poles) 
not at the exact centre of the picture appeared as radial images 
with base toward the centre and top displaced outward (fig. 1 and 
2, see next page). The picture is a perspective with all vertical 
lines disappearing at a vanishing point at the centre. If there is 
a hill the same height as the pole (fig. 1), the top of the hill also 
will be displaced. However, since these displacements lie along 
radial lines, the angle subtended by any two images at the centre 
(the nadir point of the picture) is a true angle. Thus while this 
displacement is troublesome in trying to use an uncorrected con- 
tact print of mountainous terrain, it is the essence of photogram- 
metry. Actually photogrammetry measures this displacement, and 
all elevation data are derived from these measurements, 
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FIG. 1.—DISPLACEMENT IN OVERLAPPING PHOTOGRAPHS BECAUSE OF DIF- 
FERENCE IN OBJECT HEIGHT AND PARALLAX (DISTANCE BETWEEN DISPLACED 
POINTS MEASURED PARALLEL TO AIR BASE) 
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The simplest form of stereoscopic plotting instrument measures 
the so-called parallax of the picture; i.e., the measured difference 
between conjugate image points of objects at different elevations. 
Thus, if the two overlapping images of the base of a pole are placed 
in registry the images of the tops will be in two radially disposed 
positions. Their separation, measured parallel to a line connect- 
ing the picture centres, is the parallax of the top of the pole in 
relation to the base (fig. 2). 


SYSTEMS OF CONTROL 

All photogrammetric processes depend on ground control or 
office control. In ground control, positions or elevations (or both) 
are established independently of the aerial photography and the 
laboratory. Most ground control is by conventional survey on the 
ground, the most common methods being astronomical determi- 
nation of position, triangulation, traverse and leveling (either by 
spirit level or trigonometric leveling), or radar (q.v.). Office op- 
erations are done in the laboratory by radial control methods, 
aerial triangulation, and mathematical solution, 

Radar Control.—Horizontal and vertical radar control were 
in general use before the 1960s. Horizontal systems such as Hiran 
and Decca (see NAVIGATION): locate the airplane at the instant 
each photograph is taken. A radar signal is timed in transit be- 
tween a ground station and the aircraft; this is translated as 
distance on dials carried aboard. The dials are photographed at 
the instant the main aerial camera is triggered. These systems 
work to extreme accuracy at distances of 100 mi. and often much 
farther. This method is, however, often unjustifiable because 
of its considerable cost. Vertical control is supplied by APR 
(airborne profile recorder), in which an impulse is reflected by the 
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ground back to the aircraft. The altitude above the earth’ 
face is automatically plotted on graph paper; elevation Ne 
sured down from the barometric datum of the aircraft, 
curacy may be obtained with this method of vertica] control, 

Aerial Triangulation and Bridging.—Aerial trianguli 
involves starting from some known ground control and ext " 
by laboratory processes through a series of pictures, These 
esses are known as carrying forward control, or bridging, Ci 
is carried forward by the successive adjustment of adjacent Жеш. 
scopic models upon each other. The stereoscopic model, for e. 
ample, consisting of pictures 1 and 2, is adjusted to known 
control. Picture 1 is then replaced by picture 3, and while lm 
mains unmoved in the plotting machine, 3 is adjusted to 2 until 
perfect stereoscopic correspondence is achieved, Then 2 is te 
placed by picture 4, and the process continues indefinitely, Cp. 
sure errors that build up toward the end of a long series of picture 
have to be adjusted. 

Bridging is an office process of extending control between sepa. 
rated clusters of ground control and may be understood by exam 
ining how it is done with the multiplex (fig. 5). The multiplers 
set up with as many as 20 projectors, each of which projects the 
image of one picture in the series. The first pair of projectorsis 
adjusted to known ground control, and each subsequent projector 
carrying the next picture in the series is adjusted successively u: 
til control at the far end of the series is reached. The error of 
closure is distributed by formulae that consider the method, lens 
distortion, curvature of the earth, and similar factors. 

Analytic Aerotriangulation.—In the early 1960s the graph 
ical and machine bridging methods of control began to give wy - 
to mathematical analysis. By 1965 the best and most economical 
results were being obtained by measuring the picture and putting 
these measurements and other variables such as lens distortion, | 
curvature of the earth, atmospheric refraction, and film distortion 
into a program for computer solution. 

The Slotted-Template Method of Horizontal Control 
The most universally used method of office control was origially 
known as the Arundel method in England and the Bagley method 
in the U.S. A modern evolution, generally called radial con! 


“ ints, 
plate, and a radial slot is cut through each of the perm | 


а common point from the pictures are assembled over “hd 
Each post resembles a flatheaded rivet with a hole othe pil 
stem. The known ground-control points are shown on d 
graphs and on the templates representing these photogrép™ 
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sitions of these points are plotted on the assembly board in 
their true position at the desired scale and a post immovably nailed 
there, With these posts fixed and all others free at the intersec- 
ton of the slots, the entire template assembly expands or con- 
tracts to conform to the fixed ground-control points to establish 
a uniform scale. 

When the entire area is covered by the templates the posts at 
the radial slot intersections represent the true positions of many 
points. These are pricked through the hole in the post to the com- 
pilation board underneath the template assembly, affording an in- 
tensive control pattern. 

‘The slotted-template method affords excellent horizontal control 
for mosaics, planimetric maps, and small-scale contour maps. It 
js not quite accurate enough to control the setup of the plotting 
machine, which is usually controlled by a proper balance between 
ground control and aerial triangulation (bridging). 


PHOTOGRAMMETRIC MAPS 


Mosaics.—Mosaics have evolved from an uncontrolled and 
often misleading conglomerate assembly of pictures to a map of 
predictable accuracy and widely accepted usage. Most mosaics 
are compiled through the following steps: 

1, Scattered ground control. 

1, Nine points per picture, established by radial control (slotted 
template). 

3, Comparison of the contact print with the control to deter- 
mine what restitution is required. 

4, Restitution, consisting of : 

а. Enlargement or reduction of the picture as a whole, to 
compensate for altitude changes of the airplane and different ele- 
vations of the ground. 

b. Tilt correction, to compensate for averticality of picture 
at the instant of exposure, and for average ground slope. 

с. Fractional treatment: the breaking up of the picture into 
small parts to compensate for irregular ground. 

d. Pyramiding (where the utmost in precision is required) : 
toughly contouring the picture and making a series of ratio prints, 
We for each tier of elevation, all from the same negative. The pic- 
‘ures are then cut on these approximate contours, and reassembled, 
Wth the picture for each higher contour being pasted over the 
lower one. Thus, the error may be reduced to plus or minus half 
the interval of the pyramiding. 
it 5. Stick-up and editing; i.e., superimposing on the mosaic such 
ems as grids, geographical lines and names, and marginal data. 

5. Copying by quadrangles, on large plates or films. 

1, Reproducing by quadrangles: 

4, Photographically. 

os ithographically, and so on. ES denas 
lithe tour Maps.—A photo-contour map is quite similar 
des Naas mosaic. It is made by projecting onto a single 
au Sensitized paper each photographic band between adjacent 
aj urs at its mean scale. A contour line is made to show between 
tht ДА of strips, yielding a very accurate photomap (mosaic) 
ich a shows contours. Such maps are especially desirable for 

Шау location, They are more expensive than topographic 

PS or ordinary mosaics. 
ud Maps.—Line maps as distinguished from photographic 
еце M be planimetric or topographic. Planimetric maps de- 
tontour puzontal information as do topographic maps, which add 
udis ines. Both may show such features as roads, railroads, 
induding drainage, lakes, shorelines, swamps, and. cadastral data 

ies and longitude, rectangular coordinates, qm 
Wich as fs В ical boundaries, property lines, and any special data, 

"E E classification, crop classification, and soil types. _ 

by Stéreopl maps and other precise planimetric types are compiled 
бевар, otting, Planimetric maps are often controlled on а 
tiation Pelete base. From this point on the methods of com- 
Preference ne on the character of the aerial photography and the 
Contact prir of the compiler, One method is by projecting from a 
i enlarged > onto a base compiled by slotted template. The image 
aun or reduced to conform fo the control on the compila- 
апа the detail is then traced. Some prefer, especially 
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FIG. 4.—TRI-METROGON CAMERA ARRANGEMENT, SHOWING THE ONE VER- 
TICAL AND THE TWO WING PICTURES 


in country of steep relief, to establish radial intersections at inter- 
vals along all the principal features that are to be shown. These 
intersections guide a draftsman who fills in the features by hand. 

Planimetric maps are also compiled from oblique photography 
with such instruments as photo alidades in which a contact print 
or glass diapositive is observed in front of a transit, the centre of 
rotation of which is placed in the position occupied by the rear 
node of the taking lens. Attached below the vertical axis of this 
transit is a blade (similar to a conventional alidade) that plots 
the horizontal projection of the rays to the points sighted through 
the telescope. The true position of these points is determined by 
intersections developed by observing overlapping pictures. 

Another extensively used device for placing planimetric detail 
from the photograph on the map is the sketchmaster, which is 
based on the camera lucida (q.v.). Through a half-silvered mirror 
or split prism the picture and the compilation sheet are seen simul- 
taneously. After a good empirical registry is established between 
picture and compilation sheet, the detail is traced. Sketchmasters 
have been of three types; one plots from vertical pictures only, 
another draws maps from oblique pictures, while universal sketch- 
masters will draw from either type of photography. 

Tri-Metrogon System.—The system derives its name from three 
K-17 cameras equipped with six-inch Metrogon lenses used 
asa unit, It was widely used in World War II, and since millions 
of square miles of Tri-Metrogon photography are in existence, the 
method is of interest, although it was substantially obsolete by the 
1960s. The cameras are mounted with one axis vertical and the 
other two axes at 60? to the vertical and extending to the sides. 
Thus, the camera covers 7° or 8° above the horizon (fig. 4). This 
is important because the position of the horizon in the pictures is 
used to determine tilt. Since the horizon shows in each wing pic- 
ture, two tilt determinations can be used as a check. If one or 
both wing pictures show a clean-cut water horizon or a horizon on 
fairly flat, low land, the tilt can be determined with good accuracy. 
If the terrain is mountainous, considerable estimating enters into 
the determination. Constants which should be known for satis- 
factory planimetric work are the focal length of each camera and 
the exact angular relationship among the three cameras. 

In charting work the Tri-Metrogon photographs are assembled 
by slotted template. The template of the vertical picture is made 
in conventional manner. Probably the photo alidade is best for 
laying out oblique picture templates although such simplified ap- 
paratus as the rectoblique plotter and photoangulator were exten- 
sively used. The accuracy of the final result largely depends on 
the success in determining the tilt of the various pictures and the 
interlocking angles of the cameras. When the radial control plot 
has been completed the detail is put on the map with such devices 
as sketchmasters. Small-scale charts covering a large part of the 
world have been made this way. 

Tri-Metrogon photography has also been used for topographic 
maps, but few existing plotting machines get effective production 
from it. The depth of focus of the multiplex is inadequate for the 
great range of the oblique photographs, and the excessive enlarge- 
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FIG. 5.—MULTIPLEX 


The multiplex projects an overlapping pair or series of pictures in correct three- 
dimensional relationship. The images of complementary colours are viewed 
stereoscopically through spectacles with complementary coloured lenses, Draw- 
Ing is accomplished by moving the drawing stand while keeping the floating mark 
In exact registry with the stereoscopic image 


ment coupled with bad definition makes multiplex work fairly un- 
satisfactory. The stereoplanigraph has been best for mapping at 
scales for publishing at 1:25,000 from Tri-Metrogon photography. 
In this instrument the enlarging factor becomes so great and defi- 
nition so poor beyond the centres of the wing pictures (25° be- 
low the horizon) that accuracy is seriously impaired. The stereo- 
planigraph has, however, done the most effective job of contouring 
from Tri-Metrogon photography. 

Tri-Metrogon equipment has been used at elevations up to 40,- 
000 ft. The practical separation between flight strips is limited 
by atmospheric haze, topographical relief, and ground cover. It is 
generally usable to a total subtended angle of 110°; under favour- 
able conditions to 135° or 140°. Practically, the principal point 
of the wing pictures is about the limit of successful coverage in ter- 
rain with considerable planimetric detail. Farther out than this 
such details as buildings and roads become very indistinct. 

Wide-Angle Photography.—By 1960 the need to minimize flying 
and reduce photographic and control effort had moved interest 
away from Tri-Metrogon to the Wild system, composed of the 
RC9 camera (covering 120° with a single lens) and the A9 plotter. 
This camera of 9 X 9 in. format has a lens of 3.5-in. focal length; 
with it strips can be flown more than 12 mi. apart at 30,000 ft. 
altitude. One model will cover more than 80 sq.mi., and major 
clusters of horizontal and vertical control used with aerial triangu- 
lation may be held to one cluster of four points for each 500 sq.mi. 
Military aircraft at 50,000 ft. can fly strips more than 20 mi. apart 
with the RC9 camera, and a control cluster will satisfy about 1,300 
sq.mi. or more. À good map could be plotted from this photog- 
raphy at a scale of 1:50,000 with 50-ft. contours. 

Topography.—Topography is developed from aerial photog- 
raphy by two-dimensional and three-dimensional processes. All 
stereoscopic measuring uses a stereoscopic pair of pictures com- 
pared with a reference known as a floating mark. The floating 
mark may be placed at the intersection of the two projected rays 
of a common image as in the multiplex (fig. 5), or two marks may 
be fused just as the stereoscopic pictures are fused into one (fig. 6). 
When two marks are superimposed on the pictures and correspond 
exactly with conjugate images of any point, they appear to touch 
the ground at that point. If the eyes must converge more to see 
the mark than to see the image, the mark will appear closer to the 
observer (higher) than the image of the ground. If the eyes di- 
verge to see the mark in relation to the image, the mark seems 
below the surface of the ground. In either system, this reference 

mark may be physically in contact with the pictures, or optically 
in contact with the image of the pictures in the more elaborate 
machines, and may be set for any desired ground elevation. 

Parallax measurement applies very aptly to the two-dimensional 
processes. In principle, it also applies to the three-dimensional 
processes but not quite so obviously. 


Two-Dimensional Processes.—The two-dimensional pro 
are simplest for deriving elevation data from a Stereoscopic 
of aerial photographs. A pair of stereoscopic pictures is used ing 
stereoscope (see BINOCULAR INSTRUMENT) that has а Be 
marks in contact with the pictures. The separation of the 
is set in accordance with the parallax of the desired elevation: the 
fused mark is moved along the exact ground surface of the stereo. 
scopic image; and a contour is drawn. All points of the same ele. 
vation have the same parallax in vertical photography. The рап. 
lax is set once only for each contour. In drawing planimetry, û 
road that goes up- and downhill will require that the parallax be 
continuously changed. Maps drawn by the two-dimensional proce 
ess emerge from the stereoscopic plotting instrument as conic pro- 
jections (fig. 7). The map is a true conic projection only if the 
pictures of the stereoscopic pair were rectified (corrected for tilt) 
prior to their use. Stereocomparagraphs are the best-known type 
of equipment for this process. Acceptable maps can be made by 


the method even without rectified photographs if enough ground — 


control is available. Unrectified pictures will give reasonably good 
results with one point of known elevation for approximately every 
two square inches of photograph. The same pictures, properly 
rectified, will give an excellent map with four known control points 
per stereoscopic model. 

After the contours and planimetry have been traced off, the 
conic projection must be corrected. This means that each con 
tour (which is at a different scale in accordance with the distance 
from the taking camera to the ground) and each planimetric detail 
(which is similarly displaced) must be proportionately corrected, 
elevation by elevation, to yield an orthographic map. This may 
be accomplished by tracing the detail off by pantograph (see Link 
AGES), or similar device, changing the ratio for each change of 
contour; or it may be done in a projector by changing the projec 
tion ratio from contour to contour and tracing the orthographic 
map off on the projection screen. 

Two-dimensional plotters go by such names as stereocompari- 
graph, contour finder, stereometer, and parallaxer. 

Three-Dimensional Processes.—The three-dimensional procesi 
differs from the two-dimensional in that the light rays that orf 
nally formed the image are reprojected from the image 0 mine 
ture back to the ground (its mechanical representation). ' ,, 

1f the aerial camera were to remain in space in the same puse 
in which the picture was taken and the film after ЧЧ 
were replaced in the camera, the camera being used asa projector, 
each ray would return to the source from which it origina id 
Thus, if two cameras are retained in their spatial stereoscopic ec 
tionship, the conjugate rays from the two images of the Me 
ground point when reprojected will fall back and intersect à a 
common ground point. Also if the cameras were moved ue "i 
their separation by half, the rays now would intersect ata i ; 
halfway between the cameras and the ground. In other yr 
the scale of the entire system would be cut in half. If the : б 
are only уу-уу the distance at which they were ера salt 
айг, а map can be drawn at precisely yg og of the ons! 
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similarly, the survey can produce a map at any desired scale. 
The simplest example of the three-dimensional process is the 
multiplex. The original air pictures, which may have been 9 x 9 
in, are reduced for multiplex use to 4 original size. This permits 
ше of very small projectors that can be brought close enough to- 
gether to get the desired scale. Full-scale projectors using a 9 X 9 
in, picture could not be placed close enough. For example, if a 
sale of 1:10,000 is desired, and the pictures were taken 3,000 ft. 
apart, the nodal points of the two projection lenses will be sepa- 
rated only 125099 = 0.3 ft. or 3.6 in. Obviously, big projectors 
carrying 9 X 9 in. pictures could not be put this close together; 
the multiplex with its 24 X 21 in. pictures can. 9 
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FIG. 7,—CORRECTION OF ORIGINAL PHOTOGRAPH, (LEFT) THE PHOTOGRAPH 
ISACONIC PROJECTION. (RIGHT) THE MAP MUST BE ORTHOGRAPHIC. THIS 
CORRECTION IS MADE AUTOMATICALLY IN THREE-DIMENSIONAL PROCESSES, 
BUT 15 AN ADDITIONAL OPERATION IN MOST TWO-DIMENSIONAL PROCESSES 


The multiplex projectors have lenses of about 1.5-in. focal 
length, stopped down to a tiny aperture. Thus, at the focal plane 
of these lenses definition is sharp, and for a considerable distance 
on both sides of this plane the circle of confusion is small enough 
lobe tolerable. In other words, the lenses have great depth of 
focus, This feature tends toward simplification of the multiplex 
system since the focus is sharp enough to draw a substantial band 
ibove and below the plane of most critical definition. Thus, with- 
Out providing for any change of focus the multiplex operates effec- 
ively through a wide range of ground elevation. 

Stereoscopic vision in the multiplex is by the anaglyph method: 
he two projectors (or, if more than two are used, alternate projec- 
(0з) carry filters of complementary colours; i.e., red and blue. 
ee wears a red filter over one eye and a blue filter over 

he other to separate the two images and permit stereoscopic vi- 
кү The projected images are received оп a drawing stand that 
it GUN over the compilation sheet, which is secured to a very 
Жы, е usually of slate or hand-scraped metal. The drawing 
Шап a screen (parallel to the surface of the paper) that 
BM raised or lowered by a thumbscrew. In the middle of this 
hat û tiny point of light serves as the floating mark; directly be- 
a pencil draws on the compilation sheet as the stand is 
snis In drawing contours the screen is set at the desired eleva- 

запа the stand is then pushed around by hand. The operator 
E Туеѕ the floating mark in relation to the plastic stereoscopic 
$¢ and moves the stand so that the floating mark always follows 
Шү А of the ground. In drawing planimetry, the floating 
is me to follow the feature; e.g., a road. The operator 
ai ie € thumbscrew of the screen, making it and the floating 
TOR up and down to follow the undulations of the feature. 

E. "m tee-dimensional processes use so-called universal equip- 

е Zei as the Nistri, Poivilliers, Santoni, and Wild devices, and 
machine with OPOBraph. The word universal means that the 
ite ШЕ draw а map from vertical, oblique, and phototheodo- 


Winns ee in a somewhat similar manner, except that the Porro 
Pojectio, is the basis of the Zeiss device. In the Porro system 
ШИ i in the plotting machine is through a lens set at in- 
las o cus and having identical optical characteristics with the 
ition Pie aerial camera that took the pictures. Since pro- 
Nich à st rough this lens is at infinity focus and the image on 
D da ‘reoplanigraph must focus in the plane of the floating 
tion | automatic focusing lens is interposed between the projec- 
Constant] and the floating mark. This is a telephoto lens that is 

Y accommodating for the changing distance between the 
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projection lens of the picture holder and the floating mark. 

The Wild autograph has a ray rod passing through the mechani- 
cal representation of the nodal point. This rod actuates an optical 
system that scans the photograph in such a manner that the point 
viewed is always the point formed by a ray of light passing through 
the lens at the same angle as the ray rod. 

These machines have a mechanical base by means of which the 
scale is set. In the case of the stereoplanigraph (fig. 8), the dis- 
tance between the two floating marks is varied by changing this 
base, and on other types of machines the distance between the 
ground extremities of the ray rods is determined by the base 
adjustment. 

The extensively used Kelsh plotter is similar to the multiplex 
except that it uses full-scale diapositives projected through lenses 
of focal length comparable to the air camera. This anaglyph sys- 
tem draws at about five times the scale of the original photographic 
negative. It compensates for lens distortion, although this is a 
minimal problem with modern air cameras. 

In most three-dimensional plotters the picture holders (plate- 
holders) are arranged so that they can be given X tilt and Y tilt 
around the nodal point. After the stereoscopic model has been 
perfected the two plateholders together can be made horizontal 
by the application of common X tilt and common Y tilt. The 
bases of these machines also carry BY and BZ adjustments, BY 
is an adjustment at right angles to the main base adjustment BX. 
BY is the equivalent of rotating the base in a horizontal plane. 
BZ is the adjustment for difference in the airplane elevation at the 
instant of exposure of the two pictures. 

Stereoscopic pictures in a three-dimensional plotting machine 
can be put into perfect relative adjustment or correspondence 
without reference to the true horizontal. This is accomplished 
by a trial-and-error system that reveals imperfections of adjust- 
ment by vertical parallax. This is a splitting of the floating mark 
so that one mark appears above the other. When the adjustment 
is perfect no vertical parallax is present any place in the model. 
The subsequent process (known as horizontalizing) consists of 
moving the stereoscopic pair as a unit so that ft bears the proper 
relationship to the base movements of the machine. Thus, before 
horizontalizing, the cameras (plateholders) will probably lie in 
some false inclined plane relative to the X and Y tracks of the 
base or the plotting table of the anaglyph plotters (Multiplex, 
Kelsh, etc.). The scale will also generally need adjusting. Hori- 
zontalizing is accomplished by measuring the distance between 
known ground control points and adjusting BX to get the proper 
scale, and by measuring the elevation of known points in the model 
and adjusting common X tilt and common Y tilt. 

Drawing is accomplished by turning handwheels that actuate 
the X and Y movements and a footwheel controlling Z. The X 
and Y motion of the handwheels is transferred to a pencil on a 
plotting table. This table is connected to the stereoscopic machine 
through a gear box so that different ratios may be established be- 
tween the two, It is not unusual to draw the map on the plotting 
table at six times the picture scale; frequently the scale js en- 
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larged as much as ten times horizontally. 

This is related to a major criterion used in planning a stereo- 
scopic survey. There is little relationship in most stereoscopic 
systems between the horizontal scale and flight altitude, because 
the horizontal scale can be enlarged or reduced. The determining 
factor of the flight altitude is the accuracy required of the con- 
tours. Thus the best plotting machines permit flying at 2,500 
or more times the permissible contour tolerance. From this ele- 
vation a map can be drawn in which at least 90% of all points 
tested will check out within 4 the contour interval. 

The wide choice of plotting scales gives universal plotting equip- 
ment an advantage over the multiplex when the plotting scale is 
restricted by the depth of focus of the projectors. One of the 
principal differences between these plotting machines is that, with 
the multiplex, drawing is accomplished by pushing the stand around 
over the compilation sheet, the elevation being changed by a 
thumbscrew. On the universal machine, drawing is accomplished 
by turning handwheels, the left hand controlling the X motion of 
the machine, and the right hand controlling the Y motion. On 
such universal machines the elevation of the floating mark is con- 
trolled by a footwheel. Thus, when contours are drawn, the foot- 
wheel sets the proper elevation. At this setting the floating mark, 
like that of the multiplex, is restrained to move in a given horizon- 
tal plane. For drawing planimetry with the universal machine, the 
operator looking through the stereoscope makes the handwheels fol- 
low the ground feature and with the footwheel keeps the floating 
mark moving up and down to conform with the elevation of the 
ground surface, 

By the 1960s an extensive demand had developed for large-scale 
cross sections fed by stereoplotters into electronic computers and 
tabulators. Instead of drawing a map the plotter reads elevations 
at intervals along a cross section. These and readings of distance 
on either side of the centre line are fed to a tabulating typewriter 
and punched on a computer card. The process is extensively used 
for computing quantities of earth in highway design. 

Summary.—Aerial photography and photogrammetry augment 
but in no way eliminate ground surveying. In all photogrammetry 
some, and often considerable, ground surveying is required for con- 
trol. Many areas to be mapped are too small to justify the cost of 
flying to them or are too remote to absorb this cost. Areas ob- 
scured by vegetation will probably continue to be mapped with the 
traditional plane table. 

It is not possible to drive a stake in the ground from an air- 
plane; and the construction project must be laid out by conven- 
tional survey processes. Aerial photography greatly enriches 
visual information available about the surface of the ground. It 
frequently provides a more complete visual inventory more rapidly 
and cheaply than could be obtained any other way. 

Photogrammetry usually minimizes the more costly phases of 
conventional ground surveys. Which will be. more practical de- 
pends on such factors as purpose of the survey, scale of map, con- 
tour interval, size of area, distance from operating base, character 
of ground cover, data to be shown on the map, and character of 
the terrain. A study of the individual project will determine 
whether the survey should be by photogrammetric methods, by 
conventional ground methods, or by a combination of both. See 
also SURVEYING; Map. 

ВівілосвАРНҮ.—В. Hallert, Photogrammetry (1960); C. B. Breed, 
G. L. Hosmer, and A. J. Bone, Principles and. Practices of Surveying: 
Higher Surveying, 8th ed. (1962) ; D. R. Crone, Elementary Photo- 
grammetry (1963). (L. T. E) 

PHOTOGRAPHIC ART. Photography came into being 
through an artistic urge: Joseph Nicéphore Niepce was led to it 
because of his inability to draw on lithographic stone; Louis 
Jacques Mandé Daguerre was an artist, a scene painter whose 
illusionistic Diorama in Paris and London was a show of enormous 
painted views with changing light effects. Daguerre used the 
camera obscura to make preliminary sketches and was thus led 
to photography. William Henry Fox Talbot made his researches 
because he found it difficult to draw. It was not mere coincidence 

that photography came into being almost simultaneously with 
means of multiplying pictures in great quantities (lithography) 
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and with semimechanical means of picturemaking (the silh 
and the physionotrace). The underlying chemical 
principles had long been known, but the idea of usi 
sensitive property of silver salts to record the optical 
the camera did not occur until there was a demand for 
following the rise of the bourgeoisie after the French R 

The first criticism of photography was necessarily b 
comparison of it with painting or drawing, since no other 
of picturemaking existed. The Parisian painter Hippol 
Delaroche, when questioned about the value of the dı 
to artists, went so far as to say that the "process compl 
fies art's every need.” Photography's remarkable ability 
a seemingly inexhaustible amount of detail was marvele 
and again. The critics regretted that, because of the gn 
of exposure, moving objects were not recorded or wer 
blurry and indistinct. The inability of the first processes 
colours was disappointing, but since the critics were ci 
to black-and-white prints and drawings, this was not s 
drawback as the harshness of the tonal scale. The tec] 
photography was at once recognized as a shortcut to 
longer was it necessary to spend years in art school фта 
the cast and from life, mastering the laws of linear p 
and chiaroscuro. As Daguerre boasted in a broadsheet 
“with this technique, without any knowledge of chem 
physics, one will be able to make in a few minutes then 
tailed views... .” But formal art education had a pum 
and above the mastery of technique. The discipline tat 
student to observe, and it gave him a feeling for the si 
moments of time and an intuitive sense of composition 
Leonardo da Vinci in his “treatise on painting" had warn 
the use of the camera obscura as a shortcut to picturen 
cause it often led to superficial results, lacking in th 
that distinguish a work of art from an illustration. ` 

D. 0. Hill and R. Adamson.—In the hands of artists, 
raphy quickly showed its artistic possibilities. David € 
Hill, a Scottish landscape painter, became interested in 
calotype process. In 1843 he decided to paint a group! 
of the Church of Scotland ministers who in that year resi 
benefices and formed the Free Church of Scotland. The 
474 figures to be painted, and in order to simplify this en 
task, Hill turned to photography. He enlisted the aid of 
Adamson, an Edinburgh photographer, and together th 
hundreds of portraits. They did not confine themselves 
members of the church meeting, but included people from 
of life. In view of the fact that they posed their sitters 
doors, in strong sunlight and with exposures of about one 
it is hard to understand how Hill and Adamson managed tt 
that spontaneity which is so essential to the success ofa 
graphic portrait. They photographed the fishermen 
wives at Newhaven, Scot., posing them in groups remini 
paintings, and some of their landscape photographs show 
tling affinity to watercolour drawings. The work of Hill ant 
son was forgotten after the 1860s but was revived in ^ 
1890s when J. Craig Annan made modern prints from the 
paper negatives. 

Daguerreotypes in the U.S.—By universal consent, thi 
States led the world in the production of daguerreoty 
has been claimed that the first portraits made by phe 
were produced in the United States. By the late 18405 
raphy was а big business. Every city of size had its А 
artist," and ingenuity led to the use of machinery and pt 
line processing and though the work of the Boston, Ma 
of Albert Sands Southworth and Josiah J. Hawes аш 
rival the artistic quality of Hill and Adamson, these ayy 
typists had a fine perception of the individual. 10 E 
stereotyped lighting and posing formulas of the |. 
reotypist, they showed the greatest variety, and they 
tate to present their sitters unprettified and 25 1 
Lemuel Shaw stands with crumpled coat and unru ш 
hair under a glare of sunshine; John Quincy asn ir 
living room; Lola Montez lolls over the back of @ EF d 

Formulation of an Aesthetic Theory ln Engan 
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day of photography followed Frederick Scott Archer’s invention 
of the wet collodion process in 1851. This new technique rapidly 
displaced and made obsolete the daguerreotype and calotype. Pro- 
fessionals had found the need of banding together; and the new 
rocess, Which was free from all patent restriction, attracted count- 
less amateurs. Rallying points sprang up: in 1853 the Photo- 
graphic Society (renamed, in 1897, the Royal Photographic 
Society) was formed in London; and in the next year the Société 
Frangaise de Photographie was founded in Paris, 
Up to that time there had been little conscious effort to im- 
pose artistic rules on the production of photographs. No particu- 
ır distinction seems to have been made between photographs pro- 
duced for an aesthetic intent and those made for documentary 
uposes, An exhibition of photographs, including examples of the 
work of Hill and Adamson, was shown at the Crystal Palace in 
London, 1851, in the section “Philosophical Instruments." In 
the preceding year Gustave le Gray, a French professional, had 
gent eight photographs to a competitive art exhibition in Paris. 
ey were accepted by the jury and catalogued as lithographs. 
When it became known that they were photographs, they were 
withdrawn by the organizing committee. 
Photographic societies undertook to remedy this situation and 
egan to examine the position of artistic photography in relation 
toscientific photography. At the first meeting of the Photographic 
Society the president, Sir Charles Eastlake, who was at the same 
line president of the Royal Academy, invited Sir William Newton, 
aminiature painter by profession, to read a paper “Upon Photog- 
пару in an Artistic View" (Journal of the Photographic Society, 
i, 1853), His argument was that, to be useful to the painter, 
photography should depict natural objects “in accordance (as far 
as it is possible) with the acknowledged principles of Fine Art.” 
One way in which the photographer could make his results “more 
like works of art,” Sir William pointed out, was to throw the sub- 
jet slightly out of focus. The extreme blue-sensitivity of wet 
collodion plates rendered the sky areas so dense that they appeared 
55 blank paper on the print. To overcome this failure of the 
ш process he recommended liberal retouching and free 
andwork on the negative. 
Paton Printing.—An outcome of the urge to create 
photographs which would fit a priori concepts of art was the tech- 
nique of making one print from several different negatives. The 
Most famous example was made by O. G. Rejlander, a Swedish 
Minter, who had received an art education in Rome and was 
hoe photography in England. It was a painterly composi- 
uu X 16 in, in size, printed from no fewer than 30 separate 
E the Рада was entitled “The ee aa Hed 
taf cg ed wok ad de i o e 
damned th ae rough good works at y hni 
aa rough vice. Rejlander, who described the technique 
atk otographic journals, stated that his purpose was to prove to 
таас possibilities of photography, which they had 
Treisi, he photograph was shown in the Manchester Art 
‘sures Exhibition of 1857 and was purchased by Queen Vic- 
‘tia for Prince Albert, 
Robin Robinson.—This technique stimulated Henry Peach 
уйше, a professional photographer who had studied art as 
ion ra ЛАД, He became famous with a five-negative combina- 
lin "ht, “Fading Away,” in 1858. The subject depicted a 
ject dum and this was considered by critics as too painful a sub- 
of Eod represented by art. Perhaps the implied authenticity 
1te wot bothered them, because painters had long pre- 
jects of far more painful nature. Robinson became 


im ; n 1 
teachin articulate member of the Photographic Society, and his 
ред E Was even more influential than his photography. In 1869 


[oun tha first of many editions and translations of his book, 
nN Effect in Photography. Robinson went a step further 
then ae he offered photographers a set of rules. From a 

moded handbook on painting, he borrowed compositional 


form 

е шеше use of which, he claimed, would bring artistic success. 
блр жаз instructed to arrange his models in pyramidal 
a ‘ons, and examples from the work of Sir David Wilkie, 


Pular painter of genre scenes, were given to show how this 
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artist used the triangular form of composition. The importance 
of balance was stressed, and the opposition of light against dark 
was made clear. The fault of the book lay not only in the as- 
sumption that rules set up for one art form can be applied to 
another, but also in its intellectual and academic approach to 
art, 

Robinson’s work is, by modern standards of taste, weak and 
artificial. Not only did he practise photomontage, but he pre- 
ferred to work in the studio, against painted backdrops and with 
props of natural objects, even foliage, mounted on casters. When 
he did photograph in the country, he took models with him, dress- 
ing them up to play the part of country girls, instead of turning 
to the genuine thing. 

J. M. Cameron.—Using a lens of 30-in. focal length requiring 
exposure of several minutes and a definition rapidly falling off 
from the centre, Julia Margaret Cameron produced a remarkable 
series of portraits between 1864 and 1874. The success of 
these portraits, representing friends prominent in literary and 
artistic circles, cannot be laid to technique, however, because her 
genre studies, too obviously based on Pre-Raphaelite paintings, 
were weak and sentimental. The key to the success of the por- 
traits lies in their artistic intensity. “When I had these men before 
my camera,” she related in her “Annals of My Glass-house” 
(Photographic Journal, xvii, pp. 296-301, 1927), “my whole soul 
has endeavoured to do its duty toward them in recording faithfully 
the greatness of the inner man as well as the features of the outer 
man. The photograph thus obtained has been almost the em- 
bodiment of a prayer.” 

Adam-Salomon and Retouching.—While the Parisian car- 
icaturists and portrait photographers Nadar and E. Carjat 
produced great portraits in a simple and straightforward technique 
reminiscent of early daguerreotypists, the sculptor A. S. Adam- 
Salomon introduced a false note into photographic portraiture by 
retouching. Arguments were frequent in the 1860s over the 
legitimacy of retouching, particularly of portraits. Some prints 
of Salomon’s were tested by the Edinburgh Photographic Society 
in 1868 to ascertain “whether they were pure photographs or in- 
debted to retouching for their beauty.” It was found that they 
were retouched. 

О. W. Holmes on Photography.—There was one form of 
photography in which retouching or any other form of handwork 
was virtually excluded, and that was stereographic work. The 
paired images which, when viewed properly, produce the most 
astonishing illusion of three dimension, depend upon the most 
minute and exact differences in detail to render their startling 
effect, and this precision cannot be imitated satisfactorily by hand. 
Love of stereographs led the U.S. physician and writer Oliver 
Wendell Holmes to write three articles in the Atlantic Monthly 
in which he put down the basis of a functional aesthetic which 
was almost diametrically opposed to what Newton had recom- 
mended in London. To Holmes the photograph had characteris- 
tics which no other art could rival. Far from regretting that the 
camera had not been used in accordance with the accepted rules 
of art, Holmes praised what appeared to some the defects of the 
process. “The very things which an artist would leave out, or 
render imperfectly, the photograph takes infinite care with, and 
so renders its illusions perfect. What is the picture of a drum 
without the marks on its head where the beating of the sticks has 
darkened the parchment?” (Atlantic Monthly, iii, p. 746, 1859.) 
“In a perfect photograph,” he added, “there will be as many 
beauties lurking, unobserved, as there are flowers that blush un- 
seen in forests and meadows.” Holmes was but one voice against 
the many. The aesthetic value of straight photography was not 
generally recognized, and the work of those who recorded the 
battlefields of the Crimean War and the American Civil War and 
who traveled throughout the world was overlooked by the 
aestheticians. 

Naturalistic Photography.—The introduction of factory- 
produced dry plates in the 1880s attracted an increasing number 
of amateurs to photography. In comparison with the messy and 
awkward wet plates, the dry emulsions were revolutionary. The 
photographer could buy ready-made plates and process them at 
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his convenience. Small hand cameras freed him of his tripod, just 
as the dry plate had freed him of the necessity for taking a dark 
tent on his travels. 

Peter Henry Emerson felt the artificiality of the Robinson 
school, and he set against the latter’s theories another viewpoint 
which he named naturalism, and which he described in his Natural- 
istic Photography, first published in 1889. Не believed that 
photography was potentially a great creative art, and that it did 
not need to be bound down to rules set up for painting. “Natural- 
ism,” he wrote, “is an impersonal method of expression, a more or 
less correct reflection of nature wherein (1) truth of sentiment, 
(2) illusion of truth of appearance (so far as is possible) and (3) 
decoration are of first and supreme importance.” 

Emerson sought a scientific basis for pictorial photography. 
He analyzed the physiology of vision in order to find out how 
the camera can simulate human perception, He reasoned that 
since the eye sees distinctly only a small part of what lies before 
it, while the surrounding area appears indistinct, it should be 
possible to reproduce this phenomenon by control of focusing. 
Only a small part of the photograph should be sharp; the rest 
should be just slightly out of focus. Today we recognize that 
this theory of vision is fallacious, because the eye, unlike the 
lens of a camera, is a living organism, which scans the field of 
view constantly so that the mind receives a composite report and 
the impression of full detail. The naturalistic theory was an ad- 
vance over Newton’s, for Emerson believed that the photographer 
should rely entirely on controls which were themselves part of 
the photographic process. In addition to control through differen- 
tial focusing, he advised the careful use of developing and printing 
methods. 

Emerson took a large number of photographs of the amphibious 
life of the simple country folk on the Norfolk Broads, which 
were far removed from the artificial genre studies of Robinson and 
very close to the graphic work of J. F. Millet which Emerson 
greatly admired, Imbued with a deep artistic feeling, Emerson’s 
photographs fired a number of other amateurs to seek inspiration 
in nature as the first generation of photographers had done. He 
published his photographs in limited editions in handsome folio 
volumes as original platinum prints or as photogravures and photo- 
etchings, 

The scientific findings of Hurter and Driffield led Emerson in 
1891 to renounce the art claims he had made for photography. A 
great artist, he said, had shown him that the mere reproduction or 
translation of nature was not art. The fallacy of this argument 
lay, of course, in the definition of art. It appears that “art” and 
“painting” were almost synonymous to Emerson when he wrote 
his retraction, What really happened was that Emerson’s preach- 
ing on differential focusing led to the use of soft focusing lenses 
and other blurring effects such as the use of very coarse paper. 
Emerson dramatically announced his views in a black-bordered 
pamphlet “The Death of Naturalistic Photography." 

The Linked Ring.—In his book Emerson had a good deal to 
say about photographic exhibitions. He felt that they were poorly 
organized. He recommended that photographs be framed in 
simple white moulding and that they be exhibited on one line 
in galleries, not plastered over the wall with the frames practically 
touching. He rightly felt that pictorial photographs should. be 
isolated, instead of being lumped together with work done for 
Scientific, technical, and other nonaesthetic purposes. 

Dissatisfaction with the scientific bias of the Photographic 
Society under the presidency of Sir William Abney caused a split 
in the society in 1892. A group of pictorially minded members, 
under the leadership of H. P. Robinson and George Davison, 
formed a society for the exclusive purpose of furthering "the de- 

velopment of the highest form of art of which photography is 
capable." (Camera Notes, p. 119, the Camera Club of New York, 
1901.) The society was named the Linked Ring. They held 
annual exhibitions which they referred to as salons, a name bor- 
rowed from the painting world, and which demonstrated their 
artistic motivation. By 1901 it was their proud boast that "through 
the Salon the Linked Ring has clearly demonstrated that pictorial 
photography is able to stand alone and that it has a future quite 
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apart from that which is purely mechanical,” 
p. 119, the Camera Club of New York, 1901.) 1 

Stieglitz and the U.S. School.—In 1887 Emerson. judg 
competition for the Amateur Photographer, had awarded he. 
to Alfred Stieglitz, a young American who was studying in 
many. It was the first award which Stieglitz had received: th 
first recognition of one who was to carry pictorial photography t 
a high level, not only with his own work, but in his constant ¢| А 
pionship of all that has been progressive in photography and 
forms of modern art. 

/When Stieglitz returned to the U.S. he found that phot 
was a passing craze, and that the New York Society of 
Photographers threatened to change their organization into a 
bicycling club. After serving as editor of the American Amala 
Photographer for a number of years he organized a sympa 
group in the Camera Club, New York City, and founded a 
some periodical, Camera Notes, which, devoted exclusively t 
torial photography, was outstanding for the unusually high quil 
of its illustrations. Stieglitz was one of the first to demonstra 
the pictorial possibilities of the hand camera with his e 
forward photographs of New York under all weather conditions, 

In 1900 F. Holland Day brought to England a collection of 
the work of the new photographers who had emerged largely be 
cause of the guidance and the example of Stieglitz. The showing. 
although not fully representative, included the work of A Û 
Coburn, Frank Eugene, Gertrud Küsebier, Edward Steichen, and 
Clarence White. It was characterized by an emphasis 
aesthetic intent, by a variety of printing techniques, and by subtle 
presentation. Day, addressing the Royal Photographic Society, 
where the exhibition was held, referred to the exhibitors as the 
new school which “holds tenaciously that photography may be, if 1 
it is not yet, a fine art.” (Е. Holland Day, Photographic Jour 
Royal Photographic Society, October 1900.) " 

The Photo-Secession.— Stieglitz and his friends, disturbed by 
the lack of standards and the general conduct of photographie 
exhibitions in the U.S., formed in 1902 the Photo-Secession. Lueg 
chose the word “secession” to show their split with the stats gut 
just as the German and Austrian painters had used the same wort 
to make manifest their independence of officialdom. The ret 
of the Photo-Secession is contained in the 50 issues of on 
Work which were published by Stieglitz between 1903 and b 
The society had a gallery, known as “291” from the street o 
of Fifth Avenue, New York City, where it was located, and 
Stieglitz showed not only pictorial photographs, from Br 
the U.S., but also (in later years increasingly more than ^ 
graphs) European avant-garde art selected by Steichen in 1% 
Camera Work contains reviews of these exhibitions, photogr 
and other reproductions of the highest quality, and stimu 
essays. 

The Photo-Secessionists were much concerned over ES 
nition of photography as a fine art. The independence M 
torial photography had been proved, but as yet little me vid 


been shown officially by art museums. In 1910 the [eu raphers 
an exhibition of about 500 prints by leading pictorial eis Y. 


from all over the world in the Albright Art Gallery, 
The show created a sensation. Some of the exhibite à 
purchased by the gallery; for the first time in the ; ihe vith 
graphs were admitted to an art museum on an equal pe. м 
paintings and drawings as they had been at the Маоний 
Treasures Exhibition in England in 1857, and by Alfre 03 
director of the Hamburg Kunsthalle from 1893 to 19 ipit 

Transition. —The last issues of Camera Work contame welt 
graphs by Paul Strand which showed a new approach. 
views looking down from unusual angles; there pus 
quasi-abstract arrangement; there were striking NI ей 
air portraits of a type which 20 years later were to burn, ® iM 
did. One of the first Photo-Secessionists, A. L. per ۴ 
series of photographs looking down from a tall b thy fot the 
he published as New York from Its Pinnacles, px made y 
way in which emphasis was thrown on form. He as’. gió 
first completely abstract photographs called Vi 


d prints 


ortograp^? 
he contributed to Photograms of the Year in 1917. 
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‘There was other evidence that new trends were coming to the 
surface at the close of World War I. : Edward Steichen renounced 
both his painting and his Impressionistic photography, which had 
been characterized by broad, simple effects, often rendered by 
gum prints, a process which was readily adaptable to manipulation. 
He turned to a precise, clean-cut way of working, which he applied 
{o illustration work. The painter Charles Sheeler used the camera 
to record the stark beauty of Pennsylvania barns and the forms of 
industrial structures. Edward Weston in 1925 gave up the soft 
focus, often sentimental landscapes, and figure pieces which had 
brought him fame and discovered the beauty of close-up details 
ind isolated form, which he recorded in full detail and with 
liant contrasts. Alfred Stieglitz carried his work further; in 
1924 he began the “Equivalents” series in which the ability of the 
camera to record nature gives way to its use as a creative instru- 
ment, capable of imparting the most intense emotional reactions. 
He found in the photographic series a powerful means of expres- 
sion, A portrait, for example, consisted of many separate yet 
mutually related photographs. 

Influence of Abstract Art.—In Germany, a similar revalua- 
tion of the photographic medium had taken place in the mid-1920s, 
largely under the influence of Albert Renger-Patzsch, pioneer of 
the NeueSachlichkeit (New Objectivity) movement in photog- 
raphy which ran parallel to similar intentions of realistic, objective 
representation in painting and the cinema (Potemkin, The Joy- 
less Street), Under W. Gropius’ leadership, much of the modern 
idom of architecture and industrial design originated at the Bau- 
haus, the famous experimental art school, where from 1923 to 
198 L. Moholy-Nagy, an abstract painter, directed a class of 
taperimental photography in order to find out what the other art 
and craft subjects could learn from photography and to extend 
the boundaries of photographic image making. They discovered 
that there was a photographic vision which in itself was aestheti- 
tally stimulating. Instead of deploring the distortions caused by 
the use of lenses of abnormally short or long focal length, they de- 
lighted in the new forms thus created. They tipped the camera 
їр and pointed it down. Christian Schad in 1918, Man Ray 
ind Moholy-Nagy at later dates made highly complex abstract 
Compositions by placing objects directly on sensitized paper, which 
Was then exposed to light. The objects not only left negative 
mss of their profiles, but also, if they were translucent, grada- 
ons of light modulated by them. Aesthetically, these “photo- 
ire or “rayographs” were the photographic equivalents of 
Thor ene of. period; technically, they were revivals 

photogenic drawing process. 
и опепрогагу РОО Art.—The experimental work 
ad 3 1920s served to break down the barriers of conservatism 
in ^ reveal that photography is an artistic medium with its 
Ed characteristics. After 1930, three closely related 

т есате increasingly important: (1) a return to the use of 
Wins p and large negatives from which are made contact 
int Ч ich in detail and brilliant in tonal gradations, that interpret 
hind vivid way the subject before the camera; (2) the ex- 
lenses an to the utmost of new technological developments m 
and (o nd and lighting equipment to capture the fleeting momen 
n. Ш otograph things and places never before recorded pred 
ject matt (3) the shaping of photography to metamorphize sub- 
A ae So that all sense of reality is seemingly lost in an 
tens ‘orm which, it is claimed, has an independent aesthetic 


ait from Albert Renger-Patzsch, the German pioneer of 
rican tivity,” the masters of the first group аге largely 
Pail Sr: Alfred Stieglitz (d. 1946), Edward Weston (d. 1958), 
бре and Ansel Adams. Their work is distinguished by an 
Prefer jj le classic technique and a deep respect for subject. They 
ыта to photograph by natural light, and have found 
Ошо Chest subject matter in the natural scene, architecture, and 
‘oor portraiture. Their attitude toward the final photo- 
Staph 7 comparable to that of an etcher to his print. The photo- 
3 white an entity, to be mounted with the greatest of care upon 
8 card, and to be preserved and respected as a work of art. 
Second group has found one of its greatest exponents in 
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Henri Cartier-Bresson. This French photographer found that the 
powerful lenses which can be used with miniature camera and 
high-speed film gave him an opportunity to photograph “on the 
run" and to find compositions which exist for a brief interval of 
time. To him the camera is “an extension of the eye,” and his 
photographs—mostly of people—are characterized by their im- 
mediacy and by their unusual form. 

Advances in lighting equipment, especially the development of 
the electric flash and the yet more powerful electronic flash, gave 
the photographer an extension of the medium. Steichen pioneered 
in the use of theatrical lighting in his portraits of celebrities; 
Barbara Morgan captured the essence of the dance in her remark- 
able action photographs. Reportage photographers consider them- 
selves primarily journalists with a camera and many have pushed 
their work beyond that of topical records. These photographers 
intend their photographs to be presented upon the printed page. 
They seldom are interested in the single, mounted print as an 
aesthetic unit. (See also PHOTOJOURNALISM.) 

More recently, some photographers in almost every country 
have used photography in a seemingly abstract manner. But 
where the abstractionists of the 1920s were, like the Cubist 
painters, content to present their work as nonrepresentational and 
of value for its challenging and stimulating form and colour, the 
new nonrepresentational photographers challenge us to find hidden 
meanings in their photographs. Deliberately choosing unlikely 
subject matter—peeling paint, crumbling walls, rock formations— 
they invite us to overcome subject association in the discovery 
through their images of forms never before perceived. In Ger- 
many a short-lived movement led by Otto Steinert proposed the 
founding of a school of "Subjective Photography," based some- 
what obviously on the pre-World War II work of the Bauhaus, In 
the U.S., the chief exponent of the theory of “Equivalents” is 
Minor White, through his sensitive photographs, his teachings and 
his editing of the quarterly Aperture. The bold vision of Aaron 
Siskind and others has brought to its highest point the meta- 
morphosis of insignificant detail to a seemingly abstract image 
which, to the perceptive, is yet rooted in reality. 

There have also been remarkable developments in the use of 
books and exhibitions as vehicles for photographic art. The ex- 
hibition “The Family of Man” (1955), organized by Edward 
Steichen for the Museum of Modern Art, New York, used photo- 
graphs in a spectacular way to convey a theme of universal appeal. 
The United States Information Agency, to inaugurate the Con- 
gresshalle in Berlin (1957), held an exhibition, “A Nation of 
Nations," of work by leading American photographers, selected by 


‘Nancy Newhall. 


Collections of Art Photography.—There exist extensive col- 
lections of equipment and photographs as specimens of processes 
in a number of official technical and scientific institutions. Fore- 
most among them are: the Science Museum, London; the Kodak 
Museum, Harrow, England; the Smithsonian Institution, Wash- * 
ington, D.C.; the Musée du Conservatoire National des Arts et 
Métiers, Paris; the Musée de l'Histoire des Sciences, Brussels; and 
the National Technical Museum, Prague. The building of collec- 
tions of artistic photographs, however, has been slow in comparison 
with the collecting of other forms of art, and up to the 1960s very 
few art museums have taken an interest in the subject. 

The most complete collections showing the development of 
the art of photography in many countries from its origin to the 
present day are those at George Eastman House, Rochester, N.Y., 
and the Gernsheim Collection, London. Both the Royal Photo- 
graphic Society in London and the Société Française de Photog- 
raphie in Paris possess notable material relating chiefly to the 
period before World War I, but since these collections rely entirely 
on gifts, they are rather sporadic and largely on a national basis. 
The Metropolitan Museum of Art, New York, also relying mainly 
on gifts, has a small and representative collection, chiefly relating 
to the period before 1914, whereas the Museum of Modern Art, 
New York, which formed an active department of photography 
in 1940, is particularly strong in contemporary work. ‘The print 
departments at the Library of Congress and at the Bibliothéque 
Nationale in Paris have very large though haphazard collections 
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acquired originally through their function as national depositories 
of copyright material. The Library of Congress has the most ex- 
tensive collection of photographs of the American scene, including 
Civil War photographs, and all the negatives taken for the Farm 
Security Administration, A beginning was made in 1947 to sift 
and catalogue the material which had been neglected for genera- 
tions, and it is hoped that through a similar reorganization and 
cataloguing at the Bibliothéque Nationale both these great store- 
houses of photographs will eventually become readily available to 
the public. 

Some other art museums have small collections of either old or 
contemporary photography, for example, the Victoria and Albert 
Museum, London, the Art Institute of Chicago, and the Staatliche 
Landesbildstelle, Hamburg, Ger. Several European museums, 
stimulated by exhibitions arranged from the Gernsheim Collection 
on the aesthetic development of photography, are in the process 
of building up collections; e.g., the Museum of Modern Art in 
Stockholm, Sweden; the Stedelijk Museum, Amsterdam, the print 
department at the University of Leyden, Netherlands; the Folk- 
wang Museum, Essen, and the City Museum, Munich, Ger. 

(B. N.; H. GE) 
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Anyone who has mastered a few simple instructions can make 
printable negatives with a pocket camera. Because it is impos- 
sible for the untrained beginner to achieve such acceptable results 
jn any other medium, photography has sometimes been called the 
easy art. But to bridge the gulf between the taking of such casual 
snapshots and the production of photographs that can be classed 
as art is certainly no easy task, To the mastering of his tools and 
the perfecting of his technique, the photographer must devote just 
as much time and effort as does the musician or the painter. Since 
the nature of the photographic process determines the artist’s 
approach, we must have some knowledge of the inherent char- 
acteristics of the medium in order to understand what constitutes 
the aesthetic basis of photographic art. 

Photography must always deal with things—it can not record 
abstract ideas—but far from being restricted to copying nature, 
as many suppose, the photographer has ample facilities for pre- 
senting his subject in any manner he chooses. First, an infinite 
number of compositions can be achieved with a single stationary 
subject by varying the position of the camera, the camera angle, 
or the focal length of the lens. Second, any or all values can be 
altered by change of light on the subject, or the use of a colour 
filter, Third, the registering of relative values in the negative can 
be controlled by length of exposure, kind of emulsion used, and 
method of developing. And finally, the relative values in the 
negative can be further modified by allowing more or less light to 
affect certain parts of the image in printing. The photographer is 
restricted to representing objects of the real world, but in the 
manner of portraying those objects he has vast discretionary 
powers; he can depart from literal recording to whatever extent 
he chooses without resorting to any method of control that is 
not of a photographic (t.e., optical or chemical) nature. 

„But the artist's use of these controlling powers must be con- 
ditioned by two factors: (1) the nature of his recording process, 
and (2) the nature of his image. There is a frequent cause of 
mistaken understanding in the belief that the camera's image 
reproduces nature as the human eye sees it. On the contrary, its 
ability to record things as the unaided human eye can never see 
them is one of the most important attributes of photography. The 
human eye can focus on but one small area at a time; conse- 
quently, we observe an object or a scene only by letting our eyes 
rove over it in a series of short jumps. The assortment of images 
thus recorded are flashed to the brain which sorts and edits them, 
automatically discarding some as of no importance and empha- 
sizing others, according to its individual conditioning. The im- 
personal camera eye makes no such distinctions; every detail 
within its field of vision can be recorded instantly and with great 
clarity. In the time the eye takes to report an impression of 
houses and a street the camera can record them completely, from 
their structure, spacing, and relative sizes, to the grain of the 


PHOTOGRAPHIC ART 


wood, the mortar between the bricks, the dents in the pa 
The image that is thus registered has certain characteris 
at once distinguish it from the products of all other 
processes. In its ability to register fine detail and in its ab 
to render an unbroken sequence of infinitely subtle gradati 
the photograph cannot be equaled by any work of the human М 
For this reason any manual interference with the image 
destroys those very qualities that give the true photograph \ 
as an art form. From these two facts we may draw an obj 
deduction: if the recording process is instantaneous and the n 
of the image such that it cannot survive corrective 
then it is clear that the artist must be able to visualize 
result in advance. His finished print must be created in ful 
fore he makes his exposure, and the controlling powers en 
ated above must be used, not as correctives, but as predetemn| 
means of carrying out that original visualization, As in the] 
tery of any other graphic form, years of experience are пей s 
in photography before technical considerations can be 
tirely subordinate to artistic aims. The ability to previ 
finished print is the photographer's most important qualifica 
and in order to attain it he must concentrate on learning to 
terms of his tools and processes. Having chosen the simplest 
sible equipment (so as not to complicate his task needless 
first learns by experiment the potentialities and limitations ofi 
instrument and process, He must learn the field of his len 
tone scale of his film and paper emulsions; he must learn to 
the strength and quality of light; he must learn to 
colours into their relative monochrome values and know how 
values are affected by the use of different filters, 

He must learn the kind of negative necessary to produce aj 
kind of print, and then learn what kind of exposure and 
ment will produce that negative; then, having learned how 
needs are fulfilled for one kind of print, he must discover 
to vary the process to get other kinds of prints. Gradually 
experience, this knowledge becomes intuitive; the phot 
sees a scene or object in terms of his finished print without 
to think of these processes any more than a musician pla 
piece thinks of the whereabouts of the next note he will so 
how much pressure he will use in sounding it. ү 

The Print.—The value of the photograph as a work of C 
pends primarily on the photographer's seeing before exposure, 
its artistic value can be determined only by an examination 0) 
finished print. m 

Exposure records the photographer's seeing; developing ji 
printing execute it; so no matter how fine the original er 
it has not been faithfully carried out in subsequent. o jag 
the resulting print will suffer. The clarity of image and de 
of gradation that characterize a fine photograph demand e 
kind of surface for their best presentation. A rough "o 
destroys the integrity of the image; a smooth surface ШЕ 

: á e q 
A shiny or reflecting surface enhances the beauty of imag 
ity, while a dull or absorbing surface tends to obscure it "m 

For beautiful image quality, the best of the old DEN у 
can hardly be matched. The positives were made me Я 
the metal base and the small pictures were esteeme! shi 
exquisite rendering of fine detail. The photo-painte p 
away with all things characteristically photographic, ps nt 
papers of independently beautiful surface texture 107 И 
The result of such a combination is that the paper comp H 
the image instead of becoming a part of it. h fine imate 

Among modern processes the nearest approach to t ME loss 
quality of daguerreotypes is a glossy print. Un pho 
paper is still held in general disfavour among СТё itable if 
raphers. It is said to be harsh and cold and only ê 
commercial work. 

These erroneous beliefs are partly a hango 
of photo-painting and partly a result of the he image 
good glossy prints. The glossy surface reveals the etection 0! 
such clarity that minor blunders, which might escape osed. ot 
the more veiled, dull-surface papers, are at once Be scale yid 
ever, the glossy surface has the advantage of а i, nd n 
makes it possible to reproduce more of the nega 
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COLLECTION OF THE BAVARIAN NATIONAL MUSEUM, MUNICH 


Paris Boulevard," daguerreotype by Louis J. M. Daguerre, 1839. On the corner at lower left is visible the first 
тап form ever photographed. Though blurred, it is a man having his boots brushed. The street appears empty 
cause the early daguerreotype process was so slow that only stationary objects could be captured on the plate 


eae House 
7 

between "DEL at St. Andrews, Scotland," calotype by D. O- 
Модро 2 "^d 1848, An early attempt at photographing 


Hill and R. Adamson, taken 
landscape which resembles а 


BY COURTESY OF THE METROPOLITAN MUSEUM OF ART, GIFT OF EDWARD S. 


NOTE: THE PHOTOGRAPHS ON THIS AND THE FOLLOWING PLATES ARE ERU RANGEL RARIOR A. MAWES; 136 

MARRED BUT HAVE BEEN LEFT UNRETOUCHED FOR REASONS OF WISTOR- RARE 5 x , 

Teas agen REY ‘Chief Justice Lemuel Shaw,” daguerreotype by A. S. South- 
worth and J. J. Hawes, 1851. An early portrait of an eminent 


Massachusetts jurist 
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“The Two Ways of Life, or Hope in Repentance," a composite photograph made from 30 negative 1 uring 
31 x 16 in. taken and assembled by Oscar Rejlander in 1857. The elaborate tableau is allegorical, showing à young 
man torn between a life of debauchery (left portion of picture) and virtue (shown at right) 


COMBINATION PRINTS 


m 
"Fading Away," a composite photograph made from 5 ne i i ad 
a a орга gatives by Henry P. Robinson in 1858. Robinson, li 
Rejlander, wished to convey the didactic allegories of Victorian painting through the new techniques of photography 


PHOTOGRAPHIC ART Prare Ш 


0 IN ME 


GEORGE EASTMAN HOUSE 
Gathering Water Lilies,” a platinum print made in 1886 by Peter H. Emerson, the founder of the naturalistic 
hool; one of his many pictures of life on the East Anglia marshes. Emerson strove to prove that photographers 
uld produce valid works of art without merely copying conventions used in painting 


BY COURTESY OF THE METROPOLITAN MUSEUM OF ART, BEQUEST 
ЕСИК ы OF ALFRED STIEGLITZ, 1949, ALFRED STIEGLITZ COLLECTION 
Two portraits by Julia M. Cameron: (left), Sir John Herschel, the astronomer, in 1867, and Ellen Terry, the actress 
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GEORGE EASTMAN HOUSE 
of inter on Fifth Avenue, New York,” 1893, by Alfred Stleglitz, a ploneer in the use of the hand camera and опе 
of the founders of the influential Photo-Secession group 
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FORGE EASTMAN NOUSE 


“The Octopus, New York" by Alvin L. Coburn, 
1912, an early abstraction taken from atop a 
tall building 


"Photogram" by Lászlo Moholy-Nagy, about 1940, an abstract photograph 
made by placing objects directly on sensitized paper and exposing the paper 
to light 


GEORGE EASTMAN HOUSE 


PAUL STRAND 


gth series of photographs comprising a profile of the small 


"The Family" by Paul Strand, 1953, one of а book-len 
Italian town of Luzzara 
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EDWARD STEICHEN 
“Portrait of J. P. Morgan," platinum print by Edward Steichen, 1903 


m 
№ 

"The Organ Grinder" by Eugène Atget, а lor lected French oh kai 

recorded the look of Paris and its people during the carly years of the 20th © 
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“Nude on Beach, California” by Edward Weston, 1936 
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New Mexico" by Ansel Adams, 1941 


“Moonrise, Hernandez, 
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HENRI CARTIER-BRESSON INE 


“Children Playing in the Ruins, Spain” by Henri Cartier-Bresson, 1933 


wc 
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NATHAN LYONS 
Two contemporary abstract photographs: (above) ‘Demolition, Rochester, 1956” by 
Nathan Lyons and “Rome 50" by Aaron Siskind, 1963 
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‚ greater latitude in reproducing extremes of tone from the 
{ to the most subtle and delicate. When a photographer 
of the warm or cold tone of a print, he is usually referring 
toits colour—a cold blue-black as opposed to a warm green-black. 
But to use such variations of colour to emphasize the feeling of 
his picture is to misuse his medium, If he prints a snow scene 
hlue-black so that it will look cold and a forest scene green-black 
so that it will appear warm, he is introducing a foreign element 
into his monochromatic process just as surely as if he coloured the 
in by hand. In black-and-white photography the effect of 
yammth or coldness should be communicated by the values in the 
print, whose colour M Es ei a scale—be as 
rly pure black and pure white as possible (use of obvious 
M ае belongs іп the province of colour photography). Ob- 
viously then, the longer scale of glossy paper gives greater oj 
ШУ of producing through the values in the print halber 
фек! is desired. And lastly, the luminous surface of the glossy 
piper, by making the image light-giving, comes nearer to rendering 
the effect of the original scene and so heightens the illusion of 
tality. A good glossy print reveals the delicacy of subtle grada- 
tion, the lucidity of tone, and the brilliant clarity of image that 
are unique characteristics of the photographic process. 

Subject Matter.—It is impossible to make any sharp distinc- 
tion between the subject matter appropriate to one graphic medium 
110 (hat more suitable to another. But in the case of photography 
we can at least draw a few general conclusions, based on an ex- 
or of the work of the past and our knowledge of the 
special properties of the medium. From the wet plate era we may 
draw two contrasting examples that serve to indicate a field of 
tndeavour im which the photographer is least likely to be success- 
“т id » one hand is the work of O. G. Rejlander and Henry 

ch Robinson, two men who achieved prominence for their 
photographic work in England during the 1850s and 60s. In their 
best-known pictures (Rejlander’s “Two Ways of Life,” and Robin- 
wns “Fading Away") they attempted to depict allegorical and 
dramatic situations by combining a number of negatives of posed 
боғе into composite prints. On the on, d is 

Work of Roger Fenton, Mathew Brady, Alexander Gardner, 
ar anonymous photographers who documented wars, These 
€ bound by no artistic purpose; their sole aim was to 

Hord to the best of their ability every phase and aspect of the 
tilities that their clumsy and limited equipment could encom- 
[c Yet it is in these straightforward records that we perceive 
дарыс quality: here is the tremendous power PUN. 

€ camera’s realism, the intensity of its vision undiluted; 

id lhese documents of the past still Put us profoundly with 

I dear, objective picture of the horror and pathos of war. 
n "t these photographs the artistic efforts of Rejlander and 
fi n appear self-conscious, stilted, and artificial. Their care- 

edad costumed figures look absurd шй ded Ж 

comparison makes one fact apparent: the са 1 
P clearly to be used successfully for recording the superficial 
Sof a subject, It searches out the actor behind the makeup 
a the contrived, the trivial, the artificial for what they 
Bu if the camera's inn i th 
ate honesty works any hardship on the 
m Шет by limiting his subject matter in one direction, the 
ight When weighed against the advantages it provides. For 
^t quality that makes the camera expressly fitted for ex- 
[ded шо the meaning of things. The утат 
ап direct its penetrating vision so as 

Mii whatever it may tenth ейн of its basic reality. He 
ith ба = essence of what lies before his lens in a Чо р 

hugs Clear insight that the beholder will find the recrea! 

The тй teal and comprehensible than the actual object. — 
iy, її Ograph isolates and perpetuates а moment of time: an 

E Red revealing moment, or an unimportant Ea 
айуу ащ upon the photographer's understanding о! E 
ject gi Mastery of his process. The lens does gu : 
Š comp асалу of its own accord, On the contrary, its visio! 
igi P С ЧУ impartial and undiscriminating. It makes no dis- 
tween important detail and meaningless detail. Selec- 


tion, emphasis, and meaning must be provided by the photographer 
in his composition. Nowhere has the painter’s influence had a 
more lasting hold on photography than in the field of composition. 
Photographers who have put to use every other resource of their 
medium still try to emulate the work of painters in this respect. 
They consider composition as a thing apart, having no relation to 
a specific medium, but consisting of a set of tested rules and con- 
ventions that must not be contravened. To compose a subject well 
means nọ more than to see and present it in the strongest manner 
possible. The painter and the photographer will have two different 
ways of doing this because of the basic differences between their 
mediums, Its capacity for rendering fine detail and tone makes 
photography excel in recording form and texture. Its subtlety of 
gradation makes it admirably suited to recording qualities of light 
or shadow, and its ability to record sharply everything within the 
angle of lens vision from the immediate foreground to the distant 
horizon carries it far beyond the painter's province. The photog- 
rapher cannot depend on rules deduced from finished work in 
another medium. He must learn to see things through his own 
eyes and his own camera; only then can he present his subject 
in a way that will transmit his feeling for it to others. Д 

An intuitive knowledge of composition іп terms of the capacities 
of his process enables the photographer to record his subject at 
the moment of deepest perception; to capture the fleeting instant 
when the light on a landscape, the form of a cloud, the gesture of 
a hand, or the expression of a face momentarily presents a profound 
revelation of life. 

The appeal to our emotions manifest in such a record is largely 
due to the quality of authenticity in the photograph. The specta- 
tor accepts its authority and, in viewing it, perforce believes that 
he would have seen that scene or object exactly so if he had been 
there. We know that the human eye is capable of no such feat, 
and furthermore that the photographer has not reproduced the 
scene exactly; quite possibly we would not even be able to identify 
the original scene from having seen the photograph. Vet it is 
this belief in the reality of the photograph that calls up a strong 
response in the spectator and enables him to participate directly 
in the artist's experience. 

Conception and execution so nearly coincide in this direct 
medium that an artist with great vision can produce a tremendous 
volume of work without sacrifice of quality. But the camera de- 
mands for its successful use a trained eye, a sure, disciplined 
technique, keen perception, and swift creative judgment, The 
artist who would use his photographic powers to the full must have 
all these, plus the first requisite for the artist in any medium— 
something to say. (E. WN.) 

BrmnrocnAPHY.—Raymond Lécuyer, Histoire de la Photographie 
(1945); Beaumont Newhall, The History of Photography (1964); 
Helmut Gernsheim, Masterpieces oj Victorian Photography (1951), 
Creative Photography: Aesthetic Trends 1839-1960 (1962); Helmut 
and Alison Gernsheim, The History of Photography (1955) ; Beaumont 
and Nancy Newhall (eds.), Masters of Photography (1958); Peter 
Pollack, The Picture History of Photography (1958). 

PHOTOGRAPHY is the process or art of producing visible 
images (photographs) on sensitive surfaces directly or indirectly 
by the action of light or other form of radiant energy. Classical 
photography depends on the action of light in bringing about 
changes in compounds of silver, usually the silver halides (e.g., 
silver bromide, silver iodide, and silver chloride). These changes 
may be a directly visible darkening (print-out) or, more generally, 
may be invisible (latent image) ; in the latter case a developer must 
be applied to reveal the image. The act of permitting the light to 
fall on the sensitive layer is known as exposure. The developer is 
a chemical reducing solution that converts the exposed silver halide 
to dark, metallic silver. 

Usually, the brighter the subject is the darker the photograph is, 
so that a negative picture results. In order to obtain a positive 
picture, in which the light and dark parts correspond to those of 
the original scene, the negative is printed onto another sheet of 
sensitive material that basically resembles the negative material, 
so that the tones are reversed on the second sheet. If the positive 
is made in the original negative material by developing the nega- 
tive, removing the negative silver by chemical means (bleaching), 
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and then developing the remaining material, the procedure is called 
the reversal process. Positives may be produced directly in the 
originally exposed material by using special effects such as solariza- 
tion and the Herschel effect. 

The sensitive layer usually consists of tiny particles of com- 
pounds of silver dispersed in gelatin and coated in a layer (usually 
less than yyy in. thick) on a support consisting of rigid glass, 
flexible film, or paper. An example of a sensitive layer is silver 
bromide in gelatin. After it is exposed to light it can be developed 
to black silver, the degree of blackening depending on the extent 
of exposure. Treatment with a solution that dissolves the remain- 
ing silver bromide but does not attack the silver fixes the negative 


PHOTOGRAPHY 


5. High-Speed Photography 

6. Astronomical Photography 
7. Criminological Photography 
8. Photoelastic Analysis 

9. Records of Physical Measurements 
10. Photo Layout 

11. Underwater Photography 
12. Medical Photography 

13. Document Reproduction 
14. Recording Cameras 

15. Photographic Photometry 
16. Phototopography 
17. Aerial Photography 

18. Radiography 

19. Nuclear Particle Recording 


or positive and renders it stable against further exposure, after it IV. Colour Photography 
has been washed in water. 1. IUE DUE 
The operations required to produce a photograph are these: 2. The Screen Unit Process 
1. Preparation of the sensitive negative material. 1. ER UE Рон 
2. Exposure. е t 5. Monopack or Integral Tripacks 
3. Development, followed by fixation, washing, and drying. 6. Colour Printing Processes 
4. Preparation of the sensitive positive material. 7. Pigment Processes 
5. Printing. 8. Рисова poe 
6. Development, fixation, washing, and drying of the print. ү. н еы 
1. The Sensitive Material 
2. Development 
3. Processes Following Development 
4. Sensitometry 
5. Tone Reproduction 
VI. Photographic Manufacture 
1. Preparation of Glass Plates 
2. Film Support 
3. Paper Base 
4. Emulsions 
5. Coating 
VII. Apparatus 
1. Cameras 
2. Shutters and Diaphragms 
3. Viewfinders 
4. Range Finders 
5. Focusing Scales 
6. Depth-of-Field Indicators 
BY COURTESY OF KODAK RESEARCH LABORATORIES 7, Flash Attachments 
FIG, 1,—STEPS IN THE PRODUCTION OF A PHOTOGRAPH 5 у айо 
In the early days of photography all of these operations were 10. Supports and Tripods 
carried out individually by the photographer himself, but at the ui LIPS d Pauipment 
present time the sensitive materials, both negative and positive, 13, Studio Arrangements and Lighting 
are almost always made by manufacturing companies, and much 14. Printing and Enlarging 
of the developing and printing is done by commercial organiza- 15. Darkrooms and Processing 
tions VIII. Stroboscopic Photography 
vi " i ; М. 1. Electronic Flash 
A wide variety of negative materials, cameras, and printing proc- 2. Applications 
esses are used in photographic operations, their selection depend- IX. Photographic Lenses 
ing upon the particular branch of photography under considera- 1, The Landscape Lens 
tion. 2. The Petzval Portrait Lens 
_ This article discusses the fundamental principles and methods A ТЫШЕЧ, imit Lens 
involved in the production of photographs. For other aspects and 5. The Dagor Type 
special applications. of photography, the reader should see such 6. The Airspaced Four-Element Lens 
articles as MorroN PICTURES; PHOTOGRAPHIC ART; PHOTOG- 7. The Tessar , 
RAPHY, CELESTIAL; PHOTOGRAPHY, SPARK; and PHOTOJOURNAL- i us Ena Mense) Type 
ISM. For a detailed listing of articles on this subject, see the refer- 10. The a Triplet Lens 
ences under "Photography" in the Index. 11. Modifications of the Triplet Lens 
The main headings of this article are as follows: 12. The Sonnar Lens 
I. History 13. The Telephoto Lens 
1. Camera 14. The Reversed Telephoto Lens 
2. The Beginnings of Photography 15. The Aviogon and Biogon 
3. Daguerreotype 16. Apochromatic Process Lenses 
4. Calotype 17. Lens Attachments 
5. Collodion Process 18. Anamorphic Attachments 
6. Collodion Emulsion . 19. Zoom Lenses 
7. Gelatin Emulsion X. The Branches of Photography 
= 8. Colour Sensitivity 1, Amateur Photography 
9. Film 2. Professional Photography 


10. Developing Agents 
11. Printing Processes 
12. Nonsilver Printing Processes 
II. Materials of Photography 
III. Scientific and Applied Photography 
1. Photomicrography 


3. Commercial Photography 
4. Photographic Art 
5. Polaroid Land Camera 


I. HISTORY 


T 

r * tcome ® 
Discovered by no one man, photography 15 mm іла d 
early observations by physicists of the forma n of Light 9 
the camera obscura and by chemists of the act! 


2. Spectrography 
3. Infrared Photography 
4. Ultraviolet Photography 
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that in truth belong to the domain of photo-optics and photo- 
chemistry (q.v.). Although the blackening of silver salts was 
known in 1565, it was not until 1725, when J. H. Schulze used 
a mixture. of silver nitrate and chalk under stenciled letters, that 
it yas definitely recognized that this darkening action was caused 
by light and not by heat. The experiments were repeated by Wil- 
jam Lewis in 1763 and Joseph Priestley in 1772 and were greatly 
artended by C. W. Scheele in 1777. Their work led to Thomas 
Wedgwood's experiments with silver nitrate on paper and leather, 
the results of which were published in 1802, Humphry Davy sug- 
gested that silver chloride would be more sensitive to light, but 
| Ш early efforts to make pictures with the camera obscura failed 
сазе of the very long exposures required, and because no means 
were known by which to remove the unaffected material and thus 
dabilize or “fix” the image against light. 

1 Camera.—The camera was the outcome of the old camera 
obscura, originally a darkened room with a tiny hole in the win- 
dow shutter for viewing natural scenes, the invention of which has 
been incorrectly ascribed to Giovanni Battista della Porta, who in 
his Magia naturalis (1558) published a long and clear description 
fit, The principle had, however, been known to Alhazen (c. 
1000), Roger Bacon (c. 1267), and others; and the camera obscura 
itself had been described by Leonardo da Vinci (d. 1519) in his 
ebooks, which remained unpublished until 1797. In 1550 
Geronimo Cardano proposed the addition of a biconvex lens to 
Wain a brighter image. Daniello Barbaro in 1568 suggested the 
ise of a diaphragm to secure greater sharpness. Ignazio Danti in 
| 1873 corrected the reversed image by means of a concave mirror 


lelind the lens, a device still in use. Friedrich Risner (d. 1580) 
described in his works (published 1606) methods of enlarging 
and reducing the image, and proposed that a portable box be used 
Îî lieu of the room in use until then, Della Porta, in his greatly 
enlarged second edition of the Magia naturalis (1589), included 
Ше improvements of others as his own. Johannes Kepler in his 
work on optical astronomy, 1604-11, described the use of a con- 
| ye lens behind the convex to obtain larger images, and thus an- 
ticipated the telephoto lenses of the present day. In a book 
Dublished in 1685-86 Johann Zahn described a portable camera ob- 
“tra with two or three lenses mounted in a tube to secure a more 
| tillant image on a ground glass, and side wings to shield it from 
Glraneous light. At the beginning of the 18th century the portable 
mêrê obscura had become a regular article of commerce and was 
to obtain sketches from nature. Its use was stimulated by 
| "growth in the number of amateur artists, who also used other 
optical devices, such as the camera lucida and the Claude glass, 
âs aids in sketching. 
N d ineptitude of the artists led to an interest in letting light 
е scenes create its own record, particularly through the 
lm of the camera obscura. Photography thus grew from 


m 
M THE GERNSHEIM COLLECTION, LONDON 
His VINDE ANT PHOTOGRAPH BY J, NICÉPHORE NIEPCE OF THE VIEW FROM 
итер OW AT GRAS, NEAR CHALON-SUR-SAONE, FRANCE. FIXED ON А 
PLATE IN 1826 
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attempts to apply to the interests of picturemakers observations 
on the action of light in producing visible changes. 

2. The Beginnings of Photography.—Toward the end of the 
18th century there grew a demand for inexpensive naturalistic 
pictures, particularly portraits. A simple way of producing pic- 
tures was the silhouette, made by tracing the outline of a projected 
image of the face and filling it in with black. In 1786 G. L. 
Chrétien invented the “physionotrace” in which the projected 
image of a head was traced by a stylus, and by a pantograph ar- 
rangement an engraving tool cut 
a copper plate which could be 
inked and printed. Aloys Sene- 
felder invented lithography in 
1798; but, though it was intro- 
duced in Paris in 1802, it was not 
until 1813 that it became a suc- 
cess and a fashionable hobby. 
From that date until 1817 Joseph 
Nicéphore Niepce was engaged in 
an examination of natural stones 
to find one suitable for lithogra- 
phy. Since he was unable to 
draw, his son, Isidore, undertook 
this work, and when the latter 
was called for military service, 
Niepce was impelled to produce 
the images automatically. In 
conjunction with his brother 
Claude, Niepce first tried photog- 
raphy with silver chloride on pa- 
per. The light sensitiveness of 
iron, manganese, acids, and other 
compounds was tested, stone, 
metal, and paper being used as supports. Finally, guaiacum resin 
was tried and then asphalt, or bitumen of Judea, which had been in 
common use as an etching ground since the days of Rembrandt. 
This, becoming insoluble in its usual solvents by the action of light, 
gave not only a resist for the etching of metal plates but also trans- 
parent images on glass. A successful result—a photographic copy 
of an engraving without use of the camera—was obtained in 1822, 
and thus it may be said that the first permanent photograph was 
made in that year by Niepce. Prior to that, in 1816, Niepce had 
obtained in the camera a positive on paper. 

Three years were required to perfect the process of heliography, 
as it was called, by the simple superposition of waxed engravings; 
and in 1826 an etched pewter plate was sent to G. Lemaitre, of 
Paris, to be printed. In order that the pictures should be more 
distinct, they were exposed to the vapours of iodine. The high- 
lights of the plates consisted of hardened bitumen; the shadows, 
of the bare metal; thus, the contrasts were very poor. This led. 
to the use of pewter instead of copper. Lemaitre suggested silver- 
ing copper plates. Between 1816 and 1829 Niepce also fixed the 
image in the camera several times using silver compounds and 
the bitumen process. In 1827 he submitted to the Royal Society, 
London, his first successful view from nature, taken in the camera 
obscura with an exposure of over eight hours, together with a 
memoir on heliography. 

3. Daguerreotype.—In 1826 L. J. M. Daguerre, a painter who 
had experimented with silver salts, heard of Niepce's work and 
approached him to form a partnership. This was consummated 
jn December 1829. The work that Daguerre had done with Niepce 
had drawn their attention to the light sensitiveness of silver iodide, 
and Daguerre discovered that the effect produced by exposing an 
iodized silver plate in a camera would result in an image if the 
plate were fumed with mercury vapour and fixed in a solution of 
common salt. The inventions of Niepce and Daguerre were 
published simultaneously by the French home minister in a bill 
presented to the Chamber of Deputies proposing a national reward 
to the inventors. A full description of their methods was pre- 
sented by Frangois Arago on Aug. 19, 1839, at a joint meeting 
of the Académie des Sciences and of the Académie des Beaux 
Arts. 


BY COURTESY OF THE GERNSHEIM COLLECTION, 
LONDON 
DAGUERREOTYPE OF L. J. M. DA- 
GUERRE TAKEN IN 1848 BY J. E. 
MAYALL 
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The daguerreotype process was a complete success. In its op- 
eration, a silvered copper plate was buffed and burnished to a 
high polish. It was then iodized by fuming with iodine, and ex- 
posed in a camera for 20-30 minutes, which excluded portraiture. 
After various optical and chemical improvements by American, 
English, and Austrian investigators, from 1841 onward exposures 
were secured in a few seconds under favourable light conditions. 
The development was effected by placing the exposed plate over a 
cup of mercury heated to about 75° C. The image was then 
fixed with a solution of thiosulfate of soda and strengthened by 
treatment with gold chloride. The daguerreotype was viewed by 
reflected light and was laterally reversed, and copies could only be 
obtained by copying the original picture. The process flourished, 
especially for portraiture, until about 1860. England was the 
only country in which it had been patented, 

4, Calotype.—A preliminary notice of Daguerre’s success was 
made by Arago on Jan. 7, 1839. This caused W. H. Fox Talbot, 


BY COURTESY OF THE GERNSHEIM COLLECTION, LONDON 
FOX TALBOT'S CALOTYPE ESTABLISHMENT AT READING, ENG., ABOUT 1845 
Assistants photographing a painting and making a portrait 


an Englishman, to claim priority in obtaining a picture in the 
camera and rendering it permanent. Talbot had begun his experi- 
ments in 1834, using the camera obscura with silver chloride on 
paper and common salt or potassium iodide as fixing agents. A 
communication was made to the Royal Society on Jan. 31, 1839, 
But not until a month later did he disclose his working method 
of “photogenic drawing,” which then involved silver iodide with 
an excess of the nitrate, and fixation with sodium thiosulfate. The 
solvent action of this for silver salts had been discovered by Sir 
J. F. W. Herschel in 1819. Exposures were 30 minutes to one 
hour in the camera until June 1841, when Talbot announced the 
much faster, patented, calotype process in which the latent image 
was developed with gallic acid, the accelerating action of which 
had been discovered independently by the Rev. J. B. Reade. 

The developed image on calotype paper was the exact reverse, 
as far as light and shade were concerned, of the original image. 
Such a picture was termed by Herschel in 1840 a "negative." The 
transparency of paper can be increased by waxing or oiling, and 
so Talbot was able to obtain true copies, or positives, of any nega- 
tive by simple contact printing upon another piece of sensitized 
paper. Talbot's process is the first step in the real line of photo- 
graphic development, the inventions of Daguerre and Niepce be- 
ing bypaths whose chief importance was the stimulus they gave 
to photographic evolution. The disadvantages of calotype were 
the long time required for printing and the structure of the paper. 

Herschel in September 1839 took a photograph on glass coated 
with carbonate of silver. In 1848 Abel Niepce de Saint-Victor 
suggested albumen as the vehicle for silver iodide. This albumen- 
on-glass process was very slow but held its own until 1851, when 
Frederick Scott Archer, an English sculptor, published a descrip- 
tion of his wet collodion process. 
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5. Collodion Process.—To a 
solution of cellulose nitrate (col- 
lodion) in ether and alcohol, 
Archer added a soluble iodide, 
usually with the addition of a lit- 
tle bromide, and coated a glass 
plate with it. In the darkroom, 
the iodized collodion was sensi- 
tized by immersion in a bath of 
silver nitrate and formed silver 
iodide with an excess of silver 
nitrate. The plate was exposed 
wet in the camera, developed by 
pouring on a solution of pyrogal- 
lol containing acetic acid, and 
fixed with a strong solution of 
thiosulfate of soda for which po- 
tassium cyanide was later substi- 
tuted. Archer's collodion process 
was not patented, and as it was 
the fastest photographic process it displaced by the mid-1850s 
both calotype and daguerreotype. For portraiture, a modification 
of the process was devised by Archer and P. W. Fry. An under 
exposed negative backed with black paper or velvet appeared as a 
positive and was very popular for cheap portraiture under the nane 
Ambrotype. 

The necessity for preparing the plates immediately before ex 
posure and developing them immediately after considerably lim- 
ited the practice of photography. John Spiller and William 
Crookes suggested bathing the prepared plates in a solution of a 
hygroscopic salt so that they could be kept some time both before 
and after exposure. This was followed by the use of hygroscopic 
substances of all kinds. They greatly reduced the speed of the 
plate, however, and were of little practical value. 

6. Collodion Emulsion.—In 1864 B. J. Sayce and W. B. 
Bolton described the preparation of an emulsion of silver romide. 
in collodion. In 1874 Bolton washed the emulsion in bulk lo 1# 
move the soluble salts formed in precipitating the silver bromi le, 
and his methods are still followed. Mes 

Collodion emulsion, though it was no more sensitive, b 
practical advance over wet collodion, A considerable increase 0 
sensitiveness was obtained when C. Russell introduced ern 
development in 1862, but the full fruit of this was reaped oniy 
with the introduction of gelatino-silver bromide dry plates: 

7. Gelatin Emulsion Тп 1871 R. L. Maddox made an em 


BY COURTESY OF GEORGE EASTMAN HOUSE 
AMBROTYPE WITH BLACK BACKING 
ON ONE HALF TO SHOW ITS NEGA: 
TIVE-POSITIVE CHARACTER 


BY COURTESY OF GEORGE EASTMAN HOUSE 
""SEASCAPE," WET-COLLODION PHOTOGRAPH BY 


FOR THE FIRST TIME, MOTION WAS STOPPED WITH ' 
TOGRAPHY 


Gi 
GUSTAVE LE on № 
*INSTANTANEO 
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on of silver bromide in essentially the same manner as that used 
шап collodion emulsions but he substituted gelatin for col- 
Wim. The matter was followed up by other experimenters, who 
all improved and speeded up the emulsion. Among them must 
mentioned John Burgess, Richard Kennett, and Charles Ben- 
[ Kennett placed on the market a dry, washed emulsion which 
арһегѕ could dissolve in warm water and use as а coating 
and thus produce their own plates, 
at amount of experimental work was at once commenced 
in emulsions, the records of which filled the photographic 
als between 1873 and 1885. The by-product salts were re- 
d by washing. William Abney recommended the use of iodide 
mall quantity with the bromide and found that this made it 
le to obtain faster emulsions with less fog. Digestion, or 

g,” as it was called, came into use in 1878, and in 1879 
yan Monckhoven employed precipitation in ammoniacal 
оп as the basis of manufacturing dry plates. In 1877 the 
tmmercial plates of the Liverpool Dry Plate and Photographic 
Printing Company, Wratten and Wainwright, and B. J, Edwards 
were introduced. By 1879 comparatively rapid dry plates were 
ible on the market. 

After this period, amateurs gradually ceased their researches, 
ad mass manufacture became general, Considerable increases 
Insensitiveness were made by improved emulsion-making tech- 
migues which resulted in further advances in sensitivity without the 
undesirable qualities which previously had accompanied attempts 
toincrease speed. 

§ Colour Sensitivity.—The silver halides are sensitive chiefly 
tthe blue, violet, and ultraviolet rays; hence, all other colours 
Me teproduced as dark grays or blacks. In 1873 H. W. Vogel of 
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work until 1925, In 1931 a new supersensitive type of panchro- 
matic film was introduced. The progress in sensitizing dyes made 
possible the great advance in colour photography after 1930 and 
the introduction of plates and films of high speed and low graini- 
ness. 

9. Film.—The weight and fragility of the glass support led to 
attempts to replace it by lighter and flexible substitutes. In 1875 
Leon Warnerke introduced a roller slide containing a spool of 
stripping film for 100 exposures. Ten years later the roll film 
system of photography was popularized through mass manufacture 
by George Eastman and W. H. Walker. A machine for continu- 
ously coating photographic paper in long rolls was patented by 
Eastman in 1884. The sensitized paper was loaded into a roll 
holder which could be attached to the back of a camera in the same 
position as a plateholder. At first, the paper was greased to reduce 
the printing time, but later a stripping film was used. This con- 
sisted of a temporary paper base coated with soluble gelatin, which 
in turn was coated with a gelatin emulsion. 

This stripping film was used in the first portable roll film camera, 
the No. 1 Kodak, marketed in 1888. The pictures were circular, 
about 24 in. in diameter. When the film was used up, the camera 
was returned to the manufacturer, who developed and printed the 
pictures and reloaded the camera, This was the origin of modern 
photofinishing. 

Eastman conducted experiments to produce a flexible film from 
collodion, but the ether-alcohol solutions would give only films 
that were too thin to be of practical use. Finally, the use of 
wood alcohol as a solvent for nitrocellulose was discovered, and 
a flexible film was marketed in rolls in 1889. In the previous year 
J. Carbutt had introduced emulsion coated on sheets of plastic 


Berlin discovered that the addition of certain dyes to the emulsion, 
timmersion of the coated plates in a solution of dye, increased 
llesensitiveness to other colours. 
Following this, J. Waterhouse found that eosin sensitized col- 
emulsion, and shortly afterward John Clayton and P. A. 
Atout found that eosin would sensitize gelatin emulsions. They 
ohained a patent for its use in England and France, and their 
ТИБ were placed on the market under the name of “isochro- 
Mill plates, In 1884 eosin was replaced by erythrosine, which 
ms found by Joseph M. Eder to be a better sensitizer, and for 
{0 years erythrosine was used almost exclusively for the so-called 
Wthtomatic” or “orthochromatic” materials. In 1903 Adolf 
t and Arthur Traube found that ethyl red, an isocyanine 
| Rive strong colour sensitiveness as far as the orange of the 
M , and in 1905 B. Homolka discovered Pinacyanol, a dye 
Сге somewhat similar to ethyl red but which sensitizes 
19 powertully throughout the red. It thus became possible to 
Aib panchromatic” plates, which would photograph the entire 
spectrum without difficulty. Such plates were placed on the 
es In 1906 by the English 
atten and Wainwright. 


The early dyes were largely of 
кре and isocyanine types. 
line: W. H. Mills and F. M. 
‘ound Pinacyanol to be a 
amine dye. After that 
© was much activity in 
dy of Sensitizing dyes, re- 
the present great vari- 
I achieve high sensitivity 
arts of the visible spec- 
Mad out into the infrared. 
Ea € new dyes were found 
9 in England, Germany, 
Nited States, and the 
Et types are modifi- 
е carbocyanines and 
Cyanines, 


to the Civil War battlefields. 


Jackson's photographs were among 
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sitated transporting chemicals to prepare and process the plates. 
W. Н. Jackson photographed in 1873 atop Observation Point in Yosemite Valley. 


nitrocellulose cut from blocks. 
was utilized immediately by 
Thomas A. Edison. The film had 
been independently invented, and 
a patent applied for in 1887, by 
the Rev. Hannibal Goodwin. 

In 1891 daylight loading film 
was made. The film was wound 
on a wooden core inside a light- 
tight box and black cloth leaders 
were attached to the ends of the 
film. Later, the film was wound 
inside a protective sheet of black 
paper; sufficient overlength was 
left to permit loading of the cam- 
era without fogging the sensitive 
film. In 1903, a noncurling film 
was produced by coating the back 
of the film with plain gelatin. 


AMERICAN PIONEERS IN PHOTOGRAPHY 


Bel Wagon used by Mathew B. Brady to carry his photographio equipment 
a Б Brady worked with wet plates, which neces- 


(Right) 


the first depicting the American West 
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The new flexible Eastman film 


BY COURTESY OF EASTMAN KODAK COMPANY 
THE ORIGINAL NO. 1 KODAK, PERFECTED IN 1888 


In 1895 positive film was introduced for printing motion pic- 
tures. In 1909 slow-burning motion-picture film was first made 
by the substitution of cellulose acetate for cellulose nitrate as the 
plastic used in the preparation of the base. 

A method of packing films, invented in 1903, was introduced 
on the market under the name of “film packs.” These are now 
used mostly in cameras of the type originally designed for plates 
and sheet film. Flat sheet films have taken the place of plates 
to a considerable extent, especially in professional photography. 

In 1917 X-ray films coated on both sides with emulsion were 
introduced. Because of the transparency of the material to the 
X-rays, this doubled the density to be obtained. 

The year 1923 marked the introduction of 16-mm. cellulose 
acetate motion-picture film packed in such a manner that it could 
be loaded into small motion-picture cameras without the use of 
a darkroom. This film was designed for finishing by a reversal 
process, in which the first negative is removed by a bleaching bath 
and a positive is then developed in the remaining silver bromide. 
In 1932 a similar film 8-mm. wide was introduced. The use of 
these films led to a great advance in amateur cinematography. 

10. Developing Agents.—In the calotype process gallic acid 
was used as the developer, but in 1851 H. V. Regnault of Paris 
and Justus von Liebig simultaneously discovered the more ener- 
getic pyrogallol, which allowed shorter exposures to be given. This 
was used also at first for wet collodion, though it was later re- 
placed by an iron salt, and for dry collodion plates. Until 1861 
free silver nitrate was an important ingredient of developers; but 
in that year G. Wardley proved that pyrogallol alone could be 
used. С. Russell and Thomas Leahy independently announced 
alkaline pyrogallol development, the former suggesting also an 
alkaline bromide as restrainer. Even after the introduction of 
the gelatin dry plate, pyroammonia was the only developer used 
until 1884, when the alkaline carbonates came into general use. 
In 1880 Abney discovered the developing properties of hydro- 
quinone. C. Egli and Arnold Spiller recommended the use of 
hydroxylamine in 1884. In 1888 M. Andresen of Berlin patented 
the use of para-phenylenediamine, para-toluidinediamine, and 
xylidenediamine as developers. In 1891 he patented the use of 
para-aminophenol and its derivatives, especially para-methyla- 
minophenol sulfate (Metol, Elon). In 1951 W. B. Kendall and 
Ilford Ltd. announced a new kind of developing agent, 1-phenyl-3- 
pyrazolidone, under the trade name of Phenidone. It can be used 
to replace a great part of the Metol in Metol-hydroquinone de- 
velopers. 

11. Printing Processes.— The first printing process, i.e., Tal- 
bot's, employed silver chloride and excess silver nitrate on plain 
paper, the image being more or less buried in the fibres of the 
paper. Furthermore, many hours of daylight were essential for 
printing. Louis Désiré Blanquart-Evrard in 1847 suggested the 
use of albumen to keep the sensitive salt more on the surface, A 
few years later the first coat of albumen was coagulated and a 
second applied, which gave a more brilliant glossy surface. The 
colour of prints obtained on this printing-out paper was yellow 
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and to darken the colour to a deep sepia Gustave le Gr 
proposed toning the print with chloride of gold which h 
the standard practice with daguerreotypes since 18 
menized paper toned with gold remained the standard Photo, 
printing medium until about 1900. It was too slow fore 
purposes. 

Alexis Gaudin had suggested an emulsion of silver М 
collodion for printing-out. This was revived by George 
Simpson in 1864. Paper thus prepared was introduced соп 
cially by J. B. Obernetter four years later. Humbert de 
1855, proposed to precipitate silver chloride, wash and susp 
in a solution of starch or gelatin, and paint the mixture onto; 
The same process was revived by W. H. Smith and J. E. 
in 1865 and by Abney in 1882. From that date gelatinochl 
or printing-out, paper came into general use and eventually: 
pletely displaced albumen, Printing-out papers are little 
now except for proofs. 

Gelatin silver bromide paper was invented and first 
in 1873 by Peter Mawdsley, founder of the Liverpool D 
& Photographic Printing Company. Six years later J. 
of Newcastle patented it and by 1880 several firms ha 
manufacture in England. In 1881 J. M. Eder and G. 
published a paper on gelatinochloride of silver with develop 
and the former, two years later, described a chlorobromi 
sion. Chloride developing paper was introduced by Mari 
Co. in England under the name of Alpha in 1884 and by 
Nepera Chemical Co. in the United States as Velox nine: 
later. Since then the use of this paper has increased, speci 
including a great variety of surfaces, being used for amatel 
professional work. Modern papers are of the chloride 
contact printing, and of the bromide and chlorobromide 
mainly for enlargements. Special papers are made for indu 
and scientific use, document reproduction, graphic arts, and p 
finishing. AN 

12. Nonsilver Printing Processes.—The gradual. fading 
silver prints led many experimenters to the investigatio 
ferent light-sensitive substances promising permanence. 
Hunt utilized the light sensitiveness of ferric oxalate in com 
tion with a platinum salt in the hopes of obtaining images 
metal, but the process was a failure because he did not re 
that the ferrous salt, formed by the action of light, ШШ 
a complex in order to reduce the platinum salt to the met 1 
liam Willis of London in 1873 patented a workable platinum 
ess, but it was not until 1879 that platinum paper was c 
market. The pictures are permanent but the high cost of pit 
and the ease with which development papers are worked res 
in neglect of the process after World War I. | 

N. L. Vauquelin in 1798 had discovered the light sense 
of silver chromate; С. I. Suckow in 1832 observed that tl н 
mates were reduced by light in the presence of M 
Mungo Ponton in 1839 used paper treated with po 
mate. Edmond Becquerel in 1840 and Robert Hunt b 
improvements; but Talbot first pointed out in 1852 
mated gelatin became insoluble on exposure to light, um 
patented as a resist for photogravure, for which it ! t 

Paul Pretsch, Alphonse Poitevin, Testud de Beaur 
Garnier, and A. Salmon and John Pouncy devised C? 
esses in which carbon in a finely divided state E 
ment in bichromated gelatin. But they failed to? 
important point that, as the light acted first on th oft 
of the gelatin, those parts underlying the middleton vil 
lights would still be soluble; hence, on developing 4 
water, they would have no anchorage to the Зарр " 
be washed away. J. W. Swan in 1864 patented Ер 
carbon, or pigment, prints by transfer of the ар р 
tissue to а temporary support оп which it we odbury ? 
the back. А few months later Walter Bentley Wor gb 
don patented a photorelief printing process, са; Se to the a 
which produced permanent photographs very simi ; 
process, itevin M 

Working on principles published by Alphonse e ] 
A. Rouillé-Ladéveze in 1894 introduced tbe 8 
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yhich after further improvement by R. Demachy the following 

ar became the favourite medium of pictorial photographers un- 
fil the 19205. T. Manly in 1905 patented Ozobrome, a pigment 
rocess in which a developed silver print was squeegeed into con- 
tact with pigmented tissue saturated with potassium ferricyanide 
and bichromate. A modification of this, known as Carbro, was 
introduced later. , 

In 1905 G, E. Rawlins reverted to an old Process suggested 
WE. Mariot in 1866. Gelatinized paper is sensitized with bichro- 
mate, dried, exposed under a negative, freed from excess salt, and 
inked up with a greasy ink, which adheres only to the light-affected 
parts, Somewhat similar is the bromoil process, first suggested 
in 1907 by E. J. Wall and worked out by Welborne Piper. This 
utilizes the principle, stated by Howard Farmer in 1889, that finely 
divided silver imbedded in gelatin reacts with bichromates and 
renders the contiguous colloid insoluble. A bromide print is 
treated with a hardening and bleaching solution, fixed, washed, and 
dried, then soaked in water and inked up with a greasy ink, which 
takes only on those parts where there was silver. 

A number of printing processes have depended upon the light 
sensitivity of salts of iron. The most used until after World War 
I was the blueprint process for copying drawings, introduced by 
Herschel in 1842. Paper is sensitized with a mixture of potas- 
sium ferricyanide and ferric ammonium citrate. On exposure to 
light the latter is changed to the ferrous compound which, on 
wetting the paper, combines with the ferricyanide to form Prus- 
san blue. In the ferrogallic process the exposed iron salts are 
developed in gallic acid to give a positive image in dark ink. The 
ferrous salts formed by exposing ferric compounds to light can 
reduce other metal salts to the metal, Platinotype depends essen- 
tially on this reaction, but in the argentotype (Herschel, 1842) 
ind kallitype (1889) and the more recent Vandyke processes, a 
silver image is formed by reduction of silver nitrate by the fer- 
Tous salt. In the ferrogelatin process (A. Tellkampf and Arthur 
Traube, 1905 ; also known as fotol, Ordoverax, fulgar) an un- 
Washed blueprint is squeegeed in contact with a moist gelatin 
Surface, then removed, and the surface rolled with greasy ink, 
which gives a positive image that can be transferred to paper. 

light-sensitive organic compounds have formed the basis of 
many printing processes, the most used being the diazotype proc- 
for copying drawings (С. Kögel, 1917, 1920). In it, paper is 
Coated with diazo compounds that are destroyed on exposure to 
ght, development being with a “coupler” that combines with the 
"exposed diazo compound to form a dye. 

1 the metal-diazonium process, higher sensitivity is obtained 

in the normal diazo process. On exposure to ultraviolet, 
ane diazo compounds give decomposition products that can 
te some metal salts, e.g., mercurous nitrate, to the metal if 
п Pounds are coated together. The small particles of metal 
ied, ¢.8. mercury, can be physically developed in a solution of 
a Salts and a reducing agent to give a dense image of high 
trast and high resolving power. 
lotosensitive glass was described by S. D. Stookey and the 
5 Glass Works in 1947, Coloured images can be produced 
Sone glasses by exposure to ultraviolet followed by heating. 
кй, Blass is used, but it contains ultraviolet absorbers, optical 
13, and photosensitive metals such as gold, silver, апа сор- 

‚ОП 1951 a new photosensitive glass was announced in which 
fiy ne ultraviolet followed by heat treatment increased very 
le i е solubility of the glass in hydrofluoric acid so that re- 
" ita Could be etched into the glass. $ 
Ments p hermography provides a dry method of copying docu- 
Visible е оп reactions initiated by heat and giving a directly- 
ÛY reflex аве. In the Thermo-Fax process, documents are copied 
YY the a Using a source of infrared radiation, The rays absorbed 
iito p, АТК image areas of the original document are converted 
in heat which T sheet of material 
i contact a affects locally the coating of a sheet о Л 
used to With it, Originally, a layer of wax was used and was 
adie ч melt into a paper supporting layer having a coloured 
itg com, acking, Later a chemical reaction between colour-form- 
beatin, Ponents in the coating was initiated imagewise by the local 

& In 1950 there was introduced on the American market 


~systems, 
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equipment for an electrophotographic process—xerography— 
which is a dry, indirect process of photographic reproduction. 
It depends on the action of light in discharging a uniformly 
charged photoconductive insulating layer on a conductive support, 
such as selenium on a sheet of aluminum. The resulting electro- 
static image is “developed” by applying a finely divided dark 
pigment on a charged carrier so that the pigment will adhere to 
the charged areas on the layer. This pigment can then be trans- 
ferred to a receiving sheet, such as paper or a lithographic plate, 
and fused on by heating. In the Electrofax process, announced 
in 1954, a photo-conductive layer consists of zinc oxide in an in- 
sulating resin binder, on a paper base. The sheet is uniformly 
charged electrically, discharged imagewise by exposure to the docu- 
ment to be copied, powdered with a pigment which adheres to the 
remaining charged areas, and fused directly onto the zinc oxide- 
coated paper. 

Some processes have been devised in which the image is pro- 
duced in a transparent layer by releasing bubbles of gas which scat- 
ter light and so give a white image by reflected light and an image 
of appreciable optical density by transmitted light. Such a system 
is the Kalfax or Kalvar process, in which diazo compounds are 
incorporated in a transparent resin layer. On exposure to ultra- 
violet radiation, nitrogen is released, and when the layer is then 
heated the gas bubbles expand and form a scattering “bubble” 
image. Other processes depending on the release of gas have 
been proposed for producing a relief for braille and for relief 
printing plates. 

Photosensitive polymers have been used, mainly to make “re- 
sists” for printing plates, printed circuits, and chemical etching 
These materials can be coated on metal and other 
surfaces, using specific solvents, and on exposing the coatings they 
“polymerize” to become insoluble in the normal solvents. The 
unexposed areas may thus be dissolved out leaving an "image" 
in the insoluble polymer which can act as an ink-carrying area 
in lithography, or as a “resist” against the etching of the metals 
on which it is left, to provide the relief printing plates in photo- 
engraving, printed circuits, and so on. 

Image Transfer Processes —Image transfer processes have as- 
sumed much importance for document reproduction and for con- 
tinuous-tone photography in the camera. Basically there are two 
systems, which can be distinguished as diffusion transfer and physi- 
cal transfer. The diffusion transfer process appears to have been 
described almost simultaneously in Europe by A. Rott of the 
Gevaert Company and E. Weyde of the Agfa Company, in 1944, 
r and papers under the names of 
Geva-copy and Copyrapid re- 
spectively appeared on the mar- 
ket for document copying. In the 
United States, E. H. Land in 
1947 adapted a diffusion transfer 
process for obtaining paper prints 
rapidly in the Polaroid Land 
camera. The physical transfer 
processes are represented com- 
mercially by the Verifax system 
introduced by the Eastman Ko- 
dak Company in 1952. 

In the diffusion transfer 
process, the negative is developed 
in the presence of a solvent for 


SPREADING 
ROLLERS. 


BY COURTESY OF POLAROID CORP. 
FIG, 2.—DIAGRAM OF POLAROID 
LAND CAMERA IN WHICH THE DE- 


VELOPMENT IS PERFORMED AND silver halide. This not only de- 
PRINT PRODUCED BY SOLVENT velops the negative, but also dis- 
TRANSFER 


solves the nondeveloped silver 
halides. In contact with the negative layer is another sheet coated 
with a material such as gelatin containing nuclei for physical devel- 
opment. The silver halides dissolved out of the negative sheet 
are physically developed onto the adjacent sheet to give a positive 
image in silver. Many variations are possible, for instance, the 
developing agent may be in the emulsion of the negative layer 
and the silver halide solvent in the receiving layer. In the Polaroid 
Land camera, the combined developing-fixing solution is contained 
in a “pod” which bursts under pressure in the camera and spreads 
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the processing chemicals in a thin layer between the exposed nega- 
tive material and the receiving paper (or film) as they are wound 
on together, This principle has been applied to colour photog- 
raphy. 

The diffusion transfer method is used in the Kodak Bimat sys- 
tem introduced in 1963. A film (Bimat) coated with a colloid 
layer containing nuclei and soaked in solvent-developer is wound 
in contact with the camera film after exposure. A negative is 
developed, with a corresponding positive transparency in the 
Bimat web. £ 

In the Verifax system using physical transfer, the material ex- 
posed in the printer is of paper 
coated with an unhardened emul- 
sion containing the developing 
agent. Itis exposed in a special 
printing box by reflex to the doc- 
ument to be copied, and is im- 
mersed in an “activator” which 
initiates development of the neg- 
ative: The negative sheet is then 
pulled out of the apparatus in 
contact with а receiving sheet to 
which some of the nondeveloped, 
unhardened positive image ad- 
heres. Dye-forming components 
may be present to enhance the 
density. (W. Cx.; Н. СЕ.) 


II. MATERIALS OF 
PHOTOGRAPHY 


Negative materials are made 
by preparing a precipitate of sil- 
ver bromide containing a small 
amount of silver iodide in a me- 
dium containing enough gelatin to enable it to be set to a jelly 
when cooled. This suspension is termed the emulsion. The melted 
emulsion is coated upon a support that may consist either of glass, 
in which case plates are produced, or a flexible polymeric sheet 
material, in which case the product is termed film. After the 
emulsion is set by chilling and then dried, the material is cut 
to suitable sizes and packed in light-tight containers. Films are 
packed as sheet films for use in holders similar to those used for 
glass plates, roll films protected with paper in special spools or 
cassettes to make them suitable for loading in daylight, film packs, 
and long rolls for taking motion pictures. 

Cameras are of many varieties, the essentials being a lens to 
form the image, a shutter to regulate the duration of the exposure, 
a material holder to carry sensitive plates or film, and a connect- 
ing shield to protect the sensitive material from exposure to light 
other than that which comes through the lens. This is sometimes 
extensible and then takes the form of a bellows. 

The cameras used for various purposes are discussed in the sec- 
tion Apparatus, below. 

Positive materials may be used for transparencies, in which case 
they are lantern slides on glass or positive films (especially for 
motion-picture photography). They are prepared in the same way 
as negative materials, the emulsion being modified to give the re- 
sults desired. Usually, however, negatives are printed on sensitized 
paper. Printing papers are generally coated with a sensitive emul- 
sion prepared either with silver bromide, giving bromide papers, 
with silver chloride, giving chloride papers, or with a mixture of 
chloride and bromide to give chlorobromide papers. 

At one time, most types of paper were prepared with an emul- 
sion containing free soluble silver compounds and were printed 
under the negative in strong light until the image was visible; such 
papers are called printing-out papers. No development was re- 
quired with these papers. They are now used in trace-recording 
instruments and for the preparation of proofs submitted by pro- 
fessional photographers to customers. 

Many other varieties of printing processes are known and some 
are used to a large extent in the reproduction of drawings; e.g., 
the blueprint, diazotype, and Vandyke processes. Others use spe- 
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FIG. 3.—ELEMENTS OF A CAMERA 
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cially sensitized gelatin or other colloid layers containi 
e.g., the carbon and Carbro processes, or gelatin to whi 
may be applied; e.g., bromoil. A high percentage of 
made by special colour processes. 


Ш. SCIENTIFIC AND APPLIED PHOTOG: 


The advantages of photography for scientific and 
cording are that it can record visible images in black 
or colour; it can record radiations of wavelengths inyis 
eye; it can integrate faint radiation and build up a 
can be seen, whereas the eye does not possess this prop 
be used to measure the intensity of radiation; and 
glimpses of actions that are too fast to be studied in di 
eye. Moreover, it gives a reasonably permanent rei 
be studied at leisure when the original subjects are 
hand. Photography thus extends the range of vision, 
records to be made of things the eye cannot see becat 
too faint, are too small, move too fast, or are associated 
tion to which the eye cannot respond. 

Photographs themselves are sometimes used as part 0 
factured object (e.g., in the decoration of ceramic 
nameplates, instrument dials, electrical wiring diag) 
and scales. Their most important role, however, is 
information. 

1. Photomicrography.—Photography through them 
is important in chemical, biological, and geological instruc 
it is especially important in biological research and § 
medicine, criminology, metallography, and petrography; 
culture, industrial studies, and production control; and in 
variety of fields in which the examination and identification 
minute objects or structures is desired. If a slightly en 
picture, up to about 50 diameters, is adequate, a photomac 
js made, e.g., of the weave of cloth, of insects or plant stems, 00 
metal corrosion, using a simple microscope or a single lens и 
lens-to-film distance greater than twice the focal length of 5i 
lens. 


can be used, but photomicrography 
without a lens, the microscope and camera be 
rigid bed, vertically or horizontally. ` Photomic! 
made by light transmitted by the specimen or reflec У 
surface. The resolution of microscopes will not in gene s. 
the photography of detail finer than 0.2 mp, although : 
tion is increased by using short wavelength radiation; ёбу = 
ultraviolet. For higher resolution, resort must be to А 
microscope (see Microscope). ^ are 

The usual sources of illumination in photomicrography m 
bon arc lamps and incandescent tungsten filament lamps, 
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ELECTRON MICROGRAPHS OF GRAINS IN A "GRAINLESS 
(LEFT) UNEXPOSED AND (RIGHT) DEVELOPED 
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INFRARED PHOTOGRAPH OF OUTDOOR SCENE 


Infrared rays in photography yield pecullar results, They intensify the definition 
distant objects, heighten the contrast between light and dark areas, and 
tus green plants to photograph white, as in the foreground, left. 


Special purposes flashbulbs, electronic discharge lamps, tungsten 
оша arcs, mercury-vapour lamps, and sodium lamps are 
sed, 

Contrast in photography by transmitted light of stained speci- 
Mens, such as biological sections or bacteria, is controlled by the 
Mot light filters, maximum contrast being given by filters that 
үш light of a colour complementary to that of the stain. 
Maximum rendering of detail is given by a filter that transmits 
light of the colour of the stain. 

The ultraviolet is used to give maximum rendering of detail. 

1 the other hand, the longer wavelength infrared may be used 
me some materials are transparent to the infrared while they 

© Opaque to the shorter wavelength. The subjects lie in such 
di n histology, cytology, embryology, organic remains in fos- 
ola rotanical specimens, and the structure of textile fabrics. 
sul need light is used in the photomicrography of birefringent 
ты especially in colour, When detail is not rendered 
oily by the usual techniques, phase contrast photo- 
tion ару may be used with certain subjects. High-magnifica- 
itera inc Pictures are often made, using the motion-picture 

ope conjunction with the microscope. З 
polarized photography is important, especially in metallography, 
tions M ight photography, and the photography of stained sec- 
e paid 4 ost colour films are suitable, but special attention must 
filters t to the proper determination of exposure and to the use of 
Colour posue correct colour rendering, which is a function of the 
T lm used, the colour quality of the light source, and colour 

АЗ present іп the optical system of the microscope. 
lone ‚нон, aphy.—The bulk of spectroscopic observation 1s 
the Bee aching a camera to the spectroscope and photographing 
matic me The visual spectrum can be photographed on pan- 

sity, 1С materials and the near ultraviolet on ordinary Шс 
the abso Plates or films. For wavelengths shorter than 2,800 

itp option by the gelatin of the emulsion is too strong to per- 
done graphs to be made, and in this region spectrography is 
fp Coating the plate with a thin layer of material P 
ї kused t in the short wavelength ultraviolet, fluorescent light be- 
to make the photograph. In the Schumann method prac- 
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tically all of the gelatin is removed from the emulsion. For the 
infrared, emulsions containing special infrared sensitizing dyes are 
used and photographic records have been obtained to beyond 12,- 
000 A. Plates and films are available having especially high sen- 
sitivity in rather narrow wavelength bands spaced all through the 
visible-and near infrared. 

In spectrographic analysis, photographs of spectra are used to 
detect the presence of elements and to obtain an estimate of the 
proportions in which they are present. The analyses, qualitative 
and quantitative, are based upon measurements of the positions 
and relative intensities of the spectral lines. The method is par- 
ticularly useful for identifying materials and for determining very 
small percentages that might be missed or measured inaccurately 
by chemical methods. (See also SPECTROsCOPY.) 

The spectrograph has been particularly useful in astronomy since 
it provides the only means of determining the composition of the 
celestial bodies, (See Astronomical Photography, below.) 

3. Infrared Photography.—Plates and films can be made to 
respond to radiations beyond the red end of the visible spectrum, 
out to about 13,000 A, by using special sensitizing dyes. This per- 
mits records to be made of subjects that are associated with radi- 
ation in the near infrared (spectra, stars, hot objects, etc.) and of 
subjects that are more transparent to infrared than to visible radi- 
ation, or which reflect it differently; e.g., chlorophyll in green 
vegetation, and hazy atmospheres. 

It would not be possible by direct photography to photograph 
using radiation beyond about 13,000 A, partly because the atmos- 
phere absorbs strongly in a band just beyond that wavelength and 
partly because of “dark space radiation,” which would affect the 
films and perhaps even interfere with making the sensitizing dyes. 

Infrared photographs over long distances may show greater 
clarity of far detail, partly because the atmospheric haze may 
selectively transmit the infrared, and partly because the contrast 
of the distant objects may be higher as a result of their different re- 
flectivities in the infrared. Chlorophyll is transparent to infrared, 
and grass and foliage appear white in infrared photographs. Many 
green paints that match foliage in colour absorb the infrared 
strongly, so that infrared photography can be used in camouflage 
detection. The skin is somewhat transparent to infrared and 


BY COURTESY OF KODAK RESEARCH LABORATORIES 
FIRST GROUP PHOTOGRAPH TAKEN IN TOTAL DARKNESS USING INFRARED 
FILM, 1931 


infrared photography is sometimes of value in medicine in show- 
ing the appearance of veins just beneath the skin, It is also of use 
in dermatology, ophthalmology, and the photography of gross 
specimens and biological sections. Other applications include 
photography in total darkness, determination of temperature dis- 
tribution at the surface of heated bodies, deciphering of altered 
documents, study of falsified or deteriorated works of art and of 
textiles, particularly where dark dyes interfere with visual exami- 
nation, and many applications in botany, paleontology, the graphic 
arts, criminology, and technology. 

4, Ultraviolet Photography.—The invisible ultraviolet rays, 
shorter in wavelength than visible light, can be used for special 
photography because the ultraviolet passes through some objects 
in a manner different from light, and also because it can cause 
fluorescence in some materials, thus frequently causing photo- 
graphs made by fluorescent light to reveal details not normally 
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seen. It is an important tool in the hands of museums and art 
galleries, police departments, examiners of questioned documents, 
analytical laboratories, food manufacturers, and mineralogists. 
In the printing field, original water-colour paintings can be made 
in fluorescent paints, providing a means of reducing the amount of 
hand work in the colour separations if a fluorescent photograph 
is made by ultraviolet. 

There are two different methods of ultraviolet photography: (1) 
the reflected ultraviolet method, which is analogous to ordinary 
photography except that a filter is used to allow only ultraviolet 
to reach the film; (2) the fluorescence method, in which the sub- 
ject is illuminated by ultraviolet and the camera is provided with 
a filter that absorbs ultraviolet and allows only the visible fluores- 
cent light to reach the film. Normal, orthochromatic, and pan- 
chromatic films are used. Colour photography by the fluorescent- 
light method can be done with ordinary colour films, the choice 
of film depending on the fluorescing colour it is desired to empha- 


size, 

5. High-Speed Photography.—Photographs made at high 
speed are very important in science and technology, because they 
record a phase of a fast event, or photograph a rapid sequence of 
events that can be slowed down for study. It is necessary to use 
a very bright light and very short exposure times so that sharp 
records can be obtained. 

The first high-speed photograph was taken by Fox Talbot, using 
a spark from a Leyden jar. In the 1870s Eadweard Muybridge 
began his photographic studies of a horse in motion, using succes- 
sive exposures of short duration in a series of cameras. E. J, 
Marey, in 1882, perfected a "photographic rifle" in which 12 
photographs were taken in one second on a revolving plate. This 
was called chronophotography, and in 1890 he devised the photo- 
chronograph, using film. Similar experiments were made by O. 
Anschütz in the 1880s. (See also Motion Pictures.) 

"The earliest photographs of projectiles in flight were attempted 
about the middle of the 19th century at the Woolwich Arsenal in 
England, by Marey in Paris, and by Anschütz in Germany. A 
cannonball in flight was photographed at Woolwich in 1866, but 
the best ballistic pictures were obtained after 1884, when Е. Mach, 
in Prague, introduced the electric spark as the light source. The 
spark was released by allowing the projectile to cut a wire, L. 
Bull, Marey's successor in Paris, applied Mach's principle in such 
a way that he obtained a rate of 2,000 pictures per second, In 
1909 C. Cranz made a ballistic cinematograph giving exposures 
at time intervals of уусу sec., for a total time of Jy sec. 

Among the early studies of extremely high-speed photography 
are the photographs of ripples by J. H. Vincent, of splashes by 
A. M. Worthington, the shadow photography of bullets in flight 
by C. V. Boys, the analysis of the propagation of flame by Mal- 
lard and Henry le Chátelier, and T. E. Stanton’s studies of the 
pressure of gases ejected from nozzles. P. P. Quayle later made 
improved studies of the flight of projectiles and R. W. Wood of 
sound waves, outlines of which had accompanied the ballistic pic- 
tures of Boys. With a high-speed camera devised by W. Heape 
and H. B. Grylls, and taking 10,000 pictures a second, studies were 
made of the penetration of shells into hardened steel targets. 
Other cameras designed by C. F. Jenkins, Baron Shiba and J. H. 
Waddell, and the Eastman Kodak and the Bell Telephone labora- 
tories have yielded results of much value in the study of high- 
speed phenomena. During World War II, high-speed photography 
was developed and applied to a wide range of studies of military 
interest, and a great many special high-speed cameras came into 
use. 

The modern methods of high-speed photography may be classed 
as follows: 

Single, Instantaneous Photographs.—(1) Steady illumination 
and short shutter exposure: the best mechanical shutter will not 
permit shorter exposures than about т-у sec. Special nonme- 
chanical shutters have been developed to give very short ex- 
posures in still photography. They include magneto-optical shut- 
ters using the Faraday effect; electro-optical shutters using the 
Kerr effect; electronic shutters using the image-converter tube or 

the iconoscope. 


PHOTOGRAPHY 


(2) Light flash of short duration: (a) shadow or 
reflected light, and (c) stroboscopic. 

(a) In shadow photography, used for objects moving as fast 
bullets, the shadow of the object may be cast directly on the iln 
or plate. An electric spark is generally the Source, since it j 
bright, of short duration, and small, thus producing sharp shado 4 

э. Ж. A WS 
on a film at a fair distance from the spark, if the subject is near the 
film. Exposures of the order of ogg sec. may be obtained, 
Alternatively, a condenser may be used between the spark and 
the object, the photograph being made in a camera with à lens, 
A development of this is the Schlieren method, originally used by 
Léon Foucault and applied by August Toepler, which depends on 
slight differences of refractive index in the air, or inhomogeneities 
in glass and other transparent solids. It will show sound waves 
accompanying the flight of projectiles, convection streams from 
heated bodies, vortex rings formed in warm air, or vapours of dif. 
ferent densities. 

(b) In the reflected light method, the source is a spark ora 
lamp of the type of the Edgerton gaseous discharge lamp, the lat- 
ter with its large area source being preferred on the basis of il- 
lumination. A camera is used, as in ordinary photography, This 
method requires more energy and longer exposure time than the 
shadow method, but exposures as short as учуучу sec. can be at- 
tained, which is satisfactory for practically all high-speed photog- 
raphy other than ballistics photography. 

(c) In the stroboscope, a series of light flashes is made to agree 
with the speed of rotation of a steadily rotating object, so pro- 
ducing a stationary appearance of the object. This can be photo- 
graphed in an ordinary still camera with long exposures if neces- 
sary to record the aspects of the object at any part of its cycle. 

Series Photographs.—(1) Motion pictures: The ordinary slow- 
motion camera takes photographs at 64 frames per second, and 
some at 128 frames per second. These cameras produce intermit- 
tent motion of the film. For higher speeds, up to 5,000 or more 
frames per second, the film moves continuously and there is com- 
pensation for image movement by some optical device such as à 
rotating plane-parallel glass block, or rings of lenses or prisms. 
If films made in this way are projected at normal speed, the move- 
ment is slowed down to the extent of the ratio of the taking to the 
projection speeds. nae 

(2) Series of photographs can be made of short duration an 
at closely successive intervals. In one method, successive photo; 
graphs are made on one sheet of film by using a rapid series 

1 from a series 
flashes from a gaseous condenser discharge lamp, or f Moy- 
of flashbulbs. In the early studies of animal locomotion by Ш 
bridge, 24 separate cameras, operated in rapid succession, w 
used. Bell 

(3) A special high-speed camera was developed by m i 
laboratories as the ribbon-frame camera, primarily to stu И 
behaviour of rockets іп the early part of their flight. ШЕ five 
consists of two concentric drums, the outer of Mes ction 
slots and the inner four. They are rotated in the same e P 
but the outer at 24 revolutions per second and the A 
Glass plates are used to compensate for image movement, 1055. 
photograph appears as a series of narrow adjacent strips ad taki 
film. A camera developed by F. E. Tuttle is capable 0 jn the 
1,000,000 pictures a second; a parallel-line grid is mo rout 
focal plane in front of the film, and the picture is viewed 
similar grid moving more slowly. 

(4) In some cases, as in explosions, the subject 
moving fast, and of short duration, and a rapid sequ al me 
graphs of it permits a study of its development. Sever hoi 
are used for the study of flame in explosions. In 006 ` абон? 
shots are made through a rapidly rotating shutter onto ^^v t, 
film or plate. If the flame is moving along à transi the consect” 
series of such photographs in rapid succession shows m ot 
tive phases of its propagation. In a second metho 4] glass Wibe 
plate is moved. If the explosion occurs in a horizonta ical yo 
and if it is photographed by a lens on a plate falling show! = 
on a film wrapped about a rotating drum, an envelope locity a 
changing shape of the flame will be obtained, and its ois vel 
be calculated. In some cameras, rapidly rotating mir" 


silhouette, (b) 


ng film camera to give what amounts to a series of sepa- 
shots, or the film is held still and a single rotating mirror 
‘Exposures shorter than gpg Sec. can be obtained in this 
tinuous-trace photographs on continuously moving film 
d in the study of the initial stages of the explosion of 
bs. High-speed X-ray pictures have been taken by 
a high potential of short duration through an X-ray 


tronomical Photography.—Visual observation in 
wy has been replaced almost entirely by photography 
the telescope. By using long exposures, photographs can 
"of stars that are much fainter than those that can be 
Many stars can be photographed simultaneously, thereby 
а record of relative positions that may be compared 
ds made later. Wavelengths not visible to the eye may 
photography, and careful choice of wavelength may re- 
limitations imposed on penetration into space by the 
ity of the earth’s atmosphere. In order to photograph 
areas of the sky, lenses of the type used in ordinary 
phy or Schmidt lenses are employed. In these, high 
s and short focal lengths are obtained by using a correct- 
te in conjunction with a spherical mirror. The small-scale 
phs so obtained are valuable for position measurements 
„and if the aperture is high enough, faint nebulae, the 
ay, and meteors may be recorded. 
otographing positions more precisely, or for separating 
ars, objectives of longer focal length are used. They are 
Tefractors or reflectors. Refractors suffer from chromatic 
tion and are corrected to give their best focus in the green, 
best photographic focus is therefore obtained by using 
matic plates and yellow filters. Reflectors do not have 
lvantage. The fastest available photographic plates are 
and the lower definition given by plates of highest speed 
ious since "seeing" limits the sharpness of image the 
will give. The plates are made so that they have the 
M reciprocity failure for long exposure times. 
Addition to direct photography, the other great branch of 
Omical photography is spectrography. The chemical and 
‘constitution of the stars may be determined by the light 
t. Spectra of many stars may be recorded, simultaneously, 
à prism or grating over the camera objective. Spectral 
Many stars may thus be determined in a short time. For 
detailed Study, the image of the star produced by the tele- 
is directed to the slit of a spectrograph, and long exposures 
е given, 
Nearer planets are bright and exposures are relatively short, 
fixed by the short time of good observation. Telescopes 
focal length give small bright images, and slow plates 
Ё used. In long-focus telescopes the image is larger but 
sht and fast plates must be used. Information about the 
үе of the planets has been obtained by using plates of 
nt colour sensitivities, relying on the different opacities of 
spheres to different wavelengths. ] 
ıl of the surface of the sun, the nearest star, is much 
Direct photography records the positions and areas of 
ts, and the prominences and the corona during eclipses. 
S When there is no eclipse, the corona can be photographed 
of the coronagraph. Much information about the sun 
ned from instruments that enable photographs to be made 
tow wavelength bands, in particular the spectroheliograph 
the red light of the Ha line of hydrogen, or the blue 
Hand K lines of calcium. Birefringent filters trans- 
extremely narrow bands of radiation were developed for 
рове. Motion pictures, speeding up motion, eae 
Of the moon and the planets, and are regularly made o 


5 Or the luminous veil resulting from scattered light in the 
atmosphere, is an important factor in astronomical photog- 
Cause it tends to obscure faint detail. The intense dittuse 
ce sun scattered in the atmosphere eren e vx 
Seen in daytime, but even on moonless nights the 
Scattered light and also light emitted by atoms that have 
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been “excite " by sunlight. Observatories are therefore usually 
on high ground, and as far as possible from cities. In order to 
avoid the effects of the earth’s atmosphere as much as possible, 
astronomical photography has been done from “platforms,” such 
as balloons, at very high altitudes. 

_ Great advances in astronomy are attributable to improvements 
in speed and colour sensitizing of photographic plates, and to im- 
provements in fine grain, resolution, and reciprocity failure charac- 
teristics. (See PHOTOGRAPHY, CELESTIAL.) 

7. Criminological Photography.—Photography is one of the 
most important tools of the criminologist. Its usefulness ranges 
from straightforward photography of, for example, car accidents 
and sites of crimes to specialized detective work in deciphering 
things that cannot be seen. Its scope includes identification rec- 
ords and security passes, fingerprint photography, and photographs 
in crimes of violence, arson cases, burglaries, and forgeries. Spe- 
cial photographic techniques, such as ultraviolet and infrared 
photography, aid in detecting stains, invisible writing, and altera- 
tions on documents; photography with illumination at glancing 
incidence may reveal slight depressions or elevations in paper 
surfaces; multiple printing may be used to enhance very faint con- 
trasts; combination of photography by reflected and transmitted 
light may yield more information than either alone; spectrographic 
analysis and radiography are much used; cinematography is used 
to record criminal operations; photography through the micro- 
scope is very important, a special case being the examination of 
bullets. (See also INVESTIGATION, CRIMINAL: Photography.) 

8. Photoelastic Analysis.—A study may be made of stresses 
in structures by making models of them in transparent plastics that 
are isotropic and have large optical stress coefficients. If a stressed 
model is photographed in polarized monochromatic light, a pattern 
of light and dark bands results, and from these the distribution 
of stress may be calculated. The method has been applied suc- 
cessfully to such things as test bars, hooks and chain links, struc- 
tural foundations, bridge trusses, expansion joints, machine details, 
and the action of cutting tools. (See Ілснт: Polarization and 
Electromagnetic Theory.) 

9. Records of Physical Measurements.—Recording in physi- 
cal measuring instruments can be done by photography where an 
external spot of light is deflected, for instance, by a galvanometer 
mirror and falls on a dropping photographic plate or on a moving 
band of paper or film and records a trace of its path. There are 
many such devices; e.£., oscillographs, electrocardiographs, seismo- 
graphs, magnetometers, optical gas engine indicators, and other 
devices recording variations in pressure, electrical characteristics, 
optical transmission and reflectance, thickness variations, and so 
forth. The most-used photographic recording of this type is sound 
recording, by variable-density or variable-width trace, on motion- 
picture film. 

In trace-recording instruments (other than the cathode-ray 
oscilloscope), the string galvanometer and the moving-mirror 
galvanometer are generally used. А much-used type of recording 
is photography of the trace on a cathode-ray tube. The problems 
are simple if the trace is recurrent, but if the trace is in the form 
of a rapid transit that does not repeat, or if the image does not 
persist, very fast lenses and high-speed films must be used. The 
films are sensitized to green or have inherent sensitivity to blue, 
depending on the colour of the phosphor glow. A special adapta- 
tion of cathode-ray photography is used to record images on the 
screens of radar equipment. 

10. Photo Layout.—Photographic methods are used for trans- 
ferring drawings to metal for making templates, precision dials, 
scales, and wiring diagrams, and for laying out designs for the en- 
gineering, aircraft, and shipbuilding industries. Bichromated col- 
loids may be coated on the sheet and developed and the lines 
darkened by ink or dye. A variation used a sensitive colloid con- 
taining the pigment but gave a direct positive image from a posi- 
tive, In the strictly photographic method, the sheet on which the 
drawing is to be printed is sensitized by a silver halide emulsion 
applied by spraying, or by a stripping layer transferred from a 
temporary support. The drawings can be prepared on sheet ma- 
terial coated with a white layer that fluoresces or phosphoresces in 
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ultraviolet or under X-rays. The sheet on which the glow is ob- 
scured where there are opaque lines drawn is used to print on the 
sensitized sheet. Alternatively, the fluorescent layer may be 
overcoated by a photographically opaque layer through which the 
drawing is scribed, exposing the lines in white fluorescent pigment 
that can be excited and printed. Copies can also be made by 
reflex copying to give negatives for contact printing, or by using 
a camera to give reduced negatives that can be printed by enlarge- 
ment onto the sensitized sheet. 

Photosensitive polymers are used to provide images on metal 
for subsequent etching to remove unwanted metal, to make printed 
circuits for electrical equipment, for nameplates, and a variety of 
purposes. 

11, Underwater Photography.—Photographs can be taken of 
underwater objects such as swimmers and divers, fish, the bottom 
of the sea, ships’ bottoms, and the corrosion of structures. Water 
absorbs red and blue light strongly, and the dominant colour is 
blue-green. At depths to 15-20 ft., pictures can be taken with 
reasonable exposures by using the light penetrating from outside. 
At greater depths, special lighting equipment has to be lowered 
into the water. Strong lights are required, particularly for study 
of the behaviour of fast missiles dropped into water or launched 
under it. Special cameras in water- and pressure-proof cases have 
been designed for still and motion-picture photography with flat 
glass pressure plates in front of the lens. Some attempts have 
been made to design lenses that can be used with the front surface 
in contact with the water. There are few special problems in- 
volved in photographing underwater through windows, provided 
the water is clear, the light intensity is adequate, and proper ac- 
count is taken of reflections and refractions. Surface reflections 
must be avoided by shielding. Colour photographs will tend to 
appear blue-green, but compensation at moderate depths may be 
achieved with daylight-type film with the appropriate colour-cor- 
recting filter. During World War II, black-and-white and colour 
photographs were obtained from aircraft to determine water 
depths off enemy coasts. A great importance was given to under- 
water photography through the development of “frogman” equip- 
ment during and after World War IT, and after the war it became 
a popular hobby in addition to being of scientific and military im- 
portance. 

12. Medical Photography.—Among the most important ap- 
plications of photography in medicine are radiography and photo- 
micrography, which are dealt with as special subdivisions. In the 
form of the motion picture, medical photography is important 
for recording and teaching. In still photography its scope has 
three main aspects; i.e., photography of the living person, photog- 
raphy of surgical operations or methods of treatment, and photog- 
raphy of pathological specimens. Special lighting techniques may 
be necessary in some cases, but in general the technique is that 
used in good ordinary photography, but under the supervision of 
the medical expert. Colour photography is of increasing value. 
Special techniques in medical photography include infrared and 
ultraviolet photography, use of special equipment for photograph- 
ing the eye, and study of body cavities by endoscopic photography 
in which pictures can be made of the interior of the stomach, 
larynx, bladder, thorax, and nearly all other body cavities. 

13. Document Reproduction.—The reproduction of docu- 
ments is an important part of applied photography. Its signifi- 
cance lies in its importance for reproducing accurately, for effec- 
tively increasing the life of perishable documents, for permitting 
multiple copies to be stored in different places as a security against 
disaster, for reducing the storage space of documents, and for 
retrieving the information in them rapidly, accurately, effectively, 
and cheaply. Processes are available in which documents may 
be copied by contact to the same size as the original or copied 
optically at a reduced scale, giving reproductions that can be read 
in special viewing devices or that can be enlarged to give photo- 
graphic prints. 

Direct copies on paper of the same size as the original are used 
for business papers, printed material in general, notes for research, 
musical scores and parts, drawings, insurance policies, etc. They 
may appear as positives (dark on a light ground) or as negatives 
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(light copy on a dark ground). Reduced-size Copies are 
made on film, generally 16, 35, 70, or 102 mm., or in cea ae 
on sheet film, and a fair percentage of document repro dic 
to reduced size is done on cards. Enormous quantities of x a 
variety of documents are copied on film (, microfilming)-—-for j 
stance, bank, business, and insurance records, officia] docum EN 
military documents, books and periodicals from libraries, Eni 
ing drawings, etc. Reproduction on cards is widely used for 

x м or 
books, periodicals, and abstracts of literature. Combinations of 
microfilming and cards have been used in which the film trans- 
parency is inserted in a hole in the card, which also carries refer. 
ence information and can be filed and punched for use in sorting 
machines. 

Reproductions on paper to the same size as the original, or to 
approximately the same size as the original, can be done by con- 
tact printing through the document onto photographic paper if 
the original is printed on one side only; thus is produced a nega- 
tive from which prints can be made, or a negative print in which 
the type matter is not reversed if the back of the document is 
placed in contact with the sensitized paper in printing. In the 
case of double-sided or opaque originals, reflex copy negatives can 
be made as intermediates for obtaining prints. Image-transfer 
processes are widely used for this purpose to give positive copies 
directly. If large production is involved or if the copy is to be 
changed in size, special cameras for photographing onto paper are. 
used, among the best known being the Photostat, Rectigraph, 
Haloid Foto-Flo, Dexigraph, and Rutherstat machines. 

The earliest large-scale commercial use of greatly reduced-size 
copying onto narrow rolls of film resulted from the introduction of 
the Recordak system by the Eastman Kodak Company in 1928. 
Continuous, automatic cameras photographed documents on 16 
mm. film and the first large use was for copying checks in bank 
transit or clearing work, but it soon spread to a great variety of 
applications and to use of 35-mm. film as well as 16-mm. film. A 
special use of the method, known in England as Airgraph and in 
the United States as V-mail, was developed in 1941 for distributing 
mail to and from the armed forces overseas, Storage of engineer 
ing drawings is greatly facilitated by copying onto narrow roll ot 
small sheet films, and paper reproductions can readily be made. 
Many libraries have document copying services and when 
volume is large automatic and continuously operating system 
based on intermediate microfilms are used. int 

In the drawing office, copies of tracings are made by bluepim 
iron-silver, ferric-gelatin, and diazotype processes, and by in d 
types of paper that give ordinary silver images and can be и 
in room light. When a great many reproductions of a single 0 | 
nal are required, it is often convenient to print from der 
printing plates, and simplifed ways of putting the image 
plate are available. 

14. Recording Cameras. —Among the uses 0 
cial recording purposes may be mentioned th 
cameras, used for training in aerial gunnery and for 


; A 5 heodolites 10780 
the effectiveness of gunfire in combat; photot reer bursts; sub 


the pest 
cameras Р 


f cameras for se 


lowing: EU 
Pd recording 


for photographing aircraft instrument panels; cameras d wed 
bore holes; endoscopic cameras for photograp! a 
cavities, radarscope and other cathode-ray tube E “radiation 
15. Photographic Photometry.—The intensity ^. + ув 
can be measured by photography. The radiation whose x 
to be measured is compared with that from a standar : both 
matching the densities of photographic images produc jped it 
A number of conditions have to be met, and they are TRY.) 
the publications on the subject, (See also Peo pret 
16. Phototopography.—Col. Aimé Laussedat —1 j 
Army pioneered the application of photography (0 » extensive : 
cially in the Alpine regions, and it was applied Nd 
Canada, especially by E. Deville. Practically all P 
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aney iS done from the air. In ground phototopography, special 
cameras (phototheodolites) are used after the manner of theod- 
sites, and photographs are taken in pairs from the ends of mea- 
sured base lines, in such a way that the subject can be identified in 
hoth photographs. The cameras have means for orienting them 
precisely in relation to the subject, levels for setting them true to 
the perpendicular, and means for properly orienting the image in- 
de ће camera. Plates are usually used unless easy portability is 
important; and exposures may be long, so the plates may be rela- 
tively slow and of high resolving power. Special phototheodolites 
hve been used for determining the position of antiaircraft shell 
bursts and to follow the course of space vehicles and similar distant 
objects. (See also PHOTOGAMMETRY. ) 

11. Aerial Photography.—The first aerial photographs of the 
ground were made from captive balloons (Nadar, 1858; S. A. King 
and J. W. Black, 1860) using wet collodion plates. The principal 
«ry development of aerial photography came after the advent 
ofthe airplane, particularly during World War I. In the last year 
of that war, thousands of photographs were taken each day for in- 
teligence purposes. During World War 11, millions of photo- 
graphs were made from the air and more than 80% of the knowl- 
edge of the enemy was derived from them; the same was true 
during the Korean War. 
he chief uses of aerial photography are: (1) in military intel- 
ligence, for recording troop movements, positions, defenses, supply 
facilities, bridges, railways, docks, industrial establishments, ship- 
ping, etc., orientation of bombers and bomb damage assessment 
(in the military field, aerial photography may sometimes be done 
indirectly by photographing the face of the radar tube and by using 
"iaccompanied" cameras in missiles and drones) ; (2) in mapping, 
military and civilian, to provide the basis for making new maps 
ind filling in detail or revising existing maps; (3) for mosaics, 
which are composite aerial photographs made by joining a num- 
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ber of separate photographs of the ground; (4) in making survey 
photographs for purposes of forestry, oil, geology, crops, soil ero- 
sion, archaeology, traffic distribution, real estate, exploration, city 
planning, and such studies. 

„Aerial photographs are made in cameras specially mounted in 
airplanes so as to minimize vibration; the photographs are called 
vertical or oblique according to the orientation of the camera to 
the ground, Early aerial cameras were modifications of existing 
plate cameras but they were provided with magazines permitting 
exposure of a number of plates in rapid succession. With the 
exception of a few special survey cameras that use plates, aerial 
cameras now use rolls of film that can be moved intermittently 
by hand or generally by an electric motor controlled by an inter- 
valometer in order to make series of photographs of the ground 
along the line of flight. These photographs are usually arranged 
to overlap about 60% so that they can be viewed stereoscopically 
when maps are being plotted from them, or when it is desired to 
study ground detail. 

Film for general aerial photography is of the high-speed pan- 
chromatic type, with extra red sensitivity to permit short exposures 
through filters. Special fine-grain films giving high resolution are 
used where the maximum information is required from the photo- 
graph. Infrared film is used for long-distance and high-altitude 
photography, for camouflage detection, and for forestry survey. 
Colour film was first used in aerial photography in World War II. 
The colour contrasts aid identification of objects, show up under- 
water features, and permit night photography of coloured flares. 

Aerial films range in width up to 20 in. and up to 400 ft. in 
length. The film support for aerial photography is mainly of the 
topographic variety, which undergoes little dimensional change in 
processing or with change in humidity and so reduces the errors 
that must be corrected in plotting maps from the photographs. 

A wide variety of lenses is used, ranging in focal length from 
about 3 to 100 in., and in aperture 
from f/8 to f/1.5. (See Photo- 
graphic Lenses, below.) 

In aerial photography the cam- 
era is moving in relation to the 
subject photographed, and expo- 
sure times must be very short or 
the picture will be blurred. Use 
is therefore made of high-speed 
shutters of the focal-plane, lou- 
vre, and between-the-lens types. 
For night photography using flash 
bombs, special shutters are op- 
erated by a photocell circuit acti- 
vated by the light of the flash. 

Instead of, or in addition to, 
using high-speed shutters, com- 
pensation for movement of the 
image can be effected by moving 
the lens during exposure, moving 
the film continuously through its 
magazine at the same rate the 
image moves, the exposure being 
made continuously through a nar- 
row slit in the focal plane, or by 
moving the film in its magazine 
but exposing the full picture area 
intermittently as in ordinary pho- 
tography. 

In order to photograph large 
areas of ground at one time, wide- 
angle and short-focus lenses, or 
multiple-lens cameras, or groups 
of separate cameras may be used. 
Multiple-lens cameras having 
three, four, five, and nine lenses 
have been developed. In the 
Tri-Metrogon system developed 
for rapid survey during World 
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AERIAL VIEWS OF THE SAME PORTION OF A CITY: (LEFT) VERTICAL AND (RIGHT) OBLIQUE 


War II, three cameras are used, one vertically and two obliquely, 
one on each side of it, the photographs being made to overlap some- 
what to cover the entire ground from horizon to horizon on each 
side, 

Atmospheric haze presents a serious problem for aerial photog- 
taphy since it tends to lower the contrast of or to obscure ground 
detail. Haze scatters blue light preferentially and transmits the 
longer wavelengths, Its effects can be largely eliminated by using 
panchromatic film and filters that absorb blue light. The com- 
monly used filters are yellow, but for better haze penetration it is 
sometimes necessary to use red filters, or in extreme cases to use 
infrared-sensitive film and a deep red filter. In this case the 
apparent increase in haze penetration may be due partly to the 
selective penetration of the infrared and partly to an increase in 
the contrast of the ground resulting from the special reflectance 
characteristics in the infrared of the objects on it. Special filters 
also are used for other particular purposes, for instance, green 
filters for distinguishing certain kinds of vegetation. 

Film for aerial photography is developed in the roll on special 
machines in which it moves continuously through a series of tanks, 
or back and forth from one reel to another in single tanks, or on 
spiral reels or racks that can be immersed in the solutions for the 
desired times. 

18. Radiography.—In this branch of photography, photo- 
graphs are produced on film by the passage of X-rays or gamma 
rays through an object. There are several aspects: medical and 
dental radiography, which is by far the widest use; industrial 
radiography for examination of the interior condition of solid ob- 
jects, especially castings, welds, and structures, usually of metal; 
gamma radiography, for examination of the interior state of solid 
objects, but using gamma rays from radium or radioactive iso- 
topes; X-ray diffraction for the analysis of the atomic and molecu- 
lar structure of materials. In autoradiography the specimen emits 
radiation and is placed in direct contact with the film. 

Radiographs, other than diffraction photographs and autoradio- 
graphs, are shadow photographs obtained by passing a beam of the 
rays directly through the object, which absorbs them to an extent 
depending on its atomic nature and thickness. Photographic films 
are sensitive to X-rays and gamma rays, as they are to light, and 
when the exposed film is developed, the image varies in density 
according to the extent to which the rays were absorbed. The 
invisible internal structure is thus revealed. 

The earliest radiographs were made in 1896, the year in which 

Wilhelm Réntgen discovered X-rays, and the glass plates then 


available were used. Modern radiography is done on film coated 
with a special emulsion, and usually on both sides to give maximum 
speed and contrast. Only a very small percentage of the Хау 
beam is absorbed by the emulsion, and in order to increase the 
effectiveness of the exposure the film is usually put between two 
“intensifying screens,” which are coated with a layer of material 
such as calcium tungstate that fluoresces under the action of the 
X-rays; the fluorescent light augments the exposure caused by 
the X-rays. For some classes of industrial radiography, thin lead 
foil screens are used to improve the contrast and clarity of the 
photograph. For dental radiography and some industrial work, 10 
intensifying screens are used. be 

The penetrating power of X-rays depends on the voltage М 
tween the filament and target in the X-ray tube; the higher! ч 
voltage, the “harder” or more penetrating are the rays. For is 
eral medical radiography 40-80 kv. may be used, the higher ied 
being for the thicker body parts. For industria radiography, ve 
ages ranging up to several million may be employed. x 
erated at high voltage for radiography of metals are s0 pone ind 
that materials such as cloth, paper, and leather appear qu wi 
parent to them, and low voltages of 4-20 kv. must be Use 
them. 

When X-rays strike an object, a considerable ре! fog: 
them is scattered, in much the same way light is scatter ia 
The scattered rays tend to cause a veil over the Ho using 
so reduce contrast and detail. This effect can be o alent 
a Potter-Bucky diaphragm, which consists of a grid 0 ject and 
strips of lead and wood that is moved between the aud the 
the film during the exposure. The direct X-rays Pass T red si 
wooden strips, while the lead strips absorb those D low but 
ways. The grid is moved to prevent its casting à E n Jead 
sometimes a stationary Lysholm grid of thin, closely $P 
strips is used. ign b 

Medical uses of radiography include location of fo 
and cavities; studies of fractures; diagnosis of B e heat 
abnormal conditions of the digestive and urinary тас A radiot 
the spinal column, and the sinuses; and in the case 0 
raphy, studies of cavities, abscesses, unerupted tee т 
and many other conditions. 0 examini 

The widest use of industrial radiography is in. the ing dutty 
of interior structures for hidden faults, without inv a iid 
to the object, for instance, in castings and T e of mah 
mechanisms, molded plastics, munitions, and a vast rané 
factured products. 
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Among special radiography techniques may be mentioned: body- 
section radiography in which only one plane of the body gives a 
distinct image, nearer and farther parts being blurred, the result 
ting obtained by moving the film and X-ray tube in opposite di- 
rections about а pivot point in the plane that is to appear sharp; 
roentgenkymography, used for study of moving parts, such as the 
heart, by moving between the patient and the film during exposure 
a lead plate with a series of horizontal slits; microradiography, 
wually for thin specimens of low X-ray absorption, with very fine 
detail, in which the radiograph is made on fine-grain film and sub- 
sequently enlarged; high-speed radiographs have been made in 

z sec. for ballistic and other high-speed studies. 

“There developed, particularly during World War II, a need for 
ndiography on a large scale, particularly for making X-ray photo- 
graphs of the chests of people being examined for induction in 
the armed forces. Mass miniature radiography was introduced. 
In Europe, photographs of the fluorescent screen image were made 
on 35-mm, film, using lenses of very high aperture. In the United 
States, the preferred size was 4 X 5 in., stereo pairs being made 
ш film 4 X 10 in. in size. In motion-picture radiography, or 
üneradiography, motion pictures are made of the image on the 
fuorescent screen, or, less frequently, series of natural-size radio- 
graphs are made in quick succession. Usually one cycle of move- 
ment of a part is photographed, and in projection it is viewed 
intepeated succession. The chief limitation in this work was that 
lenses of extremely high aperture were required in order to keep 
the X-ray dosage to the patient at the minimum. However, image 
amplifiers came into use, so that low exposures to X-rays could be 
given the patient and low exposure to the film. In gamma radi- 
ography, the gamma rays from radium or radioactive isotopes 
ire used. They are of shorter wavelength than X-rays and thus 
have greater penetrating power, They are specially used in the 
radiography of thick metal specimens. 

Radiographs are usually examined as the negatives, and in order 
lo give the impression of depth М 
they are frequently made in pairs, 
ising two positions of the X-ray 
lube, and viewed in the stereo- 
Scope. In X-ray diffraction meth- 
ods, the internal structure of 
пуа may be determined by 
the diffraction pattern photo- 
Braphed on passing a beam of X- 
nys through a single crystal or a 
үе Ei the material in powder 
zm y utoradiography is a 

"m ure that originated when 
active isotopes became avail- 
pm It is known that when iso- 

Pes are introduced into an or- 


апр, th I «ALBERT G. RICHARDS 
;. ^. they localize in certain 

ШТ : COLUMBINE BLOS- 
ues and, in some cases, in spe- S ate pte 


ih, Portions of the living cell. 
lied be centrations of the radioactive substances can be de- 
With s Y placing thin sections of the tissues in close contact 
black Pecial photographic plates. Upon development of the plate, 
Г Denke identify the location of the concentrations of the 
ing 0 ctive materials, By using fine-grain materials and magnify- 
н S ud image microstudies are possible. (See КАр101- 
AYS, 
[ on uclear Particle Recording.—Direct recording of 
Inport atomic particles by photographic emulsions provides an 
ey adjunct to the ionization chamber, the Geiger counter, 
Were fe Wilson cloud chamber in atomic physics. The effects 
Silver "st found with alpha particles, which produce a track of 
that sins in the developed emulsion. It was later discovered 
a йы of protons could also be recorded and that the tracks 
cle Шегеп& grain spacing than alpha particles. Cosmic ray 
le 5 give nuclear disintegrations on collision with the atoms 
Made y mulsion, and star patterns arise, consisting of the, tracks 
ind eii the particles from the atomic nuclei. Tracks of electrons, 
tively any charged particle of any energy, can be recorded 


Parti 


BY COURTESY OF DRS. BERNARD PETERS AND 
MELMUT BRADT 


COMPOSITE NUCLEAR TRACK PHOTO- 
GRAPH 
Nuclear explosion initiated by a heavy, 


energetio cosmic ráy particle, One 
particle causes a record nuclear event 
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on special thick emulsions with 
a high silver bromide content, 
small grains, low fog, and of a 
speed designed for use with the 
particle concerned. The tracks 
are caused by grains being made 
developable by ionizations within 
them resulting from impact of 
the particle. The tracks are ex- 
amined and measured by special 
microscopic techniques. 


IV. COLOUR 
PHOTOGRAPHY 


In 1810 J. T. Seebeck, in 1840 
Sir J. F. W. Herschel, and later 
Edmond Becquerel and Abel 
Niepce de Saint-Victor observed 
that silver chloride darkened by 
exposure can record the spectrum 
of the sun by its direct action, in 
colours similar to those of the 
spectrum itself. The colours can- 
not be fixed and the method has 


no practical value. 

The first fixed colour photographs from nature were made by 
G. Lippmann in 1891, using the interference principle, the possi- 
bility of which had been pointed out by W. Zenker (1868), Lord 
Rayleigh (1887), and O. Wiener (1890). Beautiful colour re- 
productions can be obtained, but the plates are insensitive, the 
viewing is not convenient, and only one photograph can be ob- 
tained. 

The basic principles of modern colour photography are derived 
from an experiment made in 1861 by James Clerk Maxwell in a 
study of the theory of colour vision. He photographed coloured 
ribbons through red, green, and blue filters, from the negatives 
made three positive black-and-white transparencies, and projected 
these in register onto a screen using three lanterns, each trans- 
parency being projected by light of the colour by which its nega- 
tive was taken, The image on the screen was a colour reproduc- 
tion of the ribbons. 

In 1869 Louis Ducos du Hauron published a book in which he 
laid down the principles that provide the basis for modern proc- 
esses of three-colour photography. At about the same time 
Charles Cros published an article with much the same conclusions. 
Ducos du Hauron's book gives a clear account of the two funda- 
mental processes of colour photography, the additive and the sub- 
tractive, with suggestions for carrying them out. The practical 
development of the processes was delayed until panchromatic 
plates became available through the introduction of colour sensi- 
tizing by Vogel in 1873 and the introduction of isocyanine and 
carbocyanine sensitizers early in the 20th century. 

The additive process, which was almost entirely replaced by 
the subtractive processes after 1935, is used only for transparencies 
for projection and direct viewing; the subtractive processes can 
be used for transparencies and for paper prints to be viewed by 
reflected light. In both cases the first step is to make three separa- 
tion negatives of the subject by the red, green, and blue light from 
it, It is also possible to make colour photographs by the two- 
colour process, in which the separation negatives are made by half 
the spectrum, blue-green and orange, but the best colour rendering 
is obtained by the three-colour process. 

1. Additive Processes.—In the additive processes, the colours 
are produced by adding together varying amounts of red, green, 
and blue light. There are three main processes of additive colour 
photography : triple projection, screen unit, and lenticular film. 

In the triple projection process, black-and-white positives 
made from negatives exposed through red, green, and blue filters 
are projected through similar filters in register on a screen, as in 
the original Maxwell experiment. Special equipment for making 
the three negatives in succession or simultaneously were put on the 
market, together with lanterns for projection, Ducos du Hauron, 
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Cros, and F, E. Ives invented devices for viewing the three pic- 
tures directly rather than by projection, In the photography of 
stationary objects, the three negatives can be exposed in succession. 
In the case of moving objects, however, the three negatives must 
be made simultaneously, otherwise colour fringing will occur. For 
simultaneous exposure of the three negatives, use is made of groups 
of lenses or of beam splitters consisting of a group of mirrors or 
prisms, Another system for making these three negatives, origi- 
nally invented by Ducos du Hauron, is the so-called tripack in 
which three separate films are arranged behind each other, with 
filters to ensure that the red, blue, and green records are obtained 
separately, one on each film. 

In the triple projection process good colour quality can be ob- 
tained, but the system is complicated and has never been a com- 
mercial success. 

2. The Screen Unit Process.—The first commercially success- 
ful colour process, the Lumiére Autochrome plate, brought out 
in 1907, utilized the screen unit process. This was a modification 
of one form of additive process suggested by Ducos du Hauron. 
Instead of making three separate negatives through filters, a single 
plate was covered with minute blue, green, and red filter elements. 
A panchromatic emulsion was coated over this layer. The expo- 
sure was made through the filter layer so that the image obtained 
was broken up into tiny units representing blue, red, and green 
components of the colours of the subject. The emulsion was de- 
veloped by the reversal process to give a direct positive in black 
and white, which, on direct viewing or projection, gave a reproduc- 
tion of the subject in colour. Alternatively, if the filter elements 
were uniformly arranged, the plate or film could be developed to 
a negative and printed to give a positive transparency that could be 
registered in contact with a plate carrying minute filter elements 
to give a positive colour transparency. 

‘The first successful use of the screen unit process was made by 
J. Joly and by J. W. MacDonough in 1892, the filter elements 
being on a plate separate from the negative. This arrangement 
was later employed in the Finlay plate. In the Lumière Auto- 
chrome process, the filter layer consisted of dyed starch grains with 
the spaces between filled with carbon black. The plates gave good 
colour quality and were on the market as plates and later as films 
for 30 years. Other screen unit processes were later introduced: 
in particular, the Finlay process mentioned above, in which the 
screen was printed in bichromated colloids; the Agfacolor plates 
and film, in which the filter layer consisted of dyed resin particles 
rolled flat; and the Dufaycolor process, in which the emulsion was 
coated on a regular dyed screen pattern prepared on the film sup- 
port, The Agfacolor and Dufaycolor materials were developed 
by reversal and were sold as roll, sheet, and motion-picture film. 

The screen unit process gave transparencies of good colour qual- 
ity, but the plates and films were difficult and costly to manufac- 
ture. They were dense, so that it was difficult to get enough 
light in projection, and the screen pattern was frequently very 
evident. 

3. The Lenticular Film Process.—This was invented by 
R. Berthon in 1908 and developed by A. Keller-Dorian and par- 
ticularly by J. G. Capstaff and the Eastman Kodak Company; it 
was made available commercially in 1928 as the Kodacolor process 
for amateur motion-picture photography in colour. In this proc- 
ess, the film support is embossed with minute cylindrical lenses on 
the side opposite the emulsion. A three-colour banded filter is 
used over the lens; during exposure, the embossed side of the film 
faces the lens. Somewhat as in the screen unit process, the lens 
forms a full image of the subject on the film, but it js broken up 
into minute elements that are images of the banded filter formed 
by the embossed lenses on the film. The film is developed by the 
reversal method and projected through a three-colour banded filter. 

The quality of the results given by the lenticular film was ex- 
cellent, but disadvantages were encountered in projection, which 
involved a great loss of light because of the filters, making special 
projection optical systems necessary, and the lenticular pattern 
was often very much in evidence. 

4. Subtractive Processes. —The subtractive processes are the 

important practical processes of colour photography. Their prin- 
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ciple was first described by Ducos du Hauron, and they are 
used practically exclusively for colour prints on paper and ы 
parencies for still and motion-picture projection, In the hed 
tive process, three separation negatives are first made by red, 
and blue light. From these, positives are made in colour cae 
mentary to those by which the negatives were made, and the thre 
are superimposed in register on white paper to give a Colour рш 
or on film to give a transparency. 

The negative made by red light is printed to give a cyan (tive 
green) picture; that made by blue light is used to give a 
picture, while that exposed by green light is printed in 
When these partial images are superimposed, a good colour repro. 
duction can result. 

The three separation negatives can be made: (1) separately by 
successive exposures through the three filters on three plates o 
films; (2) simultaneously on three plates or films using а om 
exposure (one-shot) camera provided with a beam splitter of par 
tially reflecting prisms or thin pellicles or split lenses; (3) sim 
taneously on a tripack of three films or plates superimposed and s 
sensitized and provided with filter layers that each records osiy 
one of the primary colours; (4) simultaneously on an integral 
pack or monopack. 

In the first three cases the three negatives are generally wel 
to print three positives, which can be superimposed on paper ûf 
film, Various processes have been used, in particular carbo 
Ozobrome or Carbro, bromoil, and dye-mordant methods, and df 
ferential tanning of a gelatin layer. There are two principal form 
of the last-named—the Pinatype process, in which dye is takes 
up in an amount dependent on the softness of the gelatin, andi 
allowed to stay in the layer if a transparency is required, or f 
transferred to gelatin-coated paper by imbibition if paper print 
are required; and the Kodak dye transfer process, in which the 
soft parts of the differentially hardened gelatin layer are 
out, leaving a relief image in hard gelatin that can be dyed 
the dyes transferred to paper or film. 

5. Monopack or Integral Tripacks.—It is evident that a sit 
pler system would result if the three layers were coated over 
other on a single film support. This proposal was first 
with the idea that the layers should be separated for devel 
and printing, but the manipulation proved to be too difficult fet 
practical handling, 

It was next suggested, by K. Schinzel in 1905, that the thet 
superimposed layers should be arranged so that each n a 
a single primary colour, that the layers should be inseparable, 
that a coloured image should be developed in each. In Sd p 
proposal, dyes of colour complementary to the spectral u 
of sensitivity were incorporated in the layers, which were 
developed and then treated in such a way that the dyes Ф 
bleached, to an extent proportional to the amount of 
veloped. C. Christensen in 1918 proposed a similar arrange 
in which the dyes in the layers were destroyed by T 
hydrosulfite in the presence of the silver image. 
bleach method was applied by B. Gaspar, in whose process 
dyes were catalytically bleached in the presence of the 
by AS in 1964, as the Cilchrome process for ma 
prints from positive colour transparencies. 

Most of the modern’ processes of colour photography OS 
on the formation of dyes to an extent depending 0n ee) 
and thus the amount of silver developed in the layers ЕУ quy 
coated one over the other. The colour of the dye JP wid Ù 
three layers is complementary to the spectral region pr 
layer is selectively sensitive. The basic method for pr Tm 
colours depends on a discovery made by B. Homolka Ped 
out by R. Fischer in 1911; they found that when cer fa ae 


pound known as a coupler, there is formed along y foro 


gynualones are used for magenta dyes; esters, ketones, or amides 
ay be used to form yellow dyes. After the films are developed, 
е silver is bleached out, leaving the dye images. 

Various arrangements of the three basic coatings on the film 
ave been proposed, as well as various ways of introducing the 
colours, In 1912 Fischer proposed a process using a film with 
three layers of emulsion coated over each other, each layer con- 
bising couplers so that appropriate colours could be developed 
ает. Fischer was not able to make the process work because 
$e could not prevent the couplers and sensitizing dyes from wan- 
dering from the layers to which they applied, It was not until 
1935 that the first commercially successful colour process using 
coupler development was marketed. It was worked out by L. D. 
Mannes and L. Godowsky and the Eastman Kodak Company, and 
sas called the Kodachrome process. 

In the Kodachrome system, three emulsions responding selec- 
lively to blue, green, and red light were coated over each other, 
the blue-sensitive layer being on top and beneath it a yellow-dyed 
layer to prevent blue light from reaching the two lower layers. 


UNEXPOSED FILM 


ROUSENSITIVE EMULSION 
HOVSENSITIVE EMULSION 
онот EMULSION 


Митат OF KODAK RESEARCH LABORATORIES 
FIG. 4.—CROSS SECTION OF KODACHROME FILM 


[By about 1931, nonwandering sensitizing dyes had been devel- 
ed.) The process was designed to give a direct positive colour 
tansparency. ‘The significant features of the process were that the 
‘ye-forming couplers were used in the developer solutions and 
ft in the emulsions, and that the dye images in each of the layers 
îre developed successively in separate solutions using the stages 
W development, controlled diffusion bleaching, and colour rede- 
ment, the final step being the removal of the silver to leave 
images in the dye alone. Kodachrome film was first made 
‘while as 16-mm. film for motion pictures and later was pro- 
wed as 35-mm. film for slide transparencies, 8-mm. jon- 
ture film, sheet film, and as reflection prints by coating on à 
Бо (Minicolor, Kotavachrome, and Jater Kodachrome 


The processing of Kodachrome by controlled diffusion was 
срди toward the end of 1938 was replaced by а selective 
tu de in which the assigning of the dyes to their proper layers 
ы termined by the sensitivity of the layers. In this, the film is 
developed to give a negative in all three emulsion layers. It 
u, | Posed through the base to red light, which affects the 
| roped parts of the bottom red-sensitive layer, and is then 
in oped in a developer containing a cyan coupler, so that a posi- 
уап dye image is formed in the bottom layer, By 
h the front to blue light, an image in yellow dye can be de- 
des, the top layer, and the middle layer сап then be made 
opable and give a magenta image. If the silver in all three 
i$ bleached out, the dyes alone remain to give the colour 
E The success of the Kodachrome processing depends 
upon using sensitizing dyes that will not wander from their 
priate layers and will withstand processing solutions. 
* time after the introduction of Kodachrome film, Agfacolor- 
ii т became available in Germany and later Ansco Color film 
troduced in the United States, (After World War II. simi- 
ucts were put out by Gevaert and Ferrania, among others.) 
* films differed from Kodachrome film in that the colour- 
пд couplers were incorporated in the three emulsion coatings 
than in the developer solution, thus permitting simultaneous 
tion of the three dye images in a single colour-developing 
€ couplers were attached to heavy molecular chains that 
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prevented them from diffusing through the gelatin, so that each 
dye was formed exclusively in its proper layer. These films were 
also intended to give direct-positive colour transparencies, and 
processing consisted essentially of (1) developing a black-and- 
white negative in all three layers, (2) exposing thoroughly to white 
light, and (3) developing the residual silver halide in all three 
Jayers simultaneously in a colour developer, the couplers in each 
layer forming the proper dyes, Finally, the negative and positive 
silver images were bleached out, leaving the dyes. Similar mate- 
rials were later made available on a white base to provide prints 
for viewing by reflection, 

Other systems, known as the Kodacolor, Ektacolor, and Ekta- 
chrome processes, also used nondiffusing couplers in the emulsion 
layers. In these cases, however, the weighted couplers were not 
dispersed directly in the emulsions but were dissolved in an oily 
liquid that was dispersed in the emulsion in the form of very fine 
droplets. The first material of this type was made in 1940 as 
Kodacolor Aero Reversal film for aerial photography by the U.S. 
Army Air Corps. It gave direct-positive colour transparencies and 
could be developed in the field. In 1942, a new Kodacolor film 
was made available for direct colour development to give negative 
colour pictures (in colours complementary to those of the origi- 
nal subject) by direct colour development and bleaching out the 
silver. This negative could be printed onto paper coated with a 
similar set of emulsions and developed in the same way to give 
paper prints in colour. 

In 1946 the Eastman Kodak Company introduced Ektachrome 
film, which was a reversal film generally similar to the earlier 
Kodacolor Acro Reversal film; however, it was of lower contrast 
and of longer scale, and in sheet film and later in roll film form, 

Late in 1946 the discovery of coloured couplers was disclosed 
by the Eastman Kodak Company, In the early Kodacolor process, 
a positive silver mask was incorporated in the colour negative 
to improve the colour reproduction, In the new process, first 
used in Ektacolor shect film in 1948, couplers incorporated in the 
emulsion are coloured red and yellow, and their colour is destroyed 
in development in proportion to the amount of image dye that is 
developed. The negative dye image is thus associated with positive 
images in red and yellow, and these positive images counteract the 
effects of the lack of purity of the negative image dyes and so lead 
to greatly improved colour reproduction in subsequent prints, 

Films and printing materials of the types mentioned have been 
put out by a number of manufacturers in a variety of forms, in- 
cluding narrow-gauge negative and reversal motion-picture films, 
negative and positive professional motion-picture films, sheet films, 
roll films for amateur and professional still cameras, and 35-mm. 
cassettes for miniature cameras, as well as reversal and negative- 
positive printing papers, 

6. Colour Printing Processes.—Prints on paper have been 
made by the screen unit process, but they are unsatisfactory be- 
cause of the high density of gray with which they must be asso- 
ciated. All satisfactory colour prints are made by subtractive 
processes, in which positive images in yellow, magenta, and cyan 
pigment or dye are combined in register. Methods of obtaining 
the coloured positives are; (1) chemical toning, in which the black- 
and-white silver images are converted into coloured compounds, 
for instance, lead chromate for yellow, nickel dimethyl-glyoxime 
for magenta, and an iron blue for cyan (Chromatone of Defender 
Co., Snyder and Rimbach); (2) dye mordanting, in which the sil- 
ver images are converted into compounds known as mordants that 
have an affinity for basic dyes, among the best known being silver 
iodide (Traube's Diachrome), copper ferrocyanide (Traube's 
Uvachrome), and copper thiocyanate (Christensen); (3) imbibi- 
tion or transfer processes, in which differentially hardened gelatin 
layers are formed by tanning development or tanning bleach in 
the pattern of the positive image of the subject, and dyed directly 
to give a picture in which the dye is taken up to an extent depend- 
ing on the hardness of the gelatin (Pinatype), or washed out with 
hot water to give a gelatin relief image, which can be dyed. In 
either case the dyes can be transferred to gelatin-coated paper to 
give a print on paper, and if the three-colour images are so trans- 
ferred, a colour print results (Kodak Dye Transfer process), 
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7. Pigment Processes.—In the pigment processes, the gelatin 
contains pigments and can be differentially hardened by the direct 
action of light if bichromated, or indirectly by a tanning developer, 
or by indirect action from a bromide print and a special bleach, 
to give positives that can be washed out with hot water to give 
pigment-gelatin images. 

In the carbon process, originally devised in a practical form by 
J. W. Swan in 1864, the gelatin containing the pigment is bichro- 
mated and exposed and developed in hot water, leaving an image 
of hardened gelatin containing pigment. In the Carbro process, 
which was developed from processes devised by A. Marion (1873) 
and T. Manly (1898), a bromide print treated with a special bleach 
is placed in contact with a pigmented gelatin coating and differen- 
tial hardening of the gelatin occurs. The soft gelatin can be 
washed out in hot water, and three positives so prepared can be 
transferred to a common support to give a colour picture. 

In the Duxachrome process, silver bromide emulsions contain- 
ing pigments were coated on supports from which the images could 
later be stripped. The exposed layers were developed in tanning 
developers and washed out in hot water, the silver was bleached 
out, and the remaining pigment images transferred to a final sup- 


port. 

The dye-destruction printing processes were typified by Gaspar- 
color prints, in which three superimposed layers of emulsion con- 
tain subtractive pigments. On exposure and development a special 
solution is used to bleach the pigment image to a degree depending 
on the amount of silver developed. In 1964, CIBA introduced 
a silver-azo dye bleach process called Cilchrome. 

The dye-bleaching processes typified by the Utocolor paper of 
J. H..Smith (1910) relied on direct bleaching of dyes by light. 
The sensitivity of the dyes to bleaching was enhanced by thiosin- 
amine, and the stability of the image was determined mainly by 
rendering the sensitizer ineffective. 

8. Dye-Coupling Processes—These provide almost all of the 
modern materials for making colour prints. They are of the sub- 
tractive, integral tripack type, basically resembling the various 
coupler-developed films described earlier, although they are coated 
on a white reflecting support of paper or a white-pigmented plastic 
sheet. The materials are made to give direct-positive colour prints 
by reversal processing from positive transparencies, or positive 
prints from colour negatives made directly, or as intermediates 
from positive transparencies, or from black-and-white colour- 
separation negatives. Examples of the reversal printing processes 
are Kodachrome prints (earlier known as Minicolor and Kotava- 
chrome prints), Kodak Ektachrome prints (earlier called Kodak 
color prints, Type R), and Ilford colour prints. The printing 
materials for reproduction from colour negatives are typified by 
Agfacolor, Kodacolor, and Ektacolor printing papers, and Fer- 
raniacolor, Pakolor, and Gevacolor papers, which basically re- 
semble the Agfacolor materials. Special materials are available 
for making positive colour transparency duplicates from original 
colour transparencies and also for making positive transparencies 
from colour negatives. 

In 1963, there was introduced the Polaroid-Land colour film, 
Polacolor. It employs the diffusion-transfer principle, giving a 
positive paper colour print in the camera in 50 seconds. The film 
is a multilayer-silver halide material. Each layer of emulsion is 
sensitive to one of the primary colours and is adjacent to a layer 
containing a developer linked to a dye of colour complementary 
to the spectral sensitivity of the emulsion. After exposure, alkali 
is squeezed between the film and a paper receiving sheet. Devel- 
opment is initiated and the dyes are anchored in the exposed (nega- 
tive) parts. In the undeveloped parts, the dye-developer mole- 
cules migrate to the receiving sheet to give a positive colour image. 
An acid stabilizing layer is present here. 

9. Colour Motion Pictures.—The earliest colour motion pic- 
tures employed the additive processes: Kinemacolor, a two-colour 
process using successive projection of separate positives through a 
rotating pair of filters; the Friese-Green process of successive pro- 
jection through filters, or with the frames on the film themselves 
dyed; the Gaumont simultaneous additive process using three 
lenses in taking and projection. Later, the Dufaycolor screen- 
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unit process was used and methods of printing the | 
release were worked out. The lenticular process; 
oped commercially as 16-mm. Kodacolor, was mi 
great extent in theatres. The additive processes, 
excellent colour quality, are difficult to print, gi 
brightness and difficulty of registration, or undes 
and therefore are surpassed by the subtractive proce 
practical point of view. 4 

The earliest subtractive processes used chemical & 
toning, or dye-mordant methods, especially as two 
esses; the separate colour positives were printed on 
sides of a single support. The earliest Technicolo 
a two-colour relief process, but about 1928 it was 
a two-colour, and later to a three-colour, imbibition | 
the three-colour process a special camera was used 
ration negatives were made оп a single film and a big 
a special type of beam splitter. The three negati 
onto special films to give matrices from which prin 
by imbibition. Later, three-layer coupler-developed 
used in the cameras, and separation negatives were 
them for printing by the normal imbibition process. 

Practically all amateur colour motion pictures are 
8- and 16-mm. reversal film using the coupler devel 
esses. A high percentage of professional motion-pictu 
colour for theatre use are made by the negative-p 
development processes, using materials basically rese 
described before as Kodacolor, Ektacolor, and Agfaci 
printing materials. In the case of the Kodak pi 
Color negative and print films are used for profession: 
motion pictures, Processes resembling the Agfa 
positive system later appeared as the Gevacolor and 
processes. we 


V. THEORY OF PHOTOGRAPHY . 


1. The Sensitive Material—Under the hi 
scope, the image on a photographic negative is seen: 
large numbers of small, dark grains of silver. Th 
from the structure of the original emulsion, which ci 
tals of silver halide distributed in the gelatin. These 
be round, flat, triangular, or hexagonal in shape, Wit 
rod shape. They are of various sizes, ranging up to: 
in. across, depending on the type of emulsion, In 
there are several thousand million in a square inch. 
by X-rays shows that the silver halide is all in the cry 
even though the separate particles may have a lump 

If solutions of silver nitrate and potassium bro n 
are mixed, the silver bromide formed settles out in 
gelatin is present, the silver bromide remains suspendé 
finer form. Gelatin is used in emulsion making, 
the silver bromide suspended as fine crystals. In the 
of emulsion making, the crystals grow in size, but tht 
sensitivity. After the addition of the bulk of the gelà 
and digestion, there is little increase in crystal size, b 
growth of sensitivity to light to an extent that d 
on the kind of gelatin. , 

The sizes and distribution of sizes of the crystals or i 
emulsion are determined by the way in which the 
precipitated, and the sizes are related to the photo 
ties of the emulsion. If they cover a wide range 
emulsion usually has high speed and low contrast an 
making negatives. If they are small and uniform; 
has low speed and high contrast, and might be use 
picture printing film or lantern slides. Wek 

When an emulsion is exposed to light, an invisible Ф 
as the latent image is produced in it, and the effect of 
is not apparent until the emulsion is developed БУ, 
chemical reducing solution, the properties of W 
cussed later. On development, the emulsion blacl 
that depends on the extent of development and on 
In the case of a film exposed in a camera, à nega 
in which the brighter parts of the subject are тер 
and the darker parts as light. The degree of black 
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Atolour negative (abo »ositive (below) : note that the negative shows comple- 
mentary rather than na lours 


An autochrome portrait made by Alfred Stieglitz about 1907. 
The Lumière Autochrome process, the first colour process to be 
commercially successful, was introduced in 1907 
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Since the first crude attempts at making colour 
photographs, colour photography has become an 
increasingly important pictorial medium, enabling 
even amateurs to take fast, accurate, and pleasing 
pictures. Colour photographs are now used in a 
wide variety of fields, ranging from almost pure 
abstraction (see below) to the most complex and 
exacting rendering of concrete likenesses, as 
shown on the following plate 


"Bullfght" by Ernst Haas, a photographer who emphasized Tight, colour, and movement rather than naturalistic rendering 
s Я 


EFFE FOR THE ALFRED STIEGLITZ ESTATE, COPIED BY ROBERT KAFKA; PHOTOGRAPH, (BOTTOM) ERNST HAAS 
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Colour photomicrograph: section of white Г 0 times 


Exploration photograph: Tenzing Norgay atop Mt. 
Everest, May 29, 1953. Taken by Edmund Hillary 


Astronomical photograph: sunspots ( at right of centre) 9 
face 


Underwater photograph: diver approaching an exploration vehicle on the floor 
of the Red Sea 


Td 
Motion-study photograph: picture of a man in motion lit by repetitive strobe jenta) P 
lights and taken through concurrently changing filters so that tapes attached 
to the man appear to change colour with each exposure, Thus, scientists could 


trace the flow of muscular movement as the subject bent to pick up an object 


Nature photograph: head of an edible frog (Rana escul 
at the instant it emerged from a pond 


PHOTO RESEARCHERS, INC., (CENTRE 
NC., (BOTTOM RIGHT) HERMANN EISENBEISS 


density (see Sensitometry, below). When a 
Use negative, the light parts again appear dark an 
тоа, s0 that in the print the tones are in the same order as in the 


БШ nity in the negative results from the presence of the de- 
silver grains—the more silver in a particular area, the 
geris the density, The silver grains have their origin in the sil- 
wr balide crystals originally present, so that higher density means 
dat a higher percentage of these crystals was made developable 
by exposure. On the average, the larger crystals in an emulsion 
se more sensitive to light than the smaller crystals. This is not 
exclusively to the fact that they are bigger and therefore 
rem more silver than a small grain, for it is possible by 
demical treatment to make a fast emulsion practically insensitive 
without changing the size of grain, Y 

When an exposed grain starts to c SOM 80 at a limited 
ember of isolated points on its surface. ese points are dis- 
luted according to the laws of chance, and it appears that they 
wincide with points on the crystals that were preferentially af- 
fected by light; i.e., the latent image is concentrated at certain 
astres. This indicates that the crystals had extra-high sensitivity 
# these centres; in other words, there are sensitivity centres on 
` lke original emulsion grains. Evidence indicates that they are 
leeks of silver sulfide in the crystal surface, The most important 
Моп for this view comes from the study by S. E. Sheppard 
М the function of gelatin in determining emulsion sensitivity. He 
elated the sensitivity-promoting substance from gelatin and found 
lo consist of sulfur compounds, especially allyl isothiocyanate, 
This material forms allyl thiocarbamide in the presence of alkali, 
^ this ineo can form a complex a with -— 

the presence of alkali, the complex can give rise to silver 
‘Ade, and apparently this is the sequence of reactions occurring 
m Ке g a шаън «зно — - 
increase у treatment with gold compo 
m Silver itself also plays some part in the formation of sensi- 
‘Wily centres. In addition to the sensitizing material, gelatin can 
iain descaatising materials, and the net sensitivity will be 
result of a balance of properties, 

There have been many theories as to how the sensitizing specks 
A during exposure to give rise to the latent image, After Shep- 
Jd found the specks to be silver sulfide, he and A. P. Н, Trivelli 
ЗІК. P, Loveland propounded the "concentration speck" theory, 
] ng to this, the silver sulfide speck was able to cause the 
ңы nergy absorbed by the crystal to be concentrated about a 
We, and there to liberate silver by decomposition of the silver 

. There is considerable evidence showing that the latent 

Consists mainly of metallic silver accumulated about the 
тера specks, А silver speck can initiate development when 

wn to a certain size. 
Feige centration speck theory still forms the basis of latent 
theory, but the mechanism by which 


lide. In addition to this conductivity, there is also 

ud of silver bromide that is caused by the movement of 
T ions within the crystal. 

eus Gurey and N. F. Mott visualized a combination of these 
ductivity processes in explaining latent image ee 

iden: On exposure to light, the photoc VY 

rely in the crystal until they by chance impinge on the 

ty specks, where they are trapped and build але 

Thich жаыа cue айган the positively аин 

ügrate to the specks an: re are » 
Sections to form neutral silver atoms. The А мша ae 
ulation of silver atoms until they are big enough to act 
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as nuclei in the development process. 

2. Development.—In development, the emulsion is treated 

with a solution that converts the exposed silver halide to black 
silver, The developer acts much more quickly on exposed than on 
unexposed grains. There are two kinds of development—physical 
and chemical. A physical developer contains chemical reducing 
agents and silver compounds in solution that deposit silver on the 
latent image from solution, A chemical developer does not соп» 
tain any silver and is essentially a solution of chemical reducing 
agents that will distinguish between exposed and unexposed silver 
halide in an emulsion and thus convert the exposed silver halide to 
metallic silver, Chemical developers are the basic developers of 
photography. 
When a silver halide crystal in an emulsion starts to develop, 
it does so at a limited number of points, from which development 
spreads outward until the whole crystal is converted to silver, A 
grain ultimately develops completely or not at all. The develop- 
ment is initiated at the latent-image centres where silver was de- 
posited during exposure, and the development of the silver bromide 
starts about these silver centres. It was felt for a long time that 
the latent-image nuclei played no part in development except to 
act as а centre on which silver formed by reduction of dissolved 
silver halide could deposit, It is now clear that such a process 
does not play a major part in development, The more likely ex- 
planations involve a mechanism by which there is direct reduction 
of the silver halide at the boundary of the silver latent-image 
speck, and that the speck itself in some way accelerates this, The 
shape and size of the silver particles vary with the kind of devel- 
oper and other factors, Studies made with the electron micro- 
scope show that the silver does not have a compact cokelike struc- 
ture, as might appear from examining it in an ordinary microscope, 
but that it has a filamentary structure, 

“Only a limited number of types of chemical compounds are used 
as developers. A few inorganic compounds, particularly ferrous 
oxalate, have been used, but the developers used in usual photo- 
graphic practice are organic reducing agents largely of the classes 
known as phenols or amines. A rule established by A. and L. 
Lumiére and by M. Andresen in 1891 stated that developers must 
contain at least two hydroxyl groups, or two amino groups, or one 
hydroxyl group and one amino group, attached to а benzene nucleus 
in the ortho (neighbouring) or para (opposite) positions to each 
other, Meta (midway position) compounds do not develop. It 
has also been pointed out that many developers form quinones or 
quinonoid compounds when they are oxidized. J. D. Kendall 
formulated a rule stating that hydroxy and amino compounds 
could be developers if they had the basic structure a — (C = 
C), — b, where C = C represents two carbon atoms joined by a 
double bond, n is zero or an integer, and a and b are hydroxyl or 
amino or substituted amino groups. There are, however, some 
developing agents that do not follow these rules. 

The most common developers have been hydroquinone and para- 
methylaminophenol sulfate (known by the trade names Elon, 
Metol, and others). A popular developer in the past was pyrogal- 
lol. Diaminophenol hydrochloride (Amidol) has been used as a 
paper developer, and there is а wide range of developing agents 
on the market for special purposes. Fine-grain and colour devel- 

have been frequently based on para-phenylenediamine, 

In 1951 Ilford, Ltd. marketed Phenidone (1-phenyl-3- 

done), an important developer patented by Kendall, It 
сап replace Metol in many Metol-hydroquinone developers and 
generally is effective in much smaller quantity than Metol. 

The essential constituents of most practical developing solu- 
tions are: (1) the developing agent; (2) an alkali, sometimes called 
the accelerator; (3) sodium sulfite, sometimes called the preserva- 
tive; and (4) potassium bromide, the restrainer. 

The common alkalis used are sodium carbonate, sodium hydrox- 
ide, and some borates, particularly sodium metaborate (Kodalk) 


tive and tetraborate (borax). The function of the alkali is to make the 


active, and it does this by adjusting the alkalinity (or 


the ри) to a suitable value and holding it there. This applies to 


developers containing hydroxy! groups, but the ри also seems to 
determine the activity of developers that do not contain such 
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groups. Amidol does not require an alkali to make it effective. 
On the other hand, the rate of development can sometimes be in- 
creased by adding accelerators, of which certain quaternary salts 
are examples. 

Sulfite plays two important parts in a developer mixture. It 
acts as a preservative by decreasing the tendency of the developer 
to be oxidized by the oxygen of the air: in general the oxidation 
products of developing agents have an undesirable influence on the 
course of development. It also combines with the oxidation prod- 
ucts of the developer that are formed when the developer reduces 
the silver bromide to silver, so preventing them from interfering 
with the progress of development and from staining the photo- 
graph, for they may be highly coloured. 

Potassium bromide is frequently added to a developer to restrain 
the growth of fog (i.e., development of unexposed grains) and to 
control the uniformity of development. It usually slows down 
the rate of development and may tend to make the photograph 
warm in colour. In addition to bromide, other antifoggants used 
in developers include benzotriazole and 6-nitrobenzimidazole. 

The nonhomogeneous, coarse structure of a negative, seen as 
graininess, is a matter of the grain structure of the original emul- 
sion and of the developed negative, the extent of development, and 
the nature of the developer, So-called fine-grain developers are 
made to reduce the apparent graininess. Generally, they are ad- 
justed to be of low activity and therefore contain a solvent for 
silver bromide, which may consist of an increase in the sulfite or 
a special solvent such as potassium thiocyanate. Sometimes spe- 
cial developing agents are used, the best known being para-phenyl- 
enediamine, which in itself is a silver halide solvent. Fine-grain 
development is chemical development with enhanced physical de- 
velopment. 

Modern colour photography relies on so-called coupler develop- 
ment, in which the oxidation products of the developer, usually a 
para-phenylenediamine derivative, combine with organic com- 
pounds known as couplers to form dyes. The couplers may be in 
the developer or in the emulsion. (See Colour Photography, 
above.) f 

Certain developers can be used for tanning, or hardening, the 
gelatin in the areas where development occurs, an effect that has 
been used for producing gelatin relief images for photomechanical 
reproduction and for imbibition colour printing. Pyrogallol and 
catechol developers with little or no sulfite are commonly used, the 
tanning effect being due to the oxidation products of the developer. 
In some materials, e.g., the Verifax matrix material, the tanning 
developing agent is incorporated in the emulsion, development 
being initiated by external application of alkali, known as an acti- 
vator. 

The various developing agents differ in their behaviour. For in- 
stance, in a plain Metol developer development starts much more 
quickly than in a plain hydroquinone developer. The Metol gives 
detail first and slowly builds up density, while with hydroquinone 
the detail appears only after much density has been built up. In 
combination, the Metol and hydroquinone form a very satisfactory 
developer. In some instances a great part of the Metol in the 
combination may be replaced by Phenidone. 

Developers are worked out for various special purposes, and 
they vary widely in their properties, depending not only on the 
material they are used to develop but also on differences inherent 
inthemselves. In fact, the developer-emulsion combination is the 
determining factor, although very often the mechanical way in 
which development is carried out is of great significance. The 
developing rate increases with temperature but varies markedly 
with the nature of the developer. It also depends on the concen- 
tration of the components, and the effect of alkali in particular 
varies with the developing agent. Developers also vary in the way 
in which they keep when they are exposed to air, in the rate at 
which they become exhausted in use, in the rate at which they will 
develop fog, and in the effective emulsion speeds they produce. 

When an exposed part of a film is developed, there is usually an 
initial period, known as the induction period, in which no visible 
effect appears. After this, the density increases, rapidly at first 
and then more slowly, and eventually further time in the developer 
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produces no more density until fog starts. For the < 
of a developer and emulsion in which there is no tei 
duce fog on prolonged development, and in absence 
bromide, the relation between density and developm 


D-D.(ü-—e-") 


in which D is the density that has been developed at a | 
is the density ultimately developable and Ё is a cons 
locity constant of development. 

From this, the law of constant density ratios was бес 
a film that has had a series of increasing exposures is. 
the ratio of the densities caused by any two exposures | 
and independent of development time. Other aspects 
ment are’ dealt with under Sensitometry, below. 

For special purposes, monobaths, or combined deve 
fixing solutions, have been devised. Basically they ¢ 
developing composition containing a fixing agent—in the 
ally hypo, but other agents are available. They shorten 
times but are quite critical and specific in use, and if cm 
exercised they may result in stain, fog, and loss of speed. 

Usually, on development, some grains that have not 
posed to light are reduced to silver and the resulting d 
known as fog. It may be ascribed to the emulsion or | 
veloper, some emulsions showing a greater tendency 
to produce fog, and some developers have a greater ten 
others. Generally, fog can be diminished by adding 
veloper certain chemicals such as bromide and so-called ¢ 
gants that have less effect on the development of 
than on the development of fog. 

3. Processes Following Development.—Fixing. 
velopment, the emulsion is “fixed” by dissolving out the 
silver halide. The commonest fixing baths are water si 
sodium or ammonium thiosulfate (known respectively 
and ammonium hypo). Potassium cyanide is used in tl 
lodion process in photomechanical reproduction, since 
dissolves silver iodide, but it is extremely poisonous. ү 

When a negative or print is transferred to the f 
carries some developer with it. This may oxidize and 
which may be prevented by adding sulfite to the fixing 
alkali carried over in the developer may cause developmen 
tinue in the fixing bath and also may tend to assist oxidal 
developer. Acid is therefore added to neutralize the alka 
sulfate, however, is unstable in the presence of acids amt 
posit sulfur. This can be prevented if sulfite is present. 4 
acid fixing bath, therefore, contains thiosulfate, sulfite, à 
acid, such as acetic. 

In order to prevent softening of the gelatin, hardeners 
added, and the result is an acid hardening fixing bath. 
monest hardeners are potassium and chrome alums, @ 
hardening ability is facilitated by the acidity of the bath. 
the acidity of a potassium alum fixing bath becomes 
sludge of basic (i.e, alkaline) aluminum sulfite forms 
tendency can be diminished by adding boric acid. : 

Stop baths or rinse baths are sometimes used between 
ment and fixing in order to neutralize the alkali carnes 
simple water rinse is better than nothing, but a weak at 
solution is preferred. Sometimes, a hardening bath | 
chrome alum is used prior to fixing, especially in hot weal 
order to suppress swelling of the gelatin, sodium sulfa a 
times added to the stop bath. As a special hardener for 
after fixing and before special later treatment, a bath 
formalin and carbonate is used. 

The rate at which a fixing bath acts depends largely 9! 
centration of hypo and the temperature. Itis most rapid: 
40% concentration. At higher concentrations the rate 
down because the extra salt content tends to suppress ^^ 
of the gelatin. The optimum temperature lies betwt | 
70° F (16°—21° C). Agitation also increases the T? 
somewhat. A practical rule for fixing film is that it sho! 
tinued to twice the time taken for the film to clear. Use sed 
fresh bath is preferred. The rate of fixing can be incre? 
ing ammonium salts to the hypo bath, or by using 
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thiosulfate instead of the sodium salt. 

Washing. — Negatives and prints are washed in water after fixing 
inorder to remove products that might affect their appearance or 
ability, and in particular to eliminate the fixing salts and the 
compounds they formed in dissolving the silver halides, If the 
silver compounds are not removed, there will be stain in the high- 
jghts and unexposed areas, while if the thiosulfate and its prod- 
ucts are not removed there will be eventual slow sulfurizing of the 


image. 

n washing, the basic factor is the rate of diffusion of the hypo 
and other salts out of the film and into the water, provided the 
vater in contact is continuously renewed. The removal is ex- 
ponential ; ie., the amount of salts remaining in the gelatin is 
halved for each unit of time. Removal of salts is increased by in- 
creasing the temperature, but the temperature is limited by the 
danger of softening the gelatin, and 60°-70° Е (16°-21° C) is best 
unless specially hardened films are used. Washing is more rapid 
if по hardener is used than if a potassium alum hardening fixing 
bath is used, although chrome alum hardening has little effect. 

Washing of prints is slower than the washing of negatives, be- 
cause the paper fibres offer much resistance to the removal of the 
adsorbed silver-hypo complexes, It is very difficult to remove the 
list traces of hypo from paper by washing, and if in the interest 
of permanence the last traces must be eliminated, recourse must 
be had to chemical agents. Alkaline solutions will assist the re- 
moval, but it is preferable to use hypo eliminators that convert 
the last traces of hypo to sulfate. An effective solution contains 
hydrogen peroxide and ammonia. Various solutions of salts have 
been marketed as rinses for use between fixing and washing to ac- 
celerate removal of the fixing salts. 

If negatives and prints are to be preserved for a long time, they 
must be thoroughly fixed and washed. On the other hand, where 
long life is not required, but results of fair stability must be ob- 
tained in а short time, "stabilization" may be used. Stabilizing 
agents produce complexes with the undeveloped silver halides in 
the negative or print that are relatively inert to heat, light, and 
humidity. Washing is avoided. 

Drying —After washing, negatives are usually dried in moving, 
warm air, after surface moisture is removed by blotting, wiping, 
ot squeegeeing. Prints on paper can be dried at higher tempera- 
tures, and in large-scale photofinishing this is usually done on 
teated revolving metal drums, which may also give gloss to the 
Mints if they are put emulsion side to the polished metal surface. 

Reduction and Intensification—*Reduction” in photography 
tefers to methods of decreasing the density of an image by chemi- 
us, while “intensification” involves processes for increasing 

y. 

ишет аге oxidizers in the chemical sense, and they convert 
it е ү the silver into a soluble compound form. They are divided 
Т ree classes according to the way in which they affect density 
therefore contrast: (1) Subtractive or cutting reducers remove 
күн amounts of silver from all densities. The proportion of 
M КЫА is thus greater the lower the density, and the effect 
Ps E increasing image contrast. (2) Proportional or true- 
ie lucers remove silver in proportion to the amount рдЬ 
i RE lucing the contrast of the negative. (3) puperpropor one 
ERIE remove a greater proportion of silver from the higher 
act es than from the lower, thus reducing the highlights without 
i ng the shadow detail. Typical reducers are: of the first 
i Potassium ferricyanide and hypo; of the second, acid potas- 
nbermanganate; and of the third, acid persulfates. — $ 
NE Dsifiers increase the density of the image by Nepos cni 
tonin dec such as chromium, silver, or mercury on it, or by 
liil i | They may be divided into three classes: а) rper 
the chy ensifiers are the most common type. Best ere 

solu ium intensifier, in which the silver image is bleaches 
in won of bichromate and hydrochloric acid and redeveloped 
soi Hhydroquinone; the silver intensifier, in which урды 

lite S On the image from a solution containing silver ee е, 
in which 20, and Metol; and Monckhoven's mercury ae aed 
Stm bro the image is bleached with mercuric chloride and pots à 

mide and then blackened with silver nitrate in cyanide 


solution. (2) Superproportional intensifiers have a solvent or 
other inhibiting action that tends to prevent increase in the lower 
densities. Examples are the Monckhoven intensifier with a slight 
excess of cyanide in the redeveloper, or a mercury bromide bleach 
with a sodium sulfide redeveloper. (3) Subproportional intensi- 
fiers do not fully intensify the intermediate and higher densities. 
Typical are the toner containing uranium nitrate and potassium 
ferricyanide, and the chromium intensifier in which bleaching or 
redevelopment is incomplete. An effective intensifier that gives 
the greatest known degree of intensification of very weak images 
on fast negative films contains quinone and hypo. 

Toning.—The colour of the photographic image can be modified 
by toning. The normal colour is black or gray, but by modifying 
the size of the silver particles by special development or other 
treatment, the colour can be changed, usually to brownish, olive 
green, blue, or purple. If fine-grain silver images tend to have a 
“warm” tone, they can frequently be made "cold" by adding cer- 
tain organic chemicals to the developer. 

Toning can be effected by a change in the chemical composition 
of the silver image, In the days of print-out papers, it was custom- 
ary to replace the silver of the image with gold by using a bath 
containing gold chloride and thiocyanate, and modern printing pa- 
pers can be toned to brown by gold solutions. 

Brown, purplish, and reddish tones may be obtained by convert- 
ing the silver into silver sulfide, selenide, or telluride. Sulfide ton- 
ing may be direct, in which case the photograph is converted by 
direct bathing in a solution containing colloidal sulfur or polysul- 
fide, or indirectly, in which case it is first bleached to silver chloride 
or bromide, which is then acted upon by sodium sulfide solution. 
Selenium or tellurium dissolved in sulfite or sulfide will tone di- 
rectly, or the indirect method may be used. 

Many coloured metallic salts will be precipitated by the silver 
image and tone it, In conjunction with ferricyanide, copper and 
uranium salts give red and brown tones, and iron compounds give 
blue. 

Dye images may be obtained by the methods of coupler devel- 
opment used in colour photography, in which an image of silver 
halide (obtained by bleaching a silver image if necessary) is de- 
veloped with the special developer in presence of a coupler (see 
Colour Photography, above). They may also be formed by the 
methods of dye toning in which the silver image is converted into 
a mordant, such as silver iodide, silver ferrocyanide, or a mixture 
of silver and uranium ferrocyanides, to which the dyes attach 
themselves. 

4. Sensitometry.—Sensitometry strictly refers to the measure- 
ment of the sensitivity of photographic materials, but in practice it 
includes the measurement of all the factors that go into the making 
of a photographic image. The first quantitative measurements 
of the action of light on photographic materials were made by 
W. de W. Abney in 1874. He measured the transparency of the 
image and demonstrated that within limits it varied inyersely as 
the logarithm of the exposure. 

Tn 1890 Е. Hurter and V. C. Driffield published a paper, “Photo- 
Chemical Investigations and a New Method of Determination of 
the Sensitiveness of Photographic Plates," which laid the founda- 
tions of modern sensitometry. They studied the relation between 
exposure, development, and the silver deposit resulting and defined 
density, D, as the logarithm of the opacity, O, which was defined 
as the reciprocal of the transparency, T. Thus, if a light of in- 
tensity Z falls on a photographic deposit, and J’ is transmitted, 
then 
T = 7/1; 0 = ШТ = ШІ and density D = log T/T’ or —log I/I 


The following table shows the relation between a few values of 
transparency, opacity, and density: 


Transparency Opacity Density 
P 2 0.301 
4 0.602 
8 0.903 
10 1.0 
a 100 20 
m 1,000 3.0 


964 

It was once thought that there was a fairly strict relation be- 
tween density and the amount of silver per unit area—the photo- 
metric equivalent—a density of 1.0 being given by 0.1 mg. of silver 
per sq.cm. of area, The reciprocal of the photometric equivalent 
is called the covering power. The covering power varies greatly 
with the nature of the development, the emulsion, and the degree 
of hardening of the gelatin, and perhaps other factors. 

The relationship between density and the logarithm of exposure 
was first shown by Hurter and Driffield in what they called the 
characteristic curve. As the light source they adopted first the 
standard candle and later the pentane lamp. Exposures were made 
in an increasing series of steps in a sensitometer using a rotating 
disk in which successively in- 
creasing angular apertures had 
been cut, and the density of the 
final plates was measured in a 
visual photometer. This curve is 
the basis of modern sensitometry. 
(See fig. 5.) 

The characteristic curve has 
three fairly well-defined portions: 
(1) a straight line (B to C); (2) 
a "toe" (A to B); and (3) a 
“shoulder” (C to D). 

The chief use of the charac- 
teristic curve is in determining 
the sensitivity or speed of a film, 
plate, or paper; the contrast; the latitude of exposure; and the 
manner in which tones will be reproduced. The curve must 
be made under carefully controlled conditions involving: a source 
of light giving radiation of known intensity and spectral qual- 
ity; a modulator by which a series of graded exposures of known 
values are produced; standard development conditions; a means 
of accurately measuring density; and a method of interpreting the 
results. 

Many light sources have been proposed, but that adopted inter- 
nationally in 1928 was a tungsten filament electric lamp operated 
at a colour temperature of 2,360? K and screened with a filter 

(Davis-Gibson) of specified composition to give light having ap- 
proximately the spectral quality of mean noon sunlight in Wash- 
ington (5,400? K). For special purposes appropriate light sources 
must be used to match the conditions of practical exposure; for 
instance, arc lamps for graphic arts products, high-intensity elec- 
tronic flash lamps or flashbulbs for flash exposures, and infrared 
sources for infrared photography. 

The light source and the exposure modulator constitute the 
sensitometer. Exposures are made on a strip of the material either 
in a continuously increasing manner or, more frequently, as a series 
ofsteps. The change in exposure through the series may be made 
by changing the intensity of light or the time of exposure, and 
sensitometers are therefore either intensity-scale or time-scale 
instruments. A typical intensity-scale sensitometer is a step tablet 
or optical wedge consisting of a series of areas having precisely 
known light transmissions, or a continuously graded transmission. 
A typical time-scale sensitometer consists of a series of slots of 
known lengths, cut in a plate that falls past or is rotated in front 
of the material being exposed. 

The exposure may be intermittent, i.e., in a series of short times 
that add up to the desired total time, or continuous. The early 
sector-wheel sensitometers gave intermittent exposures, for they 
were rapidly rotated in front of the material. Continuous expo- 
sures are preferred, however, because the photographic material 
does not add up the separate short exposures properly for normal 
frequency of intermittency. This is the so-called intermittency 
effect. Above a critical high frequency, however, the effect is that 
of a continuous exposure. 

The best sensitometers should be of the continuous-exposure 
intensity-scale type, and the exposure time should be roughly 
equal to the time that would be given the material in use. 

The exposed strips are developed in a standard developer, or 
in the developer recommended for use with the particular mate- 
rial, for the desired time, at a standard temperature, usually 68° F 


BY COURTESY OF KODAK RESEARCH LABORA- 
TORIES 

FIG. 5,—CHARACTERISTIC CURVE OF 
AN EMULSION 
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(20° C), and under conditions of agitation that will ensure wi 
formity and reproducibility. 
Density is measured in a densitometer, and in accordance w 
the definition established by Hurter and Driffield. The early í 
sitometers were of the optical-bench type using the inverse $ єл 
law, but in later instruments the intensity was controlled by 
larizing devices, as in the Martens photometer, or by vari 
apertures. Some densitometers are comparators in which 
density is compared with one that has already been calibrated 
another instrument. Many instruments use photoelectric cells й 
place of the eye for the measurement. A number of instrument. 
are in use in which the characteristic curve is automatically traced, 
and for colour films there are densitometers that trace the curve 
Íor the three component colours. 

When light passes through a developed film or plate, some oio 
is scattered or diffused, while some passes straight through and is 
said to be specular. If all the light, diffused and specular, that 
passes through is collected and used in the measurement, the den- 
sity obtained is called the diffuse density. If only the light passing 
directly through is measured, the density is said to be specular, 
The diffuse density is lower and is related to the other by Calliers 
Q factor, which varies as the density is varied and also depends on 
the gamma (slope of line BC) and the type of emulsion, The - 
value of Q may range from 1 to almost 2. Most densitometers 
have a diffusing glass in contact with the film or plate and the — 
readings are of diffuse density. The most satisfactory and тер _ 
ducible diffusing medium is an integrating sphere. | 

Developed materials generally show a very slight density (ië, 
fog) in parts that have not been exposed. Some fog is inherent 
in the emulsion, and some is caused by the development conditions 
and increases with time in the developer. Any density read also 
includes that caused by fog as well as the film support. In order 
to find the density caused by the exposure alone, it is customary 
to measure the density caused by fog and the support on an unet- 
posed area and correct for it. 

Tn the case of paper prints the densities must be measured by 
reflected light, and the definition of reflection density is analogous. 
to that for transmission density.. If Dp is the reflection density, 
and R is the ratio of light reflected by the paper to the light rt 
flected by the image on it, 


Dn = log 1/R 


Characteristic curves are drawn by plotting the densities M 
the logarithms of the exposures (E) that produced them (see 
5). If the straight line BC in the figure is extended to meet 
exposure axis, it cuts it at a point i, which Hurter and Je is of 
called the inertia, and at an angle designated as æ. ‘This er i 
great importance; and its tangent, that is, the slope of ви 
BC, was called by Hurter and Driffield gamma (the Ta t, 
ү). It is frequently used аз a means of expressing ues tion 
it must be realized that it refers only to the straight-line p? 
of the curve. e (BC) 

The projection of the straight-line portion of the ptr 
onto the exposure axis, at the points b and c, is called tl cat 
and is expressed in log E, or exposure, units. It oer 
exposure range over which there is strict proportionality on 
density and log exposure. The total scale of @ m e 
other hand, represented roughly by the distance à to ribi В 
E axis of fig. 5, denotes the whole exposure range Чы subje 
the material can represent a brightness difference In ve 
by a density difference in the negative: In most nega у 
rials the total scale is much larger than the brightness 
most scenes, 

As the time of development increases, the slope 
teristic curve increases. Hurter and Driffield foun 0 
bromide-free developer, the inertia points for curves - wasi 
development times coincided. In other words, inerta КОШ 
pendent of development time and was therefore 4 MEET st 
constant. Hurter and Driffield, therefore, used tbe н. an p 
basis for a method of expressing speed. So-called Es ponit 
speeds" were obtained by dividing the exposure CÓ". igi 
to the inertia point into 34, a value that was arrived ® 
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ater, other people used other numerators, and the inertia method 
used for many years. Unfortunately, it does not hold that 
with all emulsions and developers the straight-line parts of the 
curves. will intersect at the inertia, and the inertia method has 
fallen into disfavour- dcs Я 

Some methods proposed for estimating speeds relied on esti- 
mating the exposure that corresponded to a just perceptible den- 
giy—the threshold density. Such methods included those that 
wed the Eder-Hecht wedge and the Scheiner method using a ro- 
tating sector wheel. А modification of the threshold method was 
the German DIN (Deutsche Industrie Norm) system, in which 
the speed was derived from the exposure required to give a density 
sf 0.1 higher than the fog, development being carried to an ex- 
tent that gave the highest speed figure. This particular require- 
ment was later dropped, fixed development conditions being used. 

The idea that speed systems should be based upon a gradient 
inthe underexposure part of the curve, rather than upon a single 
point or density, was proposed by R. Luther and later was devel- 
oped by L. A. Jones. It was applied first for Kodak speeds and 
kter was adopted by the British and Americans as standard. In 
llis system, it is assumed that negative film speed should be based 
«n the least exposure to give a negative from which prints of ex- 
cellent quality could be made. 
On the basis of a statistical study 
of print quality, the standard for 
measuring speeds was selected, 
bused on the exposure, Æ, in the 
toe of the characteristic curve 
where the gradient is 0.3 of the 
erage gradient over a log ex- 


posure range of 1.5. (See fig. S 


6) Speed = 1/E. 

To determine camera settings 
for pictorial photography, “ex- 
posure indexes" equal to + E were 


Im Т 

Éosi LOG EXPOSURE 

BY COURTESY OF KODAK RESEARCH LABORA- 
TORIES 

FIG, 6,—ESTIMATION OF FILM SPEED 
BY FRACTIONAL GRADIENT METHOD 


wed instead of speed. A safety 
factor was incorporated in these exposure indexes for black-and- 
Wile negative materials, and when those film ratings were used 
With most exposure meters a factor of 24 was effective. It later 
‘ws realized that in practice the extra-high exposure provided by 
Ise of these indexes was a disadvantage from some points of view 
‘nd strong arguments were produced to reduce or eliminate the 
‘ulety factor, which was effective when the indexes were used in 
junction with exposure meters calibrated according to the US. 
"абага. Much evidence was also produced to show that a fixed 
‘isity-above-fog criterion for measuring speed correlated well 
m fractional gradient speed when development was controlled 
that a fixed average gradient was obtained. 2d 
0 oh above factors had an important effect on the 1960 revision 
ina jp American standard method for determining speed of photo- 
phic negative materials. 
kill method used for determining speed in the revised standard 
\strated in fig, 7. In this figure, the point M is located at a 
Чу of 0.1 above fog-plus-base density on the density-log ex- 
the curve, The point N lies 1.3 log exposure units from M n 
is lun of greater exposure. То fulfill the requirements 0 
c алдага, the developing time in the standard developer must 
йу sen so that the point N lies at a density 0.8 above the den- 
àt point M, When this condition is satisfied, the exposure 
X E,, (expressed in meter-candle- 
seconds) corresponding 2 an 
M represents the sensitome 
саб, from which ASA 
(American Standards Associa- 
tion) speed is computed by use 


of the formula: 
а 08 
speed = p 


m 
T 
PEER MULA FOR DETERMIN- 
E 


It has already been mentioned 
that as development time 15 1m- 
creased, the slope of the charac- 


ш. 

к 

LS A OF FILM FOLLOWING THE 
ISION (see TEXT) 
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teristic curve, or the gamma, in- 
creases. A typical series of 
curves is shown in fig. 8. Ulti- 
mately, further increase in devel- 
opment time results in no further 
increase in contrast, and the 
maximum obtainable is known as 
gamma infinity (Ys). If gamma 
is plotted against time of devel- 
opment, a rate-of-development 
curve or a time-gamma curve is 
obtained similar to that in fig. 9. 
The curve describes the rate of 
change of development with time, 
showing that it increases rapidly 
at first and then at a slower rate until it reaches a limit. The 
limit reached depends on the developer and on the emulsion, being 
lowest for the high-speed materials and highest for the very slow 
materials such as those used for photomechanical reproduction. 

The sensitometric characteristics of printing papers can be de- 
scribed by a series of figures parallel to those used for negatives, 
and derived from characteristic curves obtained by plotting re- 
flection densities against the logarithms of the exposures, The 
most important constants of a paper are the exposure scale, which 
is determined by limiting exposures in the high and low density 
regions of the curve, the density scale, which is the difference be- 
tween the densities corresponding to these two limiting exposures; 
and the useful maximum density, which is the density correspond- 
ing to the upper limiting exposure. Speed values of photographic 
papers have been based on a gradient in the high density part of 
the curve, but speeds or "printing indexes" based on a fixed density 
of 0.6 are often used. 

The contrast of a printing paper is a difficult thing to define, 
since it involves both psychological and physical considerations, 
but it has been expressed in terms of sensitometric characteristics. 

Increasing the development time of papers mainly increases the 
effective speed in the case of chloride and chlorobromide papers, 
since gamma infinity is reached very rapidly, but with bromide pa- 
pers increased development increases both average gradient and 
speed. 

An important factor is the failure of the reciprocity law. The 
law itself, first enunciated for 
photochemical reactions, stated 
that the result of the action of 
light depends on the product of 
the light intensity (Z) and the 
time of action (£), and not on the 
individual values of either. Abney 
found that it does not always hold o 
in the case of photography that 
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BY COURTESY OF KODAK RESEARCH LABORA- 
TORIES 


FIG. 8.—CHARACTERISTIC CURVES 
OF FILM FOR FOUR TIMES OF DE- 
VELOPMENT. THE TIMES INCREASE 
IN THE ORDER 1, 2, 3, 4 


5 15 20 25 30 
TIME IN MINUTES 
BY COURTESY OF KODAK RESEARCH LABORA: 


the density resulting from an ex- 
posure E is independent of the 
absolute values of 7 and f, where 
E = It. In many cases if / is 


TORIES 
FIG. 9,—CURVE SHOWING INCREASE 
OF GAMMA WITH TIME OF DEVELOP- 
MENT 


very high or very low the result- 

ing density is less than that normally obtained for the same value of 
It. The reciprocity failure varies greatly with the nature of the 
emulsion, but there are no definite rules by which it can be related 
to other attributes of the emulsion, such as speed, grain size, or 
spectral sensitivity. The failure is of special significance where 
very long exposures at very low intensities are involved, as in 
astronomical photography, or where very short, bright flashes are 
given. Closely related is the intermittency effect, in which the 
density given by a continuous exposure may be different from that 
given by the same total exposure made in a number of discrete in- 
stallments. Its extent for a particular emulsion depends on the 
intensity level and the rate of interruption. 

A very high-intensity exposure of short duration may desensitize 
an emulsion to a second lower-intensity exposure, a phenomenon 
known as the Clayden effect. In the case of many photographic 
materials, prolonged exposure may result in solarization, in which, 
after the maximum density in the negative has been obtained, fur- 
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ther exposure gives a lowering of density, so that a positive, rather 
than a negative, image may result. Solarization is markedly in- 
fluenced by the composition of the developer, and by the presence 
of halogen acceptors during exposure. In a phenomenon called 
the Herschel effect, the effect of exposure of certain emulsions to 
blue light may be erased by subsequent exposure to red or infrared 
radiation before development. 

Many factors determine the ability of a photograph to reproduce 
fine detail, and the most important are resolving power, graininess, 
sharpness, and acutance. Resolving power refers to the ability of 
an emulsion to separate fine detail; it is usually measured by photo- 
graphing a parallel-line test object at great reduction and ex- 
pressing the result in terms of lines per millimetre that are just 
recognizable separately. The values may range from below 50 to 
1,000, although in the case of most negative films the image would 
resolve up to about 150 lines. Values depend on the type of emul- 
sion, the contrast of the subject, the density of the negative, the 
colour of the light, the developer, and other factors. 

Photographs usually have a nonhomogeneous, “grainy” appear- 
ance, If it is not directly visible, it usually is seen under magni- 
fication. The appearance is known as graininess and the objective 
aspect of it is called granularity. Emulsions of high sensitivity 
generally show more graininess than slower emulsions, and develop- 
ment and density have marked effects. Makers of emulsions are 
constantly striving to increase the speed/graininess ratio; Że., to 
get higher speed without correspondingly coarser grain. Graini- 
ness in prints increases as density of the negative increases. 

Definition in a photograph is also dependent on the sharpness 
of the image; that is, on the appearance of the edges of well-re- 
solved detail. Theoretically, if a film is exposed partly covered 
by an object having a sharp edge, such as a knife blade, develop- 
ment should produce an abrupt change from density to no density 
at the edge. In practice, however, the developed image is shaded 
at the edge, to an extent depending on the development, the agita- 
tion during development, and the turbidity of the emulsion. It 
is difficult to ascribe numerical values to sharpness, so the objective 
aspect of acutance has been worked out to describe by numbers 
the change in density at the boundary of a knife-edge image. The 
values agree with sharpness judgments made by observers. 

The simplest emulsions respond only to ultraviolet, violet, and 
blue light, but by dye sensitizing they can be made to respond to 
other wavelengths. In measuring the spectral sensitivity of an 
emulsion it is customary to trace the curve showing its response 
to different wavelengths of a source of a particular spectral qual- 
ity, or to an ideal source in which the energy is assumed to be 
the same at all wavelengths. The response to a particular source, 
such as a tungsten filament lamp, is frequently measured in a 
wedge spectrograph. This is a spectrograph having an optical 
wedge over the slit so that the photograph of the spectrum ob- 
tained will vary in height at any wavelength according to the 
response of the material to the light source at that wavelength. 
For equal-energy spectral sensitivity measurements, characteristic 
curves of the material are made for a series of narrow wavelength 
bands isolated in a spectroscope, and from the curves the sensi- 
tivity values for equal energies at all wavelengths are deduced 
and plotted against the wavelengths. 

5. Tone Reproduction.—The basic problem of photography is 
to make a reproduction that will produce in the mind of the ob- 
server the sensations that were produced by viewing the original 
scene. At least, it is important to represent satisfactorily the 
brightness aspects of the original on a paper surface. There are 
two major aspects of the problem. One of these is the objective 
phase, in which by physical methods it is possible to determine the 
fidelity with which the brightness and brightness differences in the 
original subject are rendered in the reproduction. On the other 
hand, the faithfulness with which the appearance of the original 
is reproduced involves psychological factors; and this is the sub- 
jective phase of the problem. 

The quality of the reproduction of tone obtained in a two-stage 
negative-positive process depends on a variety of factors, includ- 

ing the intensity of the light from the subject; flare light in the 
camera; the spectral sensitivity, exposure, development, and shape 
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of the characteristic curve of the negative material: the by, 
printer or enlarger and flare light in the enlarger; the ^ 
development, shape of the curve, and kind of Positive print ш 
terial; and the method of viewing the final Photograph, The tons 
reproduction problem has engaged the attention of many Me 
graphic workers, and complete studies have been made, mainh by 
L. A. Jones. y 


VI. PHOTOGRAPHIC MANUFACTURE 


Before the introduction of the dry plate, photographers made 
their own materials. In 1873 there appeared in England the first 
advertisement for a gelatin emulsion ready for use, and the first | 
coated plates were placed on the market in England, In jg) 
George Eastman marketed plates in the U.S. and manufacture 
began on the continent of Europe. 

The manufacture of photographic materials is now a very large 
industry, and the distribution of its products is one of the worlds 
big businesses, Until 1900 small factories under the control of. 
their founders produced most of the sensitive products, but mod: 
ern manufacture is largely organized in factories operating on a big 
scale. : 

The chief photographic sensitive materials are plates, films, 
and papers, and in each case three main manufacturing operations 
are involved—preparation of the base or support, manufacture of 
the sensitive emulsion, and coating of the emulsion on the sup- 
port. In addition, there is the cutting to shape and the packing, 

1. Preparation of Glass Plates.— The support of plates is 
glass sheets that are selected for reasonable optical flatness and 
freedom from blemishes. The sheet is cleaned by brushing in 
alkaline solutions in special machines and is then coated witha 
substratum, e.g, a weak solution of gelatin containing chrome 
alum, which will cause the gelatin emulsion to adhere to the glass. 
It is then dried, examined to reject defective sheets, and pts 
to the coating room, The thickness of glass for plates increasts 
with the size, and ranges from about 0.05 to 0.125 in. _ 

2. Film Support.—Film support, or film base, consists of à 
thin, flexible, transparent sheet. It was first made of cellulose 
nitrate, which was flammable and provided a hazard in storage 
and use. Since the early years of the 20th century, resear | 
been conducted to find a slow-burning substitute, and cellis 
acetate came into commercial use in the 1920s for narrow-gauge 
motion-picture film, X-ray film, and some professional ues 
1937, the Eastman Kodak Company introduced an pr 
"safety" base of cellulose acetate propionate, and in 1948 Ld 
support of high acetyl content approaching cellulose ud and 
introduced. By 1950, all Kodak film was on safety suppor ^, 
other manufacturers followed. Other polymeric mater al st | 
to be used as film supports, particularly where dimension 
bility was needed for mapping and graphic arts pumps ), poly 
these were polyvinylchloride and copolymers (Vinylite ‘elated 
styrene, polycarbonate, and polyesters, particularly bo i 
to compounds prepared írom ethylene glycol and € | 
terephthalic acid (Estar, Cronar). s of 

Film base usually ranges in thickness from 34 thous 
an inch for roll film, through 54 thousandths for motion: 
film, to 7 to 8 thousandths for sheet and X-ray film. g solution 
made from cellulose esters is coated as a layer of er in 
called dope onto a continuously moving smooth sur! vapor 
form of a large wheel or a belt on which it sets by p dried: 
of the solvents, and from which it is stripped. сше jbility 
In addition to the solvents, plasticizers are added to esi 
to the final film, and for special films dyes or white diffu: + " 
may be added. Some of the later supports are ma е 


and of 
rather than by coating from solvents, and are mee be appli 
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М sly inr 
support is usually made 42 to 60 in. wide and continu machin 
cut to lengths of about 2,000 ft. In Europe, WES 262. 
rather than wheels are used, the width is usually а 


з Paper Base.—Photographic paper base is generally made in 
mills that specialize in its manufacture from rag stock or specially 
refined wood pulp. The methods of manufacture are similar in 

eral to those used for other papers, but extreme care is taken 
to exclude traces of impurities, especially of metals such as cop- 

rand iron from the paper stock. The composition of the paper 
ind its treatment vary according to the purpose for which it is 
tobe used, It is appropriately sized, and it must have high wet 
strength, for it has to undergo much handling while soaked with 
vater and alkaline and acid solutions. Some papers are specially 
treated to lower the tendency to absorb water, 

Before it is coated with emulsion, photographic paper is usually 
coated with baryta, i.e., a suspension of barium sulfate in gelatin 
is coated over the surface; and if a high gloss or other special sur- 
face characteristics are needed, the paper may be calendered after 
coating with baryta. 

4, Emulsions.—Emulsions are of three main types: for neg- 
уез, for positive printing materials, and for colour photography. 
Negative emulsions consist of suspensions in gelatin of silver 
bromide containing a small amount of silver iodide. The emul- 
sions for printing papers may also consist of silver bromide in 
gelatin, but usually printing paper emulsions consist of silver chlo- 
ride or a chloride and bromide mixture in gelatin. 

In making negative emulsions, silver nitrate is run into a solu- 
tion of potassium bromide containing a small percentage of potas- 
sium iodide, and a low percentage of gelatin. The temperature, 
ще of addition, and stirring are controlled, and the mixture is 
tipened in the presence of excess bromide at an elevated tempera- 
lure, or of ammonia at a lower temperature, until the silver halide 
tystals have attained the required size and size distribution. 
More gelatin is then added, the emulsion is set to a jelly by cooling, 
cut into shreds, and the shreds washed in cold water. The washed 
emulsion is then melted again, more gelatin is added if necessary, 
and the whole is digested by maintaining it at a moderate tempera- 
Ше; during this digesting period contrast and speed are built up. 
Sensitizing dyes are added if required, and finally special additions 
Sg to preserve the emulsion, to keep down fog, and to aid in 

ng, 

In making paper emulsions, chloride or a mixture of chloride 
and bromide are most used, most of the gelatin is added before 
ecipitation, and the emulsion is not washed. Some of the high- 
ay bromide papers used for enlarging are made with washed 
saga similar to those made for slow negatives or for motion- 

te positive film or lantern slides. 

lere is one type of paper which is now used for making proofs 
ied Printing-out the image in sunlight or mercury light, 
i eae unwashed, and in which the silver salts are a mixture 
En e and citrate, A similar paper is made for use in trace- 

ng instruments using galvanometers. €: 

cita paper emulsions are made to give direct positives from 
бу original subjects, using special photographic effects, and 
М pes àre made, particularly for the documentary тск 
їн Which the developing agent is incorporated in the emul- 


EO ating.—Plates are coated with emulsion by passing the 
belt, u and prepared glass sheets, held on a horizontally moving 
Er à device that permits the melted emulsion to spread 
Movin, + Im layer on the glass. The coated plates pass to a cold 
af x elt or set of rollers where the gelatin sets, and at the end 
| ven] m achine they are placed on racks! and dried slowly and 
ay ы M cabinets. When dry, they are cut to the required sizes 
ean with specially prepared interleaving paper in boxes Шо 

t the tack Д the etimes a special antihalation coating is appe 

of the glass. 

Mos phe Variety of plates in a wide range of sizes is made. For 
ш ati Lography ‚ sheet film has replaced glass plates, but plates 
icrogr, used in the graphic arts, and for lantern slides, рашк 

жй, and in a great range of speeds, contrasts, and spectr: 
ibn 165 for astronomy and spectroscopy. н 
Erol at Paper may be coated on the same type of machine. 
led оу of support, usually 42 in. wide and about 2,000 ft. long, is 
êr à series of rollers and into a coating trough or other 
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device where a layer of emulsion is applied to it, the thickness de- 
pending on the temperature, viscosity, and rate of travel. The 
coated base passes into a vertical runup, where the emulsion coat- 
ing evens itself out, over a chill roll and finally into a cold 
chamber, where the emulsion is thoroughly set. The film or paper 
is then automatically looped into festoons varying from 5 to 20 
ft. in length or carried flat, and is then moved slowly through 
drying tunnels supplied with cleaned air of adjusted temperature 
and relative humidity, The dried film or paper is continuously 
reeled up into rolls of appropriate length and is then sent to the 
finishing departments. 

In the case of many films, the back is coated with a layer con- 
taining dyes, which are destroyed or removed in processing, to 
prevent halation and sometimes to prevent curl. Special coatings 
may be applied over the emulsion in films and papers to prevent 
scratching. Some motion-picture films are coated on a support 
carrying a nonremovable dye to reduce halation. 

In films for colour photography, many separate coatings may 
have to be applied; for instance, there may be three emulsions 
responding to blue, green, and red, with separating or filter coatings 
between them, and in addition antihalation coatings on the back. 

Motion-picture film is slit from the roll in 35-, 16-, or 8-mm. 
width and is perforated for camera or projector use with standard 
perforations. It is edge-printed with the maker’s name and other 
marks in such a way that they become visible on development, 
and footage numbers are printed in the case of 35-mm. negative 
film to aid in editing. Professional motion-picture film is packed 
in a variety of lengths, but mostly in 100-, 200-, 400-, and 1,000-ft. 
lengths, The 16- and 8-mm. film is generally wound on metal 
spools, provided with leader for daylight loading, or placed in 
special magazines, Thirty-five-millimetre film for miniature cam- 
eras is spooled in special cassettes in lengths for 20 or 36 expo- 
sures. 

Roll films are slit from the full coated rolls in the required 
widths and lengths, usually for 6, 8, or 12 exposures, and wound 
on metal spools with light-impermeable backing paper so that they 
may be handled in daylight. Sheet films are cut in sizes compara- 
ble with plates and packed in a similar manner. For X-ray photog- 
raphy, film is usually coated on both sides with emulsion, and in- 
dividual sheets are put into special light-tight envelopes. 

Photographic paper is cut from the roll into sheets, which are 
stacked and cut to the desired sizes, wrapped in black paper, and 
boxed. 

All plates, films, and papers are inspected at various stages dur- 
ing manufacture to ensure the minimum of defects, and all wrap- 
ping and packaging materials are carefully selected so that they 
will not have any adverse effect on the emulsion. For the tropics, 
special packaging methods are used to prevent moisture from en- 
tering the containers. 


ҮП. APPARATUS 


The most important piece of photographic apparatus is the 
camera, in which the photograph is made. Next is the equipment 
for printing, enlarging, and viewing. The other important items 
are the apparatus for lighting the subject and for handling the 
material in processing. There are large numbers of accessory 
apparatus. Of these may be mentioned the supports for the 
camera, filters, range finders, exposure meters, the special equip- 
ment for darkrooms, and the devices for storing photographs. 
Lenses are dealt with later in this article, For detailed discus- 
sion of the historical development of photographic equipment, 
the reader should refer to some of the works listed in the bibliog- 
raphy of this article. 

1. Cameras.—A camera consists of an image-forming device, 
which is a lens; a shutter that permits light to enter the camera 
for a desired time; a holder for the material on which the photo- 
graph is to be made; a light-tight enclosure that carries the lens 
and material holder in their proper positions and excludes all light 
except that passing through the lens; and a finder to show what is 
being photographed. 

The first commercially available cameras for photography were 
made by Alphonse Giroux in Paris for Daguerre in 1839. They 
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consisted of two wooden boxes sliding one in the other for focus- 
ing, a Chevalier simple achromatic lens, a pivoted metal cover to 
act as shutter, a ground-glass back for focusing, and a holder 
for the plates. Other models of cameras were quickly introduced, 
and the tripod was used in 1839 by Baron P. A. Séguier, who 
also introduced the collapsible bellows to make the camera more 
portable. To the same end, Peter Voigtlander made a camera 
conical in shape. The first panoramic camera was invented by F. 
von Martens in 1845. 

Talbot used simple cameras with telescopic boxes, and the con- 
struction was not much changed in the 1850s when the wet col- 
lodion process was introduced, except that special holders were 
used for wet plates and the bellows was in common use, Wet 
plate cameras ranged in size from miniatures taking plates about 
one inch square, to those taking very large plates of glass. 

With the advent of the dry plates there was a demand for 
more portable cameras, since photography had become easier for 
the general public. Plates for these were loaded into special single 
or double holders for use in the backs of the cameras. Sometimes 
12 plates could be loaded in the back, a special device being pro- 
vided for dropping them in the bottom of the camera after ex- 
posure, or magazines containing a number of plates could be used 
in the position of a single plateholder. 

When paper roll film was introduced by Eastman in 1885, it 
was loaded into roll holders that fitted on camera backs in place 
of the plateholders. In 1888 the Eastman Company introduced 
the Kodak, which was a simple box camera containing a 100-ex- 
posure roll of stripping film. This marked the introduction of 
modern amateur photography with roll film and the small hand 
camera. In 1889 the first transparent flexible roll film was mar- 
keted and many lightweight box and folding cameras were intro- 
duced for use with this type of film. In 1894 the roll film was 
packed with a roll of black paper to permit loading and unloading 
in daylight, and small cameras in box and folding form became 
popular. The first pocket Kodak was introduced in 1895 and the 
first of the collapsible cameras, the Folding Pocket Kodak, in 
1898, The small, inexpensive Brownie camera, originally intended 
for use by children, appeared in 1900. Later, sheet film instead 
of plates began to be popular in certain cameras of the plate type 
and the film pack was also introduced to provide a convenient 
magazine of thin sheet films for this type of apparatus. 

Large studio portrait cameras were introduced in the wet col- 
lodion days. They had long-focus lenses and from them were 
derived the later studio cameras using dry plates and sheet film. 
Sturdy stands were used; they were adjustable for height and in- 
clination and were equipped with casters to permit moving easily. 
The cameras were generally of the square bellows type, with means 
for rapidly focusing by rack and pinion movements and with rising 
and falling fronts designed to carry heavy lenses. 

The so-called field cameras were mainly intended for use out- 
doors on a tripod, for large groups, genre studies, landscape photo- 
graphs, and so on. The cameras were rigidly constructed and 
had long bellows, rising and falling fronts, and swing backs. Some 
had parallel instead of conical bellows, and they are still used in 
studios for copying and commercial photography. 

With improvement in plates and films and facilities for enlarge- 
ment, the use of large cameras tended to decrease. The small- 
sized pocket cameras increased in popularity, but there was de- 
veloped an important group known as hand-or-stand or view 
cameras. They used relatively small plates, sheet films, or film 
packs; they had ground-glass focusing as well as focusing scales; 
long-extension bellows; rising, cross, and swing movement for the 
front; swing, reversible, and revolving backs; and drop or swing- 
ing beds. They were the basic small cameras of great flexibility. 

Some small cameras were developed in the second half of the 
19th century as instantaneous hand cameras or detective cameras, 
and in general they used lenses of short focal length with good 
depth of focus. Even in the wet collodion days, some were small 
enough to fall into the class now known as miniature cameras. 
Some of them were of the "secret type, which could be concealed 
from the subject, e.g., in the hat, vest, or necktie, or had the form 

of some familiar object such as a book, satchel, or pair of binocu- 
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lars. Some cameras took the form of pistols o 
used very small plates. These were the forerunner 
miniature cameras. 2 
Early in the 20th century very small roll-film 
as the Vest Pocket Kodak, were introduced and in 
brought out the first still cameras using 35-mm, 
film. The vogue in miniature photography did 
the 1920s, however, being given a great boost by. 
of the Leica camera in 1924. This camera had b 
O. Barnack for testing motion-picture film, 
such cameras followed, and in general they used 
20- or 36-exposure cassettes and produced pici 
normal motion-picture frame size; i.e., 24 X 36m 
were characterized by compactness. They had 
lenses of short focal length, and some had fos 
and provision for interchanging lenses, coupled 
special viewfinders. Special processing, printing, 
equipment was made, films of fine grain permitted 
ment of the small negatives, and special colour films 
were made for use with the cameras. In fact, the it 
35-mm. colour film gave a great boost to miniature c 
raphy. In the 1950s many “subminiature” ca 
making use either of 16-mm. film or special film 
width. 1 
Many modern cameras for amateurs are rigid m 
from plastic; they have simple lenses of small а] 
shutters synchronized with an attached flash uni 
Instamatic camera, introduced in 1963, was loaded: 
cassette that required no threading of the film. 
Special cameras may be used for press phoi 
them being based on the German Goerz-Anschüi 
Panros, which were introduced at the start of tht 
The most such popular type in the United States 
Graphic. These cameras were designed for 
level and generally had focal-plane shutters, large fin 
rapid viewing, means for rapidly opening and focus 
in modern models, range finders and flash attachme 
In reflex cameras, it is possible to compose and fo 
to be photographed up to the moment of exposur 
three main forms. In that developed first (Sutton, 
1883), a mirror inside the camera reflects the image 
glass on top, which is viewed through a collapsil 
When the lever is pressed to make the exposure, 
urged out of the light path. The cameras usually 
shutters, and folding types have been made. 
called the twin-lens reflex camera, two similar cam 
fect used, one above the other. The upper Camera 
finder, while the lower carries the taking lens, shuti 
older forms of the twin-lens camera the gre! 
screen of the finder was in the rear, but in mode 
finder is used, a mirror reflecting the image of a 
on top. In the third form, a special prism 18, 
the photographer an erect, full-frame-size view. 
through the camera lens itself. When the expo 
sure on the shutter release first flips a lightwelgm 
the light path to the film. These cameras in gen! 
film and frequently allow the use of interch 
whether with focal-plane or behind-lens shutters. 
device whereby focusing is done at full lens 4 
shutter is released for exposure, the lens diaphr 
a predetermined value before the shutter opera 
For panoramic photography special cameras а 
the wide angles of view frequently involved. К 
graphs may be made with an ordinary camera by 
of pictures that are made to overlap slightly as & 
ing the camera about the nodal point of the lens. 
eras, the lens may be rotated about its optic 
curved film is scanned by a slit (Martens, 184 
camera may be rotated about the centre рош! 
film being moved to compensate for the image 0 
cameras are sometimes used for photographing 
people, or for wide landscape views. 
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Special cameras or attachments are used for stereoscopic photog- 
raphy. In principle, two photographs must be made from posi- 
tions corresponding to the positions of the two eyes of an ob- 
grver, and the prints must be viewed in such a manner that each 
eye sees only its appropriate view. Two successive views may 
te made from two camera positions, using a single-lens camera, 
hut the most-used cameras are equipped with two lenses to make 
two photographs simultaneously. Alternatively, a single-lens cam- 
ea may be provided with a beam splitter having two reflectors 

ced at about the interocular distance apart, thereby giving two 
adjacent photographs on the normal picture area. 

A great variety of cameras are made for special purposes, such 
as aerial photography, document copying, photographic survey, 
ballistic studies, photomicrography, metallography, oscillograph 
recording, medical studies, astronomy, and many other applica- 
tions, the design being suited to the special needs. 

2, Shutters and Diaphragms.—The exposure in a camera is 
made by a shutter that is opened and closed to permit light to pass 
through the lens. The earliest shutters were hinged or pivoted 
metal plates by which the front of the lens could be uncovered 
and covered by hand. These, and the removable lens cap, could 
be used only where the exposures were rather long. With faster 
plates and shorter exposure times quicker-acting shutters were 
needed, The simplest was the guillotine, or drop shutter, which 
tonsisted of a wooden or metal plate with a hole in it; it was al- 
lowed to drop freely or was urged by a spring or rubber band. 
In modifications of this, a second plate was provided to prevent 
light from passing through the lens while the shutter was being set, 
ortwo plates with holes moved in opposite directions, or the plates 
totated rather than slid in a straight path. Modifications of these 
tte used on some cameras. Varieties of the flap shutter consisted 
of one or two hinged flaps opening outward. The roller-blind 
shutter has a blind with a fixed slit aperture; it is mounted in a 
frame and used behind or before the lens. The blind can be wound 
so that when it is released the slit passes rapidly across the lens, 
the speed being varied by changing the tension. 

Most-used types of shutters are the focal-plane and diaphragm 
or between-lens shutters. In the focal-plane type, a roller blind 
‘used; it has a single adjustable slit or a series of slits of dif- 
ferent widths, one of which travels across the film to expose it. 

tension on the blind and the setting of the slit are adjusted 
tom outside the camera. The shutter operates just in front of 

 film—practically in the focal plane—and is capable of ex- 
Pures as short аѕ т іу sec. The common types of diaphragm, 
р ееп-1еп, shutters have their blades arranged near the 
phragm between the lens elements. They usually consist of 
pas or more thin blades that open out from and close into the 
“Ше of the lens. "They are made to give a range of exposure 
hain, i Some cases from 1 sec. to a nominal жї sec., in addition 
b in which the Shutter stays open as long as терете 
tease is x tyes in which the shutter is ~~ Клет 
Dressed ^ ssed and closed at any later time whei bal 
the b] ; Spring provides the motive power to open an close 
нд and the time the shutter remains open is controlled 
шер cally, or by gears and escapements. Still higher speeds 
i poe in a few lens shutters in which the blades, instead 
rag and closing, execute a continuous rotary movement. 
of light Tagms, or stops, are apertures that control the amount 
Т admitted through the lens. They are arranged in front 
lio vid or between the elements, depending on the lens ope 
mela а three main forms: Waterhouse stops, which consist of a 
the vie = carrying a single hole and can be inserted in a slot in 
Series B artel; rotating stops, which are circular plates. Senses 
brought holes of different diameters, any one of which. can 
it or, 100 Position in the lens; and iris diaphragms, which con- 
lata Series of overlapping leaves of metal associated with a 
i is ting to form an approximately circular aperture whose 

f a by turning the ring. 8 Hat 
Wl be inet nders. — Finders are important in that they show w n 

i a luded in the photograph. In cameras that have a ground- 
tite ag ‘Using screen, the screen can be used to compose the pic- 

Well as to focus it. In single-lens reflex cameras, in which 
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the camera lens is used as the finder, the picture can be exactly 
composed on the ground glass to which the image is reflected by 
a mirror, or by direct viewing by a combination of a mirror and 
a roof prism. Most finders, however, are auxiliary to the camera. 
They are usually mounted on the top or side of the camera body, 
and they view the subject from a slightly different angle than 
does the lens. The errors introduced by this separation are re- 
duced by putting the finder as close to the lens as possible, making 
the axes of the two intersect at about 15 ft. from the camera, and 
making the finder field smaller than the camera lens field. The 
errors will be apparent only in the case of very close subjects. 

Finders can be divided into two general classes—reflecting find- 
ers and direct-vision finders. The simplest reflecting finder was a 
small camera with a simple lens, a mirror, and a ground glass to 
which the image was reflected, reversed left to right. In the 
“brilliant” finders more commonly used, the ground glass was re- 
placed by a viewing lens. In twin-lens reflex cameras, the finder 
is essentially a duplicate of the camera, placed above it and having 
a mirror that reflects the image to a ground glass where it can be 
composed and focused, the focusing mechanism being connected 
with that of the camera lens so that when the finder is in focus 
the camera lens also is in focus. Direct-vision finders, which have 
largely superseded reflecting finders, are used close to the face. 
The simplest consists of a wire frame of the picture size mounted 
above the lens with a peep sight behind in the plane of the film. 
In a more compact form, the aperture of the front frame is re- 
duced in size and placed nearer the peep sight, the angle included 
being that of the camera lens. Direct-vision optical finders 
consist essentially of a reversed telescope, with a strong negative 
lens in front and a weak positive lens at the eye. 

4, Range Finders.—Range finders are used in photography to 
measure accurately the distance between the subject and the lens. 
They may be separate from or attached to the camera and are 
small versions of those originally designed for military use. They 
are of the split-field and coincidence types. In coupled range 
finders, the range finder is mechanically coupled to the camera lens 
so that when a distance is determined in the range finder, the 
camera lens is automatically focused for that distance. The field 
of the range finder sometimes forms part of the full field of the 
viewfinder, so that it is only necessary to look through one eye 
lens to focus and compose. 

5. Focusing Scales.—Cameras that do not rely on ground- 
glass focusing or coupled range finders are equipped with focusing 
scales. When the whole front of the camera moves in focusing, 
the scale is attached to the camera bed. If focusing is by rotating 
part of the lens, the scale is on the lens mount or shutter face. 
If the camera is equipped with a focusing scale, the photographer 
must know the distance from the subject, either by estimation, 
measurement, or use of a range finder. 

6. Depth-of-Field Indicators.—Many cameras carry a table 
or circular slide rule that shows the distance range in focus for 
various distances on which the camera’ may be focused, and for 
various lens apertures. 

7. Flash Attachments.—In the early days, flash photographs 
were taken by burning magnesium ribbon, or by exploding a 
powder containing magnesium and an oxidizing agent, the camera 
shutter being opened before and closed after the burning time. 
Modern flash photographs are made with flashbulbs of glass con- 
taining wire or foil of magnesium and aluminum, or other combus- 
tible material, in an atmosphere of oxygen, or by condenser dis- 
charge lamps. They are fired electrically, usually from portable 
batteries, and the circuit is closed when the camera shutter is 
operated. In one form, operating the shutter brings into play a 
solenoid, which at the appropriate moment closes the battery cir- 
cuit to the flashbulb. In the other form, the shutter itself is pro- 
vided with a contact that closes the flashbulb circuit as the shutter 
operates. Various settings are used according to the delay in the 
firing of the flash after the circuit is closed. The condenser dis- 
charge lamps permit very short exposures (as short as 4-45 sec. 
with portable units) but the exposure time is determined by the 
electrical circuit used. Some flash lamps of this type are made 
to give a rapid succession of very short, bright flashes. Most 
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modern cameras are provided with flash attachments that fire the 
flash in synchronism with the operation of the shutter. 

8. Exposure Estimation.— Experience can give photographers 
confidence in their unaided judgment of exposure, but for most 
people or in special circumstances some guide is required. Ex- 
posure tables are provided by most film manufactures. They 
give exposure times and lens apertures for the time of day, lati- 
tude, weather conditions, degree of light and shade, and for vari- 
ous types of subjects. Exposure calculators are forms of slide 
rule in which the exposure can be calculated from the data given 
in exposure tables; the first important calculator was the Hurter 
and Driffield Actinograph of 1888. А calculator was usually com- 
bined with the older chemical type of meter and is always included 
in the modern devices. Chemical exposure meters or actinometers 
(now obsolete) depended on measuring the light value by a photo- 
chemical change, usually the time taken for silver-chloride paper 
to darken to a standard tint. Visual, optical, and extinction ex- 
posure meters are photometers in which (1) the brightness of a 
scene is compared with a calibrated lamp, the light from which 
can be modulated in a known way; or (2) the scene is viewed 
through the instrument and a neutral density wedge is adjusted 
until shadow detail disappears; or (3) a numbered or lettered 
step wedge is moved across the integrated light from the scene and 
the dimmest number or letter is taken as the basis for calculat- 
ing the exposure. 

Photoelectric exposure meters, first introduced commercially 
in 1932 by the Weston Electrical Instrument Corporation as the 
Weston meter, measure the light by a barrier-layer type of photo- 
cell and a sensitive direct-current meter. In more recent designs 
a cadmium sulfide photocell, the resistance of which varies with 
the illumination falling upon it, is employed together with a minia- 
ture battery. The meter readings are translated into exposures by 
using a calculator. These meters are used as illumination meters, 
which measure the light falling on the subject, and as brightness 
meters, which measure the integrated light reflected by the scene, 
or the brightness of a particular part of it, the angle of view 
or acceptance angle being chosen to approximate that of the aver- 
age camera lens, They are also used for determining exposures 
in contact printing and enlarging. The colour response of the 
photocell approximates that of the eye. In many camera designs 
of the mid-1960s a built-in photoelectric meter served either to 
control the exposure automatically or to control adjustments made 
by the user. 

9. Light Filters.—Filters are sheets of dyed gelatin or other 
plastic, coloured glass or other medium, and in some instances 
materials giving selective transmission by light interference, spe- 
cially designed to transmit particular regions of the spectrum and 
absorb others, or to absorb uniformly through the visible spectrum, 
There are many forms used in photography: 

Correction (orthochromatic) filters are designed for use with 
panchromatic materials to ensure that the film-filter combination 
gives a photograph in which the tone values agree as closely as 
possible with those perceived by the eye. Contrast filters are used 
to enhance or subdue contrast in the reproduction of the subject, 
the principle being that to render a colour light in the print a filter 
is used that transmits that colour, and to render a colour dark 
in the print a filter is used that absorbs the colour. Colour com- 
pensating filters are used with colour films to correct for variations 
in the colour of the light source or the colour response of the 
film, and thus to ensure good colour balance in the photograph. 
Separation filters are intended for use in two- and three-colour 
photography and in photomechanical reproduction in order to 
make the separation negatives for the printing process. Mono- 
chromatic filters transmit a narrow spectral band and are usually 
used in conjunction with a gaseous discharge light source. Safe- 
lights are filters designed for use with a specified lamp in a dark- 
room to provide just enough light to see in handling plates, films, 
and papers without fogging them. Haze filters decrease or elimi- 
nate the flattening influence of atmospheric haze. Graduated 
filters are made in such a way that the transmission varies over 
the area of the filter, the most used being the sky filter, which is 
yellow in the top part and graduates into clear in the lower part, 
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and the neutral wedges or tablets, in which the light transmisio; 
varies along the length of the filter either stepwise or gradi = 
Neutral-density filters reduce the photographic effectiveness 
equally at all wavelengths in the visible spectrum, Special ites 
include those used for infrared and ultraviolet photography, h 
addition to the common types of filters there are special polar i 
sheet materials, which are used for subduing reflections and for 
special sky and other effects. Such filters are also made in com: 
bination with coloured filters. 

Filters usually are used in making negatives, but they are also 
used in great variety in making colour prints, in black-and-white 
printing for contrast control, and in additive three-colour viewing, 

Filters having the most precise spectral transmission and the 
best reproducibility are made from dyed gelatin sheet, which may 
be used alone, coated with a transparent lacquer, or cemented be- 
tween glass or plastic sheets. Filters are also made of coloured 
glass, but they are not all easily reproducible. In addition, filters 
can be made from coloured liquids or gases in special glass cells, 
but they are used only for special purposes. 

Most filters absorb some light, and in making photographs 
through them it is therefore necessary to increase the exposure 
by a ratio that is known as the filter factor. 

10. Supports and Tripods.—When it is necessary to compose 
a photograph carefully, or when exposures longer than about y 
sec. are to be given, it is necessary to use the camera on a rigid 
support. For commercial photography these supports may be of 
complex mechanical construction, permitting the camera to be used 
from near floor level to a great height above it, and to be tilted 
to any angle, and yet be quite steady, Portrait studio cameras 
are of sturdy pillar construction with means for rapidly raising 
and lowering the table on which the camera rests, and for moving 
rapidly about the studio floor. For general photography the tripod 
forms of stand are most used. They are made of wood or metal 
and frequently have adjustable legs to permit folding or telescop- 
ing to increase portability and to allow them to be used on Ше 
ground. The tripod top, or head, is generally flat and is provided 
with a screw that attaches the camera by a special socket in its 
body. In flexible models, a second raised head can be used to give 
extra height, and there are means for rotating and tilting the 
head. ) 

11. Auxiliary Camera Equipment.—Lens hoods, 0r shades, 
are used on the front of the lens to prevent as much light as ү 
sible not coming from the subject from reaching the front af i 
lens. Devices for operating a shutter from a distance may mi 
use of a Bowden wire or electric lead. Changing bags ate pet 
load plate or film holders (or developing tanks) in daylight V 
a darkroom is not available. any 

Dark slides, or plate and sheet-film holders, are used ae 
plates or sheet films and to position them in the plane b that 
by the focusing screen. They are provided with a ard ii бе 
makes them light-tight but which can be withdrawn eh vllt of 
before the exposure is made. They take one or Br metal 
films, in the latter case usually being back to tan ters 0 
partition between. Film packs are used in special a i | 
fit in the place otherwise used by dark slides and are pro 
draw slides. Roll-film adapters make it poss 
in cameras made for plates and sheet film, and alter 
roll-film cameras have plate or sheet-film adapters. 
film magazines (now obsolescent) contain 12 oF 
septums, each carrying a plate or sheet of film. 
one has been exposed, it is transferred to the bad о done in 
so revealing the next for exposure, the whole being meras 
light-tight magazine. Some roll-film and miniature va ng the 
interchangeable backs in which the whole camera bac be remo 
roll of film is provided with a draw slide; the back can with à d 
in the light, permitting substitution of a second bac 
ferent roll of film. «ened for D 

12. Special Cameras. Special cameras are ded y be 
of the special applications of photography. They ant one 
described here, but the following are a few of 

For photomicrography the cameras are of the СО orizon 
but they are arranged on special vertical stands oF 
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al benches in conjunction with the microscope, filters, light source, 
and a variety of attachments and adjustments for ensuring align- 


t, 

Lon colour photography special cameras were first devised to 

mit making three-colour separation negatives through three pri- 
mary filters (see Colour Photography, above). In the simplest 
form, the negatives can be made by three successive exposures, 
changing the plateholder and filter three times. In repeating 
backs, the three filters were placed in a row in front of a long plate 
or three separate plates in one holder, which was moved through 
the camera back in three steps, one for each exposure. These gave 
wy to one-exposure three-colour cameras in which an arrangement 
of reflectors permits the three exposures to be made simultane- 
ously. These cameras were used primarily for commercial colour 
photography but are largely replaced by integral tripack films. 

Cameras in which development may be performed have been 
known since wet-collodion days. In 1947, however, there was in- 
troduced by E. H. Land and the Polaroid Corporation a new ap- 
proach to developing in the camera, resulting in the “picture-in-a- 
minute.” It depended on the solvent-transfer process described 
earlier, would produce a paper print from the camera back in one 
ninute or less, and became very popular for amateur photography ; 
it was also adapted for press and commercial photography, aerial 
photography, radiography, reproduction of cathode-ray tube 
images, and a variety of other purposes where rapid production 
ofa picture might be desired. 

Cameras for copying in photomechanical reproduction are large 
and complex. They may have to handle dry plates and film and 
wet collodion plates; provision is made for photographing through 
halftone screens with means for varying the distance of the screen 
ftom the plate; precision lenses of long focal length are used and 
imangements are made for changing filters. Some cameras have 
Vacuum backs in which film is held flat by sucking it against a 
backplate, Provision is made for accurately arranging parallelism 
of the plate or film and the copy, and special supports are used to 
tlminate effects of vibration, In copying cameras used for map- 
Pg, provision may also be made for correcting distortions by 
tiling the plate- or film-holder or the copy. Photocomposing 
tmeras are available in which, through the operation of a key- 
{ rd, negatives of type face can be photographed on a roll of film 
1 rapid succession, the material thus being -actually composed 
Mhotographically to give a negative from which a printing plate 
ал be made directly. Composing backs are made in which a 
3trits of photographs of a number of pieces of copy can be made 
dn one film or plate, properly arranged in relation to each other, 

composing a page of varied subject matter. 

B Tange of cameras is made for copying documents by 
"Photography on film. In the simple forms, negatives are 

à * On 35-mm, film in miniature cameras, but for work where 
бег of negatives of all kinds and sizes of subject matter 
Bec eee special cameras, with film and paper-feeding devices, 

4l framing means, and other refinements, are used. One of 
En important developments in this field was the Recordak, 
fl у brought out for use by banks in copying checks on 16- 
Bin but later applied in both 16- and 35-mm. size to copying 
$ cial documents, newspapers, drawings, large bound vol- 

3j and similar materials, 5 
me, meras for photocopying, documents are photographed di- 

ЗУ onto rolls of paper without using an intermediate negative, 
fist ne Rectigraph and Photostat machines introduced in the 

s PUE of the 20th century. Various scales of. enlargement 
the ee can be used, and thé lens carries a prism to invert 
the pa ge. Automatic machines of this type are made in which 

ee is processed, Automatic coin-operated portrait cam- 
din 0840, in which the subject is photographed on paper Prot 

. ei ee to give a direct positive picture. » 

llis ар о Arrangements and Lighting.—Photographic 

E Drovided with backgrounds, seats, and properties se- 

Ot the ать to the whim of the photographer and the nature 
тей wi КТ The most important studio equipment 18 that con- 
i lighting the subject. In the early days, daylight was 
ntrolled by drapes and reflectors. Mercury vapour lamps 
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and carbon arcs were later employed; but since the introduction of 
fast panchromatic and colour films, incandescent tungsten filament 
lamps are used in the main. Some carbon arcs are employed, 
and some fluorescent lamps are used for broad lighting, but the 
greatest flexibility is obtained with tungsten lamps. The lamps 
are used in special lamphouses or reflectors, which vary in the 
extent to which they concentrate the beam of light. Although 
good pictures may be made with one lamp, for flexibility several 
are needed. The number and arrangement of lights depends on 
the subject and the desired effect, but a typical arrangement for 
portraits consists of a key light from the front, or partial front, 
a fill light to eliminate shadows, a backlight aimed at the back 
of the subject, and a background light to illuminate the back- 
ground. Overrun lamps of the Photoflood type came to be much 
used, especially by amateurs; for colour photography, lamps op- 
erating at a colour temperature of 3,200° K are employed, and 
for general studio use high-efficiency lamps of up to 5,000 w. are 
employed. The choice of reflector is very important, A further 
development in tungsten filament lamps has been achieved in the 
quartz-iodine lamps; in these the inclusion of a small amount of 
iodine, which combines with tungsten at 250° C and dissociates 
again at above 2,000° C, avoids deposition of tungsten on the 
quartz envelope of the lamp and thus maintains the lumen output 
at a high value throughout an extended life. 

For flash photography, flashbulbs are used in arrangements simi- 
lar to the normal studio lights, although they are also much used 
at the camera position and at some distance from it by means of 
extension leads connected to the camera synchronizer. Gaseous 
condenser discharge lamps, introduced by H. E. Edgerton, can 
be used in the same manner as flashbulbs. All have a shorter flash 
duration, and some have a much greater light output. 

14. Printing and Enlarging.—Prints are made from nega- 
tives by (1) contact, in which case they are the same size as the 
negative, or (2) by enlargement or projection printing, usually 
to produce bigger pictures. Contact prints are made in (a) print- 
ing frames, which press the negative and paper in close contact 
against a sheet of glass through which exposure can be made to a 
lamp, or (5) printing boxes or machines, which contain the print- 
ing lamps as well as the means for holding negative and paper in 
contact. The simplest printers contain one lamp and are made 
for small negatives. The professional printing devices are de- 
signed for larger negatives, frequently have many lamps, and 
provide means for “dodging,” or controlling the exposure of dif- 
ferent parts of a negative. Printers for photofinishing are designed 
to permit a large number of prints to be made from single nega- 
tives or rolls of negatives in a minimum of time. In some the 
exposing platen is operated by a foot treadle to leave both hands 
free for manipulating the negative and paper, and there are means 
for stamping identification numbers on the prints. In the more 
advanced types, the printing time for the negative may be mea- 
sured photoelectrically and the appropriate exposure given auto- 
matically. Special automatic printers are made for use with colour 
negatives in which the exposure to the colour printing paper is 
made through three filters, the exposure through each filter being 
automatically determined photoelectrically, the net result of the 
three exposures being to give good colour reproduction. Reflex 
printing is contact printing, used mainly for document copying, 
in which the back of the sensitive paper is in contact with the 
original to be copied, the emulsion-coated side of the paper being 
toward the light source. 

A projection printer or enlarger has a means for illuminating 
a negative, and a lens for projecting an image of it onto a sheet. 
of photographic paper on a board or easel. It resembles a lan- 
tern-slide projector, or a camera in which the negative is the sub- 
ject and the paper corresponds to the film. The best enlarger 
lenses are designed to operate at magnifications of a few times and 
are generally more satisfactory than camera lenses for enlarge- 
ment. 

Projection printers are distinguished mainly by the means by 
which the negative is illuminated, and are of three main types: 
(1) diffusion enlargers, in which there is a lamphouse or reflector 
containing a lamp, and, in front of this, a sheet of ground or opal 
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EXAMPLES OF BLACK-AND-WHITE NEGATIVE AND POSITIVE PHOTOGRAPHIC PRINTS 


(Left) Photographic negative after development. 
made from the negative 


glass in front of which the negative is placed; (2) condenser en- 
largers, which contain a small light source and a condensing lens 
behind the negative; (3) the modern type of condenser enlarger, 
in which a lamp with a diffusing bulb or having a large area, such 
as a fluorescent lamp, is frequently used to lessen the degree to 
which grain and dirt on the negative are shown sharply in the 
print. Condenser enlargers give prints of higher contrast than 
diffusion enlargers. 

Enlargers are usually arranged vertically. In the simplest forms, 
focusing is achieved by watching the projected image on a sheet 
of white paper, which temporarily takes the place of the printing 
paper, and adjusting the lens until the image is sharp. Some en- 
largers, however, focus automatically, the image remaining in focus 
on the paper over a wide range of magnifications. 

15. Darkrooms and Processing.—Rooms for handling films, 
plates, and papers must be dark, or illuminated only by light to 
which the materials do not respond appreciably in a reasonable 
time, They are provided with running water, large sinks, and work 
surfaces on which operations can be carried out. Small darkrooms 
are used for loading, unloading, and developing negatives and for 
printing and developing prints. In larger installations the nega- 
tive and printing rooms are separate. Negative rooms for handling 
panchromatic materials are completely dark or are illuminated by 
safelights that are dark green in colour, since the eye has its maxi- 
mum sensitivity in the green, and a very low level of illumination 
may thus be used. For orthochromatic films, deep red safelights 
are used, while for slow noncolour-sensitized materials, such as 
positive or process films, orange or deep yellow safelights can be 
used. In printing rooms, the lighting is yellow, orange, or yellow- 

green, since most papers are not sensitive to red light. 

Developing, fixing, and washing are done in dishes (trays), 

tanks, or special equipment; and all require sinks and plenty of 
water. Roll films are frequently developed in tanks on spiral reels 
on which they are wound, or hung vertically in tanks, and sheet 
films and plates are processed in special frames or hangers, so that 
many can be handled together. Paper prints are developed in 
dishes. Washing of negatives and prints must be done in such a 
way that there is frequent change of water over the entire surface, 
and special washers are made for use where large quantities of 
films or prints are handled. Drying of negatives can be done 
in the open air, or preferably in special drying cabinets through 
which warm air is blown. Prints can be dried flat in the open, on 
racks covered with muslin, between blotters, or by passing auto- 
matically around heated drums that can also be used for glazing 
the prints, Prints are commonly glazed by squeegeeing them onto 
metal plates having a lacquered or chromium-plated surface. 
Printing rooms contain the contact printers and enlargers. 
Clocks or timers are necessary in all darkrooms to time the 


Light areas appear dark and vice versa; right side of picture appears left in camera. 


(Right) Positive print 


steps of processing accurately, and thermometers must be wed 
in the control of processing temperatures. Sections of the rooms 
are devoted to storage and mixing chemicals. Adequate ventila- 
tion is important. 

Special equipment is used in photofinishing establishments, espe- 
cially for the automatic processing of large numbers of roll films, 
These films are hung vertically on special hangers, and pass con 
tinuously into a deep tank of developer and then into each sut 
cessive solution and washing tank and finally through а drying 
cabinet. In smaller installations, the film hangers are used in deep 
tanks but are transferred manually. a 

Similarly, special apparatus is made for large-scale printing 0p 
erations, in which the exposed papers pass with the minimum 0 
attention through the solutions and are then dried, and glazed f 
necessary, on continuously rotating drum driers. Modern large 
scale practice also involves the use of continuous paper processing 
machines through which long rolls of exposed paper pass у 
tinuously, sometimes in several strands, to be developed, fe! 
washed, dried, and glazed, ready to be cut up. ber 

Finished prints are frequently mounted on cards, A num dj 
of adhesives may be used, the most satisfactory being dE 
ing tissue, which is a sheet of tissue impregnated ти 
or other fusible plastic. If this is placed between the ШҮК 
the mount and the whole is heated in a press, the shellac CE 
sticks the print to the mount. nr 
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should apply strictly to multiflash examples. З ach photos 
has come to be used in the U.S. to describe single-flas | t 
raphy, and the abbreviation "strobe" is very often M am 
photographers are discussing single-flash electronic equip ication 
photographs taken with it. Before the theory LU theory 
of multiflash or stroboscopic photography are discussed, 
of electronic flash photography will be reviewed. flash W 
Nearly all electronic photography systems of E hig ^ 
tion rely upon the electrical capacitor to supply \ n y neei 
power needed to flash the lamp. The instantaneous КОМ The 
to be about 100,000 w., even for a small portable flash o guanti} 
important criterion for exposure of a photograph 5 verset : 
of light produced, expressed in beam-can epo: 
(BCPS), which depends upon (1) the efficiency E the ap 
of electrical energy to useful light, (2) stored energy ™ 
tor, and (3) the effectiveness of the reflection. опей! ™ 
The electrical capacitor is the most important Co hora on 
flash unit, other than the flash lamp itself. The арш ash e 
for most of the weight, volume, and cost of the usua pility ® 4 
ment. As mentioned before, the capacitor has the à 
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qumulate energy at а slow rate and then suddenly discharge the 
ergy into the flash lamp at a very high rate for a short interval 
of time. Many of the advances in modern electronic flash equip- 
ment design have been concerned with improved capacitors, such 
ss the electrolytic type. Н 

Electronic flashtubes are made in many sizes and forms, such 
ıs straight, U, or spiral shapes, as required for different applica- 
tions, The pressure of the gas, usually xenon at +45 atmosphere, 
and electrode spacing are arranged so that the lamp will not flash 
ly itself in most cases. Starting is initiated when a voltage pulse 
is applied to an external starting wire, thereby causing internal 
jonization, and the tube flashes when the capacitor discharges. 

Flash duration for a specific flashtube and circuit is best de- 
scribed by an oscillographic plot of the light as a function of time. 
Thus can be portrayed as a curve the initial delay, the rise, the 
peak, and the decay of the light intensity. From a practical stand- 
point, the entire duration may be a negligible amount of time, 
ifthe motion of the subject is effectively stopped. The duration 
can be defined as the time between instants when the light is one- 
third of the peak. 

A large variety of electronic flashtubes is available for the 
equipment designer to consider, and new ones appear frequently. 
For any specific application important factors are: 

1, The Shape of the Tube. The tube may be linear, spiral, 
U-shaped, etc. A concentrated lamp is most effective in a reflector, 
луны of the light is required, but some light may be lost 
y self-absorption. 

2, The Efficiency at the Required Energy Input. Each lamp 
has its maximum efficiency for a particular input. The designer 
should attempt to use the lamp at or near this maximum efficiency 
point (about 5 candlepower per watt), although he usually cannot 
lo this for other reasons, such as heating or life. 

3. The Flash Duration. This is a function of the tube and the 
EIE a specific duration is required, the design voltage is 
Usually fixed for a specified energy. 

4, The Voltage at Which oi Flash Is Desired. Factor (2) 
above needs to be reconsidered in terms of voltage, since the 
eficiency usually drops when the tube is used at low voltage. 

„5. The Xenon Flash Lamp. This lamp hasa spectral output that 
5 very similar to that of daylight except for an excess in the blue 
ind near ultraviolet. It has been shown experimentally that a 
ash lamp with a large voltage per mean free path and high energy 
is unit volume will have a greater excess in the blue compared 
ith the Output of a lamp with small values. The differences, 
SR are small and difficult to detect with colour film. A 
| oe a at low voltage has a larger relative 

1 of infrared output. 
1 о times the most efficient flashtubes cannot be used because 
ue зн and heat conductivity problems. This is the usual 
ШЕК stroboscopic sources, and particularly with those that 
at high frequency and high power for extended times. 

ise ations —The name “stroboscopic photography, as 
йш led above, has come to mean multiple-flash exposed photo- 
adwen e of. the earliest users of this general system NS 

T qMuybridge, E: J: Marey, C. Cranz, H. Schardin, be 
qaem ull, whose excellent pictures of horses, people, and bullets 
photogr, Ec today as classic examples. The first mu 
ites or 5 were made with a slotted disc as a shutter or with a 
бае] cameras, Electronically produced flashes of light opa 
3 fee toned intervals of time are an excellent method o 

Si heehee photographs. Ратнер ts 
тшге, ctical problems arise when an electronic flashtu 

1. The ш as a stroboscopic source. Sca 
Properly up becomes so hot that it does not хрэн 
Properly. or example, it may misfire, owing to not starting 
E des feshtube fails to deionize, thus preventing ЕЕ 
Dower unit uilding up a charge for the subsequent flash. a 
ithe fask TEE it fails to deionize, supplies continuous "pes 
Over. amp; this condition of steady current is called hold- 


A 
hot lamp may fail for several reasons; e.g., electrical puncture 


973 
of the glass by the external sparking circuit, short-circuiting of 
the triggering spark by the conduction of the hot glass, or collapse 
of the glass wall of the tube. Failure of a tube to deionize results, 
as mentioned, in the continuous arc holdover condition, where the 
capacitor charging current flows continuously into the lamp. A 
further difficulty may result when the tube self-flashes as the 
capacitor recharges, owing to the lowering of the hold-off voltage 
by residual ionization, temperature, or heated electrodes. 

Any or several of these difficulties are soon experienced when 
a flashtube is operated at a fast rate of flashing with high energy 
per flash. Tubes of quartz are much more capable of operating at 
high power rates, since the quartz has a higher melting tempera- 
ture. 

Several special circuits have been used to operate flashtubes 
at high flash rates per second. Examples are the series mercury-arc 
rectifier of the pool type and the hydrogen thyratron used in radar 
modulators. 

In the mercury-pool control tube circuit, the only new element 
added to the conventional electronic-flash-operating circuit is the 
mercury tube. This mercury tube is connected in series with the 
main discharge current path of the capacitor to the flashtube. 
Thus, the mercury tube must be designed to handle adequately 
these high-valued peak currents. Immediately after a discharge, 
the mercury tube deionizes quickly, owing to its low pressure, 
and thereby prevents the previously mentioned holdover current 
from flowing in the flashtube. The mercury tube is also beneficial 
in starting a flashtube, because the igniting spark circuit from the 
mercury cathode goes directly between the two main electrodes. 
This circuit makes it possible to start flashtubes at very low volt- 
ages on the flash capacitor. Operation at several thousand flashes 
per second with an input of a kilowatt is practical with a mercury- 
connectron tube six inches in length and one inch in diameter for 


BY COURTESY OF WAROLD Е. EDGERTON 
MULTIFLASH PHOTOGRAPHS ON A MOVING FILM OF A ,22-CALIBRE BULLET 


AS IT WAS SHOT FROM A GUN INTO A BALLOON. FREQUENCY IS 4,000 
FLASHES PER SECOND AS CONTROLLED BY A THYRATRON CIRCUIT 
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bursts several seconds in duration. 

Tn a second type of control circuit, a hydrogen-thyratron tube 
serves as a switch to discharge the capacitor energy into the flash- 
tube, This thyratron has a very quick deionization time, thus 
enabling the starting of the flashtube to be controlled at high fre- 
quency, far above rates where the frequency is limited by the 
slowly deionized, high-pressure gas in the flashtube. High pres- 
sure (10 to 70 cm.) is required for efficient light production in 
the xenon flash lamp. The charging circuit of the capacitor in this 
circuit can be very efficient and, furthermore, doubles the source 
voltage across the flash capacitor, if the discharge circuit is non- 
oscillatory. An inductance is used in the charging circuit in series 
with a rectifier in place of the usual charging resistor. The circuit 
with the hydrogen thyratron is identical to that used in radar trans- 
mitters, except that the flashtube replaces a magnetron. In both 
applications, the function is the same: namely, to pulse the lamp 
or magnetron with high voltage and high-power energy. One of 
the properties of the hydrogen thyratron is the ability to supply 
large peak currents without damage to the thyratron cathode. 

One stroboscopic unit that uses the hydrogen thyratron control 
tube operates at the following electrical conditions: lamp voltage, 
8,000 v.; capacity, 0.01, 0.02, or 0.04 microfarads; frequency, 
6,000 max. per sec, (0.01 microfarads); flash duration, 1 to 3 тд 
sec.; energy per burst, 1,500 w. sec. (limit set by lamp heating). 

The flashtube has been designed with high resistance to reduce 
the peak current requirement of the hydrogen thyratron, This is 
accomplished by the use of a small diameter (one millimetre) and 
a long arc length (four inches). A small percentage of hydrogen 
gas is mixed with the xenon to reduce the afterglow in the dis- 
charge. 

The stroboscopic light also can be synchronized with the mo- 
tion of the film to produce framed pictures for projection. This 
is commonly done with the 16-mm., high-speed, rotating-prism 
cameras. Magnetic pickups can be used to trigger the flash lamp 
at the correct instants of time so that the flashes are synchronized 
with the film position. 

Another general type of multiflash equipment is capable of 
great speed and flexibility and can be used to make a limited num- 
ber of photographs, Each flash for this method is powered by a 
separate capacitor into either separate lamps or a common lamp. 
Such circuits become bulky when a large number of flashes are 
desired, since each flash requires a separate storage system. There 
is a frequency limit set by trigger-tube deionization for these last 
two circuits, (Н. E. Ep.) 


IX. PHOTOGRAPHIC LENSES 


A photographic lens must give crisp definition over a relatively 
wide flat field, and in this respect it differs from all other types of 
lenses. Moreover, for instantaneous photography the image must 
be bright, which implies a high relative aperture. 

1. The Landscape Lens.—The first deliberately designed 
photographic objective was made in 1812, about 25 years prior to 
the introduction of photography. It was the simple meniscus 
landscape lens (see fig. 10A) proposed by the English physicist 

| | William Н. Wollaston for use in 
AEN а.) ! the camera obscura, At first, a 
| | simple equiconvex lens was used 
but it was found that the image, 
although sharp in the middle, be- 
came blurred in the outer parts 
of the field. Wollaston’s inven- 
SCAPE LENS, A, IN A CAMERA, tion consisted in the use of a 
B, IN A CAMERA OBSCURA meniscus-shaped lens with a 
small stop on the front (concave) side, as in fig. 10B, the mirror 
being mounted between the stop and the lens. 

The effect of this change on the image quality is profound. 
In fig. 11 are shown a biconvex lens and a meniscus lens of the 
same focal length, each traversed by a number of light rays at an 
obliquity of 30° that may be supposed to emanate from an infi- 
nitely distant object point. In the upper figure, the oblique rays 
meet nicely almost at a point, but the point is not at all on the 
desired flat field. In the second case, the oblique rays, passing 


A B 
FIG. 10.—THE WOLLASTON LAND- 
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through the lens do not meet at a point but suffer from all 
properties of spherical aberration. Placing a small stop ( i 
f/\1) at B isolates а beam of light that comes to a focus езд 
above the focus of the axial beam. Thus a flat field is prodi 
by isolating only those rays that ‘a 
cross where it is desired that they 
cross. 

Although the simple Wollaston 
landscape lens has been made 
and used by millions in simple 
box cameras, it suffers from sev- 
eral defects that can be corrected 
only by the addition of more lens 
elements. The defects are: (1) 
chromatic aberration, meaning 
that light of different colours 
comes to a focus at different dis- 
tances from the lens; (2) spheri- 
cal aberration, in which rays from 
different aperture zones come to 
a focus at different distances 
from the lens; (3) lateral colour, 
implying different-sized images in different colours; (4) astigm 
tism at field angles beyond about 20°, causing radial and tangential 
lines to come to a focus at different distances from the lens; and 
(5) distortion, indicated by a square object being reproduced af 
a barrel- or pincushion-shaped image. 

The longitudinal and lateral chromatic defects were the first 
to be eliminated by achromatization. The lenses made by 
Chevalier for the first daguerreotype cameras were merely i 
in, telescope objectives, about 34 in. in di- | 


FIG, 11.—PATHS OF LIGHT BAY 
THROUGH BICONVEX AND MENI 
LENSES 


ameter, used back-to-front with an //17 
diaphragm situated about 3 in. in front of 
the lens. Within a year or two, however, 
Chevalier had adopted the meniscus form 
advocated by Wollaston, thus introducing 
the so-called French or achromatic land- 
scape lens (fig. 12). This lens was popu- 
lar for use on the better grades of box 2 
cameras for 100 years, but after about 1930 only the simple 
Wollaston lens was manufactured. 
2. The Petzval Portrait Lens.—Finding that the customary 
speed of landscape lenses (f/15) was slow for portraiture, J. 
Petzval of Vienna undertook the designing of a rapid lens d 
1841 he produced his portrait lens (fig. 13) which had a speed 
//3.6 and covered a half-field of 10° to 12°. Beyond that lla 
the astigmatism and field curvature became so great as (0 #0 
the definition to a serious extent, but oni 
lens axis the definition was excee all 
sharp and clear-cut. The Petzval h 
sists essentially of two modified tele 1 
objectives spaced apart, each рама P. 
matic and substantially spherically th 
rected. The lack of sharp dai i 
outer parts of the field is not ig I 
portraiture; in fact, it is actually desirable to have the backs 
somewhat out of focus. * tral 
Because of its high relative aperture and excellent es 
nition, this type of construction, suitably modified, e ion. 
extensively for motion-picture photography and peu. perte 
definition is very sharp to about 5° from the axis even û 7 
as high as f/1.6, after which it begins to fall off arp 
semifield of projection lenses is often extended to 10 k^ [d 
of a field flattener, a thin negative element close ee ftd 
plane that tends to overcorrect the astigmatism an? resl 
the field. This method of field flattening was first SUB i 
C. Piazzi Smythe, in 1865, who used it to make с uate, 
photographs in Egypt on wet collodion plates one inc p cel 
3. The Symmetrical Principle.—Early atte 
the distortion of landscape lenses soon indicated 
is symmetrical about the stop is automatically d 
Írom distortion but also from lateral colour and C? 


ACHROMATIC LANDS 
LENS 


FIG. 13.—THE ORIGINAL 
PETZVAL PORTRAIT LENS 
(1841) 
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sot entirely correct except at unit magnification, but the improve- 
gent in these three aberrations resulting from the symmetrical 
construction is 50 marked that symmetry in lenses became almost 
suniversal rule from 1865 to about 1910. 

The first to appreciate the advantage of the automatic coma 
correction associated with symmetry were A. Steinheil in Munich 
yi J. H. Dallmeyer in London about 1866. Prior to this time, 
ndscape lenses had possessed spherical aberration; and, conse- 

ily, it was possible to choose a stop position that would simul- 
‘neously correct the coma and make the field as backward curv- 
ing as possible. Dallmeyer and Steinheil 
‘alized that with the coma automatically | 
diminated by symmetry, it was no longer 
necessary to have a considerable residual 
of spherical aberration in the separate | 
components, They therefore chose a sym- 
metrical construction as indicated in fig. 
4, in which the divergent cemented sur- 
faces were used to correct the spherical aberration, and the outer 
dape of the lens was chosen so as to flatten the field. The coma 
ofeach component was bad, but it disappeared as a result of the 
symmetry, By this means, a simple, substantially distortionless 
lens could be constructed at an aperture of f/7 or f/8 with a flat 
field out to a half angle of 25°. There was some residual astig- 
matism at that obliquity, but the depth of focus at //8 or f/11 
covered it to a considerable extent. This was fundamentally the 
construction of the Steinheil Aplanat and the Dallmeyer Rapid 
Rectilinear lens. This type immediately became popular, and it 
yas imitated by almost every manufacturer for nearly 50 years. 
Anumber of variants of these designs were tried, some of which 
were good, but no real progress was made until the introduction 
oi barium glass in 1886, which brought about a revolution in the 
irt of lens designing and ushered in a new era, 

4, Barium Glasses and the Anastigmat Lens.—In all the 
types so far discussed, the negative elements were of flint glass 
with a high refractive index and high dispersive power, while the 
Wsitive elements were of crown glass with a low index and low 
dispersion, Thus, the cemented surfaces were generally divergent 
action, and tended to overcorrect the spherical aberration and 
the astigmatism. 

hh 1881 E. Abbe and O, Schott in Jena began conducting experi- 
= aimed at developing a crown glass having a high refractive 
Mex combined with а low dispersion. If such could be found, 
it would be possible to make achromats in which the cemented 
face would be convergent instead of divergent. Thus, it would 

Possible to stop and even reverse the drastic overcorrection of 
Vimatism that occurred in the outer parts of the field of all 
а made up to that time. Their efforts were rewarded in 1886, 

tn Schott announced the first barium crown glass having the 

\red properties, 

у 1890 Paul Rudolph of the Zeiss Company had entirely re- 

Шей the Rapid Rectilinear types of construction by replacing 

divergent cemented surface in the rear component by a con- 

vergent surface (fig. 15). The new barium 

| crown glass was used in one element of the 

rear component, thus making an objective 
in which one of the cemented surfaces was 
divergent and concave to the stop, leading 
to an increasingly overcorrected astigma- 
THE ZEIS tism and spherical aberration, while the 
a S PRO- other cemented surface was convergent 
teasing] and convex to the stop, leading to an на 
мі те Undercorrected astigmatism. The result was abe 

me ШЕ astigmatism was everywhere small, and it act ^ ly v 
1890 as + one obliquity of the field. This lens ү 3 xe 

s е Anastigmat, the name being changed to Protar al! 
t node tms took up the word anastigmat to imply any lens having 
OF this N Í zero astigmatism somewhere in the field. qu eR 
Tad Pug up to f/9 were produced, and even an //4.5 lens en 
Tanufact 4 cemented triplet in the rear. The Protar was 5! 
idea ctured at mid-20th century as an //12 or f/18 extreme 
ngle lens, 


FIG. 14.—STEINHEIL'S 
APLANAT 
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5. The Dagor Type.—During the years immediately following 
Rudolph's invention of the Protar, many designers tried to develop 
symmetrical anastigmat lenses that would combine the virtues of 
the Rapid Rectilinear and the Anastigmat. | 
Among the most successful was E. von 
Höegh, of Goerz, who developed a ce- 
mented triple lens comprising, in one com- 
ponent, a strong dispersive surface to cor- 
rect the spherical aberration and a weaker | 
collective surface to remove the astigma- 
tism. A combination of two of these com- 
ponents then corrected three more aberrations automatically by 
symmetry, forming a highly successful objective, the //6.3 Dou- 
ble Anastigmat Goerz, or Dagor (fig. 16). Lenses of this type 
cover a relatively wide field at a moderate aperture and are much 
used by commercial photographers. Some designs are convertible; 
ie., a front component of one focal length can be combined with 
a rear component of a different focal length to yield a combina- 
tion having a third focal length, a variety of focal lengths being 
thus available to the user of the lens. 

6. The Airspaced Four-Element Lens.—In 1898 Von Hóegh 
designed the Celor, an entirely new type of lens shown diagram- 
matically in fig. 17, which as first constructed covered a 28° half- 
field at //8. The design may be regarded as a direct descendant 
of the Dagor. In each half of the Dagor lens there are two outer 
surfaces, both concave to the stop, an internal divergent cemented 
surface, and an internal convergent cemented face convex to the 
stop. Von Héegh argued that the airspaced construction shown in 
fig. 17 is essentially equivalent to the Dagor, since each half con- 
tains two outer surfaces concave to the stop, an internal divergent 
surface, and an internal convergent surface convex to the stop. 
The airspaced construction has an advantage over the cemented 
construction in that each surface separates glass from air, with a 

large index difference, and, thus, the inter- 

! nal surfaces in this lens become much 

weaker than the corresponding surfaces in 

the Dagor. Little difficulty was found in 

extending the new design to f/3.5 covering 

| 21°, an achievement quite impossible with 

FIG, 17.—THE GOERZ the cemented type. The field is, however, 
CELOR not so wide as in the Dagor type. 

This airspaced four-element design was used by the Goerz Com- 
pany in the Dogmar series, and was later adopted by A. Warmi- 
sham in the Aviar lens (1915). A. Steinheil used this design in 
his Unofocal of 1901, and a great many similar designs have 
appeared. All the Kodak anastigmats prior to about 1928 were of 
this form, and the type remains popular, 

1. The Tessar.—The preceding paragraph traced the evolution 
of the Von Héegh quadruplet from the Dagor. At about the same 
time, Rudolph was following a parallel path, Whereas Von Hóegh 
replaced the divergent and convergent cemented surfaces in his 
Dagor design by glass-air surfaces, Rudolph returned to his original 
Protar of 1890 and replaced the cemented 
surface in the front component by an air | 
lens, remembering that a convex-shaped air 
lens has a diverging action. In this way he 
designed the famous Tessar lens in 1902, 
shown in fig. 18. It was a successful lens, 
mainly as an //4,5 universal objective cov- 
ering a semifield of about 26°. By 1910, | 
some //3.5 designs had appeared, and in 
later years, the type was used universally 
in medium focal lengths for f/4.5, f/3.5, 
and even //2.7 lenses of the better grade, and particularly for the 
72.8 lenses of miniature cameras. 

8. The Gauss (Meniscus) Type.—In 1817, C. F. Gauss urged 
the use of a pair of positive and negative meniscus lenses in the 
design of a telescope objective. For various reasons, this scheme 
was never adopted, but in 1889 Alvan Clark patented (U.S. 399,- 
499) a photographic objective composed of two Gauss objectives 
mounted symmetrically about a central stop. The same idea oc- 
curred independently to Rudolph, who in 1895 developed the 


FIG, 16,—THE GOERZ 


DAGOR 


FIG, 18,—ТНЕ ZEISS TES- 
SAR 


976 


Planar lens (fig. 19). Rudolph found it impossible to achromatize 

a system of four single elements, so he introduced two “buried” 

surfaces separating glasses having the 

| same refractive index but different disper- 

sive powers. Other designers, however, 

were more fortunate and succeeded in 

making well-corrected four-element menis- 

| cus objectives such as the Ross Homo- 

centric and the Kodak Wide-field Ektar, 
which enjoyed considerable popularity. 

In 1920, H. W. Lee of the Taylor, Taylor and Hobson Com- 
pany in England revived the original six-element Planar design, 
and by departing from strict symmetry and introducing a differ- 
ence of refractive index between the-two glasses used in the nega- 
tive components, he succeeded in making the Opic lens, covering 
a semifield of about 24° at f/2. This combination of a high aper- 
ture and a wide field was completely revolutionary and ushered in 
the modern period of extreme lenses. The Opic type has been 
adopted extensively by the makers of 
“miniature” cameras using 35-mm. film, a 
typical example being the f/2 Schneider | 
Xenon shown in fig. 20. 

9. The Topogon Lens.—In 1933 R. 

Richter of Zeiss sought to extend the field 1 
of the Gauss (уре of objective as widely as 

possible and adopted the construction in F'G- 20.—THE SCHNEI- 
fig. 21, an f/6.3 lens capable of covering а PER f/2 XENON LENS 
half-field of 45°. This lens may be regarded as a modification of 
the Globe and Pantoskop lenses popular in the 1850s, with the 
negative elements separated from the positive elements and bent 
into a more extreme form. After about 1938, this lens was made 
in the U.S. by Bausch & Lomb as the Metrogon lens, 

10. The Cooke Triplet Lens.—In 1393 Н, Dennis Taylor de- 
cided to put aside all historical precedent and proceed to design 
the simplest possible photographic lens. He argued that a sepa- 
rated pair of approximately equal positive and negative elements 
will automatically satisfy the Petzval condition for a flat field and 
will also have some positive power by virtue of the finite separa- 
tion. However, such a system will be badly unsymmetrical and 
will exhibit considerable distortion and lateral colour. He there- 

| fore divided the positive element into two 


FIG. 19,—THE PLANAR 


parts and set the negative element between 
them. Thus, he had five degrees of free- 
dom (three powers and two airspaces) 
with which to secure the desired overall 
power, the desired Petzval sum, to achro- 
matize, and to correct the distortion and 
lateral colour. In addition, he could bend 
or alter the shape of each of the three ele- 
ments to eliminate spherical aberration, 
coma, and astigmatism. In this way, Den- 
| nis Taylor produced the first modern trip- 

let known as the Cooke lens (fig. 22). It 

was made in several series, including a 

narrow-angle f/4.5 design for portraiture, 
| a wide-angle f/6.3 for landscapes, etc. 
Originally, no barium crown was employed, 
but its use greatly facilitates the design and 
shortens the overall length of the lens, thus 
improving the corner illumination, 

Since 1893 millions of lenses of this type have been made in 
apertures up to as high as //1.9 in short focal lengths but mostly 
as a low-priced f/4.5 or f/6.3 anastigmat for ordinary folding 
cameras. Within its limitations, it is an excellent lens, although 
of course it can be improved by making it more elaborate. 

11. Modifications of the Triplet Lens.—From some stand- 
points, the Tessar (fig. 18) may be regarded as a modified triplet 
in which the rear element has been replaced by a cemented doublet. 
In 1902 H. Harting, of Voigtlinder, felt that if a convergent ce- 
mented face in the rear component is an improvement, then the 
insertion of a similar surface in the front component should be 
a still greater improvement, and in this way he developed the 
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Heliar lens, This form has not been used exter 
of its merits. Some typical modern examples ar 
{/2.9 Pentac (fig. 23), covering out to 22°, and. 
Ektar, covering to 26°, 

12. The Sonnar Leng, 
profitable modification of 
that suggested by С. C. 
developed by L. J. Ber 
mann Company during 
Bertele began by adding 
ment in the front airspace 
let (fig. 24) to raise the 
without aggravating the al 
then (1924) improved the system by using сете 
each of the first two elements, and thus made the f, 
covering a field of +19°, This type of constructioi 
in active competition with the Opic lens, 
the most important developments (also by 
Bertele) being the series of Zeiss Sonnars, 
The most extreme member of this series, 
having an aperture of //1.5, is shown in fig. 
25. 

13. The Telephoto Lens.—This type 
of lens was introduced into regular use 
about 1891, its particular property being a 
shortening of the total length of the lens 
from the front vertex to the focal plane. 
Indeed, in some telephotos the total length. is as 
the focal length, in contrast to the Tessar or Cool 
in which the total length may be about 115%, or ti 
Portrait lens, in which it may reach 140%. 

The telephoto type of construction consists 
positive front member separated widely from û | 
member, the action of this cot 
ing to move the rear princi 
ward (fig. 26).  Originall 
normal camera lens was used 
tive component, the rear 
thin achromatic negative lens 
tion between the positive and 
tems being adjustable to gi 
magnification. These desigr 
isfactory optically, had bad pincushion distortion, 
very low apertures. 

In 1905 the modern era of telephoto lenses W 
the Busch Bistelar, a fixed self-contained telephoto 
aperture covering a half-field of about 15?. The t 
were nothing but cemented doublets, yet, because. 
was released from the necessity of separately corre 
component, the final result was superior to all pre 
lenses and was comparable in performance to the normal 
of the day. However, when larger relative aperti 
tempted, many difficulties were encountered, and it 
the introduction of the Cooke and Dallmeyer //5 
telephoto lenses in 1919 and 1920 that this type ©0 
compete with modern anastigmats. Nevertheless, 1 
the efforts of lens designers, the aperture of an 80% 
cannot be raised much above //3.5, nor the semifield 
12° to 15°. Recent attempts to remove distortion 
the use of either a strongly convergent cemented inti 
rear member or a separation of the two rear elemen 


FIG.  23.—THE DALL- 
MEYER  PENTAC. DE- 
SIGNED BY L. B. BOOTH 


FIG. 25,—THE ZEISS SON. 
NAR f/1.5 
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‚ During World War II, many large telephoto lenses of focal 
fons ranging from 12 to 60 in, were manufactured for use in 
aerial reconnaissance cameras, but since the corrections of a tele- 
hoto lens are not so good as those of the equivalent conventional 
jns, telephotos are never used unless compactness is an important 
T. 
up The Reversed Telephoto Lens.—By reversing the con- 
auction of a telephoto lens and placing the negative member 
in front, it is possible to design a high-aperture, wide-angle lens 
having an exceptionally long back focus combined with a short 
focal length. This type became popular about 1945 for use on 


-be used on a motion-picture cam- 


Jmm. and 8-mm. motion-picture cameras, especially for lenses 
of very short focal length with wide-angle coverage. After 1950 
a large number of reversed telephoto objectives, containing from 
4to 10 lens elements, appeared for use on single-lens reflex 
cameras, where the space between the rear lens surface and the 
fln must often be greater than the focal length of the lens in 
order to accommodate the viewing mirror. The construction of a 
typical reversed telephoto lens is 

shown in fig. 27. If the compo- 

nents are made very powerful 

and a large amount of barrel ipe ч 
distortion is deliberately intro- 

duced, the result is a so-called 

sky lens, or fish-eye lens, in which 

an entire hemisphere can be re- FIG. 27.—REVERSED TELEPHOTO 
corded as a circular picture on ‘ENS DESIGNED PY P. ANGÉNIEUX 
fat film. A number of lenses of this type appeared after 1957. 
A less extreme form, covering only part of the hemisphere, was 
the Zeiss Pleon lens used in World War II for aerial photography. 
Similar lenses were manufactured for military purposes where an 
ру wide field is desired and distortion is not objection- 

e. 

15. The Aviogon and Biogon.—Beginning in 1950 an entirely 
mew type of lens construction appeared on the market as a highly 
Corrected and virtually distortionless wide-angle lens. This form 
resembles a double-ended telephoto system comprising a central 
positive member mounted between two large negative components. 
Шу ent was proposed originally in 1946 by the Russian 
m . Roosinov (U.S. patent 2,516,724), and it was developed 
JL J. Bertele and others. The //4 Bio- 
tn lens (1951) by Zeiss (fig. 28) repre- 
iai Wide-angle lens covering a full 90° Өр») 

ЇЧ with only a slight reduction in the illu- 
mmation across the film from centre to 
ee Because of its relatively great ке 20.—ZEI88 BIOGON 
[Sm and diameter, this type of con- 

А, is applicable only to the shorter focal lengths. : 
к ШШ cbroniatic Process Lenses.—In photomechanical re- 
ШШ» it is frequently necessary to make зе E 
lenses Pd coloured original drawings or photographs, and the 
шу sed must be colour-corrected to a degree entirely beyond 

i ing necessary in ordinary lenses. By using special types of 

"i tod restricting the aperture to about f/10 or f/16, it bea 

dh oe to design lenses, generally of a symmetrical 
nig i. ich all the colours of the spectrum are ЫШ ас- 
fora th a common focus. It is further necessary in these a 
lenses are Ee images to be of precisely the same d m 
tom th called apochromatic process lenses to distinguish them 


7. a ordinaty achromatic lenses in common use. 
Баа Attachments.—The familiar portrait attachment for 
ocus cameras consists of a weak meniscus-shaped positive 
of the 28 à focal length approximately equal to the distance 
Subject (four feet), Stronger positive lenses are sometimes 
t есер torah small objects, when the focusing scale of 
tive Jens ta will not go down to a sufficiently close distance. Nega- 
the locu attachments are also occasionally employed to lengthen 
ће tk My а camera objective to give a magnified picture, but 
telescop Tequires a considerable bellows extension. Small GaS 
the es have been used as lens attachments to enlarge or типу 
tire. Ute Without any change in image position or relative aper- 
ter 1950, converter lenses of this type were used exten- 
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sively on the turret of 8-mm. motion-picture cameras to provide a 
range of focal lengths. A basic 13.3-mm. lens can be raised to 25 
mm. or reduced to 8.5 mm. by the use of telescopic attachments 
having a magnifying power of 1.9 

or 0.63 respectively (fig. 29). 

18. Anamorphic Attach- 
ments.—By the use of a Galilean 7 
telescopic attachment made en- .-- 
tirely of cylindrical surfaces hav- — 
ing parallel generating axes, it is 
possible to broaden a photo- 


graphic image by as much as two 

times, in one direction only. It 

was suggested by E. Zollinger "Le 
(U.S. patent 1,032,172) in 1910 ie 

FIG, 29.—AFOCAL LENS ATTACH- 


MENTS: (TOP) TELEPHOTO; (BOT- 
TOM) WIDE-ANGLE 


that a system of this kind could 


era to compress a wide picture 
into a small film image, a similar cylindrical converter being used 
in reverse on the projector to expand the image back to its original 
proportions on the screen. After 1953 this proposal was adopted 
on a very extensive scale by the motion picture industry under 
such names as CinemaScope. 

19. Zoom Lenses.—In the varifocal, or zoom, lens one or more 
of the components can be moved along the lens axis to vary the 
focal length, and the image is held in focus on the film by one 
of the following means: (1) providing a cam to move another 
lens component through the necessary distance; (2) coupling two 
or more lens components and moving them as a unit, the lens 
powers and spacings being chosen to achieve an optical compensa- 
tion of the image motion; or (3) moving two or more of the lens 
components at rates bearing a linear relation to one another. 

Zoom lenses were available for 35-mm. motion-picture cameras 
as early as 1932, although they were not much used until the 
1950s, when a variety of these lenses was also introduced for 8- 
and 16-mm. cameras. The greatest use of zoom lenses, however, 
was in television cameras, Originally limited to a focal-length 
ratio of 3:1, zoom lenses with ratios of 10:1 were in use in the 
early 1960s (Taylor-Hobson, Angénieux), and in 1964 a model 
with a 20:1 ratio was announced. 

A few zoom lenses for 35-mm. still cameras were made, but they 
tended to be large and heavy, and the focal-length range was gen- 
erally small (2:1), the relative aperture low, and the field angles 
rather narrow. Nevertheless, such lenses proved convenient in 
framing and composing the picture. Zoom lenses for motion-pic- 
ture and slide projectors were also becoming popular, (К. КЕ.) 


X. THE BRANCHES OF PHOTOGRAPHY 


1. Amateur Photography.—In the 19th century, when the 
photographer had to make his own materials, amateur photog- 
raphers were responsible for many of the major advances in the 
art. Nowadays, however, photographic materials are made by 
manufacturers who can supply ready-to-use products in large quan- 
tities and of uniform quality. The amateur is now essentially a 
user and his opportunities for making basic advances are limited. 
He can and does, however, contribute much to advance practical 
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techniques and pictorial qualities. The amateurs range from the 
millions who want personal photographic records with the mini- 
mum of effort, skill, and expense to the group to whom photog- 
raphy is an extremely serious matter and who will spare no pains 
to achieve the technical quality and aesthetic effect they personally 
desire. 

In general, photography did not become a popular amateur in- 
terest until the roll-film camera was introduced in 1888. It then 
became the means by which uninstructed amateurs could record 
scenes from their own experience easily and faithfully. The first 
such cameras, made by George Eastman under the trademark name 
of Kodak, were preloaded at the factory with a roll of film suffi- 
cient for 100 pictures, each of which was round in shape and about 
24 in. in diameter. After the roll was exposed, the loaded camera 
was returned to the factory, where the film was developed. With 
contact prints from all printable negatives and with a fresh loading 
of film, the camera was then returned to its owner. 

Cameras and general photographic equipment for the amateur 
have evolved rapidly since the turn of the century. The inexpen- 
sive, fixed-focus, fixed-exposure, roll-film camera of the “box” type 
appeared in 1900, The box camera maintained its great popularity 
for more than half a century; its basic design, its simplicity, and its 
photographic capacity endeared it to millions who wanted to make 
photographs without concern over technicalities. With the advent 
of more sensitive films, both black and white and colour, from 
about 1940, the classic box camera tended to give way to a smaller 
format with improved optical and mechanical qualities. 

Over the same period there were similar changes in cameras 
intended for more skilled use. For about 30 or 40 years the fold- 
ing camera with adjustable focus, a range of shutter speeds from 
T (time exposure) to pty sec., and a lens rated at f/6.3 was а 
kind of classic norm. Some variations on this theme had precise 
range finders, ууу shutters, an f/4.5 lens, and provision for flash 
exposures, Others were little more than box cameras—one speed, 
fixed focus, an aperture of about f/11. Picture size tended to de- 
crease until the folding cameras became, essentially, miniatures. 

In the mid-1920s, the miniature camera appeared. Originally 
designed as a means of testing 35-mm. film in professional motion- 
picture photography, the miniature camera soon assumed impor- 
tance as a means of making small but excellent “still” negatives, 
Considerable precision was necessary to produce a clean, sharp, en- 
largeable image on an area about 1 X 14 in. in size; this precision 
was implicit in the lens and in the adjustments for focusing, for 
exposure, and for film movement. Lenses for the miniature camera 
were, as a rule, considerably faster than lenses for larger cameras; 
lens ratings of f/2, f/2.8, and //3.5 are common among miniature 
cameras, whereas larger cameras are seldom equipped with lenses 
rated faster than f/4.5. 

Its fast lenses, highly sensitive films, and inconspicuous size 
threatened, for a time, to characterize the miniature as primarily a 
candid camera, but it survived this threat because serious-minded 
amateurs came to appreciate the wide capability of miniature 
equipment. These amateurs soon constituted a large and influen- 
tial group. They organized themselves, forming enthusiastic and 
articulate units. They required, and ultimately received, improved 
equipment of all kinds—finer cameras, specialized lenses and films, 
and processing tanks and enlargers capable of producing clear and 
crisp enlargements of 10- or 20-diameter magnification. 

About 1935 reversal colour film became available and photog- 
raphy was, in essence, reborn. Again, as at the start of amateur 
photography, the processing was done by the film manufacturer, 
and without added cost. The colour transparencies thus made 
were mounted as 2 X 2-in. slides for projection, and many optical 
projectors were made available for use with them. The trans- 
parencies were also used for making several varieties of colour 
prata some of which could be produced by the amateurs them- 
selves, 

Techniques developed for the miniature enthusiasts were ulti- 
mately reflected in refinements of equipment and processes for 
conventional-format photography. Mechanical and optical pre- 
cision of high degree became characteristic of larger as well as 

smaller cameras. Films that once were primarily for the miniature 
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cameras were made available in larger sizes; and 
velopers, often necessary in miniature work, cami 
use. у 
In the 1960s there was a tendency to make small 
matic in the sense that integral photocell meters | 
existing light and either set the appropriate lens and shi 
ments or indicated them for the user's guidance. ' 
on precise exposure was one result of the widespread. 
of colour film; colour exposures offered much less latif 
monochrome and only experts safely departed froma 
determined optimum exposure. ү 
Essential to the maintenance of photography аз a po 
teur activity is the easy availability of film, and am: 
in standard sizes can be found in thousands of general mer 
shops as well as in those primarily concerned with 
and optical goods. Black-and-white film for the si 
usually permits 8 or 12 exposures and is provided in a 
types. For general outdoor pictures there is medium-spet 
chromatic film; for work in artificial or low-level КЫШ. 
fast panchromatic films; for pictures destined for considerable 
largement there are fine-grain films. Negative and reversal colour 
films from which colour prints as well as slides for projection ca 
be obtained are available in a variety of formats ol 
8 to 36 exposures per roll, 1 
While roll film is by far the most commonly used 
terial among amateurs, many serious workers prefer! 
which special film holders must be used) or film р 
types of film put up in rolls are also provided in sheet with a 
number of special types available in sheet film for the spec 
requirements of many amateurs as well as professionals, 
films are made in sheet and roll form. Же 
The great majority of amateurs have their finishing (d 
and printing) done for them by commercial photo! 
the amateurs who do their own monochrome developing 
ing, there is a wide range of simple and inexpensive aj 
chemicals are put up in packaged form to eliminate 
measuring quantities. Papers are provided in a great 
surface and contrast either for enlarging or contact p 
also possible for the experienced amateur to process Se 
of colour film, and to produce colour prints. ш 
With the introduction of the sensitive panchromatic 
1930, it became possible for the amateur to take phot 
doors with simple artificial lighting equipment. This 
considerably by the introduction of the overrun 
Photoflood types of lamps and simple stands and 
later by the flashbulbs and synchronizers that could | 
to amateur cameras. Nowadays many amateur came 
vided with flash attachments or at least with special shu 
electrical contacts that permit their use with flashbulb 
electronic discharge lamps. Colour films are made to 
quality photographs with artificial lighting. ; 
2, Professional Photograph y.—From the era of th 
reotypes—the 1840s and early 1850s—down through th 
and dry plate eras to the first or second decade of th У 
the professional photographer was almost invariably 
photographer. Indeed, photography was popularly 
primarily a means to personal portraits. 
The photographic portrait establishments. attempte 
something of the grand style, Furnishings and decoral 
lavish, and the backgrounds against which patrons 
elaborate counterfeits of grandeur. Because the use 
became widespread only in the 20th century, most ea 
studios used daylight, which was provided by large 
dows facing north, or away from direct rays of the А 
ingenious use of reflectors, diffuse light was used Wi 
effect, but the intensity was relatively low. 
with the slowness of the photographic plates then @ 
sitated long exposures. To assure the rigidity of the 
exposure a head clamp was commonly used; SU! 
tended to induce rigid facial expressions. However, 
ralness and informality were almost foreign tO 
the late 19th century, portrait photographers fio 
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respectable homes were without their albums in which portraits of 
ihe carte de visite size (2% 3i in.) were elaborately presented, 
slong with some of the larger “Cabinet” size (about 3 x 5 in.). 
By the 1860s, portrait photography had become so popular that 
cameras taking several portraits on one plate were used in order 
to speed up taking and developing. 

Inthe United States particularly, the vogue of portrait photog- 
raphy was immense. “Artists of the lens” were established in every 
town, and itinerant portrait photographers toured the fringes of the 
frontier. The camera was invariably a bulky mechanism mounted 
ona heavy stand that was sometimes carved to comply with the 
standards of contemporary elegance, From beneath a black focus- 
ing cloth at the back of the camera, the photographer watched the 
ground glass image of his sitter, suggesting, cajoling, pleading for 
apleasant expression. 

Early in the 20th century, public taste turned from the formality 
and the artificiality of conventional portraiture. Thanks to the 
constant improvement in plates and to the growing use of artificial 
light, it became possible to make studio portraits with the sitter 
far more at ease. Exposures were shortened, the head clamp dis- 
appeared, and the rococo motif in furnishings and backgrounds 
gave way to simplicity, with all the interest falling on the sitter. 

Modern professional portraiture is done almost exclusively on 
sheet film of the orthochromatic or panchromatic variety, one 
orthe other being used according to the nature of the sitter. The 
negative sizes tend to be smaller than in earlier years, and modern 
types of long-focus lenses and shutters are used. The lighting is 
ilmost exclusively artificial, largely by tungsten filament electric 
limps in special reflectors or as spotlights. Some fluorescent light- 
ingis used for general lighting, and there is a growing use of flash, 
specially electronic. 

Proofs of portraits are usually provided to the sitter, and they 
ire made on print-out paper or special slow types of enlarging pa- 
Hr. Contact and enlarging papers are made for portraits, fre- 
quently giving warm tones, 

Mass production methods have been introduced into portraiture, 
‘pecially in automatic or semiautomatic “studios,” and in coin- 
operated machines, The best portrait quality is, however, attained 

the photographers who undertake each appointment seriously 
ind carefully apply their time and skill to making good studies of 

Subjects. In recent years, colour photography has been intro- 
duced into portraiture. 

LA | mercial Photography.—Photography is used very 
i ely for commercial illustration and advertising, for technical 

‘stration, and for a wide variety of special purposes. When the 
шар» are made by professional photographers on a commer- 
= asis, the subject is called commercial photography; it is a 
i шал branch of photography, The photographers are 

'y highly skilled in the art of lighting and the use of special 
ind eques particularly since advertising agencies demand much 

del of unusual subjects and dramatic effects. There is some 
in, 0, t0 Specialization in commercial photography, one man 
шр primarily fashion photography with live models, another 
oe aad of food subjects, another sporting events, and 
af han Successful commercial photographer is adept in the use 

і Mem techniques, especially colour. 
tontinuou райо Art.—Over the years there has been almost 

fist js Iscussion as to photography's status as an art. see 
then Ае of the 20th century Alfred Stieglitz and E dy 
lim Comer med photography’s artistic potential in the pul a 
D Confirm e Ё; many of their published photographs d d 
Sma nr claims, While the camera is not always regar d 
Skilled тейин, the discerning mind and perceptive que 0 3 

i Sensitive photographer can produce—and have pr КО 
аф p ‘ating and aesthetically meaningful compositions. Indeed, 
бау 8тарћ transcend much that is presented through tradi- 

‚ pac Cepted art forms, (See also PHOTOGRAPHIC Art.) 

i aroid Land Camera.—In the late 1940s а wholly new 
Polaro; amateur camera was introduced—the picture-in-a-minute 
and camera, It was in most respects a fairly: conven- 
"s ing camera of the larger size; it was loaded, however, 

Ost unconventional and complex package of sensitized ma- 
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terial in which were incorporated pods of developer. After mak- 
ing an exposure, the user withdrew the film one picture length; in 
so doing the developer pods were broken and their contents spread 
evenly on the exposed material. Within a minute a positive image 
was fully developed on a sheet that could be torn from the camera. 
As the process was improved the time required for developing was 
reduced to ten seconds. In 1963 a colour material for these cam- 
eras was introduced; the resulting colour prints were relatively ex- 
pensive but the novelty of full-colour prints produced on the spot 
and in about one minute compensated for the cost. See also ref- 
erences under “Photography” in the Index. (W. B. Br.) 
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PHOTOGRAPHY, CELESTIAL. Celestial photography 
is the application of photography to objects in the sky and, in 
particular, to astronomical objects such as the sun, moon, planets, 
satellites, comets, stars and nebulae. Although pictures of clouds 
are not generally considered to be examples of celestial photog- 
raphy, pictures of meteors and of aurorae, which are also atmos- 
pheric phenomena, are considered within this subject. This 
article is divided into the following sections and subsections: 
I. The Application of Photography to Astronomy 
II. Photographic Telescopes 
1, Photographic Efficiency 
2. Limiting Magnitude 
3. Field 
4. Schmidt Telescope 
5. Other Modern Telescopes 
6. Photographic Plates and Films 
Celestial Photographs 
1. Sun 
2. Moon and Planets 
3. Artificial Satellites 
4. Meteors 
5. Aurorae 
6. Charts of the Heavens 


1. THE APPLICATION OF PHOTOGRAPHY 
TO ASTRONOMY 


The invention of photography by Louis Daguerre in 1839 led 
to a great step in astronomical progress. The first application of 
the daguerreotype to astronomy was made by John William 
Draper of New York city, who photographed the moon on 
March 23, 1840, the exposure being 20 min. Experiments in 
the new method were made under the direction of W. C. and 
George P. Bond at the Harvard College observatory, with the 
assistance of John A. Whipple and his colleague Black, photog- 
raphers of Boston, as operators; the first photograph of the 
moon was taken there on Dec. 18, 1849, with the 15-in. object 
glass. A daguerreotype picture of the moon shown in London 
by George Bond at the Great Exhibition of 1851 attracted much 
attention. 

Having seen the Harvard pictures in England, Warren De la 
Rue took up the subject and presented to the Royal Astronomical 
Society, in 1857, positive copies from a negative picture of the 
moon made by a collodion process that he had found practicable 
five years earlier. In 1864 Lewis M. Rutherfurd of New York 
city made a telescope with object glass of 114-in. aperture so 
corrected as to bring the photographic rays to focus. About the 
same time Henry Draper surpassed his father's efforts by taking 
photographs of the moon with a 15-in. reflector. 

Probably the first photograph of a star was a daguerreotype 
of Vega taken at Harvard observatory on July 17, 1850, but 
want of sensitiveness made this process rather impracticable, and 
there was little success in stellar photography until the invention 
of the collodion plate that was used in the U.S. and England in 
1852. In Nov. 1857 a photograph taken at Harvard of f Ursae 
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Majoris (one of the stars of the Ursa Major cluster) with is 
companion Alcor was sent for exhibition at the Royal Astrono 
ical society by W. C. Bond; an exposure of 80 sec, had ien 
given to photograph the 6th-magnitude star with the 15-in, re 
fractor. De la Rue at that time was making experiments on the 
actinic power of Jupiter and Saturn compared with that of the 
moon, but his photographs did not show any details of the plane. 
tary surfaces. Under De la Rue’s direction, and to his design, a 
photoheliograph was made and set up at Kew observatory, Sur е 
Eng., for the Royal society, and the work of taking daily photo. 
graphs of the sun, that was later carried on successfully at Green. 
wich and elsewhere, began at Kew in March 1858, De la Rue 
did not succeed in his attempt to photograph Donati’s comet of 
that year, but Usherwood of Walton Common, Surrey, Eng, 
photographed the comet in 7 sec. with a portrait lens of short 
focus. 

Daguerreotypes of the sun taken by J. B. L. Foucault amd 
Armand Fizeau in 1845 and photographs of the solar eclipses of 
1851 and 1854 were interesting experiments, but the photographs 
taken by De la Rue and by Angelo Secchi of the total solar eclipse 
in 1860 were the first of their kind to have real scientific impor- 
tance, since they established beyond doubt that the solar pro- 
tuberances were really appendages of the sun and not of the 
moon. Ten years later, at the eclipse of Dec. 12, 1870, excellent 
photographs taken by A. Brothers at Syracuse, N.Y., supplied 
evidence that the corona was also of solar origin; from that time 
a photographic picture of the sun's surroundings remained an 
integral item in the program of eclipse observation. 

In the years after 1870 many people were engaged in research 
and experiment in photography generally. Of particular relevance 
to astronomy were the studies of W. de W. Abney. It was de 
cided, mainly at the instigation of De la Rue, that photography 
(in addition to visual observation) should be used by the British 
expeditions that were to study the transit of Venus in 1874, and 
the work, so far as the process was concerned, was put in Abney’s 
charge. He realized that the circumstances of the occasion woul 
make a wet-plate process inapplicable and, after experiments ЗЕ 
ducted at Chatham, Kent, Eng., recommended the adoption 0 
an albumin dry process, using a highly bromized collodion ah 
strong alkaline development. 

The titles of two of Abney’s papers—‘On Dry Plate хари 
for Solar Photography” and “Оп the Photographic Metho n 
Mapping the Least Refrangible End of the Solar Spectrum 28 
dicate their bearing on astronomy. These papers represent im 1 
markable achievement in that Abney succeeded in producing 
special photographic emulsion, sensitive to red light, W 
used to map the solar spectrum far into the infrared. hy nid 

It was pointed out by George Bond that photograp у m 
be successfully used to measure the relative positions Mii 
of a group or of double stars; and in a letter to William "m 
on July 6, 1857, he predicted, in effect, the application и al 
raphy to stellar astronomy on the magnificent scale Ee phot 
exists today. In 1864 Rutherfurd began a long series ^ir 
graphs of star clusters and of the bright double stars; 
parently these measures were never completed 1 
Gould, in an expedition to the southern hemisphere, а 
negatives of the principal double stars and clus ee Й 
the wet-plate process was used in making these p Î sta 
was not possible to give an exposure long enough or, clatin 
to imprint themselves. With the invention of Ws P pet 
plate, which had been used by William Huggins 107 gg 


$ bo 
photography in 1876 and which came into general ч photog? 


this difficulty was removed and modern озеш comet 
А F wi 
became possible. Circumstances connecte п from the southern 


1882, which was especially magnificent as seen 17 raphy’ 
hemisphere, led "à new оиса of celestial BEP, 

A photograph, taken with a camera strapped, fort Cu of 6 
the great equatorial of the Royal observatory of ш of faint SU 
Hope, showed not only the comet but great uA ossibili ii 
around it; this at once suggested to David Gill the E i ds fol 
making star charts by photography. Effects of 5 and pros 
lowed upon Gill's idea. At Paris the brothers Pau 


Henry of the National observatory were engaged in the laborious 
‘of plotting the positions of stars found by eye observation 
ler to make charts of the stars near the ecliptic; but they 
ndoned this work and devoted their efforts to making a tele- 
pic object glass suitable for photography. 
n England, Ainslie Common turned to the art and, with a 
three-foot silver-on-glass mirror, took a photograph of the Orion 
bula on Jan. 30, 1883, with an exposure of 37 min. He earned 
gold medal of the Royal Astronomical society in 1884 for 
feat, which Abney called *epoch-marking" when presenting 
medal to another nonprofessional astronomer for similar work 
‘years later. An earlier photograph of this nebula, taken by 
Draper of New York city on Sept. 30, 1880, is said to be 
rst obtained but it is agreed that this was not a satisfactory 
К ш. The later recipient of the medal mentioned above 
аз Isaac Roberts. In 1885 he had made a 20-in. silver-on-glass 
reflector of nearly 100-in. focal length for the purpose of making 
star charts by photography, but altered his plans and devoted the 
‘instrument to photographing star clusters and nebulae. The ex- 
cellent pictures produced at his observatory at Crowborough, 
Sussex, are collected in two volumes published during his life- 
‘time, supplemented by a third prepared and issued by his widow 
in 1928, 
- Common's photograph of the Orion nebula led, through Edward 
Holden, to the acquisition of a three-foot reflector in 1895 by the 
Lick observatory, Mt. Hamilton, Calif. Two mirrors made by 
Calver and formerly owned by Common, were presented to that 
titution by Edward Crossley of Halifax, Eng., and one of 
these, refigured by Sir Howard Grubb, forms the essential part of 
"the instrument known by his name. In James Keeler's hands it 
ded a superb series of photographs of nebulae which for the 
fist time demonstrated the great advantages of the reflecting 
telescope for certain classes of astronomical photography and 
ded to the construction of the great modern reflectors. 
(H. P. H.; F. H. $.; D. E. 0.) 


Е IL PHOTOGRAPHIC TELESCOPES 


The instruments used for celestial photography are telescopes 
ot One or another kind, but without an eyepiece. Instead the 
t is brought to a focus at the photographic plate, as in a 
simple camera, Astronomical telescopes may be grouped into 
е classifications: (1) refractors, (2) reflectors and (3) catadi- 
Optric or composite systems (see TELESCOPE). In a refractor a 
ns collects and brings light to a focus; in a reflector a concave 
Mirror, usually of glass aluminized on the curved surface, serves 
le Same purpose; іп a catadioptric system а light-transmitting 
plate and a mirror in combination have the same function. In 
dition refractors may be subdivided into two kinds: those de- 
Signed for visual observations, and those for photographic pur- 
Poses. Since the development of celestial photography and its 
Almost universal application occurred after many of the larger 
Tefractors had been constructed, a number of observatories were 
Î the position of having to use for photography instruments 
ely intended for visual work. In these cases the adaptation 
Om visual to photographic use was accomplished in a variety of 
‘Ways: by adding another lens to the objective; by reversing one 
ШЇ the elements in the objective; by placing a small correcting 
E à few feet in front of the focus; or by using à yellow colour 
ler and an emulsion sensitive to visual light. The last two 
Methods, because of their simplicity, are those in commonest use 
"&Shectively for photography of spectra and of star fields by the 
1651 refractors, such as the 40-in. telescope at Yerkes observa- 
‘ory, Williams Bay, Wis., and the 36-in. Lick telescope. In the 
tase of reflectors, since their mirrors bring light of all colours to 
бе focus, photography over a wide spectral range is pos- 
Without focal compensation. 

m A Photographic Efficiency.—The aperture, 
ocal ratio of a telescope are usually chosen to ma 
55 Possible for a particular type of problem. The 


focal length and 
ke it as efficient 
larger the focal 


ith, the larger the scale or magnification of the image. For 
Particular focal length, the larger the aperture, the greater 
or 


‘mount of light collected and hence the brighter the image. 
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objects having extended surfaces like the sun, moon, planets and 
nebulae, the situation is similar to ordinary terrestrial photog- 
raphy. The photographic efficiency for surfaces is inversely 
proportional to the square of the focal ratio and is independent 
of the aperture; for a particular focal ratio the advantage of a 
large aperture is its great magnification and hence its ability to 
resolve small details. 

For stars the situation is somewhat different. According to 
geometrical optics, star images are points; if diffraction is taken 
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FROM €. W. H. SELWYN'S “PHOTOGRAPHY IN ASTRONOMY" (1950); REPRODUCED BY PERMISSION 
OF EASTMAN KODAK COMPANY 

PHOTOGRAPHY OF FAINT STARS 
For a given focal ratio, the larger the telescope aperture the fainter the stars 
that can be photographed, For a given aperture, a larger focal ratio permits 
fainter stars to be recorded 


into account, they are small disks whose linear size is proportional 
to the focal ratio. One might expect that the photographic effi- 
ciency would be proportional to the square of the aperture of the 
telescope. However, for telescopes with apertures larger than a 
few inches, the actual image size is determined by aberrations 
and imperfections in the optical elements and by the effects of 
disturbances in the earth’s atmosphere (called “twinkling” or 
"seeing"). In larger telescopes, therefore, the star images are 
larger and the photographic efficiency does not increase as rapidly 
as the square of the aperture. 

2. Limiting Magnitude.—For a given telescope it is impos- 
sible to photograph fainter and fainter stars merely by prolong- 
ing the exposure time. In order to record a perceptible image 
of a star there is required a certain minimum difference between 
the brightness of the stellar image and the sky background. The 
effect of sky illumination, the light of which is a faint and variable 
auroral glow produced in the earth's atmosphere by solar radia- 
tion, is determined by the focal ratio. For a given focal ratio, 
therefore, increase in linear dimensions does not affect the sky 
brightness in the focal plane of the telescope, From experience 
it is found that when the surface brightness of an object falls 
below one-sixth the sky illumination it becomes difficult to recog- 
nize the object on the emulsion. When this condition is ap- 
proached the magnitude of the faintest star discernible on the 
photograph is termed the limiting magnitude. Because of its 
great practical importance, the limiting magnitude attainable with 
a given telescope has been the subject of a number of studies. 
The results of these studies are collected in the figure, compiled 
by E. W. H. Selwyn, which shows the limiting magnitude as a 
function of aperture and focal ratio of the telescope. 

To record a perceptible image of a nebula also there is required 
a minimum difference between its brightness and the general 
sky brightness. This contrast can be increased by taking the 
photograph with light of such wave length that the nebula is 
relatively bright and the sky is relatively faint. Because much 
of the nebular light is therefore rejected, this procedure requires 
long exposure time or particular photographic skill. 

3. Field.—For most of the large refractors, which generally 
have focal ratios in the range f/15 to f/20, the field of critical 
definition amounts to 1° to 2° in diameter. In order to cover 
larger areas lenses of shorter focal length and of focal ratio //7 
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WILSON AND PALOMAR OBSERVATORIES 


to f/4.5 usually are employed. However, simple doublets of this 
focal ratio have only a small field of good definition and in order 
to photograph a larger field it is necessary to use a more compli- 
cated multielement lens. Among the most useful of these wide- 
field lenses are a series of four-element objectives, f/7, designed 
by F. E. Ross, which have a field of several degrees. 

The field of good definition of a reflecting telescope also de- 
creases with decreasing aperture and with increasing focal length, 
and is only a few minutes of arc for the 100-in. reflector at Mt. 
Wilson observatory, near Pasadena, Calif., and the 200-in, re- 
flector at Palomar observatory, Palomar mountain, Calif. In 
1929 Ross designed a lens that, when placed a short distance in 
front of the focus, extended the useful feld to an area nearly 
1*in diameter. Since lenses of this type changed the focal length 
very little they were called zero correctors. By the early 1960s 
nearly all of the-large, modern reflectors were provided with 
auxiliary lenses of this character. 

4. Schmidt Telescope.—In 1931 Bernhard Schmidt of the 
Hamburg observatory, Bergedorf, Ger., designed and constructed 
а new type of telescope that represented an ideal composite sys- 
tem, The Schmidt telescope consists of a figured correcting plate, 
which the light passes through, and a spherical reflecting mirror, 
which then brings the light to a focus on a spherical surface with 
a radius half that of the mirror, It is therefore necessary to bend 
the photographic film or plate to fit this curved focal surface. 
Since the Schmidt telescope has a much larger field of good defini- 
tion than either a reflector or refractor of the same focal ratio, 
it is superior whenever coverage of a large area on a single expo- 
sure is required. 

By the 1960s many 24-in. (aperture) Schmidt cameras were in 
operation; the largest was the 48-in. camera of the Mt. Wilson 
and Palomar observatories. 

5. Other Modern Telescopes.—During the early 1940s А. 
Bouwers in the Netherlands and D. D. Maksutov in the U.S.S:R. 
independently discovered a composite system somewhat similar 
to the Schmidt telescope. In the Bouwers-Maksutov telescope the 
light passes through a weak spherical lens and is focused by a 
spherical mirror onto a curved film. The advantage of this sys- 
tem is that its lens involves only spherical surfaces and for this 
reason it is easier to construct than a Schmidt corrector plate. 
Furthermore the over-all length of the telescope is shorter than 
that of a Schmidt telescope of the same aperture and focal length. 

The disadvantage of the Bouwers-Maksutov telescope is that its 
definition, while superior to that of an ordinary refractor or re- 
flector over a wide field, is not as good as that of a Schmidt 
telescope. By the 1960s the largest two Bouwers-Maksutov tele- 
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scopes in operation were the 20-in. (aperture) at Alma-Ata Tu 
the 18-in. at Simeis, both in the R. 

With Schmidt or Bouwers-Maksutov telescopes it js possil 
to photograph with good definition a field of from 5° to 15° 
diameter, depending on the size of the instrument, (Although 
this is much smaller than the field of an ordinary hand Be: 
it must be remembered that astronomical requirements of defini 
tion and of scale are much greater than those that can be met 
hand cameras.) Various modifications of these telescopes make 
it possible to extend the usable field to as much as 50° but for 
still larger fields a different type of instrument is Necessary (see 
Celestial Photographs: Meteors; Artificial Satellites, below), A 
very wide-field system invented by J. L. Greenstein and L, G. 
Henyey in the 1940s uses a spherical mirror that focuses the light 
on a spherical focal surface. There is, however, no film at this 
focal sphere; instead there is a complicated lens system some 
distance above it which refocuses the light onto a flat plate, In 
this way a different section of the mirror is used for photograph. 
ing each part of the sky and the field of good definition is quite 
large. The largest Greenstein-Henyey camera, owned by the 
Yerkes observatory, has a mirror 12 in. in diameter, but the ef- 
fective aperture is only 0.2 in. and the effective focal length 04 in, 
This instrument photographs a field of 140° at one time, onlya 
little less than the whole hemisphere of 180°, 

6. Photographic Plates and Films.—The photographic ma- 
terials used in astronomy are ordinarily coated on glass plates 
because of the relative freedom from stretching achieved in this 
way. Film is used only if it has some special advantage, as in 
some Schmidt cameras because it can be bent easily, or in solar 
or planetary photography because large numbers of exposures 
are taken in rapid succession. Ordinary photographic emulsion 
is sensitive only to the wave-length region 3,000 A to 5,000 A 
(An angstrom unit, written A, is үрт, oF 10°, centi 
metre. 
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The limits of human vision extend from about 4,000 A, 
violet, to 7,000 A, red, while 5,000 A is green.) After the dis- 
covery of sensitizing dyes by Hermann Vogel in 1873 the short 
wave-length region that can be photographed was extended to 
3,000 A; more recent inventions pushed the long wave-lem 
limit to 13,000 A. 
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Astronomical plates and films are considerably more sensitive 
i commercially available materials but on the other hand 
become fogged more easily and must be kept under refrigera- 
n until shortly before use. There is a range of speeds of astro- 
mical plates available: generally the more sensitive a plate is 
light, the grainier its structure is when developed and the 
its resolution is. Thus one must always compromise be- 
speed and resolving power. 


Ш. CELESTIAL PHOTOGRAPHS 


§un.—The sun is extremely bright, brighter than almost any 
r source, and therefore can be photographed with very long 
al-length instruments and on large scale. Furthermore fine- 
in (and therefore relatively slow) plates can be used for the 
num resolution of fine detail on the sun's surface. | Under 
“hese conditions the resolution is limited chiefly by the unsteadi- 
ss of the earth's atmosphere and by the deformation of the 
lics of the telescope caused by solar heating. In the early 
| 19005 George Ellery Hale discovered that a considerable part of 
e daytime unsteadiness occurs near the ground as a consequence 
convection of heated air. Therefore he arranged for the con- 
Suction of the 60-ft. and 150-ft. solar towers at Mt. Wilson, 
Ih of which has an objective lens of 12-in. aperture at the 
ед distance above the focal plane. The solar towers are fixed 
acting telescopes with vertical axes, equipped with coelostats, 
systems of flat mirrors driven to follow the sun’s apparent daily 
ion, that direct the sunlight down into them. Each of the 
yers is actually composed of two completely independent struc- 
$ one inside the other. The outer tower serves as a screen 
prevent the inner tower, which bears the optical equipment, 
om being set into vibration by the wind. The combination of 
tat height above the ground and shielding from wind proved 
te successful in limiting the effects of atmospheric unsteadi- 
and improving the image quality. Subsequently several other 
Wer telescopes were built, including those at Potsdam, Ger., at 
etri, Italy, and at the McMath-Hulbert observatory near 
iac, Mich, The last observatory in particular pioneered in 
g motion pictures of rapidly changing solar phenomena. 
telescopes are often used in conjunction with a spectro- 
graph (q.v.) to record a photograph of the sun in the light of 
gle wave length, że., in the light of a single element, such as 
Ogen or calcium. 
attempt to obtain solar photographs of even better reso- 
two groups of astronomers were led in 1956-37 to use bal- 
to take their telescopes to heights above nearly all the 
spheric unsteadiness. A. Dollfus of the Paris observatory 
D. E. Blackwell and D. W. Dewhirst of Cambridge observa- 
Ў took an 11-in. refracting telescope of 180 ft. effective focal 
to a height of 20,000 ft. in a manned balloon, while M. 
lWarzschild and J. R. Rogerson of Princeton University ob- 
Vatory and J. W. Evans of Sacramento Peak observatory, Sun- 
N.Mex., sent an automatically operated 12-in. reflector of 
effective focal length to a height of 84,000 ft. in an un- 
TIN dballoon. Both telescopes were composite systems consist- 
§ Of an objective together with an enlarging lens, 50 that the 
all tube length was considerably smaller than the effective 
length, and both took many exposures on continuous rolls of 
The definition of both sets of photographs was very 6000, 
ê taken from the unmanned balloon being the finest solar 
ever taken. 
Пе solar corona is the very faint outer env 


J about ıi as bright as the sum. 


tio 


elope of the sun, 
It can be photo- 


hed easily at eclipses—when the bright solar disk is hidden 
at other times sunlight scattered by particles in the earth’s 


phere and by imperfections in the optical parts © 
i arn the faint coronal light. 
rvatory succeeded 


hotographing for the first time the solar corona outside eclipse. 


У Using an ingeni :« own design termed the 
genious telescope of his own СС n 
hagraph, and by working on the Pic du Midi (elevation р 
in the Pyrenees, Lyot was able by 1936 to photograph d 
corona out to 7 of arc from the sun's limb. With sti 
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further instrumental refinements, and with the use of a polarizing 
monochromatic filter (see Ілснт: Polarization and Electromag- 
netic Theory) that transmitted a band of radiation only 1.5 A 
wide, Lyot by 1941 not only obtained pictures of the corona but 
also made direct photographs of the chromosphere, prominences 
and sunspots that rivaled in quality those given by the spectrohe- 
liograph. Two more coronagraph observatories were constructed: 
the Ziirich observatory station at Arosa, Switz. (elevation 6,600 
ft.), and the Harvard station at Climax, Colo. (11,500 ft.). 

2. Moon and Planets.—The moon and the planets near the 
earth, though fainter than the sun, are relatively bright objects, 
comparable with brightly illuminated outdoor scenes on the earth. 
Thus it is possible to use long focal ratios and short exposure 
times in photographing these objects. In many cases it is ad- 
vantageous to use an enlarging lens to increase the effective focal 
length of the telescope and consequently the scale of the image 
on the plate. Because the main effect that limits the definition 
is the unsteadiness of the image caused by turbulence in the 
earth's atmosphere, it is customary to take large numbers of ex- 
posures in the hope that some will be taken during short moments 
of "good seeing." After the films have been developed the best 
images are selected for further study; it is even possible to make 
a composite print from several different negatives of the same 
planet to average out the fictitious details caused on a single 
picture by the earth's atmosphere and by flaws in the film. Ex- 
perience has shown that, except on a very few superbly steady 
nights, a telescope of 20- to 40-in. aperture is the best for this 
type of photography. A larger telescope looks through a greater 
volume of the earth's atmosphere and is therefore more likely to 
be affected by unsteadiness of the air. 

Photography has made it possible to map the moon in detail and 
to study, particularly by comparing photographs taken in light 
of different colours, the surfaces and atmospheres of the planets 
(see VENUS; Mans; JUPITER). 

3. Artificial Satellites.—In Oct. 1957 the U.S.S.R. launched 
the first artificial earth satellite, and a new subject for celestial 
photography was created, The first Russian sputniks were large 
and bright enough for many amateur astronomers and photog- 
raphers to obtain pictures of their paths across the sky with sim- 
ple terrestrial cameras. Many scientific problems can be solved 
by obtaining precise positions of artificial satellites. The United 
States put into operation a network of 12 cameras specially de- 
signed for tracking satellites. These Baker-Nunn cameras are 
modifications of the Schmidt camera, equipped with a complicated 
three-component corrector lens and a spherical mirror. The 
cameras have a focal length of 20 in., work at a focal ratio of f/1 
and have a field of good definition 30° in diameter. They use roll 
film, and a single exposure photographs an area 5° wide and 30° 
long; inside the telescope is an illuminated precision clock, which 
gives the exact time of the observation. The telescopes have spe- 
cially designed mountings that make it possible for them to track 
alternately on the orbital motion of the satellite and on the diurnal 
motion of the stars. In this way the image of even a faint satel- 
lite can be recorded during one phase of the exposure, and the 
images of faint stars near it in the sky during the other phase. By 
measurements of the developed film accurate positions of the 
satellite can be obtained. A precision of about one second of arc 
has been obtained with these cameras, the limiting factor being 
the difficulty of determining the precise time (an accuracy of bet- 
ter than 0.001 sec. is required) at remote points on the earth. 

4. Meteors.—Meteors or "shooting stars" are solid bodies, 
ranging in size from small grains to rocks as big as a house, which 
are heated to incandescence as they plunge through the earth's 
atmosphere. There is no way of predicting when or where they 
will appear and they burn out so quickly that once seen it is too 
late to turn a camera to them. Therefore it is only by accident 
that a telescope being used for another purpose will occasionally 
record a meteor trail. For serious scientific work on these objects 
it is necessary to patrol continuously a large area of sky with very 
efficient cameras in order to record the meteors down to as faint 
a limit as possible. The most effective cameras employed to this 
end are the so-called “Super-Schmidts,” designed by James G. 
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Baker for the Harvard observatory. Each of these cameras has 
a four-element corrector together with a spherical mirror and may 
be described as a complicated combination of a Bouwers-Maksutov 
and an achromatized Schmidt camera. Four of these cameras 
were constructed, each with an aperture of 12 in. and a focal ratio 
f/0.67 and each with a field of good definition 52° in diameter. 
The focal surface is curved too steeply for ordinary film to be bent 
to fit it, so the cameras use special hemispherically molded films. 
After development these curved films are copied photographically 
onto flat glass plates for measurement and storage. The Super- 
Schmidt cameras contain electrically driven rotating shutters, 
which interrupt a meteor trail at accurately known time intervals, 
and thus make possible a measurement of a meteor’s angular speed 
through the sky. The cameras are operated in pairs, separated by 
distances of 50 to 100 mi. so that the height and space velocity of 
any meteor photographed from both stations can be determined by 
measuring its apparent shift with respect to the background stars. 
5. Aurorae.—The aurora borealis, or northern lights, is one 
of the most impressive sights offered by the night sky. Although 
many successful pictures of individual parts of an auroral display 
have been taken with hand cameras, the whole phenomenon is so 
vast that a camera covering nearly the whole sky is needed for a 
complete photograph. The Greenstein-Henyey camera, which 
photographs a field 140° in diameter on one exposure, has proved 
ideal for this work. One of these cameras fitted with a motion- 
picture attachment was used by A. B. Meinel and his co-workers 
at the Yerkes observatory to photograph the changes in form and 
structure of typical aurorae. (D. E. О.) 
6. Charts of the Heavens.—The advantage that photographs 
of clusters and nebulae have over visual observation is obvious. 
A glance at a photograph shows the whole of the object in all its 
beauty. The field of view of a telescope is small and a complete 
conception of the nebula has to be built up from successive ele- 
ments. It has always been mentioned that Gill foresaw the pos- 
sibility of recording the positions of stars from a single plate; the 
next step was to connect individual plates to make a complete 
survey of the heavens, as had been—and is—the final aim and 
purpose of transit observing. The first effort in this direction 
was made by Gill, who (1885-89) took photographs covering the 
sky from the south pole to declination 18? S. which, measured 
by Jacobus C. Kapteyn of Groningen, gave approximate co- 
ordinates and magnitudes of nearly 500,000 stars that form the 
Cape Photographic Durchmusterung. In a more ambitious scheme 
initiated in 1887 by Amédée Mouchez, director of the Paris ob- 
servatory, 18 observatories of the world combined to make the 
Astrographic Chart, or a picture of the whole sky which should 
show all stars down to the 14th magnitude, to which was added 
later a catalogue of all stars to the 11th magnitude. By 1958 the 
catalogue was substantially complete but the chart covered only 
approximately 50% of the sky. In this connection mention should 
be made of a series of plates that came later, taken by Franklin 
Adams in 1903-04 at the Cape of Good Hope and in 1909-10 at 
Godalming, Surrey, Eng., with a photovisual objective of 10-in. 
diameter, Two hundred and six of these plates, each covering an 
area of 15? X 15°, chart the whole sky to the 16th magnitude. 
The extreme delicacy of the gelatin film, especially during 
development and fixation, led in the beginning to a certain dis- 
trust of measurements made on photographic plates. Experience 
Showed these fears to be groundless and photographic methods 
to be well suited to measurements of the most exacting kind. 
With properly designed instruments the economic factors are also 
favourable. An undertaking which effectively utilized these ad- 
vantages was the reobservation by photography of the zones of 
the great Astronomische Gesellschaft (A.G.) catalogue, in which 
the positions of stars to the 9th magnitude were originally meas- 
ured with meridian circles at many different observatories. In 
1913 Frank Schlesinger initiated at the Allegheny observatory, 
Pittsburgh, Pa., a program of observations with a wide-angle lens 
which proved to yield accurate star places over a plate 5 square 
degrees (sq.deg.). Although successful results were obtained 
with the 25-sq.deg. field, the frequent difficulty of not having 
enough bright reference stars for plate reductions led Schlesinger 
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at the Yale University observatory іп 1927-28 to employ a s 
cially designed 5-in., f/14 Ross lens that covered a field of 1 ^ 
sq.deg. Other workers soon adopted the photographic Щй 
and by 1938 the northern А.С. zones had been completely re. 
observed by Yale and a number of European observatories, 

The most ambitious project of charting the sky was the National 
Geographic society-Palomar observatory sky survey, made with 
the 48-in. Schmidt telescope during the years 1949-1956, The 
whole sky north of declination 27° S. was divided into fields ap. 
proximately 40 sq.deg., and two photographs of each field were 
taken, one in blue light and one in red, for a total of almost 1,809 
photographs. These photographs show stars as faint as the 20th 
magnitude and permit estimates of the stars’ brightness and colour 
to be made. The band of wave lengths used for the red exposures 
was so selected that the diffuse nebulae had several emission lines, 
and therefore appeared very bright. The sky survey provided an 
unusually complete record of stars and nebulae, which proved 
invaluable in many statistical and research programs, 

The proper motions of stars can be measured by wholesale 
photographic methods, the most direct method being to photo- 
graph a star field at two different times, separated by several years, 
with the same telescope. Then if the two photographs are com- 
pared, the fastest moving stars can be identified as those whose 
two images are displaced by the greatest amount, while the ma- 
jority of stars that move more slowly have nearly coincident 
images. This method of finding stars with large proper motions 
was pioneered by Max Wolf in Germany and by F. E. Ross in the 
United States. Furthermore the proper motion of every star on 
the pair of photographs can be measured in this way if there are 
some reference objects on it with known motions. Such a proper- 
motion survey was undertaken at the Lick observatory with 4 
specially designed 20-in. refractor. The extragalactic nebulae, 
which are so far away that their apparent motions are very small, 
served as the reference objects. The whole northern sky was 
photographed for the purposes of this survey during the period 
1948-56; a second series were to be taken about 25 years later, 

As an early example of astronomical work made practicable by 
the measurement of photographs, mention may be made of the 
determination of stellar parallaxes by Charles Pritchard at the 
Oxford University observatory in the year 1887. Most monic 
that depend on the measurement of small distances are now made 
by means of the photographic plate, though close dou 
measurement is an exception. E. Hertzsprung devised ш 
involving the use of a grating and colour filters to ensure free ш 
from error in finding the distance between the con ра 
double stars and their position angles, but it is considered d 
photographic method is unsuited for pairs whose separation 1s 
than about a second of arc. that 

In addition to the advantages already mentioned, ad 
pertain to the sensitive plate are that its receptivity is cumu 0 The 
by continued application it can see where the eye is blind. n be 
impressions are permanent and constitute a record that ji á 
measured and consulted at will. Faint comets, for examP i 


1 А ni 
lieved to lie and searching the developed plate. In thi at 
6 of the 11 satellites of Jupiter and 1 of the 9 satellites o 


flector by 


planets has been very fruitful, and examination of t a 
celestial photographs of the Harvard College uec ears but 
brought to light many novae that have appeared in m Y arit 
which were not detected visually at the time of their e ed 85. 
This great collection of photographs that was асое state 0 
tematically over many years constitutes а record 0 i 


the sky at approximately regular intervals. It ki: etermin® 


fruitful for the discovery of variable stars and for the СОУ hy, 

tion of their light curves. See also references under BBO 

Celestial” in the Index, 1 
1950); © 


See E. W. Н. Selwyn, Photography in Astronomy ( 945). 
Dimitroff and J. G. Baker, Telescopes and Асвон D, Е.0) 


"HOTOGRAPHY, SPARK, a technique that derives its 
from the type of illumination employed for the photograph, 
the light produced by a small electric spark of extremely 
duration and great intensity. This technique should not be 
ed with the electronic flash ordinarily used for photography. 
e spark method finds many applications in the photography 
j rapidly moving objects; for example, the earliest known spark 
plograph was an ordinary snapshot of a newspaper clipping 
itd to the surface of a rapidly spinning disk. The size of the 
"utk is so small that it can be used to project a silhouette directly 
| qm the photographic film, and, in ordinary practice, the conven- 
| (а! camera lens is not required. 
- The spark itself is generated by the discharge of a high-voltage 
tapacitor across a gap between two electrodes. The circuit con- 
“gists of the condenser, the main gap, and a trigger gap formed 
by a third electrode placed between the two main electrodes. 
" Flctrical energy is slowly stored in the condenser over a relatively 
long period of time, since the spacing of the electrodes is wide 
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ough to hold the voltage, and is discharged with sudden violence 
‘ough the main gap at the instant the circuit is effectively com- 
Med by sparking the trigger gap (see CAPACITOR). ae 
m вар and condenser are designed to produce the most brilliant 
ИШ of light possible in the shortest time. By grouping the ele- 
"is of the condenser in a ring around the gap 50 that the dis- 
Mtge of electricity takes place in a concentric path, the duration 
‘ithe spark can be shortened to 1077 seconds and good exposure 
lined at spark to photographic plate distances of 4 to 10 ft. 


; 3 operating capacitance of 0.1 microfarad and potential of 


nately, the light from the spark is rich in ultraviolet radi- 
ss is thereby increased in 


rect spark shadowgraphs. More brilliant sparks can be 


E the ired ti ing the brief period the 
Bong obj Spark at the desired time TE ie most difficult 


Те of this photographic system, and many ingenious methods 
ering have been developed. This operation must be E 
fast Y precise; a tolerance of 1075 seconds is common, д 
тош circuits are required. The particular metho 
f the depends on the application, but ordinarily some and 
ap Object itself starts the trigger operation. The йиде 
ods is the make-or-break contact. If the object is ter- 
etic, a magnetic trigger can be used; if it can be charged to a 
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high potential, an electrostatic trigger is suitable; if the geometry 
of its motion can be arranged so that it cuts the path of a beam 
of light, a photoelectric trigger gives good results; or, if the object 
is куйш faster than the speed of sound, a sonic trigger will 
work. 

The overall operation is conveniently illustrated by tracing 
through the sequence of events involved in taking the spark photo- 
graph of a bullet in flight using the apparatus shown in fig. 1. 
The room is darkened, the photographic plate put in position, and 
the gun is fired. Since a photoelectric trigger is used, the gun is 
aimed so that the trajectory intersects the beam of light from 
the lamp to the phototube. As the bullet interrupts this beam, 
it changes the amount of light falling on the phototube and thereby 
generates a voltage pulse in the electronic circuit, This pulse is 
amplified and used to fire a gas discharge tube in the output of 
the amplifier. The discharge tube in turn sends a surge of current 
through the primary of an induction coil, and the high voltage 
surge resulting in the secondary is applied to the electrode of the 
trigger gap, producing a weak spark across this gap. The trigger 
spark ionizes the air in the main gap, causing it to break down, 
the condenser discharges through the main gap, and the spark 
photograph is taken. The duration of the light is sufficiently 
short to produce clear photographs of even the fastest projectiles. 

Applications to Ballistics.—Spark photography is of great 
value to the ballistics (q.v.) engineer, enabling him to answer many 
questions on the flight of bullets and the flow of the air about 
them. Such problems as that of determining the distance from the 
muzzle at which the velocity of the erupting gas becomes less than 
that of the bullet are readily solved. 1t is of particular interest 
in the case of shot shells where the disposition of the shot and 
wads may be easily observed. Work of this nature led to the 
commercial development of shot shells without the top card wad 
over the shot, for it was observed by spark photography that this 
wad interfered with the proper flight of the shot. 

Aerodynamics Range.—As the projectile flies from gun to 
target, it undergoes violent resistive forces because of its high- 
velocity motion through the air, and if the flight path is to be 
computed, these forces must be measured. Here spark photog- 
raphy gives the ballistician a tool of great precision in the so- 
called aerodynamics range. The projectile is fired into a long, 
enclosed gallery containing from 10 to 25 spark-photography sta- 
tions spaced at intervals along its length. As the projectile passes 
each station in turn, two spark pictures are taken in perpendicular 
planes (one horizontal, say, and the other vertical) and the time 
of the event is recorded on a high-speed chronograph. 

Thus, each pair of spark photographs records the position of 
the projectile at a measured time, and all of the records can be 
combined to determine the retardation of the projectile’s motion 
and the aerodynamic drag. The inclination of the projectile’s axis 
to its direction of motion can also be measured from each pair of 
pictures, and from these measurements the projectile’s stability 
can be computed (see CHRONOGRAPH : Velocity Chronographs). 
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FIG. 2.—8SCHEMATIC DIAGRAM OF SCHLIEREN OPTICAL SYSTEM FOR PHO- 
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BY COURTESY OF (LEFT) BALLISTIC RESEARCH LABORATORIES, ABERDEEN PROVING GROUND, U.S. ARMY; (CENTRE, TOP AND BOTTOM RIGHT) TNE REMINGTON ARMS COMPANY, 
EXAMPLES OF SPARK PHOTOGRAPHY 


(Left) Sound-wave pattern created by smooth projectile traveling at threo times the speed of sound; (centre) disposition of 12-gauge shot and wads at ШАЛ 
from muzzle of skeet-bored gun; (top right) 12-gauge shot being released from plastic wad and shot protective device at 18 in. from muzzle; (bottom right) 12. 


gauge shot with plastic wad fired from full-choke bored gun used in trapshooting 


Applications to Physics.—Many processes of physics not only 
take place with extreme rapidity, such as the flight of bullets, 
but also require special optical apparatus in order to be recorded 
ina useful manner. For example, the flow of air over an airplane 
in a supersonic wind tunnel (g.v.) is invisible to the naked eye 
but can be seen clearly if viewed through the particular combina- 
tion of light sources, mirrors, and lenses known as a Schlieren 
System. Near the speed of sound the flow over the airplane be- 
comes unsteady and changes violently from one instant to the 
next. Waves sweep back and forth over the wings at high speed, 
and the exposure must be as brief as in ballistic photography if 
the details of the flow processes ate to be recorded clearly. 

Spark photography furnishes the key to the instrumentation 
by providing a light source having both a short duration and the 
very small size required by optical systems. Its use in a Schlieren 
system is shown in fig. 2. All of the light from the spark is brought 
to a focus at the knife edge, and the lateral dimension of the spark 
must be limited to a small value, ranging from 0.01 in. in small 
Schlieren systems to 0.1 in. in large. If a limited number of photo- 
graphs are to be taken in rapid succession, several sparks placed 
side by side may be used in a Schlieren system with small orifices 
replacing the knife edges, each orifice being located at the conjugate 
focus of one of the sparks. Rates of up to 1,000,000 pictures per 
second have been obtained (see AERODYNAMICS), 

Other processes in physics require the photography of high- 
speed objects which are brightly luminous themselves, such as 
a rocket with a burning jet of exhaust gases or a very high-speed 
missile that glows like a meteor as it streaks through the air. The 
light from these objects would fog the film of a direct shadow- 
graph or obscure the image of a microflash photograph, Again, a 
spark light source can be combined with an optical system to 
provide a suitable means of photography. In one system, the 
spark casts a shadow of the object on a motion-picture screen 
rather than on a photographic film directly. The screen is photo- 
graphed by a camera placed adjacent to the spark but to one side 
so that the images of the object itself and its shadow on the screen 
are displaced from one another on the camera's plate. In this 
way, the light from the object is separated from the shadow on the 
movie screen and does not impair the silhouette of the object 
seen in the spark photograph. 

Shock Wave Phenomena.—One of the most spectacular ex- 
amples of spark photography shows shadows produced by compres- 
sion waves in the air. These waves are seen as lines, usually 
curved, with a dark front edge and a light rear edge. Strong com- 
pression waves, known as shock waves, have fronts that amount to 
surfaces of very small thickness through which the pressure, 
density, temperature, and, consequently, index of refraction change 
violently. They are roughly similar to the fronts of waves rolling 
up a shallow beach. The rays of light from the spark passing 
tangent to these wave surfaces are refracted to form lines of 
alternate dark and light representing the projection of the wave 
surfaces on the photograph. The technique is very sensitive and 
wave patterns are recorded in fine detail. 

Shock waves are produced in air by any disturbance that is 


sufficiently strong and abrupt. Electric sparks, explosives, pro- 
jectiles and aircraft traveling at speeds close to or greater than 
the speed of sound all generate shock waves. An example of pure 
wave photography is found in the study of the reflection of shock 
waves from solid surfaces. The wave patterns surrounding bodies 
at transonic and supersonic velocities are of particular interest 
since they tell much about the nature of the air flow over the body, 
Even the turbulent layer of air next to the projectile’s surface 
and the wake following it are visible. 

See also PHOTOGRAPHY. 

See W. G. Hyzer, Engineering and Scientific High-Speed Photography 
(1962). (К. E. E.; А, C. Cs) 

PHOTOGRAVURE: see Gravure. ety 

PHOTOJOURNALISM is a form of news reporting in which 
the principal means of communication is the photographic Image, 
usually with a written or spoken explanation to amplify and give 
clarity and coherence to the visual statement. The simplest and 
the most common form of this visual presentation of news is the 
single news photograph. More complex forms include the picture 
story and the picture essay, in which related photographs a 
combined in a single graphic unit. The rise of television after 
World War II increased the importance of the motion picture as & 
photojournalistic tool. У lism 

Early History.—The development of printed photojourntls 
was dependent upon the inventions of photography and of a metho 
of reproducing the photographic image on the printed PUN 
French inventor, Joseph Nicéphore Niepce, by 1826 had ied 
limited success in developing both. Fora time ШИР te in 
raphy developed more rapidly than photoengraving; unt * art 
the 19th century woodcuts, steel engravings, etc., redrawn н 
ists from photographs, were the only means available for At fst 
ing photographs on the standard printing press. One e 
public events to be photographed was a great fire in E Al 
Ger., in 1842, recorded on daguerreotypes by Hermann i Ds 
C. F. Stelzner. Ironically, the /llustrated London Wis 1, 
runner of the modern illustrated press, in its first issue ( H 
1842) published reproductions of an artist's conception OR 
burg in flames. In 1855 the English photographer Wd wet 
issued 360 photographs of the Crimean War made Ке photo- 
collodion process. Woodcuts copied from a few of thes Dicit 
graphs were reproduced in the Zllustrated London News. ganized 
the American Civil War, Mathew B. Brady (0.9) OF ay 
photographic documentation teams which covered PS . 
every major battle and took more than 7,000 photogrtbr ny 
though a few of these appeared in woodcut form P hotogri 
Weekly (founded in 1857), Brady sold few of the р. cluded i? 
and died penniless. Most of his war photographs are P (1910): 
the Photographic History of tlie Civil War, ten Eus d in 1865 
Alexander Gardner, originally on Brady's staff, pube of the 
two albums entitled Gardner's Photographic Sketch ет 
War, containing a total of 100 original prints from 
taken by himself, T. H. O'Sullivan, and others. | collodion 

By 1880 the much faster gelatine dry plate replaces to the 
wet plates, eliminating the need of taking а darkro 
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The first news photogr à view of the charred waterfront of Hamburg after the great 
Wie of 1842. Daguerreotype by С. F. Stelzner 


Troops of Napoleon 111 marching through Paris on their return from 
the Italian front; a rare daguerreotype taken by an unknown photog- 
rapher about 1858 


THE BEGINNINGS OF PHOTOJOURNALISM 


m newspaper reproduction of a photograph, "A Scene in Shantytown.”” 
Inthe New York Daily Graphic, March 4, 1880 


It ap- 


| 1886. French physicist Marie Eugène Chevreul 
first photo interview, Sf day by the photographer Раш Nadar 


Four pictures from the К ЫЫ: Т 


(left) is interviewed on th 
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Members of the Paris Commune pose beside the fallen Vendóme Column, Wrecked German troop train near Méziéres, F ‚ taken by an un- 
May 16, 1871. This photograph, taken by an unknown photographer, led known photographer in 1870 during the Franco-Gorman War 

to the punishment of those responsible, Including the artist, Gustave 

Courbet (ninth from right, in back row) who was forced into exile 
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“Field Kitchen of the 8th Hussars," taken in 1855 
during the Crimean War by Roger Fenton, one of 
the first photographers to cover a war under fire 


“Home of a Rebel Sharpshooter, Gettysburg,” 1863, by Ale: 
who worked under the direction of Mathew dessin sri 


one of many photographers 
B. Brady to record the American Civil War 


BY COURTESY OF (TOP LEFT, TOP RIGHT, CENTRE RIGHT) THE GERNSHEI COLLECTION, (BOTTOM) THE LIBRARY OF CONGRESS 


PHOTOJOURNALISM Prate ПІ 


Crowds watching the great fire that followed the San Francisco earthquake 
of 1906, by Arnold Genthe, a portrait photographer and pioneer social realist 


оа! Breaker," about 1909, one of many pictures by Lewis ч. 


“Breaker Boys Inside the С 
blic indignation against the practice of child labour 


Hine which helped arouse pul 


Th 

Vitel assassination of William Gaynor, mayor of 

Aug. 9 Tet! aboard the docked liner “Kaiser Wilhelm,” 

vong. Photographed: By МОШЕ Warnecke of the 

Чу empto World-Telegram. A recently discharged 

mete shot and seriously wounded the mayor, who 
Y recovered 
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reet," 1888, by Jacob 


“Bandits’ Roost, Va Mulb- St 
ime rusaded against 


A. Riis, a police reporter and author who c 
slums and sweatshops in New York City 
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“It's That Salomon Again!" 1931, by Erich Salomon, an early master of the miniature cam 
and candid photography. Before entering the dining room at the Quai D'Orsay for a state dir 
French premier Aristide Briand bet friends that, although no photographers were to be permit! 
at the dinner, the ubiquitous Salomon would be there. In the above photograph the prem 
points at the photographer and gleefully claims his bet 


A 1929 sequence by Felix H. Man, 
showing Igor Stravinsky rehearsing; 
photographed by available light 
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Portrait of the painter Augustus John by Alfred 
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BY COURTESY OF (TOP) PETER HUNTER PRESS FEATURES, AMSTERDAM, (SEQUENCE AT 
1952, TIME INC. 
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"Farmer and Sons Walking in Dust Storm, Cimarron, Oklahoma," 1936 by Arthur 
Rothstein 


К 


“Califo 1936, by Dorothea Lange 
FARM SECURITY ADMINISTRATION PHOTOGRAPHS 
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IL. s та 
“The Gudger Family," 1936 by Walker Evans 


n] 
[T 
теу 
OF тн 
E LIBRARY OF CONGRESS 


Prate VI PHOTOJOURNALISM 


lo 
The coffin of Sir Winston Churchill being carried down the steps of St. Paul's Cathe- , at the IX Winter om. 


dral, London, Jan. 30, 1965. By Ralph Crane 


Skier soaring above Inn 
Games, 1964. Ву Ral 


Dead and captured Viet Cong guerrillas, South Vietnam, 1963. By Larry Burrows 


PHOTOGRAPHS, (TOP LEFT) RALPH CRANE, “LIFE,” © 1965, TIME INC., (TOP RIGHT) RALPH CRANE, "LIFE 1964, TIME INC., (BOTTOM) LARRY BURROWS 


Prate VII 


A camel caravan passing the crumbling walls of Balkh, once the capital of Bactria 
under Alexander the Great, in north Afghanistan. One of a series of pictures, 
taken by James Burke in 1963, which traced the campaigns of Alexander 


co IN PHOTOJOURNALISM 
Colour phot lism came into its own during the 
1950s and 1 ;. Before then, colour photographs 
Were widely {егей too expensive to print, too in- 
accurate in re ing natural colour; colour film was too 
Slow" for m tion photography. But new films and 
new printing iniques remedied that, for the most 
part. The ne 15+" film and new techniques for rapid 
printing esp y helped colour news photography 
(plate VI) as с stinct from colour photography used in 
picture essay Thus, the photograph of Sir Winston 
Churchill's fi 1l on plate VI, which would once have 
taken weeks to reproduce, appeared in an American 
Magazine wit 48 hours, along with 19 additional 
Pages of colour devoted to the funeral. Colour also 

ant part in the development of the pic- | 


ing a new realism to longer journalistic 


ics. ranging, even on this page. from A laser beam burning a tiny scar into the eye of a rabbit in an attempt to re- 
' , , 


place a detached retina without surgery. From an essay by Fritz Goro on lasers 


Three U.S. F-86D jets flying at 35,000 ft. From an essay 
on jet flight by Howard Sochurek, 1956 


© ) © ( 
Kok nt ЕЛЕК ПЫ © зын; IME INC, COTO DOMINIS, "LIFE 1963, TIME INC., (BOTTOM 


GRAPH, © 
Menr wi (TOP) JAMES BURKE, “LIFE,” © 1963, TIME INC 
RD SOCHUREK, “LiFe,” © 1956, TIME INC 
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entitled “Spanish Village" 


Inmates of the Buchenwald Concentr: 


©) © IME INC. 
PHOTOGRAPHS, (TOP LEFT) ROBERT CAPA—MAGNUM, (TOP RIGHT) W. EUGENE SMITH, "LIRE," © 1952, TIME INC., (BOTTOM) MARGARET BOURKE-WHITE, “LIFE.” © 1945, T 


eof action. As a press camera, а hand camera fitted with 

a focal plane shutter, used at eye level and taking 9 x 12 cm. 
4 x 5 in. negatives, was favoured. Flash powder (1886) and 
liter flashbulbs (1929) and electronic flash (1937) were used for 
artificial illumination. 

Though technology had opened the way for the practical and 
economical use of photographs in print, daily newspapers were 
dow to accept the new medium. 

On March 4, 1880, the New York Daily Graphic printed the 
first newspaper reproduction that retained to some degree the 
range of intermediate gray tones of the photograph. This ex- 
perimental photoengraving was made with a crude halftone 
screen devised by Stephen H. Horgan. In 1882 Georg Mei- 
wnbich patented a single-line screen which was turned 90* 
ғау through the exposure, resulting in crosslines, Later, 
Frederic E. Ives and others developed the more practical cross- 
line halftone screen, which by 1893 was perfected by Max and 
Louis Levy into the screening method still in common use, In 
1897 Horgan, who had moved to the New York Tribune, was suc- 
cessful in printing a halftone on a high-speed press. (See also 
PHOTOENGRAVING. ) 

Monthly magazines, both in England and the U.S., were much 
quicker in adapting themselves, and photographically illustrated 
articles became a regular feature from the mid-1880's onward. 
Most newspapers first regularly printed halftones in the Sunday 
supplements, sections added by the New York Times in 1896 and 
ly the New York Tribune and the Chicago Tribune in 1897. In 
October 1912 the Illustrated London News became the first peri- 
odical to publish an integrated picture and text section of eight 
pages printed by rotogravure, the rotary intaglio printing process 
invented in 1890 by Karl Klic of Vienna (see Gravure). The 
New York Times Sunday Magazine, printed by rotogravure from 
1914, started a trend toward “roto” sections in U.S. newspapers. 
The Illustrated. American started publication in 1890 specifically 
lo develop magazine photography, but then devoted progressively 
less and less space to photographs. The New York Times’ Mid- 
Week Pictorial (1914) followed the same pattern; at first it filled 
its pages with photographs of World War I, but by the end of the 
War feature articles occupied much of the magazine. 

During this period photojournalism was conceived of as a single 
picture or a group of single pictures. Although sets of pictures 
had appeared, such as the series on the scientist Marie Eugéne 
Chevreul photographed on the eve of his 100th birthday by Paul 
Nadar and published in the French weekly Le Journal Illustré 
İn 1886, sequences of pictures working together did not become а 
feature of the illustrated press until the late 1920s. 

Photojournalism and the Sensational Press.—In U.S. news- 
Paper publishing in the latter part of the 19th century, illustrations 

ûme weapons in the competition for readers, and a lavish use 
Of pictures emerged as one of the identifying characteristics of 

Yellow journalism.” ‘The use of “fake” photographs, altered by 
Ш work and other means, was widespread. It is doubtful if this 

d of falsification was attempted in Europe. 

An English tabloid, the London Daily Mirror, in January 1904 
became the first newspaper to be illustrated exclusively with 
photographs, Impressed with the success of the Daily Mirror, 
Joseph Medill Patterson started the Illustrated Daily News (later 

Daily News) in New York on June 26, 1919. Using many 
Motographs and terse news stories, the Daily News by 1924 had 
zd largest daily circulation in the United States. Photographs 

murders and scandals received extravagant display in the 1920s 
55 Severa] new tabloids challenged the circulation leadership of 

Daily News. я 

ter the massive coverage given the 1935 trial of Bruno 
a uptmann, convicted of kidnapping and murdering the infant 
3h of Charles A. Lindbergh (9.0), the press was accused of 
ae by newspaper.” As a result, the American Bar Association 
i 937 adopted Canon 35 to encourage the judiciary not to permit 
Meras in courtrooms. Although the National Press Photog- 
Шет Association, a professional organization formed in 1947, 

‘ight for the canon’s repeal, all federal courts and most state 

ts continued to bar photographers. Despite the prohibition of 
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photography in British and German lawcourts, Arthur Barrett in 
1908 took sensational pictures of suffragette leaders in a London 
court with a camera hidden in his top hat; a similar news "scoop" 
was achieved by Erich Salomon at a murder trial in Berlin in 1928 
with a camera in a briefcase. 

Documentary Photojournalism.—Long before photography 
was exploited by the tabloids it was used for straightforward doc- 
umentation. The first photographic social reportage was made by 
a Scottish photographer, John Thomson, in 1876 and published the 
following year under the title Street Life in London. ‘The publica- 
tion consists of 37 photographs and articles by Thomson and a 
journalist, Adolphe Smith, describing the living and working con- 
ditions of the subjects photographed. Previous to this, between 
1868 and 1877, Thomas Annan made a photographic documenta- 
tion of Glasgow slums to be demolished, and a number of his pic- 
tures show the slum dwellers themselves, rather in the style of 
Jacob Riis’s photographs. Riis, a reporter for the New York 
Evening Sun, was the earliest to use photojournalism for social 
reform in the United States, from 1887 onward, Artists’ drawings 
from his photographs of the New York slums appeared in the Sun 
and in his books—How the Other Half Lives (1890) and others. 
Another early reformer, Lewis W. Hine, directed his camera 
toward child labour and other social problems of the early 20th 
century. 

A later example of documentary photojournalism was the Farm 
Security Administration’s photographs of rural America during the 
depression years of the 19305. A group of the nation's outstand- 
ing photographers, including Walker Evans, Arthur Rothstein, 
Gordon Parks, Carl Mydans, and Dorothea Lange, working under 
Roy E. Stryker, amassed a photographic record of more than 
200,000 negatives, which were widely reproduced in newspapers, 
magazines, and books. 

Candid Photography and Picture Magazines.—The produc- 
tion of new designs of small plate and miniature cameras in Ger- 
many in the mid-1920s, and the simultaneous trend toward stark 
realism in photography and movies gave rise to a new kind of 
photography—a preoccupation with human situations. Already in 
the early 1890s the London photographer Paul Martin operated 
unobtrusively with a small hand camera hidden in an attaché case 
and caused a sensation with his candid snapshots, but lack of an 
illustrated press to disseminate Martin’s pictures caused his pioneer 
work to be forgotten. 

"The leaders in the revival of the “candid” approach were Ger- 
mans, particularly Erich Salomon, Felix Н. Man, and Wolfgang 
Weber. Salomon astonished the world with his candid snapshots 
of statesmen and other celebrities in unguarded moments, espe- 
cially at international political conferences. He worked chiefly 
in single pictures for the Berliner Illustrirte Zeitung from 1928 on- 
ward using, until 1932, the small Ermanox plate camera, Another 
influential figure was Henri Cartier-Bresson, a. French photogra- 
pher who started using a Leica in 1932, 

The pioneer of the picture story of a series of related photo- 
graphs of a general event was Felix H. Man, In 1929 he made 
the first nocturnal photo-reportage, in Berlin, and in the same 
year photographed for the first time conductors, musicians, etc., 
during performances by available light—also using an Ermanox 
camera, Another innovation developed by Man was the intimate 
picture series of famous personalities, beginning with “A Day with 
Mussolini,” published in the Münchner Illustrierte Presse in 1931, 
The same magazine in February 1929 had published the first re- 
portage of Wolfgang Weber, on the New York traffic problem. 

Stefan Lorant, Berlin editor of the Münchner Illustrierte Presse 
and from 1930 its brilliant editor-in-chief, was the main force be- 
hind the rapid rise of the new photojournalism. He laid down the 
axiom that the camera should be used like the notebook of a 
trained reporter to record events as they occur, without trying to 
stop them to arrange a picture. This trend in the course of a few 
years transformed the German illustrated weekly magazines, of 
which there existed in 1930 no fewer than thirteen. Also very 
influential was the House of Ullstein, in Berlin, which published the 
Berliner Illustrirte Zeitung, Die Dame, and a number of other 


magazines. 
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Dephot (Deutsche Photodienst), an agency founded in Berlin 
in 1929 by Alfred Marx and Simon Gutman, was until 1932 the 
leading enterprise in the sphere of photojournalism in Germany. 
Its two principal photographers were Man and Umbo, and they 
were joined in 1930 by Kurt Hiibschmann (later Hutton). Alfred 
Eisenstaedt, chief photographer of the Associated Press in Berlin, 
adopted the reportage style and other agencies gradually followed 
suit, Three Dephot-trained Hungarian photographers, Robert 
Capa and H. and Ina Bandi, transplanted the new style to Paris, 
where they settled in 1933. 

It was introduced in Great Britain by Man and Kurt Hutton 
when Stefan Lorant founded Weekly Illustrated in 1934, and in 
the United States when Henry R. Luce founded Life magazine in 
November 1936, with Alfred Eisenstaedt as staff photographer. 
Only a few weeks later (January 1937) Look magazine, founded 
by John and Gardner Cowles, Jr., began publication. Numerous 
others—Focus, Pic, Click, Foto, etc.—appeared subsequently in 
the United States but none matched the successes of Life and 
Look. In 1938 the British Picture Post was founded by Edward 
Hulton, with Lorant as editor and Man as chief photographer 
until 1945. In 1949 the French publisher Jean Prouvost founded 
Paris-Match, which in the 1960s remained the largest-selling and 
most-esteemed picture magazine in Europe, where such publica- 
tions were proliferating. The vast majority of the European pic- 
ture weeklies in the 1960s were sensation-seekers. Good photo- 
journalism and fine photographs were to be found in the monthly 
magazines such as Du, Réalités, Magnum, and Holiday. 

The picture magazines made photojournalism teamwork be- 
tween photographers and reporters, but picture selection, cropping, 
and layout play an important role in presentation. Wilson Hicks, 
a former executive editor of Life, stated that the fusion of words 
and pictures performs a more effective function than either could 
perform alone, The picture magazines also developed the photo 
essay, in which the photographer, through his photographs, com- 
ments on his subject as well as reports it. A classic example is 
W. Eugene Smith’s “Spanish Village,” published in Life on April 9, 

1951. 

During World War II both sides put photographers into battle- 
dress to record the massive conflict from the first German break- 
through in Europe to the great Hiroshima denouement, Goebbels 
used the picture-documentary to great effect in Signal, a powerful 
propaganda picture-paper which found its way into all the neutral 
countries, to spread the news of German conquests. In Britain 
each of the three armed services raided Fleet Street and the 
provincial press for their liveliest cameramen, who produced some 
of the most memorable photographs to come out of the war, To 
assure adequate coverage of all fronts, the United States Wartime 
Photographic Pool was organized, with photographers from the 
U.S. armed forces, Associated Press, Reuters, and other agencies 
as well as illustrated weeklies. Outstanding combat photographers 
included Robert Capa, W. Eugene Smith, Margaret Bourke-White, 
and Bert Hardy and David Douglas Duncan, who later covered 
the Korean War for Picture Post and Life, respectively, 

During the 1950s newspapers started a trend toward the use of 
photojournalistic approach pioneered by the periodicals. The 
“press camera” was gradually replaced by smaller twin-lens reflex 
and 35-mm. cameras, whose fast lenses combined with fast films 
made “available light” photography possible, Use of colour repro- 
ductions increased, with a few newspapers printing colour news 
pictures on a daily basis, The Polaroid process, photo-offset print- 
ing, and electronic engraving machines became popular, especially 
among the smaller newspapers. Picture stories and essays ap- 
peared frequently in such outstanding newspapers as the New 
Vork Herald Tribune, Louisville (Ky.) Courier-Journal, Mil- 
waukee (Wis.) Journal, and Charlotte (N.C.) Observer. 

Syndicates and Agencies.—Most news publications depend 
upon photo syndicates and agencies to supply national and inter- 
national picture coverage. The first successful United States 
syndicates were International News Photos and New York Times’ 
Wide World Photos (sold to the Associated Press in 1941). Both 
appeared in 1919. They were followed by Acme News Pictures 
in 1923 and Associated Press Newsphotos in 1927. Obtaining 
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news and feature pictures from staff photographers, m; 

papers, and “stringers” (independent photographers who sell sis 
news photos to the Syndicate as occasion arises), the $ Hinge 
distributed photographic prints and reproductions in matrix f 
to subscribers. ч 

The scope and speed of the syndicates’ Coverage was jn 
by the transmission of pictures by telephone wire, cable, and ns 
in, the 1930s. The AP Wirephoto network, which began with à) 
members in 1935, by 1964 had grown to about 700 US, members 
and was serving about 100 countries. Phototelegraphy network | 
were also started by Wide World, Acme, and International, After 
a series of mergers Acme and International became United Press 
International in 1958. The introduction of “facsimile” receivers 
in the 1950s automated the reception of the phototelegraphy sign, 
and made wire picture service economically feasible for smaller 
newspapers. The two major services, AP and UPI, transmitted — 
three-colour separation prints on many major news stories and ia 
1963 transmitted photographs between the United States and Bu 
rope via the Telstar II Satellite. 

Picture agencies were established to serve as intermediaries 
between freelance magazine photographers and their marketa 
In 1947 Henri Cartier-Bresson, David Seymour, Robert Capa, and 
George Rodger founded Magnum Photos, a cooperative agency 
similar to Dephot (Deutsche Photodienst) to handle the photo 
graphs of a group of the world’s outstanding photojournalists 
Other important agencies included Black Star, Pix, Globe, Camer 
Press, and Rapho Guillumette. 

Motion Pictures.—From about 1900 motion pictures were 4 
part of photojournalism. Shortly after the introduction of the 
movie camera in 1895 it was used in covering the Spanish-American | 
War and the Boer War and such public functions as Queen Vie 
toria's Diamond Jubilee (1897). Soon companies were organized 
to produce short newsreel films which were originally shown 
interspersed between other entertainment—in music halls, With 
the establishment of motion picture theatres, the newsreels were 
released twice a week, and most theatres presented them along | 
with feature-length films, although a few theatres specialized ® 
newsreels, = | 

‘The newsreels usually consisted of "feature" news and did bi 
compete with the printed media for complete news coverage. 
documentary approach of “dramatizing” news events WAS 
in the “March of Time” films, a monthly series started by Tint, 
Inc, in 1935. During World War II this technique was 
documentary films and is now adapted for television. Vast ne 
reel coverage of World War II brought the reality of the overseas 
battles into the neighbourhood theatres. omplét 

After World War II television provided much more "M en 
visual coverage of news than newsreels had attempted. 
works and most stations hired staff photographers to 800 
for the daily newscasts and the news documentaries, An 
coverage grew to occupy a substantial segment of b 
day. Of the new motion-picture techniques developed wem 
vision, two of the most important were the use of the "c 
shot to fill the small television screen and of synchron 
sound recording on the film to add the natural sounds of 
event to the visual picture. 

See also PHOTOGRAPHY; NEWSPAPER; PERIODICAL. jne 

BistiocnaPRY.—History: Beaumont Newhall, The Hite itl 
tography (1949) ; Peter Pollack, The Picture History of Photo 
(1958) ; Helmut and Alison Gernsheim, The History e Tafi, Ph 
leroy andthe Атти Sete CON ay car 
Works on individuals: Roy “Ме ейн) Mr. Lincoln's Серый r 
[Mathew Brady] (1946) ; Helmut and Alison Gernsheim, б Ameri 
Photographer of the Crimean War (1954) ; Lincoln Kirste puwit 
Photographs by Walker Evans (1938) ; Lincoln Kirstein 29 
Newhall, Photographs of Cartier-Bresson (1963). pe Introd £ 
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PHOTOMETRY deals with the calculation and тпай! 
of the characteristics of light and until recently was Г 8 metho 
visible light. In modern photometry, however, the a red ie 
of measurement are employed for ultraviolet and in 


hotomet includes theoretical photometry (or photometrics) 
iota! photometry. Theoretical а 
al photometrics, which deals with the spectral distribution 
light, and its visual effects on people; and geometrical. 
тйл, which considers un space misser of =a Experi- 
hotometry treats of apparatus and experimental methods, 
cmm of the applications of photometry to illuminating 
gineering see LIGHTING. 
Physical Photometrics,—The early photometrists (1700s) 
bused their work on the idea of light as a separate entity produced 
а candle; these crude ideas persisted into the 20th century. 
Vile light is now understood to be part of the spectrum of 
dectromagnetic radiation, other radiations having longer or shorter 
savelengths to which the eye does not respond, Thus the modern 
proach to photometry is through the physics of radiation (see 
lar). 
Electromagnetic radiation includes such phenomena as radio 
(wireless) waves, infrared, ultraviolet, and X rays, separated into 
sons on the basis of wavelength. For radiobroadcasting, wave- 
ngths may be expressed in metres (1m. = 39,37 in.). For visible 
müiation, the micron, u = a millionth (1079) of a metre, is ordi- 
шйу employed. Two other units of wavelength are sometimes 
px light: the millimicron (mj) = 107° metre; the angstrom 
(0) = 1071? metre. 
The approximate limits of the visible region are 0.4 p and 0.7 (4, 
1400 mu and 700 my, or 4000 A and 7000 A. Radiation at 0.4 д 
irormally seen as violet; as wavelength is increased, hue changes 
through blue, green, yellow, orange, and red, Radiation at 0.7 p ap- 
pears deep red, while much beyond 0.7 y. it is invisible (infrared). 
ove is much shorter than 0.4 p, it is also invisible (ultra- 
t). 
Radiation in a very narrow band of wavelengths is said to be 
homogeneous. ‘The yellow light produced by heating common salt 
a Bunsen flame is practically homogeneous, as is that from the 
Es e » highway lighting. | 
electric discharge devices as mercury-vapour 
produce line spectra; ie., homogeneous radiation is emitted 
fnullaneously at several distinct wavelengths. The set of wave- 
5 at which energy is emitted is a characteristic of the gas 
Ж vapour in which the discharge takes place (see SPECTRO- 
‘Totomerry), A low-pressure mercury-vapour lamp, for example, 
Holes four strong radiations in the visible region: 0.406 ш 
(violet), 0.435 и (blue), 0.546 p (green), and 0.578 p (yellow). 
ате additional lines in the ultraviolet and infrared. 
tent lamp, on the other hand, produces а continuous 
Sectrum; sunlight is also essentially continuous, as are spectra 
йге by all sources that radiate because of their temperature. 
Ils often necessary to know not only the wavelength but also 
‘mount of radiation. This amount can be determined by 
тш some of the radiant energy into another form, - 
| Mal, e пака the result, A blackened surface сап 
Where the radiation is to 
mesured, Radiant energy on 
cmi is converted to heat 
lemperature rise is mea- 
Б". this serves to determine 
ant power incident on the 
' (see Heat: Radiation). 
tification of homogeneous 1508) 
on on a surface requires ' 
dede 9f the wavelength and 
S power being received 
in watts per square 
К De specification of a 
m consists in a desig- 
E the radiant power asso- 0 
T With each wavelength. A 04 
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Mo JCA) are expressed in watts of 
radiant power incident on a 
square metre of surface at the 

075 earth, per micron band width. 

ў Similar spectroradiometric curves 
are available for blue and cloudy 
sky, as well as for incandescent 

ою and fluorescent lamps. 

From such a curve, the total 
radiant power D, between any 

025 h two wavelengths Ay, № can be 
obtained by measuring the area 
under the curve. Expressed 

в mathematically 
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(LUMINOSITY, VISIBILITY) FUNCTION 
$0) FOR THE EYE. INTERNATIONAL 
STANDARD CURVE FOR DAYLIGHT VI- 
SION, SHOWING HOW PEOPLE RE 
SPOND TO DIFFERENT WAVELENGTHS 


where D, is in watts per square 
metre, /СА) is in watts per square 
metre per micron, and ) is wave- 
length in microns, D, and J(A) 
refer to a particular receiving surface (such as the surface of the 
earth or a surface set up at a known distance from a lamp) and 
specify radiation either received or emitted by that surface. 

The evaluation of equation (1) with Ay = 0.40 wand dy = 0.70 
и gives total radiant power per unit area for the visible spectrum. 
However, this is not the best criterion of perceived brightness, A 
blue lamp, for instance, may radiate the same number of watts in 
the visible region as a green lamp, but will appear much dimmer, 
Normally, people are more sensitive to green than to blue light. 
Under daylight conditions people are most sensitive to yellow- 
green (À = 0,554 и) and progressively less sensitive as the limits 
of the visible spectrum are approached, There are, strictly speak- 
ing, no precise limits; wavelengths somewhat shorter than 0.4 u 
or longer than 0.7 и can be seen if the radiation is intense enough. 

This property of human vision is reflected in fig. 2, The ordinate 
F(A) indicates the relative visual effectiveness of homogeneous 
radiation of wavelength A. Such a curve can be obtained by com- 
paring a yellow-green of wavelength 0.554 и with homogeneous 
radiation of any wavelength А. Contiguous white surfaces are 
illuminated by each of these sources, If the variable radiation 
is also at А = 0.554 и, the two surfaces appear equally bright only 
when the lamps are adjusted so that the same number of watts 
per square metre fall on each, Thus F (0.554) = 1.00, But if 
X is any other wavelength, less power is needed in the 0,554 p 
radiation than in the light of wavelength À to obtain a brightness 
match. For instance, if a typical observer compares a red light 
of A = 0.650 p with the standard, he finds that 1 watt per square 
metre at 0.650 и is balanced by only about 0.1 watt per square 
metre of the yellow-green radiation. Thus at 0.650 д, y = 0.10. 

The curve of fig. 2 may be called the lamprosity (luminosity or 
visibility) curve. Visibility and luminosity are more familiar terms, 
but have various scientific meanings and their use for F tends to 
cause confusion, 

"The data for fig. 2 were obtained by methods basically equivalent 
to that described in the preceding paragraph. Considerable varia- 
tion results from different methods and individual differences 
among observers, As the result of experiments made with a large 
number of observers, however, K. S. Gibson and E. P. T. Tyndall 
of the U.S. National Bureau of Standards recommended the values 
plotted in fig. 2; these were adopted by international agreement 
in 1924. 

With these standard values of J(۸) each small wavelength band 
can be weighted in accordance with its ability to excite visual func- 
tion. Each wavelength is weighted with respect to its lamprosity 
by writing 


D; = өг» | 509 JO) А 0) 
о 


D, is called luminous flux density or luminous pharosage, and is 
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expressed in units called lumens. The factor 647.8 adjusts for 
the original definition of the lumen in terms of an older unit 
called the standard candle instead of by the modern method of 
equation (2). 

Fig. 3 shows how any spectro- 
radiometric curve can be evalu- 
ated for visual response. Curve 
A represents sunlight (fig. 1), B 0 
is the lamprosity function (fig. 2), 
while C is obtained by multiply- 
ing the ordinates of A and B at 
each wavelength. In other words 
the ordinates of curve A have 


1,200 
been weighted with respect to y ж 
(X). The area under curve А rep- 56340) 
resents the integral of equation 400 
(1) and is expressed in watts per 0 
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square metre. Measurement with 
a planimeter shows in this exam- 
ple 328 watts per square metre 
being received from sunlight. 
Similarly, the area under curve C 
represents the integral given as equation (2), and shows the visu- 
ally weighted sunlight at 82,700 lumens per square metre. 

Geometrical Photometrics.—In physical photometrics the 
photometric magnitudes are based on physical measurements of 
radiant power that are visually weighted. Besides Dj, it is con- 
venient to have a number of related photometric magnitudes. 
These additional quantities are associated with D, in a simple 
geometric manner; these relationships are the subject of geo- 
metrical photometrics. 

Luminous flux (called pharos) F, is obtained by 


Е, = [Das (24) 


where dS is the element of area. In many cases D, is essentially 
constant over the area, and luminous flux is obtained by multiplying 
D, by area. For instance, if the sunlight of fig. 3 falls on an 
opening with an area of 4 sq.m. perpendicular to the sun’s rays, 
the number of lumens through the opening is 


Fi = DiS = 82,700 X 4 = 41,350 lumens 


In fig. 3 the data are given for a surface that is normal to the 
sun’s rays. If the surface is tilted from this optimum position, 
radiant power will be spread over a greater area and the amount 
per unit area will be reduced. This is expressed by 


D= Dn cosy (3) 


where D is pharosage (flux density) on tilted surface, Dy, is 
pharosage (flux density) on surface that is normal to the incident 
rays and Y is angle between the direction of the rays and the 
inward-drawn normal to the surface. Equation (3) applies to 
radiant pharosage D, (watts per square metre) and also to luminous 
pharosage D, (lumens per square metre). 

Another important equation is the inverse-square relation, which 
applies if the dimensions of the light source are small compared 
with the distance from source to surface. If the receiving surface 
moves along a line through the centre of the light source, then D 
varies inversely as the square of the distance between surface and 
source. In combination with equation (3) 


D -p (by cosy ü 


where Dy is pharosage on tilted surface at distance 1, from source, 
Dm is pharosage on a surface that is normal to light rays and at a 
distance /, from source, and y is angle of incidence, 

Equation (4) applies either to radiometric quantities (watts 
per square metre) or to photometric quantities (lumens per square 
metre). A knowledge of pharosage D,, at a known distance 1. 
allows the calculation of pharosage D, at any distance Jy and it 
any angle. In earlier literature, equation (4) is written 


H 
D = cosy (4А) 
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where J = Б„1,?, the intensity of the source (candles) 

The concept of intensity of candlepower was rapidly becom 
obsolete in the 1960s. When candles and oil lamps were em Ne. 
the dimensions of the source were so small that the пуке 
relation was applicable in almost all cases. With such sour 
fluorescent lamps, the dimensions are often so large that e 
(4A) does not apply and the concept of candlepower bec 
sentially useless. Caution in the application of equations (4) 
(4A) should be emphasized. The inverse-square relation js 
icant only at distances that are large compared with the dimen 
of the source. Empirically, the distances /, and 1 must be at ey 
five times the greatest dimension of the source if equations | 
and (4A) are to give results that are accurate to within 1%, 
instance, with a clear incandescent bulb that has a filament 3 
in greatest dimension, the inverse-square relation should not be 
used at distances less than 15 cm. from the centre of the filament, 
For a fluorescent lamp 1.22 m. long, distances should exceed . 
proximately 6 m. б. 

Before the more general method of calculation can be treated, 
one more photometric concept must be introduced. This concept 
is helios associated with the popular idea of brightness, Т 
helios produced by a large, uniform source is defined as т tims 
the incident pharosage per unit solid angle, or Ы 


Him De 0 
w ^ 
where Н is helios (blondels), D, is pharosage incident on the cdl 
(lumens per square metre), w is solid angle (steradians) sik 
tended at the cell by the opening in the shield, 6. 
To measure the helios of a uniform sky, for instance, an ordinary 
photographic exposure meter of the photoelectric type may к 
pointed at the sky. The photocell produces a current that d 
on the lumens per square metre incident on the cell, and the 
microammeter in the instrument can be calibrated to read di 
in any units desired. The cell is shielded to receive light only fron 
the sky. But ordinarily the helios of the sky is not uniform. С 
the value in а particular direction, the shield is changed to admi 
light only from a small part of the sky. This condition 1s exp! 1 
mathematically by specifying that the solid angle w shall best 


Н = x lim Da a 
ою w 

Equation (5A) gives the helios for any source at any be 
space and in any direction, Helios is a generalized and КЕ oft 
concept that includes as a special case the idea of brightne | 
surface. If the source is а surface and the medium Беа 
the observer is nonabsorbing and nonscattering, then A 
and helios are identical. Ordinarily a surface will be foun 


a different helios when viewed from different diete 


This characteristic is idealized in the perfectly diffusi 
defined as one with a helios independent of ve 
perfectly diffusing surface with a helios of one blonde 
lumen per square metre; that is 0 


H= Рр, 


where D, is the pharosage from the surface. ү 
Plies to perfectly diffusing surfaces only. t of the wit 
The definition of helios allows the developme? a 4 
sphere method, a general method of calculating p 
sources of any size and shape. From equation 


Equation 0# 


1 
D = D, cos y = fH cos vdu 


: f light анай 
where the integral is taken over the entire cone 0 ( 

by the source, If H is a constant, equation 
simple form 


X Hio; 
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Dis the pharosage on any sur- 
face, The area g” is obtained by 
ojecting onto the illuminated 
plane the portion of a unit sphere 
which is cut out by the conver- 
gent cone of light. Й 

Fig. 4 shows the light cone (of 
solid angle w) and the unit 
sphere, The light source itself is 
not shown, It may be any sur- 
face or volume source with a 
boundary that determines the 
cone. The pharosage (flux den- 
sity) is to be calculated at the 
point Р. The cone cuts the unit 
sphere in some kind of an irregular contour. This area c" on the 
unit sphere is projected onto the illuminated surface to give the 
area o”. The concepts of reflectance and transmittance are also 
often useful. The luminous reflectance p; of a surface is equal 
to lumens reflected divided by lumens incident, or 


ъ= Е„/Ех = р/к (9) 


Similarly, the luminous transmittance 7, is defined as the ratio 
of transmitted lumens to incident lumens. 


T1= Fu/Fu = Dio/ Di (10) 


For example, find the helios of a perfectly diffusing surface that 
has a reflectance of 0.60 when this surface is illuminated normally 
by direct sunlight (fig. 1). According to fig. 3, the incident lumi- 
nous pharosage Dy is 82,700 lumens per square metre. From 
equation (9), the reflected pharosage Dj, is p,D,, or 49,600 lumens 
Per square metre, and by equation (6) the helios (brightness) H 
is 49,600 blondels. 

The principal concepts and units of radiometry and photometry 
ate summarized in Table I, The same symbols are employed in 
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TABLE I.— Concepts and Units 


Photometric system 
Name 


Symbol Каор system 


ате Unit 


Р radiant pharos (radiant 

D power, radiant flux) 
radiant pharosage 
(radiant flux density) 


Unit 
luminous pharos luminous lumen 


watt 


lux, 

watt/m? (luminous pharosage (lumi- — lumen/m* 
nous flux density, illumina- 

JA) tion, luminosity, 


Phengosage watt/m? | ' eem 
micron 
Я helios (brightness) blondel 
А luminous reflectance numeric 
(reflection factor) E 
n luminous transmittance numeric 
ze (transmission factor) 
30) | spectral lamprosi Tnosity, visibili 
prosity (luminosity, visibility), lumen/watt . 
X^ [total lamprosity (luminous efficacy, luminous “ficiency”, lumen /vatt 


hn Systems, a subscript r or / being used when necessary to dis- 
un the radiometric from the photometric. The two systems 

" *r only in that the radiometric quantities are true physical 
agitudes, while the photometric quantities are these physical 

magnitudes evaluated with respect to human visual experience. 
's evaluation is done by means of the 7(№) curve shown in fig. 2. 
"5 (A) belongs to neither system but effects a liaison between 

ete Another quantity of similar character is the total lamprosity 
t Which expresses the total lumens per watt for an entire spectrum. 
5 evaluated by means of the expression 


_ foo» 
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mal in expressing the photometric effectiveness of a given 
* concepts, names, and units of photometry have never been 
ughly standardized; considerable variation in nomenclature is 
simpl found in the literature.. Table I is an attempt to present a 
Шү, system of photometric concepts. Besides these quantities, 

s 1s the concept of intensity or candlepower, mentioned earlier. 
"® is also phos (quantity of light) in lumen-seconds and phosage 


^" 


(1) 


thoro 
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in lumen-seconds per unit area. In place of the single concept of 
pharosage or flux density, some writers prefer to use the two ideas 
of illumination (lumens per unit area incident on a surface) and 
luminosity (lumens per unit area emitted by a surface). 

Moreover, numerous units are employed in practice. In most 
countries the unit of illumination is the lumen per square metre, 
also called the lux or metre-candle. In Great Britain and the U.S., 
however, commercial practice in the 1960s still favoured the 
lumen per square foot, also called the foot-candle. Brightness 
units are even more numerous and confusing. It is simplest to 
ignore these units, to use a single system and to convert quantities 
to that system when necessary by use of the conversion factors of 
Table II. 

Experimental Photometry.—The fundamental measurement 
in photometry may be considered as the determination of such 


"TABLE II.— Conversion Factors 


Multiply by to obtain 
Tilumination Pharosage 
Foot-candles 10.764 Lumens/m? 
Metre-candles (lux) 1 Lumens/m? 
Lumens /cm? 10,000 Lumens/m? 
Pharosage Illumination 
Lumens/m? 0.0929 Foot-candles 
Lumens/m? 1 Metre-candles (lux) 
Lumens/m? 1074 Lumens/cm? 
Brightness Helios 
mberts 10,000 Blondels 
Millilamberts 10 Blondels 
Foot-lamberts 10.764 Blondels 
Stilbs, 3.14 X 108 Blondels 
Apostilbs 1 Blondels. 
Candles/in? 4,869 Blondels 
Candies /it® 33.82 Blondels. 
Candles /em? 3.14 X 108 Blondels. 
Candles/m* 3.14 Blondels. 
Equivalent ft.-candles 10764 Blondels 
Helios Brightness 
Blondels 0.10 illilamberts 
Blondels 0.0929. Foot-lamberts 
Blondels 2.054 X 10-4 Candles /in? 
Blondels 2:957 X 10-2 Candles /ft? 
|. Blondels 0.3183 Candles/m* 


spectroradiometric curves as fig. l. The spectrum is obtained 
with a prism or diffraction grating, and the radiant power is meas- 
ured at various wavelengths. Such a spectral distribution gives 
information from which can be determined (fig. 3) the radiant 
pharosage, the luminous pharosage, and the hue. 

A good spectroradiometer is large and expensive, and painstaking 
care is required in its use. Thus there is need for simpler methods 
of measuring the various photometric quantities (Table I). In 
direct photometry, it is convenient to have a physical standard 
against which the photometers can be calibrated, Theoretically, a 
photometric standard is redundant, since everything can be referred 
to the watt and the standard lamprosity function. But in prac- 
tice a photometric standard is useful. The early standards were 
actual candles, but they were replaced by such carefully specified 
sources as the Harcourt pentane lamps and the Hefner amylacetate 
lamp. Such lamps gave fairly reproducible results but were 
replaced (1909) in Great Britain, France, and the U.S. by 
calibrated carbon-filament electric lamps. In 1931 the U.S. Na- 
tional Bureau of Standards developed the platinum black-body 
standard. A small tube of fused thoria (ThOs) acts as a black- 
body radiator (see Brack Bopy) and is held at constant tempera- 
ture. The helios of this radiator is defined as 1.885 X 10% blondels 
(brightness = 60.0 candles per square centimetre). These stan- 
dards are used only by such organizations as the National Physical 
Laboratory in Great Britain or the U.S. National Bureau of Stan- 
dards. Other photometric laboratories employ standardized 
tungsten-filament incandescent lamps. 

Thermocouples and bolometers, vacuum and gas-filled photo- 
cells, barrier-layer photocells, and the human eye are sensitive to 
visible radiation and serve in various types of photometers. 

Thermocouples and bolometers depend on the heating effect of 
the radiation. Most of the radiant energy that falls on a black- 
ened body is transformed to heat. The temperature rise indicates 
the amount of radiant energy. Such devices are essentially non- 
selective, being equally sensitive to radiation of all wavelengths. 
With suitable optical filters, however, it is possible to admit only 
wavelengths in the visible region and to make the instrument re- 
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spond in accordance with the standard curve for the eye. Such 
instruments have not been used commercially because the small 
response is difficult to measure. 

The thermocouple uses the Seebeck effect to measure the tem- 
perature rise caused by the absorption of radiant energy. At the 
junction between two metals (copper and constantan, for instance), 
a small blackened target is attached. When radiation falls on 
this target, its temperature rises and an electromotive force is 
generated. The resulting electric current produces a galvanometer 
deflection directly proportional to the incident radiant pharosage. 
In the bolometer (g.v.) a wire or thin metal strip is blackened 
and absorbs radiant energy. The temperature rise of the metal 
increases its resistance, and the change is measured in a Wheat- 
stone-bridge circuit. The bolometer has been employed extensively 
by the Smithsonian Institution for the spectral measurement of 
sunlight, and it has also been used in stellar photometry (see 
PHOTOMETRY, CELESTIAL). 

Photoelectric devices are much more selective than thermo- 
couples or bolometers. Vacuum photocells using cesium have 
been employed successfully in many photometers, Unfortunately 
the response curves for such cells are very different from the 
curve for the eye. Photocells are sensitive in the near ultraviolet 
and some of them also have high response in the infrared. To 
evaluate the different wavelengths properly, therefore, the cell 
should be fitted with coloured glass or gelatin filters, Photocells 
are often used with D.C. amplifiers to obtain a larger current. 
Another method is to flicker the light by means of a motor-driven 
shutter, which allows the use of a multistage A.C. amplifier. A 
modification of this method is employed in the Hardy photoelectric 
spectrophotometer. 

A photoelectric device of the utmost simplicity is the barrier- 
layer cell. It consists of a metal disk coated with selenium, and 
it requires no battery. Copper-oxide cells are also used. When 
light falls on the surface, electrons are released and a current 
flows through a microammeter that can be calibrated to read 
directly in photometric units. The entire photometer, consisting 
of barrier-layer cell and microammeter, can be made so compact 

that it can be carried in the pocket. The response curves for 
barrier-layer cells are more nearly like the curve for the eye than 
in the previous cases, and can be corrected by a suitable filter. 
Many photometers of this type are made without correction and 
are calibrated with light from incandescent lamps. They can then 
be used in measuring lighting installations that employ tungsten 
lamps, but large errors may be introduced if they are used with 
other kinds of light. 

The eye was for many years the only receptor used in photom- 
etry, and even in the 1960s visual photometers were still sometimes 
used. Although the eye is not a measuring instrument, it does 
provide a delicate means of determining equality. Thus in visual 
photometers, either the standard or the unknown are varied until 
perceptual equality is reached. Visual photometry is a tedious 
and time-consuming process which will probably be superseded by 
photoelectric methods. 

Now consider the application of the foregoing to the measure- 
ment of pharosage (luminous flux density), pharos (luminous 
flux), helios (brightness), and intensity (candlepower). 

One way to measure pharosage is to place a barrier-layer cell 
at a given point on a surface and to measure the photoelectric 
current. The microammeter may be separate, connected to the 
cell by flexible leads, or cell and current-indicating instrument may 
be built together to form a self-contained unit. In either case, the 
scale can be calibrated to read directly in lumens per square meter 
or in lumens per square foot. The instruments are calibrated by 
placing a standardized incandescent lamp at known distances and 
using the inverse-square relation, equation (4). Commercially 
available meters of this type are very convenient to use and are 
accurate enough for most engineering purposes. 

Also available commercially for measuring pharosage is a type 
of device that employs a cesium photocell, connected with flexible 
leads to a box containing amplifier, batteries, and ammeter. It is 
more complicated than the barrier-layer cell instrument, though 
it can be built to measure smaller amounts of light. Thermo- 
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couples and bolometers also can be used to measure pharo 

Only visual methods of measuring pharosage were Es 
until the advent of the photoelectric cell. Perhaps the best-ly 
visual instrument is the Macbeth illuminometer. А matte н 
test plate is placed on the illuminated surface. The observer lo 
through the illuminometer at this plate and compares it with t 
outer part of a photometric field that is lighted with a small 
candescent lamp contained in the instrument. The brightness o 
the outer part of the field may be varied by moving the inca 
cent lamp, and the position of the lamp is read on a'scale 
may be calibrated directly in lumens per square metre, The 
rent through the lamp is kept constant by use of a rheostat 
justed to an ammeter. The observer adjusts the position of 
lamp until the two parts of the photometer field appear equilly 
bright. The value of pharosage is then read on a scale attached 
to the illuminometer lamp. 

Another important measurement is the determination of pharos 
or total luminous flux. The total number of lumens emitted by 
a lamp can be measured by finding the pharosage in all directions 
at constant distance from the lamp and summing these values 
after multiplying by proper weighting factors. A much simpler 
method is to take a single reading with an integrating sphere 
photometer or Ulbricht sphere. The lamp to be tested is placed 
in a sphere coated inside with a matte white paint. Theory shows 
that the pharosage produced by reflected light at any point on 
the sphere wall is independent of how the light is distributed from 
the lamp and depends only on the total pharos, Thus if any 
opening is made in the sphere wall and a barrier-layer cell is in- 
serted, its reading will be directly proportional to the total lumens 
from the lamp and the instrument can be calibrated to read total 
lumens. 

Integrating spheres are employed extensively by lamp manufac- 
turers in testing their product. Besides the barrier-layer cel, 

\ cesium photoelectric _cells ш 
NNR often employed in integrating 
жүл spheres; many such photometer 
| \ eis ‘DIAPHRAGM still used visual methods in the 
REM 1960s. А 
aN: Helios may be obtained bya 
modification of the barrier-layet 
pharosage (illumination) metet, 
Instead of receiving light 
all directions, the helios meler 
(fig. 5) shields its cell and li 
enters only through 8 50 je ol 
w, equation (5). The ue 
be calibrated to read Мой 
any brightness unit (Table 1). 
Helios is also measure by 
Macbeth illuminometer 41 
Luckiesh-Taylor brightness meter, a visual instrument that mel % 
like the Macbeth but is more compact. Reasonably E. 
meters employing photo-multiplier tubes are also availa 2 rind 

In older treatises on photometry, attention was ven Py 
pally to visual methods of comparing intensity (candlepo 
lamps. The standard lamp and the unknown lamp sate is 
bar photometer. Between them is a screen with wu 
sible to visually compare the separate pharosages un fields 4P 
the two lamps. Distances are varied until the two E 
pear equally bright, and the intensity of the unknown 9 "py 
culated from the inverse-square relation, equation ments, pr 
electric methods have largely eliminated such measure! E | 
ticularly since the prevalent use of large-area light sour 
the need for intensity determinations. 

Photometry in the 1960s was in much the sam 1880 
electrical measurements were about 1880. bv velop 
accurate and convenient electrical instruments меге a 
electrical engineering advanced safely and rapidly 01 e 
precise measurement. A similar development 2 Jj 
luminating engineering, where research is frustrate а! 
of accurate measuring instruments. Further researe " 
ment in photometry will ultimately yield dividends 
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conditions in schools, factories, and homes. 
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PHOTOMETRY, CELESTIAL. Celestial photometry 
deals with the measurement and evaluation of light from the 
stars. Information obtained by the application of celestial pho- 
tometry has aided astronomers significantly in determining the 
composition of stars and nebulae and in computing their distances 
from the earth. This article covers the techniques of visual, 
photographic, and physical photometry, considering in detail photo- 
electric photometry, a physical technique which had reached great 
importance by mid-20th century. 

Historical Survey.—It requires only an elementary casual 
observation to realize that the stars are of different brightnesses, 
and, by a mere inspection of the sky, anyone could for himself 
arrange the stars in order of brightness. This is exactly what the 
ancient astronomers did: in Ptolemy's Almagest (c. А.р. 150) the 
stars visible to the naked eye are divided into six classes of mag- 
nitudes, the brightest stars being designated “first magnitude 
stars” and those just visible to the naked eye forming the sixth 
magnitude. Each magnitude class is further divided into three 
subgroups. 

When the telescope was invented it was at first used merely as 
à means of extending to the fainter stars this process of assign- 
ing magnitudes. by simple eye estimation, a process which cul- 
minated in the 19th-century publication of the great visual 
Durchmusterungs” or surveys of which the Bonner Durchmust- 
erung (B.D.) was the first. It gives magnitude estimates for 
34188 stars, the estimates being made by Friedrich W. A. 
Argelander and his colleagues. The work was extended to the 
Southern hemisphere by E. Schönfeld who produced the Südliche 
Durchmusterung and by J. M. Thome and C. D. Perrine who were 
Tesponsible in the 20th century for the Córdoba Durchmusterung. 

But before the completion of the publication of the Cérdoba 
¢stimates the Durchmusterungen had become out of date, and eye 
‘stimation had been replaced by photometric measurement. The 
Magnitude nomenclature was retained but attention had been de- 
Voted to giving it a precise quantitative meaning. In 1854 N. 
Pogson argued in favour of adopting a light ratio of 100 to 1 
fora difference of five magnitudes, the difference of magnitude 
between two stars being then defined as 2.5 times the logarithm 
to base 10) of the measured ratio of the amounts of light re- 
ceived from them. This definition (which requires further exami- 
tution—see below) gives values in rough agreement with the 
Older visual estimates and has been universally adopted; but it 

| remains to fix some definite magnitude of the scale. Tt is 
tural to aim at doing this in such a way as to make measured 
Wafnitudes correspond roughly to the Durchmusterung values and 

is has been done in different ways for the different visual cata- 
nites referred to through the bibliography attached to this article. 
ij Науат system of visual magnitudes (due to Edward ane 
s ering and his collaborators) came to be generally recognize 
eio албад, and the zero point of the Harvard system was, In 
iler] fixed by making the mean measured magnitude Partie 
stars ed stars agree with the mean of the B.D. values for the sam 


ые the magnitude divisions of the Durchmusterung catalogues 
û rational basis of measured intensity ratios, the census uh 
stars contained in them could be used for statistical studies 
"ch sought to determine the distribution of stars in depth and 
at to learn the structure and extent of the universe as then 
Wn. As astronomy developed in the early years of the hi 
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tury, there were many other lines of investigation in which the 
magnitudes of the stars, which originally had only a descriptive 
significance, became increasingly important in gauging their dis- 
tance and their physical characteristics, These applications of 
stellar photometry are considered later in the present article; one 
example would be the powerful method of distance determination 
based on the periods of Cepheid variables. (See STAR.) 

At the turn of the century the photographic plate was rapidly 
taking over the role of receiving and recording the star images 
in the focal plane of the telescope. As the human eye was dis- 
placed, systems of magnitudes other than visual were developed; 
the magnitudes based on the blue-sensitive photographic plate 
were called photographic magnitudes. The labour of extending the 
census of the stars begun in the Durchmusterungen to the faint 
limits reached with large telescopes was a natural task for photo- 
graphic methods, because of the great number of star images that 
could be recorded on a single exposure. This information was 
needed for the analytical studies of the galactic system being 
undertaken by statistical astronomers. 

By 1920 photoelectric photometry was being used on the brighter 
stars, particularly for astrophysical problems where high accuracy 
was required. As the sensitivity gradually improved, photoelectric 
methods assumed increasing importance, and by mid-century were 
becoming the standard of reference by which other systems were 
calibrated. 

In all of these nonvisual systems, it was necessary to fix the 
zero point of the scale by assigning a definite magnitude to a 
particular star, or to the mean of a selected group of stars, In 
the case of photographic magnitudes the zero was defined to make 
the average agree with visual magnitudes between magnitude 5.5 
and 6.5, for stars of spectral type Ao (white stars). This having 
been done, it is found that for other stars the photographic and 
visual magnitudes do not agree. Thus for the average of what 
are known as “main sequence” stars of spectral type Ko (reddish 
stars) the photographic magnitudes are about 0.8 greater than the 
visual. The difference is due to the colour of the stars; since 
the maximum responses of the eye and the photographic plate are 
to light of different wavelengths, the difference of photographic 
magnitude between two stars will only be equal to the difference of 
visual magnitude between the same two stars if the stars involved 
are of the same spectral energy distribution, that is, of the same 
colour. 

"The difference between the photographic and visual magnitude 
of a star is, in fact, a recognized measure of the star's colour. This 
difference is taken in the sense photographic minus visual, and is 
known as the star’s colour index. The colour index is directly 
related to the star’s surface temperature, being negative for the 
hottest (bluish white) stars, and positive for the cool (reddish) 
stars. This relation is an example of the physical information 
about a star derivable from photometric measurements. 

Definition of Magnitude.—The circumstance that the col- 
ours of the stars are not all the same requires a more careful 
examination of the definition of magnitude. Pogson's definition 
states that two stars differ by one magnitude if the logarithm of 
the ratio of the quantities of light received is 0.4, that is, if the 
light ratio is 2.512 (the antilogarithm of 0.4). But the question 
arises: what light ratio? If the stars are of the same spectral 
energy distribution it does not matter; if the light ratio is 2.512 
for one wavelength, it is 2.512 for every other wavelength. But 
if the two stars are of different spectral energy distribution, then 
the light ratio can only be 2.512 for one wavelength, and the 
difference of magnitude between them will vary with wavelength. 
How then are we to define magnitude? 

The definition has clearly to be related to the physical opera- 
tion of measurement, The general principle of measurement of 
the difference of magnitude between two stars is that the light 
from each is received in some definite apparatus, and the beam 
from the brighter star is reduced until the response of the ap- 
paratus to the two beams is the same. The reduction of the light 
from the brighter star must be achieved by some definite physical 
operation, subject to the condition that the reduction factor is 
the same for all wavelengths, and this reduction factor must be 
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measured by a physical method for each operation. This having 
been done, the measured reduction factor is the ratio of the bright- 
nesses of the two stars, and the difference of magnitude is then 
2,5 times the logarithm of the brightness ratio, that is, 2.5 times 
the logarithm of the reduction factor. This defines the concepts 
of “brightness” and “magnitude” with respect to the particular ap- 
paratus used, and it is easy to see that, with one exception, this is 
all that can be done, and that the terms “brightness” and “mag- 
nitude” cannot have an absolute meaning but can only be defined 
with respect to some specified apparatus. 

The exception referred to is the case in which the apparatus is 
sensitive only to a very small range of colour, that is, of wave- 
length, and provided this condition is satisfied the magnitudes 
obtained will not depend on the particular kind of apparatus used. 
Such magnitudes are called monochromatic magnitudes, and each 
system of monochromatic magnitudes refers to a specified wave- 
length. It is now being realized that monochromatic magnitudes 
are of importance in various astrophysical problems, and more at- 
tention is being paid to them (see section on Spectrophotometry 
below). But they suffer from the defect that a severe restriction 
is imposed on the quantity of light available; and accordingly for 
the fainter stars it is on the older heterochromatic magnitudes that 
we have to rely, that is, on magnitude measurements in which the 
receiving apparatus is operated by light of a considerable range 
of colour, We have seen above that under these conditions the 
concept of magnitude can be defined with respect to the particular 
apparatus used. 

It is easy to see that this restriction cannot be removed. Con- 
sider the simplest case of heterochromatic photometry, this being 
the case in which the brightness is the integral of the quantity of 
light received at each wavelength multiplied by the sensitivity 
factor of the apparatus at that wavelength, the sensitivity factors 
being regarded as constant for the apparatus used (i.e., not de- 
pendent on the light intensity), and the integration being taken 
over the whole range of colour to which the apparatus is sensitive, 
Taking, for example, the case of visual photometry, the receiving 
apparatus is the combination of the human eye and the optical 
train used, and the sensitivity factors will involve the transmis- 
sive properties of the optical train to light of different wave- 
lengths. Consequently, for stars of different colour, the ratios of 
the integrated brightnesses, and so the differences of magnitude, 
will depend on the particular photometer and telescope used. The 
same is true for photographic photometry, in which the receiving 
apparatus is the combination of plate and optical train, it being 
understood that some specified process of measurement is applied 
to the photographed images. In particular, we must expect photo- 
graphic magnitudes to be different for different types of photo- 
graphic emulsion, and for different kinds of telescopes. ‘Thus 
photographic magnitudes determined with refractors, for which 
most of the ultraviolet light is absorbed by the lenses, will be dif- 
ferent from those determined with reflectors, for which a large 
part of the ultraviolet is reflected by a silvered surface, and still 
more by an aluminized surface. Further, the earth’s atmosphere 
has to be regarded as part of the optical train. Its effect on the 
difference of magnitude between two stars can be eliminated if 
both are observed at equal angular distances above the horizon, 
But observers who do not use the same equal altitude above the 
horizon must still expect small differences between their results, 
And observers at mountain stations have less atmosphere over them 
than those near sea level. The preferred method is to determine 
the atmospheric absorption in each photometric system by mea- 
sures of standard stars at varying altitudes above the horizon, and 
then to compute the magnitude differences that would be observed 
for all stars outside the atmosphere. 

While the effects of the earth's atmosphere can be eliminated 
by reasonably straightforward procedures, there are more serious 
complications. In the case of visual photometry the Purkinje 
effect compels us to regard the sensitivity factors as being de- 
pendent on the intensity of the light received, and so, if two stars 
of different colour are equal in magnitude when a small telescope 

is used, the redder of the two will appear the brighter if we em- 
ploy a larger telescope the transmissive properties of which, with 
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respect to wavelength, are similar to those of the | 
For this reason alone a system of visual magnitud 
fined with respect to a definite instrument. There it 
effect for emulsions which introduces a further res 
graphic work. If, using a definite instrument, under 
dard conditions, two stars are found to be of the. 
for one duration of exposure (by which is meant that son 
process of measurement applied to the two. images 
result), they will not necessarily be of the same 
different duration of exposure. Accordingly, strici 
system of photographic magnitudes must be defined, 
respect to a definite instrument, working with a d 
emulsion, under definite atmospheric conditions | 
definite process of measurement to the images, but. 
to a definite duration of exposure. зш ЭЩ 
These difficulties all disappear in monochromatic 
which will be discussed later, but in heterochromatic 
the magnitude of a star can be defined precisely if 
definite instrument is specified, working under d 
Systems of magnitude obtained with different inst 
ing under different conditions will be different, the 
pending on colours. It is possible, by careful in 
between the different systems of visual or photo 
tudes, to deduce, in an empirical way, corrections w 
system can be reduced to some standard system, 
will depend on the colours of the stars, which are 
their colour indices; they can be considerable and m 
a third of a magnitude in extreme cases. If, ho 
length range used in a given magnitude system ist 
carefully specified filters, the transformation equati 
observers using different telescopes will have quite 8 
terms and simple linear relations will be adequate. 
ularly important to control the ultraviolet radiation 
into the heterochromatic summation which forms, sa 
graphic magnitude, or indeed any magnitude system д 
tred on the blue-violet part of the spectrum, By 
lengths shorter than 3,800 Angstrom (A) units several tro 
factors which introduce differences between observers Of 
stars with different telescopes are eliminated. Th 
clude the most variable part of the atmospheric 
unequal ultraviolet absorption of the flint glass | 
fracting telescopes, the decreasing ultraviolet re lecti 
mirrors as they tarnish, and the varying weight given 
lengths shorter than 3,650 A, where the Balmer d 
to hydrogen absorption causes a precipitous drop, 
from stars of early type (see SPECTROSCOPY, AS 
tinuous Spectra). 
Nevertheless it is still true that magnitude 
colour indices which are the differences between 
capable of exact repetition on any telescope other 
which they were derived. The numerical results 
specified list of standard stars remain the best d 
ticular system. 
The following is a formal definition of ma 
for a definite instrument, working under del 
difference of magnitude between two stars is 2.5 
arithm, to base ten, of the ratio by which the be 
brighter star has to be reduced so as to make bea 
response to it the same as the response to the b 
fainter star, it being stipulated that the two beams: 
through the optical train in an identical manner, АШ 
method of light reduction employed is such that the Шй 
wavelength involved is reduced in the same. ratio. 
It is important to notice that an implication 
is that if two precisely similar stars, both emitting EA 
amount of light at any wavelength, differ in 
as measured by any instrument, then, provided 
ing matter in interstellar space, the distance 0 
will be 10°.26™ times the distance of the brighter. 
we apply in imagination a method of light re 
actually used for photometric work in the laboratory: 
the distance of the nearer star to be incr 
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ental response to its beam is the same as that for the more dis- 
ши star; since the stars are supposed to be precisely similar this 
means that-we have now placed them at the same distance. If 
(here is no obscuring matter in space the light reduction produced 
by the change of distance will be the same for all ý 
and so will conform to the condition of the definition above; fur- 
ther, the reduction ratio will be determined by the inverse square 
low, Hence the difference of magnitude Am: between the stars 
js 25 times the logarithm of the ratio of the squares of their dis- 
tances, arid by taking antilogarithms the result follows, Since this 
result is the basis of modern galactic research, it is of high im- 
portance that our definition of magnitude should be correctly trans- 
luted into photometric: practice. eut. Les 
It is convenient to remark.at this point that the imaginary 
process, used above, of varying the distance of a star, is employed 
to define an important conception, "The absolute magnitude of a 
star is defined as being the magnitude that the star would have if 
moved to a standard distance of 10 parsecs (see Parsec) from 
the earth. The absolute: magnitude of a star is an expression of 
їз intrinsic brightness, not its apparent brightness as seen from 
the earth; the apparent brightness depends on the distance of 
the star as well as on its intrinsic brightness. It should be noticed 
that absolute magnitude has been defined with reference to some 
specific instrument, since the definition involves the conception of 
magnitude. For each magnitude system there is thus a different 
absolute magnitude for the same star. In particular, visual and 
. photographic absolute magnitudes of a star may differ considerably. 
In visual photometry the fundamental operation is the measure- 
ment of the difference of magnitude between two stars. Visual 
magnitudes are essentially determined by a series of photometric 
operations involving pairs of stars, these operations leading to à 
knowledge of the mutual differences between the magnitudes of 
the stars over the whole sky, In photographic photometry the 
mutual differences between the magnitudes of all stars in a field 
small enough to-be photographed on one plate are obtained from 
‘single set of photometric operations, and other photometric 
operations give magnitude differences between different fields. 
For both visual and photographic work; and for other measure- 
ments in which a “physical” receiver takes the place of the eye 
of photographic plate, the result is the same; photometric теј 
only measure differences: of magnitude, and, indeed, the defini- 
lion given above is restricted to a definition of magnitude differ- 
fce, For any particular magnitude system it remains to assign 
‘definite magnitude to some star or to the mean of some group 
ûf stars, It has been indicated in’ the previous section how this 
kus been done for visual and photographic systems. 
Modern Astronomical Photometry.—We now turn to à 
А бату of the work of the three акала ма - 
most part. photographic, this being due circum- 
“ances that the problems before astronomers red photo- 
Metric results for faint stars, and the power of the photographic 
of accumulating the effect of continued exposure to light 
s it applicable to extremely faint sources. ‘The photographic 
also has the great advantage of a large number 
Ages at а single exposure, and some modern. problems de- 
Sand results for all stars in various sample areas of the sky, each 
"iple area: being small enough to be covered by one plate. Nat- 
enough the work that was carried out was indicated by 
Problems of current interest; and it will be as well to review in 
s «hat some of the main problems are, and to indicate as we 
hart Photometric programs have been carried through to meet 
5. 
Our knowledge of the dimensions of the galactic universe, and 
са distances and dimensions of the extragalactic nebulae, is 
9 оп photometric: observations of variables, The 
median ; i absolute mag- 
Ni absolute magnitude (i.e, the mean of the pem 
i es at maximum and minimum light) of а Cepheid is 
15 period by what is known! as the period-luminosity — 
to a koe quently photometric observations of a Cepheid ا‎ 
Neb ‘owledge of its distance. For the photometric ыо the 
oth the apparent median magnitude and the periods d 
Hives the median absolute magnitude, using. the 
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luminosity-relation, and then the distance can be calculated from 
the apparent and absolute median magnitudes, It is in this way 
that the distances of the globular clusters, and of the extragalactic 
nebulae are ultimately determined, the distances of the former 
leading us to а knowledge of the dimensions of the galactic sys- 
tem, and those of the latter opening up the way to an extended 
knowledge of the universe, It is thus important to be able to 
make photometric measures of Cepheids in any part of the sky, 
and this сап бе most conveniently done by establishing a number 
of what are known as magnitude sequences in various parts of the 
sky, Each such sequence consists of a series of stars in the same 
field of view, selected so that their magnitudes form a series with, 
so far as is possible, roughly equal magnitude intervals between 
consecutive members, the magnitudes themselves having been mea- 
sured carefully, Any Cepheid can then be investigated photo- 
metrically by a series of comparisons between it and the members 
of a conveniently near sequence. ‘The sequences are also used for 
the photometry of other variable stars. 

In connection with the study of galactic structure we require to 
know the numbers of stars, in various parts of the sky, down to 
various magnitude limits. It would be quite impracticable to sur- 
vey the whole sky to faint magnitude limits, but valuable infor- 
mation can be got by confining the measures to sample areas, as 
has been done in the Harvard-Gróningen Durchmusterung, which 
is а photographic catalogue extending down to the 16th magni- 
tude, Another valuable catalogue of the same kind is the Mount 
Wilson Catalogue of Photographic Magnitudes in Selected Areas 
1-139, which gives photographic magnitudes for stars in sample 
areas extending from the north celestial pole to declination —15*, 
and reaches stars of the 18th magnitude, 

Another important development lies in the measurements of 
the integrated magnitudes of extragalactic nebulae, that is, mag- 
nitudes, not of individual stars in the nebulae, but of nebulae as 
a whole. For the remote nebulae it is impracticable to detect in- 
dividual stars and measure their magnitudes, and so the Cepheid 
method of determining distances is not directly available; but 
measures of the integrated magnitudes lead to a statistical knowl- 
edge of the distances; since it may be assumed that on the average 
the measure of the brightness of a nebula is a measure of its 
distance, the fainter nebulae being the more distant, From the 
measures of integrated magnitude a statistical relationship has 
been discovered between magnitude and displacement of spectral 
lines to the red, and this has been interpreted as a relation be- 
tween the distance of a nebula and its velocity of recession. 
This velocity-distance relation is the observational foundation on 
which the relativity theory of the expanding universe is based, 
and the importance of nebular photometry in connection with 
this theory needs no stressing. Indeed, the observational tests 
which might distinguish between various cosmological models of 
the universe are utterly dependent on photometry. The older 
test, based on the rate of increase of the number of counted 
nebulae with progressively fainter limits of integrated magnitude, 
is now recognized as not very sensitive, The departure of the 
velocity-distance relation from strict proportionality is a more 
hopeful test, but again the test depends critically on precise pho- 
tometry of very faint objects, The red shift changes the apparent 
colour index of distant systems, necessitating troublesome correc- 
tions that can be accurately known only from spectrophotometric 
measurements, The possibility of temporal changes arising from 
evolutionary aging of stellar populations introduces a further un- 
certainty into the comparison of distant extragalactic nebulae, 
seen as they were 1,000,000,000 years ago, with nearby systems. 
(See Ілснт: Waves and Interference.) 

From what has been said it will be apparent that a good deal of 
modern photometric work aims at the obtaining of data for the 
whole sky, and so the whole of a program cannot be carried out 
ata single observatory. This means that the various systems of 
magnitude involved must be reduced to a common standard. Such 
a reduction is vital to modern work, and to facilitate it consider- 
able attention has been devoted to the derivation of standard mag- 
nitudes for a sequence of stars, known as the north polar 
sequence, which consists of a set of stars down to the 20th magni- 
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bodies such as the moon and the planets. Direct indication of the 
surface temperature of these bodies was first obtained from ther- 
mocouple measurements made by Coblentz at Lowell observatory 
(Flagstaff, Ariz.) in 1922, Моге recently other more sensitive 
heat-sensitive detectors have been developed which permit mea- 
surement of quantities of infrared radiation considerably smaller 
than that possible with the thermocouple, William M. Sinton and 
John Strong used a pneumatic cell developed by Marcel Golay to 
scan the infrared spectrum of Mars. F. J. Low developed a ger- 
manium bolometer, cooled by liquid helium, which approaches the 
ultimate limit set by statistical fluctuations in the exchange of 
quanta between receiver and surroundings, It was first applied to 
astronomical measurements in the early 1960s. 


PHOTOELECTRIC PHOTOMETRY 


In principle photoelectric photometry consists of measuring the 
electrical current flowing in the external circuit of a photoelec- 
tric cell when the various quantities of luminous flux to be com- 
pared are allowed to fall successively on the cathode. (See Рно- 
TOMETRY; PHoTOELECTRICITY,) The extension of this principle 
to astronomical sources requires electrical instruments capable of 
measuring very small currents, since the amount of light available, 
even with a large telescope, is so much smaller than that commonly 
encountered in illuminating engineering. The low intensity makes 
cathode fatigue unimportant, and strict proportionality between 
quantity of light and current holds over an extremely wide range 
of intensities. Modern developments in photoelectric technique 
have improved the sensitivity to the point where the whole range 
of astronomical intensities may be covered. Any object that can 
be photographed can, with sufficient pains, be measured photoelec- 
trically. The photoelectric cathode is, however, a selective de- 
tector of radiation; like the photographic plate or the human eye, 
it responds unequally to different wavelengths. By the choice 
of cathode material and the addition of suitable filters, the range 
of wavelengths used in photometry can be varied over wide limits. 

Historical Development.—The first practical photoelectric 
cells were made by J. Elster and H. Geitel in 1890, only two years 
after W, Hallwachs established the existence of the photoelectric 
effect, The first astronomical use of the photoelectric cell was the 
measurement of ultraviolet light from the sun by Elster and 
Geitel in 1892. The step from this observation to the measurement 
of starlight was a considerable one, and did not come until 1913, 
P. Guthnick in Berlin, H. Rosenberg in Tübingen and J. Kunz 
and J. Stebbins at the University of Illinois (Urbana) made suc- 
cessful observations in that year, all independently and all with 
similar apparatus. The photoelectric cells were of the Elster and 
Geitel type, with hydrogen-sensitized potassium cathodes. An 
electrometer was used to measure the current, since even the 
bright stars produced an effect too small for a galvanometer. The 
practical working limit for the Illinois apparatus was a current 
of 10714 amp., corresponding to seventh magnitude with a 12-in, 
telescope, Great care was necessary to avoid spurious effects 
from leakage currents over the surface of the photoelectric cell, or 
over other insulators in the system. 

The improvements in sensitivity that came in the succeeding 
decades consisted partly of refinements in the method of measuring 
the current from the cathode, and partly in improvements in the 
yield from the cathode itself. Sinclair Smith showed in 1932 that 
a stable electrometer at the fixed Coudé focus of a reflecting tele- 
scope (q.v.) could give considerably higher sensitivity than the 
type customarily used at the end of a moving telescope. The de- 
velopment of electronic tubes with extremely high input resist- 
ance (the so-called electrometer tubes) enabled A. E, Whitford 
to develop an amplifier that could be moved about at the end of 
a telescope; this type of current measuring apparatus was carried 
to its ultimate limit by G. E. Kron. In order to avoid fluctua- 
tions caused by cosmic ray ionization, it is advantageous to put 
the amplifier tube and photocell in an evacuated container. In 
this type of amplification, it is necessary to use a high resistance 

in series with the photocell in order to obtain a voltage to apply 
to the input grid of the amplifier tube. The “resistance noise” 
generated by this high resistance adds to the unavoidable “shot 
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noise" fluctuations in the cathode current caused by 
spacing of the photoelectrons released by the inciden 
the overall accuracy is determined by cathode sl 
then the equipment is doing as well as it can with the 
cathode being used. pr- 

With the introduction of secondary emission 
an amplifying principle in the years 1936-39, the 
resistor could be removed and a close approach 
shot-noise limit became possible. In the practi 
multiplier phototube there are 9 to 12 multi 
cascade, Each photoelectron impinging on the 
surface releases three to four secondary electrons, 
plied in turn at the second multiplying surface and 
amplification of the cathode current by a factor of 
more is common, a value more than adequate to ensure 
further amplification by traditional vacuum tubes will 
the overall noise level. In the decade after 1946, 
phototube became the almost universal tool in 
electric photometry. 

The potassium-hydride cathode used in the first 
electric measurements of stars in 1913 remained th 
in use until about 1940, It is sensitive to a 
band of wavelengths in the blue-violet. The much gi 
range of the cesium-oxide cathode, with its peak 
near infrared, was first used for astronomical pho 
S. Hall at the Yale observatory. The thermionic 
this cathode at room temperature is larger than the 
produced by most stars, and had to be reduced 
with solid carbon dioxide. A major improvement 
ciency was realized from the cesium-antimony sui 
P. Górlich in 1938. It is sensitive from the ultra 
the yellow with a maximum response in the 
electron is emitted for approximately eight 
ratio so markedly superior to that for other u 
its use has become standard, к. 

Modern Techniques of Observation.—The 
photometer at the end of a telescope may be consid 
with a small diaphragm in the focal plane. Usu 
diaphragms of graduated diameters is provided, so tl 
well as stars may be measured, and so that the 
diaphragm may be chosen in cases where it is ne 
the light of the sky, or stars adjacent to the one b 
There is provision for sliding filter glasses into е! 
front of the diaphragm. A total reflecting prism 
of the diaphragm to provide visual inspection of 
diaphragm area. If faint stars are to be mı 
phototube is mounted in a thermally insulated 00) 
for surrounding it with solid carbon dioxide fo 
This is necessary because all sensitive cathodes ha 
emission level higher than the response cat 
After the millionfold amplification on the 
surfaces, the output current will generally be in the 
to 107?! amp. Further amplification will be n 
this is arranged so that the final output is recoró 
paper chart. Assuming that 1 milliampere will be 
ate the recording meter, the overall amplification may 
as 1014, The wide range of currents that must 
covered by gain controls in the amplifier. These rato 
to be simply the ratio of certain fixed resistances. 

With bright stars, the light of the night sky is unimP 
a moderately large diaphragm can be used. : 
operates similarly to a laboratory voltmeter and fite" 
spent on each star, On telescopes smaller than 24 i 
of the star may be the main source of noise. 
ages out on telescopes of larger aperture. “As faint 
tempted, however, more care must be exe! 
diaphragm that will safely contain the atmo 
of the star is chosen, in order to reduce the 
the light of the night sky. An auxiliary guiding €yePe 
оп a second star around the edge of the field is 3€ 
der to ensure that the star being measured stays 
faintest objects cannot be seen with the eye; 
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ragm by an offset procedura, ийе корне a ban 
ста of the region made with the same 

The offset proceeds from a star near the object in question 
& wlifiiently bright to be centred in the diaphragm by 


| fraction of the light coming through the diaphragm, and 

ect consists of determining as accurately 
the relatively small difference between the diaphragm area 
fog the object in question and an equivalent blank sky area 
юй. The cathode shot noise, generated mainly by the unavoidable 
М of the night sky, may have an amplitude larger than the star 
seul Considerable averaging is necessary to obtain a reliable 
кемшетеп!, and a program of alternate exposures to sky and 
luting an hour or more may be needed to build up sufficient 
cracy, In this range, integration of the charge coming from 
multiplier offers some advantage; the longer the exposure 
the greater the accumulated difference between sky and sky 
war, Electronic schemes involving the storing of the charge 
scondenser have been developed by Н, L. Johnson and others, 
Mernative approach uses counting methods to perform the 
gation, Each photoelectron released at the cathode becomes 
lunt of 1,000,000 electrons at the output of the multiplier photo- 
tube, a signal easily registered on electronic counting devices. 
` This technique was used by W. A. Baum to push the photo- 
tectric technique to the very limits of the faintest photographic 
Images detectable with the 200-in. telescope of the Palomar ob» 
me (Calif.). The limit reached was 

5. 


Special Applications of Photoelectric 
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ing binaries, A single observation gave an 
erder of 0,01 magnitude, as opposed to ,05 to .08 
Жаш! photometry, and an intermediate accuracy by 
methods, By combining observations extending over many 
Kron was able to achieve a final curve with a probable error 
001 magnitude, corresponding to а relative error of 0.1%, With 
increased precision the full power of the methods that had 
een worked out for deriving the physical properties of stars from 
ишу» of the light curve and the radial velocity curve 
b realized. Shallow eclipses that had previously been missed 
Wre found at their predicted times. Not only was the list of stars 

well-determined diameters and densities considerably 
ed, but secondary features such as the reduced brightness of a 
Par at the outer edge (darkening at the linib) could be derived 
¥ real confidence, The latter effect, directly observable only 
„ы sun, gives information on the atmospheric structure of а 


The simplicity of colour measurements by the photoelectric 
Зе) led to its early use in that field. The ratio of response 
two chosen filter glasses gives a colour 
establishment of two separate 
rq hs thus suited to colour surveys of widely scattered 
ы such a survey of B-stars, Stebbins and his, 
P. that almost all of the more distant ones 
Milky Way had been reddened by interstellar dust clouds. 
є ог intrinsic colours, as tested оп the nearer 
“pected correlation with spectral type. The 
een ed Pine and normal Leon rs ax 
re of the reddening 
WM suffered as a result of scattering by interstellar dust clouds. 
чыке calculated from the spectroscopically determined lu 
tY of giant or supergiant stars, or from the period-luminosity 
йш of Cepheids, had previously assumed that space was 
tie t; for reddened stars the inferred distances — 
great. Correction for absorption 
Seni colour excess has become one of the essential steps 
lishing distances by the photometric 
P" colour тето о, are usually used in determining T 
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differences because the linear response lends itself so directly to 
simple subtraction of a large background, The detection of very 
faint stars against the light of the night sky has already been 
The photometry of extragalactic nebulae, where the 
portions have a surface brightness only a few per 
of the sky, is a similar case, Another example is the 
demonstration by Hall and by W. A. Hiltner that starlight which 
through interstellar clouds is slightly polarized. This 
observation has been interpreted as evidence for a weak magnetic 
field in the Milky Way which aligns interstellar dust particles. 
In a differential measurement between two planes of polarization 
on the same star, Hiltner was able to maintain an internal probable 
error of only 0.016%, or one part in 6,000. 
At first photoelectric magnitudes were used as a check on older 
Photographic and photovisual magnitudes, An initial study for 
tude sequences in three fields chosen from the Mount Wilson 
Catalogue of Photographic Magnitudes in Selected Areas 1-139, 
carried out by Stebbins, Whitford and Johnson, showed the first 
serious systematic difference in scale between the photographic 
and photoelectric results. The photographic scale had made the 
stars too bright by a third of a magnitude at the 18th magnitude, 
The "selected areas" had been the ones used in establishing the 
magnitudes of Cepheids in external galaxies, and the correction 
was one of the factors contributing to the general upward revision 
of the scale of extragalactic distances that took place in the 1950s. 
In this early photoelectric work yellow and blue filters were 
chosen to give a close approximation to the International system 
photographic and photovisual magnitudes; in the fainter ranges 
these had been based on the use of silvered reflectors and included 
some ultraviolet in the photographic band of wavelengths, Shortly 
after it had been shown by H. L. Johnson that exclusion of wave- 
lengths below 3,800 A from the blue band eliminated almost all 
of the ambiguities in transforming magnitudes obtained by vari- 
ous methods on widely separated telescopes, a new standard sys- 
tem of magnitudes was introduced in 1953 by Johnson and W. УУ, 
Morgan. It is called the UBV system, the symbols U, В and V 


8. 


only representing respectively the ultraviolet, blue and visual magni- 


tudes of an object, Carefully specified filters and a particular 
type of photoelectric cathode defined the wavelength range enter- 
ing into each heterochromatic magnitude. The zero point for the 


could visual magnitudes was fixed to agree with the International photo- 


visual system established by the north polar sequence. The 
ultraviolet-free blue magnitude approximates the International 
photographic magnitude, but is more precisely defined, The ultra- 
violet magnitude encompasses a band between 3,000 A and 4,000 A, 
peaked at 3,500 А. As in the original definition of colour index, 
the U, B and V magnitudes of an Ao star are taken to be identical. 

In the years since its introduction, the UBV system has been 
widely adopted, not only by photoelectric observers, but by 
Plate and filter 


combinati: 
of the photoelectric method are used. Each feld photographed 
is calibrated by a number of stars in it which have been previously 
measured photoelectrically; many hundreds of stars on a single 
can thus be referred to the standard stars of the UBV system 
without the pitfalls of the double-exposure photographic transfer 
method referred to in the section of this article on photographic 
photometry. 

The primary standards of the UBV system were originally 
relatively bright stars of known luminosity and spectral type, well 
distributed over the sky, These had been repeatedly measured 
with the particular telescope, photocathode and filters which define 
the system. The north polar sequence was found to contain an 
inadequate range of types and luminosity classes, and is no longer 
relied upon for reference. The number of standards has since been 
increased by intercomparison of new stars with the original set, 
out independently at different observatories, The basic 


of a previously unmeasured star with a standard over a considerable 
range of difference in brightness and colour and over a wide angular 
separation on the sky, Experience has shown that a given photo- 
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electric photometer can cover a range of 10* to 10° with good 
precision (10.0 to 12.5 magnitudes). Thus not many overlaps 
with different optical systems are necessary to span the total range 
of astronomical magnitudes—nearly a factor of 1020, or 50 mag- 
nitudes between the sun and the faintest known stars. 

The ultraviolet magnitude, the third wavelength band included 
in the UBV system, adds valuable astrophysical information about 
a star not given by the blue-visual colour index; the latter is mainly 
an indicator of stellar temperature, as was its predecessor the In- 
ternational photographic-photovisual index. The ultraviolet-blue 
index is sensitive to the luminosity and the chemical composition 
of a star; metal poor stars stand apart. In addition, the two colour 
indices together give an indication of interstellar reddening. The 
UBV system has been extensively employed in studies of clusters 
of stars, both of the globular and the galactic type. From com- 
parison of the colour-magnitude diagrams of these clusters have 
come the principal clues as to the ages of clusters and the evolu- 
tion of the stars within them. 


SPECTROPHOTOMETRY 


Spectrophotometry of stars seeks to derive information about 
their physical properties by studying the distribution of energy 
through the range of the observable spectrum. A colour index is 
the simplest possible measurement of this type; the finest detail 
would be represented by high-dispersion analysis of the star's 
spectrum, including determination of the intensity profile of each 
spectrum line. Between these extremes, relative intensity mea- 
surements on short segments of the continuous spectrum of stars 
may be made with a resolving power ranging from one À to a few 
hundred A. When the band is not more than a few A wide, the 
measured intensity ratios can be said to represent a system of 
monochromatic magnitudes. Such a system has not been used to 
any extent in comparing the brightness of stars, even though it 
would have an advantage in elimination of the previously men- 
tioned instrumental differences between observers which make a 
unique definition of heterochromatic magnitudes so difücult. Too 
smalla fraction of the total light is contained in the narrow portion 
of the spectrum specified for the monochromatic magnitude, and 
the measurement is restricted to the brighter stars; heterochro- 
matic magnitudes have to be used to reach the faint stars so impor- 
tant in cosmological problems. But for the comparison of the 
spectral distribution of radiation in different stars, the brighter stars 
furnish examples of most recognized types, and the specification 
of narrow bands gives the same advantage of uniqueness in defining 
the differences of magnitude that describe the distribution. The 
magnitude differences are in effect a series of colour indices, with- 
out the ambiguities that inevitably accompany heterochromatic 
photometry. 

Photographic methods have been used for most of the spectro- 
photometric studies of stars. The spectrum is formed by placing a 
prism in front of a small telescope. A grating over the objective 
isa common method for introducing the intensity steps needed for 
calibration of the photographic intensities. W. M. H. Greaves, 
C. R. Davidson and E. G. Martin began the first series of mea- 
surements by this method at the Greenwich observatory in 1926. 
H. Kienle at Góttingen, R. C. Williams at the University of Michi- 
gan (Ann Arbor), and D. Barbier and D. Chalonge of Paris made 
important contributions. The French workers used the clear air 
of a high-altitude station on the Jungfraujoch in the Alps to extend 
their measures farther into the ultraviolet. 

Spectrophotometry by photoelectric methods labours under the 
handicap that only one portion of the spectrum can be measured 
at a time. On account of the long observing periods that would 
be necessary, high resolving power is not ordinarily attempted. 
When wide bands must be used in order to reach faint objects, a 
series of filters is a simple expedient. A single photoelectric 
cathode can cover the spectrum from 3,400 A to 10,000 A. Steb- 
bins and Whitford used six filter bands distributed over this range. 
Because of the lines and bands of the star’s spectrum necessarily 
included, results with filters are not strictly comparable with 
monochromatic magnitudes read at selected points in the continu- 
ous spectrum. Hall introduced the technique of scanning the 
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spectrum with a photoelectric cell behind the exit slit, In this 

work the exit slit was 400 A wide. A. D. Code was able to reduce 
it to 10 A, narrow enough to show the principal spectrum feat e 
and to give true monochromatic magnitudes. 

The temperatures of the stars can be found much more pi 
from monochromatic magnitudes than from colour indices, It 
necessary, however, to establish an absolute standard for the rela. 
tive monochromatic comparisons between stars. This can be done 
by comparing the stars with a terrestrial source of known r 
energy distribution, such as a carefully calibrated tungsten filament 
lamp. Such a source serves as an artificial star at a suitable dig 
tance from the telescope, and is measured in the same way as are 
the actual stars. The stellar temperatures derived in this 
are called colour temperatures. For the range of the spectrum he. - 
tween 3,700 A and 4,500 A, Barbier and Chalonge found thatan 
Ao star had a colour temperature of 16,500° K. 

Spectrophotometric comparisons of reddened and unreddened — 
stars of the same type have shown how the interstellar absorption 
varies with wavelength. Since most of the highly reddened objects 
thus far identified are O- and B-stars, whose spectra are not compli- 
cated by strong spectral lines and bands, photoelectric photometry 
with filters is well adapted to the study. The wide range of the 
cesium-oxide cathode is an advantage. The law of variation of 
absorption with wavelength must be investigated for light paths 
in various directions within the interstellar medium. Once the law 
is known, a measured colour excess, which is merely the amount 
that the absorption in the shorter wavelength band of a colour 
system exceeds that at the longer, can be multiplied by an appro 
priate factor to give the total absorption at any desired wavelength 
for any specified magnitude system. Then the observed magni- 
tude may be corrected to restore the star to its unobscured 
brightness, as is required in proper calculation of its photometric 
distance. 

Spectrophotometric analysis of the light of galaxies has also 
been a task for photoelectric filter photometry. The diffuse nature 
of galaxies makes it impractical to form a spectrum of a wh 
system with spectroscopic equipment. As would be expected from 
a composite source made up of stars with a variety of 
types, the spectral distribution is not like that of any single stati 
But since most of the light of external galaxies comes from stats 
that can never be resolved and studied individually, the spec 
distribution curve contains one of the slender clues to the nature 
of the stellar population in these systems. 

See also ASTRONOMY and PHOTOGRAPHY, CELESTIAL. А 
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PHOTOPERIODISM 


tinuously. See PHOTOELECTRICITY; Compton EFFECT; see also 
references under “Photon” in the Index. 

PHOTOPERIODISM, the functional or behavioural response 
ofan organism to changes of duration in the periods—daily, sea- 
sonal, yearly—of light and darkness. Flowering in plants, breed- 
ing in animals, and migration in birds are among the many well- 
known photoperiodic responses that have received intensive study. 
Temperature, nutrition, and other environmental factors interact 
with photoperiod and modify the response. Closely related vari- 
eties of a species may respond differently to identical photoperiodic 
conditions because of inherited differences. Photoperiodism was 
discovered first in plants and soon afterward was demonstrated in 
animals, 

Plants.—W. W. Garner and H. A. Allard, of the U.S. Depart- 
ment of Agriculture, first reported in 1920 that flowering of some 
kinds of plants was controlled by the daily duration of light. They 
suggested the term “‘photoperiodism” to designate “the response of 
organisms to the relative length of day and night.” Garner and 
Allard recognized three types of plants on the basis of day lengths 
favourable to flowering: short-day plants, which fail to flower 
when days exceed a certain duration called the critical day length; 
long-day ones, which fail to flower unless the days exceed a critical 
day length; and indeterminate ones, which flower about equally 
well regardless of day length. Critical day lengths for both long- 
and short-day plants differ widely from species to species and even 
among varieties of a single species. 

Responses of plants other than flowering are influenced by 
photoperiod. Among these are the formation of bulbs, tubers, 
thickened roots and runners, colouration of stems and leaves, ab- 
scission of leaves, and development of certain anatomical features. 

The photoperiod response of plants depends on duration of 
darkness, not light, a fact not understood at the time the phe- 
nomenon was named. Thus, a short-day plant flowers when nights 
are long and a long-day one when nights are short or absent. A 
brief period of artificial light in the middle of a long dark period 
divides it into two short ones and thus promotes the flowering 
ûf long-day plants and inhibits that of short-day ones. 

Growers of chrysanthemums now produce these highly seasonal 
flowers throughout the year by proper control of night length and 
other cultural conditions for adapted varieties. Artificial light 
keeps the plants from blooming until they attain sufficient size or 
Until the desired date is reached. The light is then discontinued 
or in some times of the year the plants are covered with black 
doth during part of the day, thereby increasing the night length 
adequately to bring them into bloom. This practice is in extensive 
tse in greenhouse production of chrysanthemums in the United 
States and over several hundred acres of plants grown out-of-doors 
1 Florida and California, 

„Artificial control of day length is similarly used to regulate the 
time of flowering of orchids; China asters, feverfew, and tuberous- 
19184 begonias, Experiments show that the growth of some 
Kinds of woody nursery plants can be maintained in the greenhouse 
ating winter by the use of artificial light. The root al 
4, ight to improve production of various kinds of plants are 
stantly increasing. 

€ photoperiodic reaction occurs in the leaf, but the response 
a occurs elsewhere, A product generated in the leaves evi- 
“Шу moves to’ the growing points, where it controls flower-bud 
mation, This product is a flower-promoting one produced by 
rk Periods favourable to flowering, not a flower-inhibiting one 
Moduced by unfavourable dark periods. Some workers believed 
PN flower-inducing material to be a special flower-forming hor- 
i one, “florigen,” but such a substance had not been isolated from 
{mt and identified by the mid-1960s, Knowledge of the initial 

Stochemical step in photoperiodism was obtained by studies 0 
a, Y in which light acts. Red light having a spectral range of 

Bs 5,500 to 7,000 A (Angstrom units) and an absorption ow 
Ку, Near 6,500 A is more effective than any other e SOT 
i iene flowering of short-day plants and promoting Dd 
а ng-day ones, А second but far less effective region © pur 
2d Occurs in the blue. Flowering is controlled in both ] t 

ts by light of the same wavelength ranges, indicating 


IOOI 


the basic photochemical reactions are identical, although in one 
type they suppress and in the other promote flowering. 

The inhibition of flowering of some short-day plants by ex- 
posure to red light can be prevented by exposing them immediately 
afterward to light of somewhat greater wavelength; namely, far- 
red light of about 7,350 À. A similar cancellation of the action 
of red by far-red radiation occurs in the germination of light- 
sensitive seeds and in the control of growth of the stem and other 
parts of dark-grown seedlings, indicating that the same photo- 
control is present in all these phenomena. Many of these responses 
can be repeatedly reversed by successive alternating exposures to 
red and far-red light. The ultimate response to such a series of 
exposures is dependent on the kind of light given last. 

Reversibility arises from the photochemical interconversion of 
two forms of a photoreceptive pigment called phytochrome, A 
red-absorbing form is converted by red light to the far-red-absorb- 
ing form; this in turn is reconverted by far-red light to the red- 
absorbing form. The far-red-absorbing form of phytochrome 
is believed to be biologically active, probably an enzyme: but the 
action it catalyzes is not yet known. The red-absorbing form is 
thought to be inactive. 

Discovery of these characteristics of phytochrome led to its 
physical detection in the live plant. The method used was a 
spectrophotometric one, based on the changes in optical density 
of the tissues resulting from converting the phytochrome from 
one absorbing form to the other. Phytochrome has been detected 
in about 50 species by this method. 

Phytochrome has been obtained as a bright blue solution in 
relatively pure form from several plant species. In red light the 
colour fades, but in far-red it reintensifies, indicative of its reversi- 
ble change. Phytochrome is a protein with a molecular weight of 
about 100,000. It is stable for many weeks at low temperatures 
but degenerates quickly at room temperatures. The chemical 
structure of the chromophoric group that gives the compound its 
blue colour is unknown, but the absorption spectrum is closely 
similar to that of phycocyanin, the prominent pigment of blue- 
green algae. 

ВівілосвАРНҮ.—5: B. Hendricks and Н. A. Borthwick, “Photo- 
responsive Growth,” in Aspects of Synthesis and Order in Growth, ed. 
by Dorothea Rudnick (1955), “Control of Plant Growth by Light,” 
in Environmental Control of Plant Growth, ed. by L. T. Evans (1963) ; 
Н. A. Borthwick and S. B. Hendricks, *Photoperiodism," in Radiation 
Biology, vol. 3, ed. by A. Hollaender (1955). (Н. A. Bx.) 

Animals.—The most conspicuous activities of animals which 
are closely correlated with certain seasons of the year, and hence 
with changes in day length, are bird migration, reproduction, and 
changes in pelage and plumage. Each of these occurs with marked 
regularity at a particular time each year, Ву retaining animals 
in captivity and subjecting them to artificial increases and de- 
creases in day length, bird migration, reproduction, and other ac- 
tivities have been induced out of season. It has been concluded, 
therefore, that in nature the changing daily periods of light and 
darkness determine to a great extent when many seasonal activities 
occur. Before the northward migration to the breeding grounds in 
spring, birds undergo a marked change in physiological state. 
This is shown by increased activity of the reproductive organs 
and deposition of large amounts of fat. When these same changes 
were induced experimentally in winter by exposing captive birds 
to artificial increases in day length, the birds migrated northward 
in winter when released. By employing different schedules of day 
length at various seasons of the year, it has been demonstrated 
that the rate of change in physiological state depends on the daily 
amount of illumination. As little as nine hours of light per day 
is stimulating. The response is rapid under long days and slow 
under short days. Gradual increase in amount of light per day 
is not necessary. Constant day lengths are effective, as are de- 
creasing day lengths, provided that the daily amount of light is 
stimulating. Therefore, migratory birds that winter on or near 
the Equator, where the day lengths are constant, or in the South- 
ern Hemisphere, where the day lengths decrease after Dec. 21, 
could have the onset of their spring migration regulated by day 
length. Prerequisite to the response to light that occurs in win- 
ter and spring is exposure to short days or long nights in autumn. 
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This phase of the annual cycle is called the preparatory phase, 
since failure to complete it precludes the subsequent response. 
Under experimental conditions completion occurs uniformly and 
more rapidly with longer nights. Day lengths in autumn wind the 
“clock” within the bird, so to speak, while the day lengths of 
winter and spring make it run and determine how fast it runs, 

In most birds, mammals, and other vertebrates breeding is sea- 
sonal. By experimental manipulation of day length, reproductive 
activity has been induced out of season. Where the species breed 
normally beginning in autumn (e.g., brook trout, deer, sheep, and 
goats), decreasing daylight or short days following long days are 
effective, For species that breed in spring (e.g., starling; junco, 
ferret, and mink), increasing daylight or long days following short 
days are effective. Change in breeding season occurs in some birds 
and mammals when they are transported from the Southern to the 
Northern Hemisphere, or from the region of the Equator to tem- 
perate latitudes, Although day lengths are constant on the Equator 
and change little in the tropics, there is some evidence that day 
length does regulate the breeding and plumage cycles of tropical 
birds. Experimental modification of the breeding cycle of inverte- 
brate animals (e.g., snails, crustaceans, and insects) by means of 
day length has also been demonstrated. 

Attempts to discover how length of daylight affects the breeding 
cycle have shown that the light stimulates the eye or part of the 
brain near the eye, The stimulus produced by the light eventually 
reaches the pituitary gland (the master endocrine gland located at 
the base of the brain), which secretes the hormones that, among 
other functions, control the growth of the reproductive organs. 
There is good evidence that the length of the dark period and the 
ratio of light to darkness are important factors in determining the 
reproductive response. The effects of day length on the migratory 
response (mentioned above) also apply to the reproductive re- 
sponse in some birds, Response to light can be modified by 
temperature, nutrition, and inherent internal factors, Important 
among the last is a daily rhythm of about 24 hours’ duration 
(termed circadian), which makes it appear as though the orga- 
nism were keeping track of each day. The response to light- 
dark cycles seems to depend in part on the time that the light and 
dark periods occur within these 24-hour periods. A few species 
of birds and mammals studied did not show any influence of light 
on the reproductive cycle, 

The most conspicuous seasonal change in pelage and plumage 
occurs in those mammals and birds that are white in autumn and 
winter and brown in spring and summer (e.g., varying hare, ermine, 
and ptarmigan), By experimental manipulation of light, either of 
these colours can be produced out of season, Molt into white plum- 
age or pelage can be induced by short days. Temperature is not 
à factor, Day length also influences the time of annual molt in 
birds, growth of wool in sheep, and production of winter pelage 
in mink and ferret. 

A number of less obvious seasonal activities also occur in re- 
sponse to day lengths, In the potato aphid, the production of 
winged individuals (as opposed to wingless individuals) normally 
occurs in autumn and is dependent on a period of darkness of 12 
to 14 hours. In the strawberry root louse, occurrence of sexually 
reproducing individuals, which occurs normally in autumn, can be 
produced out of season by shortening the days. 

Practical application of knowledge of photoperiodism is com- 
mon in poultry management, for daylight length affects laying, 
sperm production, and body weight of the fowl. 

See also PHOTOCHEMISTRY: Kinds of Photochemical Ef- 
fects; PHOTOSYNTHESIS; PLANTS AND PLANT SCIENCE: Growth; 
RuvrTHMS, BIOLOGICAL, 
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PHOTOSPHERE, the layer of the sun 
emitted most of the sun’s light that reaches the ea 
without absorption and reemission. The sun isa 
no sharply defined surface, and it is viewed 
layers of very low density; the photosphere may be m 
the innermost layer that can be seen, See Su 0 

PHOTOSYNTHESIS is the process by 
harness the energy of sunlight absorbed by chlo 
organic compounds from carbon dioxide and water, The; 
is often referred to as assimilation or fixation of carbon, _ 

Fundamental Role of Photosynthesis —For ' 
ence, growth and multiplication, all living beings, pla 
mals alike, need organic food. The organic foodstuffs 
by living cells as building stones and as sources of energy 
ergy stored in the foodstuffs is released mainly by resp 
reaction in which organic matter combines with the oxygen 
air yielding carbon dioxide and water as final prod 
at which living beings die and consume each other 
they would all disappear from the earth within the 
human generation if there were not a process p 
re-formation of organic matter. Р 

While there are many ways by which organic subst 
composed in respiration and similar reactions, there i 
reaction, photosynthesis, that for millions of years ha 
balanced death and decomposition, In the course 
thesis the hydrogen of water is used to transform €i 
into carbohydrate; simultaneously the oxygen of the 
erated as free oxygen gas. Among the many pign 
in the plant kingdom only chlorophyll and, to а 
carotenoids and phycobilins are known to convel 
chemical energy. Chlorophyll is the green dye who 
characteristic of meadows and forests, The green 
transform the carbohydrates produced. by pho 
fats, proteins and many other substances. Thus, 
directly, all the organic food of plants or animals d 
the photosynthetic process. In the cycle of synth 
the basic materials, carbon dioxide and water, can 
and over again, while the energy released upon 
of organic matter is lost forever; it is dissipated 
and must constantly be replaced by the sun's rad 

Origin and Evolution of Life.—The chlorophyll 
highly complex structure that ceases to function | 
protein components are damaged. Obviously, the 
not have started with the particular synthetic re 
sole support at present. Life probably began with 
stances produced by ultraviolet radiation or by electri 
when the earth’s atmosphere consisted mainly of hyd 
ane, ammonia and water vapour. Experiments hay 
such a gas mixture, if subjected to electrical discharges, 
aliphatic and amino acids. Contemporary living 
these simple compounds as building stones, not only 
and fats but for the synthesis of even more intricate. 
cules. The most famous example is the formation of 
ring, the parent structure of chlorophyll and of hemin 
ment in blood. It is formed by a succession of a i 
densation steps. This synthesis starts with glycine 
compounds now assumed to have been present in lat 
at the beginning of organic evolution on earth. It is 
fore, that porphyrins and hence their iron and mage 
tives, ie, hemin and chlorophyll, appeared early and 
the emergence of the first living things. (See Lil 

Thus the complex mechanism of photosynth 
evolved as a part of the first organisms. Even at 0 
of life the simplest photochemical reactions (reactions 
light) known to occur with porphyrins must have be 
in speeding up and selecting special types of syni 
Because the process of photosynthesis as found 
plants can be broken up into separate sets of pà 
is assumed that, during evolution, these were added 
with the light-absorbing chlorophyll complex as the OF 
The last of these evolutionary steps was the сара! 
Íree oxygen. In this way photosynthesis has first FUTE 
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maintained the supply of oxygen in the atmosphere, which 
sade the Darwinian evolution of respiring organisms possible, 


ceding 


developmental step, the photochemical reduction of 


dioxide at the expense of compounds other than water, 


«ems never t 
organisms. 
Rate of Ca 


have risen above the level of unicellular micro- 


rbon Dioxide Turnover.—In bright sunlight the 


ше of the photosynthetic reaction is about 15 to 30 times the 
sespiratory rate. A sunflower leaf may gain 9% of its dry weight 

hour. Considering that respiration proceeds continuously 
wile photosynthesis occurs only during the hours of light, the net 


ate of the latt: 
of carbohydra 
growth of the 


er is about five times greater. This means an excess 
te, which is partly stored and partly used for the 
plant. Nongreen plants and animals, which consti- 


tute the heterotrophic organisms, depend upon this excess for their 


organic food. 
Land plants, 
prow faster if 


, which utilize the carbon dioxide present in the air, 
supplied with more carbon dioxide than they can 


sow find in nature, ‘This averages only 0.0396. of the gas volume 
ıl the earth's surface, Aquatic plants thrive on the carbon dioxide 
dissolved as gas or as carbonates in the water. The best esti- 
mite for the rate of the total carbon dioxide reduction on earth is 


a turnover of 


101° tons of carbon per year, more than two-thirds 


of which is contributed by the flora of the oceans. An amount of 
сафол dioxide equal to the total readily available reservoir passes 
through the life cycle in about 350 years, The cycle of carbon re- 
quires also one of oxygen and of hydrogen. Since both these ele- 
ments are available in larger quantities, it takes about 2,000 years 
lorenew all the oxygen in the air and 2,000,000 years to decompose 
all water оп earth, 

Probably there was more carbon dioxide in the atmosphere of 
lhe earth at earlier times. The enormous deposits of coal and oil, 
the so-called fossil fuels, are the remnants of once living plants 
їй microorganisms, These products of ancient photosynthesis 


(which, since 
1150, man is 


the beginning of the Industrial Revolution around 
returning to the air in ever increasing amounts as 


Grbon dioxide) have been out of circulation for many millions of 


Years, 
Efficiency 


of Photosynthesis.—In land plants, between 1% 


ted 3% of the light falling upon a green plant is transformed into 
ical energy. Important as this answer may be for problems 


of agriculture, 
Manding of th 


it is of no value in respect to the theoretical under- 
е process of photosynthesis, Most of the incident 


dition is lost by reflection, transmission and ineffective absorp- 


рате 
y the 
ler fraction is 


nts other than chlorophyll. Only a fraction is ab- 
active pigments, The efficiency with which this lat- 
utilized in the course of the photochemical process 


ч great theoretical interest. It is measured by the minimum 
ber of light quanta necessary to bring one molecule of carbon 


to the 


energetic level of a carbohydrate. From the mid- 


19205 to the early 1960s a prodigious amount of work was devoted 
letermination of this number, It is certain that eight quanta 
light totaling 320 kilogram-calories (kg.cal.) suffice to store 


equivalent 


of 112 kg.cal. in terms of organic matter. The net 


‘hey of photosynthesis, therefore, is about 35%. Much higher 
there cies are alleged to have been found in certain experiments 


Plants 


lula 


t over 


were kept under unusual conditions. In the uni» 


г green alga Chlorella the quantum yield remains essentially 


the entire range of the chlorophyll absorption spec- 


his means that, expressed in terms of calories, the efficiency 
“ses in the direction from blue to red in the spectrum, be- 
the energy content of the light quanta decreases according 


tothe law, 
Бы" of 


physics. Chlorophyll in the living cell obeys these 


бы ly as do the chlorophyll-sensitized photochemical oxida- 


In vitro, 


Attificial Food Production and Space Travel.— Because the 


5 human 


population is increasing so rapidly, with no corre- 


ing increase in food production, scientists have wondered how 
the More food would be available if full use could be made of 
eat efficiency of photosynthesis, which in laboratory experi- 


Betts has bee: 


"йо, abso 


n found to approach 35% of the intensity of the 
rbed by the active pigments. The average acre of 


land under cultivation yields hardly more than one ton of total 
dry organic matter per year because most of the light falling on 
the surface is not trapped by chlorophyll and thus is lost for photo- 
synthesis. If agriculture were superseded by the continuous culti- 
vation of tiny aquatic algae in thin layers of fertilized water, the 
same area could produce between 30 and 50 times more edible 
material. Before such a project can become practical, two other 
problems must be solved: how to maintain, easily and cheaply over 
large areas, conditions for optimal growth of algae and how to 
induce people to eat them. A technological photochemistry for the 
synthesis of selected chemicals is certainly practicable. By con- 
trast a completely artificial manufacture of food, imitating photo- 
synthesis, does not appear to be a sensible aim to strive for. One 
cannot conceive of an artificial device as small and as efficient as 
a green plant cell for the purpose of producing all necessary 
nutrients. 

The problem of how to nourish human beings and supply them 
with oxygen during long-lasting expeditions into outer space can 
be solved on the basis of natural photosynthesis. Oxygen for res- 
piration would be provided by illuminated plants, which in turn 
would use the exhaled carbon dioxide and other waste products of 
man’s metabolism as the raw material (carbon source, vitamins 
and mineral nutrients) to grow and produce the necessary food, In 
short, the carbon cycle of the organic world on earth would have 
to be duplicated in miniature. The light energy to keep it running 
could be obtained either directly from the sun or indirectly from 
the power that promotes the space rocket. 

A third problem, the conversion of light energy into electricity 
for industrial purposes, is solved in principle on the basis of purely 
physical reactions found in “solar batteries,” and a solution may 
be found for photochemical reactions also, yet neither method of 
utilizing light resembles the photochemistry of chlorophyll in 
plants, (See also PHOTOCHEMISTRY.) 

Energy Storage (Decrease in Entropy).—Light energy may 
be used in several ways: (1) to speed up reactions that would 
proceed in the dark in the same way but at much slower rates 
(autoxidation, the bleaching of colours, for example) ; (2) for reac- 
tions that will not occur unless light energy is available (for in- 
stance, the release of oxygen from water at normal temperatures) ; 
and (3) for a reaction in which the new products still hold as po- 
tential chemical energy a part of the light energy originally ab- 
sorbed. In the course of organic evolution photosynthesis reached 
the third stage and achieved an over-all molecular efficiency of 
35%. This efficiency is due to the incorporation of water as a 
reactant into the photochemical system and to the subsequent re- 
lease of free oxygen arising from water. 

There are many other mechanisms in nature in which light plays 
a role ( vision, for instance) and some in which carbon dioxide is 
transformed into organic matter without an over-all gain in energy. 
"The latter fall in two classes, one where light is not needed at all 
and one where it is needed but does not produce a net gain in free 
energy. A few species of autotrophic bacteria are known to grow 
in the absence of light with carbon dioxide as the sole source of 
carbon. They utilize the energy derived from the oxidation of in- 
organic compounds such as ferrous iron salts, sulfur, thiosulfate, 
hydrogen sulfide and molecular hydrogen. This fact was generally 
ignored in earlier attempts to understand the mechanism of photo- 
synthesis, The amount of organic matter formed by this means 
was considered insignificantly small as compared with photosyn- 
thesis, and the reduction of carbon dioxide in the dark appeared to 
be fundamentally different from photochemical reduction. In the 
decade between 1930 and 1940, however, it became evident that 
many organisms and tissues, from propionic acid bacteria to pigeon 
liver, include carbon dioxide among their metabolic substrates. In 
these cases a specific enzymatic system provides for the proper 
coupling between an energy-yielding reaction, respiration or fer- 
mentation, and a reaction in which hydrogen is transferred to car- 
bon dioxide or its equivalent derivative. The result is called a 
carboxylation. Since the very life of autotrophic organisms 
depends on catching what little there is of carbon dioxide in the 
air, their carboxylation enzymes are usually more efficient than 
the same enzymes found in heterotrophs. The decisive difference 
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between both classes of organisms lies, however, not in the way in 
which the carbon dioxide molecule is attacked but in the energy 
balance. No ordinary metabolic synthesis can end with an over- 
all gain and storage of chemical energy, because an excess of com- 
bustible material, previously synthesized, has to be sacrificed to 
make the reaction go. 

In photosynthesis it is the energy of light that in the course of 
the very reaction furnishes the necessary combustible material or 
hydrogen donor by the "splitting" of water, The utilization of 
light energy, however, is not sufficient to guarantee a successful 
accumulation of chemical energy. This was shown by studies on 
the metabolism of purple bacteria, strongly coloured yellowish, red 
or purple unicellular microorganisms. Because their growth de= 
pends on light, they were first believed to photosynthesize as do 
the green plants, Investigations proved that purple bacteria are 
unable to produce molecular oxygen and are unable to reduce car- 
bon dioxide simply with water, In addition to radiant energy they 
need energetically valuable hydrogen donors, According to the 
specificity of each species, the purple bacteria require for the as- 
similation of a certain amount of carbon dioxide an equivalent 
amount of either sulfur, hydrogen sulfide, thiosulfate, molecular 
hydrogen, aliphatic acids or alcohols. In purple bacteria, therefore, 
the energy of light is not quite so successfully stored as ín the green 
plants but is partially wasted. The light serves here only as 
4 promoter, as it were, of reactions that might as well be carried 
on thermally in the dark. The overall gain consists quite visibly 
in the appearance of complex living forms in place of the simple 
molecules of "food." This conversion means a decrease in entropy 
within the system under observation, 

In 1940 it was found that the photochemical reaction proper is 
the same in purple bacteria and in green plants. Certain species 
of unicellular green algae change to a type of metabolism similar 
to that of some purple bactería if they are incubated during a few 
hours in pure hydrogen gas. Upon subsequent moderate illumina- 
tion, they reduce carbon dioxide as usual, but they do not evolve 
oxygen. Instead they absorb the equivalent amount (twice the 
volume) of hydrogen. Once adapted to the use of hydrogen the 
same algae can reduce carbon dioxide, as do the ^Knallgas" bac- 
teria, in the dark, if some oxygen is supplied instead of light. 
Under the influence of intense irradiation the algae revert to normal 
photosynthesis with the production of oxygen, This reversible 
separation of carbon dioxide reduction from oxygen evolution or 
from the absorption of light demonstrated what had long been 
postulated—that photosynthesis consists of a series of complicated 
reactions that must be studied separately before the process as a 
whole is clearly understood, 

After 1940 all students of the problem agreed that at least three 
sets of partial reactions may be distinguished: (1) decomposition 
of water with the aid of light absorbed by ‘chlorophyll, leading, on 
the one hand, to compounds having a surplus of hydrogen and 
serving as intermediary hydrogen donors, and, on the other hand, 
to compounds having a surplus of oxygen; (2) transfer of hydrogen 
from the intermediary donors to carbon dioxide; 


gen donors, 
ture of photosynthesis requires, among other things, that all the 
oxygen evolved be derived from water and not from the reduced 
carbon dioxide molecule, 

Research Methods.—Between 1775 and 1880 Joseph Priestley, 
Jan Ingenhousz and Jean Senebier were the first to discover that 
plants have the power to change the composition of the surround- 
ing air. Since then the gas exchange of plants in the light, in 
contrast to that in the dark, has been used to study the course 
and rate of Photosynthesis, Chemical analyses of these gases or 
simple recordings of pressure changes produced by plants in closed 
vessels, as well as the magnetic properties of oxygen and the in- 
frared absorption of carbon dioxide, have served to clarify the 
reaction. Determination of the products and intermediates formed, 
namely sugars, sugar esters and fats, was at first not widely used. 
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After the discovery of radioactive carbon isotopes (CH and 
ularly С! with a half life of more than 5,000 years), the 
of intermediates became the most important tool in the 
istry of photosynthesis. This radioactive tracer method way 
extended to radioactive phosphorus, P32, and to tritium or [ч 
active hydrogen, Нз or T. The stable isotopes Н? or D (drte 
rium), C13, O!* and N!^ also may serve as tracers, in 
O!*, to trace the path of oxygen. The methods just 
will not provide any clues as to what happens after a light quistas 
has been absorbed by chlorophyll and in which way the light 
is transformed into potential chemical energy, Physical 
such as the measuring of changes in light absorption (or light 
emission) by chlorophyll and other coloured substances in m. 
are better suited to elucidation of the photochemical events 
These determinations are made with recording Spectrophotometery 
and phosphofluorimeters, Finally it has become necessary to 
in minute detail the structure of the parts of the cell that costis 
the chlorophyll as revealed by the electron microscope. 
Factors Governing Photosynthesis.— Photosynthesis ls is. 
fluenced by temperature, light intensity, carbon dioxide concentri 
tion and water supply as external factors. The internal factors i 
fluencing íts.course are twofold: first, the concentration of the 
pigments and the activity of the enzymatic catalysts involved іа 
photosynthesis; second, other metabolic reactions, such as respite 
tion and fermentation, that have no direct connection with the 
photosynthetic process. Among the internal factors must be it 
cluded also the inherited traits characteristic for different species, 
It is well known that certain plants can grow in arctic regions and 
others only in the tropics. It has been found that the chemistry 
of photosynthesis is identical in lower and in higher plants 
Each of the factors influencing photosynthesis may become the 
one that is mainly responsible for the limitation of the overall 
rate. At low light intensities and otherwise favourable condition. 
photosynthesis proceeds at a rate directly proportional to the ¥ 
cident radiation. Under these circumstances the light energy # 
utilized with the greatest efficiency. At high light intensities at 
high temperatures, the rate remains a function of the 
dioxide concentration, so long as the mechanism of phot 
is not saturated with this substrate. If carbon dioxide also is pet 
ent in sufficient amounts, the rate is determined by internal [actor 
most likely by the slowest of several enzymatic processes 9e 
nected with the reduction of carbon dioxide. Since a truly e 
chemical reaction is not influenced by changes in temperature 
determine the rate of ordinary processes, the rate of phot а 
remains practically constant in spite of temperature changet 
long as the light intensity is the rate-determining factor. 
is the case at low or moderate light intensities and high 
tures, Conversely, in bright sunshine and at moderate 
tures photosynthesis is influenced by changes in t me 
exactly as are other metabolic processes. These observation’ 4 
limiting factors were among the first that led to the — 
Photosynthesis as consisting of a sequence of phot cedem 
or "light" reactions and thermal enzymatic or "dark jose 
An ingenious way of separating the light from the dark n 
in the analysis of photosynthesis was first described in 1% 
Consists of illuminating a plant with light flashes of very a wer 
tion (less than тфуу sec.) separated by dark periods the um 
erably greater length ( ghy sec. to 1 sec.). In this eund 
perature dependencies just mentioned were clearly ibit nat Ù 
It was further shown that most metabolic poisons in pum 
Photochemical but the dark reactions in photosynthesis, Эба 
of the influence of poisons on the course of photosynth m, 
formed in analogy to similar investigations in the fiel precedit 
tion, allowed for a separation, in theory, of reactions PES) 
the photochemical reduction of carbon dioxide and out у” 
lowing it. These theoretical deductions were ке See 
experimental analyses of the mechanism of phot In ce 
Activity in Chloroplasts and Plant Extracts—In 0 p 
son to the general development in biochemistry, siu Dod 
synthesis with cell-free systems lagged behind because plants * 
photosynthetic activity could be seen in fractions of "TI 
Plant extracts. It was first believed that photosyntbes 


al decomposition of carbon dioxide in contact with 

d water. Once it had been realized that the photo- 
1 ents and the enzymatic synthesis of organic com- 
loosely connected, one began to look for the 
cell extracts of simpler reactions which might be part 


, together with the other pigments, are attached 
of, specific lamellar protein structures, each 
about SO A (angstrom units) across (1 A = one 
“а millimetre). In higher plants and some algae 
bundled together as grana in special organs called 
In blue-green algae and photosynthetic bacteria the 
parallel to the entire cell wall or appear as 
bodies within the cells. Associated with the pig- 
and catalysts of types familiar to biochemists 
es of respiration and fermentation. 
first shown by R. Hill that it is possible to obtain 
nts suspensions of chloroplasts that still produce 
mination yet have lost the ability to reduce carbon 
chloroplasts have to be suspended in a solution of 
"and ferricyanide. ‘The ferric salts are photochem- 
d to ferrous salts, In the same way quinones and 
reduced in the light while oxygen is evolved. These 
that the chlorophyll complex and the enzyme 
d with the photolysis of water (i.e, the disrup- 
үг molecule by the action of light) can be kept func- 
faculty to fix carbon dioxide has been lost. 
у to isolate chloroplasts by grinding green leaves. 
quickly lose their capacity to fix and reduce са! 
"This power can be restored partially and with- diffi- 
رط‎ ‘the addition of the enzyme-containing plant juice and 
nishing various cofactors that have become either oxidized 
L contrast the capacity to release oxygen is preserved 
hloroplasts are freeze-dried in a vacuum (#е., are 
‘and submitted in the dry state to extraction with pe- 
It is in this way that the need for plastoquinone has 
d by its removal and re-addition to chloroplast 
‚ Which when rewetted were again able to produce 


‘contain at least two oxidative enzymes, the cyto- 
bg, believed to assist in the disposal of those hy- 
"remaining from the photochemical dehydrogenation 

cytochromes can act specifically in a purely photo- 
‘Not only in an aerobic metabolism became apparent 
re found in purple bacteria, which are photosynthetic 
time anaerobic organisms lacking the ability to 
gen. Also implicated in the release of oxygen by 
enzymes that contain manganese or that combine 
none derivative called plastoquinone (CyoHysO»), 
Ха series of the ubiquinones found in all living cells, 
plastoquinone may be as much as yy to 4 that 
In addition the chloroplasts contain flavins and 
tides as well as heme proteins, compounds similar 
those that play a part in the production of energy- 
le during respiration, Triphosphopyridine nucleotide 
of diphosphopyridine nucleotide (DPN) is specifi- 
by chloroplast preparations—an important finding 
avides the bridge between pigment activity and car- 


nts.— The two green chlorophylls а (C,,H3504- 
(СЫН ОХ Ма) were isolated in 1905 and their 
Шу established about 1936. The bacterio-chloro- 
b, occurring in purple bacteria, are related pigments 
Spectrum is shifted toward the infrared. The 

e identical in all plants, ‘They belong, like hemin 
for the colour of blood—to the class of 
complexes. An important difference between 
d hemins exists in their photochemical properties. 
la complex bound atom of magnesium does not 
C fluorescence of the chlorophylls, but 
the heavy metal iron in the hemins quenches the 
'scence completely and makes the latter dyes photo- 
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chemically inert. The slight difference between chlorophyll a and 
chlorophyll b—a formyl group (—CHO) in b where a has a methyl 
group (—CH,)—is reflected in the absorption spectrum, Chloro- 
phyll b absorbs light at slightly shorter wave lengths. 

One of the side chains of the porphyrin ring in chlorophyll is 
esterified with phytol, CypH4o9, a colourless alcohol, which also 
is found as a side chain in vitamin K. The role of phytol in both 
substances is obscure. Chlorophyll looks green because it is some- 
what more transparent for green light than for blue and red, yet 
green light is equally effective if absorbed. For the wave lengths 
longer than 7300 A chlorophyll is quite transparent. This is the 
reason a landscape seen through a dark-red filter shows the leaves 
of trees and the lawn brighter than the surroundings (including 
the blue sky), an effect familiar from infrared photography. Chlo- 
rophyll is insoluble in water, Extracts can be obtained simply by 
immersing green leaves in alcohol or acetone. In the cell, chloro- 
phyll is bound to protein, It can be extracted in its combination 
with protein, in the form of a colloidal aqueous solution, if the 
plant cells are mechanically crushed. 

The carotenoids present in the chloroplasts vary in composition 
and number with different species of plants. "Their chemical struc- 
ture has nothing in common with that of chlorophyll, The formula 
for carotene is CyoHyq, for xanthophyll СНО and for fuco- 
xantho| СН О. Some of these pigments were known to act 
as photoreceptors in such phenomena as phototaxis and phototro- 
pism, but until 1930 it was believed that only the light absorbed 
by chlorophyll was available for photosynthesis. Botanists, how- 
ever, wondered how brown algae, in which most of the incident 
radiation is absorbed by the yellow pigments, could use light so 
effectively for growth. In 1941 it was finally established that some 
of the yellow pigments participate in photosynthesis. The degree 
to which this takes place varies considerably in different plants, 
In the diatoms, which are responsible for the bulk of photosynthe- 
sis in the ocean, the light absorbed by carotenoids is just as effective 
as that absorbed by chlorophyll. The mode of action of the carot- 
enoids is, however, merely that of an “accessory pigment.” The 
excitation energy is not utilized within the molecule itself but is 
transferred to chlorophyll a, as shown by the colour of the resulting 
fluorescence, This is also the way in which phycocyanin and 
phycoerythrin, the characteristic pigments in blue-green and red 
algae, contribute to photosynthesis in these plants. No cell capable 
of photosynthesis has been found that did not contain chlorophyll 
a in addition to the other pigments mentioned. Even chlorophyll 
b seems to act as an accessory pigment by letting the excitation 
energy go over to chlorophyll a. 

Until about 1960 it appeared, therefore, as if only chlorophyll a 
was engaged in the actual conversion of light (electromagnetic 
energy, photons) into chemical energy. While measuring photo- 
synthetic efficiencies of light of different colours, Emerson had 
observed that light of wavelengths longer than \ 700 millimicrons 
(mp) (a barely visible dark red colour, yet weakly absorbed by 
the chloroplast ) is much less efficient than the rest of the visible 
spectrum in causing the release of oxygen gas. This low efficiency 
can, however, be bettered if the monochromatic dark red light 
beyond А 700 my is offered to the plant together with light of 
comparable intensity, provided it is composed of rays of shorter 
wavelengths than À 680 my. 1f, for example, 1,000 quanta of 
normally effective light release 100 molecules of oxygen from the 
absorbing chloroplast and 1,000 quanta of the dark-red light release 
only 20, the result of irradiating the plant simultaneously with both 
lights does not amount to the sum of both effects. Instead of the 
expected 120 molecules of oxygen, more, about 160 molecules, may 
be evolved. Two things follow from this “enhancement” of the 
yield. First, the plant must "sense" the difference in colour—hence 
there must be two pigments instead of one in order to produce two 
chemically distinguishable results. And second, the far-red absorb- 
ing pigment, which alone is hardly able to cause an evolution of 
oxygen, must contribute to the efficiency of the photosynthetic gas 
exchange by means of some intracellular energy-rich product. 
Spectroscopic evidence has confirmed that more than one chloro- 
phyll-like pigment participates in the light-inducing reactions. The 
difference between the pigments does not appear in the structure 
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of chlorophyll a but in the binding of the one extractable pigment 
to various proteins and lipids. The latter determine whether the 
absorbed light energy will be used for either hydrogen transfers or 
for light-induced phosphorylation (see below). 

Illuminated chloroplasts, as well as intact green cells, phospho- 
resce after illumination ceases. With sensitive instruments it can 
be shown that, after the light has been turned off, a red light of 
the same colour as the fluorescence of chlorophyll is emitted. Its 
intensity first declines steeply within a few seconds, but some resid- 
ual light emission lingers on for many minutes. This phenomenon, 
a chemiluminescence, is caused by the reversal of the very first 
photochemical steps in photosynthesis. 

Products and Intermediates of Photosynthesis.—The pho- 
tosynthetic reaction is summarized in the most general chemical 
terms by the equation: 


пСО» (carbon dioxide) + »H2O (water) + light = 
nO: (oxygen) + (СНО) « (carbohydrate) 


The factor m is introduced because a number of different carbohy- 
drates are made in the course of the reaction, It is a matter of 
definition which ones should be called the “product(s) of photo- 
synthesis.” A derivative of a three-carbon sugar, triose phosphate, 
is the first carbohydrate to appear after the photochemical reduc- 
tion of carbon dioxide has run its course, but only cane sugar 
(sucrose), starch or, in some cases, fats are accumulated as storage 
products in the plants. Whether experimental results conform 
strictly to carbohydrate formation as in the equation above de- 
pends on the type of photosynthesizing cell and on the light inten- 
sity. A leaf that has stopped growing will at high light intensity 
absorb carbon dioxide and produce oxygen plus sugar and starch 
as expected. If the light intensity is low and the object studied 
is a fast-growing microorganism, the over-all product will not be 
carbohydrate or some fat but an entire new living cell. In order 
to obtain an intelligible answer to the question of the intermediate 
course of photosynthesis in microorganisms, one has either to pre- 
vent growth, by removing nitrogenous compounds from the envi- 
ronments of the cell, or to see to it that the analyses comprise 
only the chemical changes that occur in very short times, in minutes 
or even seconds, 

Investigations on the biochemical pathways leading from carbon 
dioxide to various organic compounds became truly fruitful after 
World War II, when the atomic bomb project provided compara- 
tively large quantities of C14, the long-lived radioactive carbon 
isotope. The very first experiments with isotopes settled the long- 
disputed question whether carbon dioxide reacts directly with 
chlorophyll, particularly with the magnesium atom in the molecule. 
No such reaction occurs, 

For 60 years after it was first proposed in 1870, the hypothesis 
that formaldehyde is produced in photosynthesis was a favourite 
assumption in various theories. This hypothesis can safely be dis- 
carded because, mainly through the efforts of M. Calvin and A. 
Benson, it is known definitely that the first recognizable organic 
compound that contains the carbon dioxide taken up by the plant 
is phosphoglyceric acid: 


H20;P - OCH2- СНОН - СООН 


The newly assimilated carbon forms the carboxyl group, —COOH. 
The next step is where the path of carbon comes nearest to the 
action of light. Reduction of TPN and the phosphorylation of 
adenosine diphosphate (ADP) to adenosine triphosphate (ATP) 
are thought to be the only biochemical steps that are closely linked 
to the primary photochemical process in the chlorophyll complex. 
The resulting ТРМН + and ATP serve to reduce phosphoglyceric 
acid (PGA) to phosphoglyceraldehyde (PGAL) according to a 
familiar metabolic pattern. PGA appears, therefore, as the only 
stable intermediate compound between free carbon dioxide and 
triose phosphate, the most reactive of cellular carbohydrate esters. 

Carboxylation and Light-Induced Phosphorylation — 
The old question how leaves manage to attract the little carbon 
dioxide (0.03%) that is in the air and hold it for good was solved 
when it was found that a phosphorylated, energy-rich five-carbon 
sugar, ribulose diphosphate (RuDP), adds one molecule of carbon 
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dioxide and immediately decomposes into two molecules of PGA, 
This is an irreversible enzymatic dark reaction, a carboxylation 
that does not require light nor any other source of energy except 


. that contained in the RuDP molecule itself. The same carboxyla- 


tion reaction proceeds also in some nonphotosynthetic organisms 
capable of using the carbon of carbon dioxide for their enzymatic 
synthesis of organic substances. Thus in order to trap the free 
carbon dioxide the plant first has to produce the necessary RuDP, 
Since the latter is unstable in the presence of carbon dioxide, it 
must be continually re-formed from ribose monophosphate and 
ATP. The rate of photosynthesis, however, is usually ten times 
or more that of respiration in the same cell. It follows that the 
ATP used in photosynthesis has to be furnished somehow by the 
photosynthetic process and not by a respiratory dark reaction, 
which would be the normal way the cell uses to obtain the phos- 
phate energy needed in general metabolism. Such inquiries led 
to the discovery, and later to the detailed study by D. Arnon and 
others, of light-induced phosphorylation. This photophosphoryla- 
tion occurs even when the illuminated plant cell shows no meas- 
urable gas exchange, either of oxygen or of carbon dioxide, It is 
therefore another means, and often the first step, by which light 
energy is harnessed for metabolic purposes. The fixation of carbon 
dioxide is not the only reaction that requires the simultaneous oc- 
currence of photophosphorylation: the following reduction of PGA 
to PGAL requires a second phosphorylation step before the car- 
boxyl group can accept the hydrogen from reduced TPN. 

Carbon Reduction (Calvin-Benson) Cycle.—Each molecule 
of carbon dioxide; a one-carbon compound (C-1), brought from the 
atmosphere into organic binding requires the presence of one mole- 
cule of ribulose diphosphate, a five-carbon compound (C-5), yield- 
ing a six-carbon compound (C-6). If this would lead to a glucose 
molecule and the latter would be stored away by the plant, there 
would soon be no C-5 left to continue the reaction. In addition 
to the fixation and reduction of carbon dioxide, the plant must have 
the means to replace the C-5 that has been used up. In their fa- 
mous experiments with radioactive carbon dioxide Calvin and Ben- 
son found that within one minute of steady photosynthesis the 
radioactivity appears not only in the carboxyl group (—СООН) 
of the first carbon fixation product, PGA (a three carbon acid), 
but also with increasing activity in the two residual carbons of 
this compound. These two other carbons are derived from the 
original RuDP (see above), Thus it became clear that a cycle 
exists whereby the first reduction product, triose (C-3), is partly 
used to resynthesize pentose (C-5), Indeed the ribulose diphos- 
phate is a product of a very complex cycle in which carbohydrate 
fragments containing between two and seven CHOH groups "a 
change places while attached to a number of specific enzymes 
When the cycle is suddenly interrupted by killing the plant, some 
of the members of the cycle may be identified as individual Sm 
phosphates, having 3, 6, 5 and 7 carbon atoms. They are fom 
in quick succession in the light by various ways, and the nes 
C-3 molecules combine with already existing sugar-phosphates. m 

Two C-3 molecules give one C-6. One C-3 and one C4 Шел 
one C-7 (sedoheptulose phosphate). The C-4 in turn is deri m 
from the C-6 thus leaving a C-2 fragment, which by pip 
another C-3 produces one C-5 (pentose-phosphate). n 
combines with the next C-3 and breaks up into two C-5 ш. Ato 
Over-all, then, three C-5s add three C-1s to give six С-35 o ini 
be reduced to C-3), of which five continue the cycle whi niero. 
is available for the growth of the cell. In fast-growing " find 
organisms not all of the available three carbon сор ҮШ 
their way into sugars and starch, Three-carbon amino ación ii 
as serine and alanine, appear during the very short И те 
to put tracer carbon into all the members of the carbon $e carbo 
connection to fat metabolism is made by means of a seco? Jic ad 
ylation, which leads, via phosphoenol pyruvic acid, to mê 
or aspartic acid. 

Since some of these compounds are part of the n 
tory and fermentation metabolism, it can be unders 
casionally, respiration and photosynthesis in the 54 
to influence each other very strongly. By increasin 
ing the amount of a photosynthetic intermediate, resp! 


or! mal respira" 
tood why. 0^ 
me cell seem 
g or decre? 
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interfere with the kinetic pattern of the reaction proceeding in 
the light. This is particularly true in dim light, when the reac- 
tions leading to the synthesis of sugars are not much faster than 
those causing their breakdown. 

See also references under “Photosynthesis” in the Index. 
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No, 28 (1958) ; М. Calvin, “The Path of Carbon in Photosynthesis,” 
Science, 135 (3507) :879-889 (March 16, 1962) ; Annual Review of Plant 
Physiology (1950 et seq.); M. Kamen, Primary Processes in Photo- 
synthesis (1963). (H. GN.) 

PHRAATES (Parthian prdty; New Persian farhad), the name 
of five Parthian kings of Persia. 

PuRAATES I, son of Priapatius, reigned c. 176-171 B.c.; is said 
tohave subdued the Mardi, a tribe in the Elburz Mountains, He 
mas succeeded by his brother Mithradates I. 

Puraates 11, son of Mithradates I, reigned с. 138-128 в.с: He 
was attacked in 130 by Antiochus VII Sidetes, who after initial 
successes was defeated and killed in a battle in Media which ended 
Seleucid rule east of the Euphrates. Phraates was killed in battle 
against invading Saka nomads in the eastern part of the Parthian 
Kingdom. His defeat was attributed to the defection of Greek 
captive mercenaries in his army (Justin, Epitoma Historiarum 
Philippicarum, xlii, 1, 5). 

PunAATES ПІ “the god,” son of Sinatruces (Sanatruces) ruled c. 
69-57 Bc, On his accession the Roman general Lucullus was 
Preparing to attack Tigranes (g.v.) of Armenia, who had wrested 
Several vassal states from the Parthian Kingdom. Phraates de- 

d to assist Tigranes and Mithradates VI of Pontus against the 
Romans but rather supported the son of Tigranes when he rebelled. 
ates made an alliance with Pompey and invaded Armenia (66 
tne Pompey abandoned all of Mesopotamia to Phraates, but 
ler he reversed his stand, supported Tigranes, imprisoning his son, 
tnd occupied the Parthian vassal states of Gordyene and Osroene. 
b 8 any action could be taken Phraates was murdered c. 57 B.C. 
b 5 two sons Orodes TI and Mithradates III. 
ma IV, who reigned with one interval from 37 to 2 B.C., 
ith е son of Orodes II. He was appointed successor to his 
ather in 37 в.с. after the death of Pacorus I (q.v.). He murdered 

ber and his brothers to secure his throne. In 36 s.c. M. 

onlus- (Mark Antony) attacked Parthia, marching through 
i lenia into Media Atropatene. He was defeated and lost much 
king Г In 34 в.с. Antony made an alliance with the vassal 
invaded Media against his Parthian overlord, Phraates. К Antony 

es Armenia and arrested Artavasdes, king of Armenia, whom 

Ae suspected of treason. At the withdrawal of Antony to fight 
б Us, the Parthians reoccupied Media Atropatene. A revolt 

ith out in Parthia, and Tiridates П (g.v.) drove Phraates from 
i, Tone, the latter taking refuge with the Saka nomads. A short 

qe in 30 в.с., Phraates, with the aid of Saka allies, reversed 
Uation and Tiridates fled to the Romans with the son of 
les as a hostage, 

f made peace with Phraates, returning his son and re- 
Шы е Кошап standards and prisoners captured at Carrhae 
fen ace Armenia and Osroene were recognized as Roman de- 
filled ME Augustus also sent Phraates an Italian concubine 
ater Su On her advice, Phraates sent five of his sons to Rome, 
c ch Musa and her son Phraates V murdered Phraates IV in 
монт У ог Phraataces (а diminutive form, Parthian prdtk) 

*2B.C-AD.4. He married his mother Musa and the two 
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ruled jointly. Under him, war with Rome threatened to break out 
about the supremacy in Armenia. When Augustus sent his adopted 
son Gaius Caesar into the east in order to invade Parthia, the 
Parthians preferred to conclude a treaty (A.D. 1) by which Armenia 
was recognized as being in the Roman sphere. Together with his 
mother, Phraataces was slain or driven into Syria where he died 
c. AD. 4. “See also PERSIAN History: Parthian Empire, 2nd Cen- 
tury B.C—3rd Century A.D. (R.N. F.) 

PHRA-NAKHORN is a small changwad (province) located 
on the east bank of the Mae Nam Chao Phraya River in the heart 
of Thailand’s commercial rice-producing area. It is the most 
populous and densely populated province in the country. Area 
424 sq.mi. (1250.8 sq.km.). Pop. (1960), 1,577,003; pop. density 
3,719.3 per square mile. In it are located: Bangkok, the nation’s 
capital, with a population of 1,299,528 in 1960; the Don Muang 
Airport, one of the largest and busiest international airports in 
Southeast Asia; and Klongtoi Harbour, a flourishing seaport and 
river port. Most of the country’s truck and fruit gardening, com- 
merce, industry, governmental services, and largest religious and 
educational institutions are concentrated in the province. Phra- 
nakhorn is also the focal and dispersal centre for Thailand’s rail, air, 
and highway networks. (T. F. B.) 

PHRAORTES (Iranian FRAVARTISH), a name used by Herod- 
otus apparently in reference to Khshathrita (Kashtariti), king of 
Media from c. 673 B.C. to c. 652. According to Herodotus’ his- 
tory (i, 102) this king was the son of Deioces (g.v.) and began the 
Median conquests. He first subjugated the Persians and then a 
great many other peoples of Asia, till at last he attacked the As- 
syrians. He was then defeated and killed in battle (c. 652). 

Another Phraortes was a usurper who reigned for a short time 
in Media in the following century, at the time of the rebellion 
against Darius I. Darius’ rock inscription at Bisitun relates that 
“а man of the name of Fravartish [i.e., Phraortes], а Меде, re- 
belled in Media and spoke to the people thus ‘I am Khshathrita, 
of the family of Uvakhshatra [Cyaxares].’” After a short reign 
this king was defeated by Hydarnes and afterward by Darius him- 
self, He was taken prisoner and executed at Ecbatana. It was the 
deception of the usurper Phraortes that probably led to Herodotus’ 
mistake in regard to the name of the earlier king. 

(Ep. M.; I. M. D.) 

PHRYGIA, the name from about 1000 в.с. of a large inland 
district of Asia Minor, the inhabitants of which were called by 
the Greeks Phryges. Its extent varied in different periods: in the 
11th-8th centuries B.c. it seems to have comprised largely the whole 
of the central Anatolian Plateau, both west and east of the Halys 
River (modern Kizil Irmak). Most ancient authors confined the 
name to an inland district roughly from longitude 29° to 32° or 
33? E and from latitude 38? to 40? N. The northwestern corner 
of Asia Minor was sometimes known as Phrygia Minor or Hel- 
lespontine Phrygia. The real core of Phrygia at all times lay on 
the comparatively small plateau between the Sangarius (Sakarya) 
River and the upper course of the Maeander (Buyuk-menderes). 
Phrygia in its narrower sense is a tableland 3,000 to 5,000 ft. high, 
dotted with isolated mountains that rise to 8,000 ft. and intersected 
by several river systems. 

In the Phrygian homeland there were at least two centres, one 
being Gordium (q.v.) near which royalty and nobility were buried 
in great tumuli (mounds), the other *Midas City" (mod. Yazili- 
kaya) perhaps called by the Greeks Metropolis, i.e., "the city of 
the (great) mother," which was a religious centre. The best-known 
feature of central Anatolia was the so-called royal road, established 
officially by the Persian kings, but in fact of much greater antiquity. 
Tt ran from Sardis through central Anatolia to the Cilician Gates 
(Kulek Boghazi) and thence to Susa. An equally important paral- 
lel road ran farther north from Smyrna through central Phrygia 
via Dorylaeum (Eskisehir) and Ancyra (Ankara), crossing the 
Halys by a bridge, the remains of which still exist at Kalecik 
beneath later work. At Bogazkoy, the former Hittite capital, it 
met a crossroad running northward to the Black Sea at Sinope, 
southward through Mazaca (Kayseri), along the Euphrates to 
Syria, or eastward to the Caucasus. A small section excavated at 
Gordium by the University Museum of Pennsylvania expedition 
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shows it to have been surfaced, paved, and flanked with curbstones. 

History.—Many ancient authors are said to have written on 
Phrygia, but their works are lost. The tradition of the Mace- 
donians (Herodotus, vii, 73) claimed that the Phrygians were in- 
vaders who crossed into Asia Minor from Thrace, where they were 
known as Bryges. The Greeks mostly believed that this took place 
before the Trojan War. If translated into historical events, this 
would correspond to the period when the Hittite Empire was col- 
lapsing. At present little archaeological evidence exists to help in 
clarifying this period, However, the valley of the Sangarius, 
which is mentioned by Homer as the scene of the earliest Phrygian 
advance, certainly contains one of their oldest and most important 
capitals (Gordium), while the adjacent plateau to the southwest 
was of particular sanctity and is marked by a remarkable series of 
rock-cut cult sites (see below, Religion). 

The Phrygians first appear clearly in history in the Assyrian 
royal annals under the name of Mushki. In about 1160 5.c.a great 
army of 20,000 Mushki, led by five kings, advanced down the 
upper Euphrates and settled in the provinces of Alshe (later 
Anzitene), Purukuzzi, and Kummuh (later Commagene). They 
were allied with the Gasgas, the great enemies of the Hittite kings, 
which suggests that they had joined with the Gasgas in overthrow- 
ingthe Hittite Empire. The Assyrian king Tiglath-pileser I (1116— 
1076) defeated them in about 1100 in a pitched battle and deported 
6,000 to Nisibis. 

It is probable that the Phrygians represented the westerly half 
and the Mushki the easterly half of a joint empire with capitals at 
Gordium and Mazaca respectively. The Mushki are mentioned 
by the Assyrians together with Tabal, an area in the south of the 
Anatolian Plateau, north of the Taurus Range; they correspond to 
Meshech and Tubal, the sons of Japheth in the Bible. Between the 
12th and 9th centuries в.с. this confederacy occupied the whole 
of the Anatolian Plateau and took over much of the arts and cul- 
tural traditions of the Hittites whom they had destroyed. Polit- 
ically, Tabal consisted of at least 24 kingdoms, vassals of a “Great 
King” of Tabal, with his capital at Bit-Burutash. 

About 730 the Assyrians split the confederacy by annexing Tabal 
and Hilakku, and the centre of opposition shifted to the west, to 
Phrygia proper. Of this the king was Midas, son of Gordius, 
a legendary figure of such wealth that he was thought by the 
Greeks to have the power of turning things to gold by his touch. 
Phrygia was by then in touch with Greece through Lydia (q.v.), 
thanks to the ancient trade routes leading to the Aegean Sea. 
Midas not only married a Greek princess but made rich offerings, 
including his own throne, to Apollo at Delphi, being the first 
foreign ruler to do so; clearly he was making a bid for Greek sup- 
port. In 717 he tried his strength with Assyria in alliance with the 
king of Carchemish and seized Cilicia, thereby closing the trade 
routes through the Taurus Mountains. But the Assyrian king 
Sargon II drove him out. 

About 700.the Phrygian empire was suddenly overthrown by the 
Cimmerians (g.v.) from beyond the Caucasus, who also menaced 
the Assyrian world, Turning west, they drove through Phrygia 
and Lydia, inflicting ruin on many Greek cities. Midas, having 
been defeated by them in battle, is said to have committed suicide. 
The remarkable discoveries of the American expedition to Gordium 
have revealed in the great tumulus there the burial place probably 
of Midas himself, an elderly little man surrounded with rich gifts, 
though no gold was present, perhaps having all been surrendered 
in tribute to the Cimmerians, Excavations showed that the 
Phrygian city of Gordium was violently destroyed or burned at 
this time. 

By the middle of the 7th century B.c. the leadership of Asia 
Minor had been taken over from the Phrygians by the Lydians, 
whose king, Gyges, founder of the Mermnad dynasty, entered into 
treaty relations with the Assyrian king Ashurbanipal, against the 
new threat of the Scythians. Though Gyges was himself killed 

by the invading Cimmerians с, 643 в.с. (some scholars prefer earlier 
dates), 20 years later the Scythians destroyed the Cimmerians 
in Phrygia. Under the Mermnad dynasty, however, Phrygia, 
though absorbed into the Lydian kingdom, regained some pros- 
perity. But after 546 it was absorbed into the Persian Empire, 


TUM 


PHRYGIA 


being combined with the Hellespont, Paphlagonia, and Cappadocia 
to form the third satrapy. The Phrygians contributed a conti 

in Xerxes’ army (480), but Phrygia subsequently declined ‘and 
seems to have become a hunting ground for slaves for the Greek 
market. In 333 в.с. Alexander of Macedonia marched 
Gordium and there cut or untied the “Gordian knot” (4.0), 

After Alexander's death Phrygia became a battleground for the 
contending forces of his former generals (see HELLENISTIG AcE; 
Outline of Political History). At first it formed the nucleus of the 
territory of Antigonus, who set up his capital at Celaenae, but after 
the decisive battle at Ipsus (301 B.C.) it was transferred to Seleucus 
as an annex to the kingdom of Syria. 

About 275 B.c. all the Phrygian lands east of the Sangarius came 
into the possession of a horde of Celtic invaders (Galatae) from 
the Danube lands and was renamed Galatia. At the same time 
western Phrygia was taken from the kings of Syria by the newly 
founded monarchy of Pergamum (g.v.). The Phrygian territory 
remained a bone of contention between the kings of Pergamum 
and Syria and the Galatians until in 189 в.с. the Romans expelled 
the Syrian kings from Asia Minor, confined the Celts to Galatia, 
and left the western half of the peninsula under the undisputed 
control of the Pergamene rulers. After the end of the Pergamene 
kingdom (133), Phrygia was disputed between Mithradates V of 
Pontus and Nicomedes II of Bithynia; awarded by a corrupt 
Roman commission to Mithradates, who seized it before the award 
was ratified; and finally annexed c. 116 to the Roman province of 
Asia, The rest of Phrygia fell under the provinces of Galatia and 
Cappadocia (gq.v.). About A.D. 300 the Roman emperors made 
two provinces, Phrygia Prima and Secunda, of Phrygia west of the 
Sangarius. But under the Byzantine Empire the name of Phrygia 
disappears in the 5th century A.D.; the two provinces becoming 
Pacatiana and Salutaris. 

Economy.—Little is known of Phrygian society. Vast lands 
were owned by the great shrines such as Pessinus (q.v.), a8 was the 
Oriental custom, the high priests being virtually autonomous rulers, 
Society was probably feudal and, though the word Phrygian is said 
to mean “free,” they were certainly exported to Greece as slaves. 
An intelligent and evidently cultivated elite existed at Gordium 
and Midas City, capable of reading and writing; together with an 
important nucleus of craftsmen and merchants, some doul 
being foreigners—Greeks, Phoenicians, Syrians, and Urartaeansi — 

A staple industry was sheep rearing, which provided a fine wool — 
much in demand in Miletus, Pergamum, and other Greek centres 
of industry. Phrygian carpets were also famous, and Phrygia Was | 
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supposed to be the origin of the art of embroidery (Latin phrygio, 
‘embroiderer”); their embroidery designs may be seen on gar- 
nents of King Urpalla of Tyana on his sculptures at Ivriz and 
Bulgar Maden, and are reflected on the house facades (see below). 

The neighbourhood of Midas City still harbours considerable 
forests, and timber was clearly an important economic factor. 
Another specialty was horse rearing, the Phrygians probably being, 
like many of the Indo-Europeans, an equestrian aristocracy ruling 
wer other native peoples. Also exported were carpets, raw ma- 
terials such as realgar (arsenic monosulfide), crystal, onyx, mica, 
ruddle (red ochre), and steel. 

Art and Architecture.—Metalworking was certainly practised 
in Tabal. Sargon captured in Urartu “cups in the manner of 
Tabal,” while Phrygian bowls of bronze and silver were exported 
toGreece. They may also haye been the makers of some of the 
large wine bowls with bulls’ heads or other figures associated with 
tripod stands which were exported to the west, 

Skill in metalworking produces tools for cutting rock and stone. 
The architecture of the Phrygians is best envisaged from their 
amazing rock carvings in the form of temple facades reproduced in 
life size, between Eskisehir and Afyonkarahisar. These show a 
gabled building, presumably of wood, with large horned acroteria 
omaments at the apex of the gable, usually with a window in the 
pediment, and the ends of the walls heavily ornamented with 
rectangular patterns. Discoveries at Pazarli and Gordium show 
these ornaments to have consisted of terra-cotta revetment plaques. 
This form of wooden architecture, akin to that of Lycia, perhaps 
goes back to Bronze Age prototypes. It was of some influence on 
tarly East Greek architecture, According to classical tradition, the 
Phrygians invented the frieze (Latin phrygium). 

Domestic houses of the 8th century B.C. at Gordium are built 
sometimes of stone, sometimes of crude brick, using a timber 
framework, some being of megaron (a long, rectangular hall, 
tharacteristic of Mycenaean houses) type. At Gordium a massive 
Phrygian city gate with associated buildings and city wall has 

n excavated. 

Remains of sculpture are scanty, but include a remarkable stone 
foup carved in the round from Bogazkoy, representing the Mother 
Goddess wearing a high headdress and flanked by two small mu- 
‘tans, one playing the lyre, the other the double flute. The 

Iygians were reputedly great musicians and the inventors of 
‘ymbals, flutes, triangles, pan-pipe, and the Phrygian mode (see 

ODES, Musica), From near Ankara come some stelae showing 

goddess Cybele in a shrine. Woodworking for both architecture 
ind cabinetmaking reached a high level of skill; witness the re- 
markable inlaid marquetry screens and other furniture found at 
odium, The woods used there were cedar, juniper, pear, box, 
"iple, poplar, black pine, and yew. 

, Throughout Phrygian art great play is made with interlacing or 
lated geometric ornament—swastikas, meanders, lozenges. 
en figures are weak; animals are stylized. With this interest 

Ornament went an interest in mazes and maze dances, the so- 
Called Trojan game. 

„j gion.—There are several strata to be disentangled in the 
pan of Phrygia. The oldest and most basic and characteristic 

Slip was the cult of the Great Mother, Kubila (Cybele), called 
(heba by the Lydians, Kubaba by the Luwians, but also Agdistis, 
gy the-tock,” by the Phrygians (see Great MOTHER OF THE 

D It was a worship of primeval antiquity in Anatolia, going 
Шш, least to the Neolithic period as shown by finds of clay 
urd е5 of the goddess seated with her lions at Hacilar near Lake 
ory i One of her greatest shrines was at Pessinus, where the 
К. id Agdistis was told, describing her origins and her love for 
кт Attis (g.v.), who, according to one version of the 

ка Castrates himself, as a result of which he perishes but is 

ally resuscitated, thus representing the revival of the flagging 
forms идаре in spring; of this myth there were several variant 

at ch filtered westward to the Greeks. z 
Ds a " centres of worship of the Great Mother were on mountain 
yl er which she was named (e.g., Berecynthian, Dindymene, 

ene Mother), The sanctuary at Sipylus, where there was a 


tock. 
d Carved statue of her, identified by the Greeks with Niobe 
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weeping for her children, has 
been identified as a water sanctu- 
ary. In fact, she was believed to 
issue from bare cliffs beside fresh 
water, and her sanctuaries were 
set up in such places. In the 8th- 
6th centuries great facades repre- 
senting her temples (see above) 
were carved on such rock faces in 
the specially sacred plateau from 
which the sacred Phrygian rivers 
rise. Some show the goddess in 
a niche between rampant lions. 
Some of these are called tombs; 
but, if so, they are tombs of Attis, 
In fact, in later times the tomb 
was described in inscriptions as 
a bridal chamber. 

The Indo-European stratum in 
FROM E, AKURGAL, “DIE KUNST AWATOLIENS" the Phrygian religions is repre- 
ROCK-CUT TEMPLE FACADE AT sented by Zeus (Mazeus; cf. Ira- 
ASLANKAYA, NEAR AFYONKARAHISAR nian Mazda) or Bagaios, ог 
Papas; and Men, a male equestrian moon god. Wine, an ancient 
Anatolian invention, was sacred to Sabazius (q.v.), reputed son of 
Zeus and Leto-Semele. The cult of the Cabeiri (g.v.) which was 
reputedly transmitted to Miletus from Phrygia was associated in 
Greece with that of Dionysus. 

Minor figures of cult were a hero Tyris or Tyrimnos and 
Ascanios or Ascaenos. The Phrygians followed the practices of 
taking omens from birds (augury) common to the other southern 
Asianic peoples (Cilicians, Pamphylians, Pisidians, and Lycians). 

The conversion of Phrygia to Christianity began early, certainly 
by the 2nd century A.D., and progressed very rapidly, though the 
influence of the native religion may also be traced in various 
heresies, especially that of Montanus, which arose in Phrygia. 

Script and Language.—Some of the bronze vessels from the 
great tumulus at Gordium bear inscriptions on wax in the Phrygian 
language written in an alphabet closely resembling the earliest 
Greek script. Other short dedications in the same script occur on 
the rock-cut temple facades, all being datable to the late 8th cen- 
tury E.C. It is possible that the Phrygian and the Greek alphabet 
were both simultaneously developed from a common Phoenician 
origin. The Phrygian alphabet apparently continued to be used 
until the 5th century B.C. 

The language, interlarded with Greek, continued to be spoken 
in remoter areas until the 2nd or 3rd centuries A.D., being found 
on short funerary inscriptions written in Greek characters in bi- 
lingual form. These remnants of the language, supplemented by 
30 or so words recorded by Greek writers, are too few to provide a 
clear picture of its affinities or structure, but it is evidently an 
Indo-European language of the satem group. Similarities have 
been found in it to Slavonic, Armenian, and even to pre-Phrygian 
Hittite languages: the traditional connection with Thracian cannot 
be proved as Thracian is virtually lost. 

Phrygian literature is unknown, but the Phrygians were reputed 
to have been the inventors of animal fables. In this they were 
probably the transmitters of older Oriental themes going back to 
Sumerian times. 

See also references under "Phrygia" in the Index. 
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I-Géologie et géographie physique (1941). Archaeology: С. and A. 
Kórte, Gordion: Ergebnisse der Ausgrabung im Jahre 1900 (1904), 
and bibliography under Gorptum. History: W. M. Ramsay, Cities and 
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Studien (1942), Grundzüge der Vor- und Frühgeschichte Kleinasiens 
(1945). Art: G. Perrot and C. Chipiez, Histoire de l'art dans l'antiquité, 
vol. v (1890; Eng. trans. 1892) ; R. D. Barnett, “The Phrygian Rock 
Monuments," Bibliotheca Orientalis, vol. x, pp. 78-82 (1953) ; E. Akur- 
gal, Phrygische Kunst (1955), Die Kunst Anatoliens (1961). Religion: 
Н. Hepding, Attis, seine Mythen und sein Kult (1903) ; H. Graillot, Le 
Culte de Cybéle (1912) ; Sir J. G. Frazer, Adonis, Attis, Osiris, book ii, 
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in The Golden Bough, vol. v, 3rd ed. (1914). Inscriptions and Lan- 
guage: J. Friedrich, Kleinasiatische Sprachdenkmüler (1932) ; R. Gus- 
mani, “Il frigio e le altre lingue indeuropee,” Rendiconti dell’ Istituto 
Lombardo, classe di lettere e scienze morali e storiche, vol. xciii, рр. 
17 ff. (1959). (R. D. B.) 

PHRYNE (4th century B.c.), Greek hetaira or courtesan. Her 
real name was Mnesarete, but because of her sallow complexion she 
was called Phryne ("toad"). She was born at Thespiae in Boeotia, 
but lived at Athens, where she earned so much by her beauty and 
wit that she offered to rebuild the walls of Thebes, on condition that 
the words “destroyed by Alexander, restored by Phryne the courte- 
san" were inscribed upon them. At a festival of Poseidon and 
also at the festival at Eleusis she walked into the sea naked with 
her hair loose, suggesting to the painter Apelles his great picture of 
Aphrodite Anadyomene (“rising from the sea”), for which Phryne 
sat as model. She was also (according to Athenaeus) the model 
for the statue of the Cnidian Aphrodite by Praxiteles, whose mis- 
tress she was; copies of the statue survive in the Vatican and else- 
where, When accused of blasphemy (a capital charge) she was 
defended by the orator Hyperides. When it seemed as if the 
verdict would be unfavourable, he tore her dress and displayed her 
bosom, which so moved the jury that they acquitted her; another 
version makes Phryne tear her own dress and plead with each 
individual juror. 

See Athenaeus, Deipnosophistai, xiii, 590d-S91f. 

PHRYNICHUS. 1. Athenian tragic poet (fl. c. 500 в.с.), 
older contemporary of Aeschylus, and the earliest tragedian of 
whose work some conception can be formed. His first victory was 
probably about 510 B.c,, and according to the Suda lexicon he was 
the first to introduce the female mask, i.e., women characters, into 
his plays. The extant fragments are too meagre to be revealing: 
the titles Danaides and Aegyptii indicate the same theme as an 
Aeschylean trilogy, and the Alcestis (whether tragedy or satyr- 
play is not clear) anticipates Euripides. After the fall of Miletus 
in 494 he produced the Capture of Miletus, which so harrowed 
Athenian feelings that he was fined 1,000 drachmae; in 476 his 
Phoenissae, in which news of the battle of Salamis comes to the 

Persian court, proved a more acceptable subject and won the first 
prize. 

"Themistocles, archon in 493 and choregus in 476, may have been 
behind this venture into contemporary history instead of myth; 
except for Aeschylus’ Persae in 472 the precedent was not followed 
up. Aristophanes in the Wasps and Birds recalls affectionately 
the honeyed sweetness of the old Phrynichan lyrics, which were 
still favourites in his day. 

For д і 
MO aie ee E (ed.), Tragicorum Graecorum fragmenta, 

2. Athenian poet of the Old Comedy (fl. c. 420 B.c.), contem- 
porary of Aristophanes, who began producing in 430 and won two 
victories. His most clearly recognizable subjects show an odd 
parallelism with Aristophanes: his Monotropos (“The Solitary”), 
who rejected contemporary civilization, was placed third when the 
Birds was second, in 414, and his Muses, second to the Frogs in 
405, presided over a contest between Sophocles and Euripides. 

For fragments see Т. Kock (ed.), Comicorum Atticorum fragmenta 
(1880-88) and J. Demianczuk, Supplementum comicum (1913). 

3. PHRYNICHUS ARABIUS, of Bithynia (2nd century А.р.), gram- 
marian and rhetorician, whose chief works were Sophistike Para- 
skeue (“A Grounding in Sophistic"), of which a few fragments and 
a summary by Photius survive, and an At/ikistes, extant in an 
abridged form, called the Ekloge (“Selected Atticisms"). He is 
critical not only of contemporary deviations from the best Old 
Attic usage but also of what he considers the lapses of his Attic 
models themselves. In spite of some mistaken pedantry his judg- 
ments are often acute and learned, and a useful commentary on the 
language of his own day. 

BIBLIOGRAPHY.—I. Bekker, Anecdota Graeca (1814-21); I. de Bor- 
ries, Phrynici sophistae praeparatio sophistica, “Teubner Series” (1911). 
For the Ekloge see W. G. Rutherford, The New Phrynicus (1881), 

4, An Athenian general in the Peloponnesian War. He took a 
leading part in establishing the oligarchy of the Four Hundred 
at Athens in 411 B.C., and, according to Thucydides, was assassi- 
nated in the same year. (A. M. De.) 


PHRYNE—PHTHALIC ANHYDRIDE 


PHTHALIC ANHYDRIDE AND PHTHALIC AC 
Phthalic anhydride, a derivative of phthalic acid, although in com. 
merce produced from naphthalene, is the starting material if 
the manufacture of many important chemicals, such as dyes, resins 
plasticizers, and solvents. Phthalic acid, which is also called ortho. 
phthalic acid or orthobenzenedicarboxylic acid, is one of three dj. 
carboxylic acids of benzene. The other two are meta. and 
paraphthalic acids. Only the ortho isomer forms an anhydride 
(above 200° C), which is called phthalic anhydride, 

Phthalic Anhydride.—Phthalic anhydride, СН, (CO),0, is 
a colourless solid, melting at 131.1° C to a liquid that boils at 
284° C. It sublimes at temperatures below the boiling point, the 
sublimed product taking the form of flexible, threadlike crystals 
that have a silky lustre. On contact with water the anhydride is 
converted to phthalic acid. The term “phthalic” was derived 
from “naphthalene,” for from this coal-tar derivative the anhy- 
dride and the parent acid were first prepared, 

Phthalic anhydride was first obtained by Auguste Laurent in 
1836 by oxidizing tetrachloronaphthalene with nitric acid. It was 
made by this and other relatively costly methods until the dis- 
covery of a less expensive process based upon the oxidation of 
naphthalene with sulfuric acid (patented in 1896). The oxidation 
was effected with the aid of mercuric sulfate as a catalyst. The 
reaction, it is alleged, was discovered by chance when a thermom- 
eter in a hot mixture of naphthalene and sulfuric acid was acci 
dentally broken. The process was applied on a huge scale in the 
manufacture of phthalic anhydride for use in the preparation of 
synthetic indigo, This process was superseded about 1917 by & 
more economical one in which naphthalene is oxidized with air, 
at temperatures from 350° to 450° C, in the presence of a vanadium 
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oxide catalyst, a process discovered by H. D. Gibbs of the Bureau 
of Chemistry and Soils, U.S. Department of Agriculture, and al- 
most simultaneously in Germany. 

When phthalic anhydride is treated with a dihydric or polyhy- 
dric alcohol, a resinlike ester is formed. Esters of this nature, 
which belong to the class of alkyd resins and especially mixe 
esters made by treating phthalic anhydride and fatty in 
glycerin, are extensively used in industry, in paints, vami | 
lacquers, enamels, and electrical insulating materials. The a 
impart to the protective coatings the valuable property of A 
hering especially well to metallic surfaces. am 

Other esters of phthalic acid, made by treating phthalic p 

ling at hig 
s are usel 
s solvents 


lic ahy 
Y 
at temperatures above 200? C, and in the presence uen 


ale in 


manufacture of benzoic acid. 

In the dye industry phthalic anhydride is us 
preparation of a number of dyes, but a more import jnor use of 
synthesis of anthraquinone and its derivatives. halein. 
phthalic anhydride is in the preparation of phenolpht ome i 

Simple derivatives of phthalic anhydride that аге ° hydride: 
terest in chemical technology are tetrachlorophthal< Н (СО; 
C,Cl,(CO)50; phthalyl chloride, CeH4(COCI)a OF Cors used” 
(CO)O; and phthalimide, СН, (CO) NH, the latter 


ed as such in ie 
ant use İS ® 
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PHUKET—PHYLLITE 


ness and went into retirement. He was one of the first U.S. cabi- 
netmakers to successfully use the factory method to manufacture 
furniture. Phyfe’s first New York shop was located on Broad 
street. Subsequently he moved to Fulton street, west of Broad- 
way, where in later years he employed over 100 carvers and cabi- 
netmakers. He died on Aug. 16, 1854. 

Phyfe did not originate a new furniture style. About 1800 his 
workshop was executing delicate furniture in the Sheraton style; 
by 1825, as taste changed, his pieces became heavier and in the 


large quantities for the manufacture of anthranilic acid (0-атіпо- 
benzoic acid), whose methyl ester is much used for artificial grape 
favouring. It should be emphasized that the many esters of ortho- 
hihalic acid are made, as mentioned above, from phthalic anhy- 
dride rather than the acid. 

Phthalic Acids.—Orthophthalic acid, of itself, is of no im- 

tance commercially. The same holds true for the meta acid, 
ilio called isophthalic acid, which can be most readily prepared by 


COOH COOH COOH 
COOH 
COOH 
COOH 
Orthophthalic Acid Metaphthalic Acid — Paraphthalic Acid 


the oxidation of m-xylene. It melts at temperatures above 300° С 
and is sparingly soluble in cold water, but much more so in hot. 
It forms no anhydride. Paraphthalic acid, also known as tereph- 
thalic acid, is prepared by the oxidation of p-xylene or caraway 
cil, the latter a mixture of cymene and cuminol, It can also be 
made from p-toluidine, as follows: 


CHy CiHiéNHo > CH3'CsH4'CN > CHs‘CsHa‘COOH > 
COOH-CcH4:COOH 


Itsublimes without melting and is very sparingly soluble in water, 
alcohol, and ether. It also forms no anhydride. Since 1950 this 
acid has become of considerable commercial importance, for its 
tthylene glycol ester is the important man-made fibre Terylene, 
or Dacron. (G. (ORT OREM d. 583), 
PHUKET, the only island changwad (province) of Thailand. 
Area, 309 sq.mi. (801 sq.km.). Located off the west coast of 
Peninsular Thailand in the Andaman Sea at about latitude 8° N, 
this island is accessible from Changwad Phangnga to the north by 
ferry across a narrow strait. Phuket is a comparatively level area 
studded with isolated hills reaching a maximum elevation of 1,700 
fL. The island receives about 95 in. of rainfall annually, most of 
which occurs from April through November. Pop. (1960) 75,652, 
fing a density of about 244.8 persons per square mile. Nearly 
half of the people are Chinese. 
Phuket is noted for its rich tin mines, found both in the gravels 
Of the island’s lowlands and on the adjacent shallow sea floor. 
ese ores have been worked by the Chinese since ancient times. 
European company began modern dredging operations in 1907. 
present, most of the tin is mined by river and ocean boat 
Ша, һуйгашс pumps, and gravel pumps. Phuket accounts 
i out one-third of Thailand's tin production. Ч 
yen ni past the island has been called Tongka, Junk Ceylon, and 
tih m. European merchants began trading on Phuket in the 
cent century. It was invaded by the Burmese during the 18th- 
Шу wars between Burma and Thailand, but was relieved by 
ina meee from the mainland. In addition to the city of Phuket 
Tal small fishing and farm villages dot the island, 
ce ay of Phuket (pop. [1960] 28,163) is the capital of the 
i a and the largest Thai port and commercial centre on the 
à DR Sea. It has а roadstead harbour. Products moving to 
еш, au of peninsular Thailand by road, rail, and boat are 
an d at Phuket and carried south to Penang and Singapore 
EN po to Burma. Phuket exports tin, rubber, wood char- 
Vüchred er, and fish products, and imports food (rice) and man- 
oducts Products such as clothing, machinery, КИ: EE 
Км DUNCAN (c. 1768-1854), U.S. cabinetmaker who 
атас fashionable European styles in а manner distinguished 
шап, and excellent proportions, was born near Inverness, Scot. 
The Fife bi brought to the United States by his mother in 1784. 
San appr amily settled in Albany, N.Y., where Duncan worked 
The de entice cabinetmaker and eventually opened his own shop. 
193 he iud of New York city drew him there in 1792. About 
Vos into ‘anged his name to Phyfe. In 1837 Phyfe took his two 
rectory Partnership and the firm was listed by a contemporary 
as "Duncan Phyfe and Sons.” In 1847 he sold his busi- 


Empire style. 


TOBE 


The Sheraton chairs, tables and sofas often had 


delicate, reeded legs; and the Empire pieces, massive claw feet: 
His furniture was decorated with typical period ornaments—harps, 
lyres, acanthus leaves, bow knots and lion masks. The furniture, 
generally made of high-quality mahogany, was often executed in 
sets for fashionable New Yorkers. The patronage of John Jacob 


Astor helped to make it popular. 


In 1825 Phyfe was commissioned 


to make a box which was fitted with glass bottles containing water 
from the Erie canal which was sent to Lafayette as a souvenir of 


the opening of the canal. 


Interest in Phyfe’s cabinetwork was 


revived in 1922 when the Metropolitan Museum of Art, New York, 
organized a comprehensive exhibition of his work. 


See Charles O. Cornelius, Furniture Masterpieces of Duncan Phyfe 
(1922) ; Nancy McClelland, Duncan Phyfe and the English Regency, 


1795-1830 (1939). 


(J. T. Br.) 


PHYLACTERY (Greek PHvLAKTERION; Hebrew TEFIL- 
LIN), in Jewish religious practice, a small leather case containing 


PAUL GROSS 
WORSHIPER WEARING PHYLACTERIES 
The shel rosh is fastened to the centre 


of the forehead. The shel yad is 
placed on the inner side of the left 
arm, just above the elbow, facing the 
heart; its leather thong is wound 
around the arm seven times, ending 
in the hand in the form of the Hebrew 
letter shin 


four pentateuchal texts written 
on parchment, which, in accord- 
ance with Deut. 6:8 (and similar 
statements in Deut. 11:18 and 
Ex. 13:9 and 16), were to be worn 
as constant reminders of God and 
the obligation to keep the Law 
during the daily avocations. They 
were not used on Sabbaths and 
festivals, as the day itself was, in 
those cases, a reminder. The idea 
of such an outward sign is com- 
mon, and the ancient Hebrews 
wore amulets and signs, perhaps 
originally tattooed; Isa. 49:16 
evidently denotes this custom. 
In modern times phylacteries 
are worn by men on the left arm 
and on the forehead only at the 
morning service (except on the 
Sabbath and festivals) and at the 
afternoon service on the 9th of 
Ab. Reform Jews, interpreting 
the biblical commandment figura- 
tively, do not wear them at all. 
The hand phylactery (tefillin shel 


yad) has one compartment and the texts are written on one parch- 
ment; the head phylactery (tefillin shel rosk) has four compart- 


ments, each with one text. 
16; Deut. 6:4-9 and 11:13-21. 


The extracts are Ex. 13:1-10 and 11- 


Linked with ¢efillin are the door text and fringes (or tassels). 
The former is a text containing Deut. 6:4-9 and 11:13-21 rolled 
in a glass or metal tube and placed on the right of each door, so 
that everyone who enters or leaves shall be reminded of God. The 
latter is based on Num. 15:37-41, which ordains the knotted tassel 
asa mnemonic. The word phylactery occurs only once in the Bi- 
ble, in the New Testament (Matt. 23:5). 

Brstiocrarny.—G. Langer, Die jüdischen Gebetsriemen (1931) ; The 
Jewish Encyclopedia, vol. x, pp. 21-28; The Universal Jewish Encyclo- 


pedia, vol. viii, pp. 522—523. 


PHYLLITE, a group of rocks which are in practically all 
cases metamorphosed clayey sediments, consisting essentially of 
quartz, chlorite and muscovite, and possessing a well-marked 
parallel arrangement or schistosity. The name is from the Greek 
phyllon, a leaf, probably because the rocks yield leaflike plates. 
They form an intermediate group in the series of altered clays or 
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shaly deposits between clay slates and mica schists (g.v.). The 
clay slates have a similar mineral constitution to the phyllites, but 
are finer grained and are distinguished also by a much better cleay- 
age; in the phyllites white mica (muscovite or sericite) is more 
abundant as a rule than in slate, and its crystalline plates are 
larger; the abundance of mica gives these rocks a glossy sheen on 
the smooth cleavage planes. The foliation is generally flat or 
linear, but in some rocks is undulose or crumpled. From the im- 
perfection of their cleavage phyllites are rarely suitable for roofing 
materials; their softness renders them valueless as road stones, 
but they are not uncommonly employed as inferior building ma- 
terials. They are exceedingly common in all parts of the world 
where metamorphic rocks occur, as in the Scottish Highlands, 
Cornwall in England, Anglesey in Wales, northwest Ireland, the 
Ardennes, the Harz mountains, Saxony, the Alps, Norway, the 
Appalachians, the Great Lakes region in the United States, etc. 
A microscopical section of a typical phyllite shows green chlo- 
rite and colourless mica, both in irregular plates disposed in paral- 
lel order, with a greater or smaller amount of quartz which forms 
small lenticular grains elongated parallel to the foliation, Grains 
of iron oxide (magnetite and hematite) and black graphitic dust 
are commonly present. Feldspar generally is absent or scarce, 
but some phyllites are characterized by the development of small 
rounded grains of a plagioclase feldspar, albite, often in consider- 
able numbers. The minute needles of rutile, so often seen in clay 
slates, are not often met with in phyllites, but this mineral forms 
small prisms which may be intergrown with.black magnetite; at 
other times it occurs as networks of sagenite. Other phyllites con- 
tain carbonates (usually calcite but sometimes dolomite) in flat 
or spindle-shaped crystals, which often give evidence of crushing, 
Tiny blue needles of tourmaline are by no means rare in phyllites, 
though easily overlooked, Garnet occurs sometimes, a good exam- 
ple of the garnetiferous phyllite being furnished by the whetstones 
of the Ardennes, in which there are many small isotropic crystals 
of manganesian garnet. Hornblende, often in branching feathery 
crystals, is a less frequent accessory. In some phyllites a mineral 
of the chloritoid group makes its appearance; this may be ottrelite, 
sismondine or other varieties of chloritoid, and occurs in large 
sub-hexagonal plates showing complex twinning, and lying across 
the foliation planes of the rock. The structural variations pre- 
sented are comparatively few. The most finely crystalline speci- 
mens have generally the most perfect parallel arrangement of their 
constituents. (J. S-E.; X.) 
PHYLLOXERA, the common name for aphidlike plant pests 
of the family Phylloxeridae, the most notorious member of which, 
because of its devastation of vineyards, is the grape phylloxera, or 
grape louse, which will be emphasized in this article. 
Description.—Phylloxera are included with the aphids in the 
superfamily Aphidoidea. Phylloxeridae differ from typical aphids 
in details of wing venation and in the absence of any form of 
viviparous, or live-bearing, reproduction. From the Adelgidae, 
a small family (by some considered a subfamily, Adelginae, of 
Phylloxeridae), phylloxera differ in possessing fewer antennal seg- 
ments, in carrying the wings folded flat over the back instead of 
inclined in a rooflike manner, and in not producing wax in floccu- 
lent masses, Members of the family are small (about one milli- 
meter), rather stout, and in the wingless forms taper toward the 
hind end. The antennae are three-segmented and the body is 
usually uncovered. In a few species there are dorsal wax glands, 
Phylloxeridae feed on the sap of plants, which, like aphids, they 
extract from leaves or roots by means of their suctorial mouth 
parts. In some species part of the annual cycle on their host plants 
is passed on the leaves and part on the roots. In others, part of 
the cycle is spent on one plant host and part on another of the same 
genus. Both types of migration occur in the life history of species 
of Phylloxera, a genus now restricted by many authorities to the 
species that occur naturally in Europe on oak or chestnut trees, 
excluding the grape phylloxera, which is frequently separated as 
Viteus vitifolii (though it is still often seen as Phylloxera vitifoliae 
in many writings). 
The greenish-yellow grape phylloxera is native to the eastern 
part of the United States, where it lives on indigenous species 
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INRA, PONT DE LA MAYE, FRANCE 
FIG. 1.—GALLS ON GRAPE LEAVES AND GRAPE STEM, CAUSED BY THE GRAPE 
PHYLLOXERA, VITEUS VITIFOLII 


of grapes (Vitis riparia, V. rupestris, and V. berlandieri). It was 
introduced into Europe between 1858 and 1863, when American 
vines were brought over for grafting purposes, and has since 
reached almost all the vine-growing countries of the world. It was 
first recognized as a serious pest in its subterranean form. Feed- 
ing on the native European vines (Vitis vinifera), it caused ex- 
tensive destruction. Р 
Life Cycle.—The biology of this species is complex, Its life 
history on the American vines, which differs notably from that on 
the European vines, is as follows. In late autumn the fertilized 
egg is laid on the bark. The egg is elongate-ovoid and is attached 
to the surface by a short stalk. It hatches in the spring into à 
young wingless female (fundatrix), which makes its way ирта 
to the opening leaves of its host and begins to feed on the bun 
surface. At the site of the feeding puncture, a gall kd 
the lower surface of the leaf in the form of a thick-walled ien 
shaped structure. The gall has a narrow mouth opening on: idi 
upper surface and is covered by interlocking hairs. The bs 
lives inside the gall and reaches the adult stage after bus 8 
four molts; then, without mating, it E 
eggs, from which emerge а further pi 
tion of young (the gallicolae). i 
thenogenetically produced OSP Wed 
der out of the gall and establish on aig 
elsewhere on the leaf. By their w gili 
they induce the development of ne 
similar to those they left. 
seven generations of these ga! 
which reproduce without bein 
They are relatively fecund an spring 
eggs that give rise not only to ie them 
with a leaf-colonizing behavio auti 
selves, but also, increasingly as the 
rogresses, to offspring W 
trunk of their host and either attach н 
selves to the roots or shelter in 
of the bark until the winter 15 over. г gu 
course, without being fertile ipe gu 
eration lays eggs, producing 7 Үй 
eration of the root-dwelling jT уш on 
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life, The radicicolae move freely in and on the soil and even, in 
exceptional environmental conditions, may ascend the vine, settle 
on the leaves, and assume the way of life of the gallicolae. In time 
the radicicolae lay eggs that give rise to offspring of gallicolous 
habit, The radicicolous form, with its mobility, is liable to be 
transported to other vines. In addition to producing offspring 
similar to themselves, as the season advances the radicicolae 
produce offspring that develop into winged adults. These emerge 
from below ground and migrate to the upper parts of the vine, 
Each, without mating, lays a few eggs (up to eight) on the bark of 
the lower part of the trunk, Although the adults are superficially 
alike, some lay relatively large eggs and others, small eggs. The 
young that emerge from the large eggs develop into females; those 
from the small eggs become males. Such, at least, is the general 
rule. There is some variation; a female may sometimes lay eggs 
that give rise to both male and female offspring. 

The sexual forms are devoid of mouth parts and the alimentary 
canal is closed behind. After fertilization the female lays a single 
egg. From this, in the following spring, emerges the young, start- 
ing the cycle anew. 

On the European vine the gall-forming phase is almost wholly 
absent, and reproduction is limited to the production of unfer- 
tilized eggs by the radicicolae. It is this root-infesting form that 
menaced the cultivation of the European vine by inducing the 
development of nodules on the young roots, which later become 
necrotic. Since perhaps 12 generations of the pest may be pro- 
duced in a year, massive colonies may develop; and the injury 
that they cause may be sufficient to kill the roots. 

Control Measures.— The devastation caused to the European 
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(eh dies after laying a single egg which hatches out in the spring as a 
Insect known as a fundatrix. This form produces eggs from which are 


h 
n Wallicolae, Some of these remain in the buds while others descend to the 
radicicolae 


а м the 30 years following the introduction of grape phylloxera 
Dol nee. It was virtually halted by adoption of the use of 
E Ae from American vines, or from crosses between Ameri- 
ids uropean vines, Later an attempt was made to develop 
i Serie table for growing on their own root systems, capable 
degree S à commercially acceptable crop, and possessing a high 
| resistance both to grape phylloxera and to fungal dis- 
e of pe combative measures are widely used against the pest. 
fumigant ү Commonest is the use of carbon bisulfide аз а soil 
ntinuall © kill the subterranean forms. Modern insecticides are 
ion o y being tested for the same purpose and for disinfesta- 
dimes oung vines before planting. See also APHID; GRAPE. 
(1926) РЕ PE, O. Essig, Insects of Western North America 
Sive biblio elt, Plant Galls and Gall Makers (1940). For a compre- 
Contrib graphy of earlier work on grape phylloxera, see B. Grassi, 
conoscenza delle Fillosserine (1912). References to 
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SICAL EDUCATION. This article traces the history 
s education and its growing role in national school sys- 

; obecialized applications of physical education, such as for 
*cted by physical injury or congenital handicap, are dealt 
aes THERAPY and REHABILITATION, MEDICAL AND 
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Hist " 
Ory.—While physical education was one of the later sub- 
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jects to be included in school curricula, it is one of the oldest forms 
of education. Primitive societies trained their young in physical 
skills for survival and often in skills of dance for purposes of ritual 
or mimetic magic. Early civilized communities developed this 
training and some of them—in China, Assyria, and Egypt, for ex- 
ample—evolved organized games. It is, however, to Greece from 
the 6th century B.C. onward that modern civilization has looked 
for much of its inspiration and for a philosophy of physical educa- 
tion. The Olympic Games (g.v.) would hardly have been possible 
unless systems of physical education had been established in the 
individual states (see also GAMES, CLASSICAL; GYMNASIUM). At 
Sparta physical education was rigorous and military in character. 
It was closely controlled and organized by the state both for boys 
andgirls. At Athens no girls participated in physical education and 
the boys’ training, at first designed for military ends, was later 
more liberally interpreted and became inseparable from general 
education. Strength and health were cultivated not only for their 
own sake but because they allow man greater freedom to develop 
his mental capacities. This realization also fortified all later in- 
terest in physical education. 

Under the Roman Empire there were various forms of special- 
ized training for soldiers and gladiators, athletes, and other pro- 
fessional entertainers. In Rome and other cities the baths pro- 
vided facilities and coaching for many activities, some recreational, 
some therapeutic (see BATH). The physician Galen (@.®.; с. A.D. 
130-с. 200) systematized physical exercises and devised programs 
of physical education for a population concerned no longer with 
national survival or athletic competition but with the more mun- 
dane problem of keeping fit. 

Galen's works were the basis for the revival of interest in physi- 
cal exercise, including gymnastics, which occurred during the 
Renaissance. The leading authors were Geronimo (Girolamo) 
Cardano (1501-76) and Hieronymus Mercurialis (1530-1606). 
The keen interest in the physical education of the aristocracy is 
manifested in Z} Cortegiano (“The Courtier”; 1528) by Baldas- 
sare Castiglione and The Governour (1531) by Sir Thomas Elyot 


q.v.). 

In the 18th century the writings of J. J. Rousseau (q.v.; 1712- 
78) and the inspired teaching of two Germans, J. B. Basedow 
(q.v.; 1723-90) and J. C. Guts-Muths (1759-1839), and the Swiss 
philanthropist J. H. Pestalozzi (q.v.; 1746-1827) nourished a 
widespread concern for the physical education of the population at 
large. During and after the Napoleonic Wars three pioneers made 
notable contributions to the theory and practice of physical edu- 
cation—P. H. Ling (g.v.; 1776-1839) in Sweden, Franz Nachtegall 
(1777-1847) in Denmark, and F. L. Jahn (q.v.; 1778-1852) in 
Germany. Their conception of physical education was primarily 
gymnastic. Ling had classified gymnastics into military, aesthetic, 
medical, and educational. During the 19th century the last two 
aspects received particular attention, The characteristics of Swed- 
ish physical education and the use of beams and wallbars or rib- 
stalls became the day’s order of exercise. In Germany, however, 
physical education was never disassociated from political faction 
and was often intimately connected with military training, never 
more so than during the Nazi regime (1935-45). The horizontal 
and parallel bars and the pommel horse became intrinsic features 
of German gymnastics which were called “Turnen.” 

Physical Education in the Schools.—At the end of the 19th 
century all over Europe games and sports became popular and 
made their impact upon physical education in the schools, which 
was then still predominantly gymnastic. Their role in education 
has become more important during the 20th century. 

United Kingdom.—In the 19th century the number of public 
schools (as independent day and boarding schools are called) mul- 
tiplied as the prosperity of the middle classes increased. In these 
schools physical education took the form of organized games, with 
pride of place given to the team games of football (Rugby and 
soccer) in winter and cricket in summer. Schools such as Eton 
and Westminster, which are situated near rivers, also took up row- 
ing. The games were at first developed by boys in opposition to 
their headmasters, and compulsion to play was imposed on the 
other boys. Rugby School, the model for so many others, gave 
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its name to the particular form of football played there. It was 
not until mid-century that teachers generally began to consider 
games as instruments of education. It was later still that games 
were organized for the whole school rather than for the older boys 
and better performers. The benefits sought were practice in self- 
government, the inculcation of team spirit, and the development 
of character. The gymnastic systems of the continent were re- 
jected or at most accepted as minor sports. 

Children who went to elementary schools had little or no physi- 
cal education, though military drill was sometimes given by a 
visiting noncommissioned officer. About the year 1870 several 
different systems of exercises were tried in schools. The Swedish 
system, introduced in 1878 by Miss Concordia Léfving from Stock- 
holm, was eventually preferred for girls. Miss Léfving was suc- 
ceeded by Miss Martina Bergman, later Madame Bergman Oster- 
berg, who founded the first women’s college for training specialist 
teachers of physical education in 1885. After the South African 
War (1899-1902) revealed the unfitness of most recruits, the 
board of education attempted to develop a system of physical edu- 
cation based on military drill by publishing the much-criticized 
Model Course of Physical Training (1901). In 1908 physical edu- 
cation in state-aided schools was placed under the newly estab- 
lished medical department of the board of education, and men and 
women inspectors of physical education who had been trained in 
the Swedish system were appointed. In 1909 a new syllabus of 
physical exercises was published, giving a detailed exposition of 
the Swedish system. Revisions were published in 1919 and 1933. 

Meanwhile many teachers had on their own initiative introduced 
football, cricket, swimming, and other sports into the elementary 
schools but the lack of playgrounds, playing fields, and swimming 
pools prevented them from becoming universal, Nevertheless 
since 1908 the two traditions of physical education in Great Britain 
—organized games and Swedish gymnastics—have been steadily 
fused. The Education Act of 1918 made it permissive for local 
education authorities to provide facilities for social, recreational, 
and physical training, not necessarily in association with a school. 
The Education Act of 1944 made this provision obligatory. Since 

1920 many schools for children 11 and over (secondary schools) 
have been built and all include one or more gymnasiums equipped 
with Swedish apparatus. Since 1945 many experimental types of 
apparatus have been installed. There has also been an increased 
provision of playing fields for secondary schools, and even for pri- 
mary schools (schools for children under 11). In the latter no 
special gymnasiums are provided, the playground and school hall 
offering the facilities for physical education. 

In the U.K. the curriculum of a school is to a great extent drawn 
up by the head teacher and there is therefore no uniform allocation 
of time to physical education. In primary schools a daily period 
is usual and the children are generally instructed by the class 
teacher who takes all their other lessons. Many secondary schools 
allocate four periods a week, including games and swimming, but 
boys and girls who are preparing for examinations usually have 
fewer periods. Specialist teachers are aided by a number of other 
teachers who have an interest in or qualification for a particular 
game. 

The approach to physical education, especially to the teaching 
method, has undergone profound changes since 1945: first, formal 
directed teaching from tables of exercises and activities has been 
largely abandoned in favour of more individual work with em- 
phasis on skills, whole body movements, and natural activities ; 
second, women teachers, led by inspectors, organizers, and training- 
college lecturers, and inspired by the pioneer work of Rudolf von 
Laban who was formerly a professional dancer performing in 
central European dance and ballet, have evolved “movement train- 
ing" Laban’s fundamental bases of movement have been used 
to give special significance to the terms “time,” “weight,” “space,” 
and “flow.” In movement training individual differences can be 
allowed to determine individual rates of development and levels 
of achievement. Men teachers have also adopted many of the 
principles of movement training without always using Laban’s ter- 
minology. 

Two British government publications, Moving and Growing 
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(1952) and Planning the Programme (1953), gave guidance alo 

the new lines. In boys’ secondary schools, weight training, cir. 
cuit training (a number of activities, e.g., heaving, sit-ups, elc 
in a circuit with a given number of repetitions for each activity] 
and other specialized forms of training have found a place in 
gymnastic lessons. For older boys and girls in secondary schools 
there has been a great proliferation of games and sports, Out- 
door activities, camping, climbing, sailing, skiing, and expedition 
work have also been incorporated in many school programs, 

The newer British universities have copied Oxford and Cam- 
bridge in that games and sports are administered, financed, and, for 
the most part, coached by the students themselves, Nevertheless 
most of them have lecturers in physical education, or departments 
of physical education, whose function it is to assist and encourage 
the students in their physical recreations., Several of these lec- 
turers conduct optional subsidiary courses for graduates who in- 
tend to enter the teaching profession. In 1964 only one university, 
Birmingham, had a compulsory program of physical education for 
all students in their first year. The same university was also 
unique in Great Britain in having a course of undergraduate study 
in physical education contributing to a first degree, 

All teacher-training colleges include a professional course in 
physical education for primary school teachers. Future instruc- 
tors for secondary schools are trained in specially equipped and 
staffed colleges. The national organization for these teachers is the 
Physical Education Association of Great Britain and Northern 
Ireland (founded 1899). 

United States—Physical education in the U.S. has developed 
from many sources, some indigenous and some imported. It con- 
tinues to absorb and innovate so that it is constantly changing. 

German gymnastics were first introduced by Charles Beck at 
Round Hill School, Northampton (Mass.) in 1825 and Karl Follen 
at Harvard in 1826. Both were friends of F. L. Jahn and came 
to America as political refugees. It was to English-speaking Amer- 
icans that they introduced their turnen and they had no great im- 
pact on the country at large, but after the abortive revolutions in 
Germany in 1848 a large number of European: turners emigrated 
to the United States and had a marked influence on physical educa- 
tion. In 1866 the Nordamerikanischer Turnerbund, the association 
formed by the individual clubs, opened a normal college (that % 
a teachers training college) and thereafter the German gymnasts 
were steadily assimilated into the United States educational sys 
tem. The association changed its name to the American bro 
tic Union in 1919 and in 1941 the normal college was merged wi 
the University of Indiana. d the 

Meanwhile in 1828 Catherine Beecher (1800-1878) founded i 
Hartford Female Seminary and included in the curriculum hyg e 
and “calisthenics,” exercises without apparatus originally de 
to promote graceful movement (Gk. kalos + sthenos, beaut 
strength”; see also GYMNASTICS). asium 

The Czech Sokol Gymnastic Society opened its first sym dings 
in 1865. The first Young Men’s Christian Associations bui » 
with gymnasiums were erected in 1869 in San Franc ia 
York, and Washington, D.C. Prominent YMCA leaders D у 
Luther Halsey Gulick (1865-1918) and James Huff Мачы, 
(1866-1940). The International Training School of a (Mass) 
(Springfield College) was established in 1887 at Springfield (47 
and continues to train physical educators. In 1861 
started a normal school in Boston for training teac 


portan! pa 


tracted much attention, Calisthenics formed an eh owed any 
of his system but it is difficult to determine whether ^e 
debt to the German or Swedish systems. limited 


About 1860 the “Swedish Movement сиге” was recie "X 
attention as a therapeutic system. Not until 1883 did the 
System become a form of physical education in the 
It was introduced by Hartvig Nissen who came to ears 18 
that year and by Baron Nils Posse in Boston two У 50! 
Mrs. Mary Hemenway, a Boston philanthropist, whee 
given the Hemenway Gymnasium to Harvard in 1877. ers in the 
normal school of gymnastics in Boston to train te^ jy 
Swedish system. This was adopted in many schoo ‚ше. 
tracted more support from girls and women than in 
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emergence of the Dewey philosophy of education (see EDUCATION, 
HISTORY OF; DEWEY, Joun) was accompanied by a move away 
from formal gymnastics toward individual programs and education 
for leisure-time recreation. Inevitably the Swedish system lost 
support and by 1900 the tide of opinion had also turned against 
list henics. 

E id education in elementary schools for children below 
the age of 12 now includes singing games, simple rhythms, stunts, 
tumbling, climbing on apparatus, folk dance, games leading up to 
major team games, and sports including volley ball and softball. 
Class periods average half an hour daily and the instruction often is 
given by the class teacher. Many schools use physical fitness tests, 
and national age norms on standard tests are available. 

Upper elementary and junior high schools for children over 12, 
having abandoned Swedish and German gymnastics about 1910, 
sim to develop physical fitness, to improve motor skills, to promote 
group cooperation through team sports, and to teach recreational 
sports for later life. Three to five periods a week are devoted to 
instruction and the curriculum is presented in progression from 
gade to grade, Achievement is measured by standard tests and 
scales, 

In senior high schools there is more emphasis on basketball, 
baseball, and football for boys and on social dance and modern 
dance for girls, but tennis, golf, swimming, wrestling, conditioning 
exercises, and track and field are also taught. Open-country pur- 
suits such as hiking, skating, and skiing are introduced where pos- 
sible, Boxing is generally not appproved. 

In colleges and universities athletics, aquatics, dance, and recre- 
ational sports are the media of physical education. Many colleges 
require men and women students to undergo instruction for two 
years, Much testing is done and students may be directed to the 
physical education which they need. 

Interscholastic and intercollegiate activities have long been well 
developed, especially for boys and men. College football receives 
most emphasis in intercollegiate sport, and stadiums holding 100,- 
00 Spectators have been built to stage the games of the bigger 
thiversities (see also Sraprum). Admission receipts are an im- 
Portant source of income for much college sport and for high- 
school sport in many states. At schools the coaches of teams are 
invariably physiċal education teachers. At colleges some external 
coaches are employed, while others are members of the college de- 
partment of physical education, Regulations for interscholastic 
sA intercollegiate competition and other related problems are 
ii down by the National Collegiate Athletic Association (NCAA) 
Joan local subdivisions and the corresponding National Federa- 

" of State High School Athletic Associations. Intramural ath- 
ic T encouraged in elementary schools, junior and senior high 
e ols, and in colleges. They consist of a voluntary program un- 

ni direction assisted by student managers and officials. 
ton у old normal schools for training teachers of physical educa- 

n àve gradually been incorporated in colleges and universities. 
ise: second half of the 20th century more than 400 colleges and 

P. sities offered a “major” in physical education and the num- 

^n Ass colleges was increasing each year. Research into physi- 
in cee was at first centred in the Teachers College, Colum- 

u eats whose first Ph.D. with a “major” in physical 

en $a was awarded in 1927. Since then programs of research 

É en developed in many universities and colleges. ji 
pem important professional organization is the American 
AMRPER for Health, Physical Education and Recreation 
à Ed, R), founded in 1885. The American Academy of Physi- 
Which гро (1926) is a select body of high academic standing 
Worl à number of “corresponding fellows” in other countries. 
ер d View of Physical Education.—There are few countries 
ч TES Advanced or still emergent—which do not take physi- 
well ou seriously. The programs of most of them include, 

е уп, their own indigenous recreations, elements derived from 

i E din System of the continent of Europe and from the 
true of Sports of Great Britain and the United States. This is 

Countries as different as China, Japan, the U.S.S.R., India, 
ee ne states, and the South American countries. There are 

rational organizations directly concerned with physical 
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education: (1) the International Federation for Physical Educa- 
tion; (2) the International Council of Sport and Physical Educa- 
tion, which operates under the auspices of UNESCO; and (3) the 
International Council on Health, Physical Education and Recrea- 
tion affiliated to the World Confederation of Organizations of the 
Teaching Profession. 

See also Gymnastics; GYMNASIUM; DANCE; FoLK DANCE. 
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PHYSICALLY HANDICAPPED, EDUCATION OF. 
The education of the physically handicapped deals with techniques, 
curriculum adjustments, and therapeutic services which enable 
them to receive educational opportunities as nearly as possible 
equivalent to those made available to others. The term “physi- 
cally handicapped" sometimes is used interchangeably with “ехсер- 
tional children” in U.S. educational circles but the latter term 
usually also includes the mentally handicapped and those who are 
superior, or gifted. Actually, the physically handicapped often 
have overlapping disabilities, as in the case of cerebral palsy. Тһе 
classification includes those who may have a major motor or sen- 
sory handicap but are most disabled by personal-social deviations. 
There are also factors which cause physical impairment that has 
not been determined as being purely physical, purely mental, or 
purely emotional in origin. A conservative estimate of the num- 
ber of physically handicapped is approximately 10 to 1596 of the 
school-age population. 

The most commonly accepted list of physical handicaps is the 
following: orthopedic defects, neurological handicaps, special 
health problems, multiple handicaps, blindness, impaired vision, 
deafness, hard of hearing, speech defects, emotional disturbance, 
social maladjustment. School programs are also provided for 
those with mental deviations, such as the intellectually gifted, the 
mentally retarded, and those with low intelligence quotients. 

For the purposes of this article certain orthopedic and neuro- 
logical handicaps are cited to illustrate special methods, problems, 
and programs involved in the education of the physically handi- 
capped. The blind and the deaf were the first groups of the physi- 
cally handicapped to attract attention and for whom special educa- 
tional programs were established. For the history of these 
developments see BLIND, TRAINING AND WELFARE OF; DEAF AND 
Harp or HEARING, TRAINING AND WELFARE Or. See also RE- 
TARDED CHILDREN; REHABILITATION, MEDICAL AND VOCATIONAL. 

Orthopedic Handicaps—The orthopedically handicapped 
have defects that are caused by a deformity in or interference with 
normal functioning of the bones, muscles, or joints. The condition 
may be congenital or acquired due to accident or disease. Some 
examples of orthopedic disabilities are: clubfoot, spina bifida, cleft 
palate, Friedreich's ataxia, congenital amputations, Erb's palsy, 
bone fractures, osteomyelitis, arthritis, poliomyelitis, amputations, 
burn contractures, bone tumours, bone cysts, muscular dystrophy, 
curvature of the spine, and Perthes’ disease. 

Learning ability varies with intelligence and with possible dam- 
age to the brain. Continuous educational programs are important 
for the orthopedically handicapped youngster who is considerably 
retarded in school achievement. It is believed that such a lag 
often is due to long hospital placement, convalescent care, and 
lightened school programs. Other factors appear to be the lack of 
experiencing daily activities into which other children enter, over- 
protection on the part of parents, possible withdrawal from groups 
as protection against feelings of incompetency and frustration, 
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and the sense of being different from other children. Many 
schools, because of existing laws and factors of safety and physical 
limitations, require the orthopedically handicapped child to attend 
a special class for crippled children. 

Neurological Handicaps.—The neurologically handicapped 
are those whose crippling conditions arise from injury to the cen- 
tral nervous system. One of the most serious is cerebral palsy, a 
neuro-muscular condition which results in disturbance of motor 
functioning. Failure of normal development or damage to different 
parts of the brain before, during, or after birth results in malfunc- 
tioning of a single extremity or a combination of extremities and 
may involve speech, vision, and hearing. These conditions are 
manifested in spasticity, athetosis, ataxia, rigidity, and tremors. 
Cerebral palsied children have varying degrees of disability. Al- 
though a large percentage, especially those whose affliction is se- 
vere or moderately severe, is believed to have accompanying men- 
tal deficiency, there are all degrees of mentality represented in the 
total group. Children who are within the normal intelligence 
range, and who have no serious sensory or psychological disabili- 
ties, require the same kind of learning experiences that are pro- 
vided for nonhandicapped children. "Those whose coordinative 
skills are most severely affected will need the patient understanding 
of resourceful teachers. Adapted teaching aids may need to be em- 
ployed. For many of these children learning is a difficult process. 
For children with hand involvements, these may include book- 
stands and the use of large crayons instead of pencils. Special 
equipment for those with postural problems enables children to 
participate at sand tables, easels, and workbenches. The curricu- 
lum content must emphasize the experiences that children with 
severe handicapping conditions have missed. Field trips are 
more important than they are to nonhandicapped children. The 
socializing aspects of group participation play an important part 
in the program. 

The curriculum content for the mentally retarded cerebral- 
palsied must be particularly geared to the development of adequate 
personal and social behaviour. Academic skills will be of concern 
only to the extent that they can be used in life situations. Prog- 
ress must be modified to the slower developmental rate of the 
learners and work units need to be of shorter duration. The cur- 
riculum and the instructional program must be directed toward 
efficient living; at the adolescent level, much emphasis must be 
placed upon occupational orientation, Those who are not educa- 
ble, or whose severe physical disabilities are combined with sig- 
nificant mental retardation, should have a program involving 
preparation for living in the home and community and, perhaps, 
adjustment to a sheltered workshop. 

Children who are not significantly handicapped mentally, but 
whose major learning problem stems from sensory defects, must 
learn a method of communication. The personal-social aspects of 
growth and development are important to them too, but the deaf- 
ened must learn to read lips, or to use a hearing aid, and to over- 
come accompanying speech disabilities. The partially sighted and 
blind must learn to use sight-saving materials and some need to 
learn braille, if possible, — * 

Because of the proneness of the cerebral palsied to distracti- 
bility, susceptibility to stimuli, and confusions of spatial and 
figure-ground relationships, several investigators have indicated 
the need for classrooms that are free from distracting influences 
and for teaching materials that fasten the attention of pupils upon 
one learning element. Some, as M. I. Dunsdon in England, have 
suggested that many cerebral palsied children may respond to 
phonic rather than sentence-matching methods in reading, and to 
verbal memory methods in arithmetic. 

In contrast to those who would organize the entire educational 
program for cerebral palsied children around an especially de- 
signed stimulus-reducing classroom and special teaching methods, 
there are other educators who would use these methods only for 
certain types of instruction or for selected groups of children, A 
“clinical” teacher could be employed for children with perceptual 
disabilities, taking individual children for short periods of instruc- 
tion. It is obvious that the instruction of cerebral palsied chil- 
dren is a problem requiring individual evaluation of learning dis- 
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abilities, and individual plans of attack. 

Another type of neurologically handicapped child is represented 
by the group called brain-damaged or brain-impaired, The dis. 
ability is characterized by bizarre behaviour caused by an early in. 
jury to the brain, or by a disturbance in the development of the 
brain. The resultant behaviour may be in motor functioning 
as in the cerebral palsied, or in such autonomic functions as slee 
and respiratory or vasomotor control, or in the psychic functions 
that contribute to personality development, with personality im. 
maturities, emotional disturbances, and neurotic symptom forma- 
tions. Children who are cared for from the onset of their dis. 
ability will have favourable prognosis. In many cases, intellectual 
functioning will be adequate; intellectual retardation is often more 
apparent than real. 

Special Health Problems.—Those with special health probs 
lems include the cardiopathic, tuberculous, diabetic, epileptic, al- 
lergic, and those with lowered vitality. The cardiopathic may 
suffer from rheumatic heart disease, congenital heart disease, or 
subacute bacterial endocarditis, Children with any of these health 
problems may be handicapped in their schoolwork to the extent 
that special classes or programs are needed, 

Programs.—Responsibility for the school placement of the 
handicapped is best determined by a group of experts, together 
with the parents or family of the disabled person. Their recom 
mendations are influenced by the existing resources in his com 
munity. The United States Department of Health, Education and 
Welfare lists four organizational patterns. 

1. Special schools and classes for long-term placement. This 
type of program is designed for the child who represents а perma- 
nent disability and who needs an adapted curriculum. Ordinarily, 
the child spends most of his time in the special class, At the up- 
per age levels, many schools assign special-class children to some 
experiences in the regular school programs. Some programs in- 
volve short-term assignments in such classes and eventual absorp- 
tion into the regular class. Where intellectual difference is not & 
major consideration, there is emphasis on special classes for 
adjustive facilities for short-term placement only. For the deaf 
and the blind, the period of special-class placement may have tobe 
longer, since such children must learn special techniques of come 
munication. Nevertheless, both deaf and blind children with nor 
mal intelligence may do well in regular school classes after they 
have mastered the communication skills. ‘onal 

2. Special supplementary instruction services for exception 
children who thereby can make adequate adjustments in the regi 
lar school. Included are services for children with speech defects, 
who are usually provided with speech training at regular interval 
by specialists in speech correction; hard-of-hearing pupils who A 
profit from periodic lip-reading instruction or assistance 1n i 
use of hearing aids; and the partially sighted who may meet W р; 
a specialist for supplementary instruction, special reading к 
terials, and guidance. For partially sighted children, considera 
differences exist in the types of school services provided. "T" 

3. Home or hospital instruction. A large number er for 
conduct instructional programs in the home and in hospita ine 
severely disabled children. Programs may include daily Гая 
struction, itinerant bedside instruction, and the use of elec d 
devices in the home. The individuals are temporarily oF enn 
nently incapacitated to the extent that they cannot be uma 
the regular school in special classes, even when school transp? 
tion is provided. sally та} 

4. Residential school programs for blind, deaf, or socia {у 
adjusted children, While many of these institutions and f gient 
come under the administration of welfare and menti cato 
agencies, they constitute an important field of special kre 
Their function is primarily one of education and rehabilit jen- 

_A survey conducted by the United Nations Educational, ^... 
tific and Cultural Organization, World Survey of Educ 
indicated that the above four organizational patterns “arate 
the programs provided in most countries. There are У ade 
in administration and supervision and wide variations 12 s pro 
quacy of programs and the percentage of various 0 
vided for. Some countries rely almost entirely ОП V 
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charitable organizations for whatever education is provided for 
certain groups of the physically handicapped. ; 

Jn England and Wales under the act of 1945 local education au- 
ihorities are required to make provisions for the education of all 
«об! age children with any physical or mental handicap (see 
below). Physically handicapped children, depending on the seri- 
usness of their disability, are educated in special schools. The 
program. in Scotland under the education act of 1946 as amended 
is similar. 
эса the continent, France has established open-air schools and 
shools for backward, crippled, or abnormal children and the 
Federal Republic of Germany has provided special schools and 
gecial classes in regular schools. The Netherlands provides spe- 
tal schools for the handicapped and Denmark provides for spe- 
dil instruction either in special classes or within the normal class, 
depending on the number of handicapped children within a school 
‘istrict. Norway provides for special schools for children of lim- 
ited ability and for those suffering from speech defects, and in 
Sweden there are special schools for the handicapped; an increas- 
ing number of local school districts have established auxiliary 
disses, for the mentally retarded and larger school districts have 
special classes for children with other handicaps. (E. D. Ga.) 

Great Britain —The following discussion of education for handi- 
capped children in Great Britain indicates changes and develop- 
ments over a period of years. 

The provision of special forms of education for physically handi- 
capped children has been the responsibility of the education au- 
thotities since before the beginning of the 20th century. The years 
after the end of World War II have brought a good deal of new 
thinking, while better social provisions and better medical treat- 
ment have changed the look of the problem. 

The law is laid down in the Education Act, 1944, and the regu- 
htions made from time to time under this act. "Special educa- 
tional treatment” is to be provided from the age of two if the 
parents request it and in any case from the age of five. It con- 
tinues at least until the age of 16 unless the child improves enough 
lobe able to return to an ordinary school. All provision is free 
of атре, Ten types of handicaps are defined by the ministry 
ind one of them is “physically handicapped." In fact these physi- 
tally handicapped children fall into four main groups: (1) chil- 
then with defects of locomotion or motor defects, e.g., polio- 
nyelitis; (2) children with severe heart disease, e.g., congenital 

rt disease; (3) children with cerebral palsy; (4) miscellaneous, 
СА epileptic children, who are sent to these schools because 

tre is a nurse on the premises. 
M Wo surveys spanning a period of 30 years provide interesting 
ош of numbers and rates per 1,000 of total school en- 
Ath of children in schools for the physically handicapped 
RT ondon. At the time of the first survey, 1928, out of a total 
n 001 enrollment of 639,000 there were 4,061 in schools for the 
iid handicapped. ‘Thirty years later, in 1957, the figures 
ea Q0 and 1,325, and the rate per 1,000 of total school en- 
mt Кү had dropped from 6.36 to 3.00. But special schools are 
Bo € only places where handicapped children are educated. A 
eae of some, e.g., spina bifida, are confined to bed in a 

Ша], at school, or at home, and quite a number of severely 
iy capped children are to be found in ordinary schools, particu- 
Polio, perhaps children of high intelligence whose disability, e.g. 
: Myelitis, has developed after they have been in the school 
me time, 

s theless something very dramatic happened during the 30 
tappe Pur review. The reduction in the number of handi- 
ave aken Sa of school age underlines the {ирке зеен Rd 
teuriz, | place, Nonpulmonary tuberculosis responded to the 
tis ation of milk and the reduction in the number of tuber- 
д Cows, and the number of children affected by nonpulmonary 
К Culosis in London schools declined by 90% between 1928 

к еге were 726 and 1957 when there were 73. Over these 
of Shia there has been a widespread reduction in the virulence 
of child emolytic streptococcus and with this а fall in the number 

ic pen who developed cardiac defects after an attack of rheu- 

ever, so that, in place of the 1,088 children with rheumatic 
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carditis in the schools in 1928, there were only 72 in 1957. The 
improvements in hygiene and medical treatment have contributed 
only to a limited extent to this reduction and it will be necessary 
to take extreme care to ensure that this fall is not reversed in 
years to come. Immunization against poliomyelitis was still too 
new in 1957 to show any effect on the numbers of children crip- 
pled by this disease, but since the more general use of vaccines 
the incidence of paralytic poliomyelitis has greatly declined. 

The methods of selection of children for special education are 
of crucial importance. While all blind children need to go to a 
school for the blind, severely crippled children may do well in 
ordinary schools. A number of variants must be considered—the 
attitude of the child's family, the intelligence and character of: 
the child himself, educational attainments, age, and sex. Ordi- 
nary schools too vary both in their physical character and in their 
attitudes to the problems of the handicapped. The degree of 
physical handicap is only one of many problems that have to be 
taken into account in finding a suitable place for a handicapped 
child. 

Among so many variables someone, perhaps the school physi- 
cian, should be in a position to obtain full information and make 
a suitable recommendation to the Education Committee, who are 
the final arbiters. 

The intervals between reviews of the decision on special edu- 
cation may vary with each child and his problems, but should not 
at first be more than 12 months, and the review will take into 
account the changing physical condition and the response to educa- 
tion and social demands. These reviews should be a fundamental 
reassessment of the child's needs both from the school and from 
the community and how these can be met. 

Education for handicapped children may be: (1) Individual by 
a teacher visiting the child in the hospital or in his home. (2) 
Hospital-school; ie., a school (with one or more teachers) at- 
tached to the hospital and either giving individual bedside teach- 
ing or, when possible, teaching in small groups. (3) Special 
schools for the physically handicapped, day or boarding. The 
classes are small and the teachers experienced in the problems of 
handicapped children. Medical services including physiotherapy 
and speech therapy can be given, so that teachers and therapists 
can cooperate and the child loses as little schooltime as possible. 
Day schools are not possible in rural areas. In towns the choice 
of a boarding school may be the answer to a social as much as (оа 
medical problem. (4) Ordinary school, where the handicapped 
child is given the special attention of the school physician and 
what special consideration the school can give him. 

The progress from hospital to ordinary school can often be 
observed as the child’s physical condition improves. In the past 
there have been marked differences between countries in the use 
of special education; e.g іп the United States children with 
handicaps were kept in ordinary school, where in Great Britain 
they would have been considered fit for special education. Fol- 
lowing the success of special education for spastic and deaf chil- 
dren more special education is being made available in the United 
States, while in Great Britain the importance of keeping the 
handicapped child in as normal a society as possible is becoming 
more fully appreciated. 

Tn the early years of school much attention is paid to physical 
methods of treatment in the hope that in the later years the more 
formal education will be uninterrupted. Around the age of 12 a 
special review of the child’s future is desirable, when education, 
medical care, employment, and life after leaving school should be 
considered. The parents of the child must be fully involved and 
the youth employment officer can give early advice which may 
modify the type of education and medical treatment. It should be 
emphasized too that a child can at any time return to an ordinary 
school if it is to his advantage. 

This whole question of assessment is being reexamined. In 1956 
a committee set up by the Central Health Services Council recom- 
mended the creation of a special centre in each of the 15 hospital 
areas in Great Britain for the assessment of the needs of the epilep- 
tic, and in Baltimore, Md., and in Kansas City, Mo., methods of 
assessment have been on trial. 
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The actual education of these children presents fewer problems 
than those of some other handicapped children. As, with the 
exception of some of the children with cerebral palsy, they do 
not have specific sensory defects like the blind and deaf, they 
have not been deprived of essential sensory stimuli in their early 
years. On the other hand, limitations on locomotion from infancy 
may have reduced their field of experience and most have spent 
long periods in hospitals with resulting backwardness in attain- 
ments, even when emotional development is not affected. The 
teacher's part is to make good these areas of ignorance. Because 
of the difficulty in getting about, the school lays more than usual 
emphasis on visits to outside establishments and each child can 
be helped to develop some individual skill by which he can com- 
pensate for his defect. 

So many children with cerebral palsy have impaired sensory 
perception and so many have impaired intelligence that special 
schools have to be provided for them. On the other hand some, 
who are not deaf and do not have difficulties of spatial percep- 
tion, can work alongside other physically handicapped children. 

The teacher in a special school like this is always faced with 
the more than usually severe emotional problems of the children. 
When the child’s position inside the family is regulated he has to 
come to terms with the community and with the adolescent prob- 
lems of sexual development. 

In Great Britain there have for many years been the “open-air 
schools,” to which children with a number of defects are admitted 
for a short term. Created in the early years of the 20th century, 
these were for children with primary tuberculosis as well as for 
those with debility following other illness, usually specific infec- 
tious diseases. While the total demand has declined, children 
with asthma and chronic bronchitis do well in these schools with 
their high environmental and nutritional standards. 

Diabetic children are usually taught in hospital clinics to regu- 
late their life according to their disability, but they need the help 
and intelligent cooperation of the family. When this is not avail- 
able admission to a hostel (student residence) may be a means of 
saving a life. The child can attend an ordinary school whether 
from his home or his hostel, (D. Pr.) 

Principles.—The quality of education in any of the educational 
settings depends on the well-trained teacher. Teachers are called 
upon to integrate professional information from psychology, edu- 
cation, and medicine into making hypotheses for instruction and 
therapeutic service. Consequently, special education, as adapted 
to each type of exceptional child, has developed some rather dis- 
tinctive techniques and materials which distinguish it from regular 
education. The educator of the physically handicapped should 
have a college degree with a major in general education and several 
years of experience in teaching normal children. Most countries 
require additional specific training. 

Teachers so trained are certified by local or state boards of 
education or other education authorities. They may teach inte- 
grated classes of normal and physically handicapped, but also are 
prepared primarily to teach special classes. Because of the variety 
of school placements necessary to meet the needs of disabled chil- 
dren in any community, teachers may be placed as home or 
itinerant teachers, consultants, resource room teachers, or teacher- 
principals. 

The most successful approach to optimum educational programs 
has been the team approach. In this approach the nurse, the social 
worker, the school psychologist, speech, occupational, and physical 
therapists, the psychiatrist, and the teacher work together. They 
pool their information and skills to determine the best possible 
plan for each child. 

The major principles observed in the education and guidance 
of the physically handicapped are: 

1. Early discovery and proper diagnosis of disabilities. 

2. Total appraisal and evaluation of the potentials as well as 
the disabilities of each individual. This should be periodic and 
continuous, 

3. Adequate and continuous treatment of the disability. 

4, Proper placement in a school setting. 

5. Adaptive teaching techniques for overcoming the particular 
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disability which the individual has. Such a disability may be 
physical, mental, sensory, emotional, or a combination of two or 
more of these, as in the case of the multiply handicapped, 

6. Prevocational training and guidance for maximum usefulness 
to the individual himself and to society. 

7. Provision for special services which may be necessary to 
integrate the handicapped in a normal school setting. 

8. Provision for smooth transition from elementary to Secondary 
schools, with emphasis on more extensive high-school facilities 

9. Parent education every step of the way, in order to help par. 
ents to accept the handicapped child emotionally, to instruct him 
in the best possible way, to cooperate with professionals in work- 
ing toward total rehabilitation, to provide the social and emotional 
needs of the disabled without sacrificing the needs of other mem. 
bers of the family, and to assist in constructive action in organi- 
zational work in the community. 

10. Job training as a partial responsibility of the school. Agen- 
cies engaged in vocational rehabilitation work closely with teachers 
of teen-age youngsters to help them embark upon useful careers, 

11, Public education. This leads indirectly to employer educa- 
tion and is a part of the total education plan for the physically 
handicapped. 

12. Psychological orientation of the individual to help him to 
adjust to his handicap. (E. D. Ga.) 
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PHYSICAL THERAPY (PHYSIOTHERAPY Or, Ms i 
THERAPIE), the treatment of bodily ailment by the applica «йо 
physical agents such as heat and exercise, is a specialized m P 
service aimed at the rehabilitation of persons disabled rs sical 
ailments affecting the motor functions of the body. РЕ to 
therapy is one means employed to assist these patients (016 nce 0 
a comfortable and productive life, often despite the perse ilc 
a medical problem. For centuries man used such natural ri the 
agents as hot springs and sunlight to treat his ailments, service 
development of physical therapy as a specialized medica 
took place largely after World War I. Two forces influe 
growth, epidemic poliomyelitis and the world wars, bot "m ersons, 
created large numbers of young, seriously handicapPe Ad p 
Physical therapy then became available for the treatm gi 
tients with such diverse problems as fractures, burns, tu heraî is 
Painful backs, strokes, and nerve injuries. Physical 0 scribed 
closely associated with orthopedic surgery, but it is also pre. 
by physicians and surgeons in all branches of medicine. | * 
who specialize in physical medicine are called physiatri 


ced its 
which 
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The objectives of physical therapy may be summarized as fol- 
pws; relief of pain; improvement or maintenance of functions 
such as strength and mobility ; training in the most effective method 
of performing essential activities; and testing of function in vari- 
ous areas. Tests cover such fields as muscle strength, degree of 
joint mobility, breathing capacity, and muscular co-ordination. 

Types of Treatment.—The methods most commonly employed 
by the ee ean geu heat, massage, exercise, electrical 

rrents, and functional training. 

eat Heat. is used generally for its effect in stimulating cir- 
ulation and relieving pain in the area treated. It may be applied 
by infrared lamps, short-wave radiation, or diathermy currents; 
hot moist compresses or immersion in hot water; application 
of melted paraffin wax; or by ultrasound, 

Massage.—This is used primarily to assist circulation and re- 
lieve local pain or muscle spasm. 16 is usually applied by the 
therapist's hands alone, although swirling water or mechanical 
devices may be employed. Of the many massage strokes, the most 
commonly used are stroking and kneading of the tissues. The 
lubricant applied to the skin usually is a neutral substance such as 
talcum powder or mineral oil, See also MASSAGE. 

Exercise Exercise, the most varied and widely used of all 
physical treatments, is usually designed to do one or more of three 
things: increase the amount of motion in a joint, increase the 
strength in a muscle, or train a muscle to contract and relax in 
weful co-ordination with other muscles under the control of the 
patient. Exercises may be simple or complex, performed actively 
by the patient or passively with the therapist carrying the part 
through the motion. Such passive motion may be useful in im- 
proving mobility in a joint, but strengthening or training of a 
muscle can be accomplished only through its active contraction by 
the patient, Various exercise equipment is used; and treatment 
may be given with the patient immersed in warm water. While 
û patient is still confined to bed after illness or injury, exercises 
may be begun to prevent stiffness or weakness from developing. 
Ashe improves, the exercises become more complex and strenuous, 
until the damaged parts are again capable of meeting the demands 
Of daily activity. In addition to its obvious use following stiff- 
ness or paralysis, exercise may be used to improve the breathing 
nens, with lung disorders, assist circulation, relax overly 

muscles, correct faulty posture, etc. 

Electrical Currents —Currents of very low strength may be ap- 
plied through the skin to superficial muscles, causing them to 
чим spontaneously. ‘This may be used to help train weakened 
E and also to test the status of nerves supplying those 
a iy es.. Electrical currents are applied to assist the penetration 

уйн skin by. certain medicines, and for numerous other purposes. 
Eoo Training —This teaches the patient how, in spite of 
ss арра ailment, to carry out most safely and effectively 
d lvities of his daily life. This may mean learning to use 
% ae a brace, or an artificial arm; or it may involve working 
when Practising the best way for a mother to do her housework 
sift le e hand or for a workman to board the factory bus with a 
щу 1 Such training often requires long hours of practice; it 

е Шаа by the use of assistive devices which make it 

ui asten buttons, hold a fork or dial a telephone. 
рс Оћег treatments such as ultraviolet radiation and cold 
conside e are also often used. Therapeutic use of X-rays is 
фе *d a separate specialty and not a physical therapy pro- 
кшп of Physical Therapists.—Treatment usually is ad- 
Walified ШУ a therapist rather than by the physician. The 
Silly prescribed by the physicam. Physical therapists are usu 
у: Я a 
шуша рей in hospitals, but many also work in schools for 
ley he ldren, physicians’ offices, factory health units, and pa- 
Wh three IR Training to prepare for this work includes courses 
anatom Ы ds: (1) a broad background in science, particularly 
le os physiology, and psychology; (2) courses dealing with 
Pedics esses of disease and healing, such as medicine, ortho- 
A оу, and neurology; and (3) treatment techniques. 
of internship under supervision also is required. Most 
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physical therapy trainees are between the ages of 17 and 30, and 
the majority are women. In the U.S., training varies from a post- 
graduate professional certification course of 12 to 18 months to a 
four-year undergraduate program providing both professional cer- 
tification and a college degree. Postgraduate students may be 
basically prepared through obtaining a university degree in sci- 
ences or through training as nurse, physical education instructor, 
etc. 

Standards for training and practice vary somewhat from one 
country to another, but within each country they usually are set 
and maintained by a national professional organization. In the 
United States the American Physical Therapy association and in 
Great Britain the Chartered Society for Physiotherapy have done 
much to advance the standards of their members. In 1951 the 
World Confederation for Physical Therapy was inaugurated, and 
by 1958 the national associations of 15 countries were recognized 
as members, agreeing on basic standards and working for the ad- 
vancement of the profession. 

Physical therapy services developed most rapidly in those coun- 
tries which first solved major problems of infectious disease 
and malnutrition. In the second half of the 20th century, in some 
areas of the world, it was still nearly nonexistent; it was most 
widely developed in the Scandinavian countries, Great Britain and 
the commonwealth, and in the U.S. 

See also REHABILITATION, MEDICAL AND VOCATIONAL. 
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Physics and Electronics in Physical Medicine (1960). (N.T. W.) 

PHYSICAL UNITS are standards for measurement. A 
civilization so primitive that it has not yet begun to barter is 
difficult to imagine. The moment an exchange of goods begins, 
the questions “How much?” and “How many?” arise; and before 
either can be answered, physical units of at least the crudest kind 
must be agreed upon. In the Old Testament (Gen. 23:16) “Abra- 
ham weighed out for Ephron the silver which he had named"— 
the price of Sarah's tomb. Since prehistory the rotating earth 
has been used to divide the flow of time into such units as days. 
Natural units of length, such as the foot, have doubtless been 
in use since people walked upright. Early in human history 
measurements of mass, time, and length were considered funda- 
mental. Standard objects were preserved in the public buildings 
of antiquity to stabilize measures of weight, length, and volume 
employed in trade. Yet among these physical bases for compari- 
son the utmost diversity of size and name existed throughout the 
world at the beginning of the 19th century. 

In the 17th century when members of the great national acade- 
mies in Europe were exchanging opinions through a voluminous 
correspondence, the frequent diversity of results could be har- 
monized only through a comparison of units. All English-speaking 
nations used the foot, pound, and second for commercial purposes. 
On the continent of Europe, however, the unit of time was the 
only common standard. Only in the last decade of the 18th cen- 
tury was any serious action taken to reach international agreement 
concerning units. 

Metric System.— The initiative was taken by the French Na- 
tional Assembly (1791) when it appointed a commission of 12 
outstanding men of science to revise the French system of weights 
and measures. Their revision was so simple, clear, and natural 
that it later won acceptance by many other nations. Their chief 
concern was with the units of length and mass; the fundamental 
unit of time had been provided by astronomers who were using 
1/86,400 of a mean solar day as the second of time (see Time 
MEASUREMENT). 

Geodesists working for the commission took eight years for 
an accurate determination of the earth's arc from Dunkerque to 
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Barcelona. On Dec. 10, 1799, the French Legislative Assembly 
voted to define their standard of length—to be called the metre— 
as the 1077 part of the earth's quadrant. On the same day the 
mass of a cubic decimetre of water, at its maximum density, was 
voted the standard of mass and was named the kilogram. 

It might have been expected that this metric system would ob- 
tain ready adoption in Western Europe and the Americas. France 
made the use of these units compulsory beginning in 1801; but 
the conservatism of merchants who sold cloth by the aune (ell), 
and of farmers who sold meat and vegetables by the livre was 
too strong. In 1837 a more stringent law was passed penalizing 
those who used any units except the metre and the kilogram after 
Jan. 1, 1840. 

Up to 1840 Greece and the Netherlands were the only other 
nations to adopt the metric system. England authorized its use 
in 1864, the U.S. in 1866, and Germany in 1868. Since then 
the metric system has been legalized by all leading countries. 
In Europe and South America its use is almost exclusive. (See 
also WEIGHTS AND MEASURES; METROLOGY.) 

International Bureau of Weights and Measures.—In 1875 
each of 20 nations sent two delegates to a conférence diplomatique 
du mètre at Paris. A proposal to establish an international stan- 
dardizing bureau had been discussed by an international conven- 
tion (1872) that had practically created such a bureau, had out- 
lined its duties as the custody and comparison of standards, and 
had even made financial provision for the work. These plans 
were later ratified by the governments concerned, so that the 
International Bureau of Weights and Measures was by 1875 a 
fait accompli. In the 1960s it continued, in its pavilion near 
Sèvres, a safe depository for the international standards and a 
laboratory for certification of copies and solving related problems. 

Introduction of Arbitrary Standards.—As early as 1867 
metrologists had begun to suspect that the original standard metre, 
a metal bar known as the métre des archives, might not be very 
permanent since it was an end measure (its full length defined 

the metre) and therefore subject to slight abrasion in use. The 
preparation of a new bar upon which the metre could be dupli- 
cated in line measure (between marks on the bar) thus became 
one of the first problems. 

By autumn 1889 a new platinum-iridium bar for the metre and 
a platinum-iridium cylinder for the kilogram were deposited in 
the underground vault at the International Bureau. The defini- 
tions of these units were changed from natural to purely arbitrary 
quantities. Without any reference to a quadrant of the earth’s 
meridian, the polished bar with fine rulings marking the standard 
of length was, at the temperature of melting ice, to “henceforth 
represent the metric unit of length.” Without any reference to a 
cubic decimetre of water, the new kilogram was to be the proto- 
type unit of mass. The fact that standards of length and weight 
can be copied with much greater accuracy than they can be de- 
termined afresh from some natural unit decided the question in 
favour of the arbitrary standard. 

The kilogram was first taken as the mass of a cubic decimetre 
of water at its temperature of maximum density, which also de- 
fined the unit of density. The litre was defined as the volume of 
a cubic decimetre, identical with the volume of a kilogram of 
water (see WATER: Water as a Standard). 

During the first half of the 19th century, however, a dis- 
tinct difference was detected between 1,000 cc, and the volume 
of a kilogram of water. Accordingly, in 1901, the following 
definition was formulated: 

The unit of volume, for determinations of higher precision, is the 
volume occupied by the mass of one kilogram of pure water at its maxi- 
mum density and under normal atmospheric pressure; this volume is 
called the litre. 

The relation between the litre and the cubic decimetre became a 
matter of experimental determination. In the 1960s the accepted 
value was 1 litre = 1,000.028 + 0.002 cm3, The practice recom- 
mended by the U.S. Bureau of Standards and the National Physi- 
cal Laboratory in Great Britain is to graduate standard volumetric 
glassware in millilitres—marked ml. instead of cc. For volume 
derived from geometrical dimensions, the appropriate unit is cm?, 


Electrical Standards.—Electricity and magnetism are d 

2 : à le- 
tected mainly by mechanical effects. Industrial units of power 
work, and energy had been introduced haphazardly, and early in 
the 19th century electrical measurements were superposed, Order 
was introduced into this chaos by men who had the vision to see 
that magnetic and electrical effects must be measured in terms of 
mechanical quantities. 

C. Е. Gauss, in his great paper “On the Intensity of the Earth's 
Magnetic Field, Expressed in Absolute Measure" (1833), de. 
scribed two simple experiments that measured the strength of the 
earth’s magnetic field Н in terms of length, mass, and time, much 
as the pendulum is used to measure the gravitational field (see 
GEOMAGNETISM). 

The determination in absolute measure (fundamental units) of 
the electromotive force (emf) that produces electric currents was 
accomplished by F. E. Neumann in 1845. He formulated the 
expression E = — dN/dt, where E is the emf generated in a closed 
circuit through which the number of magnetic lines of force is 
changing at the rate of dN/dt. Electromotive force was thus 
reduced to mechanical measure. 

In 1851 W. E. Weber used Neumann's idea and C. S. M. Рош. 
let's tangent galvanometer to measure an induced current in abso- 
lute units. Having thus measured both emf and current for the 
same circuit, he was able, by use of Ohm's law, to compute the 
electrical resistance of the circuit in absolute measure (see IN- 
STRUMENTS, ELECTRICAL MEASURING). 

As early as 1851, H. L. F. von Helmholtz and Lord Kelvin had 
introduced the idea of electrical work and had explained the mean- 
ing of the equation: work = power X time = Eit = Rt, the link 
between electrical and mechanical quantities. Coefficients of self- 
and mutual-induction had also been defined, and in certain cases 
had been computed from mechanical dimensions, Yet great con 
fusion existed because observers had employed different units. All 
was arbitrary; nothing was coherent save the underlying principles 
of physics. Computation was tedious because of wasteful conver 
sion from one unit to the other. f 

Resistance —The British Association for the Avante ay 
Science in 1861 appointed a committee on electrical standards 
of resistance. By 1869 this committee had established the essen- 
tial theory of units (;.e., the principles that must control any col 
sistent and useful system), had endorsed the ekrê aai 
(mgs) system, and had prepared a wire standard (the В.А. uni 
as nearly as then possible equal to 107 mgs units of resistance. 

A second committee appointed in 1872 recommended a SN 
to the centimetre-gram-second (cgs) system and adoption o p 
ohm, a unit of resistance equal (as nearly as realizable) to 1 fis 
absolute units, Both recommendations were adopted by the 
International Congress of Electricians in Paris (1881). stale 

Electromotive Force-—Since its invention (1800) the ЫЙ 
cell has been used as the unit of emf (see Ваттеву). First m 
the Daniell cell; then the Bunsen; later the Clark; in d Ж 
the mercury-cadmium cell (1892) of Edward Weston eae di 
to be employed. Compared with any one of these cels ШШШ 
unit of emf defined by Neumann’s formula is almost infini asd 
Accordingly a practical unit of 108 cgs units, the volt, i WC 
proved by the British Association and by the Internationa 
gress of Electricians in 1881. es that the 
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unit (e.g, volt, ohm) is defined in terms of the C85 c 
unit by a numerically simple relationship; the word y 
nifes that the magnitude of the unit, except for, 
capacitance, is convenient to use in practical engineers ished at 
the ohm and volt, three other practical units were e 
the 1881 congress by the following resolutions: 
That the current produced by a volt in the ohm be 
, That the quantity of electricity produced by a CUT e 
in 1 second be called a coulomb. ich is defined bY * 
That the unit of capacity be called a farad, whieh D 1 volt. 
condition that a coulomb in a farad raises the potenti js, 188: ) 
re ri 
The second International Congress of Electricians (АШ? 
defined three more practical units as follows: ` шй. tË 
The joule, the practical unit of energy, is equal to 10 Е 


the energy disengaged as heat in 1 second by a current of 


t $ 
m flowing through a resistance of 1 ohm. 


‘The practical unit of power is the watt. The watt is equal to 107 cgs 
units and is the power of 1 joule per second. Pa 

The practical unit of self-inductance is the quadrant which is equal 
to 10° cgs units. i t s 

At the fourth congress (Chicago, 1893) the unit of inductance 
was changed from the quadrant to the henry, and the international 
system of units was set up. 

International System.—The need for a system to be used in elec- 
trical measurements led to a group of international units corre- 
sponding as closely as possible to the absolute practical system. 
At the Chicago congress the international ohm was defined as “the 
resistance of a column of mercury of uniform cross-section, having 
alength of 106.300 cm. and a mass of 14.4521 g. when the tem- 

rature is O° C." This represented the best experimental result 
of that time (1893) in realizing a resistance of 10? cgs units or 1 
absolute practical ohm. It was larger than the B.A. ohm in the 
ratio of 1 to 0.9866. The congress defined the international 
ampere as that "unvarying current, which, when passed through a 
solution of nitrate of silver in water in accordance with standard 
specifications, deposits silver at the rate of 0.001118 grams per 
second.” This was made as close as possible to the absolute 
practical ampere which is 0.1 cgs unit of current. The interna- 
tional volt was so defined that a Clark cell at 15° C had an emf 
of 1434 international volts. This was as close as possible to 109 
ts units of potential difference; i.e. an absolute practical volt. 

The need for standardizing laboratories led to the establishment 
of the German Physikalisch-Technische Reichsanstalt (1887), the 
English National Physical Laboratory (1899), and the U.S. Na- 
tional Bureau of Standards (1901). From their work it became 
apparent that the recommendations at the Chicago congress were 
not consistent’ with the definition that the international volt is 
“the electromotive force that, steadily applied to a conductor 
whose resistance is 1 international ohm, will produce a current of 
linternational ampere,” This was corrected at the London Inter- 
national Conference (1908) by keeping the international ohm and 
ampere as primary units and letting the international volt be a 
derived unit. 

MKS or Giorgi System.— The International Committee on 
Weights and Measures announced that after Jan. 1, 1948, the inter- 
tational units should become obsolete and that the absolute prac- 
tical units were to be measured in terms of mechanical units. The 
tecommendations included the use of the metre, kilogram, and 
Second as fundamental units in place of the centimetre, gram, and 
Second. "Thus the powers of 10 used with the cgs electromagnetic 
Units could be eliminated, as first pointed out by G. Giorgi of 
Rome, Italy (1901). 
ae the sixth International Congress (St. Louis, Mo., 1904) 
ma showed that with the metre, kilogram, second, and ohm as 
ii amental and arbitrary units the system of absolute practical 
s d) Would remain unchanged. The mks (metre-kilogram-sec- 
thie units form a complete and logical system for the mechanical 
a include the electrical practical units Giorgi used the 
volt h ough any one of several practical units (e.g., ampere, ohm, 
Wi sie farad, coulomb, and weber) could serve as the fourth 
ае they are interrelated by electromagnetic theory. The 
o оа! Committee on Weights and Measures adopted the 
тей ing definitions of mechanical and electrical units in the mks 
le (effective Jan. 1, 1948), selecting the ampere as the fourth 


tives The Newton (unit of force).—The newton is the force which 
Second, a mass of 1 kilogram an acceleration of 1 meter per second per 
doe. The Joule (unit of energy or work),—The joule is the work 
АРЕ the point of application of the newton is displaced а distance 
2 In the direction of the force. 

Bives risa i Watt (unit of power).—The watt is the power which 
IV. Th, the production of energy at the rate of 1 joule per second. 
stant ca € Ampere (unit of electric current) —The ampere is the con- 
[EN (RO which, if maintained in two straight parallel conductors 
liis ength, of negligible circular sections, and placed 1 meter 
02 1 Vacuum, will produce between these conductors a force equal 

Th newtons per meter of length. 
+ ^ he Volt (unit of potential difference and electromotive force). 
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—The volt is the difference of electric potential between two points 
of a conducting wire carrying a constant current of 1 ampere, when the 
power dissipated between these points is equal to 1 watt. 

VI. The Ohm (unit of electric resistance) —The ohm is the electric 
resistance between two points of a conductor when a constant difference 
of potential of 1 volt, applied between these two points, produces in 
this conductor a current of 1 ampere, this conductor not being the seat 
of any electromotive force. 

VII. The Coulomb (unit of quantity of electricity).—The coulomb 
is the quantity of electricity transported in 1 second by a current of 
1ampere. 

VIII. The Farad (unit of electric capacitance).—The farad is the 
capacitance of a capacitor between the plates of which there appears a 
difference of potential of 1 volt when it is charged by a quantity of 
electricity equal to 1 coulomb. 

IX. The Henry (unit of electric inductance).—The henry is the 
inductance of a closed circuit in which an electromotive force of 1 volt 
is produced when the electric current in the circuit varies uniformly at 
a rate of 1 ampere per second. 

X. The Weber (unit of magnetic flux) —The weber is the magnetic 
flux which, linking a circuit of 1 turn, produces in it an electromotive 
force of 1 volt as it is reduced to 0 at a uniform rate in 1 second. 

These definitions are intended to fix unit magnitude and do 
not necessarily specify methods for practical determination. For 
example, the definition of the ampere is only one case of the gen- 
eral formula expressing the forces between current-carrying con- 
ductors and was chosen for its verbal simplicity. 

A question arising with every electrical system of units is 
whether the rationalized or the unrationalized form should be 
used. This question is concerned with the factor 27 or 47 іп 
equations relating electrical quantities. In the rationalized system 
the factor 2т or 47 appears in the equations for those situations 
in which there is circular or spherical symmetry. In the unra- 
tionalized system the т factor does not appear in the equations 
for circular'or spherical symmetry but does appear where there 
is no symmetry. It is not possible to get rid of т in one place 
without its appearing in another. About 1890 O. Heaviside wrote: 
“the unnatural suppression of 47 in the formulas of central force, 
where it has a right to be, drives it into the blood, there to mul- 
tiply itself, and afterward break out all over the body of electro- 
magnetic theory." 

A group of units called the Heaviside-Lorentz system formed 
such a rationalized system, but it was used only in some theoreti- 
caltreatises. It did not come into general use because its units 
differ from those of the absolute practical system. In 1950 the 
International Electrotechnical Commission voted the approval of 
the rationalized mksa (a for ampere) system. This action did 
not affect the absolute practical standards such as ampere, volt, 
and ohm, but it did affect the values of the permeability and 
permittivity of free space. 

In the rationalized system the force f per metre length between 
two infinite parallel wires d metres apart in a vacuum and carry- 
ing currents of 7}, Г amperes is given by 


f (тет = man 
metre 2rd 


where uo, the permeability of free space in the rationalized sys- 
tem, has a value of 4r X 1077 newtons/ampere?. If 7, and J, 
are each 1 ampere and d is 1 metre, then the force per metre length 
is 2 X 1077 newtons/metre as given in the mks definition for the 
ampere. 

In the unrationalized system p'o, the permeability of free space 
is 1077 newtons/ampere? and the force f per unit length is given 


f 


newton) _ 2rolıls 
metre d 


This result agrees with the mks definition for the ampere. How- 
ever there is circular symmetry in this problem and one might 
expect 7 in the equation, as in the rationalized system. 

A similar situation exists in electrostatics for the permittivity 
€ of free space. The capacitance C (farads) of an electric 
capacitor with plates of area A metre? separated by a uniform 
distance of d metres in a vacuum is given in the rationalized system 
as 


е4 
бур 
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In the rationalized system є is about 8.854 X 10712 farads рег 
metre. For the unrationalized system the permittivity € of free 
space is about 1.113 X 10719 (4m X 8.854 X 10—12) farads per 
metre and the capacitance C of this condenser is given by 


In this case there is no circular or spherical symmetry and the т 
factor does not appear in the equation written in the rationalized 
system. These two constants, the permeability and permittivity of 
free space, are related by J. C. Maxwell's electromagnetic theory 
to the velocity of light ¢ in free space by 


нов = podo = 1/c* 


The value of c is about 3 X 108 metres per second. 

The introduction of the mksa rationalized system greatly sim- 
plified electromagnetic calculations. Previously there had been 
at least eight different systems of electrical units in fairly com- 
mon use, 

Dimensions of Units.—An expression containing the funda- 
mental units which enter into the measure of any physical quantity, 
together with the powers to which they enter, is known as the 
dimensions of that quantity. Thus, if L is length, M is mass, and 
T is time, the dimensions of velocity are LT}; those of accelera- 
tion 2772; those of force MLT-?. In any equation between 
physical quantities, each term, in both right-hand and left-hand 
members, must have the same dimensions. (For fuller discus- 
sion, see DIMENSIONAL ANALYSIS.) 

A List of Physical Units and Constants.—The following is 
a short list of important miscellaneous units and constants, 

The Metre.—In 1892 A. A. Michelson measured the standard 
metre in terms of the red light from cadmium and found that 
there were 1,553,164.13 of these red cadmium wavelengths in 1 
standard metre. The International Solar Union adopted this mea- 
surement in 1907. It was suggested (1957) that greater accuracy 
for the standard metre could be obtained by using the wavelength 
of the orange light emitted by krypton of mass number 86, This 
new standard metre would be 1,650,763.73 times the chosen wave- 
length. 

Astronomical Units of Distance.—The astronomical unit is the 
distance from the earth to the sun (149,501,201 km.). 

‘The light-year is the distance light travels in 1 year (9.4614 X 
107? km. or approximately 6 x 1012 mi.). 

The parsec is the distance at which the annual parallax (g.v.) 
is 1 second of arc. 

Unit Quantities of Heat.—The gram-calorie is the quantity of 
heat (g.v.) required to raise the temperature of 1 gram of water 
from 15° to 16° C. The kilogram-calorie or the large calorie is 
1,000 gram-calories. The British thermal unit, BTU, is the 
quantity of heat needed to raise the temperature of 1 pound of 
water through 1° F (see CALORIE; CALORIMETRY), 

Units of Light Intensity and Light Flux.—The unit of inten- 
sity of light is the candle, which is vy of the intensity of 1 square 
centimetre of a perfect radiator, known as a black body, when 
operated at the temperature of freezing platinum, 

The unit of light flux is the lumen, which is the flux in a unit 
of solid angle from a source of which the intensity is 1 candle. 
The total radiation from 1 candle is, therefore, 4r lumens (see 
PHOTOMETRY), 

The Curie and Rutherford Units.—Originally the curie was the 
amount of radon in equilibrium with 1 gram of radium (q.v.). 
As radioactivity became more important the curie was used as 
a unit of disintegration rate and as such was not too satisfactory 
since it is difficult to measure accurately. Accordingly, the Inter- 
national Radium Standard Commission recommended. that the 
curie be defined as 3.7 X 101° radioactive disintegrations per sec- 
ond. The rutherford, a more convenient unit for the rate of dis- 
integration of a radioactive substance, was recommended by the 
U.S. National Bureau of Standards. One rutherford is the amount 

of radioactive substance that undergoes 109 disintegrations per 
second. 

The Roentgen.—For personnel protection a unit of X or 
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gamma radiation called the roentgen (r) is used 
By definition 1 roentgen unit is "that quantity o; 
radiation such that the associated corpuscular 


(see X-Rays), 
f X or gamma 
emission per 


0.001293 g. of air produces, in air, ions carrying 1 esy (about 
$ X 107? coulombs) of quantity of electricity of either sign,” 

Angstrom and X Units —The angstrom A is 10-8 cm, and the 
X unit, used in X-ray work, is 10711 cm. or 10-3 Å, 

Least Squares Adjusted Values.—Until about 1929 physical 
constants were usually measured individually; but their manifold 
interrelationships coupled with a marked increase in such mea 
surements have increasingly required groups of constants to be 
evaluated simultaneously. The largest and most important group 
of this sort, the atomic constants, was extended until few con- 
stants were excluded. G, the gravitational constant, was in the 
1960s one of the few with no known relationship to any of the 


atomic constants. 


In such an evaluation a group of fundamental constants is se. 
lected as the set of primary unknowns to be determined, If qis 
the number of these unknowns, the input material then consists of 
N equations relating the unknowns to measured values, These 
values are the results of carefully selected high-precision experi- 
ments, each of which can be weighted according to its estimated 
reliability. The number N must at least equal д to permit any 
solution at all, but it is desirable that N exceed q as much as pos 
sible. The N equations in g unknowns constitute an overdeter- 
mined set that will never be completely compatible because of 
errors of measurement; the method of least squares is thus used 
to find a set of “best” values for the unknowns (see LEAST 


SQUARES, METHOD OF). 


Tn 1952 calculations the values of g and N were 5 and 13 re- 


spectively. 


In 1955 these data were checked for systematic 


errors by variance analysis with an electronic digital computer. 
The speed of light was treated as a fixed constant of known іт. 
and there remained 11 linear equations in 4 unknowns subject to 


least squares adjustment. 


At that time the chemists’ mass unit was defined as jy the 
atomic weight (q.v.) of oxygen. But oxygen is a mixture of inte 
isotopes (mass numbers 16, 17, 18); O18 has an eU 
more than 99% and the physicists’ mass unit was based on ae 
isotope (g.v.). Different oxygen compounds yield slightly С 
ferent abundance ratios of the 3 isotopes, and the chemical mass 


unit depended on the type of oxygen compound used. To rei 
differences between the chemical and physical scales a new 


ctify 
unit 


of mass based on carbon-12 was adopted in the 1960s by the 


official organizations in chemistry and physics. Carb 


convenient choice because it commonly is used as à 5 
mass spectroscopy (q.v.). Thus the ratio of the masse s 
to the carbon-12 nucleus is more accurately known than 


of carbon-12 to oxygen-16. 


The following values recommended by the Committee оп 


on-12 isa 
tandard in 
s of nuclei 
ratio 


Fun- 


qui^ 
damental Constants of the U.S. National Academy of Scienc 


National Research Council were presented to the seco 


nd Interna- 


63). 
tional Conference on Nuclidic Masses (Vienna, Aus., July 19 ) 


They were adopted by the International Union of Pure an 


d Ар 


plied Physics (Warsaw, Pol., September 1963). 


Defined Values and Equivalents 


Metre, р nomo Ted 
Kilogram . . ., , kg 
Second it od) ДАЙ {Веб 
Degree Kelvin. , , °K 


Unified atomic mass unit u 


Mole . . mol 
Standard acceleration of 
freefall лс, g. 
Normal atmospheric 
pressure. ., . atm 


. 1/31,556,925.9747 of the trol 


. defined in the thermody” ‘iple 


1 an atom 
. py the mass of 


. amount of substanc 


in vacuo of 


. 1,650,763.73 wavelengths i ау, 
the unperturbed transition 2p 
in Кг® А н n 
. iis of the international kilogram 
Sévres, France T cal 


year at 12^ ET, 0 January fic scale 


by. assigning 273.162. 000 е 
int. ج‎ (freezing point, 
= 0° С) of the з 


e containing sam 


nuclide 2 
of pure C 


number of atoms as 1 


. 980.665 cm/sec/sec 
. 1,013,250 dyne/cm? 
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“thermochemical calorie . cala . 4.1840 X 10" erg 
International Steam i 
Table UR са т. 41808 x [4 
d. . dn o1 2,54 cm 
Ib, 453.59237 g 


Energy Conversion Factors 
(Plus or minus error is standard deviation applied to the last digit) 


güonvolt . . . CV. 160210 + 2 X 107? erg 
gy associated with: 
; ied atomic mass 
Unlied atoms mee а/е . 931478 + 5 X 108 eV/u 
Proton mass. . myc?/e, 9.38256 + 5 X 108 eV/mp 
m,c?/e. 9.39550 + 5 X 108 eV/m, 
Electron mass . m,cC/e. 5.11006 + 2 X 105 еу/т, 
Ёсе... ` efh . 241804 + 2 X 10"/sec/eV 
Mm р . се . 1.23981 + 1 X 107* eV/cm 
— Wave number . e/ch . 8.06573 + 8 X 10:/ст/еу 
$ . ek... 1.16049 + 5 X 10*°K/eV 


Adjusted Values of Constants (partial list) 


Speed of light in vacuum с. `. 2.997925 + 1 X 10° cm/sec 
ntary charge . .е . 1.60210 + 2 X 107° С (coulomb) 


ivogadro's constant . Na _. 6.02252 + 9 X 10%/mol 
"Electron rest mass . т, . 94091 + 1 X 107*g 
mp . 1.67252 + 3 X 10% g 
г 1.00727663 + 8 u 
ron rest mass . mna  . 1.67482 + 3 X 1074 
day constant . , F.  . 9.64870 + 5 X 10t C/mol 
scontant .  . k.  . 6.6256 + 2 X 107 erg sec 
rge to mass ratio for 
e/m. . 1.758796 + 6 X 10" C/kg 
h/e . 4.13556 + 4 X 1075 joule sec/C 
Е. . 1.0973731 + 1 X 105/cm 
‚ив. 9.2732 + 2 X 10! erg/gauss 
uy  . 5.0505 + 1 X 107 erg/gauss 
R. . 83143 + 4 X 10 erg/°K/mol 


‚ Vo . 2.24136 + 10 X 10* cm*/mol 
«k.  ..1.38054 + 6 X 1075 егр/°К 
-Boltzmann 


PTT im e а ER 5.6697 + 10 X 10% erg/cm?/sec/^K* 
tational constant . G. . 6.670 + 5 X 10 dyne cm?/g? 


BLIOGRAPHY.—For information on units see G. Bigourdan, La Sys- 
Métrique des Poids et Mesures, p. 458 (1901) ; C. E. Guillaume, La 
lion du Bureau International des Poids et Mesures et son Oeuvre, 
1 (1927), Reports of the Committee on Electrical Standards, 
83 (1913); G. Giorgi, “Unita razionali di Elettromagnetismo," 
lli Ass. Elettrotec. Ita v, pp. 402-418 (1901), “Proposals Concerning 
ical and Physical ? Transactions of the International Elec- 
Congress, vol. i, pp. 136-141. (1904), "Systems of Electrical and 
etic Units,” Bull. Nat. Res. Coun., Wash., no. 93 (1933); R. T. 
brook, Reports on Symbols, Units and Nomenclature: Interna- 
Union of Pure and Applied Physics, p. 40 (1935) ; W. R. Varner, 
Fourteen Systems of Units (1948) ; "The M.K.S. or Giorgi System 
posium,” Proc. Instn. Elect. Engrs., vol. 97, p. 235 (1950) ; F. B. Sils- 
Xtension and Dissemination of the Electrical and Magnetic Units 
y С ational Bureau of Standards,” U.S. National Bureau of Stan- 
ls Circular 531 (1952) (this article contains many useful references). 
ig T information on constants see Niels Arley and K. Rander Buch, 
ко to the Theory of Probability and Statistics (1950) ; Jesse 
" DuMond and E. Richard Cohen, “Least Squares Adjustment of 
For ы Constants, 1952,” Rev. Mod, Phys., vol. 25 (1953). 
à € conversion ratio between chemical and physical scales of 
Weights see Fredrick D. Rossini, *Report to National Re- 
клоп Committee on Physical Chemistry of July 1 (1951)”; 
DA” R T. Birge, “The General Physical Constants as of August 
vot A Progr. Phys., 8:90 (1942) ; Alfred O. Nier, “A Redetermina- 
$ the Relative Abundances of the Isotopes of Carbon, Nitrogen, 
1 » Argon and Potassium,” Phys. Rev., 77:792 (1950) ; E. Richard 
et al., “Analysis of Variance of the 1952 Data on the Atomic 
jor and a New Adjustment, 1955,” Rev. Mod. Phys.,.27:363 
ort of new values for physical constants as recommended by 
m E ona Academy of Sciences-National Research Council see 
А ureau of Standards, Technical News Bulletin (Oct. 1963). 
(Н. Cw.; J. W. M. D.; E. К. Cx.; R. J. SN.) 


SICS (ARTICLES ON). In their concern with the 
° апа interrelations of matter and energy physicists have col- 
d with Philosophers, mathematicians and scientists from 
Sciplines, А general view of the scope of modern physics 
Place among the sciences is presented in SCIENCE, HISTORY 
а уза: GENERAL SURVEY. 

Y phenomena systematically and efficiently it has been 


oltzmann’s constant 


(ARTICLES ON) 
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necessary to devise ways of measuring them in terms of standard 
units. An understanding of the contributions of physics requires 
some familiarity with the language of measurement as discussed 
in DIMENSIONAL ANALYSIS; WEIGHTS AND MEASURES; METROL- 
ocv; PHYSICAL Units; GRADUATION AND CALIBRATION. 

Ever-developing theoretical systems guide physicists in their 
efforts to predict and control the behaviour of the physical uni- 
verse. The significance of some of these broad unifying concepts 
is discussed under GRAVITATION ; COSMOLOGY ; RELATIVITY; SPACE- 
TIME; UNCERTAINTY PRINCIPLE; Parity, LAW ОР CONSERVATION 
or. The history of one aspect of the problem of relativity is given 
under ETHER (IN Puysics). Accounts of experiments and obser- 
vations that prepared the way for relativity concepts are found 
in MICHELSON-MORLEY EXPERIMENT and LIGHT, VELOCITY OF. 

Important aspects of the physical nature of matter are ex- 
pounded under KINETIC THEORY or MATTER, which deals mainly 
with gases. Supplementary to this article is BRowNIAN MOVE- 
MENT. Properties of ionized gases (plasmas), which drew in- 
creasing interest in the 1960s, are discussed in MAGNETOHYDRO- 
DYNAMICS. The transition from gas to liquid is handled from the 
general theoretical point of view in the article LiQum STATE, and 
modern views of solids come under Sotip STATE Puysics. For 
the arrangement of atoms and molecules in crystalline solids the 
article CRYSTALLOGRAPHY should be consulted. Crystals have a 
regular ordered structure; in many ways the antithesis of the 
crystalline state is the CoLtom. Important properties of matter 
are considered in SURFACE | TENSION; Viscosity; DIFFUSION; 
Vacuum; ELASTICITY; FRICTION; RELAXATION PHENOMENA, 

The peculiar task of physics in the 20th century has been to 
effect a synthesis of the properties of matter and radiation in 
terms of units of electric charge, of matter and of radiation. The 
field of radiation is covered in ELECTROMAGNETIC Waves, which 
deals broadly with the various kinds of waves in the electromag- 
netic spectrum. The unit of electricity is the ELECTRON, to which 
an article is devoted. A connecting link between matter and ra- 
diation is furnished by the nuclear theory of the atom, which as- 
serts that an atom consists of a positively charged nucleus, sur- 
rounded by groupings of electrons in motion. The general nuclear 
theory is explained under Atom; the properties of the nucleus, 
and their profound consequences for physics and chemistry under 
PERIODIC Law; Cosmic Rays; Atomic WEIGHT; Proton; NuU- 
CLEUS; NEUTRON; Mass Spectroscopy; ISOTOPE; NUCLEAR Mo- 
MENTS. 

RADIOACTIVITY is an article of first importance for understand- 
ing modern physics. The theory of emission of light and X rays 
is discussed in QUANTUM MECHANICS. Compton EFFECT; Mo- 
LECULAR SPECTRA; PHOTOELECTRICITY; RAMAN ЕЕРЕСТ; SPEC- 
troscopy; THERMIONICS; X Rays; and Spectroscopy, X-Ray 
deal with the experimental and theoretical side of radiation phe- 
nomena that have a prominent place in atomic physics, while 
NUCLEAR INSTRUMENTS; CLOUD CHAMBERS; BUBBLE CHAMBER; 
and ACCELERATORS, PARTICLE, describe experimental methods that 
have had far-reaching results. See also ATOMIC ENERGY; PARTI- 
CLES, ELEMENTARY; VAN ALLEN RADIATION BELTS; ATOMIC AND 
MOLECULAR BEAMS; THERMONUCLEAR REACTIONS. 

"The general body of physics is considered under comprehensive 
articles devoted to the main conventional divisions—ELECTRICITY ; 
ENERGY; Heat; LIGHT; MacNETISM; MECHANICS; SOUND; with 
important supplementary articles, among which may be men- 
tioned: under mechanics, BALLISTICS; DYNAMICS; Statics; 
Wave Motion; Harmonic ANALYSIS; MOTION, PRINCIPLES AND 
Laws oF; Force; under heat, THERMOMETRY; CALORIMETRY; 
LOW-TEMPERATURE Puysics; THERMODYNAMICS; STATISTICAL 
MECHANICS; VAPORIZATION; under light, COLOUR; LUMINES- 
CENCE; Optics; Lens; PHOTOMETRY; ZEEMAN EFFECT; SKY; 
SHapow; under electricity, ELECTRICITY, CONDUCTION or; ELEC- 
TRICITY, ÁTMOSPHERIC; PIEZOELECTRICITY; FIELD EMISSION; 
ENERGY Conversion, DIRECT; under sound, Acoustics or BUILD- 
INGS; ULTRASONICS; NOISE AND Its CONTROL. 

Important instruments and their uses are described under: BAL- 
ANCE; BAROMETER; BINOCULAR INSTRUMENT; CHRONOGRAPH; 
Compass; CONDENSER; GYROSCOPE; HyDROMETER; INDUCTION 
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Corr; INSTRUMENTS, ELECTRICAL MEASURING; INTERFEROMETER; 
MAGNETOMETER; MICROSCOPE; MIRROR; REFRACTOMETER; SE- 
LENIUM CELL; STROBOSCOPE. 

Applied physics is another aspect of the subject that is given 
representation. The meteorological side is represented by МЕ- 
TEOROLOGY; the geophysical by GEODESY; GEOMAGNETISM ; Ско- 
PHYSICS; INTERNATIONAL GEOPHYSICAL YEAR; and the astronomi- 
cal by Astropuysics. The bearing of physics in everyday life and 
industry is described in AERODYNAMICS; / CAMERA LUCIDA AND 
Camera OBSCURA; ELECTROMAGNET; PHONOGRAPH; PHOTOG- 
RAPHY; PHOTOGRAMMETRY; PHOTOGRAPHY, SPARK; RADAR; Ra- 
DIO; TELEGRAPH; TELEPHONE; TELEVISION. 

(Е. N. DAC. A.; H. B. Lu; X.) 

PHYSICS: GENERAL SURVEY. Physics, which may 
be defined broadly as the study of nature, was long called natural 
philosophy (from the Greek physikos); its exact scope is not fixed 
nor easily delimited. From decade to decade in modern times, 
the principal effort in physics has changed as, on the one hand, 
fields of scientific knowledge were reduced to practice, whereupon 
they were regarded as branches of engineering or applied physics; 
and, on the other hand, new fields were opened by fresh experi- 
mental or theoretical discoveries. Physics may be called a point 
of view about the natural world and a method of attack on its 
problems, a method based upon certain general principles and 
disciplined by the close interplay between experiment and theory, 
With a kind of confidence that the understanding of nature may 
be reduced to a few comprehensive principles, physicists seek for 
those central ideas by which great areas of common experience 
may be brought into order and coherence. To achieve their pur- 
pose, they proceed by use of mathematical and logical tools, and 
by experimentation. 

Physics comprises especially the study of the structure of mat- 
ter, the nature of radiation and its interactions with matter, and an 
attempt at a unified description of fields of force. It has been 
guided for the past century or more by three powerful conservation 
principles which appear to be valid in new areas of investigation 
and which in turn acquire increased stature as they meet the test 
in new experimental situations. The principle of conservation of 
linear and angular momentum, first applied to mechanics by the 
Englishman Sir Isaac Newton (1642-1727 ), but later generalized 

to include the electrodynamic field, was the earliest of these. A 
principle of conservation of energy in mechanics was extended to 
other forms of energy, especially to heat, about the middle of the 
19th century. The third principle is the conservation of electric 
charge, often an important guide, with the other two conservation 
principles, in the field of nuclear physics (see ENERGY). 

To these three established and tested principles may be added 
three more recently announced principles, those of the conserva- 
tion of parity, of baryons and of strangeness, which were undergo- 
ing tests in the 1960s in the study of nuclear particles. Exceptions 
to the conservation of parity were particularly notable and led 
to fuller recognition of the experimental basis for all conserva- 
tion principles. 

Since the enunciation of the mass-energy relation, E = mc?, by 
Albert Einstein in 1905, the chemist’s principle of the conservation 
of mass has been merged with the principle of conservation of 
energy into the more comprehensive principle of conservation of 
mass-energy. It appears that mass and energy have complemen- 
tary properties: all transfers of energy from one body or system 
of bodies to another are accompanied by a corresponding transfer 
of mass rather than by annihilation of mass. All energy appears 
to exhibit inertia. In the equations of nuclear reactions, a term 
Tepresenting mass or energy changes is important, corresponding 
to the energy term in a complete chemical equation. 

Insofar as the’ several conservation principles apply and are 
helpful in other sciences, physics may contribute to them and 
promote their development; it has often happened that instru- 
ments designed for research in physics have found wide applica- 
tion elsewhere. The cathode-ray tube, for example, was not in- 
vented to forward the art of television; rather, it was designed 
in prototype for the study of electrons. 

This article will deal more with basic ideas than with applica- 
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tions of physics. Because of the rapid growth of al] Science, it 
has been convenient to set up somewhat arbitrary and often in. 
definite boundaries between the various fields. In particular. 
physics was once regarded as dealing with inanimate objects; it 
has been said, somewhat jocularly, that if there was any life m à 
subject, it could not be physics. Biology deals with the great area 
of life sciences, but a growing field of biophysics Suggests the tem. 
porary nature of such a boundary. 

Astronomy underwent radical changes after 1850 as jt became to 
an increasing extent astrophysics. To the telescope, spectr . 
spectroheliograph and kindred instruments was added the radio. 
telescope; there has been a busy two-way traffic of ideas between. 
atomic and nuclear physics and astronomy. Geology has become 
in part geophysics. Meteorology is largely a study of the physics 
of the air. At no time has it ever been possible to draw a sharp 
line between chemistry and physics, as each has contributed con- 
tinuously to the other. Few ideas are important in one field that 
do not have wide applicability in the other. This relationship is 
obviously apparent in the rapid development of such fields as 
radioactivity, nuclear energy and isotopes, in which progress has 
been shared repeatedly by those who called themselves either physi- 
cists or chemists. 

For convenience, the field of physics is often broken into several 
related subfields, all of which are viewed through the same general 
conservation principles, although each field may have in addition 
its own distinctive ideas and generalizations. These fields are 
(somewhat in historical order of development) mechanics, heat, 
sound, light, magnetism, electricity (gg.v.) and those of atomic 
and nuclear structure (see Atom; Nucleus). In addition there 
have developed certain broad mathematical theories by which 
fields of knowledge are for the time systematized. (See Theory 
below.) A partial list of these subfields, starting with Philoso- 
phiae Naturalis Principia Mathematica, Newton's great 1686-87 
treatise on mathematical principles of natural philosophy, includes ' 
kinetic theory, electrodynamics (see ELECTROMAGNETIC WAVES), 
thermodynamics, statistical mechanics and quantum mechanics, 
and relativity (gg.v.). In this article, only brief mention will be 
made of some of these fields; but the reader may also consult 
Puysics (ARTICLES ON) for the titles of the separate articles 
dealing with the various subfields. This article treats, in succes- 
sion, the history of physics, the solar system, the electrical na- 
ture of matter, radiation, atomic and nuclear structure, solid state 
physics, theory and instrumentation. " 

History.— Throughout the centuries men gained a certain prac: 
tical working knowledge of nature but it was seldom systemati 
or elevated to the level of general principles. Early philosophical 
ideas about nature were often void of adequate basis in observa 
tion and many were barren of consequences. For example, the 
Greeks Democritus and Leucippus (both Sth century B.C.) are re- 
ferred to as early atomists, but it is not evident that their ideas xe 
fruit. The development of a productive atomic theory had 4 
await the experimental researches of the 19th century. js if 
centuries, little came from Thales’ early reports of static in 
tricity and magnetism. The fact that, before 400 B.C., Hune 
reduced the earth to the status of a planet seems to have had wes 
influence on men's thinking for the next 1,800 years. Archime as 
(c. 287-212 в.с.) was one of the more successful mathematic 
and experimentalists, and his law of the lever and principle v 
buoyancy laid the foundation of a science of mechanics. T 
out the first 15 centuries of the Christian era, little T Д 
effort was expended on understanding nature, although it Mie 
uncharitable to discount the value of the accumulated i | i 
mathematical and astronomical, which were available when 
renaissance of learning occurred. new 

The birth of physics may be said to have resulted from rod 
attitude typified by precise, quantitative observation and ing. 
trolled experimentation, coupled with mathematical b 
With control of experiments and success of logical predic 
rived from them, there came a sense of man’s growing n " 
bend nature to his needs. The physical world was increasing d Я 
garded as understandable and predictable, rather than сарпо E 
Two of the larger developments will be sketched briefly 45 
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of how physics proceeds not at a uniform rate unerring in 
direction but by large and small steps and by the interplay of ob- 
servation and theory. The first of these, in the very large, con- 
ems the solution of the solar system; the second, in the very 
small, the growth and consequences of the electrical nature of mat- 


jes 


ran history of physics in the 20th century is well sampled in 
the progressive work of about 80 scientists who have been awarded 
Nobel prizes (q.v.) since the first award to W. C. Róntgen in 1901 
for his discovery of X-rays. Changing patterns of interest, new 
discoveries in both theory and experiment, and new devices have 
all been recognized. 

solar System.—Despite a few early claims for the earth’s sphe- 
ticity and its planetary status, a geocentric view of the solar system 
prevailed for many centuries. Copernicus demonstrated in 1543 
that a great simplification in the observed motions of the planets 
wuld be made by assuming the earth also to be a planet revolving 
sound the sun. His hypothesis reopened the question of the 
earth's position in the universe, but it remained only hypothesis for 
more than a hundred years before other significant steps were 
taken, The Danish astronomer Tycho Brahe (1546-1601) con- 
tributed a vast quantity of precise observational material on the 
positions of the planets. His disciple, the German astronomer 
Johannes Kepler (1571-1630), reduced these data to order and ex- 
tracted from them three empirical laws of planetary motion, These 
conclusions were that the planets (1) move in ellipses about the 
sun, with the sun at one focus; (2) sweep out, by their radius 
vectors, equal areas in equal times; (3) have periods of revolution 
about the sun such that the squares of these periods are propor- 
tional to the cubes of the respective major axes of their elliptical 
obits. Kepler could not guess the full meaning of his findings 
because of the prevailing lack of knowledge of mechanics and of 
шу comprehensive system of understanding. 

In Italy Galileo (1564-1642) contributed two important ad- 
vances: first, by the invention of a telescope which revealed the 
moons of Jupiter like a miniature Copernican system and showed 
the phases of the planet Venus as it moved about the sun; second, 
bylaying a firmer foundation in mechanics as a forerunner of the 
more complete work of Newton. Newton grasped the work of the 
fur men previously mentioned and in his Principia performed a 
major synthesis of terrestrial and celestial mechanics made valid 
by his penetrating use of mathematical logic, including the rudi- 
ments of the calculus which he devised for his purposes. The mag- 
nitude of this step can scarcely be overestimated: it showed the 
vide validity of physical principles and their extension by the law 
of gravitation to regions far beyond the earth; it removed all 
лө to man’s attempts to apply new-found ideas; and, by 
re deductions and predictions drawn from the laws of mo- 
on, it gave increased confidence in the power of mathematical 
Po when applied to measurements in the physical world. New- 

* laws of motion, in part anticipated by Galileo, were’ clear 
E " all Subsequent studies of motion. 
e aw of gravitation (g.v.) provides an elegant example of 

| ау be called a useful theory. Aside from its impact on 
р sophy and theology, it illustrates what a good theory should 
К н took into account and employed quantitatively all 

Dues prior knowledge and observation. For example, Newton 
notion орев first and second laws to be characteristic of a 
et a ain pine with conservation of ipis ssa iu 

e third | у directed force acting between a planet ant un. 

е aw was shown to be a necessary consequence of an in- 

ji Rte law of gravitation, when applied to the motion of an 

п ге, ving in a curved path; this was in accordance with the 

0 stated (1673) law of centripetal force of the Dutch 

сап, astronomer and physicist Christiaan Huygens. 
lems e denn ’s work led to the solution of several baffling prob- 
есед Ong standing—problems to which it was not originally 
ew oru as the cause of the tides and the orbits of comets. 
Of its D inted out the necessary oblateness of the earth because 

ploy lion, a fact then not even suspected, and proceeded to 
| Mee; the existence of this equatorial bulge to explain the slow 
lon of the equinoxes. Finally, under constant testing, the 
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Principia and its various descendants in mathematical deduction 
led to a fuller understanding of motion of all kinds. The later 
ideas of relativity superseded Newton's only in the case of veloci- 
ties approaching the speed of light. Newtonian mechanics could 
thus still be regarded as a good first approximation to the more 
general mechanics of relativity. 

The full mathematical development of Newton’s mechanics took 
place in the 18th century, culminating in the publishing in France 
of J. L. Lagrange’s Mécanique Analytique (1788) and the Méca- 
nique Céleste (1799-1825) of P. S. Laplace. In these works, the 
implications of gravitational potential and the principle of conser- 
vation of mechanical (potential and kinetic) energy played a lead- 
ing part; and they provided a firm foundation for the subsequent 
bringing of all forms of energy into the more general conservation 
principle of the 19th century. Application of Newton's law of 
gravitation to the detailed examination of planetary motions led, 
in one memorable triumph, to the discovery of the planet Neptune. 

Finally, discrepancies in the precession of the perihelion of the 
planet Mercury, whose motion did not completely satisfy New- 
tonian mechanics, was a source of discomfort to astronomers un- 
til the German-born Albert Einstein (then of Bern, Switz.) 
removed most of the observed discrepancy by application of his 
theories of relativity. Hence, in numerous steps, of which the 
foregoing are but a few important examples, physics advanced 
to a fuller understanding of mechanics, both terrestrial and celes- 
tial, by the interplay of observation, laboratory equipment and 
theoretical deduction. Discrepancies between theory and obser- 
vation, however small, often were the guide to new experiments 
which in turn were the source either of new discoveries or of a 
revision of basic ideas in the conceptual framework of thinking, 

The Electrical Nature of Matter.—A second example of how 
physics progresses is the growth of the atomic view and its exten- 
sion to the atomicity of electric charge, from which base the 
development of nuclear physics proceeded. The chemical experi- 
ments of John Dalton of Manchester, Eng., in the first decade of 
the 19th century laid the experimental foundation for the concept 
of atomic weight. Rapidly, throughout the 19th century, there 
grew the idea of a limited number of elements which could combine 
in an almost limitless number of ways to form chemical compounds 
—outward complexity with an underlying simplicity. The periodic 
system of the elements as formulated by the Russian chemist 
D. I. Mendeléyev served as a framework for the few scores of ele- 
ments known. In mid-19th century there arose the kinetic theory 
of gases, which successfully attributed such phenomena as the pres- 
sure and viscosity of a gas to the motions of myriad submicroscopic 
atomic and molecular particles. This theory did much to bring 
quantitative measurement to bear upon invisible particles and their 
motions, and it assisted in bringing thermal phenomena firmly 
within the scope of the newly enlarged principle of conservation 
of energy. J. Clerk Maxwell of Scotland and Ludwig Boltzmann 
of Austria, among others, gave the kinetic theory extensive mathe- 
matical form, and produced an expression for the molecular veloc- 
ity distribution function that in subsequent years was verified 
experimentally. 

By 1895 the growing weight of chemical evidence and the suc- 
cess of the kinetic theory in dealing statistically with large numbers 
of particles left little doubt that atoms and molecules were real. 
Whatever doubt remained was in large part dispelled by Einstein’s 
analysis and Jean Perrin’s experiments in France on the Brownian 
movement, the random motions of microscopic particles, which 
had remained unexplained for 80 years. Near the turn of the cen- 
tury, physicists were on the threshold of several significant dis- 
coveries which stemmed from experiments on the passage of 
electric current through gases at low pressure and from the study 
of optical spectra which, since the work of R. W. von Bunsen 
and G. R. Kirchhoff in Germany in 1859, had played a prominent 
part in chemical analysis. An important question persisted: how 
could simple atoms give rise to such complex spectra as were 
found? These characteristic spectra must in some way be con- 
nected with the structure and inner properties of atoms. In ap- 
proximately 20 years, several strands of the tangle were unraveled, 
principally from the discovery of the electron, By 1925 many 
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important problems had been solved, only to give rise to new and 
perplexing questions to be solved by the development of quantum 
mechanics. 

The electron, or corpuscle of negative electricity, was the first 
subatomic particle to be identified as a constituent of all atoms. 
It was shown by Sir J. J. Thomson of England, in his studies of 
cathode rays, to have the same ratio of charge to mass, e/m 
(1.76 X 108 coulomb/gram), regardless of the element from which 
the rays were derived. Thomson showed by deflecting cathode 
rays with electric and magnetic fields that this e/m was 1,837 times 
greater than e/m for the lightest known substance, hydrogen, as 
measured by electrolysis. The presumption was strong that this 
swift new-found particle bore the same charge but had only 1/1,837 
the mass of the hydrogen atom, a surmise that has stood the test of 
experiment. The subsequent measurement of the electronic charge 
by Robert A. Millikan (then of Chicago) in his well-conceived oil- 
drop experiments (1909-16) demonstrated the definiteness of this 
charge, now stated as —4.803 X 10—10 electrostatic units, regard- 
less of the source of the electrons. Millikan's work showed that 
all electric charges, whether positive or negative, must be regarded 
as composed of these definite small charges, and that electricity 
instead of being infinitely divisible has an atomic nature. The 
English chemist and physicist Michael Faraday (1791-1867) had 
approached this position by his experiments in electrolysis many 
decades earlier, and his work now returned to prominence as, with 
knowledge of the charge on an ion in electrolysis, it became pos- 
sible to compute with accuracy Avogadro’s number, the important 
number representing the aggregate of atoms in a gram-atom, mea- 
sured to be 6.025 X 1028, 

At almost the same time that Thomson was measuring e/m for 
electrons, W. Róntgen of Germany found the penetrating radiation 
which he called X-rays. These rays were generated by the sudden 
stopping of cathode rays or electrons upon impact with metal tar- 
gets. Thus, the electron was demonstrably connected with the 
emission of radiation. It was suspected that this agile particle 
might be the source of atomic spectra but three important steps 
had to be taken to prove this connection. These were in turn the 
discovery by Max Planck of Germany of the quantum nature of 
radiation, the discovery of the nuclear atom by Sir Ernest Ruther- 
ford of Great Britain and the synthesis of a suitable atomic model 
by Niels Bohr of Denmark. 

It was shown by Planck in 1900 from his theoretical studies of 
thermal or black-body radiation that light must be considered 
not as transmitted by energy infinitely divisible, as had been 
previously assumed, but rather as being emitted and absorbed in 
small bundles of energy which he called quanta. The magnitude 
of a quantum or photon he showed to be Лу, where v is the fre- 
quency of light and + is a constant of action or energy X time 
(6.6256 X 10—27 ergs X sec.), which Planck introduced into 
physics. Planck's constant appears to be one of the fundamental 
atomic constants. In this way was born the quantum theory 
which, with its descendant, quantum mechanics, became indis- 
pensable to the understanding of atomic and nuclear phenomena, 

The early quantum theory was given considerable assistance by 
Einstein who adopted it in explanation of the photoelectric effect. 
In his important 1905 equation, Einstein showed that the maximum 
kinetic energy of an electron ejected by light from a metal could 
be expressed by 4? nan, = hv — фе where hy is, as before, the 
energy of the photon and фе represents work done to assist the 
electron across the potential barrier of the metal. This equation 
made no pretense of supplying a detailed mechanism for the po- 
tential barrier nor for extraction of electrons from metals, yet it 
was based firmly upon the concept of energy conservation. More 
than a half-century later, it still had been successful in every ex- 
perimental test to which it had been put, ranging from the infrared 
region of the spectrum to gamma rays. 

Also, late in the 19th century A. H. Becquerel, Pierre and Marie 
Curie (all of France) and Rutherford were leaders in the explora- 
tion of radioactivity. These studies were destined to lead to the 
discovery of other subatomic particles and to the whole field of 
nuclear physics. In examining the growth of atomic theory, the 
discovery of the atomic nucleus by Rutherford (1911) is the most 
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relevant event. From the scattering of swift alpha particles from 
radioactive substances as these particles were directed against thin 
metal foils, such as gold leaf, Rutherford concluded that the alpha 
particles often encounter strong centres of repulsion and that most 
of the mass and the positive charge of the gold atoms must be con. 
centrated іп a small region less than 10—1° cm. in diameter, If 
as became apparent from these experiments, the positive charge 
was concentrated in a small nucleus, each neutral atom could be 
regarded as having positive and negative charges of equal magni. 
tude, each charge being an integral number of the fundamental 
electronic charges. Both the scattering experiments and contem- 
poraneous experiments on the X-ray spectra of metals conducted 
by H. G. J. Moseley in England in 1913 showed that this positive 
charge on the nucleus is Ze where Z is the atomic number or ordinal 
position of an atom in the periodic table of Mendeléyev. Hence a 
neutral atom must have Z electrons also. The atomic number was 
recognized as the sure indicator of the chemical element to which 
an atom belongs, whereas it had become abundantly evident in the 
discovery of isotopes that atomic weight is a less definite indicator, 
This field of isotopes, so important to both chemistry and physics, 
will be discussed later. 

In view of the definite photon energy represented by each line 
in the spectrum of an atom, Bohr was led in 1913 to postulate a 
large but finite number of recognizable energy states for electrons 
in atoms, with the transition of an electron from one state of energy 
to another of lower potential energy as the source of each photon, 
Inasmuch as the number of such possible transitions is large, the 
number of spectral lines is likewise large for a given type of atom. 
Thus a comparatively simple mechanism was again proposed to 
explain the complex spectral emission of even the simplest atoms. 
Bohr’s theory of atomic structure, whatever its limitations, is a 
good example of the application of basic physical principles. Cen- 
tral in Bohr’s treatment was the quantization of angular momen- 
tum, from which the quantization of the energy of photons erupted 
аз a consequence. Bohr postulated a number of “stationary energy 
states"—states of comparative permanence only—which electrons 
could occupy in the atom. These were limited to those mechanical 
orbits of electron rotation about the nucleus characterized by angu- 
lar momentum 74/27, where n is an integer now called a quantum 
number and / is Planck’s constant. Energy exchanges were con- 
sidered to occur as follows: in order for an atom to emit radiation 
it must first be excited or receive energy by impact, thermal or 
electrical, or by the absorption of other radiation. Bohr viewed 
this as the forcible removal of the electron to a greater distance 
from the nucleus to which it was bound electrostatically. As the 
electron settled down from such an excited state, it would emit 
one or more quanta of radiant energy by one or more sugcessive 
transitions between energy states. The total energy emitted by the 
atom in returning to its lowest state of potential energy Was thus 
set equal to the energy originally absorbed. Bohr's model Ae 
mostly of historical interest, but the quantization of ап 
momentum, the concept of energy states, the emission and absorp- 
tion of definite quanta of energy in transitions of electrons from 
one state to another—all these remain. It was necessary to modily 
the idea of orbits and to revise the system of quantum nume 
in favour of a wave-mechanical view that fit the observed fac 
of spectroscopy better. The work which Bohr did in synthesizing 
the available knowledge of the time was comparable with De 
performed by Newton in the earlier illustration: he united n 
a coherent system the quantum emission and absorption of Ti 
energy, the basic ideas of conservation of angular momentum, C? 
servation of energy and the balance of electrostatic and mean 
forces. From the simplified view which evolved, he was able E 
account for the spectrum of hydrogen, the simplest atom. o 
mental checking of the consequences of his theory led to nee Y 
covery of certain series of lines in the hydrogen spectrum an bly 
the spectra of hydrogen-like atoms (singly ionized helium, doul i 
ionized lithium, etc.) consistent with theory. A decade or jos 
intensive research into optical spectra was stimulated by d wp 
plication of quantum ideas. As experimental evidence piled VP: 
significant discrepancies were apparent in the Bohr model, bu nge 
way to modify it was not immediately at hand; when a © А 


jn a form more sweeping than expected, as the older 
notions of Planck, Einstein and Bohr gave way to the 
im and wave mechanics of Werner K. Heisenberg of 
Erwin Schrödinger of Austria, the German-born Eng- 
ist Max Born and P. A. M. Dirac of England. (More 
‘of this in later sections.) 

of these extended examples, there were certain similari- 
ocedure. Experimental evidence sometimes led theory, 
ler's laws of planetary motion or Faraday's laws of elec- 
it other times the reverse was true, and theory led to new 
ts. The final arbiter is experiment, and physicists are 
ned to relinquish even attractive theories when they are 
e at variance with clear experimental evidence. Rela- 
Irpassed Newtonian mechanics, and quantum mechanics 
T he earlier quantum theory from which it came. In both 
s discrepancies between observation and theory prompted the 
more comprehensive view; and in each case the result 
productive theory that gave direction to new experi- 
Г! 

be observed in closing this account of the electrical nature 
illustrated strongly by the identification of the electron, 
electron soon after its discovery offered one of the earliest 
evidences for the variation of mass with speed, as in- 
the theory of relativity, Thomson’s early measure- 
m were followed by others made by Walter Kaufmann 
Bucherer of Germany that showed e/m to decrease with 
f speed of the electrons. This variation was properly 
to an increase in mass of the electron and was shown 
d experimental agreement with the equation 


Mo 
"= LM 

in the relativity equations by Einstein; where то is 
ss, v is the velocity of the particle and c is the speed 
The observations just reported: throw light also оп 
ect of development in physics, namely the growing 
vof scientific knowledge: here can be seen a close link 
the forefront of knowledge in mechanics, as given in 
and the details of atomic structure as met in the study 
'ctron. 
tion,—Examining the interactions of radiant energy with 
Serves to give a better understanding both of matter and 
ind its allied radiations. This two-way traffic is well il- 
{һе сазе of X-rays, where the discoveries of the nature 
s and of the nature of matter struck by them were com- 
From the early conjectures of Huygens, who viewed 
ave motion, and of Newton, who viewed it as corpuscu- 
jew now is of an inseparable duality, although certain 
its accented one characteristic more than the other. The 
ect gained pre-eminence during the 19th century from 
timents: (1811) of T. Young of England, who showed 
ce of two light beams, best interpreted as evidence of 
J. Fresnel of France extended Young's treatment, dis- 
iifraction phenomena and formulated a detailed wave 

h was the forerunner of the elegant electromagnetic 
Clerk Maxwell. The discovery of electromagnetic 
the German physicist H. R. Hertz and the subsequent 
ent of wireless (radio) and radar reinforced Maxwell’s 
d extended the electromagnetic spectrum from the infra- 
f the optical region to waves thousands of metres long. 
end of the spectrum, diffraction effects were used to 
гу short wave lengths (about 10—19 cm.) of X-rays 
a rays. However, the high-frequency end of the spec- 
inescapable evidence for the photon or quantum nature 

ion. - (The interpretation of spectra on the quantum 
been introduced above.) 
ces in instrumentation in spectroscopy became significant 
ter precision in wave length measurement and greater re- 
Power gave the necessary numerical evidence to implement 
intum view, Massive accumulations of precise data in op- 
a Were made, as in ће M.I.T. Wavelength Tables com- 
. R. Harrison of Cambridge, Mass., and others. The 
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Zeeman effect, which was discovered at the time when Thomson 
was measuring e/m for electrons, gave evidence that a particle of 
the same e/m was present in the splitting of spectral lines from a 
source situated in a strong magnetic field. The refined extension 
of Zeeman spectra when combined with the Pauli exclusion prin- 
ciple (see below) did much to permit a complete description of the 
outer electronic architecture for all of the electrons in atoms 
throughout the periodic table. Thus, the details of the electronic 
structure of matter could be considered as reasonably complete by 
the late 1920s. X-ray spectroscopy, particularly the study of 
X-rays characteristic of each element, showed how the inner elec- 
trons of an atom’s electronic cloud are disposed. 

Two further experimental developments in radiation will be re- 
ported because both contributed to the rise of quantum mechanics. 
The first is the photoelectric effect mentioned above, which gave 
clear evidence of the absorption of radiation in definite energy 
bundles and the transfer of this energy to the ejection of a single 
electron. More recently, nuclear photoeffects were discovered by 
the ejection of neutrons, protons and mesons from nuclei and by 
the photodisintegration of light nuclei under the impact of gamma 
rays, further showing the validity of the energy quantum aspect of 
electromagnetic radiation. The experiments in 1922 of Arthur H. 
Compton (then of St. Louis, Mo.) on the ejection of electrons 
from atoms by X-rays and the accompanying modification of the 
wave length of the X-rays scattered in the process, appeared likely 
to remain significant as clear evidence for the ballistic impact 
of photons on electrons to which the conservation principles of 
momentum and energy have been applied in detail. The extension 
of these principles into the atomic and nuclear regions gave added 
confidence in their extraordinary range of validity. The Compton 
effect subsequently was extended to the scattering of visible light 
and the slight modification of wave length accompanying such 
scattering, as shown in 1928 by C. V. Raman in Calcutta. 

Perhaps the most remarkable offspring of these experiments was 
the postulation of particle waves in 1924 by Louis de Broglie of 
France, who considered that if a photon which has demonstrable 
wave properties can also show such ballistic properties, a “particle” 
(such as an electron, proton, neutron, etc.) may show wave prop- 
erties. This extension of the dual nature of wave and corpuscle 
in radiation to a similar duality in particles produced extensive 
results in both theory and experiment. The wave mechanics 
which sprang from it are described below. Diffraction effects for 
electrons (C. J. Davisson and L. H. Germer of the U.S., G. P. 
Thomson of England, S. Kikuchi of Japan), for protons (O. Stern, 
then at Hamburg) and for neutrons (E. O. Wollan and C. G. Shull 
of Oak Ridge, Tenn.) showed the experimental validity of De 
Broglie's bold suggestion. This is an example of what may be 
called reversibility of effects, a viewpoint or policy of investiga- 
tion that has frequently guided physicists to the discovery of con- 
verse effects. 

The final item under radiation is a brief examination of cosmic 
radiation—a mixture of electromagnetic radiation and swift parti- 
cles, The study of cosmic radiation resulted in fruitful by-products 
that were not expected when it began. In an effort to trace the 
cause of leakage of electric charge in a well-insulated electroscope, 
first J. C. McLennan of Canada, then Millikan, following the 
earlier experiments of V. F. Hess of Austria, sent electroscopes 
aloft in balloons and verified Hess’s discovery that, contrary to 
expectation, the leakage increased with elevation. This suggested 
a source of ionization high in the atmosphere; and as subsequent 
world-wide observation showed, the radiation causing the ioniza- 
tion was entering from beyond the earth and was not intimately 
connected with the sun, as shown by lack of pronounced day and 
night or seasonal variations. The origin of these rays called cosmic 

(so named by Marie Curie of France) is not known, but they 
appear to be due primarily to very high-energy atomic particles 
(e.g., protons) which in turn may generate electromagnetic waves 
and mesons when they collide with atoms high in the atmosphere. 
The energy of the primary particles is great, often in excess of 
1018 electron volts (ev), far beyond the energies obtainable by 


laboratory means. 
Directly from cosmic ray studies came the detection by Carl D. 


1028 PHYSICS: GENERAL SURVEY 


Anderson at Pasadena, Calif., of the positron or positively charged 
electron (1932) and of mesons (Anderson and S. H. Nedder- 
meyer). Electron-positron pair formation was also observed as 
important evidence that radiant energy could be converted back 
into mass with conservation of mass-energy. Physicists learned 
to copy nature by bringing high-energy reactions under laboratory 
control. These efforts surpassed the most energetic reactions of 
natural radioactivity but they still fell far short of the more 
energetic cosmic ray effects. The laboratory generation of mesons 
and of antiprotons (negatively charged protons) were among 
the successes achieved by laboratory means. Cosmic rays offered 
a stern challenge to the experimenter to devise means for measur- 
ing energy bundles far greater than those encountered earlier, 
and means for differentiating between photons and energetic 
particles moving near the speed of light and made massive by 
their enormous energies according to the E — mc? relation. 

Atomic and Nuclear Structure.—It has been seen how the 
discovery of the electron and the pursuit of spectroscopic knowl- 
edge led to the idea of specific energy levels characteristic of 
atoms. This section first looks further into electronic structure, 

then more deeply into nuclear structure as represented by radio- 
activity, natural and induced, and by isotopes and nuclear re- 
actions; it concludes with a resumé of the "particles" of physics. 

Additional evidence other than spectroscopic for electronic 
energy levels came in 1913 from the study of excitation and 

ionization potentials by electron bombardment (J. Franck and G. 
Hertz, then of Berlin), wherein atoms were shown to receive energy 
in inelastic collisions. The ionization potential of an atom (ex- 
pressed in electron volts) indicates the minimum energy which 
must be given to the least tightly bound electron to extract it 
completely. It is greatest (24.5 ev) for helium and least for the 
alkali metals (e.g., cesium, 3.87 ev). Electrons may likewise be 
removed by the absorption of photon energy of suitable magnitude, 
as in X-ray absorption. Studies of these effects contributed much 
to the allocation of electrons to specified shells as described below. 

For many elements, further ionization potentials were known, 
signifying the energies required to extract the second, third, etc., 
electrons from an atom. The relative inactivity of the noble gases 
—helium 2, neon 10, argon 18, krypton 36, xenon 54 and radon 86 
—and the chemical activity of the alkali metals next above them 
in the periodic table of the elements—lithium 3, sodium 11, po- 
tassium 19, rubidium 37, cesium 55 and francium 87 (the last 
not as fully studied as the others since no stable isotope had been 
found)—were suggestive of the part played by electrons in the 
chemical bond, a matter pursued by Linus C. Pauling of Pasadena, 
Calif., and others. The noble gases were regarded as important 
division points in the periodic system where successive electronic 
shells become filled and atoms become electronically "satisfied." 
These shells took their designation from the underlying similarity 
of X-ray spectra which arise from the disturbance of inner elec- 
trons, being in order from the nucleus outward called K, L, M, N, 
О and P. The number of electrons in successive completed shells 
is 2, 8, 18, 32, 18 and 8, which were the same numbers "allowed" 
by detailed application of a principle stated by the Austrian-born 
physicist Wolfgang Pauli (then of Zürich), that no two electrons 
are to be described by the same set of quantum numbers. The 
elements next above each of the noble gases have one additional 
electron, called a valence electron, which apparently plays the 
major role in their chemical behaviour. (Fora fuller explanation 
of electron structure, see SPECTROSCOPY and SPECTROSCOPY, 
X-Ray.) These concepts were under continuing study in the 1960s 
when xenon and krypton (gq.v.) were found to react much more 
readily than had been expected, 

Looking beyond the electron configuration, it has been seen how 
Rutherford discovered the atomic nucleus by alpha particle scat- 
tering. To examine nuclear structure, radioactivity and some of 
the ideas that have stemmed from it should first be considered. 
Radium, the classic example of an unstable element, spontaneously 
gives off swift alpha particles and becomes a new element, radon 
or radium emanation, element number 86 and the heaviest of the 
noble gases. Rutherford identified the alpha particle as the nucleus 
of the helium atom of mass 4 and charge +2e, designated Het. 


Hence, its ejection from the nucleus transfers radium from mass 
226 to mass 222, and from atomic number 88 to 86, Meaning that 
a neutral atom of radon would have 86 electrons distributed in 
six shells as follows: 2K, 8L, 18M, 32N, 180 and 8P, Some sub. 
stances emit beta particles, identified as swift electrons, Loss 
of a beta particle from the nucleus enhances the net positive charge 
by one electronic unit and causes the substance to rise one in the 
scale of atomic numbers; but, as the electron is so light, no change 
in mass number is assigned. 

Most radioactive substances also give off penetrating gamma 
rays, the more energetic, shorter wave length and higher frequency 
cousins of the X-ray, giving evidence of a settling down of the 
nucleus from an excited state (in the manner of electron settling 
in the emission of optical spectra, but with far greater energy), 
Much effort was spent in identifying distinct nuclear energy levels 
by gamma ray spectroscopy. Each of the 40 or more natural 
radioactive types was identified by the energy of the rays and 
particles emitted and by its half life; i.e., the time in which half 
of its atoms transmute into some other type. Half lives range 
from a few ten millionths of a second to a few thousand million 
years. As the many radioactive species, generally grouped in four 
families springing from the slowly decaying ancestors—uranium, 
thorium, actinium and radium—must all find their places within a 
range of atomic numbers from 94 to 82, it became evident that 
there was a crowding of atoms of different atomic weight in the 
same positions in the table. Thus arose the concept of isotopes; 
i.e., atoms of different mass but of similar chemical nature and 
atomic number. 

Isotopes were also found among nonradioactive elements 
throughout the periodic table, starting with the discovery by J. J. 
Thomson (1913) of isotopes of neon and chlorine, Thomson dem- 
onstrated that the chemical atomic weights of neon (20.18) and of 
chlorine (35.45) were the result of mechanical mixtures of isotopes 
with atomic weights of 20 and 22 in the case of neon, and 35 and 
37 in the case of chlorine, From this sprang much activity in the 
field of mass spectroscopy with F. W. Aston of England and A. J. 
Dempster, K. T. Bainbridge, A. O. Nier and M. G. Inghram of the 
U.S. as major contributors. One importance of mass spectroscopy 
lies in its usefulness in finding increasingly precise values of atomic 
masses, information important in the detailed balancing of energy 
in nuclear equations. By the 1960s more than 1,000 masses of 
isotopes had been measured. n 

An important conclusion could be drawn from the precise knowl- 
edge of atomic masses as supplied by mass spectroscopy; namely, 
evidence of the binding energies of the atomic nucleus. This evi 
dence appeared first in Aston’s so-called packing fraction curve 
which demonstrated a decrease in mass among atoms of progres 
sively higher atomic number if they were considered to be made 
up of protons (and, later, neutrons). For example, if 16 protons 
(or their equivalent in mass) were to unite to form one oxygen 
atom (mass 16.000 as the basis of the old atomic mass scale) there 
would result a decrease in mass of 0.128 atomic mass s 
equivalent to a decrease in energy of 120 Mev (million аа 
volts). Energy of this amount may be considered to have | d 
released on formation as kinetic energy and gamma radiation; 5 
à similar amount would be required to restore the oxygen d e 
its original constituent particles, now regarded as eight ai 
and eight protons. The implications of Aston's curve were Wi 6 
among the lighter elements, consolidation (fusion) would bate 
significant energy release; as also among the heaviest elem en 
splitting into smaller components (fission) would release Eo 
Both of these effects were shown to exist in the large-scale те " 
of nuclear energy in the hydrogen bomb and the uranium огр 
tonium bombs. к and 

The discovery in 1919, by Rutherford, Sir James Chadwic в 
Sir Charles D, Ellis of Cambridge, Eng., of the ejection of i wit 
(hydrogen nuclei) from nitrogen atoms when bombar oa an 
alpha particles led into a vast region of nuclear physi n 
chemistry somewhat indicated by Aston’s curve. The oq; 
of this first observed nuclear reaction is worthy of examin 


He + N“_, 0" + H'+Q 


In this nuclear reaction equation the superscripts show mass num- 
s on the basis of oxygen 16; 0 represents energy change on the 
energy basis, In this case a net decrease of mass of 0.0082 
с mass units signifies an increase of kinetic energy of 7.6 Mev, 
the reaction is exothermic and releases energy. The energy 
valent of 1 atomic mass unit (1.66 X 10724 g.) is 1.49 X 
10 erg, or 931 Mev. ў 

‘Another important reaction which proved to be the key to 
countless others was that accompanying the discovery of the neu- 
on (q.v.) by Chadwick (1932) while he was attempting to in- 
ирге! the strange effects reported by W. Bothe and Н. Becker 
Germany and by Frédéric and Iréne Joliot-Curie at Paris. In 
experiments, alpha particles striking beryllium were found 
eject radiation of great penetrating power. Chadwick showed 
the recoil ejection of protons when struck by this radiation 
, by postulating a new particle with no electric charge but with 
comparable with that of the proton, all observed effects could 
accounted for. 

he equation for the reaction was: 


Не“ + Be” — C"? -+ r" + О (where О is 5.6 Mev) 


also had been success in causing nuclear disintegrations by 
ergy protons, as in the work of the physicists Sir J. D. 
croft of England and E. T. S, Walton of Ireland, high energy 
needed to cause the proton to overcome the electrostatic 
ion of the bombarded nucleus. Neutrons do not encounter 
electrostatic repulsion as protons do; hence they can drift 
û nuclei even at low speed and upon entry they can bring about 
dreds of nuclear reactions, as was early shown by Enrico Fermi 
id his collaborators in Rome, by the Joliot-Curies and by others. 
‘A further outcome of alpha particle (and later neutron) bom- 
irdment was the discovery of induced or man-made radioactivity, 
the ability to render nuclei unstable and truly radioactive by 
mbardment. The original experiment was performed by the 


ón 


d found a reaction as follows: 

Не“ + AP! —. P?" - ni Si? 4 e? 

tre P* indicates radiophosphorus which decays with half life 
|195 sec. into silicon, with the ejection of a positron, designated 


0 indicate unit positive charge but negligible mass. As a 
ult of this initial observation, and the subsequent discovery of 


became available for experimental work in medicine, agri- 
; biology and chemistry. The particular virtue of radio- 
tracer atoms is that chemically they are indistinguishable 
lormal atoms, yet their presence can be detected by radiation 
ts, (See Instrumentation below.) 
finding of the neutron simplified the concepts of nuclear 
ire, as only protons and neutrons were needed to satisfy 
tical requirements. The possibility of electrons in the nu- 
35 could be dismissed on theoretical grounds by Heisenberg's 
tiple of uncertainty, as they are too big to fit into the small 
ê afforded. Or it might be said that, if confined within a nu- 
J5, an electron’s energy would have to be prodigiously high. 
jection of beta particles from the nucleus was regarded as 
from the formation of the electron at the instant of 
n when a neutron turns into a proton; similarly, positron 
Оп was evidence of a proton becoming a neutron. 
neutron also played a prominent part in the release of 
T energy from uranium and plutonium by the process called 
3 » With explosive violence in the nuclear bomb or at a slower, 
E. led rate in the nuclear power reactor. Slow neutrons 
At by U235 or by Pu?3? caused these atoms to split into fission 
ts of intermediate atomic mass with a large release of 
t the same time, additional neutrons were released and 
Able to produce new fissions in available material in a self- 


fundamental stable particles sufficed for the rudimentary 
* of the atom. For any given type of atom of mass A 
Oxygen 16) and atomic number Z, commonly accepted 
ed simply for a nucleus composed of Z protons and N 
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oliot-Curies (1934), who bombarded aluminum with alpha rays . 


1029 


neutrons so that Z + N = А. There were also required in a 
neutral atom Z electrons to balance the nuclear charge +Ze. 
The change in the 1960s to a table of atomic masses based on 
carbon-12 does not change the reasoning here. Neutrons which 
when free are radioactive with a half life of about 13 min. are, for 
some unknown reason, stable when bound in the nucleus. Photons 
may be regarded as particles of zero rest mass which act as carriers 
of bundles of energy from atom to atom, existing only until their 
mission is accomplished, even though this may take millions of 
years, as in the case of stellar radiation. There are a number of 
other particles whose transitory existence was demonstrated in the 
years following 1932, with new particles still appearing in the 
1960s. Neutrinos are ephemeral neutral particles postulated as 
necessarily ejected in cases of beta particle emission and in meson 
disintegration. Were it not for the quite convincing experimental 
evidence of their existence by F. Reines and C. L. Cowan of Los 
Alamos, N.M., and others, one might regard neutrinos as the neces- 
sary but undetectable scapegoats whose subtle function was to per- 
mit the application of conservation of energy and momentum to 
atomic reactions. 

A number of other particles of exceedingly transitory yet demon- 
strated existence were found in cosmic-ray and high-energy ac- 
celerator research, but the function of most of these was not clearly 
understood in the years immediately following their discovery. 
Only the pi-mesons seemed to serve in binding nuclei together in a 
way analogous to the binding of atoms into molecules by electronic 
forces. The catalog of particles with their masses given in terms 
of electron masses included e”, д— and neutrinos 0; positive and 
negative electrons 1; positive and negative mu-mesons 207; posi- 
tive, negative and neutral pi-mesons 270; neutral, negative and 
positive K-particles 966; neutrons, protons and antiprotons 1,837; 
neutral lambda particles 2,182; positive, neutral and negative 
sigma particles 2,320; and negative and neutral Xi particles 2,580. 
Those more massive than the neutron and proton are called hy- 
perons. The antiproton generated by the bevatron and studied by 
Emilio Segre and others at Berkeley, Calif., was the expected nega- 
tive counterpart of the proton, just as the positron was anticipated 
by Dirac before its discovery by Anderson. (See PARTICLES, 
ELEMENTARY.) 

The phenomenon of positron-electron pair production requires 
gamma-ray energy at least as great as the self-energy of two elec- 
trons, or 1.02 Mey. It would seem that the production of a proton- 
antiproton pair would require only 1,837 times this energy because 
the self-energy of the particles formed is greater than the self- 
energy of two electrons by this factor. However, here is an ex- 
cellent example of the coalescence of the principles of conservation 
of energy E, momentum p and mass m into a single invariant 
quantity expressed in an important equation of special relativity 

E — pP’ = тїс 

where c is the velocity of light. In designing the bevatron accel- 
erator that first brought about this reaction of proton-antiproton 
creation, it was necessary to plan for 7-Bev protons, not just 2-Bev, 
or approximately 3.5 times the self-energy of the pair created. 
When antiproton and proton meet they annihilate one another with 
liberation of their self-energy, as detected in numerous meson 
“Stars” produced in photographic emulsions and in bubble-chamber 
experiments. 

Solid State Physics—Atomic physics proceeded most rapidly 
as it dealt with matter in a highly dispersed state, as in gases at 
low pressure. Matter in the solid state presented a challenge which 
was being met in experimental and theoretical studies of solids. 
Many data in this field were gathered through the years as useful 
engineering information on the elastic, thermal, electrical, mag- 
netic and optical properties of materials. As the 20th century 
advanced, physicists were attempting to explain these properties 
and hoped eventually to predict them from knowledge of atoms 
and their interactions. To this end, the tools of the physics labora- 
tory were used to study crystal structure by X-ray and neutron 
diffraction, to create single crystals of very pure substances under 
carefully controlled conditions, to show the effects of small but 
controlled amounts of impurities on the properties of metals, and 
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to seek the properties of plastics, ferrites and semiconductors. 
The knowledge of low-temperature performance of metals (near 
0° K.), including the phenomenon of superconductivity, allowed 
an increasingly effective application of quantum mechanics to 
atomic and molecular aggregates. Rapid development in the study 
of solid state devices such as the transistor led by the 1960s to sig- 
nificant changes in instrumentation and communication. 

Theory.—It is unlikely that physicists will rest from their la- 
bours as long as ignorance about the forces of nature remains. 
One of the major theoretical endeavours is to gain a more unified 
view of the several forces which exhibit themselves, as in the 
gravitational attraction between large masses even at very great 
distances; the magnetic and electrical forces evident between ob- 
jects at distances from atomic to terrestrial; the molecular forces 
between atoms and molecules appreciable from 1078 to 1075 cm.; 
and the extremely sirong but short-range forces which hold nuclear 
particles together, strong at 1071 cm. but dwindling rapidly at 
greater distances. None of these forces is fully understood and 
even less is known of the relationship between them. For the 
binding of atoms into molecules, electronic exchange forces were 
postulated; for the binding of nucleons (protons and neutrons) in 
nuclei, mesonic exchange forces. By analogy, but with little ex- 
perimental evidence for their existence, gravitons were postulated 
for gravitational forces (see Force). 

Calculus and differential equations, ably assisted by more ele- 
mentary mathematics and by vectors and matrices, may be said 
to be the mathematical language of physics. Newton is commonly 
regarded to share with the German mathematician G. W. Leibniz 
the invention of the calculus, a system of computation which he 
needed to solve in detail the problem of the gravitational attraction 
between two discrete and approximately spherical bodies such as 
the sun and a planet. Differential equations were developed and 
applied with signal success to the formal growth of mechanics, 
wave motions and problems of the gravitational field. As elec- 
tricity and magnetism developed experimentally, they were given 
systematic treatment by Maxwell, who demonstrated the close re- 
lationship between electromagnetic phenomena and light. H. R. 
Hertz's discovery of electromagnetic waves based thereon led, 
through the engineering development of electronics, into the arts of 
radio, radar and television. Other major theoretical developments 
of the second half of the 19th century were thermodynamics and 
statistical mechanics. The first gave broad form to the relation of 
heat to other forms of energy and raised the principle of conser- 
vation of energy to a pinnacle; the second treated the mechanics 
of large numbers of particles and joined the mathematics of prob- 
ability firmly with physical ideas, as in the kinetic theory of gases 
and, in the hands of J. Willard Gibbs of New Haven, Conn., ex- 
tended thermodynamics to the field of chemistry. 

Each new and promising burst of theoretical ideas was followed 
by a period of extended testing as these ideas were applied to a 
widening array of phenomena and, as usually happens, limitations 
were found at some point, Thus, thermodynamics reached a bar- 
rier when applied to the study of wave length distribution of ra- 
diant energy from hot bodies, a field for which it was hopefully 
deemed adequate. Only by Planck's drastic assumption of energy 
quanta (mentioned earlier in this article) was a satisfactory escape 
shown. This new theory soon established a domain of its own 
where it demonstrated its superiority over thermodynamics, as in 
explaining the photoelectric effect (Einstein); specific heats of 
solids and gases (Einstein, then of Berlin, F. A. Lindemann of 
England and P. J. W. Debye, then of Berlin); the early interpre- 
tation of spectra (Bohr and the German-born Arnold Sommer- 
feld); and the scattering of radiation by electrons (Compton). 
Again, discrepancies and new experimental evidences, particularly 
the demonstration of particle waves postulated by De Broglie, 
forced drastic modification in the earlier quantum ideas. There 
developed after 1925 the wave mechanics of Schródinger, Heisen- 

berg, Born and Dirac, augmented by the concepts of the spinning 
electron (by physicists S. A. Goudsmit and G. E. Uhlenbeck of 
the Netherlands), the exclusion principle (Pauli) and the uncer- 
tainty principle (Heisenberg). 

The quantum mechanics demonstrated its right to displace ear- 
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lier theories by its capacity to treat more accurately the evidenc 
of spectroscopy, to recognize and utilize the wave-particle duly 
and to give a more complete explanation of radioactivity and ny 
clear structure than did its predecessors. Considerable success «d 
attained in unifying the mechanics, electrodynamics and thermo. 
dynamics of 1890 and the quantum theory of 1920 (often called 
classical) into a more comprehensive body of theory that covered 
an array of physical phenomena including many not even known 
at the earlier dates. Foremost in this achievement were relativity, 
quantum mechanics and quantum electrodynamics, Physicists 
weathered a number of shocks occasioned by the proposal of dras- 
tic new ideas and the need to discard earlier formulations, For 
example, experiments performed in 1957 at Columbia university. 
the Institute for Advanced Study at Princeton, the U.S, bureau 
of standards and The University of Chicago raised serious recon. 
sideration of the idea of "parity," an idea which previously had 
been accepted without question (see PARITY, LAW or CONSERVA- 
TION oF). It may be said that both theory and experiment pro- 
ceeding alternately step by step usually maintain a healthy state 
of mutual stimulation, justifying the special faith of the scientist 
that if he can only find the right question to ask the answer will 
ultimately be forthcoming. 
Instrumentation.—Experimentation requires careful observa- 
tion and quantitative measurement, there being nothing entitled 
to the name of science unless facts determined by measurement 
and expressible by number or symbols thereof can be set down. 
This implies the use of apparatus designed to bring a phenomenon 
under control and instruments to measure the effects observed. 
Much of the progress in physics sprang from the development of 
meters and other devices to meet special needs, For example, 
vacuum pumps and high vacuum technique led to the industrial 
production of electronic tubes of many uses, especially in the field 
of communications, The cathode-ray tube, so useful in television, 
radar and a host of other applications requiring quick response for 
the study of rapidly changing phenomena, came directly from the 
tubes that J. J. Thomson used in his early experiments on the ¢/m 
of electrons, already described. Electron optics, applied at first 
to the better focusing of electron beams, later found extensive use 
in the electron microscope, which surpassed by about 100 times 
the best optical microscope. The field of spectroscopy, with ils 
triumphs in delineating atomic structure, made progress with the 
help of instruments of higher resolving power, especially when aug- 
mented by interferometers of the Fabry-Perot or Michelson type. 
Mass spectroscopy progressed from the early mass spectograp 
of Thomson and Aston to instruments of high resolving power by 
which the masses of isotopes could be compared with an accuracy 
of the order of 1 part in 10,000,000; and rare isotopes were foun 
by even more sensitive means of detection. These instruments 
employed a combination of electrostatic and magnetic focusing 
whereby ions were sorted specifically according to their mas 
They added а new element of precision to the determination v 
atomic weights and contributed directly to the experimental val 
dation of the important E — mc? equation. 
Through the design of ultra-high-frequency 
the klystron and magnetron, microwave radio (i { 
A н : in World War Ili 
cycle region) became important in radar systems in W ог e 
and these generators afterward found use in the extension of SE 
troscopy into the 1,000 to 10,000 megacycle region where mo! ied. 
lar absorption and magnetic resonance phenomena were stu m 
With the rapid growth of interest in nuclear physics, instit 
tation likewise grew. For generating high-energy atomic Pt” 
two chief kinds of accelerators became important: 
plied high voltage directly and those that gave chi 
successive increments of energy. Of the first kin 
trostatic generator of the U.S. physicist R. J. van de of the 
the voltage multiplier of Cockroft and Walton. Examples Л 
second (уре were the linear accelerator and the cyclotron тг 
Lawrence of Berkeley, Calif.) and its modifications—the sy ii 
cyclotron, which extended the energy range by adjusting the as 
of acceleration of the ions to allow for relativity inc 
with velocity; the cosmotron at Brookhaven Nationa lab veel 
Long Island, N.Y.; and the bevatron, the 6.000,000,000-eV # 


generators such as 
n the 10,000-megi 


oratory. 


bo Berkeley. The betatron of D. W. Kerst (University of 
Tino is Urbana), an electromagnetic induction accelerator for 

rons, Was successfully employed for generating electron and 
n energies approaching 500,000,000 ev. The synchrotron of 
f M. McMillan (U.S.) and V. I. Veksler (U.S.S.R.) for accel- 
eating electrons was reaching 6 Bev in the 1960s, and for protons, 


P. its early function of producing nuclear fuels for explosive 
tombs, the nuclear pile or reactor came to be used as a power 
reactor in which nuclear fuels (uranium and plutonium) replaced 
«il and oil in the production of power and as an experimental 
reactor in which the dense flux of neutrons was employed for pro- 
ducing nuclear | de ш зара exposed oo and from 
ich neutron beams could emerge for experimental uses. 

р need for detection of nuclear particles led to the develop- 
pent of several important tools. Basically, detection was by pho- 
парс means, as in the original discovery of radioactivity by 
Becquerel, or by means of ionization effects produced by penetrat- 
ig radiations and swift particles, as in the case of electrometers, 
imiztion chambers, Geiger-Müller tube counters and the Wilson 
coud chamber. In the last named, a combination of photography 
sd ionization made possible the recording of evidence of the 
passage of swift particles, since they leave visible paths due to fog 
juries formed on ions which they produce in passing. 

Four significant improvements on the original cloud chamber 
luchniques of Wilson increased the chamber's effectiveness as a 
march tool: the use of magnetic fields to deflect charged particles 
ind enhance the ability to identify them as to charge and momen- 
lum; the use of Geiger-Müller counters to control the chamber so 
äto photograph only those events for which the “trap is set"; the 
Miroduction of sheets of absorbing material, such as lead, within 
le chamber to study the penetrating properties of cosmic ray par- 
ШЕН and the modification of the chamber to the so-called bubble 
amber in which ion paths were produced in liquid hydrogen near 
ls boiling point, The bubble chamber, by the greater density of 
medium in which tracks were formed, allowed a kind of com- 
ting. of the evidence into smaller space, a feature highly de- 
Snble in studying interactions of the very short-lived mesons with 
di (see BUBBLE CHAMBER; CLOUD CHAMBERS). 

Brie circuitry added much to the flexibility of the Geiger- 
L. counter as an instrument for particle detection, inasmuch 
B our counting at high rates was made possible and the 

a could be connected to detect simultaneous events (coin- 
E: Counting) or to reject such events (anticoincidence). By 
i xe walls of the counter with a suitable material, or by 

"ing a suitable gas, such as boron trifluoride, a counter 
pes Tendered sensitive to neutrons which by themselves leave 
Sand produce no ionization, The technique of employing 
hi pats emulsions for the detection of nuclear reactions was, 
a extension of the cloud chamber, inasmuch as ion 
n ре решапедіу, registered directly in the prepared emul- 
ting iit "rue be studied at leisure under the microscope, thus 
histo | ү space of a few millimetres ог centimetres the 
| li rt ү) 0 nuclear events caused by energetic cosmic ray par- 
^ она! annihilation of positive and negative particles. 
eral ык INSTRUMENTS; see also references under “Physics: 
PRYSIOCh in the Index. (R. M. SN.) 
develo CRATIC SCHOOL, a school of economic thought 
Really i 5 France about the middle of the 18th century, and 
jx 145 been regarded as the first scientific school of eco- 
Mrema, nomic policies of the European states at that time 
tide eee (see MERCANTILE System). They emphasized 
minimise aturing and the importance of precious metals 
rtg and agriculture, Mercantilists believed that national 
СЯ trade ee depended more on carefully regulated ex- 
ssful Meee the products of the soil. France, being less 
vsiocrat ngland in the struggle for trade, was urged by 
М A Np to give greater attention to agriculture and to inter- 
IVAN 
E ep tysiocracy” denotes the rule of nature, and most 
lea Visaged a society in which natural economic laws 
and in which positive law would be in harmony with 
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natural law. They believed that a natural order ruled over man’s 
activities and guided his destiny, and that the only real problem 
was to discover the natural order and then to conform to it. The 
natural order, they observed, was everywhere at hand; it encom- 
passed all of man’s social and economic relations; it was orderly, 
logical, and universally adaptable. This concept underlies the 
well-known Physiocratic phrase, “Laissez faire, laissez passer." In 
contrast with prevailing practice, the state, with its vast complex of 
rules and regulations, would yield to the all-pervading, harmonious 
rule of nature. The Physiocrats envisaged a predominantly agri- 
cultural society and attacked mercantilism because of its mass of 
economic regulations and because of its emphasis on manufactur- 
ing and foreign trade. 

The historical background of Physiocracy, briefly stated, is that 
of a nation bankrupt from the extravagances of Louis XIV and 
Louis XV. Taxes were levied on nearly all except those who were 
best able to pay, the nobles and the clergy. The taxes were nu- 
merous and punitive and were especially burdensome for the peas- 
ants, who were expected not only to produce food but also to pro- 
vide soldiers, The peasants were impoverished and the land was 
not yielding normal returns. Conditions went from bad to worse 
despite attempts at reform. One of the first to call attention to 
these conditions was Pierre le Pesant Boisguillebert (1646-1714), 
who urged economic and fiscal system reforms to aid the agrarian 
interests directly and the state indirectly. His proposals for re- 
form were too liberal to gain acceptance, and he was exiled. 

One of the great masters of military fortification under Louis 
XIV, Marshal Sebastien Vauban (1633-1707), having observed 
that wars and economic deterioration had impoverished France and 
left it vulnerable, called for tax reforms to reverse the impoverish- 
ment of the peasant. His views were expressed in the well-known 
phrase, “Poor peasant, poor kingdom; poor kingdom, poor king.” 
He, too, was denounced and dishonoured. 

The recognized founder of the Physiocratic School is Frangois 
Quesnay (g.v., 1694-1774), court physician to Mme de Pompa- 
dour and later to Louis XV. His first publications were in the gen- 
eral field of medicine. His knowledge of the circulation of the 
blood (discovered by William Harvey in 1616) and his belief in 
the creative, healing, power of nature influenced his later economic 
analyses. Quesnay's first economic writings, published in the 
Grande Encyclopédie, were entitled “Fermiers” (1756) and 
“Grains” (1757). His crowning work, and the one which set forth 
his views schematically, was the Tableau économique (1758) writ- 
ten when he was 64 years of age. This work demonstrated the 
economic relationship between an industry and agriculture and 
purported to prove that agriculture alone added to the nation’s 
wealth. Quesnay feared that a wide circulation of the Tableau 
might bring about a revolution. His last work, a further develop- 
ment of the Tableau, was Maximes Générales du Gouvernement 
économique d’un Royaume Agricole (1760). 

Quesnay’s writings were not numerous but their influence was 
great. Among his earliest followers were Victor Riqueti de Mira- 
beau (1715-89), whose work L’Ami des hommes ou traité sur 
la population (1756) was widely read. This work was largely a 
plagiarism of the Essai sur la nature du commerce en général 
(1755) written by Richard Cantillon, an English banker in Paris. 
This work does not strictly belong to Physiocratic literature but 
it did create a sensation. Mirabeau later published his Explica- 
tion du Tableau économique (1759) and in 1760 his Théorie de 
Vimpét. His last work, Philosophie rurale (1763), completed his 
publications in defense, and in explanation, of the Tableau. 

In the next decade, the 1760s, du Pont de Nemours (1763), 
Mercier de la Riviére (1761), Nicolas Baudeau, G. F. le Trosne, 
and others of minor importance joined the group. Baudeau, who 
controlled the journal Ephémérides du citoyen, used it for dissemi- 
nating the views and publications of the school. The journal was 
widely read and influential; copies of it were in the library of Glas- 
gow University when Adam Smith was a professor there. It is held 
by scholars that Smith had read the articles in this publication 
dealing with the new French scheme before he visited France and 
before he met Quesnay. 

The school was popularized by the young du Pont, who published 
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a collection of Quesnay’s writings under the title: La Physiocratie, 
ou Constitution naturelle du gouvernement le plus avantageux au 
genre humain (1767). This is the origin of the term “physiocracy,’ 
from which the'school took its name, The followers, however, pre- 
ferred to be known as économistes. The term “physiocrats,” which 
is less ambiguous, became current in the 19th century. 

The Physiocratic scheme is now of only historic interest. The 
errors in its assumptions, as viewed by present standards, are many. 
Yet the Tableau économique was the first economic model. De- 
spite du Pont's assurance that the Tableau économique is obscure 
only to those who lack the power of comprehension, it remains 
somewhat a mystery. 

‘The basic assumption of the Physiocrats was that land, or soil, 
is the source of all wealth; that manufacturers, while useful and 
necessary, are able only to give to natural wealth or materials what 
is now called “form utility” and that trade and commerce give 
commodities a “place utility" without adding to their value. Only 
agriculture, the theory held, produces a clear surplus over cost, so 
only the soil (meaning agriculture as an industry) yields a clear 
net profit (produit net) after costs of production and seed for the 
next planting have been deducted. It was this clear net profit that 
the Physiocrats proposed to take as an impôt unique, or single 
tax, thereby removing all the other taxes that had become so bur- 
densome to the entire French economy. 

Physiocrats argued that, since only the agriculturalist was pro- 
ductive, all who engaged in trade, commerce, or the professions 
were sterile and, therefore, that agricultural products were to be 
sold at a bon prix ("good price") and manufactured products pur- 
chased by the consumer were to be at bon marché (“good bargain,” 
i.e., low price). The value of the net product of land was there- 
fore to be computed not only upon the physical productivity of the 
land but also upon the market value of the physical product. A 
bon prix would, presumably, increase the value of the net product 
and thus increase national prosperity. Excessive spending on lux- 
ury goods was held to be contrary to the best interests of society 
and a crime against the state. Reinvestment of funds in agricul- 
ture was regarded as a productive capital outlay, but no provision 
was made for expenditures in the reprocessing of commodities. 

Errors in the Physiocratic scheme are matched only by the ob- 
scurity of some of the fundamentals, These errors were pointed 
out by both contemporary critics and subsequent writers. The 
secretary of the Neapolitan embassy, Abbé Ferdinando Galiani 

(1728-87), made the theories appear ridiculous. Voltaire, who 
hated Mirabeau and regarded him as a scoundrel, charged him 
with “breathing a leper on the human race.” Despite this, the 
scheme was tried in modified form in a few places outside France. 
In France it was embraced by the court at Versailles (especially 
by the ladies, who adopted peasant costumes for certain days in 
the week) but not by A. R. J. Turgot, the only minister who might 
have made some application of the ideas. 

In current economic thought, Physiocracy remains as one of the 
curious schemes in the tortuous growth of economic science. The 
influence of the group is seen to have been far more indirect than 
direct. Its adherents were the first to show the interdependence 
of the many groups of society. They emphasized the circular flow 
of wealth within the economic system and offered a dynamic con- 
cept of society. The laissez-faire philosophy was a popular pro- 
test against tyrannical measures imposed by the state, The Phys- 
locrats spurred a new awareness of the importance of agriculture 
and of free trade in all commodities both within and between 
states, Tax reforms Were brought about and the importance of all 
classes in society received a new emphasis, Lastly, the revolu- 
tionary economic doctrines found their counterparts in the po- 
litical world which, in time, led to the French Revolution, They 
systematized ideas, helped develop the concept of free competition. 
and highlighted the interdependence of all elements in the econ- 
omy. 
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PHYSIOGNOMY deals with psychological characte, 
related to facial features or body structure. Since many 
specify such relationships have been discredited, the term 
nomy commonly connotes pseudoscience or charlatanry 
TUNETELLING; PALMISTRY). While this disreputable 
scorned among scientists, there is ample evidence that д 
of facial and bodily characteristics are definite correlates of ру, 
chological function. Familiar examples in medical practic 
distinctive physiognomic signs observed in forms of mi 
ficiency, abnormal psychosexual behaviour, and emoti 
turbance (see CRETINISM; HYDROCEPHALUS; HERMAP| 
Appison’s DISEASE; MALNUTRITION: Pellagra; Тнүкош GLAND, 
Diseases or: Hyperthyroidism; MENTAL DEFICIENCY), П 

Aristotle wrote the earliest known systematic treatise 0 
ognomy; the chief basis of his work was analogical, Pi 
facial features resembling particular animals were thought tt 
analogous temperaments; e.g., a bulldog jaw signified ten 

In their time J. К. Lavater and C. Lombroso (qq.v.) 
fluential proponents of similar notions that failed to survive 
pirical scrutiny. For example, Sir Charles Goring publis 
monumental study that found the Lombrosian system of. 
logical physiognomy to be fallacious (see CRIMINOLOGY) 
Hollingworth summarized many experiments and found little rela- 
tion between physiognomic measurements and psychologic їшї 
D. G. Paterson in 1930 published an evaluation of studies: 
during the preceding 40 years which revealed a consisten! 
of negative results. x 

Body build as a subdivision of physiognomy has persis! dan Ў 
the time of Hippocrates (fl. 400 в.с.), and the medical significa 
of differences in body build has been established. E. Krets 
(q.v.) in the 1920s noted a morphological basis for ps 
diagnosis; similar findings were reported for normal people! 
1940s by W. H. Sheldon and co-workers (see PERSONALITY). 
neither case are the correlations sufficiently high to be es 
useful in psychological diagnosis. However, physiognomi¢ 
of human character and personality continue slowly to J | 
co-disciplinary study involving human genetics, biochem О 
psychology. By the 1960s, for example, genetic bases had? 
established for mongolian idiocy (characterized by typical 
folds), and the syndrome of dwarfism and mental retan 
known as galactosemia (see GENETICS, HUMAN). ү 
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PHYSIOLOGICAL CHEMISTRY: see Broce, 
PHYSIOLOGY (ARTICLES ON). The func 
characterize living organisms in general and the тајни 
of the science devoted to their study are outlined in Pu 
This general survey is supplemented by PHYSIOLOGY, 
TIVE, which discusses the tracing of relationships ue. 
organisms through functional similarities. ¢ 11 م‎ 
processes involve the chemistry or physics of living t! 
subjects of BIOCHEMISTRY and BIOPHYSICS. | d fi 
Physiology is discussed in relation to various bee 10р) 
biology in such articles as CELL; EMBRYOLOGY AND m. | NEU: 
ANIMAL; ENDROCRINOLOGY; HISTOLOGY; MzTABOLIS ME | 
ROLOGY, COMPARATIVE. Special applications of pays da Tu 
plant kingdom are treated in the section on physiology 
and in PLANTS AND РгАхт Science: Plant Physiology. oF 
Articles on bodily functions include CIRCULATION 
Dicestion; Heart, COMPARATIVE PHYSIOLOGY Of: 
TION; RESPIRATION; and SLEEP. Also, most articles 
nents of the body deal in part with physiology; 


eg p 


BRAIN; GASTROINTESTINAL TRACT; MUSCLE AND MUSCULAR Sys- 
тем; REPRODUCTIVE SYSTEM; and SPINAL Corp. The physiology 
of old age is discussed in DEATH (BIOLOGICAL) and GERONTOL- 
ogy AND GERIATRICS. Cyclic activity of many kinds is the sub- 
ject of RHYTHMS, BIOLOGICAL. Hereditary aspects of physiology 
are treated in the context of evolution in Genetics: Physiological 
Genetics; environmental factors in Ecorocy. Background ma- 
terial pertaining to both sets of factors will be found in EvoLu- 
тох, ORGANIC; MAN, EVOLUTION OF; and SELECTION. 

Articles containing discussions of the physiology of sensory phe- 
nomena include HEARING; Nerve CONDUCTION; OLFACTORY Svs- 
тем; PAIN; SENSATION; SKIN, SENSORY FUNCTIONS OF; SMELL 
AND TASTE; TOUCH; and VISION. 

Emotion includes discussions of the physiological aspects of 
emotional states. Related information, about behaviour gen- 
erally, is given in PSYCHOLOGY, PHYSIOLOGICAL. 

Among additional articles and sections of articles contributing 
important insights are ANATOMY, Gross; ANATOMY, MICROSCOPIC; 
ANIMAL EXPERIMENTATION; BrioLocy: Physiology; MEDICAL RE- 
SEARCH; and MEDICINE AND SURGERY, HISTORY OF. 

The work of such great exponents of the science as Galen, Ber- 
mard, and Harvey is summarized in biographical articles. 
Special aspects of a subject may be discussed in several articles; 
eg, the all-or-none law is treated not only under that title but 
also in sections of CIRCULATION oF BLOOD; HEART, COMPARATIVE 
PHYSIOLOGY oF; MUSCLE AND MUSCULAR System; NERVE CON- 
DUCTION; and Vision. For further references, the Index should be 
consulted, 
PHYSIOLOGY is that branch of the study of plants and ani- 
mals (biological science) which concerns itself with the ways in 
which these living organisms carry out the various processes 
necessary to life. Among biologists it is common to say that 
“physiology is the study of function.” This is a way of saying that 
physiologists ask about an organism, “What makes it work?” 
“What does a heart (or a liver or a kidney) do and how does it 
doit?" “How does an amoeba move or a muscle lift a weight?” 
These and a multitude of other questions the physiologist asks 
and seeks to answer. 
, This article seeks merely to state in some detail what physiology 
В as a science, to state the problems with which a physiologist 
5 properly concerned, to outline some of the methods by which a 
physiologist approaches the solution to these problems and to 
Slate in general terms the things organisms do and how they do 
them, No attempt is made to describe in detail the functions of 
individual organisms, of organs of which they are made up or of 
individual cells which in turn make up the organs. These are de- 
‘ribed elsewhere. See Рнүзтогосу (ARTICLES ON). 
Seope of Physiology.—Physiologists as a group have as ob- 
үн Of interest the vast variety of living organisms ranging from 
ioe organisms such as bacteria, protozoa, algae. etc., 
‘i the multicellular animals and plants. Since the things 
md Y the organism as a whole, the roles of individual organs 
even the contributions made by cells or parts of cells (e.g., 
cell surface, the nucleus, mitochondria, etc.) may be studied, 

à undaries of physiology may be said to be virtually limitless. 

t So many objects and processes for study it is not surprising 
y {у tration has occurred among physiologists and that sub- 
theres ARE names indicative of the interest of the workers 
With 3 ауе arisen, Thus there is human physiology. which deals 
Mrs CUM in man, and this may be further subdivided into 
B Ysiology (functioning of the nervous system), cardiovas- 

Physiology (heart and blood vessels), etc. Plant physiology 
other comprehensive major fields have similar subdivisions. 
tes pep SiOlogists are concerned with similarities and differ- 
Droblems een the methods used by various organisms to solve the 
Mysiolo of existence. This branch is known as comparative 
is is Ey (see PHYSIOLOGY, COMPARATIVE). Closely allied to 

PEA physiology, a branch that seeks to integrate the 
ad ition.” all the other branches into one coherent picture. In 
Sences Virtually every other specialized field in the biological 
VAR Such as embryology, anatomy (q.v.) and pathology 

"^ 18 concerned with the physiological aspects of the phe- 
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nomena of interest to it. (See EMBRYOLOGY AND DEVELOPMENT, 
ANIMAL.) 

The above amounts to little more than naming the subdivisions 
of physiology. What questions and what investigations may a 
physiologist properly pursue? Let us take human physiology. We 
are conceived, we are born, we grow, live, love, beget offspring, 
work for a living, grow old and finally die. We have ideas and 
desires, converse, write books and lead an intellectual life which 
includes thinking about our relations to God and our fellow man. 
All these are things we do, but are they proper subjects for investi- 
gation by the physiologist? The answer is, “Not all of them, at 
least not now.” The physiologist must be modest in his assault 
on the mysteries of nature. As stated before he asks questions 
such as “How does a muscle lift a weight?” "How does a kidney 
secrete urine?” “Why does one’s heart beat faster following ex- 
ercise?” Such questions are amenable to experimental investiga- 
tion in that single, possibly influential factors, such as temperature, 
magnitude of a weight, speed of lifting, etc., can be varied and 
rules deduced which permit predictions about what will happen 
in a given set of circumstances in the future. It may ultimately 
be possible to predict the most complex manifestations of human 
behaviour from an integration of a large number of these simpler 
findings. 

Experimental Methods of Physiology.—If a person is pre- 
sented with a complex machine, how is he to go about ascertaining 
what it does and how it does it? One way is simply to observe it 
grossly and see what it does. For example, it may move spon- 
taneously. Alternatively it may move only if kicked, supplied with 
electricity, heated or otherwise stimulated. If it is desired to 
know more about how and why it does these things, it will help 
to know more about the parts which go to make up the machine. 
Some of these may turn out to be very simple; e.g., in an automo- 
bile, its metal body. Others may be quite complex in their own 
right; e.g., the automobile's engine or gear box. 

Ultimately the investigator would like to know what the small- 
est parts are, what role they play in the substructures and what 
each of these contributes to the functioning of the machine as a 
whole. He will want to know what the fuel or energy source is for 
work which is done, what kind of temperatures are attained, what 
kind of pressures can be exerted, etc. Also he will want to know 
how the whole machine integrates its activities, how messages are 
sent by one part to another or influence otherwise exerted. 

The gross observational, descriptive phase of the study of the 
functioning of many (but far from all) living organisms has been 
carried very far, including description of the major role of indi- 
vidual organs. Thus it is known that in man the heart is a mus- 
cular pump which causes the blood to circulate through a closed 
system of tubes, the blood vessels; the kidneys secrete urine; the 
stomach digests food; etc. Modern physiologists are more con- 
cerned with a detailed understanding of the ways in which these 
over-all processes are accomplished and controlled, the role of the 
different kinds of cells which make up the organ and the exact 
chemical and physical processes which contribute to the final re- 
sult. These highly particularized studies of metabolism—a term 
embracing all chemical processes occurring in the organism—im- 
pose far more difficult demands, in the way of training and tech- 
nical skill, upon the investigation than did the gross studies of 
mechanical function that were the principal concern during earlier 
eras of the science. 

How does the physiologist go about establishing the function 
of a part of an organism? One obvious method is to remove the 
part and see what deficiency, if any, the organism suffers as a result 
of the removal. In some cases removal may be fatal, and the in- 
vestigator cannot observe the organism long enough to learn much. 
Less drastically, chemical (e.g., drugs) or physical (e.g., clamping 
off a blood vessel) means of temporarily handicapping the part 
may be found. Still less drastically, the investigator may induce 
a change in the degree of a particular activity and see what organ 
(or part of an organ) increases or decreases its own activity in 
parallel with the change. In favourable instances a part may be 
removed and its role taken over by some mechanical device; for 
example, a heart may be replaced by a mechanical pump. Alterna- 
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tively, giving certain chemical substances to an organism may com- 
pensate for removal of an organ; e.g. the hormone thyroxin may 
be taken by mouth to compensate for removal of the thyroid gland. 
Organs having several functions may require, in compensation for 
their removal, complex measures. Thus the giving of the hormone 
insulin can compensate only in part for the removal of the pan- 
creas of an animal. The utilization of sugar may be regulated, but 
other measures are required to compensate for the loss of sub- 
stances normally produced by the pancreas which assist in the 
digestion of food. In summary, much that has been learned and 
is being learned in physiology depends on observation of the 
changes which take place when the activities of the organism are 
disturbed, 

'To assist him in inducing these changes and in observing them, 
the physiologist uses instruments for controlling and measuring 
temperatures, pressures, electrical potentials and currents, acidity 
or alkalinity, oxygen consumption, etc. To visualize the parts he 
is studying he may use the unaided eye for gross structures, the 
ordinary microscope for cells and their parts, or the electron 
microscope for very small cells and the fine structure of cells. 
Hardly an instrument is invented. for producing, measuring or 
recording a physical or chemical change which does not find a 
use in the hands of the physiologist. 

Characteristics of Living Organisms.—When we look 
around us and see the vast variety of things which we are willing 
to accept as living organisms, the thing which almost invariably 
impresses us is their diversity of form and activity. A plant has 
no legs, lungs or liver. An animal has no leaves or roots. Even 
among those things we call *animal" there are great differences in 
structure and gross activity. Must there be a separate science 
of physiology for each kind of living thing? In detail, yes, but 
if we look at the broad outlines, the kinds of things organisms 
do, we find surprising similarities which may in a sense be taken 
as a definition of a living organism. Living organisms are discrete 
from their environment and differ from it in chemical composition. 
They are forced to make exchanges of materials with the environ- 
ment but manage to maintain enough control over the exchange 
so as to retain their structure and composition. They metabolize; 
i.e., burn or degrade some materials to obtain energy for growth, 
activity and repair of the living machinery. They reproduce 
themselves in kind, co-ordinate the activities of their various 
parts and manage to adjust to the nature of and changes in their 
environment. These characteristics are discussed more fully in 
the following sections. Admitting that not all living organisms at 
all times have all these characteristics (though exceptions are 
rare), we shall outline them, for it is within this context that the 
physiologist works. 

Discontinuity From the Environment.—Living organisms 
are obviously different from the region which surrounds them. 
"That is, they are made up in part of chemical compounds, such as 
proteins, nucleic acids, etc., which do not normally exist in this 
surrounding region called the environment. Furthermore the 
organism consists of a cell or group of cells each of which is sur- 
rounded by a membrane or cell surface. Within this cell sur- 
face the watery solution called protoplasm usually has a chemical 
composition quite different from the environment. This is true 
not only about proteins, fats, carbohydrates, etc., but even about 
the ions of simple salts. Some of these, such as sodium and 
chloride ions, though plentiful in the environment, may be vir- 
tually absent from the cell interiors. Others, such as potassium 
ions, may be accumulated by the cells so that the concentration 
inside is much greater (perhaps twentyfold) than that in the en- 
vironment. The existence of organized structures and the differ- 
ences in chemical composition between the organism and the 
environment represent work done by the organism. 

It may be said that one of the characteristics of a living organ- 
ism is that it exists as a discontinuity or inhomogeneity in the 
environment. 

Exchanges With the Environment.—Mere existence as an 
inhomogeneity in the environment is not enough to distinguish a 
living organism. A lump of coal, a piece of wood or a complex 
machine has the same attribute. However, such inanimate things, 
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once established, continue to exist with a given allotment of mi 
terials. Living organisms, on the other hand, maintain their 
structure in spite of changes in the identity of the molecules of 
which they are made. This requires that the organism exert con. 
trol over what comes in and what goes out. 

The surfaces which cover individual cells, the linings of сег. 
tain organs (e.g., gut, lung, kidney) and sometimes the external 
coverings of multicellular organisms are semipermeable, This 
means that they permit some substances to cross them with rela- 
tively little difficulty; other materials, usually large molecules 
cannot pass the barrier. The semipermeable membranes control 
qualitatively the kinds of material, which pass the barrier, If 
this were the only control exerted, those materials which could 
pass would tend to come to equal concentration inside and out- 
side the organism. Only continued production or consumption of 
a material could maintain a concentration difference. However, 
there is frequently superimposed on this passive penetration of 
the membranes an active pumping mechanism, which can move 
materials from a region of low concentration to one of higher 
concentration. This, in principle, is like pumping water uphill 
and requires expenditure of energy on the part of the organism, 

Man and most multicellular organisms have two environments, 
an external environment and an internal environment. The air or 
water that surrounds the organism as a whole and that may pene- 
trate into the lungs and gut constitutes the external environment, 
and it is with this that exchanges ultimately take place. So far as 
most of the cells of the body are concerned, however, they are 
remote from this external environment. They are surrounded by 
the blood and tissue fluids, and so far as such cells are concerned 
this is their environment, and they make exchanges with it. This 
is the internal environment of the organism. ! 

The major places at which exchanges with the external environ- 
ment occur in the case of man are the lungs, gut and kidney. The 
skin also participates to some extent. The lungs, gut and kidney 
have two characteristics in common: (1) they have a very large 
surface area, and (2) these surfaces are in intimate contact with 
the smallest branches of the blood vessels (capillaries), In the 
cases of the lung and kidney the large surface is achieved by many 
successive branchings of a tubular system. In the case of the gut, 
much of its wall is lined by a multitude of fine, fingerlike prot 
sions (villi), giving it a somewhat velvetlike surface. The small 
intestine alone exposes an area of about ro.sq.m. (more than five 
times the external body surface area), the lung 55 sq.m. of respira 
tory surface and the kidney about 6 sq.m. In a similar fashion 
other organisms provide large surfaces for exchange with the ex 
ternal environment; e.g., gills in fishes and other aquatic ora 
isms, leaves and roots in plants. So it may be said that a secon 
characteristic of living organisms is that they are only el 
isolated from the environment and maintain their composition am 
structure in spite of the necessity for exchanges of material wil 
the environment. TAPAS 

Metabolism.—The tasks of accumulating some materials an 
ejecting others, as well as such tasks as transporting food n 
wastes, moving, creating electrical potentials, growing, ec» 
quire energy expenditure, Living organisms obtain this ee 
from materials called food, Food serves the dual purpose 0 ease 
providing energy and (2) providing materials for growth (iner ^ 
in mass) and maintenance or repair of the living machinery. poby: 
mals obtain energy by oxidizing food materials such as car 
drates, fats and proteins or by breaking down molecules st pa 
glucose into smaller ones such as lactic acid. These desi 
(degradative) processes which provide. energy are called c mlt 
olism. The building up of more complex molecules irap d 
ones (synthesis or growth) which requires energy i5 callec called 
olism. The sum total of anabolic and catabolic processes 5 
metabolism (q.v.). [шел 

The energy for anabolic processes is supplied in the case “a 
plants by sunlight (see PHotosyntHeEsts). A few bacteria simpl 
as autotrophic bacteria) obtain their energy by oxidizing = “© 
inorganic materials such as hydrogen, sulfur, iron, pee i 
The rest of the living kingdom must be supplied with ene 
rectly or indirectly by the green plants. 


Living organisms, including green plants in the dark, exhibit a 
| pel excess of catabolic over anabolic processes, This is manifested 
jn one or more of several ways: (1) consumption of oxygen, (2) 
| yoduction of carbon dioxide or other oxidation product (».g., sul- 
fic acid from sulfur), (3) production, of heat, (4) consumption 
of food materials, (5) production of incompletely broken-down 
fragments of food materials. if there is an excess of food over 
and above that needed for maintenance and activity, then growth 
| yr fat deposition will occur. Chemical and physical methods of 
| measuring these changes are used by the physiologist to establish 
the rate of metabolism. 

It is well established that a given quantity of food burned in 
| the body produces the same amount of heat as if it had been 
bumed outside. A piece of bread burned by a chemist using a 
- ulorimeter produces the same number of calories as it would if it 
tad been eaten and burned in the body. Further, the amounts of 
| agen consumed and carbon dioxide produced are the same in 
both cases. 

One common misconception regarding the results of metabolism 
of living organisms should be disposed of. This has to do with 
their anabolic accomplishments. Living organisms synthesize 
"lege molecules of bewildering complexity from simple materials. 
In this they superficially oppose the general tendency of the in- 
animate world to convert complex things into simple ones, indeed 
to convert any thing or condition from a high energy state to a 
lower energy state. 

The point which must not be overlooked, however, is that while 
living organisms are carrying out these marvelous, energy- 
tnsuming syntheses, they are simultaneously degrading other food 
materials to obtain the requisite energy. Indeed, in growth as in 
other work processes the efficiency with which living organisms 
tapture and use the energy theoretically available from the food- 
‘tuffs they degrade is usually less than 25% and may be less than 
50. Even in the animate world it has yet to be demonstrated that 
something can be got for nothing. 

Elucidation of the precise details of the chemical reactions in- 

volved in metabolism lies in the province of biochemistry (q.v.). 
The physiologist, however, must keep abreast of biochemical find- 
hiis and integrate them into the over-all picture of the functioning 
ûf living organisms, Fortunately it appears that not only the dif- 
ferent tissues of a given organism, but virtually all organisms that 

live been studied, employ much the same over-all schemes of 
Metabolism. Thus the chain of reactions by which a yeast cell 
E down glucose to two molecules of ethyl alcohol is, except 
К the final few steps, the same as that used by a muscle cell in 
E to prepare the fragments of glucose for oxidation. Particular 

Itanisms or cell types may be capable of carrying out reactions 
E to them—such as production of a hormone, a bacterial toxin 

ûn enzyme; but this usually represents only a small fraction of 
Bon! metabolic effort and is of interest only in special con- 

5. 


B the biochemist studies the individual intermediary chemi- 
a р оопа of anabolism and catabolism, frequently isolating 
Be enzyme systems which perform only one chemical step, the 
Resist is more likely to study the grosser manifestations of 
m olism, such as total oxygen consumed by an organism, the 
К dioxide produced, the amount of heat produced, the weight 
‘lect B lost by an individual, the nitrogen excreted, etc. The 
Rs, various activities such as sleeping, sitting at a desk and 
ing, walking, doing hard physical labour, etc., on metabolism 
E studied as well as disturbances of metabolism caused by 
‘hen E or the malfunction of an endocrine gland. An attempt is 
К to interpret the findings in terms of known biochemical 
Internal Co-ordination of the Organism.—A living organ- 
o sisting of many parts which may be physically remote from 
Vere pen would not long survive if the activities of these parts 
On other, co-ordinated. The price of specialization is dependence 
ell for performance of activities given up. The gain, if all 
Aegan › 18 in terms of increased versatility, efficiency, power and 
* of performance for the organism as a whole. For all to 
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of delivering goods and messages. This is particularly true when 
the demands for material or service vary from time to time. The 
mechanisms by which living organisms accomplish this internal 
co-ordination of their parts are three: (1) a transport system, the 
circulatory system, which brings some materials to individual cells 
and carries away others, (2) a system of organs, the endocrine sys- 
tem, which sends chemical messengers (hormones) via the circu- 
latory system to the various parts, and (3) a nervous system, which 
rapidly carries electrical (and, terminally, chemical) messages 
from one part to another. 

Only in the smallest organisms and individual cells are the dis- 
tances which separate the parts short enough to permit the random 
movements of molecules to transport materials and to equalize 
temperatures. Even in small cells (e.g., protozoa, individual plant 
cells) a sort of internal stirring of the cytoplasm is resorted to, and 
a cyclic current in the protoplasm (cyclosis) serves as a primitive 
transport system. Larger organisms speed up the process of trans- 
port by means of a circulatory system. In animals this typically 
consists of a muscular pumping organ, the heart, which forces a 
fluid through a system of ramifying tubes whose terminal branches 
lie in close proximity to the individual body cells. In plants, vascu- 
lar bundles carry materials between roots, leaves and other tissues. 
Typically, in both plants and animals, the tubes of the circulatory 
system are separated from the body cells by the tissue fluid which 
surrounds cells. Materials move largely by diffusion from the cells 
to the tissue fluid to the circulating fluid and in the opposite or- 
der. The tissue fluid is specifically what was called above the 
internal environment ; i.e., the environment of the individual body 
cells. 

Circulatory systems carry materials from regions where they are 
in large supply to regions where they are to be (1) immediately 
utilized, (2) stored or (3) eliminated. Thus oxygen may be picked 
up from lungs, gills or skin in various organisms. Food is picked 
up from the gut following digestion or from storage depots such as 
the liver (carbohydrate) or subcutaneous tissue (fat). These are 
delivered to the tissues. Conversely the wastes of metabolism are 
picked up from the tissues and delivered to the lung (carbon diox- 
ide) or kidney (urea and various materials) for elimination. Tem- 
perature throughout the body is equalized and controlled by the 
blood's being warmed in rapidly metabolizing tissues and cooled at 
the body surface or by less rapidly metabolizing tissues. 

In addition to food and wastes the circulatory system carries 
the chemical messengers called hormones throughout the body. 
These are produced in endocrine glands (also called ductless glands 
or glands of internal secretion) or, in some cases, by cells located 
in organs primarily devoted to other tasks. These hormones in- 
duce a new state of activity in some other tissue or organ. De- 
pending on the nature of the hormone and on the nature of the 
receptor tissue, activity may be either stimulated or inhibited. 
Indeed a single hormone may cause opposite reactions in two dif- 
ferent regions. Thus epinephrine (adrenaline) causes constriction 
of the blood vessels of the skin and viscera while causing dilation 
of the blood vessels in the muscles. Since epinephrine is secreted 
in times of stress, the net result is to shift blood from tissues where 
it can be temporarily dispensed with to the tissues which may need 
an unusually great supply. The organism is prepared for “fight or 
flight." 

Hormones function in communication within the organism when 
time. in terms of a fraction of a second, is of no great importance. 
Thus the growth hormone secreted by the pituitary gland may as 
well accomplish its work a few hours from now as immediately. 
Contrast this with the speed required when a person touches a 
hot stove. Thousandths of a second are important, and, as seen 
below, the faster-communicating nervous system comes into use. 
On the other hand, the hormones can induce a long-continued re- 
sponse which, if the nervous system were required to produce it, 
would call for long-continued, repetitive stimulation. 

Finally, with regard to hormonal control of bodily activities, 
there exists what has been called push-pull control. By this is 
meant that one hormone stimulates while another inhibits the ac- 
tivity of a tissue. This principle also is involved in the nervous 
system. The advantage gained is that of more precise and deli- 
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cate control of activity. An automobile is equipped with both an 
accelerator and brakes to attain a similar advantage. Better speed 
control is obtained than would be possible with either alone. 

Control by hormones has been compared with sending letters 
through the postal system; that is, a message involving a material 
thing is sent and goes relatively slowly. The nervous system might 
by similar analogy be compared with a telephone or telegraph sys- 
tem. Messages involving electrical transmission along specifically 
designed conducting strands are transmitted rapidly from point to 
specific point. These analogies will not hold up in detail, but they 
are grossly accurate. While it is true that an electrical impulse 
travels along a nerve fibre, at the terminus the final stimulation 
of the cell to be affected is probably accomplished by release of a 
chemical, However they do it, nerves can carry messages several 
feet in a few thousandths of a second, whereas (in man) one com- 
plete circuit of the blood may require a minute. Thus hormonal 
messages, even if the hormone were instantaneously secreted, are 
bound to travel more slowly. 

Most of the internal co-ordination in man and the higher verte- 
brates is accomplished by that part of the nervous system known 
as the autonomic nervous system. This system is autonomous in 
the sense that it is not under the control of the will. Indeed we 
are not conscious of its activities. However, our emotions may 
affect the autonomic nervous system, causing dilatation or con- 
striction of the blood vessels, acceleration or deceleration of the 
heart, secretion of hormones, etc. The autonomic system sends 
both stimulatory and inhibitory nerve fibres to many organs, thus 
providing for push-pull action and greater delicacy of control. 

Homeostasis.—One of the achievements of the internal co- 
ordination of organisms is the maintenance of homeostasis; that 
is, a considerable constancy of conditions within the body. The 
mechanisms whereby constancy is maintained are called homeo- 

static mechanisms. 

Many conditions in the body are so constant that minor depar- 
tures from the normal can be used in the diagnosis of disease, at 
least if they persist. Thus (in man), the body temperature, and in 
the blood the amount of sugar, the slight alkalinity, the concentra- 
tion of various salts, the number of red or white cells, etc., are 
constant or vary only within narrow limits. By and large, it is 
the internal environment which is kept constant. Indirectly the 
individual body cells are thus helped to have a constant composi- 
tion and level of activity or, at least, to return quickly to normal 
if temporarily altered. Those who care to pursue the matter 
further should keep homeostasis in mind, particularly when read- 
ing about respiration, circulation, kidney function, endocrine 
organs and the nervous system. 

Co-ordination With the Environment.—In addition to co- 
ordinating itself internally, an organism must adjust its activities 
in such a way as to take into account the nature of and changes in 
its environment. This involves the ability to sense the nature of 
the environment and detect changes in it. In some less specialized 
organisms this ability seems to be simply a general property of the 
individual cell, although even here there may be localized regions 
of the cell which are particularly sensitive to given stimuli (e.g., 
the light-sensitive regions in some protozoa). More specialized 
organisms have certain cells or groups of cells which are exquisitely 
sensitive to one or another kind of stimulus (eyes to light, ears to 
sound, etc.). These are called organs of special sense and along 
with the nervous system provide for co-ordination with the en- 
vironment. 

The kinds of influences in the environment which serve as sig- 
nals to an organism may be classified roughly as light, mechanical 
vibrations, pressure, temperature and chemical constitution of the 
environment, All the organs sensitive to these environmental fac- 
tors are of necessity located at or are in direct proximity to the sur- 
face of the body. In more highly developed animal organisms 
many of them are localized in the head region and their nervous 
connections go directly to the brain. This is particularly true of 
the organs of sight, hearing, taste and smell. Others, such as the 
end organs sensitive to touch, heat, cold and pressure, are rather 

diffusely distributed over the body surface. 

The organs of special sense communicate by means of sensory 
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or afferent nerves with the central nervous system (brain or shi 

pinal 
cord). From the central nervous system, motor or efferent nerves 
carry messages to effector organs such as muscles or 
which respond by contracting or secreting. What happens in the 
central nervous system between the time of entry of the senso 
nerve impulse and the exit of the motor impulse may be pred 
ably simple or bafHingly complex. When the spinal cord, and 
not the brain, is involved, the simplest arrangement is to have thy 
sensory neuron connect directly in the cord with the motor ney. 
ron, Such a series—receptor, sensory neuron, motor neuron and 
effector—constitutes the basic reflex arc. Commonly one or more 
neurons are interposed between the sensory and motor ones, Such 
reflex arcs with connections made at the cord level provide for 
quickly withdrawing a finger which touches a hot stove and other 
quick reactions. There is no time to think and no thought js 
necessary. Beyond the simple reflex, increasing degrees of com- 
plexity are found. Transmission of impulses up and down the cord 
and integrating actions of the brain involving large numbers of 
neurons occur. For a detailed description of these see Bram; 
Nerve; and SPINAL Corp. 

Adaptation and Adaptive Amplification.—Seemingly op- 
posed to homeostasis, discussed above, are the phenomena of 
adaptation. These consist of all the changes in position, activity 
and structure which an organism undergoes so that it can better 
survive. An animal may grow a heavier coat of fur in winter and 
shed it in the summer. A man, in adapting to winter, may eat 
more and become more active, thus producing more heat. Another 
animal may hibernate, changing the whole level of its metabolism, 
Of course there are limits to the stress which can be compensated 
for. Under extreme conditions an organism may be forced to alter 
its environment (e.g., by building shelters or building a fire) or to 
remove itself to a new and more favourable environment, 

Adaptations are made not only to external situations but to 
changes within the organism. If one kidney is lost, the other 
enlarges so as to do the work of two. Similarly, the heatt may 
enlarge in response to a work load. These compensatory hyper- 
trophies are adaptive and their value is obvious. One way of look- 
ing at adaptation is to think of it as subserving homeostasis along 
with the general welfare of the organism. Some structures 
activities change in order to maintain others constant, — 

One of the most distinguishing characteristics of living OFA 
isms is their capacity for adaptive amplification. By this is meant 
their capacity to expend a great deal of energy for an adaptive ге 
action in response to a small stimulus. Thus a small amount 0 
light falling on the eye or a few sound waves striking the ear of à 
man may warn him of danger and call for a long-continued te 
sponse requiring many times the energy put in by the stim ; 
See also references under “Physiology” in the Index. d 
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say et al., Human Physiology (1951) ; Samson Wright, Appl 
ology, 10th ed. rev. by C. A. Keele and E. Neil (1961); C. 
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for example, comparing the same function in different P animi 
animals (most comparative physiologists deal more WE g 
than plants). 
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Introduction —The primary goal of comparative physiology 
js to learn how different kinds of organisms solve their life prob- 
Jems and thus to learn what functions are common to many kinds 
of organism and which ones are restricted to specific groups. From 
such an analysis, biological generalizations are reached that differ 
from those of general or special-group physiology. 

A second goal is to find organisms that are most ideally suited 
for study of important general functions; for example, the giant 
nerve fibres of the squid have been exceptionally good for the 
study of the nature of the nerve impulse. 

Athird goal of comparative physiology is to study physiological 
adaptations as related to environmental stresses and thus to ac- 
count for the distribution of organisms in nature; this is the area 
of physiological ecology. — 4 

Finally, comparative physiology is useful in showing the func- 
tional bases for: (1) phylogenetic relations of higher taxonomic 
groups, phyla and classes; and (2) the adaptations that are effec- 
tive in establishment of species; that is, the physiological aspects 
of evolution. 

Study of the comparative morphology of both adult and embryo 
animals formed the basis of animal classification and phylogeny 
during the first 75 years after Charles Darwin’s death, but mor- 
phology was considerably supplemented and extended by compara- 
tive physiology and biochemistry. The fields of morphology and 
physiology found a common meeting ground in the molecular or- 
ganization of cells. 

Physiological characters are as definitely determined genetically 
as are structural characters. When physiological differences in 
response to an environmental stress are detected among closely 
related animals (or even among several populations of the same 
species), it is possible to ascertain, by acclimatization to an altered 
environment in the direction of the stress, whether such differences 
ir genetically determined or are merely induced by the kinds 
of environment to which the animals have been exposed. 

Maintenance of Water Balance.—All animals must maintain 
‘proper water balance; the problem is different for animals living 
in the desert, in moist air, in fresh water, in the sea and in salt 
likes. In many marine invertebrates the total concentration of 
all solutes in the blood (osmotic concentration) is the samie as 
that in the sea. Marine bony fish, in contrast, must continually 
excrete quantities of salts to keep their blood more dilute than 
their environment. For animals to colonize estuaries and other 
E waters they must maintain their blood more concentrated 

n the water; often by active absorption of salts. All fresh- 
lis animals have mechanisms for excreting excess water which 

nds to diffuse into their more concentrated blood. Land animals 
iua mechanisms for limiting evaporative loss and urinary 

water, 

nin ability of water also tends to correlate with the kind of 
ha wastes that the animal excretes: aquatic animals excrete 
Be EGRE amphibians and land animals with ample water 
ly E UM land animals, many of xad "i ieu a 

ae , as insects, snakes and birds, excrete uric acid. 
lior 0 water as a limiting factor for life is the concentra- 
йе Уаш salts; animals tend to use some elements and to 
\ну dim hers. Potassium and sodium, for example, are handled 
Wve (is trently by most animals and have different effects on ac- 
and Mana „Marine animals tend to select sodium, potassium 
Уя ions and to exclude magnesium and sulfate. Some 
inds * not much used by living things are concentrated by a few 
tunicate, animals; for example, vanadium by some sea squirts or 
штеп Knowledge of water and salt economy as related to en- 

D Stress was given considerable impetus by the Danish 
"lation е physiologist August Krogh in his work on osmotic 
om lability of Oxygen.—Another important environmental 

nent is oxygen; various means exist for obtaining adequate 


ami 
ia of it. Small or sluggish animals such as protozoans or 
fia rely simply on diffusion of dissolved oxygen; large 


es ümals either have tubes for taking oxygen directly to the 
hemo, (insects), or have respiratory pigments in their blood, as 
globin (vertebrates, some worms) and hemocyanin (some 
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crustaceans and mollusks). Sensitivity to oxygen deprivation dif- 
fers markedly; some mollusks and parasitic worms survive long 
periods without oxygen; diving mammals are adapted to longer 
deprivation than nondivers; while squid and fast-swimming fish 
die within seconds when their oxygen supply is shut off. 

Ability to survive in low oxygen depends partly on biochemical 
adaptations and partly on favourable mechanisms for external 
respiration (breathing). Metabolic enzymes by which energy is 
made available are remarkably similar for all animals, but some, 
such as parasitic worms, can rely more on nonoxidative pathways 
than can animals that depend more on oxygen. 

Birds and mammals living at high altitudes have more hemo- 
globin in their blood than do those living at sea level. In general, 
small animals have higher rates of metabolism than large ones; 
i.e., mice consume more oxygen per gram than elephants. Hemo- 
globin has appeared several times in the course of evolution. The 
foundations of modern comparative thinking on oxygen and carbon 
dioxide transport in animals were laid by the British physiologist 
Sir Joseph Barcroft. (See also RESPIRATION.) 

Body Temperature.—Most animals are at the temperature of 
their environment (are poikilothermic or cold-blooded), while 
birds and mammals regulate their body temperature with fair 
constancy (are homoiothermic or warm-blooded). A few, such 
as hibernating mammals, may shift from lack of regulation to 
regulation at different times. Temperature regulation includes 
chemical means of heat production and physical mechanisms con- 
trolling heat loss; arctic mammals differ from temperate ones 
primarily in insulation. Actually many poikilotherms adapt their 
activity so that they are not wholly dependent upon the environ- 
mental temperature. Arctic marine animals such as fish are more 
active metabolically at a given temperature than are similar fish 
from warmer waters. Many insects perceive and move into a pre- 
ferred temperature. The cellular mechanisms by which tempera- 
ture and similar environmental factors elicit adaptive changes in 
an animal remain largely unexplained. (See ANIMAL HEAT.) 

Cold-blooded animals are extensively used for the study of 
various physiological properties because of the greater ease of 
experimentation when tissues need not be maintained at a high 
constant temperature. 

Nutrition.—Nutritional patterns differ greatly, from the 
flagellate protozoans, which combine characteristics of both plants 
and animals and can either carry out photosynthesis or subsist 
on relatively simple organic compounds, to most other animals, 
which require complex foods. It is of interest that the essential 
amino acids are similar for a wide range of animals. The ability 
to synthesize vitamins diminished as animals became dependent 
on complex food sources; in fact the most important biochemical 
evolution occurred before the appearance of "higher" organisms. 
A few higher animals, particularly insects, have acquired spe- 
cialized digestive chemical mechanisms for such foods as wool, 
beeswax and cellulose. Digestion of protein by pepsin is restricted 
to vertebrates, whereas protein digestion by trypsin (as in man's 
intestine) is found throughout the animal kingdom. Thus nutri- 
tion and digestion (gg.v.) provide examples of general functions, 
common to many animals, and of restricted ones; digestive en- 
zymes also differ according to the nature of the diet. 

Effectors.—An important area of comparative physiology deals 
with effector organs. Animal movement may be by protoplasmic 
flow, as in amoeboid movement, or by ciliary beat, but most com- 
monly it is by muscular contraction. Muscles range in speed from 
the very fast eye muscles of a mammal and the fast flight muscles 
of bees and flies through ordinary postural muscles used in walk- 
ing and swimming to the slow muscles of visceral organs and the 
holding muscles of clams and oysters. A variety of physiological 
and biochemical adaptations are recognized, but the explanation 
of the time range in muscular contraction of different animals is 
far from complete. (See also MUSCLE AND MUSCULAR SYSTEM.) 

Other important effectors are specialized electric generating tis- 
sues (electric organs), colour cells or chromatophores and organs 
of bioluminescence; colour change produced by pigment move- 
ment in chromatophores may be controlled by endocrines (crusta- 
ceans and frogs) or by nerves (squids and many fish). (See Cor- 
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ORATION, BIOLOGICAL.) 

An instance of the value to other areas of science of compara- 
tive studies in physiology is illustrated by the work on the bio- 
chemistry of muscle as developed particularly by E. Baldwin and 
J. Needham: this work supports the idea that echinoderms are 
more closely related to chordates than to other invertebrate phyla. 

Circulatory and Hormonal Systems.—Systems for the cir- 
culation of blood may be either open or closed. Open systems, as 
found in many mollusks and arthropods, lack capillaries to connect 
arteries with veins and have blood sinuses instead; open systems 
operate with larger blood volumes and at lower pressures than 
closed systems. (See CIRCULATORY SYSTEM.) 

The comparative physiology of endocrine glands is a complex 
subject, and the endocrine secretions of many invertebrates re- 
main to be identified. In general, hormones concerned with spe- 
cific functions appear to be chemically different in different phyla, 
Study of the hormones of metamorphosis in insects has contributed 
to an understanding of the cellular action of hormones in general, 
(See ENDOCRINOLOGY; HORMONES.) 

Sense Organs and Behaviour.—In few areas of comparative 
physiology is the principle of levels of complexity as clear as in 
animal behaviour and its control by sense organs and nervous 
systems. In sensitivity to light, for example, there is general 
protoplasmic sensitivity in some protozoans, special photoreceptors 
that are merely intensity detectors in many worms, complex com- 
pound eyes in insects and camera eyes in vertebrates and the 
highest mollusks (squid and octopus), which provide for pattern 
and colour vision, Visual pigments determine to some extent the 
spectral sensitivity of different eyes, but the number of kinds of 
such pigments appears to be definitely limited. 

Sense organs for mechanical and chemical stimuli are widely dis- 
tributed and may operate on different principles for the same sense 
in different animals; comparative studies have led to discovery 
of sense organs of types not known in man; for example, humidity 
receptors in insects. (See also Nervous SYSTEM.) 

Behavioural responses may simply be direct and stereotyped, 
may be variable within narrow limits or may be highly modifiable 
according to experience and competing stimuli. Simple behaviour 

of animals, sometimes called “forced response,” was well analyzed 
by J. Loeb, S. O. Mast, and others during the 1930s, but attempts 
to understand complex behaviour met with little success; after 
1945 a resurgence of interest in animal behaviour occurred. In 
some animals, such as insects, innate or stereotyped behaviour is 
dominant over learned behaviour as found in higher vertebrates, 
but the neurological basis for these differences is unknown. Nerv- 
ous systems present an interesting sequence from the diffuse nerve 
nets of jellyfish through segmental central nervous systems as in 
some worms and arthropods, local reflex centres, headward centres 
or "brains" and highly integrative centres which have no direct 
sensory or motor connections. Comparative physiologists have 
provided important experimental material for the study of nerve 
impulses and of transmission between neurons in central nervous 
systems. (See also NEUROLOGY, COMPARATIVE; ANIMAL BE- 
HAVIOUR.) 

Reproduction.—In the field of reproduction comparative phys- 
lology merges with embryology and genetics (gq.v.). Study 
of marine eggs, for example, has contributed to an understanding 
of processes of fertilization, cell division and embryonic differen- 
tiation. No other animal has been as useful in genetics as the 
fruit fly, Drosophila. Also the study of the development of various 
functions in embryos permits a kind of understanding not possible 
when adult animals only are used. (See Емввүогосү AND DE- 
VELOPMENT, ANIMAL.) 

Cellular Physiology.—Ultimate explanation of biological 
function appears most probable by pursuit of cellular physiology, 
or experimental cytology, and comparative physiologists become 
cellular physiologists when their experimental material is favour- 
able for understanding some cell function, Comparative study of 
different cell and tissue types within the same animal is an im- 
portant approach to basic cell function. (See also CELL.) 

Application.—The preceding examples show that comparative 
physiology is fundamental in describing the nature of vital proc- 
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esses in various animals. In addition, it has practical applications 
in describing the physiology of economically important animals 
such as domesticated birds and mammals, parasitic Worms, harmful 
insects and edible fish. Since the ocean supports animals in large 
variety and numbers, many comparative physiologists work at 
marine laboratories such as those at Woods Hole, Mass.; Plyn- 
outh, Eng.; and Naples, Italy. For the ecologist, comparative 
physiology provides a basis for understanding the restriction of 
plants and animals to particular habitats. For the medical physi- 
ologists, the comparative viewpoint is important for placing man 
in his proper biological perspective. 

See also EcoLocv; PSYCHOLOGY, COMPARATIVE, and references 
under “Physiology, Comparative” in the Index. 

BrisLrocRAPHY —C. L. Prosser, D. W. Bishop, F. A. Brown, T, L, 
Jahn and V. J. Wulff, Comparative Animal Physiology, 2nd ed, (1961); 
J. A. Ramsay, A Physiological Approach to the Lower Animals (1952); 
A. H. Morgan, Kinships of Animals and Men (1955). 
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PIACENZA (Latin PLACENTIA), a town and episcopal see of 
Emilia-Romagna, Italy, capital of the province of Piacenza, lies 
42 mi. SE of Milan by rail. Pop. (1961) 91,461 (commune), It 
is near the head of the Plain of Lombardy, 217 ft. above sea level, 
on the south bank of the Po (an important crossing of which it 
controls), just below the confluence of the Trebbia. It is still 
largely surrounded by its 16th-century walls, an oval circuit of four 
miles. 

No Roman monuments survive, but the rectangular street plan 
in the centre of the town is Roman, The cathedral (1122-1233) is 
a fine example of the Lombard Romanesque style, built in brick; 
the campanile (1341) is 223 ft. high. Other noteworthy medieval 
churches are the former cathedral of S. Antonino, incorporating 
elements of 1014 (facade) and of the 13th and 14th centuries; 
S. Savino, rebuilt in 1107 and restored in 1902, with unusual 12th- 
century floor mosaics; and S. Francesco, a Gothic building begun 
in 1278. S. Sisto (1499-1511) and Sta. Maria di Campagna 
(1522-28) are handsome Renaissance buildings, by the local archi- 
tect Alessio Tramello. S. Sisto once contained Raphael's Sistine 
Madonna, sold in 1754 to Frederick Augustus III of Saxony. The 
Palazzo del Comune, begun in 1280, is a late example of a common 
12th-century form. The grandiose Palazzo Farnese, begun for 
Margaret of Austria in 1558, was never fully. completed. Beside 
it are the remains of the earlier Visconti Castle. 9 i 

Piacenza is on the main Milan-Bologna railway and is s 
centre, served by the Autostrada del Sole: A long-establish 
centre for cereal growing and viticulture, the town has a num er 
of rapidly developing light industries (chemicals, office furniture, 
buttons). in the 

Placentia was founded as a Roman colony in 218 В.С. and p 
same year afforded protection to the remains of the Roman xs 
after the Battle of the Trebbia (q.v.). In 207 it withstood i 
by Hasdrubal and in 200 it was sacked by the Gauls. Re oai 
reinforced, in 187 it became the terminal of the great arteria 1 ihe 
the Via Aemilia, linking it with Ariminum (Rimini), and later 
centre of other major Roman roads. 

Medieval Piacenza was a leading city of the Lombar к 
and despite many political vicissitudes prospered from its i 
of road and river traffic, A long period of struggle ue apal 
Visconti and Sforza families, alternating with periods 0 d 
and of French rule, was concluded in 1545 by the creation e Pa 
hereditary duchy of Parma and Piacenza, established by S Hi 
III for his son Pier Luigi Farnese. For the subsequent 


Piacenza until 1860, see PARMA AND PIACENZA, Dune Ww?) 


7 Я a popula: 
PIACENZA PROVINCE has an area of 1,000 sq.ml. 4 nd i 


tion (1961) of 282,866, It extends from the Ligurian AP js 
to the Po River, and is largely mountainous. The р а rives. 
drained by the Trebbia, Nure, Arda, Tidone, and GE role in 
Along with Parma Province it produces most of the pe pechino: 
Italy, with wells at Cortemaggiore, Velleia, and №0 
Ferriere has iron and copper mining; Piacenza an x 
d'Arda have manufacturing. Agricultural products 1 there is 
reals, grapes, tomatoes, sugar beets, and tobacco; 
livestock raising. 
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PIAGET, JEAN (1896- ), Swiss psychologist, a leading 
estigator of thought processes among children, was born in 
Neuchâtel on Aug. 9, 1896. At the age of 10 he published an arti- 
de on an albino sparrow, and his writings on mollusks made his 
mme known to specialists in other countries soon after he was 15. 
He studied biology at the University of Neuchatel, obtaining a doc- 
{orate in science in 1918. This biological training, coupled with 
qn intense interest in epistemology and logic, led him finally to psy- 
thology. . In 1921 he was appointed director of studies at the 
Institut J. J. Rousseau in epo he рака es t the 
iversity of Geneva in 1929, and later also held c airs at the uni- 
Bo Neuchátel, Lausanne and Paris. 
"The most distinctive feature of Piaget’s contribution to. experi- 
mental psychology is his developmental or genetic approach. His 
system sees cognitive development as a gradual advance toward 
more thorough and intelligent adaptation to the environment, 
marked by more complete equilibrium among psychological proc- 
"mes. Perception is fraught with illusion, instability and distor- 
tion which the child tempers by systematically collating infarma- 
"lion obtained from different points of view. A much higher degree 
of consistency and objectivity, combined with flexibility, is af- 
forded by the gradual acquisition of logical thinking, culminating 
in the scientific and formal reasoning of which the adolescent is 
tapable. The symbolic operations that participate in thought are 
derived from concrete interactions with objects. 
Much of Piaget’s work, originally published in French, has been 
made available in English, including: Judgment and Reasoning in 
the Child (1952), The Moral Judgment of the Child (1948), The 
Construction of Reality in the Child (1954), The Origins of In- 
llligence in Children (1952), Language and Thought of the Child, 
id ed, rev. (1959), The Child's Conception of Geometry (1960). 
He collaborated with B. Inhelder to write The Growth of Logical 
Thinking from Childhood to Adolescence (1958) and The Early 
Growth of Logic in the Child (1964). 
‘See D. E. Berlyne, “ in Piaget’ ” Brit. 
1 Educ. Bebe X ене M Norici i Vies 
(1961), for an analysis of Piaget's contributions. (D. E. Br.; B. IN.) 
PIANOFORTE (Piano), a keyboard instrument in which the 
found is produced by the action of hammers striking strings 
Stretched across a resonating soundboard, Though early makers 
Adopted the form of the harpsichord and clavichord, the principle 
Í pianoforte tone production really derives from the dulcimer, in 
Which the strings are struck with hammers held in the hand. 
The invention of the pianoforte may be attributed to three 
tors: (1) the desire to make the harpsichord "expressive"; 
(2) the desire to make the clavichord louder; and (3) the wish to 
xw the dulcimer by bringing it under the control of a key- 
doar 


The name of the pianoforte (meaning literally “soft-loud”) 
tives from its ability to produce gradations of volume by act of 
touch, In mid-18th-century England it somewhat confusingly 
Degan life as a fortepiano, but the name was changed to “piano- 
tte” toward the end of the century. The modern abbreviation 


P 0” will be used throughout the rest of this article. 


" HISTORY UNTIL ABOUT 1800 


k Invention and Early Development.—Credit for priority of 
Wention has been much disputed, but there is little doubt that it 
ngs to Bartolommeo Cristofori (1655-1731), who devised his 
Piscembalo col piano e forte in Florence about 1709. This was 
2 the first instrument using keyboard striking action: the dulce 
Melos described by Henri Arnault of Zwolle in about 1440 and an 
тепн said to be dated 1610, in the Belle Skinner Collection, 
Yoke, Mass., are early examples of the piano principle. Not 
Mg after Cristofori’s first piano, independent inventions were 
таа by Jean Marius in France and С. С. Schróter in 
Many, the latter being inspired by the accomplished dulcimer 
ee of Pantaleon Hebenstreit. But these were inferior to 
Bos invention. By 1726 Cristofori had arrived at all the 
i lals of the modern piano action: escapement, check, damp- 
liter) una corda mechanism (all of which will be explained 
* It is from Cristofori that the modern piano stems. His 
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instruments, however, suffered from an inherent defect. The 
frames were not strong enough to carry the string tension needed 
to give full musical effect to the blow the action was able to im- 
part. Not until the 19th-century development of metal bracing, 
leading to the full metal frame, were the potentialities of Cristo- 
fori’s remarkable action fully realized. Three of Cristofori’s grand 
pianos have survived: the oldest, dated 1720, is in the Metropoli- 
tan Museum of Art, New York. 

Cristofori’s work received little recognition in his lifetime. In 
1732, the year after his death, there appeared 12 sonatas for 
cimbalo di piano e forte by Lodovico Giustini—the first music 
published specifically for the new instrument; they were published 
in facsimile in 1933, edited by R. E. M. Harding. It is surprising 
that, despite the fact that Italy was the birthplace of the new “ex- 
pressive” music during the 16th century, the piano attracted no 
Italian composers of greater distinction. It would certainly be 
wrong to suppose that the developed Cristofori piano was incapable 
of satisfying a sensitive performer. On the evidence of the New 
York example his instruments had a surprisingly wide dynamic 
range, a light, shallow, and sensitive touch, and a balance between 
treble and bass that was better than many 18th-century English 
pianos. Domenico Scarlatti had access to several Italian pianos, 
however, and the style of some of his sonatas suggests that he may 
have been the first eminent composer to take account of the new 
instrument. 

As Italy abandoned the piano it was quickly taken up in Ger- 
many. A description of Cristofori’s early mechanism by Scipione 
Maffei was published in Hamburg in 1725. This, and probably the 
immigration of Italian workmen, led to the adoption of the Cristo- 
fori grand action by the German organ builder Gottfried Silber- 
mann in 1726. Silbermann’s pianos were criticized by J: S. Bach 
for their weak trebles and deep, heavy touch; but by 1745 they had 
improved sufficiently to gain Bach's approval. But during the pe- 
riod c. 1740-c. 1770 German development was largely in the rec- 
tangular or "square" form of the instrument. This derived from 
the clavichord, the domestic instrument invariably preferred to the 
wing-shaped harpsichord by German music lovers, for whom the 
new grand piano was too large, expensive, and heavy of touch. En- 
deavours to make an action smaller, lighter, and cheaper than the 
Cristofori grand type resulted in a square piano action of com- 
paratively crude craftsmanship and limited musical effect. The 
invention of the square has been attributed to Gottfried Silber- 
mann's pupil, Christian Ernst Friederici (1709-80) ; but the earliest 
known example, dated 1742, is by Johann Sócher. 
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SQUARE PIANOFORTE BY JOHANN CHRISTOPH ZUMPE, 1767 


About 1760 a dozen German piano makers, jobless because of 
the Seven Years’ War, settled in London, bringing with them the 
Cristofori tradition. Among them probably was Johann Christoph 
Zumpe, a pupil of Silbermann’s, who entered the London factory 
of the Swiss harpsichord maker Burkhard Tschudi (or Shudi, 
1702-73), founder of John Broadwood and Sons, Limited, which 
became the leading firm of piano makers. Thereafter England be- 
came the centre of piano development. Zumpe became exclusively 
concerned with the manufacture of square pianos. These were 
immensely popular. As the harpsichord was the prevalent English 
domestic instrument, the horizontal grand piano also found favour, 
and this was fitted with action on the Cristofori principle, which 
achieved such fame that it became known as the “English action.” 

Of the early composers for the piano, C. P. E. Bach continued 
to prefer the more delicately expressive clavichord; but in his 
Versuch über die wahre Art das Klavier Zu spielen (1753, 1762) 
he mentions his endeavour "to play the pianoforte, despite its de- 
ficiency in sustaining tone, as much as possible in a singing manner 
—this is by no means an easy task, if we desire not to leave the ear 
empty, or to disturb the noble simplicity of the cantabile by too 
much noise." J. C. Bach, however, played the piano by choice 
and was largely responsible for popularizing it in England, where 
he gave the first public piano recital on a Zumpe square in 1768. 
But both these sons of J. S. Bach lived in a period of transition. 
It was left to Mozart and Muzio Clementi to develop an exclusively 
pianistic style of playing and composing; and by 1780 the piano 
had become fully established as the foremost of the keyboard 
instruments. 

The piano first reached maturity, however, not with the English 
action but with a fundamentally different mechanism—the “Ger- 
man" or “Viennese” action. Invented, probably by Johann 
Andreas Stein (1728-92) about 1770, the important feature of this 
action was the application of an escapement to the Prellmechanik, 
a primitive form of square piano action which had in turn evolved 
from the clavichord. In Stein's grand pianos the frame and string- 
ing were for the first time well matched to the action. The light 
hammers gave a blow which the strings could sustain, resulting in a 
singing tone of considerable charm. In the English grands the 
comparatively powerful and sonorous bass tends to overpower 
the trebles, which incline toward hardness in an attempt to keep 
up the power. The English touch was heavier and deeper than the 
Viennese, and repetition was not so good, or at least was harder to 
achieve. But with Stein’s instruments the trebles were well 
matched to the bass, and the touch was light and shallow, approach- 
ing the clavichord in sensitivity. It is hard to escape the conclu- 
sion that Stein was seeking to achieve a louder clavichord whereas 
members of the Cristofori-English school were thinking in terms 
of an expressive harpsichord. Herein lies the fundamental dif- 
ference between the two schools, 
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Mozart first played a Stein piano in 1777, and he wrote to his 
father extolling the excellence of damping, equality of tone and 
the importance of the escapement in avoiding “blocking”: “not 
one in an hundred makers bothers with escapement, and yet, with. 
out it, it is absolutely impossible for a note not to jingle or continue 
vibrating after being struck.” The Viennese pianos were Perfectly 
suited to Mozart's style of playing—singing tone, a quiet steady 
hand, and smoothness of execution in which passage-work “flowed 
like oil.” 

Clementi became known as the “father of the pianoforte,” His 
influence in popularizing the instrument and Systématizing its 
technique was considerable, particularly in England, where he 
eventually settled and became engaged in piano manufacture, His 
sonatas, op. 2 (1773), are considered to be the first music еп. 
tirely suitable for the piano, and his Gradus ad Parnassum (1817) 
was the first piano instruction book. Clementi preferred the Eng- 
lish pianos with their greater power and sonority. 

Thus, by 1780 there were two fully established schools of piano 
making, each with its own virtues. Each developed an individual 
style and technique determined by the nature of the instrument: 
the Viennese being suited best to lightness, rapidity, and elegance; 
the English to larger musical forms and brilliance of execution, 

The Viennese school culminated with Johann Hummel, Mozart's 
favourite pupil and probably the greatest virtuoso of the day, Even 
when virtuoso technique had outstripped the Viennese action some 
players continued to prefer it, and it was made by Bésendorfer for 
their cheaper instruments as late as 1914. But while the then- 
imperfect English piano was to improve by further development, 
the already perfected Viennese instrument deteriorated by it. The 
mature’ Viennese piano of the 1770s remains the ideal instrument 
for authentic Mozart performance. On any modern piano his 
music must be scaled down in volume if it is not to sound intol- 
erable. But on a Stein it can be rendered life-size with the full 
resources of the instrument and with a lightness and transparency 
of tone which the modern piano can never achieve, In modem 
times the artistic merits of the Viennese piano are so greatly ap- 
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WODERN REPLICA OF A VIENNESE PIANOFORTE, ABOUT 1780, BY HUGH 
GOUGH, LONDON 


ted that many excellent reproductions have been made for 
rt use. 
The Four Basic Actions of the 18th-Century Piano.—The 
Tour basic types of action of the 18th-century piano are now ex- 
d in further detail. 
Je Single Action and the Early English Square Piano.—This 
y simplified form of the Cristofori action was introduced into 
d by Zumpe. It is shown diagrammatically in fig. 1. The 
is pivoted at the pivot point. This strikes the hammer by 
5 of the projecting jack, or “mop stick,” throwing the hammer 
to hit the string, from which it immediately falls back. 
taneously the tail of the key raises the damper by means of 
per stick, the damper being otherwise held against the 
by a whalebone spring. 
Sole merit of this action is 
city. There is very little 
ol Over the tone, which at its 
is quite feeble. If the 
struck too hard the ham- 
„May bounce back and 
ck” the tone. 
€ expressive qualities of a 
are in every way inferior 
тве clavichord. Its popu- 
in England can only be ex- 
led by fashion and the fact 
‘the English never appreci- 
the clavichord. 
: Dé provided two- hand- 
ated stops to the left of the 
td for raising the bass and 
ampers respectively. The 
etic resonance of all the 
d Rd thus be brought into 
move Or the duration of entire 
ments, This characteristic 
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of the dulcimer (called the “Pantaleon” effect after its famous ex- 
ponent) was so admired that some early pianos were entirely un- 
damped. Even when the damper-raising forte pedal or knee lever 
was introduced, it was still the Pantaleon effect that was admired. 
Clementi’s pupil John Field was probably the first to develop the 
modern selective technique of the sustaining pedal. 

The Double Action of Cristofori.—The form illustrated in fig. 
2 is Cristofori’s action of 1726. The key is pivoted at the pivot 
point. Fixed to the key is the escapement, which conveys the 
thrust to the hammer by means of the intermediate lever. After 
hitting the string the hammer falls back but is held against the 
check until the key is fully released. The damper is not shown. 
This action avoids most of the shortcomings of the single action, 
the most important improvement being the escapement. The jack, 
instead of being rigidly fixed to the key, is hinged in such a way 
that as soon as it has given its impulse it is deflected, so that even 
if the note is held the hammer can return to its position of rest. 
This, together with the check, is an almost complete safeguard 
against blocking. A weakness of the single action is the slow 
hammer velocity, resulting in a limited dynamic range. In the dou- 
ble action the intermediate lever conveys the thrust to the hammer 
butt, giving increased velocity to the hammer and consequently 
greater control. The “English double action,” as it came to be 
called, eventually superseded the single action in the better classes 
of square piano, such as were made by Broadwood. 

The English Grand Action—For grand pianos a modification 
of the Cristofori double action was developed in the 1770s by a 
Dutchman, Americus Backers; his apprentice, Robert Stodart; 
and John Broadwood. This action is shown diagrammatically in fig. 
3. The working principle is similar to that of the double action, 
except that the intermediate lever has been eliminated, the thrust 
being conveyed directly to a 
notch in the butt of the hammer 
by means of the escapement, or 
“hopper,” the play of which is 
regulated by an adjustable screw. 
This action, in various stages of 
improvement, continued to be 
made in English grands until late 
in the 19th century. The ham- 
mers of the early English grands 
are lightly constructed and cov- 
ered with leather. (Experiments 
were made with various materials such as cloth over leather and 
leather over felt, and all-felt hammers were introduced by Jean 
Henri Pape in 1826.) Stringing is trichord throughout (brass in 
the bass and steel in the treble) and no strings are overspun, or 
“covered.” The result is an entirely characteristic tone quality, 
full but brilliant, on which the full left-hand chords of Beethoven 
do not sound thick and cloudy as they do on most modern pianos. 
Many early English pianos have been ruined by being fitted with 
heavy felt hammers. Dampers are light and consequently by no 
means instantaneous in effect; but contemporary performers do 
not seem to have found this objectionable, as good damping would 
not have been difficult to achieve. 

The Viennese or German Action.—In this action, as shown in fig. 
4, the key is pivoted at the pivot point. The hammer is mounted 
ina fork, or ^Kapsel," which is rigidly fixed to the key. Also shown 
are the string, the escapement, and the escapement return spring. 
The damper is not shown. The essential difference between the 
Viennese and the other actions is that the hammer is mounted on 
the key and not on the frame. When the key is depressed the 
tail of the hammer engages in the escapement notch, causing the 
hammer to rise and hit the string. Further pressure pushes the 
escapement aside, allowing the hammer to fall to rest. 

The differences between the Viennese and English instruments 
are considerable. The Viennese damping is more effective. The 
hammers, like the English, are leather covered, but they are lighter, 
sometimes hollow, and probably achieve a higher velocity. Vien- 
nese stringing is generally bichord and significantly thinner than 
the English, and the relationship between frame, soundboards, 
and case of each school is quite differently contrived. These are 
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factors which contribute to the 
tonal difference between the two 
types of instruments. 

Grand pianos were rare until 
about 1780, but thereafter they 
were made in increasing numbers. 
Meanwhile the square piano re- 
mained popular as a domestic in- 
strument with increased size until 
about 1860. Toward the end of 
the 18th century the widespread interest in the orchestra, stimu- 
lated by the music of Haydn and Mozart, led to a demand for 
two- and four-hand transcriptions of orchestral works. The piano 
compass was consequently extended to keep pace with that of the 
orchestra, and it had increased from Cristofori’s four and a half 
octaves to a universal five and a half to six octaves in grands by 
1800, For many years square pianos were restricted to five oc- 
taves (F' to f") since any extension either curtailed the sound- 
board or made the instrument too long, In 1794 William South- 
well of Dublin overcame this difficulty by placing a subsidiary 
frame for the extra treble notes under the soundboard, the ham- 
mers rising through a small slit in it to reach the strings. 

During the 18th century pianos were provided with various 
timbre-creating stops in an effort to please those who found it hard 
to escape the habits of the harpsichord. Three of these survive 
in modern instruments: the previously mentioned forte pedal that 
raises the dampers; and two soft effects, uma corda (shifting the 
keyboard so that the hammers strike only one or two strings in 
each set, the free strings vibrating sympathetically) and celeste 
(interposing a strip of soft material between hammers and strings). 
"These stops were first worked by hand stops or knee levers. Later 
pedals were applied, Broadwood taking out a patent in 1783. By 
about 1790 the two “loud” and “soft” pedals found in the modern 
instrument had become almost universal. During the period from 
about 1800 to 1840 a vogue for percussion and other special effects 

(under the influence of Turkish music) led to the construction of 
pianos with as many as eight pedals. But such trivialities earned 
the condemnation of serious teachers and performers. One device 
from this period, however, survives in many modern upright 
pianos: this is the piano pedal, which shortens the radius of the 
hammer, thereby significantly reducing the strength of its blow 
upon the strings. Л 

By about 1860 the upright piano had virtually replaced the 
square for ordinary home use. Early upright pianos followed the 
design of upright harpsichords with the strings rising from key- 
board level. They were consequently very tall, and many were 
made in elegant shapes, such as the “lyre,” “giraffe,” and “руга- 
mid.” But by taking the strings down to floor level the upright was 
made shorter and more suitable for small rooms. This was first 
done by a progressive maker, John Isaac Hawkins, in 1800, The 
essentials of the modern upright action were contained in the “tape- 
check” action of Robert Wornum that was patented in 1842 but 
probably was invented several years earlier. 


DEVELOPMENT OF THE MODERN PIANO 


After 1800 the piano, as a result of the increasing demands of 
composers and performers, began a rapid growth to its modern 
form, which, for practical purposes, it reached by 1859. The main 
stimulus was the gigantic pianism of Beethoven (according to 
Czerny, “marked by enormous strength, incredible bravura, and 
fluency”) followed by the efforts of others to emulate his style 
and to excel in his works. 

Earlier virtuosos brought to the piano a style of playing essen- 
tially legato, something between harpsichord and clavichord tech- 
nique. Beethoven’s playing opened up new vistas of dramatic 
quality and expression beyond the capacity of existing instruments, 
He made no secret of his preference for the English pianos with 
their greater sonority and brilliance. During this period the 
famous heads of piano houses gathered around them a brilliant 
circle of pianists and composers, and the incentive to develop 
instruments capable of matching the rapidly increasing musical 
demands was intense. 
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After Beethoven, the composer-pianists who most infü 
piano development were John Field, Chopin, and Liszt, 

Field's influence upon Chopin was considerable, and he wag prob- 
ably the first to use the forte pedal artistically for the sustain) 
of widespread chords. Chopin, whose technique derived from 
C. P. E. Bach, was much opposed to a forceful touch, preferring a 
square or small upright piano to a more sonorous grand, (The 
Broadwood grand made for him in 1848 can still be seen in the 
firm's London showroom. It has a shallow touch with q touch 
weight of 24 oz.). Field and Chopin developed the intimate char- 
acter of the piano. As with Schumann, their music demands a 
degree of softness, evanescence, and sustained treble tone which 
none of the earlier instruments possessed. 

The great teaching of Beethoven’s pupil Czerny paved the way 
for Liszt, the consummate piano virtuoso of the age. Liszt's play- 
ing (influenced by Chopin on one hand and Paganini on the other) 
combined musicianship and showmanship to an unprecedented de- 
gree, and his technique transcended that of all his contemporaries, 
He adopted a high-seat position in a quest for greater power; 
but his playing combined great strength with softness and delicacy, 
and he never sacrificed good tone to noise. Мапу of his succes: 
sors were less artistic, with the result that in the 1870s piano 
makers felt compelled to fortify their instruments by increasing 
the touch weight to as much as 4 oz., more than twice the weight 
of a Viennese action. This did not last for long, however, and 
by the end of the nineteenth century a lighter touch once again be 
came normal. ! | 

During the period 1800 to 1859 the efforts of piano makers were 
directed toward evolving methods of improving the volume, sus- 
taining power, and sonority of the instrument. In practice this 
involved heavier stringing, frames capable of carrying the in- 
creased tension, and a scientific approach to the covering of the 
hammer and its striking place on the strings. 

An inherent structural weakness of the early pianos was the 
gap across the full width of the soundboard through which the 
hammers came up, The early makers strengthened this with light 
wooden braces; but the first maker to tackle the problem seriously 
was Americus Backers, who placed metal arches from wrest plan 
to soundboard of his grands as early as 1772. A few 19th-century 
makers sought a solution in the down-striking action, which 
the gap unnecessary. 
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The weakness of the all-wooden frames became seriously ap- 
parent with the extension of the treble compass (where the tension 
js highest). Makers found the solution in an increased use of metal. 
Systems of metal resistance were evolved independently by Joseph 
Smith and by Hawkins in about 1780; but Broadwood first applied 
jron tension bars to the treble of grands in 1808. William Allen 
and James Thom, employees, of the Stodart firm, invented a metal 

rand frame in 1820, but this was primarily intended to compen- 
sate the differing coefficient of expansion of brass and steel springs 
under heat. In 1827 Broadwood combined iron tension bars with 
a fixed iron string plate, and their first complete iron-frame grand 
was produced for the Crystal Palace Exhibition of 1851. Much of 
the metal frame development took place in the United States, 
however, where the first complete iron frame was made by Alpheus 
Babcock of Boston for a square as early as 1825. The idea was 
taken up by other U.S. firms and in 1859 came the Steinway over- 
strung frame; which has been the model for all successful modern 
grand frames, il 

Overstringing (or cross-stringing) is a method in which the 
strings are slightly fanned out, and the bass strings cross over 
the tenor ones. This has the advantage of allowing greater string 
length within a relatively shorter case (Pape introduced it into 
uprights in 1828); but its primary object is to spread the strings 
so that they affect, the soundboard area of maximum resonance 
and are better disposed for sympathetic resonance when the sus- 
taining pedal is used. 

The striking place of the hammer on the string is an important 
factor in determining the tone quality. Makers of the harpsichord 
and early piano were, naturally, aware of this acoustical fact, but 
they made no attempt to achieve uniformity throughout the scale. 
The first piano maker to give this problem serious attention was 
Broadwood, who, in 1788, obtained scientific advice and modified 
his design to provide a uniform striking distance of $ vibrating 
length throughout most of the compass. 

During the 1830s improvements in the tempering of steel wire 
ind the introduction of overspun bass strings made possible the 
Increased sustaining power obtainable from heavier stringing and 
greater tension, It was also found that the felt-covered hammers 
introduced.by Pape had the effect of damping the more dissonant 

rmonics and, since the tendency was toward fullness and mellow- 
hess of tone rather than brilliance, the use of felt became wide- 
Spread, although not universal until after 1855. 

Meanwhile, after.a slow start in the 18th century, another 
School of piano manufacture had grown up in France under the 
leadership of Sébastien Erard, a progressive maker who experi- 
mented with metal bracing more or less simultaneously with Broad- 
Wood, By 1821 he perfected his double escapement repetition 
‘ction on which the modern grand action is directly based. Early 

Sth-century piano, music is full of repeated notes in imitation of 
€ violin tremolando. „Érard’s action made possible the repetition 
i note without materially raising the key. Its working principle 
5 50 much like the modern grand action (described below) that 
û separate description here is unnecessary. 
p During the early 19th century the compass of the piano con- 
b ed to spread, reaching the standard seven octaves (A” to a^) 
27 1836. In the 1890s a further three notes to c//" were added 
M the treble, 
(5 hus, by 1859 the piano had reached its modern form in all 
ч details, The subsequent period has been largely one 
kie development. and. standardization. Among post-1859 
шан must be.mentioned a third pedal (invented by Claude 
ie tal in 1862) for sustaining only the notes of a given chord, the 
a Rinder staying damped, This is invariably provided by Stein- 
n and is essential for the performance of the works of certain 
ШЫЛ Composers, Another Steinway feature is the “duplex 
i (a revival of an.idea patented by W. F. Collard in 1821), 

n ich the surplus length of the treble strings is used for sympa- 

ү reinforcement of the tone. Bliithner of Leipzig went further 
tune ae “aliquot scaling,” which provided independent octave- 

ia Teble strings for sympathetic vibration. 
tif: M the numerous 20th-century developments the most sig- 
t is probably. the double keyboard of Emmanuel Moór, the 
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upper keyboard being an octave higher than the lower. This 
permits widespread chords and other effects impossible for two 
hands on a normal keyboard. Although admired by Ravel, this 
clever invention seems destined to share the oblivion of any in- 
strumental innovation which does not attract the imagination of 
leading composers and performers, who no doubt feel that the 
20th-century grand piano is demanding enough without additional 
complications. 

String tension, determined at 16 tons in 1862, increased to as 
much as 30 tons in modern instruments. The result is a dynamic 
range, sostenuto, and tonal spectrum unknown to Chopin, Beetho- 
ven, and even Liszt. The modern piano has undoubtedly the widest 
range of expression of all solo instruments. In the hands of com- 
posers such as Bartok and Stravinsky, it has been reduced to the 
level of a mere percussion instrument. On the other hand, com- 
posers of the stature of Debussy and Ravel showed it to be capable 
of a diversity of colour and power inviting comparison only with the 
orchestra. 


MODERN PIANO ACTIONS 


The working of modern grand and upright piano actions is 
explained below. 

Modern Grand Action.—This (fig. 5) is a refinement and 
simplification of Érard's action of 1821. It must be remembered 
that details vary between one 
maker and another. The key, 
pivoted at the pivot point, raises 
the carriage. This carries the 
hopper, or “bell crank lever,” the 
tip of which imparts the thrust to 
the hammer by means of a small 
roller attached to the underside 
of the hammer shank. Escape- 
ment.is caused by the engage- 
ment of the prolongation of the 
L-shaped hopper with the ad- 
justable set-off button. Before 
the key is fully released, the rep- 
etition lever (through which the 
tip of the hopper passes) rises 
against the pressure of the spring 
until it is checked by a screw. 
The repetition lever then sup- 
ports the roller and enables the 
hopper to regain its position un- 
der the roller in order to be ready 
for a second blow before the key 
is materially raised. Shown also 
are the check and the damper, the working of which is self-explana- 
tory. 

Modern Upright Action.—This (fig. 6) is derived from the 
“tape-check” action of Wornum. The key pivoted at the pivot 
point conveys the thrust to the carriage lever, on which are mounted 
the hopper and check. Thrust is conveyed by the hopper to a 
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notch in the hammer butt, and escapement is caused by the engage- 
ment of the hopper prolongation with the set-off button. The 
spring ensures the return of the hopper. A special feature is the 
tape, which is tightened by the rise of the hammer and pulls it 
back to assist repetition. The damper, held against the string 
by a spring, is raised by the action of the pin as the key is de- 
pressed. 

For piano tuning, see TEMPERAMENT, MUSICAL; for mechanical 
reproduction, see PLAYER PIANO. 
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forte, Proc. Roy. Mus. Ass., vol. Ixxvii (1951) ; К. E. M. Harding, Ex- 
perimental Pianofortes and Music Written for Them, Proc. Mus. Ass., 
vol. lvii (1931) ; The Piano-forte (History to 1851) (1933) ; E. Half- 
penny, chapter on *Music and Musical Instruments" in The Late 
Georgian Period, ed. L. G. G. Ramsey (1956) ; A. J. Hipkins, The Piano- 
forte (1896); E. J. Hipkins, How Chopin Played (1937); F. J. Hirt, 
Meisterwerke des Klavierbaus (1955); P. James, Early Keyboard In- 
struments (1930) ; G. Kinsky, Katalog des Musikhistorischen Museums 
von Wilhelm Heyer, vol. i (1910); L. M. Nalder, The Modern Piano 
(1927) ; W. Pole, Musical Instruments of the Great Industrial Exhibi- 
tion of 1851 (1851); E. F. Rimbault, The Pianoforte . . . (1860) ; Н. 
Schonberg, The Great Pianists (1963) ; W. Skinner, The Belle Skinner 
Collection of Old Musical Instruments, Holyoke, Mass. (1933); D. 
Spillane, History of the American Pianoforte (1890) ; Steinway & Sons, 
People and Pianos (1953); S. Wolfenden, A Treatise on the Art of 
Pianoforte Construction (1916). (A. №.) 

PIANOSA (Isora PrANosA; ancient PLanasta), an island of 
Italy, belonging to the province of Livorno (Leghorn), 8 mi. SW of 
the island of Elba. Area 6 sq.mi. Pop. (1961) 844. As its name 
indicates, it is flat, its highest point being about 90 ft. above sea 
level. It figures in Roman history as the place of banishment of 
Augustus' grandson, Agrippa Postumus. In the 16th century it suf- 
fered from the depredations of the Turks; and in 1864 an agricul- 
tural penal colony was established there. (G. Кн.) 

PIARISTS (ORDER or THE Pious SCHOOLS; CLERICI REGU- 
LARES PAUPERES MATRIS DEI SCHOLARUM PrARUM; SCH. P.) area 
Roman Catholic teaching order founded in 1597 by Joseph 
Calasanctius at Rome, where he opened the first free school in 
Europe for poor children. The original congregation (founded 
1617) became an order of clerks regular in 1621. To the usual 
three vows the Piarists added a fourth: special care of youth. 
The motherhouse is in Rome. Active for many years in Italy, 
Spain and central Europe, the Piarists opened their first school in 
the United States at Devon, Pa. in 1956. See also ORDERS AND 
CONGREGATIONS, RELIGIOUS. (Jo. A. B.) 

PIAROA, a South American Indian tribe occupying savanna 
and forest between the Orinoco and Ventuari rivers in southern 
Venezuela. Their language belongs to the small, independent 
Sálivan family, The Piaroa are among the more primitive of the 
Tropical Forest horticultural groups. Manioc gardens cleared in 
the forest provide the staple, supplemented by game and fish. The 
blowgun (g.v.) and darts poisoned with curare are used in hunting. 
A village consists of a single, large, circular thatch-covered house 
occupied by related families. Villages are moved frequently, the 
accumulation of goods is small, and clothing is minimal. Few de- 
tails of native Piaroan culture are known. The tribe seems never 
to have been large, and was decimated through European contact. 
In the 1960s most of those remaining had largely abandoned 
aboriginal ways; trustworthy population data were not available. 

BIBLIOGRAPHY.—J. Н. Steward (ed.), Handbook of South American 
Indians, vol. 3 and 6 (1946-50) ; G. Bolinder, Indians on Horseback, 
pp. 80-82 (1957); J. Wilbert, Indios de la Región Orinoco-Ventuari 
(1963). (B. J. МЕ.) 

PIAST, the first dynasty of princes and kings of Poland. The 
legendary Piast, a plowman in the service of the equally legendary 
Prince Popiel, is said to have been the father of Siemowit, who 
succeeded Popiel as prince of Gniezno in the second half of the 
9th century, The legend was recorded at the beginning of the 
12th century, but the use of the name Piast for the dynasty does 
not occur till the 17th century. 

The most prominent members of the main Piast line were: 
Mieszko I, Boleslaw I, Boleslaw II, and Boleslaw III (gq.v.). 
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At Boleslaw III's death (1138) the dynasty split into severa] Jin 

1. The line of Great Poland descended from Mieszko TII, me 
son of Boleslaw III. It died out with Przemysl II (1257-96) 
prince of Great Poland from 1277 and king of Poland from 1295, 

2. The line of Little Poland descended from Boleslaw Ils 
fifth son, Casimir II the Just (1138-94), prince of Cracow and 
Sandomierz from 1177. It became extinct with Boleslaw V (1226- 
79), prince of Cracow and Sandomierz from 1243, 

3. The line of Kujawy descended from Casimir II's son Konrad 
I (1187-1241), prince of Mazovia from 1202. His son Casimir 
(1211?-67), prince of Kujawy from 1263, was the father of 
Wladyslaw I, king of Poland from 1320. Wladyslaw’s son Casimir 
III (q.v.) was the last Piast king (1333-70), but the princely line 
continued till the death in 1388 of Wladyslaw the Fair of 
Gniewkowo, 

4. The Mazovian line descended from Konrad I’s youngest son 
Siemowit I (1224-62), prince of Mazovia from 1248. The last 
members of this line were the princes of Warsaw and Czersk, 
Stanislaw (1501-24) and his brother Janusz III (1502-26). 

5. The Lower Silesian line descended from Boleslaw ТЇЇ eldest 
son Wladyslaw II the Exile (1105-59), prince of Cracow and Si- 
lesia from 1138 to 1146, through his eldest son Boleslaw the Tall 
(c. 1129-1201), who became prince of Silesia in 1163. Split 
among six branches, Wroclaw, Swidnica, Legnica, Brzeg, Zagan, 
and Olesnica, this line died out in 1675 with Jerzy Wilhelm, prince 
of Legnica, Brzeg, and Olawa. 

6, The Upper Silesian line descended from Mieszko the Cross- 
legged (c. 1138-1211), prince of Silesia together with his brother 
Boleslaw the Tall in 1163. This line, after being divided into 
four branches, Raciborz, Opole, Cieszyn, and Oswiecim, died out 
with Fryderyk Wilhelm, prince of Cieszyn, in 1625. 

See О. Balcer, Genealogia Piastów (1893) ; W. Dworzaczek, Genealogia 
(1959). (A. Gr) 

PIATRA NEAMT, a town of Moldavia in Bacău Region, 
northeastern Rumania, lies in the Bistrita Valley, 219 km. (136 
mi.) ENE of Tîrgu Mures by road. Pop. (1960 est.) 36024. 
Stephen the Great reconstructed the town and built the church of 
St. Ion Domnescu (1497) and the St. Ion Tower. There is 4 
regional museum, and nearby is the Bistrita Monastery, founded 
in 1402 and rebuilt in 1554. There are oil refineries, a chemical 
works, a thermal power station, textile factories, food processing 
plants, and timber and paper mills. 

PIAUI, a state of northeastern Brazil, bounded on the north 
and west by Maranhão, on the east by’ Ceara, Pernambuco, an 
Bahia, and on the south by Bahia, It has about 50 mi, of Atlantic 
coastline on the north, and the entire length of the Rio Parnaíba 
forms the boundary with Maranhão. The area of the дү ^ 
96,886 sq.mi., and its population (1960) was 1,263,368. The c р 
city and capital since 1852 is Teresina. Piauí is served by ith 
port of Parnaíba and its outport Luis Correia. River boats wil 
3-ft. draft navigate the Rio Parnaíba as far as the third city ? 
the state, Floriano. 

Piauí lies within the semiarid area of recurring drou 
teristic of the backlands of northeastern Brazil. The la "e 
rises very gradually from sea level toward the south and it 
is a part of the tabular upland supported by sandstone strata fd 
dip gently toward the west, Where the sandstone ends, bU 
mately along the eastern border of Piauí, it faces the раа 
of Ceará as а steep scarp, or cuesta. In Ріаш the eee 
tablelands descend gradually toward the Parnaíba and are $ nu 
by the right-bank tributaries of that river, including the s. of 
the Canindé, the Poti, and the Longa, The drier eastern Ex d 
the state is covered with a thorny, deciduous scrub MU dii valley 


ights charac 
nd surface 


of the Parnaíba, the scrub gives way to a grassy 
scattered babacu palms. In the wetter areas the ра! ral 
except where they have been destroyed for their oil. n 0 
and humidity are high along the coast and along the 1 er pert" 
the Parnaíba Valley. In the drier interior the daytime 
tures are high, but the nights are cool. Domingos 
The first settlement of Piauí took place in 1674 when annas of 
Afonso Mafrense established cattle ranches on the $9" 


the Parnafba Valley. In 1718 the area was included in the cap- 
псу of Maranhão, and not until 1811 was Piauf separated from 
the political unit to the west, with which it is still closely tied eco- 
nomically. Because the caatingas and the steep cuesta on the east 
have only been scantily settled, connections with settlements in 
Ceará are not close. Even now Teresina is connected by rail only 
with São Luis in Maranhão. Piauí has no connected rail system 
of its own, and only one all-weather highway, which connects 
Teresina with Fortaleza in Ceara. Products of the state include 
babagu nuts, carnauba wax, oiticica oil, castor beans, cotton, and 
manioc, as well as cattle and goat skins, (P. E. J.) 

PIAVE, a river in northeastern Italy, rises in the Carnic Alps 
on the slopes of Monte Peralba, near the Austrian frontier, and 
flows southward in its upper course until it reaches Belluno, then 
enters its narrow gorge at Feltre. It then turns southeast and 
winds its way across the Venetian plain, reaching the Adriatic at 
Cortellazzo, 20 mi, NE of Venice, The Piave is 137 mi. long and 
` the area of its drainage basin 1,580 sq.mi. Until about 1500 the 
mouth of the Piave was farther south, near Treporti on the lagoon 
of Venice. After several changes, the river settled in a mouth 
mar Caorle; and, after a disastrous flood in 1683, in its present 
outlet, In 1966 the rain-swollen river burst its dikes in a major 
food. The variations in water volume are of the order of 1:100 
and during late summer most of the Piave's lower course is a great 
| bed of dry gravel. The upper part of the valley boasts major 
hydroelectric stations at Pieve di Cadore, and Fadalto, while 
waters of the lower course are used extensively for irrigation. Oc- 
casional navigation by barges extends only about 20 mi. inland. 

In World War I the Piave became the main line of Italian 
resistance after the Austrian breakthrough at Caporetto in October 
1917; the remaining Italian forces were then reconstituted behind 
| the river. On June 15, 1918, the Austrians delivered a general 
| attack along the greater part of the Italian front, known as the 
Battle of the Piave, their object being to break through into the 
rich agricultural area of the Veneto. Two Austrian forces suc- 
ceeded in getting across, but were forced by Italian counterat- 
tacks to recross the Piave, after suffering heavy losses. Later an 
Italian local attack resulted in the conquest of the area between 
the old and the new Piave near the estuary, In October 1918 an 
Italian offensive on a large scale on the Piave front culminated at 
the end of the month in the decisive defeat of the Austrians at 
the Battle of Vittorio Veneto. (G. Кн.) 

PIAZZETTA, GIOVANNI BATTISTA (1682-1754), one 
Of the outstanding Venetian painters of the 18th century, was born 
it Venice on Feb. 13, 1682. He began his career in the studio of 
15 father, Giacomo, a mediocre wood-carver. Soon after assist- 
Ing the latter to carve the still-surviving bookcases of the library 
SS. Giovanni e Paolo at Venice, he abandoned the family pro- 
"son and began to study painting under Antonio Molinari 
('66s-after 1727). About 1703 he went to Bologna, where he 
BR in the studio of G. M. Crespi. He was back in Venice 
ARS and continued to work there until his death on April 28, 
Gui em nl кау sawed meer 
Which he hi dores 3 d d his in- 
fs enceforth adopted; Crespi probably awakene is in 
Wii ln genre painting. ‘The caravaggesque lighting effects at 
фу he aimed have become emphasized with time, for his olive- 
a b brown colours have darkened and the deep red ground 

Lite | he invariably painted has become more prominent. 

bu vie known of the dating of Piazzetta’s works, especially 
lio) i: ЫН youth, “St. James carried off to Martyrdom (in S. 

k o ated 1717; at this period he was a powerful influence on 

79006 G. В. Tiepolo. About 1725-27 he undertook his only 
of the Sea the “Glorification of St. Domenic” for the chapel 
ед acrament in SS. Giovanni e Paolo, in which the reverse 
D Tun 9f the now mature Tiepolo on Piazzetta is apparent. The 
Work ee St. Francis” (Vicenza), perhaps his finest religious 
шше] ês from about 1732, and some three years later he was 
Cologn, Ды to execute an “Assumption” for the elector of 
беде, (museum, Lille), The celebrated “Fortune Teller 

mia, Venice) is dated 1740. “The Pastoral” (Chicago) 
Idyll by the Seashore” (Cologne, copy in Dublin), both 


id the 
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in the same rococo-pastoral vein, must have been painted about 
the same time or a little before. In his last years he carried out a 
number of large-scale decorations with subjects taken from classi- 
cal history. 

In 1727 Piazzetta had been elected a member of the Bolognese 
Accademia di S. Luca and, on the foundation of the Venetian 
Academy in 1750, he was made its first director and teacher of 
drawing from the nude. He produced many works for private 
patrons, especially half-lengths of single saints, biblical subjects, 
and studies of peasants, soldiers, or adolescents, and a few por- 
traits. He was a very slow worker and in spite of his popularity 
was compelled to produce innumerable drawings for sale to eke 
out a penurious existence for his large family. He also carried 
out many designs for book illustrations, mostly for his friend the 
publisher G. B. Albrizzi, the edition of Т. Tasso’s Gerusalemme 
Liberata (1745) being among the finest illustrated books of the 
18th century. 

Piazzetta had many pupils of whom the most important are 
Giulia Lama, Giuseppe Angeli (1710-98), Francesco Daggiü 
(known as “il Capella"; 1714-84), Domenico Fideli (“il Mag- 
giotto”; 1713-93), Antonio Marinotti (“il Chizzotto"; 1719-90), 
and Francesco Polazzo (1683-1743). Their works are frequently 
confused with their master’s. 

Brsriocrapuy.—G. B. Albrizzi Studi di Pittura già Dissegnati da 
G. B. Piazzetta, etc. (1760) ; R. Palluchini, Piazzetta (1956), with full 
bibliography. (F. J. B. W.) 

PIAZZI, GIUSEPPE (1746-1826), Italian astronomer and 
discoverer of the first minor planet Ceres, was born at Ponte in the 
Valtellina, July 16, 1746. In 1780 he was appointed professor of 
higher mathematics at the Academy of Palermo. Later, with the 
aid of the viceroy of Sicily, he founded the observatory of Palermo. 
There he produced his great catalogue of the positions of 7,646 
stars, a work notable for its high accuracy and for the large number 
of objects listed. There also, on Jan. 1, 1801, he discovered and 
named Ceres. He died at Naples, July 22, 1826. 

BrsLrocRAPHY.—B. E. Maineri, L’Astronomo Giuseppe Piazzi 
(1871) ; R. Wolf, Biographien, vol. iv, pp. 275-292; Memoirs Roy. Astr. 
Soc., iii, 119-120; R. Grant, Hist. Phys. Astronomy, pp. 238, 510, 549. 

(H. M. J.) 

PIBUL SONGGRAM, LUANG (1897- ), field marshal 
and former prime minister of Thailand, was born near Bangkok 
on July 14, 1897. After completing his education in France, he 
returned to Thailand in 1927 and became a captain in the army. 
Five years later he took a leading part in the bloodless revolution 
which obliged King Prajadhipok to grant a constitution. From 
1932 until 1938 Pibul and his civilian associate, Pridi Phanomyong 
(also known as Luang Pradit), wielded the power behind the 
throne. In domestic affairs, they established democratic forms of 
government and inaugurated strong economic policies of indus- 
trialization and nationalization, In foreign affairs, they nursed 
long-standing grievances against both the United Kingdom and 
France and adopted an independent course toward aggressive 
Japan. 

Pibul became prime minister in 1938 and guided Thailand's 
destinies through World War II. He ruled by a series of totali- 
tarian decrees and allied himself with Japan. He declared war 
on the Western powers, and, when defeated, stepped aside and 
obliged his political adversaries to sue for peace. 

After the war Pibul faded temporarily into the political back- 
ground but he reemerged as prime minister in 1948. In an en- 
vironment of chaos, he was accepted as a pillar of anti-Communist 
strength. With his henchmen in control of important posts in 
the army, the police, and the state economic enterprises, he re- 
established government by cabal. He survived several attempted 
coups d’état only to be ousted in 1957 by some of his disgruntled 
colleagues. After being forced out of office, he took up residence 
outside of Thailand. (C. A. B.) 

PICABIA, FRANCIS (1879-1953), French painter, illus- 
trator and editor associated with the Cubist, Dadaist and Sur- 
realist movements, was born in Paris on Jan. 22, 1879. He came 
into contact with modern art through Impressionism and the in- 
fluence of Alfred Sisley. In 1909 he moved on to early Cubism 
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and became a member of the Section d'Or ("Golden Section") 
Cubist group that met at the studio of Jacques Villon. During 
1912-13 he went through his period of Orphism or colour or- 
chestration, gradually adopting proto-Dada names for these works, 
e.g., "Catch as Catch Сап.” In 1913 he exhibited at the Armory 
show in New York and at the famous Alíred Stieglitz gallery, 
contributed to the proto-Dadaist review 291, contributing also to 
the Stieglitz Camera Work magazine where he promulgated 
Amorphism, a satire on current art trends. In 1917, with Walter 
Arensberg, Picabia launched the periodical 391 and with Marcel 
Duchamp, Marius de Zayas and Man Ray he also organized a 
semi-Dadaist group. Later he was active as a Dadaist in Barce- 
lona, Paris and Ziirich, where he worked with Tristan Tzara. In 
1918 he collaborated on the third issue of Dada magazine in 
Zürich; in Paris in 1920 he began to publish a review called 
Cannibale, For many years thereafter Picabia continued to ex- 
hibit in Paris, where he died on Nov. 30, 1953. 

See Marie De La Hire, Francis Picabia (1920) ; Robert Motherwell 
(ed.), Dada Painters and Poets (1951). (B. S. Ms.) 

PICARD, CHARLES EMILE (1856-1941), French mathe- 
matician, whose theories did much to advance researches into 
algebraic geometry, was born in Paris on July 24, 1856. In 1878 
he was appointed lecturer at Paris University; in 1879 he became 
professor at Toulouse University; from 1881 to 1898 he held 
various positions at the university and the École Normale Su- 
périeure, Paris; and in 1898 he became professor at Paris Uni- 
versity. In 1917 he was elected permanent secretary for the 
mathematical sciences in the Paris Academy of Sciences. 

One branch of Picard's work was concerned with Fuchsian and 
Abelian functions, and with the allied theories of discontinuous 
and continuous groups of transformations. This work led to a 
study of the algebraic manifold now known as the Picard variety, 
which plays a fundamental role in algebraic geometry. In 1879 
Picard proved the theorem known by his name, that an integral 

function of the complex variable takes every finite value, with 
one possible exception; this theorem initiated many important in- 
vestigations. Picard also created a theory of linear differential 
equations, later extended by his pupil E. Vessiot, analogous to the 
Galois theory of algebraic equations. His study (inspired by 
N. Н. Abel and G. F. B. Riemann) of the integrals attached to 
algebraic surfaces, and the related topological questions, developed 
into an important department of algebraic geometry, with varied 
applications to topology and function theory. Picard's researches 
in this field were expounded in the treatise he published with G. 
Simart, Théorie des fonctions algébriques de deux variables indé- 
pendantes (two volumes, 1897, 1906). Picard died in Paris on 
Dec. 12, 1941. (L. R.) 

PICARD, JEAN (1620-1682), French astronomer who first 
accurately measured the degree of a meridian, was born on July 
21, 1620, at La Flèche, Anjou. After acting as prior of Rillé, 
Anjou, he became professor of astronomy at the Collège de France, 
Paris (1655), and was admitted to the Academy of Sciences in 
1666. Picard’s measurement of the earth, which chiefly established 
his reputation, was used by Sir Isaac Newton to verify his theory 
of gravitation, In 1671 Picard went to the island of Hven (Ven) 
to determine the exact position of Tycho Brahe’s observatory 
Uranienborg and returned with copies of the originals of Brahe’s 
principal work. Picard is also given credit for the introduction of 
telescopic sights and the use of pendulum clocks as contributions to 
greater precision in astronomical observations. In 1675 he made 
the first recorded observation of barometric light (g.v.). Picard 
founded La Connaissance des Temps in 1679 and edited it until his 
death in Paris on July 12, 1682. See also GEopEsv: Ellipsoidal 
Era of Geodesy. 

PICARDY, the conventional name for a region of northern 
France lying between Normandy and the historic Netherlands and 
north of the Ile-de-France and Champagne; its core forms the 
modern département of Somme (q.v.) and the northern part of 

Aisne, but parts are now in Pas-de-Calais or in Oise. Because 
Picardy was never unified in the feudal period, its boundaries are 
disputable. In the first place, Picards, whose speech was a form 
of the langue d'oïl distinct from that of the Île-de-France (see 


France: The People: Languages), are mentioned specifically 
the beginning of the 12th century and were recognized as à "n. 
tion" in the organization of the University of Paris from the mid. 
dle of the 13th; but the linguistic "Picardy" includes Artois, 
Cambrésis, Tournésis, and parts of Flanders and Hainaut and 0 has 
a far greater northward extension than the conventional Picardy, 
Secondly, Picardy may be considered ecclesiastically as embracing 
not only- the medieval dioceses of Amiens, Noyon, and Laon byt 
also the northern parts of those of Beauvais and of Soissons, 
Finally the province of Picardy from the 16th century to the end 
of the ancien régime comprised (1) the Somme basin from Saint- 
Quentin to the Channel, with Péronne, Corbie, Amiens, and Abbe. 
ville along its axis and with the adjacent country between the 
Authie River in the north and the Bresle River (which marked 
the frontier of Normandy) in the west, as well as Montdidier and 
the basins of the Noye and Aure tributaries of the Somme in the 
south; (2) the basins of the Serre and of the upper Oise, with La 
Fére, Marle, Vervins, and Guise, as well as the Thiérache country 
between the Oise and the source of the Sambre; and (3) Montreuil 
on the Canche beyond the Authie. ‘To this province Boulogne and 
the Boulonnais and even the Pays Reconquis (Guines, Calais, and 
the coastal area as far as Gravelines) were sometimes added, 
Picardy was occupied by the Salian Franks in the 5th century 
AD, In the feudal period it was divided. Apart from the count- 
ships of Boulogne and of Montreuil, the west formed the countship 
of Ponthieu (Vimeu being the tract between Bresle and Somme), 
The countships of Amiénois and of Vermandois occupied central 
Picardy; and to the east was Laonnois. Philip II Augustus of 
France gradually united Amiénois and Vermandois to his domain 
(from 1185); but Ponthieu was held by the English as a fief almost 
continuously from 1279 to 1360 and then as an outright possession 
till 1369; and the dukes of Burgundy, having obtained Flanders, 
Artois, and the Boulonnais, acquired Ponthieu, the Somme towns, 
and Montdidier under the Treaty of Arras in 1435 (see PHILIP 
the Good, duke of Burgundy). 1 
Reconquered for France by Louis XI in 1477, Picardy was 
thereafter a frontier area many times invaded from the Habsburg 
Netherlands till the French acquisition of Artois and бй 
Hainaut in 1659. Some of the bloodiest fighting in World War 
(q.v.) was in Picardy. í al 
PICARESQUE NOVEL, THE. The picaresque nm 
which may be defined as the prose autobiography of a 8000 
parasite, real or fictitious, who in describing his exer 
satirizes the society he has exploited, developed in Spain m 
16th century as a special form of the roman d'aventures (the HM 
of medieval romance in which the chief interest of the narra i" 
centres in the adventures of the hero). Although the РИД 
rogue hero, had made his appearance in literature in 80° г А 
works as the Satyricon of Petronius Arbiter (q.9.), and МАР 
sisted in such popular medieval works as the fabliaux ee a 
the Roman de Renart (see REYNARD THE Fox), in its final tion 
the picaresque novel (novela picaresca) was a Spanish i 
The word picaro is first found in texts of 1525 (26070 de c 
and, in its present sense of rogue or rascal, from about (to nite 
etymology generally accepted would derive it from n 1 
ble, pick up); a related synonym picaño goes back to Spani 
century. Picardo (a native of Picardy, with which region Эр 
soldiers in the Low Countries had many contacts) has 4 "pl 
advanced, picardia being the action of a picaro. The s ü ) 
to a character in fiction first occurs in Guzmán de Alfarae | 
by Mateo Alemán (g.v.), a work long known simply as fi 
But a genuine novela picaresca existed in Spain before 
had become generally current. f УШ й 
In Spain.— The earliest specimen is La vida de s ей 
Tormes у de sus fortunas у adversidades, an anonyme 
seven brief tratados telling of Lázaro's experiences V! tributed !° 
masters, alternately lay and clerical, which was long ® peared P 
Diego Hurtado de Mendoza (g.v.). Three editions а it 
1554 (one in Antwerp) and three more before 1559, W! 
placed on the Index for its implied attacks on the йе.) com 
anonymous Segunda parte de Lazarillo de Tormes. de 
pletely misinterpreted the irreverent wit of the 008178 
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a wrote another, more estimable, sequel published in 1620. 
The Inquisition meanwhile gave up the attempt to suppress the 
{ part, and in 1573 authorized an expurgated edition. Not 
"until 1599 did a second work of the kind appear, Mateo Alemán's 
Primera parte de Guzmán de Alfarache, the feigned autobiography 
ofthe son of a ruined Genoese moneylender. The subtitle Atalaya 
de la vida humana added to the second part, like the copious 
moralizings which threaten to swamp the story in sharp contrast 
tothe laconic cynicism of the Lazarillo de Tormes, proclaim it one 
of the most characteristic works of the Counter-Reformation; but 
itis richer than the Lazarillo in invention, variety of episode, and 
presentation of character, and enjoyed extraordinary popularity. 
А Valencian, Juan Marti, published a Segunda parte (1602) under 
the pseudonym of Mateo Lujan de Sayavedra; in 1604 Aleman 
|rought out the true continuation. A third part, written in Spanish 
by the Portuguese Felix Machado da Silva, was first printed in 
1927. The Viaje entretenido (1603) of Agustín de Rojas (1572-c. 
1618), while not fiction in the accepted sense, has some claim to 
inclusion here. A realistic account of the writer's experiences as 
strolling actor and playwright, it is at once an invaluable contribu- 
tion to Spanish stage history and a graphic record of contemporary 
low life. 
- Next in date is Francisco López de Übeda's La picara Justina 
(1605), the story of a woman picaroon who deceives lovers as the 
picaro does masters, which has acquired a reputation for in- 
decency; its real defects are affected diction and want of originality. 
To philologists it is a mine of verbal eccentricities. Cervantes 
(g.v.) in several of his works (Pedro de Urdemalas, Rinconete у 
Cortadillo, El coloquio de los perros) presents a brilliant panorama 
Vf picaresque existence, if without the cynical pessimism char- 
acteristic of the kind, In the Viaje del mundo (1614) Pedro de 
Cevallos interpolates amusing tales of what befell him in the slums 
of Andalusia before he fled from justice to America. The Re- 
laciones de la vida del escudero Marcos de Obregón (1618) of 
Vicente Martínez Espinel (g.v.) is a baffling compound of fact 
With fiction that was much drawn on by Le Sage in Gil Blas. La 
desordenada codicia de los bienes ajenos (1619) by Carlos García 
Teports the life story of a garrulous jailbird and appends a glos- 
у of thieves’ slang. Every kind of picaroon is portrayed with 
intelligent sympathy by Alonso Jerónimo de, Salas Barbadillo 
(1581-1635) who, while commonly described as a picaresque novel- 
ist, constantly neglects the recognized conventions of the kind. 
Thus La hija de Celestina (1612) abandons the autobiographical 
form, El subtil cordobés Pedro de Urdemalas (1620) alternates be- 
tween dialogue and verse, and in El necio bien afortunado (1621) 
Chief character is rather a cunning dolt than a successful 
Scoundrel, Antonio Liñán y Verdugo seeks ostensibly in his Guía y 
001805 de forasteros que vienen a la corte (1620) to warn against 
temptations of the capital, but there is in most of his tales 
More entertainment than decorum. Serious intention underlies 
ually Jerónimo de Alcalá Yáñez y Ribera’s Alonso, mozo de 
Muchos amos (1624-26), in which the repentant picaro, now a lay 
4 ther, relates his past to the monastery superior. 
я € adventures of the ex-nun Catalina de Erauso (1592-с. 1625), 
E fled from her convent to America dressed in man's clothes, 
*hlisted and was promoted 2nd lieutenant, as told in the Historia 
е la monja alférez dona Catalina de Erauso, escrita por ella 
‘ma, were first published in 1829 and are clearly not wholly au- 
ie interest is unquestionable. No suspicion attaches 
m i Vida of Alonso de Contreras, printed in 1899, though the ex- 
; Plain judges his past with unnecessary harshness. This subtle 
! of vanity also pervades the Comentarios del desenganado de 
1 то of Diego Duque de Estrada, а rakish soldier and inferior 
àtist whose autobiography, begun in 1614 and continued over 
y years, remained in manuscript till 1860. A higher order of 
nt distinguishes the Capitulaciones de la vida de la corte y 
Es entretenidos en ella, a bitterly unsparing review of pica- 
Vileg life by the great satirist Francisco Gémez de Quevedo y 
for ie (q:v.). "These thumbnail sketches were preparatory studies 
) ls Vida del buscón don Pablos (1626), the cleverest and most 
г. ent book of its class, in which, allied to profound psycho- 
artistry, may be seen a deep concern with moral values. 
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After El buscón the picaresque novel declined insensibly into the 
novel of adventure, with an increasing predominance of narrative 
over description. The Varia fortuna del soldado Pindaro (1626) 
added nothing to the established reputation of Gonzalo de Céspedes 
y Meneses (g.v.). Alonso de Castillo Solórzano (q.v.) wrote La 
nina de los embustes, Teresa de Manzanares (1632), the Aventuras 
del bachiller Trapaza (1637), and, as sequel to this, La garduna 
de Sevilla (1642). But the style no longer evoked the old enthu- 
siasm in Spain. The Bachiller Trapaza was continued in Portugal 
by Mateo da Silva Cabral and exploited in France by Alain René 
Le Sage (g.v.), who likewise utilized in his novel Gil Blas epi- 
sodes from El siglo pitagórico (1644) of Antonio Enríquez Gómez. 
The primitive rogue returns in the allegedly autobiographical Vida 
y hechos de Estebanillo González (1646), of whom nothing else 
is known. Le Sage drew upon him in the Histoire d’Estevanille 
Gonzales. 

Outside Spain.—Meanwhile, the rogue had made his way into 
other European literatures. The Antwerp edition and spurious con- 
tinuation of Lazarillo de Tormes brought the work to the notice 
of northern readers: Jean Saugrain translated it into French in 
1561, and an anonymous Dutch version appeared in 1579. David 
Rowland’s English version is dated 1586 (there may have been a 
1576 edition), and numerous reprints (1599, 1639, 1669—70, 1672, 
1677) indicate its popularity. Thomas Nashe (q.v.) wrote the 
first picaresque novel in English, The Unfortunate Traveller, or, 
The Life of Jacke Wilton (1594), Interest was kept alive by 
James Mabbe's admirable version (1622) of Guzmán de Alfarache; 
by The Son of the Rogue, or the Politic Thief (1638), an anony- 
mous translation, done through the French, of La desordenada 
codicia; and by another anonymous translation (1657), likewise 
through the French, of Quevedo's Buscdén. One result was The 
English Rogue Described in the Life of Meriton Latroon, a Witty 
Extravagant (1665), by Richard Head and Francis Kirkman, 
There is a female picaroon in Moll Flanders (1722), conceivably 
suggested by the Picara Justina, since the author, Daniel Defoe 
(q.v.), read Spanish. The satirical spirit lacking in Moll Flanders 
is abundantly present in another of Defoe’s works, Colonel Jack 
(1722), which bravely aims at exhibiting “vice and all kinds of 
wickedness attended with misery.” The picaroon, naturalized 
henceforth in English literature, is notably reincarnated by Henry 
Fielding (g.v.) in Jonathan Wild (1743) and by Tobias Smollett 
(q.v.) in Ferdinand, Count Fathom (1753). 

The 1579 Dutch translation of Lazarillo de Tormes did not cause 
the picaresque novel to take root in Holland, yet from it derives 
one of the best Dutch comedies, De Spaanschen Brabander (1617) 
by Gerbrand Bredero (g.v.). A German version of Guzmán. de 
Alfarache by Aegidius Albertinus appeared in 1615; one of the 
Picara Justina, anonymous, in 1627; and in 1617 versions of both 
Lazarillo and Rinconete y Cortadillo by Niclas Ulenhart. Martin 
Freudenhold wrote a continuation of Guzmán de Alfarache in 1626, 
but the only original picaresque novel of real value in German is 
Der abenteuerliche Simplicissimus (1669) by H. J. von Grimmels- 
hausen (q.v.). Attempts to acclimatize the kind in Italy failed 
completely. French translations of Guzmdn de Alfarache, Marcos 
de Obregón, La desordenada codicia, the Buscón, and the Picara 
Justina were printed in 1600, 1618, 1621, 1633, and 1635 respec- 
tively. Paul Scarron (q.v.) takes his Précaution inutile from 
Guzmán de Alfarache, while Les Hypocrites (1655) is merely a 
translation of Salas Barbadillo’s Hija de Celestina. The Roman 
bourgeois (1666) of Antoine Furetiére (q.v.), generally described 
as picaresque, is concerned rather with the foibles of the middle 
class. The Spanish picaroon lives again in Gil Blas (1715-35) in 
which, with rare dexterity, Le Sage fuses materials unearthed from 
forgotten and seemingly worthless Spanish quarries. Gil Blas is a 
creation of the gentler, sunnier French spirit; like Beaumarchais’s 
Figaro he is a Spaniard born, reared and humanized in Paris, and 
these two are the only picaroons whose relative refinement has not 
been gained at the cost of verisimilitude. The original type re- 
appeared in Restif de la Bretonne’s portentously dull sequel to the 
Buscón (Le Paysan perverti, 1776); he was deliberately rejected 
by Théophile Gautier in Le Capitaine Fracasse (1863). Yet 
Gautier conscientiously provides a Spanish atmosphere in this, the 
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last important book to continue the picaresque tradition. In 
Spanish literature elements of that tradition survived in the 19th 
century, and may still be met with in the novel. José Maria de 
Pereda (q.v.) in Pedro Sánchez (1884) touched the old theme 
with the accent of modernity; and the picaro flourished afresh in 
such novels of Pio Baroja (q.v.) as La busca (1904). zd 
In Latin-American literature the earliest novel, El periquillo 
sarniento (1816) by José Joaquín Fernández de Lizardi (1776- 
1827), is a genuine romance of roguery on the Spanish pattern. 
ВівілоскАРНҮ.—Е. W. Chandler, Romances of Roguery, pt. i (1899) ; 
The Literature of Roguery, 2 vol, (1907) ; F. De Haan, An Outline of 
the History of the Novela Picaresca in Spain (1903) ; J. D. M. Ford, 
Possible Foreign Sources of the Spanish Novel of Roguery (in Kittredge 
Anniversary Papers, 1913), Main Currents of Spanish Literature (1919) ; 
H. Butler Clarke, “The Spanish Rogue-Story” in Studies in European 
Literature (1900) ; A. Morel-Fatio, Études sur l'Espagne, vol. i, 2nd 
ed. (1895) ; M. Hume, Spanish Influence on English Literature (1905) ; 
J. Fitzmaurice-Kelly, The Relations between Spanish and English Liter- 
ature (1910) ; G. Reynier, Le Roman réaliste au хой" siècle (1914) ; С. 
Rojas Carrasco, La Novela picaresca en la literatura española (1919) ; 
M. Suárez, La Novela picaresca en.la literatura española (1926) ; P. N. 
Dunn, Castillo Solórzano and the Decline of the Spanish Novel (1952) ; 
texts of chief Spanish novels in Clásicos castellanos (1910— ) and in 
A. Valbuena Prat, La Novela picaresca española (1943). 
(J. F.-K.; W. C. AN.) 


PICASSO, PABLO RUIZ (Y) (1881- ), Spanish 
painter, the initiator of Cubism and probably the paramount in- 
fluence on the art of the 20th century, was born on Oct. 25, 1881, 
at Malaga. His father was an artist and professor at the Academy 
of Fine Arts at Barcelona, and under him Picasso received his 
first lessons in art. After many visits to Paris, he settled there 
in 1903. Though a Catalán by birth, he developed his art in 
France, where he became one of the leaders of the Postimpres- 
sionist school. 

Picasso's early work displays his gift as an illustrator of some- 
what sentimental character. Like Toulouse-Lautrec he chose the 
subject matter of his pictures from the life of the circus and from 
the morbid side of life in a big city, and he rendered with feeling 
the strained and sad look of young soubrettes, acrobats and harle- 
quins. His contours were clear; his modeling in cool, bluish-gray 
tones was almost monochrome, but assumed rose tones after 1905. 
He thus, from the beginning, followed a line distinct from that of 
Matisse and his Fauvist following, who took pleasure in colour 
and flat patterns as such and who never entirely broke with the 
traditions of Impressionism. 

To this early period belong "La Famille Soler" (1903), a rhyth- 
mically composed group; “L’Aveugle” (1903), archaic in the de- 
lineation of form; "La Tragédie" (1903), three gaunt; huddled 
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figures by the illimitable sea; "La Boule" (1905), two acrobats: 
“La Toilette”; and a portrait of Gertrude Stein (1905-06) of the 
“rose period.” 3 

The Cubistic formula was evolved by Picasso and George 
Braque between 1906 and 1910, while studying the composition of 
still-life groups. It was Braque who first introduced into his de. 
signs bits of printed paper, delighting in the harmonious distriby. 
tion of black letterpress on white paper. Picasso then added 
pieces of wood and other tangible objects, which led to a form of 
art in which sculpture and painting were combined. 

During Picasso’s earlier Cubist period the surfaces of his сар. 
vases were delicately toned in brown or gray by dots in pointillist 
fashion, displaying some constructive design, mainly abstract 
though here and there realistic fragments of recognizable objects 
were introduced. The gradations of light and dark suggested 
shading and space. At a later period this three-dimensional ele. 
ment disappeared; colour notes were introduced and the design 
formed a purely two-dimensional pattern. 

The artist did not seek to imitate form but to create it. As op- 
posed to the Impressionist preoccupation with the rendering of 
ever changing and superficial appearances, he wished to express 
his reaction to external objects. Following his convictions, he dis- 
carded resemblance to natural form and endeavoured to create а 
language of form—a visual music. 

After 1918 Picasso returned mainly to traditional paths and 
based his pictures on natural form. His paintings became mag- 
nificently plastic and monumental. Then he changed again, 
Much of his work after 1925, in its fantastic and visionary charac- 
ter, suggested sympathy with surrealism. His large mural compo- 
sition entitled “Guernica” (1937) presented the tragedy of the 
civil war in Spain as a nightmare. Although anti-Nazi, he re- 
mained in Paris during the German occupation and continued his 
work. After the liberation of Paris Picasso announced that he 
had become a Communist, and in 1949 the Paris Communist , 
World Peace conference adopted a dove created by Picasso as the 
symbol of the various Communist peace movements, 

Picasso's inventive gift, which led him from one experiment to 
another, inspired many followers. Painters such as Metzinger, 
Gleizes, Léger and Villon, and sculptors such as Archipenko and 
Lipschitz, to name only a few, followed in his wake. He was one 
of the first to appreciate the expressiveness of Negro sculpture; 
his style led to an appreciation of “significant form" and of con- 
structive design in all branches of art. He became the outstanding 
influence in modern art among his contemporaries. 

Picasso's influence was also felt on the stage. He produced à 
series of designs for curtains, scenery and costumes for several 
Russian ballets. The history of his collaboration with Jean Cot 
teau and Erik Satie in the ballet Parade (1917) is told by Собен 
in Le Coq et L'Arlequin (English trans., 1921). His work is rep- 
resented in many galleries in the United States and Europe. ih 

Picasso's clear, incisive outline drawings are executed е 
forcible directness and with rigid economy of means. He и 
some plates and illustrated several books, notably André Sane 
Le Manuscrit Trouvé dans un chapeau, Ovid's Metamorph Д 
Balzac’s Le Chef-d'oeuvre inconnu and Pepe Hillo's Tauromaqu si 
He executed portrait drawings of contemporary writers anc a 
sicians such as I. Stravinsky, J. Cocteau, M. Jacob, G. Api d 
A. Salmon, P. Valéry, etc. He also wrote a play, Le Dé ie 
par la Queue (1945; English trans., Desire, 1948). 

See also PAINTING: Cubism; School of Paris; PORTRAIT 
ING: 19th and 20th centuries ; also references under “Picasso, 
Ruiz-(y)" in the Index. 913); 

BIBLIOGRAPHY —Guillaume Apollinaire, а! 
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PICCARD, a family of scientists and explorers Ce in the 
and used a number of unique vehicles for investigatio 
stratosphere and the depths of the oceans. 

AUGUSTE Piccarp (1884-1962), Swiss phys an 
who, at different times, held the world’s altitude recor 


icist and educato! 
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record for the deepest descent into the ocean, was born at Basel, 
Syitz., on Jan. 28, 1884, With his twin brother Jean, Auguste in 
1913 made a 16-hour balloon flight across France and Germany 
and in 1926-28 performed various experiments in balloons. In 
May 1931 he gained the attention of the world when he and Paul 
Kipfer ascended from Augsburg, Ger., in a free balloon and set a 
new world’s altitude mark of 51,775 ft. This flight, which lasted 
16 hours and ended on a glacier in Austria, was the first instance 
of the use of a pressurized cabin for manned flight. In August of 
the following year Piccard, accompanied by Max Cosyns, made a 
second flight, this time ascending from Zürich. After having 
reached an altitude of 53,153 ft., another record, the balloon landed 
near Garda, Italy. 

From 1937, the year of his last flight, Auguste Piccard devoted 
his time to studying the problems of designing a vehicle to be 
used in submarine exploration. After being interrupted by World 
War II, work was resumed in 1946 on his bathyscaphe, which was 
based on ballooning principles. The craft consisted basically of 
buoyancy tanks and a chamber for the crew. The first model was 
a failure, but a second model took Piccard and his son Jacques to a 
depth of more than 10,000 ft., more than three times as deep as 
William Beebe, the previous record holder, had been able to go in 
his bathysphere. A third bathyscaphe, the “Trieste,” was sold in 
the late 1950s to the U.S. Navy. (See DIVING Apparatus: The 
First Bathyscaphes.) Piccard died at his home in Lausanne, Switz., 
on March 24, 1962. 

Jean FELIX PiccArp (1884—1963), twin brother of Auguste, 
took his degree in chemical engineering (1907) and, like his brother, 
was awarded a doctorate in natural science (1909). With his wife, 
Jeannette (Ridlon) Piccard, he ascended in a balloon in 1934 to an 
altitude of 57,579 ft.; traveling from Dearborn, Mich., to Cadiz, O. 
Jean Piccard later experimented with cellophane and plastic bal- 
loons, helping design the polyethylene Skyhook series of high- 
altitude balloons with which the U.S. Air Force sent manned flights 
toaltitudes in excess of 100,000 ft. He died at Minneapolis, Minn., 
on Jan. 28, 1963. 

Jacques Prccarp (1922— ), only son of Auguste, assisted his 
father in designing, building, and testing the bathyscaphe. On Jan. 
2, 1960, he and Lieut. Don Walsh of the U.S. Navy set a new sub- 
marine depth record by descending 35,800 ft. into the Mariana 
Trench in the Pacific Ocean using the bathyscaphe “Trieste.” 
Donato Lours Piccard (1926-  ), youngest son of Jean, 
tided in his father’s balloon experiments and in the 1950s designed 
1 balloon shaped like a milk bottle. Using 12 of these, with an 
improved valving system, he made a flight which tended to prove 
ашу of his father’s idea of a practical multiple-balloon 

stat. 

Ste also BALLOON FLIGHT. 

PICCINNI, NICCOLO (1728-1800), Italian opera com- 
*H One of the outstanding representatives, with G. Paisiello 
ae Cimarosa, of the Neapolitan school, who wrote in both the 

mic and the serious styles but who, in the century following his 
s ı Was chiefly remembered as a rival of Gluck. Born at Bari 

he 16, 1728, he received his early musical education in Naples. 

a 54 his first. opera buffa, Le donne dispettose, was produced 
n He remained a prolific composer until the end of his life, 

ls в about 140 operas, many of which achieved great popularity. 
Mears a opera seria, Zenobia, was given in Naples in 1756. Two 
78 ее achieved а triumph їп Rome with the opera Ales- 
huona ient but the masterpiece of his e 8 а 

retto of С y'al so known as La cecchina ( оше, ‚ оп: 
ж] 9! C. Goldoni based on Samuel Richardson's Pamela. This 
ima © Most successful comic opera of the period preceding 

Tosa's I] matrimonio segreto (1792). 

T рев were created in Rome by Pasquale Anfossi, the 
ples a cinni’s many rivals, with the result that he left for 
оне later for Paris, where he was invited in 1776 by the 
| Dile in ie of Italian opera. Piccinni was thus condemned to play a 
ugh tea initiation of the “Guerre des Bouffons” (see OPERA). 
à € Was by nature a peaceful man, appreciative of the radi- 
Ow his erent qualities of his contemporaries, Piccinni was through- 
ife drawn into the fiercest battles with contemporary 
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figures. Before long his French operas Roland (1778) and Atys 
(1780), both on librettos of P. Quinault which had earlier been set 
to music by Lully, were held up for comparison with the operas 
of Gluck. Piccinni maintained the traditional sequences of arias 
and recitatives whereas Gluck, challenging this formal structure, 
was laying the foundations of an operatic reform. In order to 
incite controversy both composers were commissioned to write 
operas on the subject of [phigénie en Tauride. Gluck's famous 
opera was given in 1779 but Piccinni’s work was not given until 
two years later; at the second performance the singer in the prin- 
cipal part appeared on the stage in a state of intoxication. “C’est 
Iphigénie en Champagne," echoed the audience in derision. Far 
from being humiliated by a comparison with his rival, Piccinni 
continued to admire the art of Gluck and in the journalistic war 
waged on behalf of the two composers did nothing to encourage 
his own partisans. When Gluck left Paris in 1779 Piccinni was 
faced with another rival, Antonio Sacchini, whose Renaud (1783) 
was to be dwarfed by Piccinni's Didon of the same year. This be- 
came Piccinni’s first popular French opera and continued to be 
given frequently in France during the first quarter of the 19th 
century. Deprived at the time of the Revolution of his post at 
the Ecole Royale de Musique, he returned to Naples. He was in 
Paris again in 1798 and died at Passy, near Paris, on May 7, 1800. 

BIBLIOGRAPHY.—A. Della Corte, Piccinni (1928); P. La Rotella, N. 
Piccinni (1928) ; N. Pascazio, L'uomo Piccinni e la “Querelle célébre” 
(1951) ; W. C. Holmes, “Pamela Transformed,” in The Musical Quar- 
terly, vol. 38 (1952) ; G. Tintori, L'opera napoletana (1958). 

PICCOLO, in full flauto piccolo (Italian, "small flute"), de- 
notes the highest woodwind instrument of orchestras and military 
bands. In some printed music for military bands “Db piccolo" 
indicates an obsolete six-keyed piccolo pitched a semitone above 
the ordinary piccolo to facilitate playing in flat keys. See FLUTE. 

(A. C. Ba.) 

PICCOLOMINI, an Italian noble family, prominent in Siena 
and Tuscany since the early 13th century. They appear to be de- 
scended from members of the feudal landed gentry, who dominated 
Siena during the first 100 years of the city commune (12th cen- 
tury). But they were also among the noble Sienese families who 
took to trade and banking in the 13th century and acquired great 
wealth, in spite of being twice expelled from the city for the 
Guelph allegiance. They had counting houses in Genoa, Venice, 
and other Italian towns, as well as in France and England. 

The Piccolomini invested their profits in land and lordships, 
with the result that they avoided disaster in the sudden crisis 
which crippled Sienese business at the end of the 13th century, and 
were able to take their place beside the great patrician families 
of late medieval Siena and its territory. In 1458 they were created 
counts palatine by the Holy Roman emperor Frederick III. Mem- 
bers of the house distinguished themselves as ecclesiastics, gen- 
erals, and statesmen. Two became popes, Pius II and Pius III 
(see Prus, popes). 

See A. Lisini and A, Liberati, Genealogia dei Piccolomini di Siena 
(1900). (P. J. J.) 

PICCOLOMINI, OTTAVIO, Prince (1599 or 1600-1656), 
general and diplomatist in the service of the Habsburg powers 
throughout the Thirty Years’ War (g.v.), was born at Pisa in 
Tuscany, a scion of the Pieri branch of the noble Sienese family 
of Piccolomini. From 1616 onward he served the house of Habs- 
burg, first in the Spanish, later in the Austrian Army, campaigning 
in Italy, Bohemia, Hungary, and northern Germany. From 1627 
he was closely associated with Wallenstein (g.v.), whose body- 
guard he commanded and who procured for him a superior post in 
the direction of the War of the Mantuan Succession (1628-31) : 
here Piccolomini showed himself an able diplomatist as well as a 
sound general. He was instrumental in bringing about Wallen- 
stein’s reappointment as generalissimo by the Holy Roman emperor 
Ferdinand II (1632) and played an important part in the Battle 
of Liitzen, which he nearly turned into an imperial victory. 

Wallenstein continued to entrust Piccolomini with major mili- 
tary tasks in Bohemia and Silesia (1633) and seems to have con- 
sidered him a faithful supporter of his political schemes. Picco- 
lomini, however, remained unswervingly loyal to the emperor and, 
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together with Matthias Gallas, took the lead in the generals’ con- 
spiracy which led to the deposition and murder of the generalis- 
simo (Feb. 25, 1634). Piccolomini received large donations, in- 
cluding the estate of Nachod in northeastern Bohemia, but the 
supreme command of the imperial army went to Gallas. Picco- 
lomini therefore entered the service of Spain and operated with 
great success from the southern Netherlands against the French, 
who had declared war on Spain in 1635: he won a brilliant victory 
at Thionville on June 7, 1639, for which Philip IV created him 
duke of Amalfi, Piccolomini then reentered the Austrian service, 
but was disappointed in his hope that Ferdinand III would ap- 
point him imperial generalissimo in succession to Gallas. Under 
the nominal command of the inept archduke Leopold William, he 
was severely defeated in the second of the Battles of Breitenfeld 
(November 1642). Thereafter he returned to the Spanish service 
and was richly rewarded. At last, in 1648, he was appointed im- 
perial lieutenant general and thus conducted the last campaign of 
the Thirty Years’ War. 

As leader of the imperial delegation to the Congress of Niirn- 
berg (1649), which was to clarify the issues left unsettled by the 
Peace of Westphalia, Piccolomini displayed great diplomatic skill, 
in recognition of which Ferdinand III made him a prince of the 
empire (1650). He died in Vienna in August 1656. His nephew 
and adopted son, Joseph Silvio Piccolomini, had been killed in the 
Battle of Jankov (1645). 

See O. Elster, Piccolomini-Studien (1911). (S. H. S) 

PICENES, Early Iron Age inhabitants of the Adriatic coast of 
Italy from Rimini to the Sangro River, a territory considerably 
larger than Picenum (g.v.). Unlike the Villanovans (q.v.), 
Comacines, and Atestines (see ARCHAEOLOGY: The Iron Age in 
Europe), the Picenes’ burial rite was inhumation. The dead were 
laid on the side, knees drawn up (a position common among 
primitive people), in a simple trench. Men and women dressed 
in wool; men wore armour, weapons, and ornaments of bronze 
or iron; women had numerous fibulae, torques, bracelets, girdles, 
and ornamental pendants. These pendants, characteristic of Pice- 
num, were exported to the Comacines. Much amber was also 
worn by both sexes, probably as amulets. 

Two main centres, one at Novilara in the north, and another 
around Belmonte and Fermo farther south, show notable differ- 
ences. At Novilara swords are generally iron-bladed, broad, and 
short; the hilt is canted back at an angle from the blade (which 
is edged only on the inside). This is a Balkan weapon, found 
with pots of Balkan shape. To the south, the typical sword is 
long, straight-hilted, and of Greek type. Although inscriptions 
from the two regions are written in an Etruscan alphabet, they 
are in different languages (neither fully deciphered in the 1960s, 
though both contain Indo-European elements). Genetic connec- 
tions of the Picenes remained obscure; they may descend from 
old Neolithic stock, with an Illyrian element in the southern group. 

Long before the founding of the Greek city of Ancona (q.v.), 
€. 390 B.C., the Picenes had traded extensively with the Greeks. 
Proto-Corinthian Greek vases from Belmonte date from the 7th 
century B.C., and handsome Greek bronzes of the late 6th and Sth 
centuries are not uncommon in the south. In contrast, there is 
little evidence of trade with Etruria, except at the inland site of 
Fabriano. The evidence suggests that Picenes were primitive, war- 
like, with little artistic ability of their own, but wealthy enough to 
sustain a flourishing trade. In 286 в.с. their territory was annexed 
by Rome. 

BIBLIOGRAPHY.—D. Randall-Maclver, The Iron Age in Italy (1927) ; 
V. Dumitrescu, L'Età del Ferro nel Piceno (1929); P. Marconi, “La 
Cultura Orientalizzante nel Piceno," Monumenti Antichi, vol. 35 (1933) ; 
F. von Duhn and F. Messerschmidt, Italische Grüberkunde, TI (1939) ; 
J. Whatmough, The Foundations of Roman Italy (1937); “I Piceni e 
la.Civiltà Etrusco-Italica,” Atti del II Convegno di Studi Etruschi. 
Supplemento a Studi Etruschi, vol. 26 (1959). (E. Н. RI.) 

PICENUM, a district of ancient Italy between the Apennines 
and the Adriatic Sea, bounded on the north by the tribe Senones 
and on the south by the Vestini. Its chief towns included Asculum 
(modern Ascoli Piceno), Firmum (Fermo), Falerio (Falerone), 

Auximum (Osimo), Ancona, and in the south Hadria (Atri) and 
Interamnia Praetuttiorum (Teramo). The southern part was 
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held by the Praetuttii, whose name survives in the modern Abruzzi 
(Aprutium in the 7th century A.D.). 

In early times Picenum formed a distinct cultural areg with 
close linguistic and archaeological links with the Opposite coast 
of Illyria. For the civilization of this warlike population, perhaps 
formed by Illyrian penetration among the descendants of the early 
Neolithic inhabitants, see PICENES. Conquered by the Romans in 
268 в.с., the area was divided among Roman settlers by the Lex 
Flaminia (232). Yt was at Asculum that the Social War (the war 
of the socii, or allies, against Rome) broke out in 90 В.С, there. 
after Picenum received Roman citizenship. ‘Under Augustus it 
formed the fifth region of Italy; it was reached from Rome by the 
Via Salaria and the Via Caecilia. 

About the end of the 3rd century A.D. Picenum was joined to the 
northeastern part of Umbria (known as Flaminia after the Via 
Flaminia) to form the province of Flaminia et Picenum (sometimes 
simply called Picenum), which extended. as far north as the Po 
River. This was later divided into Flaminia et Picenum An- 
nonarium in the north and Picenum Suburbicarium in the south, 
In the late 6th century the Lombards conquered Picenum Sub- 
urbicarium, but the Pentapolis Maritima, including Ariminum 
(Rimini), Pisaurum (Pesaro), Fanum Fortunae (Fano), Seni 
Gallica (Senigallia), and Ancona, became part of the exarchate of 
Ravenna (see ITALY: History). 

PICHEGRU, CHARLES (1761-1804), the general of the 
French Revolutionary Wars (g.v.) who was first the protégé of 
the Jacobins, then a national hero, and finally the agent of the 
antirevolutionary forces, was born at Les Planches, near Arbois in 
Franche-Comté, on Feb. 16, 1761, of a peasant family. Sent by 
Franciscans to their college at Brienne, he taught mathematics 
there when it became a military academy. He joined the artillery, 
however, in 1780 and was sergeant major in 1789. With commis- 
sioned rank in 1792, he resigned from the army to take up politics 
in Besançon but was unexpectedly elected) lieutenant colonel of 
a volunteer battalion. Introduced to the minister of war, Noël 
Bouchotte, in August 1793, he was promptly promoted general; 
and in October, despite his acknowledged inexperience, was given 
command of the Army of the Rhine in Alsace. While he and 
Lazare Hoche, commander of the Army of the Moselle, defeated 
the Austrians, the two pairs of représentants en mission with the 
French armies quarreled over the merits of the generals; Saint-Just 
(q.v.) and P. F, J. Lebas wanted all credit to go to Pichegru.  , 

In 1794, with the Army of the North and at first with authority 
also over the Army of the Ardennes, though the real conduct of 
the campaign was not left to him, Pichegru began operations ш 
April and took Ypres in June and Antwerp in July; but his mentor 
Saint-Just then perished in the Thermidorian Reaction in Paris. 
In the autumn Pichegru launched his invasion of the Dutch Nether 
lands: after his passage of the frozen rivers, Amsterdam fell in 
January 1795 and Holland was conquered. 3 f his 

Back in Paris, hailed by the Convention as the saviour vie 
country, Pichegru was put in command of the armed forces d 
to suppress the Jacobin-inspired rising of 12 Germinal (Apri d 
1795). Next he went, in the summer, to command the KEY @ 
Rhin-et-Moselle. The campaign was a fiasco, Mannheim m P 
the Austrians, and Pichegru signed an armistice. for his gu the 
Dec. 31. From August, he had been in contact with AE mls 
French émigrés and of the British government; but Picheg 
treason was distinguished by inactivity. е 

Pichegru resigned his Ойка їп Магсһ 1796. icy idm 
was elected to the Council of Five Hundred as deputy $n iht 
département. President of the Council, he supported ds coup 
wing opposition to the Directory; and in the governme" and de- 
d'état of 18 Fructidor (Sept. 4, 1797) he was arreste 
ported to Guiana, Escaping in a small boat to h 
(June 1798), he made his way to England and then 
where he acted as a royalist agent. Having fled to.E 
in 1801, Pichegru went secretly to France in January Georges 
hope of contacting J. V. Moreau (g.v.) for action № e Pori 
Cadoudal and others against Napoleon but, was arresi ‘Temple 
on Feb, 28. He was found strangled with his cravat m the 
prison on April 5, 1804. It is not certain that he kille 
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PICHINCHA, a province of north central Ecuador. Area 
6474 sqmi. Pop. (1962) 587,835. Most of the population is con- 
trated in the high Andean plateau and the temperate valleys. 
use of its geographical characteristics—mountains, plains, val- 
, forests—Pichincha is rich in natural products. It has deposits 
lime, gypsum, silver, sulfur and marble. Noted for a variety 
ruits and cereals, the province also produces potatoes, sugar 
e, cacao, coffee and rice. Its tropical forests are sources of fine 
ds. Although agriculture and cattle raising are the main occu- 
ions, thriving industries—textile mills, processing plants—and 
our mills contribute to its economic progress. Cerro Pichincha, 
Andean volcano, was the site of a decisive battle in the Latin- 
erican wars of independence, fought May 24, 1822, on its lower 
pes between the victorious patriot forces under Gen. Antonio 
de Sucre and the Spanish royalists. Quito (g.v.), now the 
wincial capital, was occupied the following day. (C. R. J.) 
PICKERING, EDWARD CHARLES (1846-1919), U.S. 
sicist and astronomer best known for: his work in celestial 
tometry. He was born in Boston, Mass., July 19, 1846. He 
graduated in 1865 from the Lawrence Scientific School of 
ard, where for the next two years he was a teacher of mathe- 
ics. Subsequently he became professor of physics at the 
chusetts Institute of "Technology, where he established the 
U.S. laboratory in which students were instructed by actual 
tact with physical instruments and measurements. In 1876 
as appointed professor of astronomy and director at the Har- 
ollege Observatory. In 1877, when most observatories were 
ing themselves to the old “astronomy of position,” Pickering, 
was a physicist rather than an old-school astronomer, chose 
is particular field of labour the photometry of the stars, thus 
ing the trend of the new astronomy along lines of physics. 
invented the meridian photometers (see PHOTOMETRY, CELES- 
), with which the brightness of more than 45,000 stars was 
sured at Cambridge and Arequipa (Peru) observatories, and 
resulting system was generally adopted as an international 
dard, Pickering himself made more than 1,500,000 photo- 
ic settings. 
rough the establishment of an observatory at Arequipa 
1), it became possible, after two years of study, to include 
urements made on the stars throughout the southern heavens 
n the scope of the Harvard College Observatory’s work. The 
tk of the observatory under Pickering included photometry; a 
of photographic magnitude; a system of classification of vari- 
ip Stars; and a system of stellar spectroscopy which was univer- 
Silly adopted. He died at Cambridge, Mass., Feb. 3, 1919. 
ICKERING, TIMOTHY (1745-1829), officer in the Amer- 
evolution, cabinet member under Presidents Washington and 
‚ and leader of the New England Federalists, was born in 
Mass., July 17, 1745. After graduating from Harvard Col- 
1111763, he studied law, was admitted to the bar, and took an 
part in the resistance movement against Great Britain. Dur- 
the Revolution he served successively as colonel of militia, ad- 
Mant general to George Washington, member of the board of war, 
; (1780-85) quartermaster general. In 1786, after taking up res- 
ce in Philadelphia, he was sent by the government of Pennsyl- 
à to organize Luzerne County and to resolve the dispute with 
hecticut settlers over claims to the Wyoming Valley (q.v.). 
the next three years, though terrorized and even kidnapped, 
tng succeeded in bringing order to the valley and helped de- 
е town of Wilkes-Barre, which became the county seat. 
tng Washington's administrations Pickering served with dis- 
n as Indian commissioner (1790-95), postmaster general 
795), and secretary of war (1795-96). In August 1795 he 
Charge of the Department of State on an interim basis, and 
(ember he reluctantly became secretary of state. Although 
E: for this post, he was reappointed to it in 1797 by Presi- 
à dams, Pickering strongly supported the foreign policy views 
ia ‘ander Hamilton, including the maintenance of friendly ties 
"gland and the support of a strong army and navy. These 
rought him into conflict with Adams, who dismissed him 
Office, May 12,1800. During the administrations of Jefferson 
adison, Pickering led the Federalist opposition in Congress, 
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serving as senator from Massachusetts (1803-11) and as a member 
of the House of Representatives (1813-17). He helped to block 
Jefferson’s assault on the judiciary and helped bring about the re- 
peal of the Embargo Act in 1809. Remaining friendly to England 
and fearing the power of Napoleon, he bitterly opposed the War of 
1812. Following his retirement from Congress he devoted himself 
to agricultural experimentation and education. He died in Salem, 
Jan. 29, 1829. 

See Octavius Pickering and Charles W. Upham, The Life of Timothy 
Pickering, 4 vol. (1867-73); H. P. Prentiss, Timothy Pickering as the 
Leader of New England Federalism, 1800-1815 (1934). (E. H. Px.) 

PICKERING, WILLIAM HENRY (1858-1938), U.S. 
astronomer and discoverer of the ninth satellite of Saturn, He 
was born in Boston, Mass., on Feb. 15, 1858, and in 1879 gradu- 
ated from the Massachusetts Institute of Technology. In 1891 he 
joined his brother Edward C. Pickering in establishing the Are- 
quipa station of the Harvard Observatory in Peru. He also es- 
tablished a meteorological station at an altitude of 16,650 ft. upon 
Mt. Chachani, and accomplished the ascent of El Misti, 19,167 ft. 
He surveyed and determined the altitude of many other Peruvian 
mountains and returned to the United States in 1893. In 1894 he 
erected the observatory and telescope for Dr. Percival Lowell 
(q.v.) at Flagstaff, Ariz., and in 1900 erected a station for the 
Harvard Observatory at Mandeville, Jamaica, in the West Indies. 
In 1899 he discovered Phoebe, ninth satellite of Saturn, and noted 
its contrary revolution. His announcement of a tenth satellite in 
1905 remains unconfirmed; but he correctly predicted (1919) the 
existence of a trans-Neptunian planet, later named Pluto. Picker- 
ing died in Jamaica, Jan. 21, 1938. 

PICKETING: see Strikes AND LOCKOUTS; LABOUR Law. 

PICKETT, GEORGE EDWARD (1825-1875), U.S. and 
Confederate army officer, known for “Pickett’s Charge" at the Bat- 
tle of Gettysburg, was born at Richmond, Va., Jan. 25, 1825. 
After graduating from the U.S. Military Academy at West Point, 
N.Y., in 1846 he served with distinction in the Mexican War. Asa 
captain, he later played a notable part in the Northwest boundary 
controversy (1859). He resigned his commission in June 1861 and 
entered the Confederate Army, being made brigadier general in 
February 1862. In the Peninsular Campaign he led his Virginians 
effectively until he was severely wounded at Gaines's Mill. Late 
in 1862 he became major general. At Gettysburg on July 3, 1863, 
three brigades of his division (4,300 men) constituted somewhat 
less than half of the force in the climactic attack since known as 
“Pickett’s Charge." The attack was actually under the command 
of Gen. James Longstreet. Its bloodily disastrous repulse. at 
*High-water Mark" is often considered the turning point of the 
American Civil War. (See GETTYSBURG.) Pickett's conduct at 
this time has been adversely criticized, even to charges of coward- 
ice; such charges are, however, refuted by Lee's retention of him 
in divisional command, throughout the Virginia Campaign of 1864. 
On April 1, 1865, his division was almost destroyed at Five Forks 
while Pickett was at a shad-bake. He remained with the army, 
though without a command after April 8, until Lee's surrender. 
After the war he was engaged in the insurance business in Norfolk, 
Va., where he died on July 30, 1875. 

See Walter Harrison, Pickett’s Men (1870); D. S. Freeman, Lee's 
Lieutenants (1942); G. R. Stewart, Pickett’s Charge (1959). 

(С. R. Sr.) 

PICKFORD, MARY (Grays Mary Ѕмітн) (1892- ), 
US. motion-picture actress noted for her roles as an ingénue, was 
popularly known as “America’s sweetheart." Born at Toronto, 
Ont., April 8, 1892, she made her first stage appearance at the age 
of five; at eight she went on tour. She went to New York under 
the auspices of David Belasco, creating the part of Betty Warren 
in The Warrens of Virginia, Her first motion-picture work, as 
an extra at the age of 15, was undertaken with D. W. Griffith; but 
she returned to Belasco, taking the part of Juliet in A Good Little 
Devil at the Republic theatre in New York. In 1913 she turned 
permanently to the screen, rising to first rank with Famous Players 
company. In 1916 the Mary Pickford Film corporation was or- 
ganized, and three years later Miss Pickford was prime mover in 
forming the United Artists corporation. She married Owen Moore 
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in 1911 (divorced, 1919), Douglas Fairbanks in 1920 (divorced, 
1936), and Charles Rogers in 1937. 
PICKLING is a general term meaning to in salt, 
acid, sugar, or any combination of the three. The werd appear 
to be an adaption of the Dutch Pekel, “brine, pickle” (cf. Ger. 
Põkel). The term is applied to the preservation of wood by treat- 
ing it with creosote, copper or zinc sulfate or similar solutions. 
Certain kinds of steel are pickled in sulfuric acid; the term may 
also refer to processes in metal casting and leather manufactur- 


The greatest use of pickling is in the food industry where it is 
one of the four most commonly used methods of preserving food. 
(Canning, freezing and dehydrating are the others.) In the 

ration and preservation of fish, meat, expecially pork, 


Fruits, nuts and vegetables are pickled in a variety of ways. 
Crab-apples, peaches, pears and watermelon rind are pickled in 
a solution of ‚ spices and sugar, Unripe walnut meats are 


pickled in salt, sugar and acid. Onions, cauliflower and mango were transla! 
peppers are pickled in strong (2096-2495) salt without fermenta- Gievonni Pico di 


tion. Other vegetables, such as cabbage (2% salt), green tomatoes 
and certain kinds of peppers («.g., banana, finger and tomato pep- 
pers [596-109 salt]), undergo a lactic fermentation and are 
preserved by a combination of acid and salt. 

Cucumber pickles are by far the most popular kind of pickles in 
the United States. Two varieties of cucumbers are used: the white 
spine, which has a thick, smooth, dark green skin and i$ the produce 
for slicing; and the smaller black which has a 

skin 
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was absolved from the suspicion of heresy by Pope Alexander VI 


PICKLING--PICRIC ACID 


He died in Florence on Nov, 1, 1494, 5 
early death prevented Pico from 
writings contain significant 


religious 
considerations and failed to gain general 
the time, but it contained а good deal of weighty 
enced Johannes Kepler in the 17th century, 
IBLIOGRAPIY —The first grea! 
Commentationes Joannis Pici Mirandulae, 
nephew Giovanni 


о! 
More (15102). See 
Mirandola (1937); E. An 
1937); P. Kibre, The Library of Plo 
tA. Princeps Concordiae (1941) ; J. Bl 
interpretation of the Cabala in the Renaissance 
о-о della mostra delle opere di G 
M (1963), for the fifth centenary of Pico's birth. 
PICRIC ACID (Truixrrsornrsot), а yellow er 
that has been used as a military explosive, a 
х The name picric acid, introduced by J, | 
from the Greek word pikros, meaning bitter, 
remely bitter taste of its yellow aqueous so 
it be crystallized in yellow scales, p 
on the concentration of the solu 
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use 

shimose, By the time of the 

was the most widely used military 
reduced, however, after World War I bee , 

corrosive action on the metal surfaces of shells, whid 

formation of highly sensitive metal picrates. 
ammonium picrate, is used in modern arm 
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In one industrial preparation method, phenol, upon bei 
Pith sulfuric acid at 120° C, is converted to f e 
4, C,H,OH + H4SO; — HOC,H,SO;H, whic 
ment with 70% nitric acid, first at 0° C atid then 
the as an oily liquid that solidifies 09:99 


are washed with water until free of acid and are further 


EI 
ебед boiling in water in the of 15 g. to the liter. 
зү economical, corked aaa АТ Met 


siared molecular addition complexes of varying stability with 
many aromatic hydrocarbons, particularly with those containing 
amember of rings, such as naphthalene; anthracene, phenanthrene, 
@ The stable complexes are utilized 


р ~ (Н.Р) 
PICRITE, an intrusive igneous tock of ultrabaslc tion 
Weewhat similar to peridotite (q.v.). The name, given һу Aus- 
Malin mineralogist Gustav Tschermak von in 1866, is 
rived from the Greek word for bitter, because of the high per 
ще of magnesia (bitter earth) these rocks contain, The pic- 
Bes are dark, heavy rocks largely composed of olivine and augite, 
AM руле, with a small but variable amount of plagioclase feld- 
ww, Hornblende and biotite may also be present. The picrites 
fully occur in sills or sheets, and seldom in large plutonic masses 
D peridotites). Varieties include augite, enstatite and horn- 
Meade picrite, The term picrite-basalt is reserved for feldspar- 
Pit basalts rich in olivine, 

‘The minerals of picrites are very frequently decomposed. Ser- 
(4.0) partially or wholly replaces olivine, while horn- 
(pilte), talc and chlorite appear as secondary products 

Wut the same mineral. Augite passes into hornblende or chlorite, 
il the essential feldspar is often represented by epidote, prehnite 
IB shite mica. In some picrites, as in the peridotites, a lustre 
aie fs given by the inclusion of unoriented grains of olivine 

Mee crystals of augite or hornblende,” In the porphyritic vario- 

Ws residual brown glass may be present, Such rocks are known 
B pete-porphyrites, C 

Wierites clearly possess alkaline affinities. the augite 
| Me 9f the Midland valley of Scotland and of the type locality 

* contain interstitial analcite and are related to 

oe with which they are associated (see EN 

of 


hornblende Caernarvonshire 
узучы еы e In the Do- 
of the Fichtelgebirge and Nassau picrites 
e as they do also in Corawall and Devon: (C ET) 
FICROTOXIN, a respiratory stimulant used as an antidote in 
IQQ caused by central nervous , such as 


"Һеиан, whose formula is 
35d picrotoxinin, the latter representing the 
ed are somewhat similar to those of strychnine, except that 
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PICTOGRAPHY, in the widest sense, includes all human 
expression and communication by means of pictures, which are 
drawn, painted, scratched or incised. It includes primitive at- 
tempts at purely aesthetic expression; drawings with a communica- 


iih is converted with a mixture of concentrated nitric and 

adhoc acids to 2,4-dinitrochlorobenzene, is of the tive aim, which may be classified as the forerunners of writing; 
jr with aqueous sodium carbonate to 2, Ae, and full systems of writing utilizing pletures as basic forms. In a 
QC NOs) + Na,CO, + HO ~» НОС, НКО) з, and sub- narrower sense, the term Їз applied only to primitive drawings on 


rocks, called petrograms if they are drawn or painted, and petro- 
glyphs If they are incised or carved. It is in its restricted sense, 
as applied to the tive forerunners of writing, that pictography 
is discussed in this article, (Full systems of writing, utilizing 
pictures for signs, such as lan or Hittite, are often called 

are in the articles Hrkwoctyris; 
LoGOGRAM AND SYLLAMARY; and Warrtna.) 

Primitive Drawings.—I writing is defined ая a device for ex- 
pressing linguistic elements by means of conventional visible 
marks, then it is no more than 5,000 years old. But even tens of 
thousands of years ago man felt the urge to draw pictures on walls 


and and rocks, Primitive man fs similar in this respect to a child, who 


no sooner learns to crawl than he begins to scribble on the wall- 
paper or to draw crude pictures in the sand. All over the world, 
man has left traces of his imaginative powers in rock drawings 
dating from Paleolithic to mod- 
ern times, They usually depict 
man, deity and animal in various 
relations to each other, The 
faithful reproductions of animal 
figures left by Paleolithic man in 
Europe and the graceful paint- 
ings of the South African Bush- 
men are well-known examples, 
An immense number of rock 
drawings and carvings have been 
found in North America, espe- 
cially in the mountainous regions, 

In most cases it is very difficult 
to ascertain the purpose of a picture, since the circumstances of 
its execution are not known. The picture may be a manifestation 
of magic, religious or aesthetic expression, and several impulses 
may have been at work at the same time in its origin, The depic- 
tion of a successful hunt or military expedition, though it may 
have been essentially pictorial, may also have served as a monu- 
ment to commemorate past experiences, It could also have had 
the magical purpose of securing another good hunt or a successful 
галаја in the future. Such pictures do not constitute writing be- 
cause they do not form of а conventional system of signs and 
can be understood only by the man who drew them and those who 
knew of the event, 

Although the underlying aims of a picture cannot be established, 


reproduce 
surrounding world in a way indepen- 
of language; and (2) toward writing, in which signs, whether 


BY COURTESY OF THE SMITHSONIAN INSTITUTION 


WINTER COUNT, PAINTED ON BUFFALO ROBE, OF LONE DOG, OF THE YANKTONAI DIVISION OF THE DAKOTAS 


This calendar (called "winter count" because the Dakotas count their years by winters) was begun about 1800 with 
the sign (see arrow) In the middle of the robe, and continues in a spiral to the left. Each sign acts as a mnemonic 


device, signifying an outstanding event in the band's life during that year 


symbols, the term ideography denotes inner, structural character- 
istics of the system, such as the fact that the individual symbols, 
called ideograms, stand for certain ideas or meanings. 

A simple example of ideography is the communication “no thor- 
oughfare,” in a rock drawing near a precipitous trail in New Mex- 
ico, The design, representing a mountain goat standing upright 
and a horse and rider upside down, is intended to warn horsemen 
that, while a mountain goat could climb up the rocky trail, a horse 
would tumble down. This drawing employs no more detail than 
is necessary to indicate the two animals and the rider, and there 
is no indication whatever of a background. 

The ideographic communication is somewhat different from a 
work of art and is completely independent of language. A person 
who is only slightly acquainted with the communication habits of 
American Indians is able to understand the message just described, 
even though he is ignorant of the language of the person who drew 
it. This stage of the forerunners of writing is called the descrip- 
tive-representational stage. 

Another forerunner of writing, used more for recording rather 
than for communicating, is called the “identifying-mnemonic” de- 
vice. Certain signs or combinations of signs are used as aids for 
memorizing songs, proverbs, dates or the like. The Ojibwa Indians 
record their ceremonial songs in this way by means of drawings on 
birch bark; the Ewe Negroes of Togo, in Africa, record proverbs 
in a similar manner. In all cases the individual drawings do not 
reproduce pictorially the verse or proverb but only give a sugges- 
tion of it. Thus, among the Ewe a drawing of a threaded needle 
does not reproduce the proverb “the thread follows the needle" 
(resembling in its meaning the English “‘a chip off the old block”) 

but is a device to help recall it. 

The pictorial character of all the symbols used as forerunners 
of writing can generally be recognized, But even in their earliest 
stages these systems use symbols that do not look like real objects 
but rather like simple linear, geometric designs composed of 
strokes, squares and circles, Most of these symbols are not ab- 
stract forms but are schematic developments from real pictures. 
Some signs which are geometric in form may owe their origin to 
imitation of signs in gesture language. In the systems used by 
American Indians, the sign for “all,” which is drawn in the form 
of a circle, may go back to a gesture sign made by a circular 
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motion of the hand, 

The main object of wri 
namely, efficiency of communica. 
tion, is achieved through the 
omission of all details not neces. 
sary for the understanding of the 
symbol. One such economizin, 
measure is the pars fro toto con- 
vention, found so frequently in 
American Indian writings, By 
this device an object, usually û 
man or an animal, is indicated by 
a picture of only a part of it, 
very often the head, 

Meaning can also be conveyed 
by various auxiliary devices 
based on the use of colour, posi- 
tion and context of situation. 
American Indians, for example, 
have frequently employed col- 
oured signs. Thus, among the 
Cherokee white is used for peace 
or happiness, black for death, 
red for success or triumph, blue 
for defeat or trouble, 

The importance of position can 
be visualized in modern mathe- 
matical systems as, for instance, 
in “32” and "32"; meaning is 
here expressed by conventional 
positions of the signs in respect 
to each other. The principle of 
position may be illustrated by many examples used among the 
American Indians. Drawings of a hawk and a person may repre- 
sent the two words individually, but a hawk directly above the 
head of a person indicates, by convention, the name of the personi 
namely, “Hawk.” A drawing of a person facing in one direction 
conveys “coming,” in contrast to a drawing of a person facing in 
the opposite direction, which conveys “going away.” - 

The principle of context of situation, a term introduced by B. 
Malinowski in his study of the problem of meaning in pı ” 
societies, may be exemplified by the query “where 1% the pen: 
The question is usually perfectly understandable, even though 
word pen may mean a writing instrument, a play pen ora û hich 
type of small enclosure, depending on the circumstances in № 
it is asked. In American Indian conventions, à drawing of ped 
ther in one case may represent or imply a panther; in another А 
the name of a person, especially if it is drawn above the person 
picture; in still another case, at the end of a message, it 
as a sort of invocation to the panther, symbol of force, d: 
help in a military expedition. 

Forerunners of ЖАНА тау be divided into several classes, Tn 
the primary class, objects and beings are represented by ass, if 
of those objects or beings. The second, the associative by ae 
cludes signs that express ideas connected with the drawing p 
sociation of meanings. While a picture of the sun expe ay?” 
by the primary device, it can also have the meanings honeti« 
“bright,” etc., by the associative device. Another d the 
zation or the rebus principle, plays a paramount roe 
fully developed writings, such as Sumerian, Egyptian writing- 
etc., but is hardly ever attested among the forerunners p e name 
Among the very rare examples is the Dakota writing 0 
of the Indian tribe Hohe, which means “the voice" m 
language; it is a drawing of the vocal organs. 


e n Indian’ 
Pictography is most widely used among the 


American диф 
and the Indians reached a level of systematization and bor pea 
tion of symbols far above other comparable systems: pal зу, 
liarity of the Indian drawings is that, within each tre irast. 
every Indian draws in precisely the same manner. 
the drawings of the African Negroes the different loca 
be readily recognized. 

Ideography and Logography.—Ideography. 


By con 
1 styles 


as used it 


ment 
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article, denotes a system of visual communication which conveys 
ideas, thoughts and contents but not linguistic elements. The term 
has often been confused with logography or word writing. Because 
of the double meaning of ideography, the term semasiography 
(from the Greek semasía "meaning," "signification" and gráphein 
‘ito write") is sometimes used in its place. 

‘The difference between the ideographic and fully developed sys- 
tems of writing may be illustrated by analyzing the method in 
which a communication such as “the king killed a lion" is expressed 
inthe two systems. This message would be expressed in an ideo- 
graphic system by а scene showing a man with some insignia of 
royalty, such as a crown or a sceptre, depicted in the process of 
attacking a lion with a weapon, In any of the fully developed 
writings, such as Sumerian or Egyptian, the same communication 
would be expressed not by a scene but by a sequence of signs, each 
standing for one word of the communication. Instead of a scene 
composed of two parts (man with a weapon facing a lion), three 
separate signs would indicate the three main words of the com- 
munication; namely, the signs for king, killing and lion. It should 
be noted that even the fully developed writing systems are not 
capable in their earliest stages of indicating such morphological 
features of the language as the definite and indefinite articles and 
the distinction in tense. Later Sumerian, Egyptian and other simi- 
lar writings are, of course, capable of indicating any linguistic 
nuances, 

Another illustration of the different methods used in ideography 
and logography can be seen in the way a communication “five 
lions” would be recorded. In ideography it would be expressed by 
five separate pictures of lions, while in logography this would be 
accomplished by only two signs, corresponding to the two words 
of the language. The plural mark s would be omitted in the early 
stages of logography. 

Another important characteristic of logography is that the order 
of the signs follows the order of the spoken words; in ideography, 
the meaning is conveyed without any convention regarding order. 
The third important distinction pertains to the choice of symbols 
or signs in ideography and:logography. In ideography, the sign 
for sun conveys “sun” and related ideas, such as “bright,” “light,” 
clear,” "shining," “pure,” "white," “day,” or even “the sun is 
shining,” “the day has come"; in logography, the sign has only 
as тапу meanings as there are words which are habitually and con- 
ventionally associated with it. Thus, in Sumerian, the sun sign 
expresses at least seven words related to the basic meaning of 
sun,” but in Chinese the sun sign stands only for “зип” and “day,” 
while the word ch’ing “pure,” "clear" is expressed by a combination 
of the sign for "sun" with the sign for "colour"; the word ming 
bright,” “shining” by that of “sun” and “moon”; and the word 
for “white” by a sign of unknown interpretation evidently having 
10 connection with the sun. Similarly, in Egyptian, the words for 
Sun,” “day,” “white” and “light” are expressed by the picture of 
the sun, but the word #92 “shining” is written by a sign different 
ftom that for the sun, There are no logographic systems in which 
A sign can stand for a certain idea with all of its related ramifica- 
ons, just as there are practically no signs in these systems which 
Me not intended to correspond to words of language. Almost all 
tases claimed to be ideography turn out, upon investigation, to be 
th 56. When a writer intends to express a word by a word sign 

at stands for many words, he will usually try to make sure that 
mur will read only the intended word, Semantic and pho- 
че qu dicalors, the principle of position and context of situation 

€vices for the purpose of achieving this aim. 
I oldest systems of writing, such as the Sumerian and Egyp- 

n, being fully phonetic, employ conventional signs with definite 
E or syllabic values. Even in these fully phonetic writings, 
BR the meaning is sometimes expressed not by conventional 
naw ut by descriptive-representational drawings. In Egyptian, 
б па context describing the victories of Ramses II over for- 
Deo, qs Pharaoh's honorary title, “һе who binds the foreign 
dett is expressed not by individual hieroglyphs but by a scene 
ther ng the Pharaoh binding the foreign king with cords. In an- 
а е context, the formula, “ап offering which the king 

' is expressed by a picture of a king holding a mat with a loaf 
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of bread. The meaning is conveyed in these two scenes іп a form 
which is known from the earliest periods of Egyptian writing, as 
found, for example, on the Narmer palette. 

Even in modern usage there are signs which have no conven- 
tional speech forms. For instance, an arrow on a sign along a road 
may mean “follow the direction of the arrow,” but at the entrance 
toa cave it may mean “enter here.” Such examples as there are of 
this sort of symbolism have many parallels in the semasiographic 
stage of writing in which meanings, rather than words or sounds, 
are suggested by signs, As part of a phonetic system of writing, 
an arrow sign would in time develop one or two unequivocal speech 
meanings, such as “go (there)” or “follow.” 

Certain symbols in comic strips are also generally understood 
even though they have no conventional counterpart in speech, 
Such symbols, called ''sublinguistic ideographs,” include: a balloon 
encircling print, signifying that a character is speaking; footprints, 
signifying that he is going; sawing wood, for snoring or sleeping; 
a light bulb with rays, for an idea; and ]/!*§§=”), for profanity. 

Also outside normal phonetic systems are the conventions of 
mathematics, logic and science. Although each sign of a formula 
has or can have an exact correspondence in speech, the meaning is 
conveyed by the order and form of the signs, which do not follow 
the conventions of phonetic writing. f 

See also references under “Pictography” in the Index. 

BIBLIOGRAPHY.—Garrick Mallery, Pictographs of the North American 
Indians, pp. 1-256 (1886), Picture-Writing of the American Indians, 
pp. 1-822 (1893); Walter J. Hoffman, The Beginnings of Writing 
(1895) ; I. J. Gelb, A Study of Writing, ch. ii (1952). (І. J. G.) 

PICTON, SIR THOMAS (1758-1815), British lieutenant 
general who served throughout the Peninsular War and at the 
Battle of Waterloo, was born at Poyston, Pembrokeshire, in August 
1758, He was gazetted an ensign in the 12th Foot Guards in 1771, 
when he saw service in Gibraltar, but transferred to the 75th Foot 
in 1778, and was promoted captain. The disbanding of his regi- 
ment in 1783, following the Treaty of Versailles, led to a riot 
which Picton subdued by arresting the ringleader. After the out- 
break of the war with revolutionary France in 1793, he resumed 
his military career in 1794, joining the staff of the commander 
in chief of the West Indies. He took part in the capture of the 
islands of St. Lucia and St. Vincent in 1796 and of Trinidad in 
1797, In the same year he was appointed governor of Trinidad, 
where he built roads, increased trade, and established an efficient 
but severe administration. In 1803 enemies at home accused him 
of tyrannical government and he resigned in protest. He saw more 
service in the operations which led to the recapture of St. Lucia 
and the seizure of Tobago before returning to England in October 
1803 to face the serious charges against his administration in 
Trinidad. He was found guilty in 1806 but this verdict was re- 
scinded at a second trial in 1808. The inhabitants of Trinidad 
showed their support for him by subscribing £4,000 to help in the 
cost of his defense, a sum which he later donated to the relief of 
the sufferers from the fire at Port-of-Spain, Trinidad. 

In 1810 Picton was appointed to the command of the 3rd divi- 
sion of Wellington’s army in Portugal and first showed his powers 
of leadership at Bussaco (1810) and at Fuentes de Ofioro (1811). 
With his division he took a leading part in the assault on Ciudad 
Rodrigo (1812), and at the battle of Badajoz (1812), his capture 
of the castle brought about the fall of the town after the main 
assault on the breaches had failed. In August 1812 Picton was in- 
valided home to England with fever. He was knighted in February 
1813, and returned to Spain where he was appointed lieutenant 
general and fought in the battle of Vitoria (June 1813), where his 
division, the 3rd, was engaged more fiercely and suffered heavier 
losses than any other in the army. He had a prominent share in 
the battles in the valleys of the Pyrenees and, in the operations in 
France in 1814, at the battles of Orthez and Toulouse. His service 
in the Peninsular War established his reputation as a first-class 
leader of troops and as a competent and reliable subordinate, with- 
out any great pretensions to capacity for independent command. 

He rejoined the army at the Waterloo campaign (1815) and as 
commander of the 5th division he repelled a series of French at- 
tacks at Quatre Bras, where he was severely wounded. He was 


1056 


killed on June 18 at the Battle of Waterloo and was buried in 
London at St. George’s, Hanover Square, on July 3, 1815. Picton 
possessed great courage and was a warm friend and a stern enemy, 
with brusque manners and a rough tongue; as a soldier he was a 
rigid disciplinarian and an outstanding leader of men. 

See H. B. Robinson, Memoirs of Lieutenant General Sir Thomas 
Picton, 2 vol. (1836). (E. W. 5н.) 

PICTS (Latin Picti, “painted”; Irish Cruithin; Welsh Prydyn), 
an early people inhabiting Scotland, whose language undoubtedly 
contained pre-Celtic and non-Indo-European elements. (See 
CELTIC LANGUAGES.) They are first mentioned in A.D. 297, and 
their name may be derived in both its Latin and native forms from 
the habit of tattooing. They proved to be one of the most bitter 
groups of raiders upon the Roman province, particularly from 367 
onward, and came to form a vigorous northern kingdom. In 685 
the Picts defeated the Northumbrians at Nechtanesmere, In the 
8th century the Pictish kingdom extended from Caithness to Fife 
and is associated with the carved memorial stones and crosses of 
which the finest collections are in the National Museum of An- 
tiquities of Scotland, Edinburgh, and the museum at Meigle in 
Perthshire. The round stone towers known as brochs or “Pictish 
towers” and the underground stone houses called weems or “Picts’ 
houses” are both earlier than the historical Pictish kingdom. Chris- 
tianity had reached them in the late 6th century. About 843 the 
kingdom was united with the rest of Scotland under Kenneth I 
MacAlpin. 

The relationship between the Picts and the Cruithin of Ireland 
(see IRELAND: History) is a matter of dispute. 

See F. T. Wainwright (ed.), The Problem of the Picts (1955). For 
the relation between Cruithin and Picti and the language of the Picts, 
see also T. F. O'Rahilly, Early Irish History and Mythology, esp. pp. 
341 ff., 358 ff., 444 ff. (1946). 

PICUS, the Latin woodpecker. As the woodpecker was sacred 
to the god Mars (q.v.) it was widely reverenced in ancient Italy 
and developed into a minor god. As a deity Picus is agricultural 
(not unlike Mars) and is associated particularly with the fertiliza- 
tion of the soil with manure; thus we find him at times called 
son of Sterculius (Stercutius or Stercenius, the dung god). Since 
the woodpecker was an important bird in augury, Picus is not only 
rustic but prophetic. 

Later rationalizations made him an early king of Italy. Virgil 
(Aeneid vii, 45-49, 187-191) makes him son of Saturn, father of 
Faunus and grandfather of Latinus (qq.v.). His bride, Circe, for 
reasons of unrequited love, changed him into a woodpecker, Ovid 
(Metamorphoses xiv, 320 ff.), perhaps inventing the story, re- 
lates that his wife was the beautiful nymph Canens (“Singer”) 
and out of faithfulness to her he spurned the love of Circe and 
thus suffered the metamorphosis, According to others it was 
Pomona who was his beloved. 

As son of Saturn he came to be identified with Zeus, and be- 
cause of the similarity of their names is confused with another 
rustic deity, Picumnus. Picus and Faunus are associated in a story 
told by Ovid (Fasti iii, 291 ff.) where Numa captures the two by 
rendering them drunk and forces their assistance to avert a disaster, 

His earliest representations were as a wooden pillar mounted 
with the image of a woodpecker. In more sophisticated form he is 
a youth carved of marble with a woodpecker on his head. 

BisLrocnAPHY.—]. B. Carter іп W. Roscher, Ausfuhrliches Lexikon 
der griechischen und römischen Mythologie, s.v.; С. Rohde in Pauly- 
Wissowa, Real-Encyclopddie der classischen Altertumswissenschaft, 
5,V.5 cf. J. Harrison, Themis, pp. 101-110 (1912). (R. B. Lp.) 

PIDDOCK, several species of highly specialized marine bi- 
valve mollusks (see MoLLusK) belonging to the family Pholadi- 
dae, They are adapted for boring into rock, shells, peat, hard 
clay or mud. The name was first applied to Pholas dactylus, 
a rock borer occurring in western Europe, but its use has been 
broadened to include species in various genera throughout the 
world. All of the species are characterized by having accessory 
plates in addition to the bivalve shell. The young stages have an 
anterior gape for the protrusion of a large muscular foot which aids 
in boring. The anterior portion of the valves is armed with rows 
of strong imbrications with which the animal abrades the sub- 
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PIDDOCK (ZIRFAEA CRISPATA), SHOWING (FAR LEFT) EXPANDED Foor; 
(CENTRE LEFT) THE EXTERNAL ANTERIOR ADDUCTOR MUSCLE; AND (RIGHT) 
EXTENDED SIPHONS 


stratum in the process of boring. In some groups the anterior 
gape is closed by a covering or callum when the animal has 
stopped boring. Some species bore to a depth only slightly more 
than the length of the shell, but others, which have extensible 
siphons, may bore to depths several times the length of their shell, 
Many of the deep borers have additional shelly or chitinous plates 
(the siphonoplax) for the protection of the siphons. The acces. 
sory plates on the dorsal surface of the valves are for the pro- 
tection of the anterior adductor muscle, which has migrated to the 
outer surface of the shell. The alternate contraction of the an- 
terior and posterior adductor muscles produces a rocking motion 
of the valves, pivoting on the dorsal and ventral condyles, It is 
this motion which brings the denticles of the anterior portion of 
the valves in contact with the substratum during boring, 
Piddocks, like most bivalves, feed on minute organisms in the 
water. Food particles are brought into the mantle cavity through 
the incurrent siphon, and excretory products are carried out 
through the excurrent siphon. The late embryonic stage of all 
species is a free-swimming larva. The larva is microscopic in 
size and is very similar in appearance to the young of most clams, 
but when it settles on the substratum, it attaches itself by a 
single self-secreted filament (byssus thread) while the shell modi- 
fies its surface and becomes an efficient boring tool, Boring be- 
gins within a few hours after the attachment of the larvae. 
Piddocks are world-wide in distribution; most species are found 
in the intertidal zone, and only a few extend into deeper water. 
The most famous species, Pholas dactylus, not only bores into 
gneiss, probably the hardest rock into which any pholadid can 
bore, but it is also the only known luminescent species (see Bio- 
LUMINESCENCE). A number of species belonging to several genera 
including Penitella, Parapholas and Zirfaea are found on the west 
coast of North America. Penitella penita occasionally se 
the cement jackets of pilings. The most destructive group 18 m 
wood-boring Martesia, which causes considerable duni 
wharves and other water-front structures in warmer waters. & 
genus Xylophaga includes deeper-water species which may al 
age underwater cables. Species of two genera, Diplothyra V 


icularl 
Penitella, bore into the shells of other mollusks, pert 
oysters and abalones. Pholas dactylus was at one bet ti 


esteemed as food and was sold in European markets. ee 
occasionally eaten today it is no longer seen on the ШЇ? 
Pholas chiloensis is considered a delicacy by natives 0 
Island, Chile. -aae in the West" 
Вівілосварну, В. D. Turner, “The Family Pholadidae in бз) biet 
ern Atlantic and the Eastern Pacific: Part I,” Johnsonia, И Т.Е 
pl. 1-34 (1954) and "Part II,” 3(34):65-160, pl. 35-93 (077.0 #90, 
Fitch, “Common Marine Bivalves of California,” Fish Bul M Yonge: 
State of California Department of Fish and Game (1953) ; in p. TJ 
The Sea Shore (1949). «ties of SPE 
PIDGIN is a term applied to a number of varieties о ie 
which have grown out of English and other languag 17th сет 
have been used in various parts of the world since the 


; 1 mon 
tury. These languages are often termed “bastard jargon any 
grel lingos” or the like; but in fact they аге langua&e "pir, 


others, and can be accurately delimited and describes ip, 
doing so, however, it is necessary, in order to facilitate р е. 
to define three terms clearly: lingua franca, pidgin ап bet 
When a language is used as a means of communication i 
persons having no other language іп common, €8) FORES 
century diplomacy, it is a lingua franca (written with 


ween 
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initials to distinguish it from the original Lingua Franca, cf. the 
next paragraph). A lingua franca which is native to none of those 

it, and with a sharply reduced grammar and vocabulary, is 
called a pidgin, (Defining pidgin thus eliminates both the broken 
English of, say, a beginning learner, and the skillful but non- 
native use of English in such countries as India.) When a whole 

ch community gives up its former language and comes to use 
a pidgin as its mother tongue, the pidgin has become a creole 
language (is creolized). 

During the expansion of Europe since the middle ages, a number 
of pidgins and creoles have arisen on the basis of various Euro- 
pean languages. The first known pidgin was the Lingua Franca, 
or “westerners’ language," of the medieval levant and the Bar- 
bary coast, based chiefly on Italian. When Englishmen first came 
into contact with North American Indians in the 17th century, 
they developed a pidgin language; later in the same century, other 
varieties of pidgin English grew up as a result of English com- 
mercial contacts in China (where the word “pidgin” is said to 
have originated, from the English word "business") and slave- 
trading activities in west Africa. The establishment of plantation 
economies in the Caribbean area, with large groups of Negro 
slaves from different language backgrounds in west Africa, led 
to the development of a number of pidgins based on English, 
Trench, Spanish and Portuguese. Many of these have survived 
as creoles, e.g., Gullah (g.v.) in South Carolina, the Negro English 
of the Antilles and the Taki-Taki of Dutch Guiana, all based on 
English; the French-based creoles of Louisiana, Haiti and the 
Lesser Antilles; and the Papiamento of Curagao, an outgrowth 
of pidgin Spanish and Portuguese. Early contacts between set- 
tlers and natives led to the formation of pidgins in Australia and 
New Zealand, whereas the pidgin English of the South Seas 
("Beach-la-Mar") grew out of the activities of whaling, trading 
and blackbirding (recruiting native labour). Pidgin English is 
extinct in New Zealand and the Carolines, and moribund in Aus- 
tralia, but is still flourishing in Melanesia (New Hebrides, Solo- 
mons, New Guinea) and has become creolized in Hawaii. One 
variety, that of the Rabaul area (New Britain), has become the 
Widespread and indispensable lingua franca of the Territory of 
New Guinea, due to the official sanction given its use under Ger- 
man rule (1883-1914), and later Australian administrations. 

Pidgin languages grow out of the initial, non-intimate contacts 
between speakers of different languages, when quick comprehen- 
sion is more highly valued than correctness in grammatical usage 
or the differentiation of fine shades of meaning. As contacts grow 
closer, normally one group learns the other's language more fully, 
tnd pidgins survive the stages of initial contact only under special 
Ürcumstances. In many instances, pidgins have been perpetuated 
Where à dominant group regarded another as childlike or incapable 
of using anything but a simplified version of the "superior" lan- 
guage, as in the relations between Europeans and American In- 
"ans, West Africans or South Sea natives, On plantations and in 
other situations where European masters were in permanent con- 
‘et with native servants or labourers, pidgins have served as 
tus languages, as in New Guinea. Caste distinction, however, 
Snot a hecessary function of a pidgin, as is shown by the instance 
М Nussonorsk, a reduced language used by Russians and Nor- 
ms às equals in the arctic at the beginning of the 20th cen- 
je Chinese pidgin English survived for three centuries, not 
m x master-servant relations but also in use between English 
5 c ants and Chinese dignitaries, primarily through the desire 

each side to keep the other at arm's length. Slaves on Carib- 
ran plantations, New Guinea natives in newly formed multilingual 
eae and others who have come to live together, marry and 
ted 5 ildren, with no language in common save a pidgin, have 
instance Pidgin as the customary language of the group. : In such 
ine es, the resultant creole has usually re-expanded its struc- 

and vocabulary by more or less heavy borrowing from the 
ехе of à culturally dominant group, e.g., Haitian creole from 
Pidgin 2 Taki-Taki-and Papiamento from Dutch, and Melanesian 

Sin from English, 
folk its original function, as a lingua franca among unlettered 
' ^ pidgin language is a medium of purely oral communica- 
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tion, аз also are creoles in their initial stages. Only later, апа 
usually in connection with missionary or other educational pro- 
grams, are spelling systems devised for pidgins or creoles, Speak- 
ers of European languages have often applied the orthographical 
conventions of their own languages, as when the Melanesian pidgin 
sentence for ^Why did you hit this policeman?” is written Belong 
what name you fight "im dis fellow police boy? Such a spelling 
embodies all the inconsistencies that characterize English orthog- 
raphy, and is therefore difficult to learn; it distorts the structure 
of pidgin; and it confirms the naive European or American in his 
belief that pidgin is only a ridiculous reduction of English, Those 
who have devised orthographies for ease of learning, accuracy in 
representing linguistic structure, and emphasis of the independent 
status of the language, have used phonemically based systems. 
The most effective orthographies of this type use the letters avail- 
able on typewriters or in print shops, but consistently and pre- 
dictably. Thus, the Melanesian pidgin sentence just quoted would 
be written, in the orthography of the Alexishafen mission: Bilong 
wonem yu faitim disfela plisboi? In the following discussion, 
pidgin forms are cited only in this type of transcription. 

The simplification which characterizes pidgin extends to all 
aspects of linguistic structure (sounds, forms, constructions) as 
well as vocabulary. In some varieties (e.g., Melanesian pidgin, 
from which our examples will be taken unless otherwise stated), 
stress has come to be automatic on the first syllable of every word: 
e.g., bikos “because,” mdshin “machine.” A minimum of five 
distinctive vowels is necessary, those represented in Latin or 
Italian pronunciation by a (“аһ”), e (“eh”), i (“ee”), о (“oh”), 
и (“оо”), as in antap “up,” em "he," winim “defeat,” kot “coat,” 
tu “also.” The vowel sound a (“ah”) combines with i (“ee”) and 
u (“oo”) in the basic diphthongs ai (English *i") and au (“ow”); 
as in dai "cease" and nau "now." Some, but not all, speakers 
make further distinctions, e.g., between the e of em “he” and the 
ei ("ay") of neim “name.” In almost all varieties of pidgin 
English, the two consonant sounds represented by Eng. th have 
merged with ¢ and d respectively: saut "south," disfela “this,” 
Many speakers of Melanesian pidgin also merge ch and sh with s, 
as in tumas "very" (from Eng. "too much") and masin or mashin 
“machine.” Users of pidgin often carry over habits of sound 
production from their native languages: for instance, many 
Melanesian languages have mb, nd as variants of b, d between 
vowels, and Melanesians therefore often pronounce tabak “‘to- 
bacco” as tambak, and sidaun "sit" as sindaun. 

Grammatical categories, such as number, gender, case, person, 
tense, mood, voice—are almost wholly absent from pidgin and 
creole languages, as well as from many other languages of the 
world. Pidgin is not, however, “devoid of grammar,” as is often 
asserted. Melanesian pidgin, for example, has three inflected 
parts of speech: pronouns, adjectives and verbs. The suffix -fela, 
added to pronouns, makes plurals, in mi “I, me" versus mifela 
"we, us" and yu “you” (sing.) versus yufela “уои” (pl). An- 
other suffix -fela serves as a marker for adjectives of one syllable, 
demonstratives, indefinites and numerals: maisfela "pretty," dis- 
jela "this," samfela "some," wanfela “one. Verbs having a 
direct object (expressed or implied) take the suffix -im, and verbs 
without this suffix are intransitive or passive; cf. rausim “eject, 
remove” versus raus "be out, come out.” Other parts of speech— 
nouns, prepositions, adverbs, conjunctions—are invariable, but are 
distinguished by the types of combinations in which they occur. 
In other varieties of pidgin English, the specific criteria for dis- 
tinguishing classes of linguistic forms are different, but the basic 
structure is similar. Chinese pidgin nouns and pronouns, for 
example, can take the locative suffix -said, as in doksaid “at the 
dock(s)," maisaid “at my house," and the verb suffix -em forms, 
not transitives, but passive participles, as in dis tri blong spoilem 
“this tree is rotten." 

The basic types of combinations—phrases and clauses—found 
in pidgin are the same as those of English; here again, however, 
many details of syntax are different. Melanesian pidgin nouns are 
followed, not only by possessive phrases (haus bilong mi “house of 
me, my house"), but also by modifying nouns (haus pepar “house 
[for] paper, office’), verbs (haus kuk “house for cooking, 
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kitchen”), adverbs (man nogud “evil man,” nogud being an ad- 
verb meaning “undesirably”), and clauses (man mi lukim em 
“the man I saw"). In Chinese pidgin, pronouns simply precede 
nouns to indicate possession (hi fes “his face"), and relative 
position is shown by a noun preceding an adjective (Ning-Po mo 
far “further than Ning-Po”). With third person . subjects, 
Melanesian pidgin predicates are normally preceded by the predi- 
cate-marker i-; ol i-singaut "they call"; balus і-по kamap yet 
“the plane hasn’t yet arrived.” Melanesian pidgin has the clause 
type called “‘equational” (also found in other languages, e.g., Rus- 
sian and Hungarian) in which no verb is present: disfela kaikai i- 
gudfela “this food (is) good.” Chinese pidgin, on the other hand, 
has the copulative verb blong “be” with nouns and adjectives in 
the predicate (e.g, yu fut blong plenti sor “your foot is very 
sore"), but uses no verb with an adverb in the predicate indicating 
location: tumachi dast tebal tapsaid “a lot of dust (is) on the 
table." 

Since vocabulary is restricted (about 700 words in Chinese 
pidgin, 1,500 in Melanesian), each word necessarily has a greater 
range of meaning than its English counterpart. The central mean- 
ing of Melanesian pidgin sori.is not “sorry,” but “emotionally 
moved," as shown by its extension to "sympathetic, grateful, 
glad"; similarly, dai means “cease” ("die" is dai tru "stop for 
good”) and s/ap is “Бе located; remain; continue." For many 
concepts, pidgin uses phrases rather than single words: with skru 
"screw; joint" are formed skru bilong arm "elbow," skru bilong 
leg "knee," etc. Some pidgin words belong to different parts of 
speech from their English counterparts, e.g., the Melanesian pidgin 
preposition bilong “of” and the Chinese pidgin copulative verb 
blong "be" from Eng. "belong." Non-English meanings of pidgin 
words often reflect native social structure, as when papa means 
“uncle,” since a boy’s maternal uncle, rather than his father (papa 
tru) is primarily responsible for his upbringing in New Guinea. 
Speakers of English are often naively amused or shocked by the 
disregard of some of our society’s taboos evident in certain shifts 
of meaning, as when ars “buttocks” is extended to mean “bottom 
(of anything), foundation, reason, cause, source,” for example, 
ars bilong diwai "the base of the tree,” or God i-ars bilong olgedar 
samting "God is the source of all things.” It must be realized, 
however, that in the context of native society and attitudes, these 
concepts are not taboo and no stigma attaches to the words or their 
use. 

In the structural reduction from English to pidgin, the main 
grammatical characteristics have been kept (the part-of-speech 
system, the dichotomy between subject and predicate, the use of 
phrases taking the place of single words), though often with dif- 
ferent identifying features. The various kinds of pidgin English 
are definitely English and Indo-European, not (as is often said), 
“native languages spoken with English words.” Nevertheless, 
there have been extensive carry-overs from non-English structural 
patterns, because speakers of native languages have translated 
their own constructions into pidgin, especially in the early ‘stages 
of its formation, For instance, in Chinese a numeral modifying a 
noun must be accompanied by a special word indicating a measure 
of quantity, called a “numeral classifier,” as in sin ge rén, literally 
“three piece man.” This type of combination was reflected in 
older Chinese pidgin tufela man “two men,” forpisi naif “four 
knives,” tc., with -fela for animate objects, -pisi for inanimate 
objects. However, in modern Chinese pidgin, -fela has not sur- 
vived, and -pisi has lost its independent status and become simply 
a numeral suffix, as in twpisi man “two men.” Similarly, the pres- 
ence of separate pronouns for "we" (excluding the hearer) and 
"we" (including the hearer) in Melanesian languages has led to 
the establishment in Melanesian pidgin of a parallel contrast be- 
tween mifela “we” (but not you) and yumi “we” (including you). 

The proportion of vocabulary elements in pidgin English de- 
rived from non-English sources is small, both in relation to the 
popular myth that pidgin is a “weird mixture of tongues” and in 
comparison to the non-Germanic element in English itself. Of the 
approximately 1,500 words in Melanesian pidgin, not over 20% are 
of non-English origin. Of these, perhaps half are Melanesian 
(that is, kiau “egg; bomb,” diwai “tree,” malolo “rest,” balus 
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“pigeon; aeroplane”) and one quarter were borrowed from | 
man, such as mark “shilling,” tais “pond,” langsam, “sloy xi 
beten “pray.” The remaining 5% are from various languages 
few from Malay (that is, karabau “water buffalo”) and three from 
Romance sources: save “know,” pikinini “child” and pato “duck. 
The percentage of non-English elements in Chinese Pidgin is even 
smaller, hardly over 596. 2 


With the coming of modern civilization and technology ‘aver : 


Guinea and similar areas, the use of pidgin has posed a problem, 
especially with regard to its use as a medium of instruction in 
elementary education and technical subjects. The use of pidgin 
has been opposed by some, partly on puristic grounds and 
because it is alleged to be ineradicably tainted by connotations 
of colonialistic exploitation. In answer, it is pointed out that 
pidgin and creole languages are not “corruptions,” but normal 
linguistic developments; it has even been suggested that the Ger- 
manic languages (and hence English) may have arisen from а 
creolized variety of Indo-European. In New Guinea and the 
Solomons, pidgin is no longer a status language, nor imposed on 
the people by white colonialists, but is the people’s own lingua 
franca, indispensable for communication, and easier for a Mela- 
nesian to learn than English, which is both more complicated 
and more foreign to him. If skilfully used, pidgin can serve both 
as a medium of instruction and as a bridge to English, In this 
connection, it has been suggested that new names, without pejora- 
tive connotations, be given to these languages, e.g., Neo-Melane- 
sian to the pidgin used in New Guinea, and Neo-Solomonic to that 
used in the Solomon Islands. See also Basic ENGLISH; LINGUA 
FRANCA. і , 

Вгвілосварну:—Еог Melanesian pidgin English, a Bigg a 
raphy to 1955 is given in R. A. Hall, Jr., Hands Оў Pidgin Englishl 
(1955) ; for Chinese pidgin English, cf. R. A. Hall, Jr., Journal of the 
American Oriental Society, LXIV, 95-113 (1944), with bibliography 
of preceding work, For Gullah, see L. D. Turner, Africanisms in the 
Gullah Dialect (1949). (R. A. Ha) 

PIEDMONT (Piemonte), a region of northwestern Italy, is 
composed of the provinces of Alessandria, Asti, Cuneo, Novara, 
Turin (Torino), and Vercelli. Area 9,807 sq.mi. Pop. (1961) 
3,949,006. To the south, west, and north it is surrounded by the 
vast arc of the Ligurian Apennines and the Maritime, Cottian, 
Graian, and Pennine Alps. The core of the region is the Po Valley, 
open to the east and consisting, especially in its eastern portion, 
of some of the best farmlands in Italy, South of the Po are the 
low and intensively cultivated hills of Monferrato and of the 
Langhe. In the foothills of the Alps are Lakes Maggiore and Orta. 
The Po and its tributaries, the Dora Baltea, Dora Riparia, Sesia, 
Tanaro, and Scrivia, provide ample water for agriculture. 

The alpine arc of Piedmont plays a vital part in the power pro- 
duction of the region and of north Italy as a whole; its al 
electric plants provide energy for industry, transportation, 
domestic use. The forests provide lumber; the alpine Я 
alpine meadows afford excellent pasture for cattle as the si 
a prosperous dairy industry. The lowlands produce wheat an TES 
vegetables and fruit, milk and cheese; the hills south of the 
are noted for some of Italy's highest quality wines, both ! "ph 
sparkling (Asti) and still (Barbera) variety. Piedmont I 
the great industrial triangle of north Italy (Turin-Genoa ^^v 
and its industries are characterized by their variety as W Ae 
their important output. Turin (q.v.), the largest city an 
leading industrial centre, is the location of one of Europese. 
automobile plants, as well as of printing, textile, and ma por 
dustries. Ivrea, northeast of Turin, is the headquarters of chem” 
the leading makers of office machinery in Europe. T indus 
icals, and glass are among the other important Piedmontese W 
tries, н 3 

Through Piedmont passes the principal rail connection Ps 40 
France and Italy, the Turin-Mt. Cenis Tunnel-Paris line, excellent 
the north the Simplon Tunnel leads to Switzerland. An ё region 
network of roads and expressways ties all parts of Eo 
closely together; Genoa, easily reached from Piedmont, Oa dbe 
Development projects in the 1960s include an. all-weather re Mont 
tween France and Italy, passing through a long tunnel une 
Blanc, thence through the Valle d’Aosta to Turin and 
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PIEDRAS NEGRAS—PIERCE 


In Roman times Piedmont played a role of importance because 
its passes served as connections between Italy and the transalpine 
rovinces of the empire. After periods of Lombard and Frankish 
rule, the house of Savoy emerged as the most important feudatory 
of northwest Italy. This dynasty first became powerful as suc- 
cessor to the marquesses of Ivrea and of Turin, but after 1400 its 
control of both slopes of the Alps, ruling over what is now French 
Savoy (Savoie) and over Piedmont, gave it undisputed sovereignty 
over much of the region. After 1700 practically all of Piedmont 
passed under Savoyard domination, while the addition of Sardinia 
to its territories provided it with still wider interests. During the 
Italian Risorgimento it was Piedmont that led the attempts of 
1848, 1859, and 1866 to unite all Italy, and Victor Emmanuel II, 
originally king of Piedmont, became modern Italy’s first king in 
1861. 
See also references under “Piedmont” in the Index. (G. Кн.) 
PIEDRAS NEGRAS, formerly Ciudad Porfirio Diaz, a 
northern frontier city of Mexico in the state of Coahuila, 840 mi. 
north by west of Mexico City, on the Rio Grande del Norte, 720 
ft. above sea level, opposite the city of Eagle Pass, Tex. The 
population in 1960 was 44,992. An international bridge connects 
the two cities, and the Mexican National railways have a north- 
ет terminus at this point. The city has an important transfer 
trade with the U.S. and is the centre of a fertile district devoted to 
agriculture and stock raising. Coal is found in the vicinity; silver, 
zinc and copper are also mined. In 1958 a superhighway was 
opened between Piedras Negras and Mexico City via Saltillo and 
Querétaro. (J. A. Cw.) 
PIERCE, FRANKLIN (1804-1869), 14th president of the 
United States, was born at Hillsboro, N.H., Nov. 23, 1804. His 
father, Benjamin Pierce (1757-1839), served in the American Rev- 
olution, was a Democratic mem- 
ber of the New Hampshire legis- 
lature (1789-1801), and was 
elected governor of the state for 
two terms—1827 and 1829. 
Franklin graduated from Bow- 
doin College, Brunswick, Me., in 
824, studied law, and was ad- 
mitted to the bar in 1827. 
‚ Entry into Politics. —Enter- 
ing politics as a Democrat, 
Franklin Pierce became a mem- 
er of the New Hampshire 
House of Representatives. in 
1829, and was speaker of that 
ody in 1831 and 1832. The fol- 
lowing year he entered the na- 
tional House of Representatives, 
Where he supported the policies 
of the Jackson administration. 
uring his first term in Congress 
iN married Jane Means Appleton, 
йө of the president of Bowdoin College. In 1837 he entered 
е U.S. Senate. Being its youngest member, he was overshadowed 
У à galaxy of older and more prominent men such as Thomas 
E Benton, Henry Clay, and Daniel Webster. Before his term 
гизи he resigned his seat (1842) and returned to the practice 
aw at Concord, N.H., where he became federal district attorney. 
Bee he was offered an appointment to fill an unexpired term 
abi е U.S. Senate and the position of attorney general in Polk's 
* "net; but he rejected both, declaring that he had permanently 
lired from political life. 
p tvice in Mexican War.—Shortly after the outbreak of the 
n With Mexico in 1846 Pierce enlisted as a private at Concord, 
ER Son became colonel of the 9th Regiment, and later a brigadier 
1 нај of volunteers. Не was with Gen. Winfield Scott in the 
d ae toward Mexico City. During the Battle of Contreras he 
insist ee forward on his horse and received painful injuries; he 
3 faint 9n continuing the fight and in the course of the battle 
Apis: ed. This fact, variously interpreted, was used both for and 
st him when he was later a candidate for the presidency. At 
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the close of the war he returned to his law practice. 

Election to Presidency.—Pierce became the Democratic nomi- 
nee for president in 1852 as a “dark horse.” The leading candidates 
for the nomination were Lewis Cass, Stephen A. Douglas, and 
James Buchanan, but, because of factional rivalries, none of these 
proved to be acceptable. A few politicians, including some of 
Pierce’s fellow generals in the Mexican War, foreseeing a deadlock, 
had prepared him for the place. At the convention in Baltimore 
in June his name was first brought forward by the Virginia delega- 
tion on the 35th ballot, and on the 49th ballot he received an 
almost unanimous vote. William R. D. King was nominated for 
vice-president. Both the Democrats and the Whigs were too 
badly split for any real issues to appear in the campaign. The chief 
question in the public mind was the finality of the Compromise of 
1850 (g.v.), and while both parties declared themselves in favour 
of it the Democrats were more thoroughly united in its support. 
As a result Pierce swept the country in the November election, 
receiving 254 electoral votes against 42 for his opponent, Gen, 
Winfield Scott, He took office on March 4, 1853. 

Presidential Administration.—The youngest man to have 
been elected to the presidency as of that date, Pierce was handsome, 
genial, and possessed of a certain superficial brilliance. The East- 
ern element of the Democratic Party, which he directly repre- 
sented, was inclined for the sake of harmony and prosperity to 
oppose antislavery agitation and generally to placate Southern 
opinion. It was hence pro-Southern as a matter not only of politi- 
cal strategy but also of business expediency. Thus in the selec- 
tion of his cabinet, as in both domestic and foreign policies of his 
administration, Pierce represented a coalition of Southern planters 
and Northern businessmen. The Democratic Party was badly torn 
into factions, and Pierce attempted to reunite it by using the patron- 
age to bring together all shades of opinion. In his inaugural ad- 
dress he interpreted his election as a popular mandate to main- 
tain the Compromise of 1850 and bury the slavery controversy. 
He also forecast an aggressive but honourable foreign policy; he 
would "not be controlled by any timid forebodings of evil from ex- 
pansion.” In fact “the acquisition of certain possessions" (doubt- 
less referring to Cuba in particular) was deemed essential to the 
country's safety and commerce. 

Foreign Policy.—Pierce endeavoured to buy Cuba. In order to 
secure the influence of European financiers upon the Spanish gov- 
ernment, he ordered Pierre Soulé, the U.S. minister to Spain, to 
hold a conference with James Buchanan, minister to Great Britain, 
and John Y. Mason, minister to France, at Ostend, Belg., as a re- 
sult of which they issued, on Oct. 18, 1854, what was called the 
Ostend Manifesto (g.v.). This was misinterpreted as advising that 
if the United States were unable to obtain Cuba peacefully, “by 
every law, human and divine, we shall be justified in wresting it 
from Spain if we possess the power." In the storm of controversy 
that followed, the administration disclaimed responsibility for the 
document and recalled Soulé. The following year a U.S. ad- 
venturer, William Walker, conducted a notorious filibustering ex- 
pedition into Central America with the purpose of establishing a 
proslavery government to be brought under the control of the 
United States. He established himself as military dictator, then 
as president, of Nicaragua, and his regime was recognized by the 
Pierce administration. More permanent results came from the 
expedition that had been sent out by Millard Fillmore in 1853 
under Commodore Matthew C. Perry to Japan. In 1854 Pierce 
received the commodore’s report that his expedition had been suc- 
cessful and that U.S. ships would have limited access to Japanese 
ports. The administration also effected a reorganization of the 
diplomatic and consular service and the creation of the U.S. Court 
of Claims. 

Domestic Policy—Among the domestic policies of the Pierce 
administration were preparations for a transcontinental railroad 
and the opening up of the Northwest for settlement. It was in 
order to open the way for a southerly route to California through 
the lowest mountain passes that the Gadsden Purchase (g.v.) of 
29,640 sq.mi. of territory was made from Mexico in 1853 at a 
cost of $10,000,000. It was mainly to stimulate migration to the 
Northwest and facilitate the construction of a central route to the 
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Pacific that the Kansas-Nebraska bill was enacted in 1854, receiving 
the president’s sanction, This act opened two new territories for 
settlement and provided that the slavery question should be settled 
in each by popular vote. The indignation aroused by the repeal of 
the Missouri Compromise incorporated in this bill and conflict over 
slavery in the territories were the main causes of the rise of the 
Republican Party. Pierce's ineptness in handling Kansas made 
him unacceptable as a candidate for a second term. 

Save for a three years' tour in Europe, he spent the rest of his 
life at Concord, where he died on Oct. 8, 1869. 

BisriocRAPHY.—Nathaniel Hawthorne, Franklin Pierce (1852); К. 
F. Nichols, Franklin Pierce, 2nd ed. (1958), Disruption of American 
Democracy, (1948) ; Allan Nevins, Ordeal of the Union, vol. ii. (1947). 

(R. F. N.) 

PIERO DELLA FRANCESCA: see FRANCESCA, PIERO 
DELLA. 

PIERO DI COSIMO (Pero рї Lorenzo) (1462-1521), Flor- 
entine painter, noted for his mythological paintings, was born in 
Florence in 1462. He derived his name from that of his master, 
the painter Cosimo Rosselli, and he participated in this artist’s 
frescoes in the Sistine Chapel in the Vatican (1481). Thereafter, 
he worked exclusively in Florence, where, according to G. Vasari, 
he died in 1521. 

Piero di Cosimo’s highly individual painting style was influenced 
successively by Luca Signorelli, Hugo van der Goes, and Leonardo 
da Vinci. His most notable religious paintings are a tondo of the 
“Adoration of the Child” in the museum of art, Toledo, Ohio; 
an altarpiece for the Pugliese Chapel in the Innocenti, now in the 
Spedale degli Innocenti, Florence; a “Visitation” in the National 
Gallery of Art, Washington, executed for the Camponi Chapel in 
Santo Spirito, Florence; and an “Immaculate Conception” in the 
Uffizi Gallery, Florence. 

However he is best known for his mythological paintings, which 
combine a close study of nature with a romantic fantasy that is 
found in no other Renaissance artist. These include two large 
paintings of the “Fall of Vulcan” (Wadsworth Atheneum, Hart- 
ford, Conn.) and “Vulcan and Aeolus" (Ottawa). Along with two 
panels in the Metropolitan Museum, New York, and the “Forest 
Fire” in the Ashmolean Museum, Oxford, illustrating a Vitruvian 
program of the early history of man, these may have formed part 
of a cycle of paintings executed for Francesco del Pugliese, which 
is described by Vasari. A cycle of bacchanals, also mentioned by 
Vasari, was commissioned by Giovanni Vespucci; from this, two 
panels at Worcester, Mass., and in the Fogg Art Museum, Cam- 
bridge, Mass., survive. 

Piero di Cosimo’s late style may be seen in scenes from the 
legend of Andromeda in the Uffizi Gallery, Florence. The “Death 
of Procris” in the National Gallery, London, is perhaps his most 
celebrated painting. Two rémarkable portraits of Giuliano da 
Sangallo and Francesco Giamberti are in the Mauritshuis at The 
Hague. 

Vasari supplies what is no doubt a well-founded account of the 
painter’s eccentricities and observes that Piero’s “works betray a 
spirit of great diversity distinct from those of others, for he was 
endowed with a subtlety for investigating curious matters in nature, 
and executed them solely for his delight and pleasure in art.” 
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“DEATH OF PROCRIS,'' BY PIERO DI COSIMO 


PIERO DELLA FRANGESCA—PIETERMARITZBURG 


See R. Langton Douglas, Piero di Cosimo (1946); Е 
Studies in PCR (1939). l PG Ay tli 
PIERRE, the capital city of South Dakota, U.S., the seat of 
Hughes county, is on the Missouri River in almost the exact centy 
of the state. The town was first named Mahto, the Sioux word "a 
“bear,” when it was started in June 1880 as the western terminal of 
the Chicago and North Western railway. It became the count 
seat in November and on Dec, 16, 1880, was officially named Piers 
(locally pronounced *Peer") for Pierre Chouteau, an early fur 
trader. For the next six years it was the railhead for the tre. 
mendous freighting by ox team on which the Black Hills mining 
industry depended. Located between three Indian reservations and 
on the edge of a farming country to the east and cattle country to 
the west, the town had varied interests and was the trade centre of 
a large area. In 1885 the territorial legislature selected Pierre to 
replace Bismarck as capital but the governor vetoed the act: in 
1889, when South Dakota became a state, Pierre was named the 
temporary capital and in elections in 1890 and 1904 was chosen 
the permanent capital. The state capitol building was erected 
(1905-10) on an attractive 30-ac. tract overlooking the Missouri 
River. Later additions include a war memorial building, hous- 
ing the State Historical Society and Museum (1930); the gov- 
ernor's mansion (1936); a state office building (1951); and a state 
highway building (1955); as well as a 7-ac. artesian-fed lake. 

Pierre's population has fluctuated with the economy of the 
farm-ranching country in which it is located and for years it held 
the dubious distinction of being the nation's smallest state capi- 
tal, with a population of 1,776 in 1895 and 5,715 in 1950. There- 
after the population increased considerably, stimulated by the 
construction of Oahe Dam, starting in 1948 and continuing for 
several years. The dam, located 5 mi. above Pierre, is a power, 
irrigation and flood-control project, creating a 200-mi, lake along 
the Missouri. 

Pierre is the site of a government Indian school (1891) and of 
St. Mary’s Hospital. Five miles downriver is Farm Island State 
Park, а 1,800-ac. recreational area, with public golf course, swim- 
ming beach and other facilities. 

The site of Pierre was for 400 years prior to 1800 the capital 
of the Arikara Indian nation; archaeological remains of it, as 
well as of many villages, are still to be seen. The Lewis and 
Clark Expedition of 1804-06 brought news of the vast trade po- 
tential of the Missouri River and for the half century following 
1817 Fort Pierre, across the river from Pierre, was the fur-trade 
capital of the northwest. With the decline of the fur trade and 
the coming of the railroads it decreased in importance although, 
like Pierre, it experienced an increase in population after 1950. 

For comparative population figures see table in SOUTH DAKOTA: 
Population. (W. б. К. 

PIERROT (PEDROLINO) : see Commenta DELL'ARTE.—, 

PIETERMARITZBURG, the capital city of Natal Pro 
S.Af., lies between the Umsindusi (Umsunduze) River and the 
Dorp Spruit, 53 mi. NW of Durban by road and 71 mi. by xm 
Pop. (1960) 90,077, including 37,991 Europeans. Founded by the 
Voortrekkers in 1839 after a victory over the Zulus, Pietermarit 
burg was named in honour of the dead leaders, Piet Retief p 
Gerrit (Gert) Maritz. It played a leading role in the develop". 

" ` of the Rand gold mines and bd 
proclaimed a city in 1853, pd 
ing the capital of Natal 
years later. 

The city, 
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- Napier overlooking the city from the southwest was established 
(1843) by a British garrison. Natal University is situated at 
Scottsville, а suburb, and there are also a teachers’ training college, 
a technical institute, more than 30 schools (both European and 
non-European), two museums, а municipal art gallery, 12 ac. of 
tock gardens in Alexandra Park, a 110-ac. botanical garden and 
Queen. Elizabeth Park, headquarters of the Natal Parks Board. 
C Pietermaritzburg is a centre of industry and agriculture, and 
‘there has been much development since World War II. Large fac- 
pries manufacture a variety of products, including wattle extract, 
‘chocolates, furniture, and aluminum and rubber goods, and the 
‘tity is the largest exporter of shoes in the republic. There is a 
big rice mill. The Royal Agricultural and Industrial Show is held 
‘every June. There are main road and rail communications with 
“Durban, Johannesburg, Bloemfontein, and other cities in the re- 
"public. The aerodrome is capable of handling medium-sized cargo 
"and passenger aircraft. (D. N. E. K.) 
PIETISM, a Protestant religious movement stressing the “ргас- 
ice of godliness.” It began in the 17th century, continued in 
original form during the first half of the 18th century, and re- 
ed influential well into the 19th. The words pietism and 
ietist were first used as nicknames in Leipzig in 1689 in the 
“course of an altercation concerning А. H. Francke (see below), 
but the movement itself goes back to the beginning of the 17th 
ntury in England. A distinction must be drawn between this 
formed pietism, which grew up in England, Holland, and north- 
‘western Germany, and the Lutheran pietism, on the whole confined 
Germany, which is the main subject of this article. Whereas it 
to be thought that pietism was directly dependent on mysti- 
sm, such as that of Miguel de Molinos (q.v.; see also QurETISM), 
d that it criticized the catholicizing features of its devotion, 
modern scholars tend to stress more strongly its connection with 
the reformed Lutheranism of the 17th century, an example being 
e apparently decisive impetus received by P. J. Spener from the 
logical faculty at Strasbourg when he was an undergraduate 
re. This reformed Lutheranism was at pains to counteract the 
ity of the church organization and to further a genuine devo- 

Reformed Pietism.—Reformed pietism was a comparatively 
felf-contained entity; only its radical groups, influenced by en- 
Siastic ideas, led a separate existence. Those who contributed 
fy to its development were the Puritans Lewis Bayly (author 
The Practise o / Piety), Richard Baxter, John Bunyan, Thomas 
dwin, and John Owen, who have been called “pietists before 
lism.” Religious exiles, among them William Ames, took the 
piety from England to the Netherlands, where it was further 
veloped by Willem Teelinck and his son Johannes, and Gisbert 
det (Gysbertus Voetius) and his pupil Jodocus van Lodenstein. 
om the Netherlands it was brought, after the separation of 
de Labadie, to northern Germany, where it was chiefly estab- 
d on the lower Rhine and in Bremen. 

History of Lutheran Pietism.—Five separate groups of Lu- 
E Pietists are to be distinguished. 
J. Spener’s Circles.—Pietism in Lutheran Germany started 
the publication of Pia desideria (1675) by Philipp Jakob 
E (q.v.); its program is first stated there. Pietism took up 

Met's six demands for reform as well as his idea about the 
À j ances of all classes and the need to meet them. In many 
Aces private devotional gatherings were established, based on the 
WF pietatis that Spener had already founded in Frankfurt 
y for Bible study. Vet soon radical influence appeared, which 
ed the first opposition from the orthodox Lutherans. Unlike 
ncke and Zinzendorf, Spener neither founded nor directed a 
‘ment. He exerted a great influence through his extensive 
jj ondence, but he remained more a counselor and spiritual 

er of individuals. He always declined the role of a “re- 
er after the reformation” that was thought as early as his 
Petiod to be his destiny, 

- Francke's Circle at Halle.—Pietism first entered the con- 
„hess of the public in 1689, when controversy began in the 

B" Of theology at Leipzig over the collegia biblica founded by 
' M. Francke, Not only the students but also the ordinary 
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inhabitants were seized by pietism. Although Francke together 
with his friends at first depended on Spener, he soon became the 
centre of a movement which surpassed Spener’s. Inspired by his 
“experience of conversion" (1687) in Lüneburg, Francke intro- 
duced into pietism an activist note which the cautious Spener 
always lacked. After moving to Halle, where he held the double 
office of vicar and of professor of oriental languages in the new 
university (1692), Francke became the centre of an influence which 
not only spread throughout Germany but also extended to England, 
Scandinavia, Russia, India, and North America, the last chiefly 
after his death, in accordance with the plan contained in his so- 
called Grosse Aufsatz (“Great Essay"). Though Spener had kept 
in touch, mainly by letters, with a large circle of pietists, Francke's 
influence was far wider, particularly on the young theologians 
trained in Halle and on the pupils in his institutions, who were 
all marked by pietism and regarded themselves as its emissaries, 
By this period the close link of German Lutheran pietism with the 
aristocracy had already been forged, and whole courts were imbued 
with pietism. Francke’s charity school (*Armenschule") at Halle 
persisted when the ascendancy of pietism in Halle and in Prussia 
(where in particular King Frederick William I was its patron) was 
lost through the Enlightenment. Pietism at Halle gradually de- 
creased until at the beginning of the 19th century it was confined 
only to a small group. (See also FRANCKE, Aucust HERMANN.) 

Graf Zinzendorf's “Briidergemeine” at Herrnhut.—Nikolaus 
Ludwig, Graf von Zinzendorf (q.v.), was educated at Francke's 
school (the Pádagogium; 1710-16) at Halle and Spener was his 
godfather. These two facts show the influence on him of both 
groups of pietism and their leaders, but he and his followers were 
in fact more influenced by mysticism and the desire to dispense 
with the external features of religion (e.g., Bible, sacraments) in a 
confrontation of the individual soul with God, elements which at 
first were in danger of getting out of control. Only after over- 
coming several crises did the Briidergemeine ("Brotherhood") 
reach its final form, in which separatism was overcome and the 
positive elements of this type of pietism were able to have a fruit- 
ful influence on the whole church. (See also MoraviAN CHURCH.) 

Württemberg Pietism.—Pietism in Württemberg was from the 
start much more strongly influenced by Spener than by Francke 
and Zinzendorf, and was closely united with the church, relying 
more heavily on Luther than did Zinzendorf's group. Here the 
danger of separation was overcome at the start by making the 
Bible classes part of church life. The chief names in Württemberg 
pietism are J. A. Bengel, F. C. Oetinger, and J. M. Hahn, the peas- 
ant theologian and founder of communities. 

Radical Groups of Seceders.—Pietism has always been in danger 
of radicalism, which infected all the above-mentioned groups. As 
early as Spener's first activity in Frankfurt, radicalism separated 
one group from the official church, which was regarded as “Babel” 
in which no one could be saved. Both Spener and Francke were 
rather perplexed and helpless when such outbreaks of enthusiasm 
took place. In general, radical pietism, which was basically influ- 
enced by mysticism and by individual spirituality, tended vehe- 
mently to reject the church or at least to regard it with indifference. 
The persecuted separatists found an asylum in the Wetterau dis- 
trict northeast of Frankfurt, where their community gathered 
round the Berleburger Bible (J. H. Haug’s revision of Luther’s 
version, 1726-42). The best-known names in this group are the 
church historian Gottfried Arnold, the alchemist J. K. Dippel, and 
the mystic G. Tersteegen. Women were particularly important 
among the inspired members. 

Teaching and Influence.—Common to all branches and groups 
of Lutheran pietism was the insistence that the true faith must be 
not merely possessed but must also have a lively effect on the life 
of the individual and of the congregation, and that the Reforma- 
tion was not a past event, completed once and for all, but an ever- 
present challenge to the church. Yet the different groups de- 
scribed above should be regarded as independent of each other, 
although closely interrelated, and as originating independently 
of Reformed pietism. Formerly it was thought that Reformed 
pietism gave birth to Lutheran pietism, through the influence of 
the French Reformed pietist Jean de Labadie (g.v.) on Spener, 
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but in fact Lutheran pietism’s close connections were with the 
reformed Lutheranism of Germany. All the radical pietist groups, 
however, were closely interconnected by the mystical ideas which 
they held in common and which led them to ignore confessional 
barriers. 

From the beginning pietism in all its groups met with vehement 
opposition, as the quantities of polemical treatises of the period 
testify. Orthodox Lutheran theology, together with the churches 
it controlled, frequently misunderstood the new movement and 
was offended by the degeneration of radical pietism as well as by 
the narrowness of pietism in general. But the opposition was 
chiefly caused by the basic beliefs of pietism and in particular by 
its theology. Although pietists did publish works on dogmatic 
questions, this was chiefly in order to defend themselves against 
the reproach of deviating from the teaching of the church. Their 
chief interest was in biblical theology, which was studied in those 
theological faculties that were imbued with pietism, The Tübingen 
faculty of theology was strongly influenced by pietism, and Halle 
was completely governed by it, though other influences were at 
work, such as the jurist Christian Thomasius and the philosopher 
Christian Wolff; Giessen and Jena in particular among the German 
universities were also influenced by the movement. (Only Witten- 
berg stood out against it after a fierce struggle.) Scriptural exege- 
sis was clearly central to these pietistic faculties, in contrast to 
those of orthodox Lutheranism, but it was an exegesis that placed in 
the foreground the duty of devotion and the problems of Christian 
life. Church history made great strides forward through the work 
of the pietists, especially G. Arnold. 

The practical demands of pietism had their outcome in pastoral 
theology. No department of life remained unaffected by the ad- 
vances of pietism. Enthusiasm for works of charity led at home 
to the care of the poor and abroad to foreign missions. Pietist 
missionaries went as far afield as India, Greenland, and Labrador. 
Francke's group sent about 60 and Zinzendorf’s more than 220. 

The German pietists also had a considerable influence on evan- 
gelicals in foreign countries: Swedish prisoners of war in Siberia 
and the evangelicals in Russia, and the German settlers in North 
America. Martin Boltzius and Israel Christian Gronau were active 
in Georgia, and above all in Pennsylvania, during 1742-87, and 
Henry Melchior Mühlenberg, the patriarch and organizer of Amer- 
ican Lutheranism, in the 18th century (see MUHLENBERG). All 
three (and a group of helpers with them) were from Halle. More- 
over, Zinzendorf was in North America during 1741—42, where he 
tried to form Brüdergemeine as in England, Russia, and elsewhere. 

The zenith of pietism was over by the middle of the 18th cen- 
tury, but the movement continued to exist and still survives, though 
not extensively, in certain parts such as Württemberg and northern 
Germany. Zinzendorf’s group, the Briidergemeine, maintains a 
widespread circle of members, extending far beyond the boundaries 
of Germany, in the Moravian Church, The religious revival move- 
ments of the 19th and 20th centuries were connected directly or 
аА with pietism, which in its turn received stimulation from 

em. 

See also references under "Pietism" in the Index. 

BIBLIOGRAPILY.—A. Ritschl, Geschichte des Pietismus, 3 vol. (1880- 
86), though out of date, is the only complete survey. See also K. 
Aland, Kirchengeschichtliche Entwürfe, pp. 523 ff, (1960) ; O. Sóhngen 
(ed.), Die bleibende Bedeutung des Pietismus (1960). (K. A.) 

PIETRO DELLA VIGNA (PETRUS DE VINEA) (c. 1190- 
1249), the jurist and man of letters who before his tragic end held 
high offices under the Holy Roman emperor Frederick II (Fred- 
erick I of Sicily), was born at Capua, on the Italian mainland of 
the Sicilian kingdom. After studying law at Bologna, Pietro was, 
in 1221, presented by the archbishop of Palermo to the emperor, 
who appointed him notary of the Sicilian chancery. By 1225 he 
was judge of the Sicilian magna curia (high court). After Freder- 
ick’s return from the crusade, Pietro became one of his closet coun- 
selors and was also employed on diplomatic missions; thus he re- 
peatedly acted as imperial envoy to Pope Gregory IX and in 1234 
went to England to negotiate the marriage between Frederick and 
Isabella, sister of Henry III. Though he had not the title of 
chancellor, he was virtually head of the chancery long before Fred- 
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erick II appointed him, probably in 1247, protonotary of the im 
perial court and logothete of the kingdom of Sicily, SUE 
doubtless wrongly, of conspiracy against the emperor, he was a 
rested at Cremona in February 1249. He was found guilty of cor. 
rupt practices and was blinded; in April he committed suicide in 
prison, at San Miniato near Pisa. The question of the guilt of thë 
man who, in Dante’s words, “held both keys to the heart of Fred. 
erick,” greatly exercised contemporaries; Dante defends him in 
Inferno, xiii. 

Pietro della Vigna was one of the most prominent exponents 
of the ars dictaminis (technique of composition) in the 13th cen. 
tury and had a decisive influence on the literary form of Frederick 
II's letters, manifestos, and decrees. His Latin style was greatly 
admired and had a lasting effect on the development of official 
letter writing in the European chanceries. His poems, in Latin 
and Italian, secure him a place in the Sicilian school of poetry, 

Brsni0GRAPHY.—AÀ. Huillard-Bréholles, Vie et correspondance de 
Pierre de la Vigne (1865). For further bibliography see E. Kantorowicz, 
Friedrich der Zweite, supplementary volume (1931). See also H. 
Wieruszowski, Vom Imperium zum nationalen. Kénigtum (1933); E, 
Kantorowicz, “Petrus de Vinea in England," Mitteilungen des Instituts 
fiir österreichische Geschichtsforschung, 51 (1937-38). (N. R) 

PIEZOELECTRICITY is the generation of electric charge 
in a substance by a mechanical stress that changes its shape, and 
a proportional change in the shape of a substance when voltage 
is applied. The prefix piezo comes from the Greek verb mean- 
ing "to press." The phenomenon occurs only in material of elec- 
trically polar. nature, especially in single crystals of polar sym- 
metry. 

Piezoelectricity is.a means of converting mechanical energy into 
electrical energy and vice versa. The technique is particularly 
effective at high frequencies. Its principal applications are in the 
field of electroacoustics, including phonograph pickups, under- 
water sound signaling and ranging (sonar) and in the frequency 
control of electric circuits by the use of the very stable mechani- 
cal resonance. frequencies of crystal plates, notably those cut in 
exactly specified orientations from quartz crystals. High-precision, 
quartz-controlled circuits are a key element in communication 
systems used in space exploration. А 

History.—Piezoelectricity, as distinct from contact and fric- 
tional electricity, was discovered at the Sorbonne in 1880 by Pierre 
and Jacques Curie. Pierre, who 18 years later collaborated with 
his wife in the discovery of radium, was 21 years old, Jacques 
24, when the brothers first demonstrated the piezoelectric effect. 
In her biography of Pierre, Marie Curie pointed out that the 
youthful discovery was not an accident but the product of exten- 
sive theoretical and experimental study of the symmetry 0 
crystalline matter. Crystallographic and mathematical relations 
governing piezoelectricity were developed in the few years follow- 
ing the discovery. -Crystals studied in this early period inclu 
quartz, tourmaline and Rochellé salt (sodium potassium tartrate), 
which were to become technically important 50 years later. " 

Piezoelectric quartz crystals found some use in electrostati 
measurements in connection with studies of radioactivity by Pi in 
and Marie Curie. "The first step toward an engineering application 
was taken about 1916 in France by Paul Langevin, Who E 
structed an underwater ultrasonic. source consisting of a piezo® 4 
tric quartz element sandwiched between steel plates; this mi 
was to serve for submarine detection. While piezoelectricily T 
not become practical for this purpose until many years m д 
perimentation started during World War І led Walter G, Са ee 
Wesleyan university (Middletown, Conn.) to recognize the ja 
tion of the mechanical resonance of a vibrating crystal on Its 
tric behaviour, and hence to thé invention of frequency gon 
by quartz crystals, Crystal frequency control soon became in 
tial for the growing broadcasting and radio communication ai 
к During World War II the United States used à 

0,000,000 quartz crystal elements (see QUARTZ). . 

The closely related use of piezoelectric crystals in vave fe 
for multichannel telephony was largely developed in the 
phone Laboratories beginning about 1925: s 

Yet another result of the search for ultrasonic £ 
1917-18 was the observation of the unusually -hi 


erators 8 
p дее 


о) constant and dielectric hysteresis in Rochelle salt. This 
pehaviour was soon recognized to be a dielectric analogue to fer- 
omagnetism. Since Rochelle salt is known in Europe as Seignette 
salt, after its discoverer P. Seignette, the phenomenon was termed 
Ginette electricity by Soviet researchers, who led in its study in 
he early 1930s. After 1945, however, the term ferroelectricity was 
generally accepted. Тһе ferroelectricity of Rochelle salt is the 
use of its very high piezoelectric effect, which led to a wide use 
in microphones and phonograph (q.v.) pickups. Growth of these 
applications came about largely through the efforts of the Brush 
Development Company in Cleveland, O., beginning in 1930. (See 
MICROPHONE; TARTARIC Ас.) 

Extensive studies were undertaken in the early 1940s to find 
water-soluble crystals which would approach Rochelle salt in piezo- 
‘dectric effect without its dielectric anomalies and limited operat- 
ing temperature range. These efforts were partly successful, as 
indicated by the introduction of ammonium dihydrogen phosphate, 
primarily for sonar applications. Major progress came, however, 
from an unexpected direction. 

About 1940, a dielectric constant in excess of 1,000 was found 
ina refractory material, barium titanate (BaTiO,). The ferro- 
electric nature of this compound was recognized by Arthur von 
Hippel and co-workers at Massachusetts Institute of Technology. 
Soon afterward it was discovered that treatment in a strong elec- 
tric field can permanently reverse the direction of polarity in the 
crystallites of a ceramic, polycrystalline barium titanate body, and 
thereby render it strongly piezoelectric. This discovery opened the 
way for the development of piezoelectric elements comparable with 
Rochelle salt in sensitivity and with quartz in chemical stability. 
Ceramic preparation methods made possible shapes and sizes 
Which were unattainable with single crystals. 
- Barium titanate is ferroelectric and piezoelectric only below 
120° C. This limitation was overcome in the 1950s by the dis- 
Covery of piezoelectric effects in ceramic lead metaniobate, 
PbNb,O,, and lead titanate zirconate, Pb(Ti,Zr)Os, which are 
usable at least to 250° С. By the late 1950s barium titanate and 
he newer ceramics were dominant in the electroacoustic field in the 
United States, and novel applications as electric circuit elements 
Were indicated, For frequency control and highly selective electric 
Wave filters, quartz crystals remained unchallenged; dependence 
on high-quality natural quartz crystals, а near-monopoly of Brazil, 
however, was alleviated by the development of an industrial proc- 
ss for growing quartz crystals, and crystals of this type became 
fommercially available in 1958. 
In the 1960s development of the laser (q.v.) brought about a 
hew demand for piezoelectric crystals (e.g., ammonium and potas- 
‘ium dihydrogen phosphates) for modulating light at high radio 
Trequencies and for mixing coherent light beams emitted by the 
The intrinsic electric polarity that makes these crystals 
p tzoelectric also governs their ability to mediate this interaction 
etween electromagnetic signals. During these years the advancing 
technology of compound semiconductors (see ELECTRICITY, Con- 
DUCTION оғ) made available a number of crystals similar in struc- 
lure to zinc blende (see SPHALERITE), Among these, cadmium 
Wfide and zinc oxide show piezoelectric constants about five times 
higher than zinc sulfide (Table I), A substantial interaction be- 
Ween elastic waves and electric currents is found in these piezo- 
"гіс semiconductor crystals. 


THEORETICAL CONSIDERATIONS 

CRYSTALLOGRAPHIC AND MOLECULAR CONSIDERATIONS 
7 Symmetry and Piezoelectric Effect.—Solid matter consists 
electrically charged particles disposed in space, the positive and 
5 “gative charges being in exact balance in an electrically uncharged 
4 JA The development of electric surface charges by mechanical 
3 ation is therefore not unexpected. Considerations of sym- 
à Ty, however, severely limit the conditions under which such 

Arges can appear. The state of mechanical stress or resulting 
| metric deformation (strain) at any point in a solid is described 
û tensor, which does not distinguish between opposite direc- 
| MS, whereas electric polarization and electric field are described 

Vectors which specify the sense of direction. If a mechanical 
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stress is to produce an electric polarization, a directional quality 
must therefore be inherent in the body. Conversely, in an iso- 
tropic material (i.e., a body without inherent directional quality) 
mechanical stress or strain caused by an electric field must be 
equal for opposite directions of the field; this implies a quadratic 
dependence on the field. This quadratic effect, known as electro- 
striction, is substantial only in materials of very high dielectric 
constant, notably ferroelectric materials. A necessary condition 
for the occurrence of the piezoelectric effect, including the converse 
linear dependence of stress or strain on electric field, is the absence 
of a centre of symmetry. Twenty-one of the 32 crystal symmetry 
classes (see CRYSTALLOGRAPHY) lack this symmetry element, and 
crystals in all but one of these classes can exhibit piezoelectricity. 
A qualitative test for presence of piezoelectricity is therefore use- 
ful in crystal structure determination. 

Piezoelectricity has been observed by qualitative tests in about 
1,000 crystal species, while more or less complete quantitative 
data have been taken on about 100 crystals, Sulfates, phosphates, 
tartrates and various sugars and their derivatives contribute heav- 
ily to the latter number. 

The combination of symmetry planes and axes that is character- 
istic of any crystal class determines which components of stress 
and of electric polarization may be linked by piezoelectricity. It 
must be emphasized, however, that crystallographic symmetry 
merely states what effects are forbidden; the magnitude of the 
allowed effects is a matter of empirical observation or of calcula- 
tion from atomic structure and atomic dynamics. While some 
principles of such calculations were outlined as early as 1920, the 
quantitative data available during the 1960s were almost entirely 
derived from measurements. 

A Molecular Model.—Symmetry as well as the molecular ap- 
proach can be illustrated by the simplest crystal structure capable 
of piezoelectricity. This is the cubic modification of zinc sulfide 
(ZnS) noted above as sphalerite or zinc blende. A unit cell of this 
structure is shown in fig. 1. It contains only two different atoms, 
each atom of one kind surrounded by four atoms of the other 
kind placed at the corners of a tetrahedron, ‘The symmetry 
class is 43m in the international designation. Compressional 
stress (stress = force per unit area) applied parallel to an edge 
of the unit cell will not produce an electric moment since the 
sulfur atoms (negative) lie in 
planes halfway between the zinc 
atoms (positive), and there is 
nothing in the nature of the ap- 
plied stress to disturb this sym- 
metry. 

If, however, a shearing stress 
is applied in the horizontal plane, 
resulting in the shearing strain 
(displacement per unit length) 
indicated by long horizontal ar- 
rows in fig, 1, then tetrahedral 
symmetry of the four zinc atoms 
around each sulfur atom (and 
vice versa) is disturbed and the 
sulfur atom is displaced: toward 
the two zinc atoms which have moved apart. The amount of 
displacement is calculated readily by postulating that the dis- 
tance between nearest neighbour atoms remains constant. For a 
shearing strain of yyy (angle of distortion about yt; ^) the dis- 
placement of the sulfur atoms against the zinc atoms in the direc- 
tion perpendicular to the plane of the shear is qty of the unit cell 
dimension. The resulting electric polarization is the product of this 
displacement with the number of sulfur atoms per unit volume and 
the electric charge per atom. To obtain agreement with the ob- 
served piezoelectric effect it is necessary to place a negative charge 
of one-fourth of an electron on the sulfur and the same positive 
charge on the zinc. This is in accord with the partially polar char- 
acter of zinc sulfide. A quantitative theory would have to consider 
also the distribution of electric charge within each atom. 

Piezoelectricity in Various Crystal Classes.—In zinc sulfide 
and all other piezoelectric crystals of cubic symmetry, the piezo- 


FIG. 1.—UNIT CELL OF CUBIC ZINC 
SULFIDE CRYSTAL WITH POSITIVE 
ZINC AND NEGATIVE SULFUR ATOMS 


Long arrows indicate applied shearing 
strain, short arrows the associated dis- 
placement 
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electric effect of any mechanical stress can be 
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in terms 


expressed 
of the single piezoelectric constant relating electric polarization 


parallel to a cubic axis to strain in the 
In crystals of lower symmetry, a number of independent 


axis, 

piezoelectric constants are needed 
to describe all possible piezoclec- 
trie effects. bn the triclinic 
asymmetric crystal class there are 
18 independent coefficients. For- 
tunately, the most important 
piezoelectric crystals. belong to 
classes having several symmetry 
elements, and are characterized 
by only two or three piezoelectric 
constants. If, starting from class 
33m, one of the three axes is 
made different from the other 
two, the tetragonal crystal class 
32m results, of which ammonium 
dihydrogen phosphate is an im- 
portant example, This class has 
two independent piezoelectric 
constants, 

If-all three axes are different, 
the orthorhombic crystal class 22, 
which includes Rochelle salt, is 
obtained, 


plane perpendicular to this 


FIG. 2.—-ROCHELLE SALT CRYSTAL 


Ferrostectric and highest piezoelectric 
effecti are connected with electric field 
in X direction, Сена! plate eut pars 


The tri, 1 1 system in- allel to Y and Z axe deforms in shear 


cludes two very important. piezo- 
electric crystals, quartz and tour- 
maline (q.v,). Quartz has three 
twofold axes of symmetry in addition to the threefold, principal 
axis; the crystal class is 32, characterized by two piezoelectric 
constants, one relating compressional stress parallel to a twofold 
axis with an electric polarization in the same direction, while the 
second constant relates shearing stress in the plane perpendicular 
to a twofold axis with polarization parallel to that axis; Tourma- 
line, crystal class 3m, has three planes of symmetry intersecting in 
the threefold axis, Its most important piezoelectric constant re- 
lates polarization parallel to this axis to compressional stress in 
porre 
t general nature of stress and strain (see EtasriCITY) 
that a shearing stress or strain can be resolved into 
or expansion if related to rotated axes. Thus it is possible to 
obtain piezoelectric response to compressional stress in 
of class 43m, 42m and 22 if the crystal plates have sides inclined 
to the crystal axes, The optimum angle is 45°; in this case the 
effective piezoelectric coefficient for compression is one-half that 
of the shear coefficient for the original axes, Fig. 2 illustrates 
this for plates cut from a Rochelle salt crystal, 
pressure, however, does not contain an element 
system and cannot cause a piezoelectric effect in 
the three classes mentioned, Response to hydrostatic 
is also absent in quartz due to a compensation of the ef- 
fects on the three twofold axes. А piezoelectric effect of hydro: 
ге is found only in crystals having a single polar axis, 
exactly the same crystals which show true pyroelectric 
effects. Strong electric response to hydrostatic pressure is found 
tourmaline and lithium sulfite monohydrate (monoclinic, class 


2). 
NUMERICAL EXPRESSION or PIEZOELECTRIC Evrects 


Basic Equations.—Piezoclectricity connects an elastic var- 
iable, stress or strain, with і 


{ог (Һе X, Y and Z axes, The tensor components of sti 

strain are indicated by 1, 2 and 3 for compressional com 

along the axes, while 4, 5 and 6 designate shear in the p А 

pendicular to the axes, Thus for a crystal of class 33m (for 

ample, zine sulfide) the following relationships are shown: 
: Py m duTa; Р = duTs; Pa = due 
Si = duEi; Ss = disks; Sem dicks, 


where T and E are components of applied stress or electrie 
while P and 5 are components of resulting polarization or 
For Rochelle salt, class 22, these relationships exist: 


Ра = duTa; Ps im disTs; Pa = duTe 
Sa = ФЕ; Sp = ФЕ; Se = disks, 


The threefold symmetry of quartz makes the compressional plese 
electric constant dj, also responsible for a shear effect as expn 
in the following system of equations: 


Р, = duT; —duT: + ди; Pa = —duTs — 2duT« 
S1 = ШЕ; 5: = —duEi; Si = duEi; Ss = — diba; 
Som —2du Ei. 


The strain component S, describes a shear in the horizontal 
of fig. 3. E. 

The equation indicates that this strain is excited by an eled 
field in the Y direction, By this relationship, an electric field 
plied between the surfaces of a quartz plate cut perpendicula 
the Y axis will cause a shearing deformation of the side fac 
such a plate. 

Examples.—The units to be used for expressing piezoel 
constants derive from the units employed for elastic stress M 
electric polarization. For consistency, the electric and elf 
units used must lead to the same unit of energy.  Prefereno 
given to the metre-kilogram-second system with rat 
electric units. "With this choice, the unit of the pie 
d-constant becomes the ‘coulomb/newton or metre/volt, 
coulomb = 1 amp. X second and 1 newton = 1 kg.-mass X metre 
second? = 0,225 Ib, = 102 gr. force. The two units are 
lent since 1 newton X metre = 1 joule = 1 volt X couloml 
Риүѕіслі Units), 

The values of the piezoelectric coefficients are found to be me 
merically so extremely small that they are best expressed as 
ples of 10—22, In Tables T and II this is expressed by giving 
unit as micromicrocoulombs +? 
(uuC.) per newton. The dielec- 
tric constants are relative, and are 
to be multiplied by the permit- 
tivity of empty space ey or 8.85 
micromicrofarads (ди/.)/т. 

The meaning of the figures in 
Table I can be explained by a few x 
practical examples: 

1, A force of 10 Ib. is exerted 
on the major face of a quartz 
= - mà Є 0.1 in. thick 

major face perpendic- 
ular to an X axis (fig. 3, X-cut). 
The generated charge is: 


du X area X stress = dıı X force 
= 23 X 10/0225 — 102 iC. 
tance = 


constant 
X area/thickness = 4.5 X 8555 x 
00254/.1 « 101 paf. 
Generated 


Ййапсе = 102/101 = сарае 

2. А plate of Rochelle salt 1 
cm. long, 2 mm. wide and 0.5 
mm. thick, mounted at one end, 
is subjected to stress by 
application of 10 grams of force 
= the width direction at the free 


‘The generated charge is: 


r 
aM 
FIG, 3.—QUARTI CRYST А 
THREE MOST IMPORTANT nro 
TRIC ELEMENTS 


X-out is used for ех 
tion in thickness direction 90 
tion of electric fold in X dire, 
bar expands an 

direction when field If pn -i 
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pansion 6 


du X area X stress = dia X force X length/thickness = 
DO MO X 10/(102 X. 0.035) ж 700 pC, 
D jante = $50 X 8.85 X 0.01 X 2/.5 = 200 puj. 

17 = 700/700 = $5 v. 


J А voltage of 1,000 is applied to an ammonium dihydrogen 
te plate 1 cm. square and 1 mm. thick, with its major 
icular to the Z axis; The resulting shear deformation 

(dunge in angle between the X and Y axes) is: 


Я = dy voltage/thickness = 0,000048 radians = 0.16 minutes, 
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Whit micromicrocoulomb/newton. {Relative to al. 


‘These typical examples show that the electric charges generated 
ше quite small but the voltages very substantial, Conversely, 
Sechanical displacements caused by piezoelectric effects are 
Minute, but due to the high elastic stiffness of crystals the forces 
rated can be large. ‚+4 


FERROELECTRICITY 


Ferroelectric Crystals.—Inspection of Table I shows Rochelle 
ҸИ to-be superior to the other listed crystals in the value of its 
tric constant dyg, At the same time, the dielectric con- 
Mant is also in the order of 100.times higher than that of ordinary 
wilds, The high values of these two constants are a result of the 
© lertoelectricity of Rochelle salt. ‘This term designates a dielectric 
ion analogous to ferromagnetism in magnetic materials 
(ме Macwerisat). The basic condition for either phenomenon is 
co-operative molecular effect: In magnetism it involves the elec- 
їнї spins associated with certain. metallic elements, while in the 
tric case it involves electric dipoles which may be permanent 
may be induced by local electric fields. Consideration of the 
‘aloe of the electrical charge and typical interatomic distances in- 
that ferroclectricity should be a more widespread phe- 
^ than ferromagnetism, Extensive studies of dielectric 
les d number of solids have € — 
of ferroelectric materials, especially among organic 

Compounds, but none of these have been found to approach 

salt in piezoelectric effects, - i | 
teristic of ferroelectrics is, the formation of domains; 
within each crystal which have a spontaneous electric 
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polarization, Under the influence of an applied electric field these 
domains may reverse their orientation; this effect can contribute 
substantially to the dielectric constant, In most ferroelectrics 
A characteristic temperature, the Curie point, is observed above 
which domain structure. disappears. The dielectric constant 
reaches particularly high values near this temperature, In the 
case of Rochelle salt, the Curie temperature occurs at 24° C., and 
thus a very high dielectric constant is found in the room-tempera- 
ture range, This high dielectric constant may be said to enhance 
the piezoelectric effect, the origin of which, in Rochelle salt, as 
in other crystals containing asymmetrical organic molecules, is 
inherent in the molecular structure. 

Barium Titanate.—Barium titanate (BaTiO) and related 
compounds including lead titanate (PbTiOs), calcium titanate 
(CaTiOg) and lead zirconate ( PbZrO;) belong to a simple crystal 
structure type, the perovskite type, which is cubic and has a centre 
of symmetry in the ideal case. This cubic symmetry is actually 
found for barium titanate above 120*' С,; below this temperature 
barium titanate is tetragonal with a polar symmetry, class 4mm. 
The transition from cubic to tetragonal near 120° C, is a Curie 
point with a peak dielectric constant as high as 10,000. Below 
this temperature a barium titanate crystal is found to consist of 
domains with electric polarity in different directions but always 
parallel to a cube axis. Each of these domains is а true tetragonal 
crystal with definite piezoelectric coefficients, The multidomain 
crystal is, in crystallographic terms, a multiple twin. . The piezo- 
electric properties of such a crystal will depend on the domain 
distribution; reproducible data are found only if uniform domain 
orientation is induced by a maintained external electric field. 
Domain reversal may be caused by such moderate applied fields 
as 100 v,/mm. This phenomenon has been applied in electric data 
storage, 

Domain reversal by applied electric fields makes it possible to 
induce a resultant over-all polarization in polycrystalline ceramic 
masses of barium titanate crystallites, Due to forces acting ђе» 
tween the crystals, the electric polarization of the ceramic is more 
stable than that of the single crystal, Barium titanate and ceramics 
of related structure have thus become major practical piezoelectric 
materials, 

Ferroelectric Ceramics—In barium titanate and other ferro- 
electric ceramics that have been rendered polar by treatment in a 
strong electric direct-current field, such as 50,000 v. per inch, is 
found an over-all symmetry comprising a polar axis and all planes 

in this axis, This leads to three independent piezo» 
electric constants, dsa, dg, and dys. It is usually found that a 
compression parallel to the 3-axis causes electric polarization op» 
posite to that originally applied in the poling process, while com- 
pression at right angles to this axis. causes the polarization to 
rease, The effect of axial compression is predominant so that 


' 18 also results f drostatic 
ттт TET 
shear effect does not have such wide a 

ferroelectric oxide ceramics the of ferro- 


does not merely enhance thé piezoelectric effect, but is 
basis. No piezoelectric effects are present above the Curie 
"The asymmetry of the single crystal below the Curie point 
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which permits piezoelectricity is a direct result of ferroelectricity. 
Further, the possibility of rendering a ceramic polar depends on 
reversal of ferroelectric domains. 

High-Temperature Ferroelectrics—Substantial variations 
in the properties of barium titanate ceramics have been obtained 
by modification of their composition. In some cases this has in- 
volved solid solution formation, with such elements as calcium and 
strontium replacing barium, or zirconium replacing titanium. A 
principal effect of such substitutions is a shift in the Curie point. 
More subtle changes in electric properties are obtained by addi- 
tives, such as rare-earth oxides, from other columns of the periodic 
system. Additions in the range of 1% may destroy the ability of 
barium titanate ceramics to accept permanent polarization, but 
advantageous dielectric properties for capacitor applications have 
resulted. Solid solutions of lead titanate and lead zirconate, also 
of the perovskite structure type, are found to possess piezoelectric 
properties generally similar to those of barium titanate. 

Lead titanate zirconate compositions, in addition to having high 
Curie points (300° to 400° C.), have a higher electromechanical 
coupling than barium titanate. A wide range of electric properties 
can be achieved by the controlled variation of composition in the 
preparation of lead titanate zirconate. 

Further perovskite-type ferroelectrics of potential technical in- 
terest are obtained by partial substitution of potassium or lead 
for sodium in sodium niobate (columbate, NaNbO;). Lead 
metaniobate (PbNb,O,) is of promise for high-temperature appli- 
cations in view of its high Curie point (570° C.) and is of theoreti- 
cal interest as a prototype of a new crystal structure. 


PREPARATION AND MEASUREMENT 


Preparation of Crystals.—The manufacture of useful piezo- 
electric bodies from piezoelectric crystals involves the services 
of the geologist and mineralogist in locating suitable high-quality 
single crystals of the minerals quartz and tourmaline. In the case 
of quartz the absence of crystallographic twinning is essential. 
"This requirement once limited the supply of commercial piezoelec- 
tric quartz notably to Brazil and the Malagasy Republic. Water- 
soluble crystals such as Rochelle salt and ammonium dihydrogen 
phosphate are grown from their solutions, under closely con- 
trolled conditions of temperature, with the use of seed crystals 
of definite shape and orientation. The art of crystal growing has 
been extended also to quartz. The solvent in this case is water 
with the addition of an alkali under supercritical conditions such 
as a temperature of 400° C. and a pressure of 1,000 atmospheres. 
Fig. 4 shows a large quartz crystal as grown in a seed-holding 
fixture. 

To obtain the desired piezoelectric action, piezoelectric elements 
have to be cut from the natural or grown crystal to close tolerances 
of dimensions and orientation in regard to the crystal axes. In case 


BY COURTESY OF CLEVITE CORPORATION 
FIG. 4.—QUARTZ CRYSTAL, WEIGHING 13 LB., GROWN FROM SODIUM CAR- 
BONATE SOLUTION AT PRESSURE OF 6,000 LB. PER SQUARE INCH AND TEM- 
PERATURE OF 360° C. 
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FIG. 5.—EQUIVALENT CIRCUIT OF 
PIEZOELECTRIC CRYSTAL ELEMENT 
NEAR A RESONANCE 

C, is electrical capacitance; L,, С, and 
R, are mechanical mass, compliance 
and damping load reflected in electrical 
behaviour through piezoelectric effect. 


of quartz crystal oscillators for 
precision frequency contro] di. 
mensional stability may fave to 
be more than 1/1,000,000,009 of 
an inch and dimensional accurai 
closer than one minute of arc, 
The methods for cutting and 
finishing quartz oscillator plates 
are akin to those used in the 
manufacture of precision optics 

Preparation of Ceramics, — 
Piezoelectric ceramics are ob- 
tained by methods generally 
applied in preparing electric in- 
sulator ceramics, but closer con- 
trol over impurities usually is re. 
quired. The addition of fluxes can 
affect the electric properties un- 
desirably. After a ceramic firing 
process the ferroelectric bodies- 
are given closely adhering elec- 
trodes, usually in the form of a 
fired-on silver preparation, and 
subjected to high direct-current 
voltage for a period of time that 
may be as long as one hour. Usu- 
ally this takes place at an elevated 
temperature, preferably close to 
the Curie point. 

Direct Measurement Meth- 


R f LC Я 
ssonance frequency и Or VIC) |. ods.—The most direct е 


determining the piezoelectric effect of a crystal body is the meas- 
urement of the electric charge generated upon application or re- 
moval of a mechanical force. Such measurements are convenient 
on piezoelectric ceramics that show high piezoelectric effect and 
good insulation resistance. The method requires considerable skill 
when applied to piezoelectric crystals of only moderate piezoelet- 
tric effect. In such cases application of an oscillatory force of 
known magnitude and amplification of the resulting alternating- 
current piezoelectric signal may be employed. 

Other methods depend on the converse piezoelectric effect. A 
static method uses strain gauges to study the deformation result- 
ing from an applied high direct-current voltage. Small oscillatory 
displacements resulting from the application of alternating ium 
may be detected as frequency modulation if the vibration is applie 
to the plate of a tuning condenser in a high-frequency circuit. 

Resonance Measurement Methods.—The most ace 
measurements of piezoelectric constants depend on the electric e 
fects in piezoelectric bodies vibrating near their principal mec ^ 
cal resonance frequencies. Applied to small crystals oF Eb 
fragments, resonance is employed in the most sensitive bling 
presence of piezoelectricity, the click test. In this the tester t 
to the transients occurring in an oscillator circuit when it 15 EN 
over resonances of the crystals. 

When electrical impedance of a crystal is measure 
tion of frequency, it is found that the apparent capà 
creases to very high values as the resonance is approac к duc- 
this point the impedance is a pure resistance, then Ew ЧН xd 
tive. With a further increase of frequency, the impedance s К 
once more a pure resistance but at а much higher ت‎ Я 
and then it again becomes capacitive. This behaviour can, circuit, 
sented by an equivalent electric circuit (fig. 5). In un electric 
Co represents the capacitance of the crystal if the We elas- 
effect were suppressed. L, and C; are related to the mass E. i 
tic compliance of the crystal, multiplied by a factor ur ing of 
the piezoelectric effect. R, represents the mechanical p Б 
the crystal. The ratio of the inductive impedance to Ry 


d as a func- 
citance M- 


5 ү з 
Н 0 
by the mechanical quality factor which is the reciproca 
mechanical damping factor. in practic 
This quality factor may be as high as 1,000,000 "E "Co 52 
quartz crystal oscillators, The ratio of capacitances t involved 
direct measure of the strength of the piezoelectric € ec 


af 
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jn the elastic resonance under study. It is found to be related 
to the piezoelectric d-constants by equations of the type 


Ci/Co = fd°¥/Keg 


gis the dielectric permittivity of empty space and f is a numerical 
where Y is Young's elastic modulus, K is the dielectric constant, 
factor related to the amplitude distribution of the elastic mode; 
itis near 0.8 for typical fundamental modes. This capacitance 
ratio represents the amount of sharing of electric and elastic en- 
ergy through the piezoelectric effect. The square root of the 
capacitance ratio is proportional to the electromechanical coupling 


factor k defined by 
k=dvy Y /Key. 


The most convenient way of obtaining the coupling factor and 
hence the piezoelectric constant is by the measurement of the two 
frequencies at which the impedance of the crystal is a pure re- 
sistance. The frequency of low resistance is the resonance fre- 
quency and the frequency of high resistance is the antiresonance. 
For an elongated bar the product of the fundamental resonance 
frequency and length is one-half the elastic wave velocity, Ex- 
tremely accurate values of the elastic modulus, Y, are obtained 


by the relation 
wave velocity = VA density. 


Table II lists the important piezoelectric operating parameters of 
some crystals and ceramics. The data for ceramics are only rep- 
resentative, since small variations in composition or processing, 
dither intentional or fortuitous, can cause substantial changes in 
operating parameters. Only piezoelectric effects of compression 
or expansion forces, as distinct from shear forces, are considered. 
The table comprises cases where the electric field and force are 
parallel as well as those where they are at right angles. For quartz, 
the same coefficients hold for both cases since dj; = —dy1. 

Young’s modulus is much lower for the water-soluble crystals 
than for ceramics or quartz, but for calculation of wave velocity 
this is largely compensated by the lower density of the soluble 
crystals. The enormous spread in the piezoelectric d-constants is 
somewhat balanced by the analogous spread of dielectric constants, 
® that the listed electromechanical coupling coefficients are com- 
prised within one order of magnitude. It is noteworthy that elec- 
tromechanical coupling coefficients in excess of 0.5 have been 
found only in ferroelectric materials, The ideal piezoelectric would 
‘proach the value 1 for this coefficient. 


APPLICATIONS 


, Mechanical Measurements.—The crystals and ceramics listed 
h Table TI are those which have found major application. Minor 
Qut Continuing use in measurement instruments is made of tourma- 
БШ Ишип sulfate. Ethylene diamine tartrate (EDT) and 
i tal Potassium tartrate (DKT) crystals were produced in siz- 
* quantities about 1950 but failed to establish themselves on 
s ompetitive basis. Potassium dihydrogen phosphate has found 
1 elation for an electrooptic effect closely related to piezo- 
y. 
Bil the methods of observing the piezoelectric effect have be- 
пећ the basis of applications of this effect in the field of electro- 
i TERT measurement, electroacoustics, electric voltage sources 
tion ү депу controlling devices. The most immediate applica- 
te in the measurement of force or pressure. Here, however, 
m a limitation is encountered as a result of the electric leakage 
ШЕТ Which gradually neutralizes the voltage generated by ap- 
le Pis of a force. Piezoelectric effects are therefore not suit- 
Such n? measurement of constant or slowly changing pressures 
5 barometric pressure, The compactness and high mechani- 
in Onance frequency of piezoelectrics gives them, however, 
di advantages for dynamic pressure studies, as in blast gauges 
hog, lerometers for the analysis of rapidly changing states of 


р 8 
ayy Pograph Pickups.—Devices translating electric energy 
Час Аса! energy and vice versa are known аз electrome- 


l transducers. Most transducers involve compressional 
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rather than shear piezoelectric effects. The largest use of piezo- 
electric elements in terms of units manufactured is in phonograph 
pickups. In these, the piezoelectric element transforms the me- 
chanical energy picked up by the phonograph needle into an elec- 
trical signal. In the period from about 1938 to 1958 Rochelle salt 
phonograph pickup elements supplied approximately nine-tenths 
of the whole phonograph industry of the United States. Beginning 
in the early 1950s ceramic piezoelectric elements became increas- 
ingly important, They are free of temperature and atmospheric 
humidity problems and are well adapted to light-weight construc- 
tion. 

Major requirements for a phonograph pickup element are high 
mechanical compliance and high voltage output. In both these 
respects lead titanate zirconate offers considerable advantage over 
barium titanate. 

In a widely used arrangement, two piezoelectric plates are com- 
bined into a sandwich which is subjected to bending forces. The 
piezoelectric effect used links the field in the thickness direction 
to elastic stress along the length. The size may be as small as 
0.5 X 0.06 X 0.02 in. for the sandwich, and the standard voltage 
output is typically one volt for five to ten grams stylus pressure. 
The two component elements may be connected either in series or 
in parallel. In either case connections are made so that the out- 
puts of the two elements add when one is compressed and the other 
is expanded as occurs in bending. An alternative arrangement, in 
which torque is applied to a combination of two shear-sensitive 
elements, has been very successful with Rochelle salt but is not 
feasible with piezoelectric ceramics. Such a torque-type phono- 
graph pickup cartridge is shown scheniatically in fig. 6. Torque 
in the crystal sandwich is caused by the lateral movement of the 
stylus. 

A vertical stylus movement in the same arrangement causes 
bending of the crystal sandwich. This has been used in one 
type of stereophonic crystal pickup which contains a sandwich 
of one Rochelle salt shear plate and one expander plate (see 
fig. 2). Separate electrical connections from the two plates carry 
signals proportional, respectively, to the horizontal and vertical 
excursions of the record groove. (See also HicH-FIDELITY SOUND 
Systems; Loup-SPEAKER.) 

Acoustics and Ultrasonics.—Other applications of piezoelec- 
tric transducers are in the fields of sound transmission and recep- 
tion. They have been especially successful in acoustic underwater 
sound devices because piezoelectric solids are much better matched 
acoustically to water than to air. Thus, comparatively simple 
matching structures or none at all are required for piezoelectric un- 
derwater transducers. While much of the use of piezoelectric crys- 
tals has been for military underwater sound purposes, increasing 
peacetime uses of sound energy in liquids developed after about 
1950. Ultrasonic cleaning devices, operating at frequencies from 
10 kc. to 100 kc., have been particularly successful. For this fre- 
quency range, resonating bars have convenient lengths of 0.5 to 
5 іп. To obtain reasonably large values of capacitance, bars with 
the electric field perpendicular to the length direction are usually 
preferred even when, as in the case of the ceramics, the piezo- 

electric effect for lengthwise me- 

CM. chanical action is the weaker one. 
S SPAMPING РАО For frequencies above 100 kc. per 
[ М second, thickness resonance of 
їз Шу plates with mechanical and elec- 

al trical action in the thickness di- 

s~~} | rection is preferred. Fig. 7 shows 

ceramic thickness vibrators op- 

BIS cent erating about 500 kc. per second. 
The curved shapes have their 
electric axes at all points in the 
radial direction and produce fo- 
cused compressional waves in the 
surrounding liquid. This would 
be very difficult to achieve with 
piezoelectric single crystal ele- 
ments which have their axes in 
parallel directions at every point, 


STYLUS —— — — —7 
BY COURTESY OF CLEVITE CORPORATIO 

FIG. 6.—ROCHELLE SALT PHONO- 
GRAPH PICKUP 


When each half of two-ply element is a 
shear plate (fig. 2), combination is sen- 
sitive to torque (lateral stylus move- 
ment). Substitution of expander plate 
gives response to bending stress (verti- 
cal motion) 
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The conditions for elastic vibra- 
tions of bars and plates are differ- 
ent; the data of Table II refer to 
bars and are only approximately 
applicable to plates in thickness 
vibration. 

Piezoelectric generators and re- 
ceivers of sound waves in the 
megacycle frequency range are 
used for the input and output of 
acoustic delay lines employed in 
many computers. The principal 
materials used in underwater 
sound transducers are ammonium 
dihydrogen phosphate, barium ti- 
tanate and lead titanate zirconate. 
(See also ULTRASONICS; SOUND- 
ING.) 

Frequency Control.—The 
major application of piezoelectric 
quartz crystals is for electric fre- 
quency control, Quartz com- 
bines exceptional chemical and 
mechanical stability with very un- 
usual elastic properties. While 
most materials show a steady de- 
crease in the elastic moduli with 
temperature, some of the elastic 
moduli of quartz show the oppo- 
site trend. By cutting plates 
from quartz crystals at certain orientations and dimensions, a high 
degree of compensation for these temperature coefficients can be 
obtained. The piezoelectric coupling of quartz, while not very 
large, is entirely adequate to cause a reaction of the quartz 
crystal on the electric driving circuit. This reaction can force the 
circuit to oscillate at an exact frequency determined by the quartz 
crystal, Quartz crystal oscillators have been built to operate at 
frequencies from 1 kc. per second or less to approximately 100 mc. 
The largest number are in the communication range from. five 
to ten megacycles. For this range the most important type of 
quartz crystal oscillator is the AT cut (see fig. 3). By applying 
an electric field in the thickness direction, this plate is excited to 
transverse vibrations traveling in the thickness direction. To ob- 
tain fundamental resonance (one-half standing wave) at eight 
megacycles, the thickness should be about 0.008 in. The orienta- 
tion of the AT cut is chosen so as to minimize the temperature 
dependence of the resonant frequency over a wide operating 
range, such as —55° to +90° C. Stability within 0.005% may 
be obtained without temperature control of the crystal. 

A frequency constant to 1 part per 1,000,000,000 over many 
months has been obtained through the use of extremely carefully 
prepared quartz oscillators, maintained at constant temperature. 
Liquid helium boiling at constant pressure is especially suitable, 
because at such very low temperatures any gradual changes in elas- 
tic properties are suppressed. Such quartz clocks are more con- 
stant than the rotation of the earth itself (see Стоск: Quartz 
Crystal Clocks; TIME MEASUREMENT). 

Wave Filters.—Closely related to frequency control is the me- 
chanical wave filter application of piezoelectric crystals. In this 
case the remarkable impedance properties of the crystal near a 
resonance point are used to provide passage of an electric signal 
that falls within a prescribed band of frequencies, while other 
frequencies are rejected. The width of the frequency pass-band 
is related to the range of frequency at which the crystal impedance 
is inductive and thus to the capacitance ratio (C1/Co) (see above, 
Resonance Measurement Methods). In quartz crystals, unless 
associated with additional inductors, this pass-band is limited to 
the order of 1% of the centre frequency of the band. Neverthe- 
less, quartz crystal filters are of great importance in separating the 
voice channels in multichannel telephony, in which carrier fre- 
quencies range from 65 to 200 kc. per second. Piezoelectric ce- 
ramics are intrinsically less stable than quartz. Nevertheless, 
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Electric drive of transducers at me- 
chanical thickness resonance produces 
ultrasonic waves in direction of arrows. 
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modifications of barium titanate and lead titanate zirconate ha 
been found which combine a high piezoelectric coupling соба, 
and hence a high band width, with sufficient stability for inter. 
mediate frequency filtering—usually at 455 kc. per second—in 
radio receivers. ) 

The search for new and improved piezoelectric materials is 
of the expanding field of solid state physics. Its practical aim is 
the development of devices and circuit components of smaller size 
greater ruggedness and increased temperature and frequency op. 
erating range. 

See also SOLID STATE PHYSICS. 

BisLrocRAPHY.—W. G. Cady, Piezoelectricity, new rey, ей, 2 vol, 
(1964) ; W, P. Mason, Piezoelectric Crystals and Their Application to 
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(1946, 1947) ; P. Vigoureux and C. F. Booth, Quartz Vibrators and Their 
Applications (1950); T. F. Hueter and R. H. Bolt, Sonics (1955); 
Institute of Radio Engineers Standards оп Piezoelectric Crystals (1949, 
1957, 1958 and 1961) ; American Institute of Physics, A 

PIG, a common name given to the swine of any age. Hog is 
used collectively with much the same meaning as pig, hog being 
generally used in the U.S. to indicate pigs being used for fatten- 
ing but in England generally referring to the castrated male, The 
term gilt is applied to female pigs up to the weaning of their first 
litter. Swine is applied to any hoofed animal of the family Suidae 
(see ARTIODACTYL.) 

The pig reproduces by multiple birth, farrowing around 4 to 6 
pigs in the wild state, and 8 to 12 pigs in the domesticated state. 
Pigs are rotund-bodied, short-legged, even-toed, hoofed mammals 
of omnivorous habits, having thick skin from which grow short, 
coarse bristles, a long mobile snout, small tail, and feet with two 
functional and two nonfunctional digits. A mature pig has 44 
teeth, carries its head low, and eats, drinks, and breathes close 
to the ground. 

Fossil remains of the pig which have been found in Europe and 
India, although not on the American continents, date back to the 
Neolithic period. Bones have been found with those of cattle, 
sheep, and dogs and indicate pigs were first domesticated at this pe- 
riod. Present-day breeds have been evolved from the heavy shoul- 
dered, rough European wild boar that was crossed with the finer, 
smaller Chinese pig. The black Neapolitan pig was an offset of the 
latter. Modern European pigs have evolved from these types, 
while domesticated breeds in the Americas, Africa, and Australasia 
have either been imported as such or have been evolved from ani- 
mals taken there by earlier settlers, 

In the ancient world, pigs were a symbol of fertility and an em- 
bodiment of the corn spirit, for instance in Greece where they were 
sacred to Demeter, in Egypt where pork was eaten one day а year 
in honour of Osiris, and in India. In Northern Europe the pig i 
killed and eaten in the autumn and the remains buried with үн 
seed in the spring. The boar’s head carried in procession a 
medieval feasts and eaten at Christmas—the winter solstice 
may be a relic of this custom. Pigs are still considered sacre 
New Guinea, while in Japan there are shrines in honour 05? "d 
D progeny has been outstanding in improving the natio 

erd. 

Since the pig was sacred, ritual cleansing was necessary 
in contact with pigs, and swineherds were shunned in y 
Egypt. From this stemmed the idea that the pig was ee, | 
the ordinary sense. The flesh of the pig is forbidden ‘fo Р 
Jews and Muslims. Though the pig is not naturally а di ges 
mal (see Care and Management below) “pig” and “swine from 

6 sats a ER ivatives 
bolize degradation in Christian parables, and derivativ 
these words (e.g., "roadhog") are universal terms of er y 

The pig makes a frequent appearance in folklore and mered 
rhyme in Europe and America, sometimes as half-remem! 
myth and sometimes as a familiar domestic animal. ii sport 

Boar hunting with dogs and spears has been а popi шоре 
from classical times. The sport has practically died out ii 5 
though it continues in India (see PrGsTICKING). Pigs ha 


yt for 
been used in England to point for game and in France to roo! 
truffles. 
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WORLD PRODUCTION AND TRADE 

For the five-year period ending with 1950, the average annual 
world pig population was estimated at about 250,000,000 and 
represented substantial recovery from the devastation of pigs 
along with other livestock in much of Europe, the U.S.S.R., China, 
and Southeast. Asia and many of the islands of the Southwest 
Pacific during World War II. Following 1950 world production 
steadily increased, reaching an all-time high of more than 500,- 
000,000 in the 1960s. Asia produces the largest number of pigs, 
followed by Europe, North America, the U.S.S.R., and South 
America, Substantially smaller but important numbers are pro- 
duced in Africa and Oceania. In many countries pigs constitute 
the principal source of meat in addition to poultry and fish. In 
many rural and village economies throughout the world, and espe- 
dally in the tropics, pigs are not only an important source of 
sustenance but the sale of live pigs in local markets is a critical 
source of cash income, 

In world trade, pigs, except for breeding purposes, are not 
shipped long distances because of the excessive shipping space 
required and the costs involved, Consequently, most hog products 
entering world trade are shipped either in fresh or frozen carcasses, 
or cured or processed, at much cheaper costs. China normally 
exports the most live hogs, followed by such countries as Poland, 
Yugoslavia, and Hungary. The greatest total trade in live hogs 
imported for slaughter is carried on by West Germany, Aus- 
tria, El Salvador, and Italy. (J. H. 7.) 


BREEDS AND BREEDING 


Domestic pigs differ from their wild ancestors and even among 
themselves with regard to general conformation, colour, size, dis- 
Position, and other characteristics. Breeds of pigs have been de- 
veloped to meet certain geographical conditions and to satisfy 
particular economic wants. The importance of the Asiatic breeds 
Was recognized in the use of Chinese and of “Siamese” hogs from 
Southeastern Asia in the improvement of early European and 
North American breeds and is reflected in the name of the Poland 
China, which in turn has been used as a foundation breed for 
the Beltsville No, 1 and Minnesota No. 2. 

Basically pigs can be classified as either lard, bacon, or pork 
‘ype. Lard pigs tend to be large-framed and to be concentrated 
Ш areas where there are good supplies of fattening food, such as 
‘om (maize). Bacon pigs are somewhat smaller and produce a 
long carcass weighing about 150 lb. Fresh pork is eaten from 
Digs of widely differing weight, but a pork pig is generally con- 
dered to be one giving a mature lean carcass weighing about 
100 lb, dead weight. The increased world demand for lean meat 

seen development from these three types of breeds or strains 
Possessing a high lean meat content. (See also Bacon; Pork; 
м; and LARD.) 
еге are over 300 breeds of pigs or local varieties through- 
out the world. A brief description follows of the better known 
mmercial breeds that have figured prominently in improving 
a and upgrading domestic breeds and crosses throughout the 
ia d. No attempt has been made to assess the economic per- 
Кл of any breed because of differing production methods 
ph methods of selecting breeding pigs. White pigs are generally 
h "dated with some form of intensive management, coloured 
ul Which are resistant to sunscald, being preferred for extensive 

duction and crossing. p 
of Mj Berkshire is a black pig with white on its face, legs, and tip 
[os It has a short dished face with erect ears pointing slightly 
md It originated in England where in the early 19th cen- 
is * name “Berkshire” became synonymous with improved 
pu uns of differing origin and type. The establishment ofa 

esh Ook in 1885 fixed current strains. Berkshires are used for 

Pork production in England and Japan, but a larger bacon 

isal а been evolved in Australia and New Zealand. The breed 
0 found in both North and South America. 1 

to the үе White is white with a pink skin similar in type 

United arge White or Yorkshire, but fatter. It originated in the 

Ceste States, in Chester County, Pa., hence its name. The 

т White is very prolific, has a quiet disposition, matures 
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early, is a good grazer, a good feeder, and possesses good carcass 
qualities. The breed is of the lard type and is restricted to the 
United States and Canada. 

The Duroc is a red pig. It was developed in 1822-77 from 
the Old Duroc pig of New York and the Red Jersey pig of New 
Jersey, thus the earlier name Duroc-Jersey. It proved particularly 
suitable for feeding in the American Corn Belt and has been 
extensively used in the Argentine, Canada, Chile, and Uruguay. 
The Duroc, which is a lard pig, although of less importance since 
the demand for lean meat has increased, has probably produced 
more pigs than any other pure breed. 

The Essex pig is black with a white saddle on the shoulder and 
forelegs, and with white on the nose, hind legs, and tip of the tail. 
It was evolved in England by crossing the Black Suffolk with 
Neapolitan pigs (which may have included the Siena Belted, the 
oldest saddled breed). It is mainly used commercially for crossing 
with a boar of one of the white breeds and is of bacon type. 

The Gloucestershire Old Spots is a white lop-eared pig with 
black spots, current policy being to select breeding pigs on the 
absence of pigment in the skin. It was evolved in England in 
Gloucestershire from material similar to some of the original 
Berkshire strains, although it has had no connection with the 
latter breed for many years. It is of bacon type but is normally 
used for crossbreeding only. 

The Hampshire derives from an importation of Wessex Saddle- 
back type pigs from England to North America in 1825 and is 
identical in appearance to that breed. It is of bacon type. 

The Hereford is red with a white head and was given this 
name because of its similarity to Hereford cattle. It was de- 
veloped in the early 20th century in Missouri by crossing other 
American breeds. The Hereford is of pork type. 

The Iberian pig is usually coloured red, black, or pied and 
possesses short semierect ears, Of little commercial importance 
outside Spain and Portugal where it grazes forests, it is of academic 
interest as it closely resembles the type of pig found in Europe in 
medieval times. 

The Landrace is a white lop-eared pig found in most countries 
in Central and Eastern Europe, local varieties having in particu- 
lar been developed in Denmark, Germany, the Netherlands, and 
Sweden. World attention was first drawn to the Landrace by Den- 
mark where since 1890 by progeny testing (the selection of boars 
for breeding on the basis of the scientific assessment of their 
progeny) a superior pig, designed for Denmark’s export trade in 
Wiltshire bacon to England, has been produced. Denmark will 
not permit the export of Landrace for breeding. Sweden also has 
progeny tested from Landrace stock but for a shorter period. Pigs 
from Sweden were first exported to England in 1953 when prices 
of up to £1,000 per pig were paid. This resulted in a worldwide 
Landrace explosion, and most major pig-producing countries have 
since taken stock. 

The Large Black or Cornwall is an all-black pig with lop ears. 
The breed was developed in England by the fusion of black breeds 
found in Devon and Cornwall with similar breeds of Essex and 
Suffolk pigs. Of bacon type, the breed is normally used for the 
production of crossbred litters. 

The Mangalitza breed is white or brownish black with a white 
belly. It was developed in Serbia in the late 18th century and is 
confined to the Balkan states. Used primarily for fat production, 
it is of declining importance. 

The Middle White is a white pig similar in body conformation 
to the Large White but much smaller and with a dished face. 
Coming from lines identical to those of the Large White, it con- 
tains a greater proportion of Chinese blood. It is of pork type. 
Originating in England, it is used extensively in Japan. 

The Pietrain is a lop-eared breed characterized by exceptional 
fleshing which arises from genetic causes which produce double 
muscling. It is a dirty white in colour with black spots. The 
breed was produced in Belgium in 1920 and since 1960 has at- 
tracted interest because of the demand for lean meat. It is also 
found in the Netherlands and France and has been introduced 
experimentally to Denmark and England but has not been released 


for general use. 
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The Poland China pig is black with a white face and feet and 
a white tip on the tail; the ears droop. The breed originated 
between 1835 and 1870 in Butler and Warren Counties, O., by 
a fusion of Polish pigs and “Big Chinas." It is of lard type and 
is found in the United States and Chile. 

The Spotted Swine, or Spots, formerly known as the Spotted 
Poland China, developed in the United States, resembles the black 
Poland China except for numerous white spots over the body. It 
was produced in Indiana from a local spotted pig, Poland Chinas, 
and Gloucester Old Spots that were imported from England in 
1914. It is of lard type and largely restricted to the United 
States. 

The Tamworth is a golden red pig with a long snout and erect 
ears. Originally indigenous in Staffordshire, it is a descendant of 
the Old English forest pig. Tamworths are of bacon type but 
are used extensively for crossing. They are also found in Aus- 
tralia, Canada, and New Zealand. 

The Welsh is a breed of white lop-eared pig virtually identical 
in appearance to the Landrace breed. Up to 1950 they were little 
found outside Wales but since then have been developed by a 
controlled and limited introduction of Landrace blood which has 
produced a pig similar to the Landrace and which retains its origi- 
nal hardiness. It is of bacon type. The Welsh pig has been 
exported to Africa, France, Poland, and the U.S.S.R. 

The Wessex Saddleback is native to England and is popular in 
Australia. It is a black pig similar to the Essex but with a white 
saddle only; it remains a separate breed. This breed is of bacon 
type but is used mainly for crossing with white boars. The Hamp- 
shire breed can be traced to identical stock, but Wessex Saddle- 
backs have been introduced into the United States as a separate 
breed. 

The West French White is a white lop-eared pig found only 
in France where it was produced by fusion of the Craon, Nor- 
mandy, and Flemish breeds, It is of pork type. 

The Yorkshire or Large White is a white pig with erect ears. 
It was produced in the 18th century by crossing the large in- 
digenous white pig of North England with the smaller, fatter, 
white Chinese pig thus producing a better fleshed animal. Fur- 
ther intensive selection took place during the 18th century. Al- 
though primarily a bacon breed, strains are used for lightweight 
pork. The boar is used considerably as a sire of crossbred litters 
out of coloured dams. The breed is found in the majority of 
countries and is probably the most widely distributed breed of 
pig in the world. 

Pig Breeding.—Commercial pig production is based to a large 
extent on the crossing of two established breeds, although there 
are notable exceptions to this rule, such as Denmark, where the 
whole pig industry rests on purebred Landrace lines. Cross- 
breeding gives improved performance in the resulting litters as a 
result of hybrid vigour. By mating boars of extreme commercial 
type with matronly sows of another breed, a compromise is se- 
cured between the meat requirements of the butcher and the 
good mothering quality required by the breeder. Pure breeds have 
been developed by the mating of similar types. Inbreeding is 
not normally undertaken, but line breeding to an outstanding 
sire is common. 

Experimental work in the United States with corn (maize), 
whereby two inbred strains were eventually outcrossed to give 
an improyed yield of 20%, was copied with pigs by the University 
of Minnesota and elsewhere from 1937. Inbred lines of Tam- 
worth and Landrace were mated to produce the Minnesota No. 1 
line. Subsequently the Minnesota No. 2 line (Canadian Yorkshire 
X Poland China) was produced, and the two breeds have there- 
after been crossed commercially. Analogous work has been un- 
dertaken elsewhere in the United States to produce the Beltsville, 
Maryland, Montana, and Palouse breeds and in Canada to produce 
the Lacombe. Little comparable work has been undertaken in 
other countries. 

While the pig has been known for centuries, the founding of 
pure breeds of swine did not take place until the 18th and 19th 
centuries. Early breeders kept a private record of their breeding 
operations. As the number of animals increased, types became 
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fixed, well-defined characters established, and exchange of animal 

b А 5 
between breeds increased; it then became necessary to Protect 
the purity of breeding stock as well as interests of purchasers of 
purebred hogs. 

The registration of purebred swine varies in different countries, 
Separate herdbooks are published by separate breeder associations 
in some countries, by national pig-breeder associations recording 
the breeds within a country, or under the direction or Control of 
a government agency created for that purpose, 

Certain well-defined rules are generally applicable to data for 
the pedigree. The sire and dam of the animal to be recorded 
must be purebred and registered. Date of birth, number of pigs 
farrowed and weaned in the litter, name of the owner of the ап. 
cestors at time of mating, and identification of pigs are required 
before a pedigree certificate can be issued. 

From a breed improvement standpoint, a pedigree is good or 
bad according to the individual it represents, Regardless of pedi- 
gree an animal should not be retained as a breeder unless it meets 
certain standards, not only of type and conformation as judged 
by the eye, but also of the individual’s inheritance or ability to 
transmit desirable characters to its offspring, Thus prolific sows 
that farrow and raise large litters of pigs, that make rapid and 
economical gains in the feedlot, and that produce carcasses of 
suitable quality are a credit to any breed, or breeding program, 

The swine industry of Denmark has led the world in record-of- 
performance testing for improvement of swine. Record-of-per- 
formance testing of swine was begun in the United States in 1926 
and in Canada in 1928. The majority of swine associations con- 
duct some form of record-of-performance tests for the improve- 
ment of their respective breeds. Outstanding animals that meet 
high standards of production merit are given special notation on 
the pedigree. That the program is a success is attested to by 
the fact that the demand by breeders for animals of tested strains 
has greatly exceeded the supply. (J. H. Z; Au. J.) 


CARE AND MANAGEMENT 


Sanitation is essential to good health, rapid growth and de- 
velopment, and profitable pig production. Contrary to general 
opinion, the pig is a clean animal if given sanitary surroundings. 
Many pigs are forced to live in an unsanitary environment. 

The raising of pigs does not require expensive equipment. The 
principal needs are: (1) good practical houses that provide pro- 
tection from the elements, freedom from drafts, and proper venti- 
lation; (2) dry bedding; and (3) prevention of dust to avoid 
respiratory troubles. Where natural shade is not available, arti- 
ficial shade is useful to prevent overheating from the sun. 

In the selection of purebred animals for the foundation breed 
ing herd, attention needs to be given to strains that are prolific, 
gain rapidly, and utilize feed efficiently. Other considerations are 
uniformity of type and similarity of colour, markings, and con- 
formation. Sows are desired which show quality, length of body, 
femininity, and a well-developed udder, having two rows of teats 
with at least six teats in each row, and capable of suckling large 
litters of pigs. The boar should possess quality, masculinity, 600 
disposition, and ability to sire strong, vigorous pigs. A young; 
well-developed boar may be bred at eight months of age pe 
mated to 20 or 30 sows during the first breeding season, whereas A 
aged boar may be mated to 40 to 60 sows during a season. 3 

The period of estrus (or heat) in the sow is about three a 
and mating with the boar should take place the second or tl т 
day. If not pregnant, the sow comes in heat every three wa 
The average gestation period is 114 days. Much of the success 2 
pig raising depends on the care and management during Шш 
tiod. Suitable feed and ample exercise are important aie 
pregnancy. When practicable, sows and gilts are sorted ae "E 
in separate groups. Gilts may be bred at 8 to 84 months © e 
to farrow their first litter when one year old. After that, 
litters a year may be produced and the sow retained as d " 
her usefulness continues. The amount of feed is regulat i 
have the animal in good condition at farrowing time, but 10 
fat. Accurate breeding dates should be maintained and sow: | 
gilts removed to а cleanly prepared individual farrowing pen 
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before they are due to farrow. Providing pens with guard 
nils helps prevent sows from crushing their young. The use of 
ап electric pig brooder furnishes warmth and prevents chilling 
of young pigs. The ration of the sow needs to be reduced several 
days before farrowing, then gradually increased after farrowing 
so as not to disturb the digestive system of the newborn pigs. 
Special attention should be given to prevent loss of pigs during 
the first two weeks of life, when most losses occur. 

Newborn pigs depend on the milk of their mothers for the first 
three weeks. After that they eat supplementary feeds in addi- 
ton. Pigs are weaned from their mothers at 6 to 10 weeks of 
ag. They should then be well fed and cared for during the 
growing and fattening period to produce rapid and economical 
gins, One or a combination of several methods of feeding may 
le followed, namely, hand feeding, limited feeding, self-feeding, 
or hogging-down crops. 

Nutritive Requirements.—The pig is an economical con- 
verter of feed into body tissue, the products of which furnish meat 
md fat for human consumption (see Pork), Unlike other classes 
of livestock the pig has a small stomach and requires its food 
in concentrated form. Pigs grow more rapidly than any other 
dass of farm animals in relation to’ their weight. Under good 
feeding and management, an average of 300 to 350 Ib. of feed is 
required to produce 100 Ib. of gain in growing and fattening pigs. 

One hundred pounds approaches the market weight throughout 
much of Asia; in Malaysia, for example, the usual market weight 
isabout one picul (about 1334 Ib.), reached at about 9-10 months, 

The daily ration of the pig should be properly balanced with 
respect to proportions of carbohydrates, proteins, minerals, and 
vitamins, Energy which is needed for body maintenance and for 
gin is furnished primarily by carbohydrates and fat in the ration. 
Energy is also derived in part from protein metabolism. The ex- 
cess energy above maintenance requirements is stored as fat in the 
body. Energy requirements for maintenance vary with atmos- 
Bheric temperature, increasing as temperature decreases below a 
«іса! point. The principal sources of carbohydrates are the 
grains commonly grown on the farm, namely, corn, wheat, barley, 
oats, sorghums, and rye. 

Proteins are essential for growth of muscle, bones, and the vital 
organs, and for body repair. As the pig grows the demand for pro- 
ttin decreases, while relatively larger amounts of carbohydrates are 
Wed for fat production. The proportion of protein to carbohy- 
rates may vary from 1 to 4 for 50-Ib. pigs to 1 to 7 for pigs weigh- 
ing 300 1b. Although the grains contain proteins, the latter are 
Not present in sufficient quantity or quality with respect to amino 
acid makeup, to promote rapid growth. High-protein feeds that 
possess the essential amino acids necessary to supplement the grain 
bart of the ration are milk, tankage, fish meal, soybean meal, lin- 
Жей meal, alfalfa meal, and similar feeds. Combinations of two 
or more of the protein-rich feeds improve the quality of the ration. 
Mineral and vitamin requirements can be met under ordinary 
pinditions by the proper selection of feeds without recourse to 
а supplements, Calcium and phosphorus аге the two most 
pont mineral elements needed for bone development. Other 
i ine, required in small amounts are iodine, zinc, magnesium, 
balt, manganese, potassium, sodium, chlorine, copper, and iron. 
е and hay crops furnish proteins, minerals, and vitamins 
Wt help correct the deficiencies of these elements in the grain 
zd The vitamins known to'be needed for the health and 
in 9f the pig are vitamins A, D, and the B group: thiamine, 
ine i, niacin, pantothenic acid, and pyridoxine. Supplement- 
е diets with vitamin B,» and certain antibiotics usually 

tases growth rate and feed efficiency of pigs. 
ae is essential to efficient use of feed. The amount of water 
hi "med at will may increase from about 3.3 Ib. daily for a 25-Ib. 

810 12 Ib. daily for a 200-Ib. pig. 3 
with à requirements for the constituents of the ration will vary 
a he different functions performed, such as growth, fattening, 
Wei incon, and lactation. For example, young pigs to 100-Ib. 
^ m require a high level of protein in the ration; pigs from 100 
level Ib. and sows during gestation and lactation require a medium 

of protein; whereas pigs weighing from 150 to 225 Ib. make 
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efficient gains on a lower level of protein intake. (J. H. Z.) 

Diseases.—The most devastating disease of swine, the world 
over, is hog cholera (swine fever; g.v.). This contagious malady 
affects swine of all ages and breeds and is caused by a virus. Other 
species are not susceptible. 

The virus is present in the blood and excretions even before 
symptoms appear and may be spread to susceptible swine from 
these sources either directly or indirectly by man, birds, or flies. 
Feeding uncooked swill, or garbage, that contains infected pork, 
and purchasing unvaccinated pigs from public markets are espe- 
cially hazardous. 

Methods of prevention include the hypodermic injection of 
graduated quantities of live attenuated hog cholera virus with or 
without antiserum, killed virus vaccines without antiserum, and 
virulent virus with antiserum. In England, all herds in which 
swine fever occurs are slaughtered. 

Hog cholera should not be confused with African swine fever, 
another virus disease, although the two appear similar. African 
swine fever has spread to Spain and France. 

Erysipelas is a bacterial disease prevalent in Europe and the 
United States, The acute form appears much like swine fever; the 
chronic form is characterized by heart valve lesions, arthritis, un- 
thriftiness, and necrosis of the skin, tail, and ears. Some other 
species, including man, are susceptible, but are less frequently af- 
fected. However, in turkeys the disease may cause high mortality. 
For immunization, live cultures of the virulent or attenuated or- 
ganism, Erysipelothrix rhusiopathiae, are used with specific hyper- 
immune antiserum or killed cultures without antiserum. The 
serum has considerable therapeutic value, and penicillin is highly 
effective in treating the acute disease. 

Enteritis causes considerable losses in swine. The most wide- 
spread and serious form is attributed to Salmonella choleraesuis, 
which commonly occurs with swine fever. Hemorrhagic dysentery, 
caused by Vibrio coli, is another form of infectious enteritis. 
Transmissible gastroenteritis in baby pigs, caused by a virus, 
spreads very rapidly and mortality is high. Additional deaths in 
unweaned pigs may arise from poor sanitation, improper nutrition, 
chilling, parasitism, and genetic weaknesses. 

Tuberculosis is contracted by swine from chickens, cattle, and 
man. The chief loss from the disease results from condemnation 
of heads because of localized lesions in the lymph nodes found dur- 
ing meat inspection. Successful control or eradication depends 
chiefly upon preventing exposure. 

Brucellosis, caused by Brucella suis, is characterized by abor- 
tions and localized infections, chiefly in the vertebrae, joints, and 
testes. The disease spreads almost exclusively from pig to pig. 
It may be detected by periodic blood tests. Treatment is ineffec- 
tive, Man develops a severe form of undulant fever from Brucella 
suis. 

Influenza, virus porcine pneumonia, swine pox, icteroanemia, and 
atrophic rhinitis in swine over ten weeks of age, and nutritional 
anemia in suckling pigs also cause death losses or impaired health 
in swine. 

The incidence of foot-and-mouth disease must be reported to the 
police in England and herds where outbreaks occur are slaughtered. 
In some European and South American countries control is by 
vaccination though this method is mainly confined to cattle. 'The 
disease is highly contagious (see Foot-AND-MouTH DISEASE). 

Anthrax (q.v.) occurs in pigs occasionally. It is caused by a 
bacillus, and its presence is usually associated with sudden death. 

Pseudorabies (Aujezky’s disease, or mad itch) is found in the 
United States and Europe but is rare in England. Affected ani- 
mals go off their food and convulsive fits may be experienced. 
In young pigs the mortality rate can be high. Survivors evince 
restlessness and irritability of the skin, with scratching. 

Rhinitis (atrophic rhinitis) is an inflammation of the membranes 
that line the nasal cavity and is due to several causes. Affected 
animals show sneezing and a nasal discharge. If complications 
develop, some deaths may occur. If the disease persists, deformity 
of the snout and upper jaw can result, making eating difficult. 
Formerly a reportable disease in England, rhinitis is mainly found 
in North America and Scandinavia. 
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Leptospirosis is caused chiefly by Leptospira pomona, although 
other species are incriminated in certain areas of the world. Preg- 
nant sows may abort or farrow small, weak, or dead pigs. Swine 
other than pregnant sows usually have a mild or inapparent infec- 
tion, and mortality is low. The chief source of infection is carrier 
animals which pass leptospirae in the urine for several months. 
The disease can be diagnosed by blood tests or finding the organ- 
ism in the urine. A bacterin made from killed organisms success- 
fully immunizes swine, and antibiotics are effective in treatment. 
The disease is transmissible to man, 

Good swine husbandry emphasizes good breeding, proper nu- 
trition, and strict sanitation, all of which help to control diseases. 

(М. S. 5м.; V. L. $.; ALJ) 

Parasites.—The most serious parasites of swine are round- 
worms, although protozoa and mange mites may sometimes be of 
considerable importance. 

Ascaris suum is the most injurious roundworm of swine. The 
adult worms are found in the small intestine, where they compete 
with their host for food, Even more serious are the effects 
caused by the migration of the larvae. The females lay eggs, 
which pass out of the body. Infective larvae develop inside the 
eggs on the ground, "These embryonated eggs are very resistant 
to the effects of heat, cold, sunlight, and chemicals, and may re- 
main alive in the soil for more than four years. When they are 
swallowed by a pig they hatch in the intestine, and the larvae 
migrate to the liver and lungs, where they undergo some growth. 
They are then coughed up and swallowed, and finally become 
adults in the small intestine. The migrations of the larvae damage 
the liver and lungs, causing pneumonia, difficult breathing, stunt- 
ing, and even death. 

Control consists in following a system of sanitation known in 
the U.S. as the McLean County system, first extensively tested in 
1920 in McLean County, Ш. Briefly, the system consists іп worm- 
ing and washing the sows before farrowing and placing them in 
thoroughly cleaned and disinfected farrowing quarters. After far- 
rowing, the sows and pigs are kept in the houses until the pigs are 
from two to four weeks old, and are then hauled—not driven—to a 
clean pasture, where adequate shelter and feed are provided. Even 
better sanitation can be obtained if the pigs are raised on concrete 
throughout their lives. With due attention to the details of the 
system, a high percentage of the pigs which are farrowed can be 
raised, and the pigs can be marketed four to eight weeks earlier 
than if kept under average conditions. In addition, the system 
saves feed and controls many other parasites and infectious dis- 
eases. 

Piperazine is the drug of choice for removing the adult worms, 
A number of other compounds have also been used, but they are 
either less satisfactory or more toxic than piperazine, In treating 
pigs, this compound is ordinarily mixed with the feed. 

Lungworms are also injurious. They live in the bronchial tubes, 
where they cause pneumonia and unthriftiness. In addition, they 
may transmit the virus of swine influenza and probably also that 
of hog cholera. Lungworms require earthworms as intermediate 
hosts before their larvae can develop to the infective stage, Pigs 
become infected by eating infected earthworms. 

Another roundworm is Trichinella spiralis. The tiny adults are 
found in the intestine, while the larvae occur in the muscles, where 
they cause the painful and sometimes fatal disease, trichinosis. 
This disease is serious in man, but swine seldom show symptoms. 
Swine become infected largely through eating pork trimmings in 
uncooked garbage or slaughterhouse offal, or by eating dead pigs, 
rats, or other animals which harbour the encysted larvae. Man 
ordinarily becomes infected by eating uncooked or improperly 
cooked pork. Human infection can be prevented by cooking pork 
thoroughly. Infection of swine can be largely prevented by cook- 
ing all garbage fed to them, (See also TRICH1NOSIS.) 

Other injurious roundworms of swine include whipworms, which 
attach themselves to the wall of the caecum, and kidney worms 
which injure the liver, kidneys, and other organs. 

The large thorny-headed worm, Macracanthorhynchus hiru- 
dinaceus, attaches itself to the wall of the small intestine, causing 
a nodule to form. Its intermediate host is the white grub, which 
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is the larval stage of the May beetle; pigs become infected 
ing infected grubs or beetles. к 
Swine normally are not infected with adult tapeworm 
are, however, intermediate hosts of the pork tapeworm 
Taenia solium. The larva of this parasite occurs in the 
muscles of swine, and man becomes infected with the ad 
by eating inadequately cooked pork. i 
Flukes are relatively unimportant but may be епсош 
some parts of the world, especially the Orient. Three 
the large intestinal fluke, Fasciolopsis buski; the lung fluke 
gonimus westermani; and the blood fluke, Schistosoma japo 
also occur in man, and swine may spread them unless prop 
tary precautions are observed. Lice can be eradicated el 
by dipping or spraying with DDT, methoxychlor, Delnay or 
dane; by spraying with Co-Ral, malathion, toxaphene or 
(Korlan); or by dusting with DDT or lindane, Mange 
be eradicated effectively by dipping or spraying with linda e 
tain precautions should be used with almost all these insecticides, 
Swine have many intestinal protozoa. Some are harm 
others cause disease. Coccidiosis is a diarrheal disease caus 
Eimeria debliecki and related protozoa. They invade and d 
the epithelial cells of the intestine. The ciliate, Balantidii 
is found in about two-thirds of all swine and also occurs 
man. It is usually harmless, but may occasionally invade int 
lesions started by other microorganisms. See also referen 
der “Pig” in the Index. (N.D 
BiBriocRAPHY.—Breeds and Breeding: Handbuch Der Lier: 
vol. 3, part 2 (1961), illustrates and describes the more importan 
of swine found in various countries of the world; V. A. Rice, 
and Improvement of Farm oni еа. (1957 
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PIGEON, which brings to mind the awkward-strutting, 
ful-wheeling birds that live in cities, is the name applied ge 
erally to all birds of the worldwide family Columbidae, fe | 
throughout the tropical and temperate zones. There are û a" 
species, including the doves, which cannot be distinguished 
pigeons either by size or by scientific classification. They 
tle, plump, small-billed birds with a skin saddle (сеге) 
bill and forehead; their feathers are easily pulled out. 
strut about with a characteristic bobbing of the head. 
of their long wings and powerful flight muscles, they are s 
swift fliers. Pigeons are monogamous: i.e., they mate dj. 
the survivor accepts a new mate slowly. The female lays 
glossy white eggs in a flimsy nest that barely holds them. 
female generally incubates by night, the male by day. The in 
tion period is 14 to 19 days, but the young are cared for 
nest for another 12 to 18 days. For about a week after 
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PIGEON FLYING—PIG IRON 


the young are fed by pigeon 
"milk," a secretion rich in protein 
and fat, and proliferated from the 

dular walls of the crop in 
both sexes. 

Although the well-known street 

igeon (see below) is often drab, 
the majority of pigeon species are 
tropical and highly colourful. 
These belong to the fruit pigeon 
subfamily, Treroninae. The green 
fruit pigeons (Treron) of Africa, à 
Asia, and Malaysia are pale | 
green. with black flight feathers. ^ 
The fruit doves (Ptilinopus) of | 
the South Pacific islands are more 
colourful; the superb fruit pi- 
geon (Т. superbus) is green with wits rerenson 
pink and purple on the head powrsric PIGEON OR ROCK DOVE 
and neck. Fruit pigeons and (COLUMBA LIVIA) 
doves are flocking in habit, con- 
tinually moving about in search of figs and berries. The very large 
nutmeg pigeons (Ducula species) are arboreal and solitary. The 
green imperial pigeon (D. aenea) is lavender below, metallic 
oe above, with dark chestnut under the tail and with 
red feet, 

The largest pigeons (chicken-sized) are the crowned pigeons 
(Goura species, subfamily Gourinae) of New Guinea’s sago 
swamps; they have maroon body plumage and a large, lacy head 
crest of blue-gray. 

The doves and pigeons of the subfamily Columbinae are seed 
and fruit eaters. They are found in tropic, temperate, and even in 
boreal regions. To this group belong the street pigeons, composed 
of a bewildering array of cross breeds of domesticated strains, all 
of them ultimately traceable to the wild rock dove (Columba 
livia), The rock dove is typically dull in colour—gray and white 
rump and two large black wing bars; this Eurasian species nests 
above 5,000 ft. in Asia, It has been domesticated and selectively 
bred since 3000 в.с. with production of numerous colour variants 
ind about 200 named strains—show pigeons, racing pigeons, and 
large food types, Pouters have a large, inflatable gullet; carriers, 
‘long bill; runts, a massive bill and body; barbs, а short bill. Fan- 
tails may have 42 tail feathers; owls have diverging throat feathers; 
frillbacks, the feathers reversed; jacobins, hoodlike neck feathers. 
Tumblers tumble backward in flight, 

_ The snow pigeon (C. leuconota) breeds at 15,000 ft. in rock crev- 
ices on Mt, Everest, Ringdoves or turtledoves (Streptopelia), the 
size of rock doves or smaller, range throughout the Old World to 
Australia; they are gray and buff with a checkered collar. The 
Mame turtledove is also used for the North American mourning 
love (Zenaidura macroura), with violet and pink on the sides of 
the neck and a long, pointed tail. The Inca dove (Scardafella 
inca), gray with a strong scaly pattern, is found in the American 
tropics with the white-fronted dove (Leptotila verrauxi), which 
Tinges north to Texas. The bleeding-heart pigeon (Gallicolumba 
“Gonica) of the Philippines has a splash of red in the middle of the 
White breast, The European stock dove (Columba oenas) breeds 

holes in the trunks (stocks) of trees. The wood pigeon (C. 
Palumbus), up to 16 in. long, is the largest European species. 
jg, Passenger pigeon (Ectopistes migratorius) of North Amer- 
^, extinct since 1914, with the passing of the last survivor in the 

"ncinnati (O,) Zoo, was colonial and formerly numbered billions. 
oe only a few years for market hunters to reduce the popula- 
of Шо the point at which recovery was impossible. The demise 

he passenger pigeon is a classic case of the destruction of a 
"heces by man, 
See also references under “Pigeon” in the Index. 
ant’ W. M. Levi, The Pigeon (1957) ; Charles R. Darwin, The Vari- 
of Animals and Plants Under Domestication, 2 vol. (1868). 
(W. J. Ве,; X.) 
E IGEON FLYING. Of the many varieties of pigeons man 
developed for utility, sport and pleasure, the homing pigeon is 
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a specialized variety developed through selective crossbreeding 
for maximum distance and speed in directed flight. Distinct strains 
of these pigeons are usually named after fanciers who have suc- 
ceeded in selecting desirable traits of performance and appearance. 
Pigeon fanciers usually separate their birds into two classes, one 
for breeding and the other for racing, though the latter are per- 
mitted to breed within limits. 

History.—The earliest record of the domestication of pigeons 
is from the fifth Egyptian dynasty (about 3000 ».c.). The sultan 
of Baghdad established a pigeon post system in 1150, Genghis 
Khan used such a system as his conquests spread, Pigeons were 
widely used for messenger service during the French Revolu- 
tion of 1848, and the messages found popular acceptance in both 
French and Belgian newspapers. In 1849 pigeons were used to 
carry messages during interruptions in telegraphic service between 
Berlin and Brussels. 

Pigeons were used as emergency message carriers in war well 
into the 20th century. The record flight for a United States army 
signal corps pigeon was a flight of 2,300 mi.; flights of 1,000 mi. 
are routine, 

Belgium is credited as the home of racing pigeons as a sport. 
In 1818 the first long-distance race of over 100 mi, was held, while 
in 1820 a race took place between Paris and Liége, and in 1823 
from London to Belgium. The sport gained prominence in the 
latter part of the 19th century in Great Britain, the United 
States and France. Nowhere, however, did it match the popu- 
larity enjoyed in Belgium where nearly every village had a Societe 
Columbophile (pigeon club), The annual Belgian Concours Na- 
tional, a race of about 500 mi. from Toulouse to Brussels, was 
inaugurated in 1881; during the same year the first regular races 
in Great Britain, from Exeter, Plymouth and Penzance to London, 
took place. 

Training and Feeding.—All homing pigeons except those 
reserved for breeding purposes may undergo training continuously 
from the time they are 28 days of age. This training consists of 
teaching them to enter the loft through the trap, exercising around 
the loft and returning to the loft when given liberation at points 
distant from the loft. The pigeon’s desire to return to the loft is 
a phenomenon not thoroughly understood, 

The speed and reliability of the bird’s return are reflections of 
its breeding strain, physical condition, training and treatment. 
Fog, extremes of heat and cold, rain and adverse winds, or condi- 
tions that reduce visibility or oppose the flight of the pigeon, de- 
crease its efficiency. The strength of the bird is improved both by 
exercise flights within the loft and by training flights that are dis- 
tant from the loft, 

A healthy bird requires proper diet, clean drinking water, ade- 
quate ventilation and sanitary loft conditions, The diet includes 
leguminous seeds, cereal grains, green foods and grit. The seeds 
and grains are fed in a feed mixture, 

Racing.—At the start of a race the competing birds are banded 
with a rubber countermark; they are then liberated together by 
a starter who records the time of release. The birds ascend 
rapidly, become oriented and head directly toward their loft usu- 
ally following the line of least resistance. 

As the birds enter their home lofts, the countermark is removed 
from the leg and placed in a pigeon timer that indicates the time 
of arrival, The distance of the pigeon’s flight is divided by the 
time consumed to determine which pigeon has made the fastest 
speed. A bird is not considered to have arrived “home” until ac- 
tually through the trap of its loft. 

The training of pigeons for use as a means of communication 
is similar to training for racing. Messages are attached to the 
pigeon’s leg or back by means of specially designed capsules. 

See Carl A. Naether, Book of the Racing Pigeon (1950) ; A. N. Hut- 
ton, Pigeon Racing (1958). (H. L. MeN.) 

PIGEON HAWK: see MERLIN. 

PIGEONITE: see PyROXENE. 

PIG IRON. Crude cast iron, run from the blast furnace 
directly into molds. The molds originally were of sand formed 
in a way which suggested a nursing litter of pigs. See IRON AND 
STEEL INDUSTRY; BLAST FURNACE. 
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PILAR (VILLA DEL PILAR), a city of the Neembucü depart- 
ment, Paraguay, lies 118 mi. (190 km.) S of Asunción, on the left 
bank of the Paraguay River opposite the mouth of the Bermejo. 
Pop. (1960 est.) 7,136. It is an important river port exporting the 
agricultural products of Ñeembucú department, between the rivers 
Paraguay and Parana. Pilar has sawmills, distilleries, and textile 
mills, supplies being obtained by road from the northeast where 
it is linked to the main Asunción-Encarnación highway. Founded 
in 1778 by Pedro Melo de Portugal, it is the capital of Neembuct, 
which it was originally called. (G. J. B.) 

PILATE, PONTIUS (d. after д.р. 36), Roman procurator 
of Judaea who passed the death sentence on Jesus Christ. His 
origin and early history are unknown, save that he was of eques- 
trian rank. It is believed that he became a protégé of Sejanus, the 
favourite of the Roman emperor Tiberius. Sejanus succeeded in 
filling all provincial posts except Syria with his followers, so Pilate, 
whom he appointed (26) as procurator of Judaea (and therefore 
subordinate to the governor of Syria), was stationed at an exposed 
point. Jewish groups used this situation to make aggressive 
advances, and Pilate, protected by Sejanus’ hostility to the Jews, 
handled the tricky problem of Roman-Jewish relations with little 
skill. After Sejanus’ fall (31) he found himself in an embarrassing 
position, which the Jews may have used in obtaining a legal death 
sentence on Jesus (John 19:12). Pilate’s attack upon the Samar- 
itans, perhaps instigated by Caiaphas, caused his removal by the 

Syrian governor in the winter of 36/37. After being sent to Rome 
to answer for himself, he probably committed suicide, as related in 
Eusebius’ church history. (See also Jews: Greek and Roman 
Conquests.) 

In the New Testament Pilate is shown as unwilling to condemn 
Jesus, whom he found innocent, but finally driven to do so by 
fear of being accused of disloyalty to the emperor. Pilate’s wife 
sent a message to him during the trial advising him to have nothing 
to do with “that just man” for she had suffered much in a dream 
about him, and Pilate after condemning Jesus washed his hands 
publicly of all responsibility for his death (Matt. 27:19, 24). His 
efforts to release Jesus made him almost a hero in some Christian 
traditions; in the Ethiopian Church, for instance, he is venerated 
as a saint on June 25. In Jewish tradition he is the anti-Semitic 
prototype. 

The apocryphal Acts of Pilate, extant in Greek and in a Latin 
version, dates from the 4th century. It describes the trial, execu- 
tion, and resurrection of Jesus and is followed in some manuscripts 
by an apocryphal account of Jesus’ descent into hell. Both these 
works together are called the Gospel of Nicodemus. Nothing re- 
mains of the pagan Acts of Pilate, an anti-Christian work originat- 
ing in the time of the emperor Maxentius (306-312), which are 
mentioned in Eusebius’ church history. 

BIBLIOGRAPHY —E, Stauffer, Jesus and His Story (1960) ; J. Blinzler, 
The Trial of Jesus (1959) ; E. Bammel, “Philos tou Kaisaros,” Theo- 
logische Literaturzeitung, 77:205-210 (1952). Acta Pilati ed. by P. 
Vannutelli (1938); Eng. trans. by M. R. James in The Apocryphal 
New Testament (1924). (E. Br.) 

PILCHER, PERCY SINCLAIR (1866-1899), British engi- 
neer and aviation pioneer, was born in Jan. 1866. After six years 
in the Royal Navy, he qualified and practised as an engineer, and 
was in 1893 appointed assistant lecturer in naval architecture and 
marine engineering at Glasgow university. He took up the active 
study of heavier-than-air flight in 1895, under the influence of Otto 
Lilienthal, whom he twice visited in Germany, Pilcher built his 
first glider, the *Bat," in 1895, which he then modified after Lilien- 
thal's ideas, and on which he made many successful glides. His 
second machine, the “Beetle,” was also built in 1895, and his third, 
the “Gull,” in 1896. It was with his fourth glider, the “Hawk” 
(1896), that Pilcher achieved his most productive flying. It was 
a monoplane, with rear fin and tailplane and wheeled undercarriage, 

and was controlled in the Lilienthal manner of swinging the torso 
and legs from a hanging position between the wings, After gaining 
valuable experience with this glider, he turned his attention seri- 
ously to the problem of powered flying in 1897. By 1899 he had 
almost completed his first powered machine—for which he had also 
built the engine—when on Sept. 30, 1899, the “Hawk” broke up 
in the air when Pilcher was gliding in it at Stanford Park, near 
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Market Harborough. He died of his injuries on Oct. 2, 1899, 

See Aeronautical Journal, vol. i, pp. 1-4 (1897), vol. xiii, pp, 87-89 

(1909) ; P. Pilcher, “Gliding,” Aeronautical Classics, no. $ (1910), 
(C. H. G.-S.) 

PILE. Asa textile term, this word indicates the surface of a 
cloth composed of an infinite number of loops of warp threads 
or else of an infinite number of free ends of either warp or weft 
(filling) threads that stand erect from the foundation or ground 
structure of the cloth. There are two general methods of dis- 
tinguishing between such cloths: when the loops are uncut, the 
pile is usually termed looped pile; when the same or similar loops 
are cut, either in the loom during weaving or by a special machine 
after the cloth leaves the loom, the pile is termed cut pile, 

Other names applied to such cut-pile fabrics in which the effect 
is formed by the warp threads are velvet and plush, the former 
being used to define short-pile fabrics and the latter to define 
long-pile fabrics. The word velveteen is used to distinguish the 
fabric when the pile is formed of weft or filling threads that have 
been cut. 

Among the loop-pile fabrics may be mentioned Brussels tap- 
estry and imitation Brussels carpeting, as well as Moquettes and 
the like. In some cases the surfaces of carpets, such as Wilton 
and Axminster, are formed of cut pile; and again, both looped 
(uncut pile) and cut pile appear on the surface of the same fabric, 
Imitation sealskins and several other kinds consist of monocoloured 
pile, whereas all the above-mentioned carpets have surfaces upon 
which decorative designs appear in both kinds of pile and in several 
colours. See CARPET MANUFACTURE; RUG AND CARPET. For pile 
in building see FOUNDATIONS, STRUCTURAL. (Т. W.) 

PILGRIMAGE, a journey to a saint’s shrine or other sacred 
place, undertaken for a variety of motives: with the object of 
gaining supernatural help; as an act of thanksgiving or of penance; 
for the sake of devotion, Pilgrimages are characteristic of most 
of the higher religions. 

Christianity.—There is a record of a pilgrimage by the 
Cappadocian bishop Alexander to Jerusalem about 212 (Eusebius, 
Church History, V1, 11). Western Christians soon followed him. 
In 333, a pilgrim from Bordeaux in Gaul left an account of his 
visit to the sacred places, while the travel memoir of the Spanish 
nun Etheria (c. 400) testifies to a system of guides and lodgings 
for those seeking the Palestinian sites (see PEREGRINATIO 
ETHERIAE). Yet, long before this date, Europe possessed its ow 
places of devotion. The excavations of the 1940s at St. Peter's 
Basilica, Rome, unearthed a 2nd-century memorial to the apostle 
with numerous scratched inscriptions of the 2nd and 3rd centuries, 
evidencing acts of piety. The Roman liturgical calendar of the 
year 354 lists 29 local sanctuaries of the saints at which the Eoi 
ful gathered annually. In Gaul, a vivid account of the тій-5 | 
century describes the pilgrims thronging to Arles for the feast 0! 


St. Genesius on Aug. 25, and in Britain, Bede (d. 735) catalogues: 


visits to the graves of SS. Alban, Oswald, Chad, Cuthbert, elc 


from the Sth to the 8th century. E ire I 
Motives for these undertakings varied. In 560, King Clotaité 
journeyed to St. Martin’s tomb at Tours in search of Dd 
Visitors to St. Nicetius’ sepulchre at Lyons in 590 carried s 
relics of the saint, but St. Willibald (d. 786) seems to have Un ly 
taken his pilgrimage of 722—730 to Italy and the Near East aa 
to satisfy devotion. In addition to such pilgrimages Es jl- 
freely, the Middle Ages knew also the votive and the judice 
grimage. The votive form came about as the result on vision 
or vow and was normally expected to be kept, though р the 

was made for the possibility of ecclesiastical disp 


from a sentence such as that decreed by the Inquisition E 
against Guillermus Salavert in 1319. By this period, pigri? 
also enabled to secure indulgences, for Pope Boniface ү i 
claiming the first Holy Year of Jubilee on Feb. 22, 1300, 2 А 
the tradition (at least а century old) that indulgences e 
gained by those visiting the Roman basilicas (see Inu y 
The medieval pilgrim began his journey with the ШШШ 
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riest of his scrip and staff. His garb was recognizable, and upon 
his hat he would wear, on returning, the badge of the shrine visited 
( the face of St. John Baptist if he had been to Amiens). 
Along the more traveled routes he would find hospices such as that 
at Maidstone for pilgrims going to Canterbury, By decree of Pope 
Celestine III ( 1191-98), the property of those seeking the Roman 
sanctuaries was placed under papal protection. 

For Dante, writing c. 1293 (Vita Nuova, XL, 7), the Holy Land, 
Santiago de Compostela in Spain, and Rome were the chief attrac- 
tions for pilgrims. Access to the Near East had been facilitated 
by the opening of the Danube route c. 1000; however, the ob- 
dades put in the way of the devout by the Seljuk conquest of 
Jerusalem (1076-77) were to lead to the preaching of the First 
Crusade, Rome’s appeal was due to the tombs of the apostles 
Peter and Paul, while Santiago’s magnetism lay in its claim (most 
probably legend) to possess the remains of St. James the Greater. 

While medieval pilgrim resorts were counted in the hundreds, 
not all were of international reputation, Italy, in addition to 
Rome, gloried in the Volto Santo at Lucca; the tomb of St. Francis 
(d. 1226) and the Porziuncola near Assisi; the tomb of St. An- 
thony (d, 1231) at Padua; and the reputed Holy House at Loreto. 
France prided itself on St. Martin's tomb (d. 397) at Tours, Mont- 
Saint-Michel, the Marian shrine at Le Puy, the alleged relics of 
the Madeleine at Vézelay, and, after 1206, the reputed head of 
the Baptist at Amiens. At Bruges, Belg., in the mid-12th century, 
was a vial alleged to contain the Holy Blood. In Germany, not 
only the authentic tomb of St. Boniface (d. 754) at Fulda but the 
reputed relics of the Holy Coat at Trier and of the Magi at Cologne 
were widely reverenced. In England, Durham claimed the transfer 
of St. Cuthbert’s relics in 999; Canterbury was renowned for the 
tomb of St. Thomas Becket (d. 1170), while from the mid-12th 
century Walsingham was honoured as the chief Marian sanctuary. 
In Ireland, the tomb of St. Patrick at Downpatrick was a pilgrim 
resort, as in Poland after 1382 was the icon of the Virgin at 
Czestochowa. 

Churchmen were not unaware of problems connected with pil- 

gtimages, Caesarius of Arles in the 6th century warned against 
moral excesses, and Guibert of Nogent in the 12th questioned the 
authenticity of many relics (see Retic). The 15th-century author 
of the Imitation of Christ observed: "they that go much on 
pilgrimage be seldom thereby made perfect and holy.” 
. The attitude of the 16th-century Reformers found expression 
in 1530 in the Augsburg Confession, which portrayed pilgrimages 
as “childish and useless works,” as well as in the destruction in 1538 
of the shrines of St. Thomas at Canterbury and of St. Cuthbert at 
Durham; While modern Protestants visit Luther's grave at Wit- 
lenberg or the Wesleyan Memorial at Epworth, Eng., or the Mu- 
seum of the Desert at Mas Soubeyran, France, these are not re- 
garded as devotions. Among certain Anglicans, however, there 
has been a revival of pilgrimage to Walsingham. 

For Roman Catholics, the Holy Year of Jubilee is essentially 
fe lerimage to Rome (see JUBILEE, YEAR or). On Feb. 11, 1936, 

е Sacred Congregation of the Council issued instructions re- 
quiring that pilgrimages be provided with spiritual directors, and 
on Sept. 8, 1953 (Fulgens corona,, Pope Pius XII called for pil- 
Uimages to the sanctuaries of the Virgin as one form of observ- 
red of the Marian Year (1953-54). "Though many medieval cen- 
ru still attract Catholic pilgrims, the more recent shrines of St. 
tancis Xavier (d. 1552) in Goa, India; of the Holy Shroud (1578) 
3 Turin, Italy; of St. Anne de Beaupré (1658), Canada; of St. 
John Vianney (d. 1859) at Ars and of St. Thérése (d. 1897) at 
“eux, both in France; and the Marian centres of Guadalupe 
RS in Mexico, of La Salette (1846) and Lourdes (1858) in 
ii псе, of Pompeii (1876) in Italy, and of Fátima (1917) in Por- 
gal have steadily grown in importance. (H. G. J. B.) 

n countries of the Eastern Orthodox faith, worshipers com- 
ad make pilgrimages to celebrated monasteries, to ask spiritual 

Practical help from the holy men (startsi). St. Seraphim (q.v) 

n чш was sometimes visited by thousands of pilgrims in a 

mir day. In The Brothers Karamazov, Dostoevski depicts the 

p ritual power and influence upon pilgrims of Zossima, an exam- 
© of such а starets, x 
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Islam.—Pilgrimage is a very ancient Semitic religious custom, 
and in pre-Islamic days the pilgrimage to ‘Arafat at Mecca on the 
9th day of Dhu 'l-Hijja was participated in by many and diverse 
tribes, Large commercial and cultural fairs were also associated 
with the pilgrimage. Certain striking parallels have been suggested 
between the ‘Arafat pilgrimage and the Jewish Feast of Booths, 
revealing a common ancient Semitic tradition. When Islam be- 
came the religion of Arabia, this rite of pilgrimage was taken over 
and made a fundamental obligatory duty of a Muslim—the “fifth 
pillar” of Islam—by a koranic pronouncement in the year 2 A.H. 
(A.D. 623-624), necessary adjustments being made to remove all 
traces of a belief in gods. The pilgrimage is called hajj (or hadj), 
a word of uncertain etymology. 

The condition that a person should be in sound physical and 
financial state to undertake the pilgrimage explains the fact that, 
although it is a duty devolving on every Muslim once in his life- 
time, the number of pilgrims is relatively small. Even so, in the 
mid-20th century the annual average was around 80,000, and the 
hajj provides a unique occasion for strengthening international 
unity among Muslims and a genuine forum of discussion for Mus- 
lim religious and political leaders. For a description of the ritual 
of the kajj, see Mecca: The Pilgrimage; see also IsLam: Muslim 
Theology: The Five Pillars. (FU. К.) 

Buddhism.—While there is no rule prescribing pilgrimage for 
the Buddhist, many places and shrines are centres of Buddhist 
pilgrimage. Four of these places, held in special regard, are in 
north India, where Gautama Buddha proclaimed the Buddhist Way 
of life leading to Nirvana; as the teaching of the Way is held to be 
the noblest charity, so a reverent gratitude for it is the primary 
motive of Buddhist pilgrimage. 

In the Theravada tradition, this gratitude means a special ven- 
eration for places associated with the Buddha’s life and teaching 
and for shrines where, it is believed, his relics are preserved, such 
as the Temple of the Tooth at Kandy, Ceylon, and the Shwe Dagon 
Pagoda at Rangoon, Burma. Shrines containing notable images of 
the Buddha, such as the beautiful temple of the Emerald Buddha 
in Bangkok, Thailand, also attract many pilgrims. 

In Mahayana Buddhism, gratitude for the teaching of the Way 
is extended to include founders of sects. Thus in Japan, besides 
pilgrimage to the famous Buddha images preserved at Kamakura 
and Nara, pilgrims gather before the image of one of the great 
teachers of the Pure Land version of the faith, Shinran, at Hong- 
wanji. In China some of the most popular mountain shrines are 
dedicated to the compassionate Bodhisattvas of the Mahayana tra- 
dition, including the temple of Mount Omei in Szechwan Province, 
which is dedicated to the Bodhisattva Samantabhadra. 

A new interest in pilgrimage is one of the signs of resurgent 
20th-century Buddhism. Pilgrimage is also encouraged by the 
pan-Buddhist movement, which seeks to bring Theravada and 
Mahayana Buddhists together. The Deer Park at Sarnath near 
Varanasi (Benares), where the Buddha gave his first instructions 
in the Way, “setting in motion the Wheel of the Law,” and which 
the Maha Bodhi Society takes special interest in preserving, at- 
tracts Buddhists from all parts of the world. Buddh Gaya (q.v.), 
also in northern India, is especially venerated as the place where 
the Buddha attained enlightenment, Together with his birthplace 
in Nepal, and Kusinara, where he passed to Nirvana, these sites 
are commended as places of pilgrimage in the Pali scriptures; 
pilgrims who set out to visit any one of these four places are en- 
couraged by the assurance that if they die on the way they will be 
reborn in a heavenly condition. In the Mahayana text, the “holy 
places of pilgrimage” are described as “ladders to heaven by divine 
sages and saints whose souls are intent on devotion.” This is a re- 
flection of Indian thought; the attitude to pilgrimage most charac- 
teristic of Buddhism associates gratitude to a teacher of the Way 
with thought of greater devotion to the Way which may come 
with such remembrance. (R. H. L. 5.) 

Hinduism.—As the sublime and the beautiful in nature are 
aids to contemplation, the Hindus chose hilltops, mountain slopes, 
river banks, and the seashore as sites for temples. Visits to tem- 
ples are pilgrimages for the Hindu in search of peace of soul or the 
fulfillment of a long-cherished desire. Many thousand pilgrims 
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visit the Shiva temples at Rameswaram and Chidambaram in Ma- 
dras and at Varanasi (Benares) and Kedarnath in Uttar Pradesh; 
the Vishnu temples at Trivandrum in Kerala and Srirangam in 
Madras, and temples at Pandharpur in Maharashtra and Vrinda- 
ban in Uttar Pradesh dedicated to Krishna, considered an incarna- 
tion of Vishnu; Rama temples at Ayodhya in Uttar Pradesh where 
Rama, the hero of the Ramayana, lived and ruled; Shakti temples 
at Cape Cormorin in Kerala, Madurai and Kancheepuram in 
Madras, Varanasi, Kalighat in West Bengal, and Kamakhya in 
Assam, Nabadwip in West Bengal where Chaitanya was born, Puri 
in Orissa where Krishna is worshiped, Dakshineswar near Calcutta, 
the scene of Ramakrishna’s austerities, and the temple at Belur 
Math opposite Calcutta dedicated to his memory, also attract hun- 
dreds of thousands of people. ‘The holy ones impart sanctity 
to places of pilgrimage.” To bathe in the seven rivers of India— 
the Ganges, Jumna, Godavari, Sarasvati (now dried up), Narmada, 
Indus, and Cauvary—is considered purifying, the Ganges being 
the holiest of them all. It is the ambition of every devout Hindu 
to bathe in the Ganges and visit the temple of Vishwanath (Shiva) 
in Varanasi. Seven cities—Ayodhya, Mathura, Hardwar, and 
Varanasi in Uttar Pradesh; Kancheepuram in Madras; Ujjain 
in Madhya Pradesh; Dwaraka in Gujarat—are said to possess the 
power to give salvation to visiting pilgrims. Manasarowar in Tibet 
is the most sacred of all lakes to the Hindu. 

The kumbha-mela, ardha-kumbha-mela, and purna-kumbha- 
mela, which occur once in 3, 6, and 12 years respectively, are held 
in each of four places of pilgrimage—Hardwar and Allahabad in 
Uttar Pradesh, Ujjain in Madhya Pradesh, and Nasik in Maha- 
rashtra—by rotation. The purna-kumbha-mela draws millions of 
pilgrims. 

Before leaving home the pilgrim resigns himself (or herself) 
to the will of God. He takes a minimum of baggage, including a 
rosary and a piece of carpet or deerskin on which to sit while 
meditating. On arrival at his destination, where he stays at least 
three days, he bathes, visits the temple twice, perhaps three times 
a day, arranges fruits, flowers, and sweets to be offered in the 
temple, gives some coins to the priests, tells his beads, reads a 
sacred book, avoids useless talk, and joins other pilgrims in attend- 
ing recitals of religious music or expositions by a scholar in the 
afternoon or evening. 

Pilgrimages have served to unite Hindus throughout India in a 
common cultural and religious consciousness, as well as to help the 
growth of commerce and industry. (S. бн.) 

BisLrocRAPHY.—Christianity: P. Geyer, Itinera Hierosolymitana 
saec. III-VIII, in Corpus scriptorum ecclesiasticorum Latinorum, 
vol. 39 (1898); J. Toynbee and J. Ward-Perkins, The Shrine of St. 
Peter (1956) ; M. Guarducci, The Tomb of St. Peter (1960) ; H. Dele- 
haye, Les Origines du culte des martyrs, 2nd ed. (1933) ; S. Heath, 
Pilgrim Life in the Middle Ages (1912); E. Baumann, Histoire des 
pèlerinages, 2 vol. (1941); B. Kótting, Peregrinatio religiosa (1950) ; 
R. Roussel, Les Pèlerinages à travers les siècles (1954) ; H. Engelmann, 
Pélerinages (1959); E. Ewig, "Le Culte de S. Martin à l'époque 
franque,” Revue d'histoire de l'Église de France, 47:1-18 (1961); H. 
Thurston, The Holy Vear of Jubilee (1900) ; H. M. Gillett, Famous 
Shrines of Our Lady (1949); I. Couturier de Chefdubois, Mille 
pèlerinages de Notre Dame, 3 vol. (1954); F, B. Thornton, Catholic 
Shrines in the United States and Canada (1954); J. K, Cartwright, 
The Catholic Shrines of Europe (1955); Dictionnaire d’archéologie 
chrétienne et de liturgie, vol. xiv, pp. 40-176 (1939); Enciclopedia 
Cattolica, vol. ix, col. 1080-86 (1952) ; G. P. Fedotov (ed.), A Treasury 
of Russian Spirituality (1948) ; B. J. Kidd, The Churches of Eastern 
Christendom (1927). 

Islam: See “Hadjdj,” in H. A. R. Gibb and J. H. Kramers (eds.), 
Shorter Encyclopaedia of Islam, pp. 121-125 (1961), and bibliography 
cited there. 

Buddhism: C. N. E. Eliot, Hinduism and Buddhism, 3 vol. (1954) ; 
J. A. Hardon, Religions of the World, pp. 86-133 (1963). 

Hinduism: H. von Glasenapp. Heilige Stätten Indiens (1928) ; Bimala 
Churn Law, Holy Places of India (1940) ; Prabuddha Bharata, 58:1-9 
NEM The Cultural Heritage of India, 2nd ed., vol. 4, pp. 495-502 

PILGRIM FATHERS, the name given by posterity to those 
who settled the first permanent colony in New England at 
Plymouth, Mass., in 1620. These 102 settlers included 35 mem- 

bers of the English Separatist Church who had migrated to Leiden, 
Holland. They sought relief from the hard life in Holland and 
desired civil and religious autonomy within the English govern- 
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ment. The remaining majority were a heterogeneous group from 
England, mostly of the Anglican Church, who came to America 
for various reasons. These first settlers did not become known as 
the Pilgrim Fathers until two centuries after their arrival, Con- 
temporaries called them Old Comers while later generations re. 
ferred to them as Forefathers, and during the colonial period the 
people of Plymouth celebrated Forefathers' Day in their honour, 
The celebration was revived in 1793, and at that time Rev, Chane 
dler Robbins preached a memorial sermon in which he used a quo- 
tation from William Bradford’s manuscript which he found copied 
into old church records. In this quotation, Bradford referred to 
the “saints” who left Holland as “pilgrimes” and this name struck 
a responsive chord. In 1819 the Pilgrim society was organized, its 
efforts dedicated to perpetuating the fame of the Forefathers, 
In this it was successful. The society promoted a bicentennial 
celebration in 1820 with Daniel Webster as speaker. His stirring 
address, which was later published, began: “We have come to this 
Rock to record here our homage to our Pilgrim Fathers . , , 2 
From this time on the Forefathers became Pilgrim Fathers in 
common usage. See also MASSACHUSETTS: History. 

See William Bradford, Of Plymouth Plantation 1620-1647, ed. by 
Samuel Eliot Morison (1952) ; George F: Willison, Saints and Strangers 
(1945), (ed.), The Pilgrim Reader (1953). (B. K. B.) 

PILGRIMS’ WAY, a name that has remained for portions 
of the North Downs Ridgeway across the northern edge of the 
Weald of Kent, Eng. It is a prehistoric track used as the route 
between Kent and Wiltshire at the latest from the Iron Age. This 
ridgeway is still partially in use, surviving often as roads for light 
traffic or bridle paths which are marked "Pilgrims' Way" in the 
Ordnance Survey. The term “Pilgrims’ Way” is often used mis- 
leadingly as if it were synonymous and coextensive with the whole 
ridgeway. Both a ridgeway proper and, on the southern slope of 
the downs, a terrace way can be traced, but the precise route of the 
prehistoric track cannot always be determined, since such tracks 
were not fixed ways but in varying weather conditions shifted 
over a belt of country which might provide passage. 

The name Pilgrims’ Way, though not attested before the 18th 
century, gained further currency from the theories of Hilaire Bel- 
loc, who in The Old Road (1904) posited a continuous prehistoric 
track from Winchester to Canterbury, revived after long disuse 
by pilgrims journeying thither to visit St. Thomas Becket's shrine, 
It is of course not impossible that pilgrims used the North Downs 
Ridgeway (although the route normally used was the London to 
Canterbury road celebrated by Chaucer); its survival for con- 
siderable stretches as a fixed way must be due to use in Saxon and 
medieval times, when it would have provided a passable route 
when the lower roads were bad. But Belloc's “Pilgrims Way 
does not coincide with the known prehistoric track until it rad 
the Hog’s Back (traveling eastward), and the route he makes i 
take from Winchester to the Hog’s Back is based on conjecture 
The evidence against him is, however, largely negative: for in- 
stance, the virtual absence of large towns and religious 10000 
tions along much of his proposed route. " jane 

Втвілосварну.—Е. E. Elliston Erwood in Archaeologia Canoa 
vol. xxxvii, pp. 1-20 (1925); W. Hooper in Surrey Archaeological ^ 
lections, vol. xliv, pp, 47-83 (1936); I. D. Margary, Roman T 
the Weald, рр. 259-262 (1948), and in The Archaeological Journ 
vol. cix, pp. 39-53 (1952). istrict 

PILIBHIT, a municipal town, the headquarters of а g i 
of the same name in Rohilkhand division, Uttar Pradesh, mu 
about 30 mi. (48 km.) NE of Bareilly. Pop. (1961) 57.527. ly 
a junction on the Northern railway and is connected with Bl 
by a metaled road. The main industry is sugar manufactu i 
There is a great mosque on the western outskirts built by 
Rahman Khan (с. 1775), the founder of Pilibhit. — Nepal, 

Рплвніт District is on the border between India and Area 
on the foothills of the Himalayas. Pop. (1961) 616,225. inter- 
1,352 sq.mi. (3,502 sqkm.). It is a gentle undulating pu 
sected by numerous southward-flowing streams. The nor n sec 
northwest are a continuation of the Terai (q.v.); the Ene i 
tion has undeveloped forest tracts; and the southeastern ES sd 
low lying belt of moist alluvial soil producing grass and ta ed 
with an inhospitable climate, The southern extremities of 


, 


trict have richer soil akin to that of the Ganges plains, more stable 
cultivation and a denser population, Among its ancient monu- 
ments is a fortress near the railway station of Shahgarh (Dhopap). 
Its main crops are wheat, rice, sugar cane, gram and barley. The 
only other town of any size in the district is Bisalpur. (В. Sr.) 

PILKINGTON, FRANCIS (?-1638?), English composer of 
madrigals and lute songs of great charm. Pilkington took a bache- 
lor of music degree from Lincoln College, Oxford, in 1595. In 
1602 he was appointed "chaunter"—a term Pilkington used in 
describing himself—in Chester Cathedral and about 1612 became 
aminor canon, He held various benefices in and near Chester 
until his death, which probably occurred in 1638. 

His First Booke of Ayres (1605) contains 21 songs, which can 
be performed either with four voices or with solo voice and lute, 
anda “Pavin for the Lute and Bass Viol,” This book was fol- 
lowed by two sets of madrigals published in 1613 and 1624. Al- 
though Pilkington's madrigals are not of the first rank, almost all 
are well constructed. The madrigal considered by some to be his 
best, “О Softly Singing Lute,” for six voices, is among the second 
set of madrigals (1624), the last known published work of Pilking- 
ton, A small number of attractive lute solos by Pilkington have 
survived in English manuscripts. (D. Po.) 

PILLORY, an instrument of punishment which consisted of 
a wooden post and frame fixed on a platform raised several feet 
from the ground, behind which the culprit stood, his head and 
his hands being thrust through holes in the frame (as are the 
feet in the stocks) so as to be held fast and exposed in front of it. 
This frame in the more complicated forms of the instrument con- 
sisted of a perforated iron circle, which secured the heads and 
lands of several persons at the same time, but it was commonly 
capable of holding only one. 

In the statutes of Edward I it is enacted that every pillory 

or “stretch-neck” should be made strong enough to hoid offenders 
Without peril to their bodies. It was customary in the case of men 
sentenced to the pillory to shave the head and beard wholly or 
partially; the hair of female culprits was cut off and in extreme 
tases the head was shaved. 
_ England abolished the pillory except for perjury and subornation 
in 1816, and the perjurer Peter James Bossy was the last to stand 
inthe pillory at the Old Bailey for one hour on June 22, 1830; the 
pillory was finally abolished in 1837. In France the instrument, 
called carcan, was used until 1832. In Germany it was known as 
Pranger, The pillory was employed in the American Colonies, and 
the U.S. federal statutes provided for its infliction until 1839; 
Delaware, the last state to use the pillory, did not abolish it until 
1905, (К. G. CL.) 

PILON, GERMAIN (1535-1590), French sculptor of the 

naissance, was born in Paris in 1535, He was perhaps a pupil 
af Bontemps and more than once carried out designs by Prima- 
liccio, Starting as a somewhat italianate, mannered sculptor he 
developed curiously enough in a more realistic (and in a sense, 
itive) direction without, however, carrying French sculpture as 
‘whole with him. The. classic foundations had definitely been 
"n in France. Pilon was the author of the monument for the 
ган of Henry II (though the design was possibly by Primaticcio), 
^ Which the three Graces of marble that support the urn are of 
fet elegance, Pilon was also employed on the tomb of Henry IT 
of M Denis, France (designed by Primaticcio). Тһе greatest 

is portraits is undoubtedly the kneeling figure of Chancellor 

* Birague (Louvre). Pilon apparently was also a medallist of 

stinction, although it is disputed whether he merely made the 

"b; models or also cast the medals. 

ilon died on Feb. 3, 1590. 

(dd Vollmer, Jean Goujon und die franzüsische Were re rd 
w LOTAGE, in its modern aspect, may be described as the 

NT rendered by a trained individual to a vessel entering or 
Men Port, or to a vessel navigating waters for which national 
ко requires that such vessel be under the control of a pilot 

" Cally licensed to operate in them. A pilot serves as technical 

Ser to the master of the vessel; when both are on the bridge, 
Pilot's orders have the same effect as those of the master unless 
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the latter disapproves. The master may control the actions of a 
pilot or even overrule him if he feels it necessary to assure the 
safety of his ship or to avoid imminent danger. 

The present practice of pilotage is entirely different from the 
original concept. References to pilotage or pilots in the Bible, 
in Homer, and in Virgil indicate that in ancient days pilotage was 
the full-time service rendered to a vessel or vessels by a person 
skilled in navigation. Thus, the pilotage services rendered to an 
ancient or medieval vessel were analogous to the services rendered 
to a modern vessel by its full-time navigator. 

Historical Development.—With the discovery of the New 
World and the accompanying period of exploration and conquest, 
pilotage assumed such importance that the nations seeking pos- 
sessions in the Americas appointed individuals as chief pilot, pilot 
major, or grand pilot of the realm. For example, Spain appointed 
the Italian explorer and navigator, Amerigo Vespucci, as chief pilot 
in 1508. In this capacity, Vespucci was responsible for the prepa- 
ration of charts for use by all other Spanish mariners. England 
followed this practice in 1549 with the appointment of Sebastian 
Cabot as grand pilot. 

In addition to navigating their vessels safely over the oceans, 
pilots of that period were expected to accumulate hydrographic 
material during each voyage and thereafter transfer such material 
to nautical charts for the use of other navigators in both peace and 
war. However, as the maritime horizons of the world expanded 
with each new discovery or conquest, it became apparent that a 
vessel’s safety while operating in strange harbours would be en- 
hanced if, in addition to the regular ocean pilot, an individual 
learned in the currents, tides, and depths of the particular harbour 
or coast were engaged to assist the master in moving his vessel 
through such waters. Thus, there arose another phase of pilotage 
known as harbour, bay, or bar pilotdge. In England as early as 
1369 certain guilds or associations of pilots were established at 
principal maritime centres such as Newcastle, Kingston upon Hull, 
and Leith. Subsequently, there was established at such centres, by 
royal charter, a corporation which was to provide pilotage in and 
out of the ports under the jurisdiction of the corporation and to 
prevent unqualified persons from undertaking to pilot vessels. 
These corporations usually assumed the name of Trinity House 
of the port or district placed under their jurisdiction. Trinity 
House of Hull, for example, is believed to have been established 
in 1369 and was incorporated during the reign of Henry VIII 
(1541). The present pilotage system in England continues to be 
centred around Trinity House organizations. 

The modern term "pilot" appears to have had its origin in the 
Netherlands. One authoritative source states that the word is 
derived from the Dutch words pijl and lood. The first word means 
*pole" and in Dutch connotes everything vertically straight, and 
the second word means “lead,” as in sounding lead. Another 
source equally as authoritative also attributes the origin of the 
term to the Netherlands but holds that it is derived from the old 
Dutch word piloot, which specifically denotes one who works a 
vessel into a port, or over a bar, or through a channel or passage. 
The Netherlands is also the nation in which the first professional 
local pilotage system was established, in 1749, Franz Naerebout 
announced in that year that he was “а professional pijl loods ready 
to take sailing ships in and out of the harbours of Holland, the 
depths of which he had studied until he knew the location of every 
danger spot." 

The available records of professional pilotage during the colonial 
period preceding the birth of the United States are sketchy at best 
and give only isolated incidents to indicate that an individual, or 
a group of individuals, was engaged in the profession of bar pilot. 
In New York, there is a record that the barge which conveyed 
George Washington from Elizabethtown to New York City for his 
first presidential inauguration was manned by 13 pilots. In 
Boston, Capt. John Gallop piloted the ship “Griffin,” bearing the 
Rev. John Cotton and Thomas Ieveretti into Boston Harbour in 
1633. There is another record that the keeper of the first Boston 
lighthouse, George Worthylalse, served also as a regular pilot of 
Boston Harbour in 1716. In the Chesapeake Bay area, Col. Wil- 
liam Burges in 1676 employed a pilot for an expedition which was 
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sent from St. Mary’s to the Nanticoke Indian territory. An ad- 
ditional record in this area reveals that the first act to improve 
navigation, passed by the Virginia House of Burgesses in 1660, 
had as its purpose the creation of a chief pilot for the James River. 

Pilotage Laws.—One of the first acts of the First Congress of 
the United States expressly provided for the continuance and ex- 
pansion of the state pilotage systems such as those established 
by Massachusetts and Pennsylvania. It appears that the Con- 
gress was fearful that the state systems would be eliminated under 
the commerce clause of the U.S. Constitution and passed the act 
to avert such a development. Substantiation that existing state 
laws were bodily adopted by the federal government is found 
in the decision of Chief Justice John Marshall speaking for the 
U.S. Supreme Court in the case of Gibbons v. Ogden. 

The preservation of the state system of pilotage did not in 
itself establish a safe and adequate pilotage service for the major 
harbours of the United States. Monopolies by state pilot asso- 
ciations often resulted in pilots competing in a mad race at sea 
to gain the first incoming ships. In many instances pilots raced 
together for one ship while other ships, trying to ride out the 
storms and inclement weather, signaled frantically for a pilot to 
no avail. Two major marine casualties involving the packet ship 
“Mexico” and the barque “Bristol” were directly attributable to 
Sandy Hook pilots who not only refused to furnish pilotage to 
these vessels until a storm abated but would not allow New Jer- 
sey pilots to furnish this service. This unsavoury state of affairs 
received the attention of Congress in 1837 when it authorized the 
master of any vessel coming into or going out of any port situ- 
ated upon waters which are the boundaries between two states to 
employ any pilot duly licensed or authorized by the laws of the 
states bounding on such-waters to pilot the vessel to or from such 
port. In 1851 Congress required that all passenger-carrying steam- 
boats be placed in the charge of federally licensed pilots. Since no 
exception was made permitting state pilots to operate if not fed- 
erally licensed, some federal courts held that unless state pilots 
were federally licensed they could not operate on the navigable 
waters of the U.S. This view was set aside by the Supreme Court 
in 1864 when it decided that the act of 1851 was not intended to 

cover “port pilots.” 

Apparently, however, Congress had intended that all pilotage on 
the navigable waters of the U.S. be by federally licensed pilots, 
for on July 25, 1866, it passed an act requiring every United States 
seagoing steam vessel navigating the bays, inlets, rivers, and har- 
bours of the United States to be under the control of a federally 
licensed pilot. The next year a congressional committee reviewed 
the effect of this legislation on national maritime safety and 
stated that the act of 1866 had virtually abolished state pilotage 
over U.S, vessels without providing any substitute, since the fed- 
eral pilotage acts did not require an examination on knowledge of 
particular ports or harbours. The committee concluded, therefore, 
that until Congress should enact a general pilotage law, the state 
systems should be continued. Congress accepted this view and 
amended the act of 1866 by adding a proviso that the act should 
not be construed “to annul or affect any regulation established 
by the existing law of any State requiring vessels entering or leav- 
ing a port in such State to take a pilot duly licensed or author- 
ized by the laws of such State, or of a State situated upon the 
waters of the same port." In 1871 Congress passed a new steam- 
boat inspection law which required coastwise seagoing steam ves- 
sels not under registry to have a federally licensed pilot on board 
when under way, except on the high seas. When this act was 
drafted there was no exemption for registered vessels of the United 
States, and it was the apparent intention of the Steamboat Inspec- 
tion Service to limit state or bar pilotage to foreign vessels. How- 
ever, the original draft of the bill was changed in committee to 
restrict federal pilotage to licensed, or enrolled and licensed, 
vessels of the United States. 

The deepening and expanding of the St. Lawrence-Great Lakes 
Seaway opened an entirely new phase of pilotage in the United 
States. Pilotage requirements were needed for all oceangoing ves- 
sels navigating U.S. waters of the seaway. Also, coordination 
with a regulated Canadian pilotage system was necessary. After 
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several years of international consultation, the Great Lake 
Pilotage Act of 1960 was passed. Under this act, no vessel that 
is required by any other national law to have in its service and 
actually has in its service, pilots licensed by the U.S. Coast Guard 
for the navigation of the Great Lakes is required to employ the 
services of a Great Lakes registered pilot. Also, Canadian ves- 
sels of certain types may be navigated in United States waters 
without a pilot registered under the Great Lakes Pilotage Act as 
long as Canada permits enrolled vessels of the United States to 
be navigated in Canadian waters of the Great Lakes by their of. 
ficers. All registered vessels of the U.S. and foreign vessels navi 
gating those waters of the St. Lawrence and the Great Lakes desig. 
nated in the presidential proclamation issued on Dec, 22, 1960, are 
required to have in their service a U.S. registered pilot or a Cana- 
dian registered pilot for the waters concerned. Administrative 
control of registering pilots for these waters was vested in the 
secretary of commerce until the Great Lakes Pilotage Association 
was transferred to the new Department of Transportation in 1966, 
Extensive regulations covering eligibility for and suspension and 
revocation of registry, and rates, charges and conditions for pilot- 
age services were published in 1961. 

In addition to the compulsory pilotage required on the St. 
Lawrence-Great Lakes Seaway, registered vessels of the United 
States and all foreign vessels, entering or leaving harbours of most 
states bordering on the Atlantic and Pacific oceans and the Gulf 
of Mexico, are required by state statute to employ a pilot licensed 
by a board of state pilot commissioners and to pay the fees estab- 
lished by state law for such services. If a vessel required by 
state law to have a state pilot aboard refuses or neglects to engage 
such pilot, most state laws authorize the collection of the full 
pilotage fee nevertheless. No vessel may transit the Panama 
Canal without having on board a pilot licensed by the Panama 
Canal Company. Foreign vessels operating on the navigable 
waters of the U.S., such as Long Island Sound or the Mississippi 
River, are not required either by national or state statute to be 
under the control of a licensed pilot. (F. К.А.) 

PILOT FISH (Naucrates ductor), a pelagic fish of the jack or 
pompano family ( Carangidae), well known to sailors from its habit 
of keeping company with ships and large fishes, especially sharks. 
It inhabits all tropical and subtropical seas, and in the summer the 
fish may also be found in temperate seas. It accompanies both 
ships and sharks for the waste food which it derives from them. 
The pilot fish does not attach to the larger object as does the 
remora (q.v.) but swims freely in the water, It is probable that, 
except in confinement, neither the pilot fish nor the remora is ever 
attacked by the shark. The pilot fish attains a length of one of 
two feet. A sharp keel runs along the middle of each side of the 
tail. The teeth are small, arranged on bands, Five to seven dark- 
blue or violet crossbands traverse the bluish body from back w 
belly. The pilot fish spawns in the open sea. See also FisH: 
Mallets, Silversides, Barracudas, etc. (C. Hv) 

PILOT WHALE, the name given to whales of the We 
Globicephala, which travel in large schools following а duet 
They are valued for their meat and oil in the Faeroe рк 
where the inhabitants capture them by driving schools 45 ia 
in the fjords. Also called caa'ing whale or blackfish. the р * 
whale is one of the medium-sized toothed whales. It reaches 4% { 
25 ft. in length and is characterized by the blunt rounded pro is 
of the forehead and slender, pointed flippers. The colour 
mainly black, with a lighter splash on the throat and chest. i 
whales feed on squids and fish, and are found throughout the oce 
of the world. See also WHALE: Family Delphiridae. 

(L. H. M) 


PILOTY, KARL VON (1826-1886), German painter, е 
Germany, 
born at Munich on Oct. 1, 1826, the son of Ferdinand Piloty aid 
1844), noted as a lithographer. His picture of * 
Body of Wallenstein” (1855) gained for the young ч 
membership of the Munich Academy, where he became р! in 
He executed a number of mural paintings for the royal Г 
Munich, and for Baron von Schach he painted the celebrate Mu- 
covery of America.” In 1874 he was appointed keeper 0 
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nich Academy, being afterward ennobled by the king of Bavaria. 
Piloty was à successful teacher, among his pupils being Makart, 
Lenbach, Defregger, Max and Grützner. He died at Munich on 
July 21, 1886. 

PILSEN: see PLzEN (Czech.). 

PILSUDSKI, JOZEF (1867-1935), Polish revolutionary 
statesman and marshal, the chief restorer of his country's inde- 
pendence, after World War I, was born on Dec. 5, 1867, at Zulow, 
in the Wilno (Vilnius) Province, the second son of an impover- 
ished Polish nobleman. His mother, née Maria Billewicz, inspired 
him with hatred for the tsarist regime, which was treating the Poles 
with great harshness after their anti-Russian insurrection of 1863. 
On leaving school in Wilno, Pilsudski started studying medicine 
at Kharkov in 1885 but was rusticated in 1886. Returning to 
Wilno he consorted with young socialists and studied Karl Marx, 
though he was interested more in practical revolution than in 
theory. In 1887 he was arrested 
on a charge of plotting the as- 
sassination of the emperor Alex- 
ander IIJ. Though innocent of 
the charge, he was banished for 
five years to eastern Siberia. 

Pilsudski returned to Wilno in 
1892 determined to prepare an 
insurrection and, with the help of 
the Polish working class, to re- 
establish Poland’s independence. 
He joined the newly founded 
Polish Socialist Party (PPS) and 
in 1894 became its leader. He 
started a clandestine newspaper, i 
Robotnik (“The Worker”) ; Dut A010 TIMES HULTON PICTURE LIBRARY 
in February 1900 his press in Lodz JOZEF PILSUDSKI AS PRIME MINISTER 
was accidentally discovered, and QE ROUANBNIMAR ED, 
he.was arrested with his first wife, formerly Maria Juszkiewicz. 
Incarcerated in the Warsaw citadel, from which there was no hope 
of escaping, he feigned insanity so as to secure his transfer to a 
military hospital in St, Petersburg, from which, in May 1901, he 
escaped. He then settled at Cracow, in Austrian Poland. In 
winter 1905-06 he visited London. 

Pilsudski knew that without external aid no Polish rising could 
Succeed. When the Russo-Japanese War broke out, he went to 
Tokyo in July 1904 to solicit Japanese assistance. Roman 
Dmowski (g.0.) was already there; and Dmowski told the Japa- 
hese that Pilsudski’s plan was impracticable. The two Poles agreed 
lo disagree, 

After returning to Cracow, Pilsudski passed back to Russian 
Poland to direct the revolutionary movement which at the end of 
1904 Was spreading throughout the Russian Empire. When the 
relation was put down in 1905, a split occurred within the PPS: 

€ left wing, which proposed to delete from the party's program 


tte stipulation that its main aim was an independent Poland, broke 


with Pilsudski's group, who insisted on the stipulation. 

Aware of the Russian Empire’s structural weakness and fore- 
‘eing War between Russia and the Central Powers, Germany and 
'sttia-Hungary, Pilsudski concluded that it was imperative to 
>m à Polish military organization as the nucleus of a future na- 
fin! army. "This he began secretly in Lwow in 1908 and con- 
to ей legally, with the help of the Austrian military authorities, 
ae To a few friends he confided his belief that the Cen- 
Suffer CTS, Would be victorious against Russia, but would finally 
with defeat in the west; and that consequently Poles should side 
liter. them dur ing the first phase of the war and turn against them 


М War I justified Pilsudski's prediction. Until 1916 the 
ia brigades of the Polish Legion, technically under the Austro- 
tan Пап high command, distinguished themselves on the Rus- 
ov, CE with Pilsudski commanding the First Brigade. On 
the ind 1916, the Central Powers, short of manpower, proclaimed 
ШЕТ “pendence of Poland, hoping that Polish divisions would 
could large sectors of the eastern front so that German divisions 

be moved to the west. Pilsudski, appointed head of the 


r1o8r 


military department of the Polish Council of State, accepted the 
idea of a Polish army on condition that it should be part of a 
sovereign Polish state. His position was unexpectedly reinforced 
by the Russian. Revolution of March 1917. The German govern- 
ment, however, refused to bind itself as to Poland's future, de- 
manding instead that the existing Polish units should swear “fi- 
delity in arms with the German and Austrian forces.” Pilsudski, 
refusing this, was arrested in July 1917 and imprisoned in Magde- 
burg. 

Released on the German collapse in the west, Pilsudski arrived 
in Warsaw on Nov. 10, 1918, as a national hero. Four days later 
he was unanimously accepted as head of state and commander in 
chief of the Polish Army. From that moment he ceased to be the 
man of a party, though his main support came from the left and 
from the centre; the right saw its leader in Dmowski, who was 
then heading the Polish National Committee in Paris and was ap- 
pointed by Pilsudski to be Poland's first delegate at the peace con- 
ference. 

Pilsudski devoted himself to protecting Poland against the Red 
Army, which was trying to fight its way into Germany in order 
to consolidate the revolution there. He led the Polish forces far 
to the east, occupying large areas of historic Poland. These areas 
he proposed to bring into a federal state, whereas Dmowski 
argued that they should be annexed on the basis of pure and simple 
incorporation within the new Poland. In 1920 a counteroffensive 
by the Red Army forced the Poles to retreat almost to the suburbs 
of Warsaw; but Pilsudski, made marshal of Poland on March 19, 
conceived and directed a maneuver that in August brought victory 
to Polish arms. (See Russo-PotisH МАВ.) 

As head of state, Pilsudski visited Paris in February and 
Bucharest in September 1921. After the adoption of a new con- 
stitution and a new general election, he transmitted his powers on 
Dec. 14, 1922, to his friend Gabriel Narutowicz, the newly elected 
president of the republic, who two days later was assassinated. 
Stanislaw Wojciechowski, another of Pilsudski's old friends, was 
next elected president, Pilsudski agreeing to serve as chief of the 
general staff. When a right-wing government assumed power Pil- 
sudski resigned his post (May 29, 1923) and went into retirement 
at Sulejowek, near Warsaw, with his second wife, née Aleksandra 
Szczerbinska, and his two daughters. 

Pilsudski returned to power in 1926, at a time of economic 
depression and disillusion over the working of the parliamentary 
system: on May 12 he marched on Warsaw at the head of a few 
regiments, and on May 14 Wojciechowski and his government re- 
signed. The National Assembly elected Pilsudski president of the 
republic on May 31, but he refused the honour, and his friend 
Ignacy Moscicki was elected instead. In the new government, 
formed on May 15, Pilsudski took the ministry of defense, which 
he held till his death. 

From Oct. 2, 1926, to June 27, 1928, and again from Aug. 23 to 
Dec. 4, 1930, Pilsudski was prime minister. During that period 
he became bitter and intolerant. To "cleanse" political life, he 
had 18 members of the sejm arrested on Sept. 10, 1930, includ- 
ing Wincenty Witos (Polish Peasant Party), Wojciech Korfanty 
(Christian Democratic Party), and Herman Liberman (Polish So- 
cialist Party). Thenceforward Pilsudski ruled as a dictator. 

Always interested in foreign policy, Pilsudski actually controlled 
it from 1926: the two foreign ministers, August Zaleski and Jozef 
Beck, were his nominees. At a time of tension with Germany, 
a Polish-Soviet nonaggression treaty was signed (July 1932) on 
Pilsudski's initiative; and in 1933, when Hitler became German 
chancellor, Pilsudski ordered military moves, including the rein- 
forcement of the Polish base at Westerplatte, on the territory of 
the Free City of Danzig. On Hitler's proposal a declaration re- 
nouncing all use of force between Germany and Poland was signed 
in Berlin in January 1934, but Pilsudski refused to meet with Hit- 
ler. 

Pilsudski died of cancer of the liver in Warsaw on May 12, 
1935. He was buried in a crypt of the Wawel Cathedral in Cracow, 
among the remains of Polish kings and other leaders. His writ- 
ings, speeches and orders of the day were published in Warsaw 
in ten volumes (1930-36); selections in English appeared in 1931. 
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BisLrocRAPHY.—]. de Carency (К. M. Smogorzewski), Joseph 
Pilsudski, soldat de la Pologne restaurée (1929), Joseph Pilsudski et les 
activistes polonais pendant la guerre, 2 vol. (1930-31); R. Landau, 
Pilsudski and Poland (1929) ; A. Loessner, Josef Pilsudski (1935) ; W. 
F. Reddaway, Marshall Pilsudski (1939). (К. 5м.) 

PILTDOWN MAN (Eoanthropus dawsoni) was the name 
given to remains (brought to scientific notice in 1912) that had 
been artificially treated to simulate a primitive form of man. 
The forgery was sufficiently convincing to generate scholarly con- 
troversy that lasted about 40 years. Apparently fossilized frag- 
ments of cranium and jawbone were found in a gravel formation 
at Barkham Manor, on Piltdown Common near Lewes, Eng.; to- 
gether with these were fossil remains of extinct animals, which 
supported an early Pleistocene dating of the site, and worked 
implements of bone and flint, the latter attributable to a very 
early human culture (pre-Abbevillian). In 1926 the gravels were 
found to be much less ancient than supposed and in 1953 and 1954, 
as an outcome of more recent discoveries of fossil man and in- 
tensive reexamination, the remains were shown to be skilfully dis- 
guised fragments of a quite modern human cranium and ape 
(orang) jaw fraudulently introduced into the shallow gravels, as 
were the implements and animal bones. These results confirmed 
the arguments and evidence, first put forward by J. S. Weiner of 
Oxford University, pointing to the fraudulent nature of the Pilt- 
down materials. 

Piltdown “man” was distinct from Pithecanthropus (Java man), 
Neanderthal, and modern man in combining a large modern- 
looking brain case, devoid of marked eyebrow ridges, and a chim- 
panzeelike jaw. Sir Arthur Smith Woodward's reasons for ac- 
cepting this as an ancestral form of man were that all the remains 
were found very close together; the lower jaw and the brain case 
were of a similar brown colour and apparently in the same state 
of fossilization; and although the jaw itself was apelike, the 
molars were worn to a flatness expected in a human type and 
the canine tooth was worn in a way never found in modern apes. 

Objections by British, U.S., and French anatomists who re- 
garded the finds as the coincidental mingling of a fossil ape and 
a fossil man failed to refute these arguments. Nor could it be 
proved that the jaw would not fit the brain case, for the critical 
part of the mandible was missing. In 1915 a find at Sheffield 
Park, two miles away, again pointed to an association of simian 
jaw and sapiens-like cranium. 

As long as the remains could be accorded a high antiquity, 
Piltdown man seemed a feasible alternative to Pithecanthropus 
(then known only from scanty remains) as an ancestor for modern 
man. From 1930, many more finds of Pithecanthropus, the dis- 
coveries of the still more primitive Australopithecus, and further 
examples of Neanderthal man (see MAN, EvoLUTION or) left Pilt- 
down man completely isolated in the evolutionary sequence. It 
was often supposed to have represented a specialized line that had 
failed to develop. 

In 1949 K. P. Oakley showed, by means of the fluorine dating 
technique, that the remains were not of great antiquity but that 
jaw and brain case were of similar geological age. This provided 
а new reason for insisting on their association, but it made Pilt- 
down man not only morphologically anomalous but also chrono- 
logically aberrant. To deny the association meant accepting the 
existence of a fossil ape at an improbable date and allowing the 
coincidence of fossil ape and man at two different sites, 

This dilemma could only be resolved by supposing that the 
original discovery was a forgery. The bony remains and the as- 
sociated fauna were therefore analyzed by anatomical and radio- 
graphic examination of the jaw, teeth, and cranial fragments and 
by chemical investigations of the bone and stone implements. The 
jaw and, cranium proved to have differing contents of fluorine, 
nitrogen, uranium, organic carbon, and organic water, these dif- 
ferences all indicating that the jaw was of relatively recent date 
and the cranium somewhat older. Carbon-14 dating in 1959 con- 
firmed these conclusions (see GEocHRoNoLocv). Chemical tests 
revealed that the fragments had been deliberately stained, some 
with chromium and others with acid iron sulfate solution—neither 
chromium nor sulfate occur in the locality—and that although the 
associated remains were of genuine extinct animals they were 
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not of British provenance. X rays demonstrated that the molar 
teeth were similar to those of the orang. The peculiar dental 
wear resulted from artificial abrasion to simulate the human mode 
of flat wear. One of the fragments from the second site Was 
shown to belong to the first skull. 

The outcome of this exposure has been to clarify the human 
sequence of evolution by removing the greatest anomaly in the 
fossil record. At the same time, a series of valuable new tests 
were developed for paleontological study. 

For scientific papers dealing with all aspects of the exposure, see 
Bulletin of the British Museum. (Natural. History), vol. 2, no. 3 and 6, 
For an account of the finds at Piltdown and for a discussion of the 
authorship of the deception and the tests carried out, see J, $, Weiner, 
The Piltdown Forgery (1955). (J. S. We.) 

PIMA, a tribe of American Indians concentrated in the 1960s 
(pop. about 7,500) on the Gila River and Salt River reservations 
in Arizona. They are closely related to the Papago (q.v.), their 
historic neighbours to the south, and to the Nevome (Pimas Bajos) 
in Sonora, Mex. They practised irrigation and lived in permanent 
though rudely built villages. In their territory are the adobe 
ruins of the prehistoric pueblo Casa Grande and miles of ancient 
ditches. Divided into five patrilineal totemic groups, they make 
fair pottery and excellent basketry. The Pima differed much from 
the other sedentary and agricultural natives of the Southwest, the 
Pueblo Indians (g.v.). Estimated at 2,500 in 1775, they were 
consistently friendly to the Europeans. The Pima long withstood 
the Apache courageously, fought back the hostile Yuman tribes, 
and sheltered those that took refuge with them. 

Piman (Sonoran) speakers extended from Arizona to Jalisco, 
Mex., and, besides the Pima and Papago, included the Huichol and 
Cahita (gq.v.), Opata, Tarahumare, Tepehuane, Tepecano, Cora, 
and other groups. See also HOHOKAM. 

ВтвїлосвАРНҮ.—Ё. Russell, The Pima Indians (1908); R. L. Beals, 
Material Culture of the Pima, Papago and Western Apache (1934); 
P. H. Ezell, The Hispanic Acculturation of the Gila River Pimas (1961), 
“Is There a Hohokam-Pima Culture Continuum?” Amer. Ant. vol. 29 
(July 1963). (AG, ТХ 

PIMPERNEL, the name for small plants of the genus Anagal- 
lis, primrose family (Primulaceae). The most widely known i$ 
the scarlet pimpernel (A. arvensis), called also shepherd’s clock 
and poor man’s weatherglass, native to Europe and widely natural- 
ized in North America, often becoming a nuisance. It is a deli- 
cate annual with diffusely branching stems, with small, opposite, 
somewhat clasping leaves, black-dotted beneath. Its scarlet or 
white (rarely bluish) flowers, about one-fourth inch across, usually 
with a darker centre, close at the approach of bad weather, hence 
some of the popular names. 4 Т 

PIN, a peg or bolt of wood or metal used for fastening or T. 
port; more commonly a small pointed and headed piece of stiff wirt 
used to secure clothing, papers, etc. k tian 

The earliest known pins were made of bronze. Ancient Egyp! m 
tombs have yielded specimens ranging from two to eight p iid 
length and finished with gold heads or with decorative gold 53 
circling them at the top. Both the Greeks and Romans i 
ployed pins or brooches similar to the safety pin for fasten! 
clothing such as the tunic and the chlamys. 

In medieval Europe, early pins were skewers of is type 
ivory, silver, gold, and brass. Elaborate metal pins of this Us 
were made by hand and were so costly that only persons of we ‘a 
could afford them. The wooden skewer remained the common p 
of the poor until the middle of the 16th century. and 

Pins of drawn iron wire were made during the 15th century 
by the latter part of that century the manufacture of S 
was well established, particularly in France. The best cive 
pins of this period were made of brass. Despite early i was 
legislation in England, the demand for pins in that coun 0 
met largely by French makers, a condition that prevaile estal 
about 1626, when John Tilsby, of Gloucestershire, Eng., 
lished domestic manufacture on a firm basis. 4 ire some 

Pins of this period were commonly made by coiling а ete athe 
what thinner than that used for the pins, around a spit ore 
and cutting it into sections of two coils each. These СО B 
annealed (softened), attached to the ends of pins cut (0 Pia 
length, and pressed in a die to secure them to the pins. 


wood, bone, 
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was then soldered onto each pin and the other end was sharpened, 
after which the pin was straightened and blanched. 

Machine-made pins were introduced during the early part of 
the 19th century. Pinmaking machines were patented in England 
and the United States, and in both countries mechanical produc- 
tion of pins was established on a profitable commercial basis in the 
18305, In the U.S., the improved machines of Dr. John Ireland 
Howe were the basis for a successful manufacturing company he 
founded at New York, while Daniel Foote-Taylen, of Birming- 
ham, Eng., profitably applied the patents of Lemuel W. Wright. 

Subsequently many machines for making pins were developed. 
In general, all functioned in the following manner: stiff pin wire 
was drawn into the machine from a hank wound on a drum and was 
straightened by rapidly revolving rolls. A pin-length of the wire 
was gripped by a set of jaws so that the end of the wire extended 
alittle beyond the jaws. This pin-length was struck several times 
by a header-die to form the head of the pin, and the pin-length 
was cut off, carried along a shaft, and passed over a series of 
files or cutters to point the end of the pin. The completed pins 
were cleaned by being rapidly tumbled in sawdust and then treated 
to give them a thin coating of tin. A sticking device thrust the 
finished pins through crimped papers. These pinmaking machines 
were so efficient that advancement to completely automatic manu- 
facturing methods required few innovations in function or design. 

(E. L. Y.) 

PINACEAE, the pine family of conifers, composed of trees 
(rarely shrubs) of north temperate regions. Many members are 
of considerable economic importance, yielding timber, paper pulp, 
oils and resins and some are much cultivated for ornament. Mod- 
ern classifications admit nine genera: Abies (fir), Keteleeria, 
Pseudotsuga (Douglas fir), Tsuga (hemlock), Picea (spruce), 
Pseudolarix (golden larch), Larix (tamarack, larch), Cedrus (true 
cedar) and Pinus (true pine). Fir and true pines extend into lower 
latitudes at higher elevations, with the latter reaching Central 
America, The Pinaceae are monoecious (having male and female 
organs in the same individual) and have needlelike leaves, solitary, 
in fascicles, or on specialized short branches. The staminate or 
pollen-bearing cones are solitary or clustered, and consist of numer- 
ous spirally arranged scales, each bearing two pollen sacs. The 
ovulate or seed-bearing cones are compound; the numerous spirally 
arranged scales are free from the subtending bracts and bear two 
Inverted ovules on their upper side. In the true pines the bract dis- 
appears in the mature cone. The embryogeny of the Pinaceae is 
Complex; only one of the many embryos formed survives to ma- 
turity, "There are two to many seed leaves, or cotyledons. 

See also CONIFERS, (R. W. H.) 

PINAR DEL RÍO, a province and its capital city in the west- 
trnmost section of Cuba. The population of the province in 1962 
Was 503,987; area, 5,212 sq.mi. (13,499 sq.km.). Low ranges form 
the backbone of the long, narrow province. The sandy soils of 
the southern plain produce some of the world’s best tobacco. 
Pine forests have been much exploited. Copper at Matahambre 
as been mined since 1913. 

he city of Pinar del Rio was founded about 1775 and was given 
official name of Nueva Filipina in 1800 as the capital of the 
Western jurisdiction of Cuba, Its importance, dates from about 
1830 with the development of the tobacco industry of the Vuelta 
bajo region, The population of the town was 3,000 in 1865 and 
reached 9,000 in 1900. With completion of the railway from 

avana, 110 mi. distant, came the development of the city as a 
commercial centre of a large rural area. In addition to high- 
quality cigar tobacco, the region produces sugarcane, rice, pine- 
Apples, coffee, and livestock. 
tio he city is situated in the hilly pinelands at about 160 ft. eleva- 
ү n near the base of the Sierra de los Organos, whose steep sides 
XL. TOUS limestone give the appearance of giant haystacks. The 
Ту is bordered on the east by the Arroyo Yagruma, a tributary 
d the Guamá River. Industries include the manufacture of 
MUS Cigarettes, and furniture. Since the completion of the Cen- 
ће Highway in 1931 with Pinar del Rio as the western terminus, 
n City’s population grew from 20,000 to 38,885 in 1953 and an 

imated municipal population of 121,510 in 1962. (D. R. D.) 


1083 


PINCHBECK, a gold-coloured brass named after London 
clockmaker Christopher Pinchbeck who first introduced the alloy 
(a brass containing about 15% zinc) in 1732 for the manufacture 
of imitation-gold jewelry. The term came to be used for any 
flashy or imitation jewelry. See Brass: Colours of Brass. 

PINCHOT, GIFFORD (1865-1946), pioneer of U.S. pro- 
fessional forestry and prominent public official, was born at Sims- 
bury, Conn., on Aug. 11, 1865. He graduated from Yale in 1889 
and afterward studied at the École Nationale Forestiére, Nancy, 
France, and for briefer periods in Switzerland, Germany, and 
Austria. Upon his return he began the first systematic forestry 
work in the United States, in the Vanderbilt Forest, at Biltmore, 
N.C., in 1892. In 1896 he was made a member of the National 
Forest Commission that worked out the plan of U.S. forest reserves, 
and in 1897 he became confidential forest agent to the secretary 
of the interior, to examine and report upon the reserves. In 
1898 he was appointed chief of the division, later the Bureau of 
Forestry, and then the forest service in the Department of Agricul- 
ture, which office he held under presidents McKinley, Roosevelt, 
and Taft until 1910. During the period of his administration the 
entire forest service system and administrative machinery was 
built up, and Pinchot’s enthusiasm and publicity work did much 
for the conservation movement in general. He also served as a 
member of the Committee on Public Lands, 1903, and the Inland 
Waterways Commission, 1907. In 1908 he became chairman of the 
National Conservation Commission, and in 1910 president of the 
National Conservation Association, He founded the Yale School 
of Forestry at New Haven, as well as the Yale Summer School 
of Forestry at Milford, Pa., and in 1903 became professor of for- 
estry at Yale. His books on forestry included A Primer of For- 
estry (1899) and The Training of a Forester (1917, 4th ed. rev. 
1937). He was appointed state forester of Pennsylvania in 1920 
and began a systematic administration of the forest areas of that 
state. With Theodore Roosevelt he helped to found the Bull 
Moose Party in 1912. From 1923 to 1927 and from 1931 to 1935 
he was governor of Pennsylvania, and in his first term forced a 
reorganization of the state government and the establishment of 
a budget system. He was also able, in 1923, to settle an important 
anthracite coal strike by arbitration. He died in New York, N.Y., 
Oct. 4, 1946. His autobiography is Breaking New Ground (1947). 

PINCKNEY, CHARLES (1757-1824), U.S. political leader, 
diplomat and influential member of the convention that framed the 
US. Constitution, was born Oct. 26, 1757, in Charleston, S.C. 
After the American Revolution, during which he was captured and 
held prisoner by the British, Pinckney served in the Continental 
Congress (1784-87) where he opposed abandonment of the right of 
navigation on the Mississippi, supported a more effective revenue 
system and urged a convention to revise the Articles of Confedera- 
tion. As a member of the Constitutional Convention of 1787 
Pinckney proposed a detailed plan of government generally re- 
ferred to as the Pinckney plan. Though the original Pinckney 
draft was not preserved, it is known to have contained 31 or 32 
provisions that were incorporated into the new federal constitu- 
tion. Pinckney probably had as large a share in determining the 
style, form and content of the constitution as any one individual. 
He supported the ratification of the constitution in South Caro- 
lina, presided over the convention (1790) which remodeled the 
South Carolina constitution and as governor (1789-92) guided 
the early steps of adjustment between the state and federal gov- 
ernment. 

Pinckney began his political career as a Federalist but (1791) 
transferred his allegiance to the Jeffersonian Republican Party. 
He served that party in the South Carolina legislature (1792-96, 
1810-14), as governor of the state (1796-98, 1806-08) and as 
USS. senator (1798-1801) and U.S. representative (1819-21). Не 
supported amendments to the state constitution that gave greater 
representation to the back country and established white manhood 
suffrage. In 1798 he opposed Federalist policies, thus estranging 
his cousins Charles Cotesworth Pinckney and Thomas Pinckney 
(gq.v.). In 1820 he bitterly assailed the proposed restrictions on 
slavery in Missouri. 

As U.S. minister to Spain (1801-05), Pinckney negotiated a 
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convention providing for a joint tribunal to settle spoliation claims 
and the restoration to U.S. shippers of the "right of deposit" 
(temporary storage of goods) at New Orleans. He also won 
Spain's reluctant consent to Napoleon's sale of Louisiana, but 
the incorporation of part of West Florida into a U.S. customs 
district brought failure to his mission. 

Pinckney died at Charleston, S.C., on Oct. 29, 1824. 

See A. J. Bethea, The Contribution of Charles Pinckney to the Forma- 
tion of the American Union (1937). (F. M. G.) 

PINCENEY, CHARLES COTESWORTH (1746-1825), 
U.S. soldier, statesman, and diplomat who was a participant in the 
XYZ affair, was born in Charleston, S.C., Feb. 25, 1746. With 
his younger brother Thomas he was educated in England at Ox- 
ford university and the Middle Temple, and at the French military 
academy at Caen. 

Pinckney entered public service in 1769 as a member of the 
South Carolina assembly. He served in the first South Carolina 
provincial congress in 1775, on the council of safety, as chairman 
of the committee that drafted the plan of government for the 
colony and later in both houses of the South Carolina legislature. 
During the American Revolution he served as aide to General 
Washington at Brandywine and Germantown, Pa., and later com- 
manded a regiment at Savannah, Ga. He was taken prisoner in 
1780 at the fall of Charleston, was sent to Philadelphia, Pa., and 
exchanged in 1782 and was promoted to brigadier general in 1783. 

In the Constitutional Convention of 1787, where he served with 
his cousin Charles Pinckney (g.v.), he opposed religious tests 
for office, suggested 1808 as the date to end the slave trade and 
favoured senate ratification of treaties as a check on the execu- 
tive, He was one of the ablest defenders of the constitution in the 
South Carolina ratification convention. He was the architect 
of the provision in the state constitution of 1790 that provided 
two seats of government, one at Charleston and the other at Co- 
lumbia, S.C. 

When appointed U.S. minister to France in 1796 he was refused 
recognition by the French Directory and fled to Amsterdam, 
Holland. He returned to Paris the following year as a member 
of a commission that included John Marshall and Elbridge Gerry. 
When one of the group of French negotiators (later referred to 
in the correspondence as *X, Y and Z") suggested that the U.S. 
representatives offer a gift, Pinckney is said to have replied, “No! 
No! Not a sixpence!” The mission was a failure and an unde- 
clared war between France and the U.S. ensued. Pinckney re- 
turned home and was commissioned a major general. 

The unsuccessful Federalist candidate for vice-president in 1800 
and for president in 1804 and 1808, Pinckney spent his later years 
in successful law practice. He also aided in the establishment of 
the South Carolina college (1801) and served as president general 
of the Society of the Cincinnati (see CINCINNATI, SOCIETY OF THE) 
from 1805 until his death on Aug. 16, 1825. 

See C. C. Pinckney, Life of General Thomas Pinckney (1895). 

(F. M. G.) 

PINCKNEY, THOMAS (1750-1828), U.S. soldier, poli- 
tician, and diplomat who negotiated the treaty of San Lorenzo el 
Real with Spain, was born Oct. 23, 1750, in Charleston, S.C. 
With his older brother Charles Cotesworth Pinckney he was edu- 
cated in England at Oxford university and the Middle Temple, 
and at the French military academy at Caen. He was admitted 
to the bar in 1774 in South Carolina and entered military service 
at the outbreak of the American Revolution. He was engineer at 
Fts. Johnson and Moultrie and served in the Florida campaign. 
After being wounded at Camden, S.C., and captured, he was sent 
to Philadelphia, Pa., and eventually exchanged. 

Pinckney's plantation home, Auckland, was burned by British 
troops in 1779 and his slaves and livestock were carried away. 
After the war, Pinckney turned to law to recoup his fortune. He 
served as governor of South Carolina from 1787 to 1789 and as 
president of the state convention that ratified the federal consti- 
tution in 1788. 

Pinckney was U.S. minister to Great Britain (1792-96) and 
envoy extraordinary to Spain (1795). Persona non grata in 
Britain, he bombarded the foreign office with demands and protests 
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that were generally ignored. Bold, persistent and yet tactful in 
dealing with Manuel de Godoy of Spain, Pinckney negotiated the 
treaty of San Lorenzo el Real (1795), or the Pinckney treat 

whereby Spain surrendered all claim to territory east of the М 
sissippi river and north of 31° N. latitude, granted freedom of 
navigation on the Mississippi, extended the “right of deposit” 
(temporary storage of goods) at New Orleans and agreed to ۾‎ 
joint settlement of claims and restriction of Indian depredations 

Pinckney was the Federalist candidate for vice-president in 
1796 and member of the U.S. house of representatives (1797- 
1801). State rights in his views, he voted against the Alien and 
Sedition laws. As a major general in the War of 1812 he saw lit. 
tle active service but was with Gen. Andrew Jackson at the war's 
end. A scientific planter, Pinckney built dikes to reclaim salt 
marshes for rice culture, and imported English and Italian cattle 
to improve his dairy cattle and work oxen. He was a frequent 
contributor to The Southern Agriculturist. He served as presi- 
dent general of the Society of the Cincinnati (see CINCINNATI, 
SOCIETY OF THE) from 1825 until his death on Nov. 2, 1828. 

See С. C. Pinckney, Life of General Thomas Pinckney AE 

(F. M. G.) 

PINDAR (c. 518-c. 438 в.с.), the greatest of the Greek choral 
lyrists, is a poet of high rank and of special importance in Greek 
literature because he stands outside the main Ionic-Attic stream 
of development and embodies in his work a vision of the world that 
is peculiarly his own. 

A biography of Pindar transmitted with his works in ancient 
times survives in four versions, much altered and corrupted, in 
medieval manuscripts. The earliest authority quoted is Chamae- 
leon (c. 300 в.с.). Material came from various sources in addition 
to the poems themselves. The account of Pindar's musical train- 
ing goes back to scholarly work on the history of music; informa- 
tion relating to Thebes and Delphi was preserved by local ciceroni; 
the story of his reward by Athens was probably a rhetorical topic. 
There was also, as was usual in ancient biography, a certain em- 
broidering of the theme with legend and anecdote. у 

His floruit (it is not known on what evidence) was placed in 
480, the year of the Persian invasion, which on the usual reckoning 
would place his birth in 520. The date given by the biography is 
the 65th Olympiad (520-517), Pindar himself (fragment 193), 
however, dated his birth in a Pythian year, which in the 65th 
Olympiad would be 518. In view of the uncertainty of the dating 
by floruit and the possibility that the Olympiad is a mere deduc- 
tion from it, many scholars have felt it open to choose between 
the Pythian years 522 and 518. 

Pindar was born at Cynoscephalae, a village near Thebes, 
Thebes itself was his home. There his house was shown as ا‎ 
the 2nd century A.D. and to it was attached the famous story 0 
its sparing by Alexander the Great in the sack of 335. He was no 
doubt of good birth, but the view that he was a member of з 
family of the Aegeidae rests on an uncertain interpretation of his 
words in Pythian v.76. To his youth is attached the pretty б. 
of the bees who built their honeycombs upon his lips as he ы 
and anecdotes tell of his relations as pupil or competitor wit ei 
Boeotian poetesses Myrtis and Corinna. He was ШШ, 
by Scopelinus and like other boys of his social class had px 
education in the poets, among them Hesiod, in whom Bots 
already boast a poet of Panhellenic stature. The rich trac!’ 
of Thebes must have filled his mind; there Cadmus had bo 
dragon’s teeth, there Dionysus and Heracles were born ait, 
belonged the epic story of the Seven against Thebes and the 
tale of Oedipus. hich 

The education begun at home was continued in Athens, M Of 
at the end of the 6th century was pulsing with new artistic li А 8 
the two musicians named as his teachers Agathocles is recor ieg- 
the teacher of Damon but Apollodorus is unknown. °°" of 
sonably be conjectured that in Athens he made the acquaint only 
Aeschylus, a kindred spirit and near contemporary. Megacles 
epinician odes to Athenians are Pythian vii in honour of 
the Alcmaeonid and Nemean ii in honour of Timodemus, in 

à ` ent 16) 
of his most famous poems was the dithyramb (fragmen. ch the 
honour of Athens the “violet-crowned,” in gratitude for W 


and 
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Athenians are said to have given him 10,000 drachmas and made 
him their representative at Thebes. 

Of the external events of his adult life the biographical sources 
have little to tell. He is said to have been married and to have 
had two daughters and a son, Daiphantus, whose name was prob- 
ably known from the poems, and to have had close relations with 
Delphi, where later the seat on which he used to sing was pointed 
out by the guides and where his descendants enjoyed certain he- 
reditary privileges. For the rest the modern scholar is dependent 
on what can be deduced from his works with such aid as is given 
by the ancient commentaries. These scholia, along with some ex- 
ternal evidence, make it possible to establish a reliable chronology 
for the Olympian and Pythian odes (see Works, below), which 
serves as a framework for an account of his literary career. 

Pindar's first dated poem, Pythian x, was commissioned in 498 
by Thorax, chief of the Aleuadae of Larissa in Thessaly. It is 
dificult to detect in it any marked traces of youth; in vocabulary 
italready shows some of his favourite words and it shows also the 
self-respect which characterizes him in relation to his clients. In 
490 he made his first contact with Sicily (Pythian vi, xii) and in 
these early years he first wrote for patrons in Aegina, a city with 
which he seems always to have felt the closest sympathy (Nemean 
ү, vii). In 480 came the Persian invasion in which Thebes went 
over to the enemy and Delphi, too, played a dubious part. In a 
poem of this time (fragments 110, 109) Pindar seems to have 
warned his townsmen of the dangers of war and counseled them 
to peace and quietness. After the Greek victory Thebes narrowly 
escaped destruction and Isthmian viii, without being explicit, re- 
flects his mood. A few years later, however, he spoke without 
reserve in Pythian i of the glorious battles for freedom at Salamis, 
Plataea and Himera, and the war and his equivocal position as a 
Theban had no apparent effect on his career, which now reached 
its climax in his Sicilian period. It has been generally held, though 
there is no direct evidence, that he visited Sicily (476-474) as guest 
of Hieron of Syracuse; the strong tone of personal feeling in some 
of the Sicilian odes is easier to understand on that assumption. 

In the years that followed, he maintained connection with Sicily 
and wrote for clients in various states, including Rhodes (Olym- 
Pim vii) and Corinth (Olympian xiii) in 464. It is of special 
interest that the formal ode for Xenophon of Corinth can be sup- 
plemented by fragment 122 which gives a rare glimpse of Pindar in 
û lighter vein, somewhat embarrassed, perhaps, at having the tem- 
ple prostitutes of Aphrodite as the matter of his song. Already in 
474 he had written Pythian ix for a Cyrenaean and in 462 he wrote 
P Ythians iv and v in honour of the king Arcesilaus. Pythian iv was 
Commissioned by a Cyrenaean exile as a peace offering, and once 
more Pindar plays the part of adviser to a monarch, but without 
the intimacy that marks his relations with Hieron. 

By 460 the rise of Athens had brought the danger of subjection 
to many Greek states, including Aegina, and it threatened, also, 
Ways of thought and life to which Pindar was attached. The battle 
of Oenophyta in 457 brought Boeotia itself under Athenian domi- 
Mation, and it was not till after the battle of Coronea (446) that it 
tegained its freedom. Aegina remained tributary to Athens. 
indar's position as an international poet must always have been 

fficult in difficult times. According to one version of the story his 
tllow citizens had fined him for his dithyramb in honour of Athens, 
ind there are traces in his work of an effort to assure them of his 
Ey. His last dated poem is Pythian viii for an Aeginetan in 
ie It contains no overt political statement, but it has been 
а d to convey a veiled allusion to Athenian hybris, and it con- 
b», 5 with à prayer for the freedom of Aegina with the blessing 
* eus and its heroes Aeacus, Peleus, Telamon and Achilles. The 
ES date of Pindar's death is uncertain. He is said to have died 

€ arms of his favourite, Theoxenus, in the gymnasium or the 
Dre of Argos; the story may be an invention based on his strik- 

* Jove-poem in honour of Theoxenus of Tenedos (fragment 123). 
Pina, the time of his death the art of choral lyric as practised by 
lic àr was already outmoded, but it is clear from the papyri that 
E. Ontinued to be read into late antiquity, and his works afforded 

rich field of study. for ancient scholars. When his poems became 

own in western Europe (first edition 1513), he attracted imi- 
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tators, among whom Pierre de Ronsard was especially influential, 
and the fashion for “Pindaric odes” continued in the 17th and 18th 
centuries (see PINDARICS). 

Works.—Pindar’s career was that of professional choral lyrist. 
Choral performances combining words, music and dance go back to 
great antiquity in association with religious festivals and impor- 
tant social occasions such as marriages and funerals, but by the 
5th century they had become less specific and functional, so that 
dithyramb and tragedy might have "nothing to do with Dionysus" 
and the boundaries of the genres were partly obliterated. The 
forms cultivated by Pindar according to the Alexandrian edition, 
which presented his poems in 17 books, were the hymn, the paean, 
the dithyramb, the prosodion (procession song), the partheneion 
(maiden-song), the hyporchema (song with mimic dance), the 
encomion (panegyric), the threnos (dirge) and the epinician ode. 
The four books of the epinicians, arranged according to the four 
great festivals as Olympian, Pythian, Nemean and Isthmian, have 
been preserved. The other works are known only from fragments, 
but some of these are substantial enough to give an,adequate idea 
of content, structure and style. 

The epinician ode is an ode of victory in honour of a winner 
in the games. It is not one of the older forms and took shape in 
the 6th century, particularly in the hands of Simonides. There was 
a basis in improvised celebration, but the form as it has survived 
is highly literary. Though the structure is not fixed, there is a 
certain uniformity in content and arrangement. The occasion de- 
mands a reference to the victor and the nature and place of his 
victory; to this may be added reference to victories by members 
of his family or a compliment to his trainer, The contests are not 
described in detail; Pindar does not give the impression of an 
expert and interested spectator. Generally, but not always, there 
is a myth more or less elaborate and more or less relevant to the 
occasion. There also is a gnomic element of wise sayings and 
reflections on life either from the poet's own store or backed by 
ancient authority. These elements constitute a “program” that 
can be applied on all occasions. The poet may also speak in his 
own person in passages which reflect his own personality and his 
relation to his theme. Reference to gods, heroes and abstract 
powers gives the whole a colour of religious solemnity. 

A few poems are in stanza form, but the metrical structure is 
mainly “triadic”; the unit is a system of three elements, strophe 
with metrically corresponding antistrophe and epode of different 
form. This system may be repeated at will; the longest poem has 
13 such groups. Though Pindar mainly confines himself to two 
types of metre, the so-called dactylo-epitrite and Aeolic (see 
Prosopy, CLASSICAL), each poem is a new and elaborate structure 
and the composition represents a remarkable tour de force as com- 
pared with monodic lyric, which is constructed by the repetition 
of a simple fixed stanza. The poet was responsible, also, for the 
music and the choreography which must have contributed much to 
the effect. 

The dialect of the odes is an international literary dialect fitted 
to be understood from Asia Minor to Sicily. It is influenced by 
epic and because of the history of the genre has a Doric colour 
with some elements of Aeolic; there is little trace of Pindar’s na- 
tive Boeotian. The style, which seems to bear the mark of his own 
personality, appears fully formed at the beginning of his career 
and remains remarkably constant. It is designed not to convey 
an ordered system of ideas, but to give a uniform poetic colour 
and to secure a uniform poetic emphasis. Pindar is fond of certain 
emotive nouns and of some vaguely emotive adjectives, but, in 
general, he does make his adjectives tell. For his purpose nouns 
outweigh verbs, and he uses certain verbs to link his nouns with 
little regard to their specific meaning. The connection of sen- 
tences and clauses is loose; he has a simple apparatus of particles 
and sometimes uses none. A too prosaic subordination is avoided, 
and there are some violent uses of apposition. Within the sen- 
tence, to make the elements tell with greater force, he alters the 
natural order of words or holds a key word in suspense. The most 
pervasive general feature of his style is metaphor; he is metaphori- 
cal throughout and is sometimes betrayed into the grotesque. 

Sequence of thought is not always easy to trace. Transitions 
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are made by loose association, particularly in passing from the 
“occasional” to myth, and the return is often abrupt. The gnomic 
and personal elements are sometimes obscure and the myth is some- 
times hard to relate to its context. A certain lack of unity has 
been accepted by some critics as arising inevitably from the na- 
ture of the epinician ode; others have attempted, sometimes by 
forced or cryptic interpretation, to find everywhere a unifying 
train of thought. More success has attended those who, while 
accepting the absence of formal unity, have seen an inner unity 
in the poet's interpretation of his theme, which binds together the 
occasional, the mythical and the gnomic and finds a place for him- 
self also, For the original audience the powerful psychagogic ef- 
fect of the language, which gives the same brilliant colour to all 
parts of an ode, must, along with the music, have disguised any 
difficulty of structure. 

There is evidence in the sources for Pindar’s life of personal 
religious devotion and his work is permeated by religious feeling. 
The great games are not mere secular festivals and to have gained 
victory raises a man to a pinnacle of glory, makes him a bene- 
factor of his city and brings him near to those heroes of his land 
who themselves once were men and whose worship proves that men 
may attain to something of the divine, In this context the myths 
are not mere ornament, though they differ greatly in their depth 
of meaning and in their degree of relevance. In Pythian vi the 
story of Antilochus is a simple example of filial piety, while the 
magnificent opening of Pythian i with its picture of divine harmony 
and of violence enchained is of deep symbolic significance. 

In more elaborate myths various purposes can be combined as in 
Pythian iv, where the Argonautic story is a splendid ornament, but 
is also relevant both in relation to the foundation legend of Cyrene 
and in the lesson it conveys in the character of Jason. The myths 
were not transmitted as dogma, so that the poet feels free to recast 
what offends. In Olympian i he dismisses as the invention of 
“envious neighbours” the traditional story that Pelops was served 
up as a meal to the gods by his father Tantalus and partly eaten 
and substitutes his own version that Pelops was carried off by 
Poseidon as Ganymede was by Zeus. Divine homosexual love (a 
link between the divine and the human) was more acceptable to 
him than divine cannibalism. Similarly in Pythian iii the omnis- 
cient mind of Apollo perceives from afar the infidelity of his lover, 
where in the original story the evil tidings were brought by a “lit- 
tle bird,” the crow which was turned black for its pains. A more 
radical re-thinking was alien to his nature. It would be a distor- 
tion to consider the myths only from the point of view of relevance 
or inner meaning. In them he has displayed his greatest art and 
created scenes of great beauty and wonderful evocative power. 

Pindar shows a proud confidence in the inborn genius which 
raises him above his plodding rivals and a deep sense of his high 
vocation as poet. That great deeds will perish in oblivion without 
song and that only the wisdom of the poet can truly interpret 
them by elucidating the values that they enshrine is a conception 
to which he gave expression in the hymn to Zeus, when he described 
how the muses were created to celebrate the mighty works of Zeus 
himself and his ordering of the universe, and in a well-known pas- 
sage of fragment 133 he joins the poet with “noble kings and men 
of fleetness and strength” in the special class of those who after 
re-incarnation become “holy heroes” in the eyes of men, This con- 
ception of function and status is illustrated on a grand scale in 
his relations with Hieron, On the one hand by poetic interpre- 
tation he links Hieron as ruler, conqueror of barbarians and 
city-founder with the divine and the heroic and invests him with 
something of the prestige of ancient royalty; on the other, as sage, 
he meets him on a footing of equality and reads him a lesson on 
the duties of a prince. 

Pindar is not a writer who can be approached easily by a modern 
reader on the basis of common humanity or community of thought. 
The background of the epinicians is narrow and peculiarly Greek 
and his thought is neither historical nor philosophical. It is true 
that his ethical and religious values are not unfamiliar. They are 
those of an old-fashioned aristocracy which thought highly of 
physical prowess and was suspicious of the intellectual; which 
valued hereditary quality and family tradition; and which de- 
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lighted in the opportunities of self-expression and display that were 
given by inherited wealth. This conservative attitude has its moral 
and religious aspects; success does not come without willi 
ceptance of toil, danger and high adventure, and power should be 
combined with magnanimity and courtesy and used in support of 
peace and order as by Zeus himself; however powerful and SUC 
cessful, man must recognize his human station and accept that 
vicissitude is his lot. It is less easy, though much has been done 
by sympathetic interpreters, to understand Pindar’s vision of the 
human scene transfigured in a kind of splendour and made intel- 
ligible not by generalization and abstraction but concretely by 
myth, It is only by an effort that the reader can find his way 
into this world of archaic thought and not all readers like what 
they find there. 

Even lovers of Greek poetry have felt for Pindar only an imper- 
fect sympathy and have given him only qualified praise as a poet 
of high, but not of the highest, rank. The brilliance of his lan- 
guage, the strength of his personality and his sense of the poet's 
function are immediately obvious, but his thought does not satisfy 
because he attains his aim by a too facile transfiguration of reality 
and a too great readiness to disguise its harsher aspects by "turn- 
ing the fair side outward.” We are too well schooled in history 
to look at Syracuse with Pindar’s eyes, and myth, even though 
we may learn to understand his use of it, may remain remote and 
unreal and fail to touch our emotions. Pythian ix is brilliant, 
but it has the brilliance of a religious picture in which we can 
admire the skill of the artist and yet, because the religion itself is 
alien, remain unmoved. But if Pindar cannot capture our minds 
and rarely touches our hearts, he can impress by his grandeur and 
he has helped to create for us by his art that Greece of the imagi- 
nation which has sometimes had more power than the real—the 
ideal Greece of gods and heroes, and of athletes in the strength 
and beauty of youth. 

See also references under “Pindar” in the Index. 

BisLro0RAPHY.—Edition by B. Snell (with bibliography of editions) 
in the “Teubner Series" (1953; 2nd ed. 1959 et seq.); text with Eng. 
trans. by J. E. Sandys in the “Loeb Series" (1915) and by L. R. Farne 
(1930); Eng. trans. by R. Lattimore (1947). Scholia ed. by A. В. 
Drachmann in the “Teubner Series” (1903-27). See also F, Schwenn in 
Pauly-Wissowa, Real-Encyclopädie der classischen Altertumswhsser- 
schaft, vol. 20, col. 1606-97 (1950) ; G. Norwood, Pindar (1945); J. Н 
Finley, Pindar and Aeschylus (1956); R. W. B. Burton, Æ 
Pythian Odes (1962). (An, См 

PINDARI, a word meaning an irregular horseman and plun- 
derer, first applied to foragers attached to Muslim armies in India, 
who were allowed to plunder in lieu of pay. The word is Marathi, 
and probably derives from two words meaning “bundle of grass 
and “who takes.” The same men followed the Maratha bands who 
raided Mughal territory from the late 17th century. Wil 
collapse of the Mughal Empire in the 18th century, these camp 
followers organized themselves into groups, each band being usually 
attached to one of the leading Maratha chiefs. As the Maratha 
chiefs themselves grew weak at the end of the century the Pindar 
became largely a law unto themselves, conducting independent ra! 
from hideouts in central India. The majority of the leaders were 
Muslims, but they were recruited from all classes. dn 

When the regular forces of the Marathas had been broken s 
the campaigns conducted by Sir Arthur Wellesley (later duke 0 
Wellington) and Lord Lake (1803-04), the Pindaris ma p the 
headquarters in Malwa (q.v.), under the tacit protection 0 hia 
rulers of the states of Gwalior and Indore, respectively the pea 
and Holkar dynasties. They usually assembled annually in NO 
ber to set forth over British territory in search of рала es 
such raid upon the Masulipatnam coast they plundered 339 vi of 
killing and wounding 682 persons, torturing 3,600, and ош 
much valuable property. In 1808-09 they plundered Guj 000 
in 1812 Mirzapur. In 1814 they were reckoned at 25,000 by ein- 
horsemen, half of them well armed. At last the evil becam t- 
tolerable, and іп 1816 the marquess of Hastings, 85 go to the 
general, obtained the consent of the East India Company | The 
organized campaign known as the Pindari War (181748) ing 
Pindaris were surrounded on all sides by a great army; ius 
of 120,000 men and 300 guns, which converged upon 
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Bengal, the Deccan, and Gujarat under the supreme command of 
Lord Hastings in person. Sindhia was overawed and forced to 
sign the Treaty of Gwalior (1817), consenting to aid in the extirpa- 
tion of the Pindaris. The peshwa at Poona, the Bhonsla raja at 
Nagpur, and the army of the infant Holkar each took up arms, but 
were separately defeated. The Pindaris themselves offered little 
opposition. They ran hither and thither; most of the leaders sur- 
rendered and their followers dispersed. The most daring of them, 
Chithu, fell to a tiger in the jungle. 
Sec Sir J. Malcolm, Memoir of Central India, vol. i, ch. 10 (1823) ; 
Sir J. F. G. Ross-of-Bladensburg, The Marquess of Hastings (1893). 
(D GEES) 
PINDARICS, irregular rhymed odes in which length of line 
and of stanza are capriciously varied, so as to suggest, but not to 
reproduce, the style and manner of the odes of Pindar. Abraham 
Cowley's Pindarique Odes (1656) set a fashion for those who 
wished to escape for a time from the bondage of the heroic couplet. 
William Congreve, who confessed that he had been one of Cowley's 
imitators, in A Discourse on the Pindarique Ode (1706), con- 
demned these poems as “а bundle of rambling, incoherent thoughts, 
expressed in a like parcel of irregular stanzas,” and pointed to the 
triadic structure of the true Pindaric, which he now imitated in 
an Ode to the Queen. Thomas Gray's two Pindaric odes “The 
Bard" and “The Progress of Poesy” are similarly correct, but the 
majority of English poets continued to prefer Cowley's licence 
to the inhibitions of scholarship. The romantic poets, clamorous 
for liberty in all its guises, disported themselves in this metrical 
wilderness with even livelier enthusiasm. Pindar's song remains, 
as Cowley said, unnavigable, but the genuine imitations of Jon- 
son, Congreve and Gray hardly surpass the spurious Pindarics of 
Dryden’s ^Alexander's Feast," Wordsworth’s “Ode оп Intimations 
of Immortality,” Coleridge's “Dejection,” Shelley’s “Ode to Na- 
ples,” and Tennyson's “Ode on the Death of the Duke of Welling- 
ton,” (E. J. M. Bn.) 
PINDEMONTE, IPPOLITO (1753-1828), an eloquent 
Italian poet of preromantic sensibility, was born at Verona, Nov. 
13,1753, the son of a nobleman. He was educated in the Collegio 
San Carlo, Modena, and after visiting various parts of Italy he 
settled in his native region (1784), where, inspired by the English 
landscape poets, he composed in 1785 a sequence of tender, melan- 
tholy verses known as the Poesie campestri (1788). He then went 
lo Paris, the result of his experiences being the poem La Francia 
(1789) and a prose satire on the political conditions in Europe 
called Abaritte (1790). With the Reign of Terror Pindemonte 
ost faith in the French Revolution; and after living for a time in 
London, Berlin and Vienna, he returned to his villa and published 
the Prose campestri (1794), a companion volume to the earlier 
verses. Between 1805 and 1819 Pindemonte prepared his highly 
prized translation of the Odyssey (1822). His other works in- 
dude the tragedy Arminio (1804), I Sepolcri (1808)— reply to 
80 Foscolo's poem on the same subject—4/ colpo di martello del 
“трапйе di San Marco (1820) and many verse Sermoni (1819). 
He died at Verona, Nov. 18, 1828. 3 
His brother, GIOVANNI PINDEMONTE (1751-1812), poet, drama- 
IS and politician, was born at Verona on Dec. 4, 1751. He held 
an office in the governments of Venice and Milan; but he also 
‘i Many years in exile. He wrote lyric poetry and tragedies, 
on of which, such as Ginevra di Scozia and Lucio Quinzio Cin- 
"1010, were influenced by Shakespeare as well as by Vittorio 


eri. He died i ў 
А понео ір У аи Jan. 25, АУТА Pindemonte, ed. by 
be hg 11838); L'Odissea, ed. by G. Reichenbach (1928); Le più 
Se M Sine di Ippolito Pindemonie, ed. by G. B. Angioletti (1933). 
тон. cherillo, Ippolito Pindemonte (1919) ; O. Bassi, Fra classicismo 
manticismo, Ippolito Pindemonte (1934). (D. M. Wr) 
north, US (modern Greek PinpHos), a range of mountains in 
táit rn Greece, running from north-northwest to south-south- 
ап forming part of the main backbone of the country. The 
“extends for about 68 mi. from the Métsovon Pass in the north 
txt “ущ east of Karpenision in the south (some modern writers 
reek the term to cover the whole central mountain system of the 
TAE Peninsula). Its average width is about 20 mi. and its gen- 
height about 6,000 ft., but it rises to 8,651 ft. in Mt. Smolikas 


1087 


in northern Greece. It consists generally of a gently un- 
dulating limestone surface, scored by abrupt and virtually im- 
passable ravines, notably that of the Mégdhova River. The Pindus 
Range forms the traditional boundary between the districts of 
Thessaly (Thessalía) and Epirus (Ípiros), and within it are found 
the sources of the five principal rivers of northern Greece—the 
Aliákmon, Piniós, Akhelóós, Árakhthos, and Aóós. Its eastern 
edge, above the plains of Thessaly, is formed by a straight escarp- 
ment, but it sends off a number of spurs to the west. Despite ruth- 
less felling, the Pindus Mountains still carry some of the finest 
forests in Greece, of silver fir and Corsican pine, with oak and 
chestnut on the lower slopes. After the snows melt in April, the 
plateaus above the tree limit provide rich summer pastures for the 
flocks of migrant Vlach shepherds. (Wm. C. B.) 

PINE, the name of an English engraver and his two sons, both 
painters. 

JOHN PINE (1690-1756) operated a print shop in London, and 
thus was able to publish books illustrated with his own engravings. 
It is not known where he learned his art, although he may have 
studied under Bernard Picart. His first important publication, 
which is also one of the finest examples of his work, was a group 
of engravings of the ceremonies attending George I's revival of 
the order of the Bath (1730). His other productions include a 
copy of the Magna Carta; an edition of Horace and a part of one 
of Virgil; copies of the tapestries celebrating the defeat of the 
Spanish armada that hung in the house of lords; and several maps 
of London. In 1749 his friend William Hogarth depicted him as 
the friar in his painting *The Gate of Calais," and from that date 
Pine was known, to his considerable irritation, as Friar, or Father 
Pine. He died May 4, 1756. 

ROBERT EDGE PINE (1730-1788), his son, was born in London. 
In 1760 his painting “The Surrender of Calais" won for him first 
prize for historical subjects in the first exhibition held by the 
Society of Arts, and three years later he received the same award 
for his “Canute Rebuking His Courtiers on the Seashore.” He 
became widely known as a painter of portraits, particularly those 
of contemporary theatrical personalities. His likenesses of David 
Garrick, painted during this period, are regarded as especially 
fine. About 1783 he went to the United States, planning to paint 
the portraits of the leaders of the American Revolution, as well 
as historical scenes of the important events of the war itself. The 
plan never materialized, although he did make portraits of a 
number of contemporary statesmen, including Francis Hopkinson, 
George Washington, Robert Morris, Benjamin Franklin and John 
Jay. Many of Pine’s works went to the Columbian museum in 
Boston and were destroyed when that institution burned. He 
died in Philadelphia, Nov. 18, 1788. 

SIMON Prine (d. 1772), another son of John Pine, was a minia- 
ture painter at Bath. 

PINE, a name given by the ancients to several resinous, cone- 
bearing trees. Modern botanists restrict the use of the term to 
members of the genus Pinus (Pinaceae), which differs from other 
pinaceous genera in featuring slender, needlelike leaves, borne in 
fascicles of two to eight (rarely solitary), growing from a basal 
membranous sheath. Each tuft represents an abortive branch 
which springs from the axil of a partially deciduous, scalelike leaf, 
the base of which remains closely adherent to the stem. The nu- 
merous staminate catkins are arranged in dense spirals about the 
bases of young shoots of the season; the two-celled sessile anthers 
release an abundance of pollen through longitudinal slits; the 
ovuliferous flowers are composed of several spirally arranged 
bracts each subtending a scale with two basal ovules. The fruit 
of the pines, a cone, requires two or rarely three seasons to mature. 
It is composed of numerous woody, armed or unarmed scales 
spirally arranged about a woody central axis, each bearing two- 
winged, or rarely wingless, seeds. The cones of several species 
open at maturity to release their seeds, others remain closed for 
several seasons; still others require the heat of a forest fire to 
open them in appreciable quantities. In such instances vast 
amounts of viable seed are accumulated through the years, which, 
when released, completely reseed burned-over areas. 

The pines, which comprise about 9o species, are widely distrib- 
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uted over the north temperate zone, in the southern portions of 
which they are chiefly confined to the mountains. In Central 
America a few are found within the tropics. In more northern 
regions they frequently form extensive forests which are seldom 
invaded by other trees. One species, P. sylvestris, is native to 
Great Britain and about 55 are indigenous to North America. 
Pines are botanically soft woods, but commercially they may be 
designated as soft pines (easily worked) or hard pines (more 
durable and harder to work). Their soft or hard straight-grained, 
resinous and often durable woods are suitable for many purposes, 
and some are among the most esteemed of timber trees. 

This article considers first North American pines and second 
Eurasian pines. 


NORTH AMERICAN PINES 


The 55 or more species and major varieties of pine native to 
North America, including Mexico, may be grouped in two sec- 
tions, the soft pines and the hard pines. 


Sort PINES 


The soft pines have soft, close-grained wood, with thin, nearly 
white sapwood; the sheaths of the leaf clusters fall off early (de- 
ciduous); the leaves contain a single fibrovascular bundle, and, 
excepting those of the nut pines, are in five-leaved clusters. There 
are 17 species, only one of which, the eastern white pine, is found 
east of the Great Plains, the others occurring in the Rocky moun- 
tain region, on the Pacific coast and in Mexico. 

American soft pines are divided into four groups whose botanical 
designations and features are set forth below. 

White Pines.—The eastern white pine (P. strobus), known also 
as Weymouth pine, because of its large size and the soft, even 
grain of its white wood, is one of the most valuable of North 
American timber trees. It once formed extensive forests from 
Newfoundland to Manitoba, from Minnesota to Maine and south- 
ward in the mountains to Georgia, but it has been cut intensively 
so long that by the second half of the 2oth century very few old 
trees remained. On deep rich soil P. strobus may attain a height 
of 200 ft., and a trunk diameter of 4 to 6 ft. Its wood is durable 
for indoor use, especially when protected by paint, its smooth, 
easily worked grain rendering it a favourite wood for the carpenter 
and joiner. The western white pine (P. monticola) grows in the 
mountains of the northwestern United States and British Colum- 
bia, has light-brown wood and is extensively cut for lumber, espe- 
КУ in Idaho, the total cut in one year exceeding 188,000,000 

ft. 

The sugar pine (P. lambertiana) of California is the largest of 
known pines, often 200 to 220 ft. tall and with a trunk diameter 
of 6 to 8 ft., or occasionally to 12 ft. Its crown is pyramidal, 
with horizontal or slightly drooping branches, and bears slender, 
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Soft Pines 
Group Leaves Cones 
White pines in clusters of 5, 4” to | Long Stalked, wit 
P. strobus 6" long thin, unar Mii 
P. monticola Scales; seeds long 
P. lambertiana winged 
Stone pines inclusters of 5, about | short stalked, with 
P. albicaulis 334" long thick, unarmed 
P. flexilis _ scales; seeds short 
P. ayacahuite winged or wing- 
less 
Foxtail pines in clusters of 5,about | short stalked, the 
P. aristata 2" long, persistent scales armed on 
P. balfouriana for many years the back with a 
small, often decid- 
uous prickle; seeds 
long winged 
Nut pines in clusters of 2 to 4, | short stalked, few 
P. cembroides or solitary, about scales, the scales 
P. quadrifolia 2" long greatly thickened, 
P. monophylla unarmed, short 
P. edulis winged or wingless 


bright-green needles 2 to 4 in. long. The pendent cones are 4 to 
6 in. in diameter when open, sometimes to 24 in. long, and bear 
large, edible seeds. It is lumbered extensively, the cut after World 
War II exceeding 170,000,000 bd.ft. annually. 

Stone Pines.—Stone pines are typically timber-line species, 
and are more important as protectors of valuable watersheds than 
for the timber they produce. The whitebark pine (P. albicaulis), 
so called because of its chalky-coloured bark, extends along the 
mountains of the Pacific slope from British Columbia to the Sierra 
Nevada of California and eastward through Idaho to Montana and 
Wyoming. Limber pine (P. flexilis) is essentially a Rocky moun- 
tain tree. The Mexican white pine (P. ayacahuite) attains its 
northern limits in the southwestern United States. 

Foxtail Pines.—This group attains its name from the fact that 
the leaves persist on the branches for 10 to 15 years or more and 
simulate the bushy. aspect of a fox’s tail. Bristlecone pine (Р. 
aristata) is a tree of the southern Rocky mountains, while foxtail 
pine (P. balfouriana) is found on the coast and Sierra Nevada 
ranges of California. Both are small alpine trees. Needles of the 
former have superficial resin canals from which resin is exud 
upon the surface of the leaf. d 

Nut Pines.—Some authorities recognize but one species, P. 
cembroides, and classify the other forms as varieties of this spe- 
cies. The single-leaf piñon (P. monophylla) features one ani 
sometimes two needles in a fascicle. This tree occurs sporadically 
through northern Mexico and the southwestern United За 
The Parry piñon (P. quadrifolia) is the four-needle piñon of ш 
ern California and northern Lower California. Nut pine ed 
edulis), the most widely distributed tree of the group, Piin 
Mexican pifion has needles in clusters of two and three. do 
seeds of the group are very large and tasty and are sold in 
markets as “pine nuts.” 


Harp PINES 


The hard pines have usually heavy, coarse-grained, mostly ea 
coloured wood, with pale, often thick sapwood; the sheaths 0 
leaf clusters are persistent, except in the Chihuahua HE ie 
leiophylla); the leaves have two fibrovascular bundles, here 
arranged mostly in three-leaved and two-leaved clusters. en the 
are some 24 species about equally divided in number Бет the 
region east of the Great Plains and the region extending 19 
Rocky mountains to the Pacific coast. London tree 

The group of yellow pines with the leaves ordinarily yes 5 
leaved clusters includes several of the most valuable lustris), 
North America. Among these are the longleaf pine (UEM Ше pitch 
the slash pine (P. caribaea), the loblolly pine (P. taeda), tina) of 
pine (P. rigida) and the pond pine (P. rigida vat. sero e (P. 
the southern states, and the ponderosa or western yellow ш „and 
ponderosa), the Arizona pine (P. ponderosa var. arizon 


senta- 
Jeffrey pine (P. jefreyi) of the Pacific states. Other терге 
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tives of this group are the Monterey pine (P. radiata), the knob- 
cone pine (P. attenuata), the digger pine (P. sabiniana), and the 
Coulter pine (P. coulteri) of California and Oregon, and also the 
Chihuahua pine (P. leiophylla) of the Mexican border. 

The group of hard pines with leaves usually in two-leaved clus- 
ters also comprises several important trees. Among these are the 
red or Norway pine (P. resinosa), the gray or jack pine (P. 
banksiana), the spruce pine (P. glabra), the shortleaf pine (P. 
echinata), the Virginia pine (P. virginiana), the sand pine 
(P. clausa) and the table-mountain pine (P. pungens), of the 
region east of the Rocky mountains. Here belongs also the lodge- 
pole pine (P. contorta var. latifolia), found from New Mexico to 
Alaska. Another representative of the two-leaved group is the 
bishop pine (Р. muricata). The rare Torrey pine (Р. torreyana), 
confined to the California coast, is a five-needle pine, a condition 
rare among yellow pines. 

Longleaf pine (P. palustris) is the most notable yellow pine 
of the southern states; it abounds on sandy soils from the Caro- 
linas and Florida westward to Louisiana and Texas. The most 
marked feature of the tree is its long tufted foliage—the leaves, 
of a bright-green tint, springing from long white sheaths, being 
often a foot in length. The tall columnar trunk, sometimes 120 
ft. high, furnishes one of the most valued pine timbers of the 
United States; close-grained and resinous, it is very durable and 
polishes well; it is largely employed in construction work, and 
large quantities are exported, especially to Great Britain and the 
West Indies. This tree is the chief lumber-producing pine of the 
southern United States; it also yields large quantities of tar and 
turpentine, 

Loblolly pine (P. taeda}, a tall tree with straight trunk and 
spreading top, covers great tracts of the pine barrens of the south- 
ern states, but also frequently spreads over deserted arable lands 
that have been impoverished by long and bad farming; hence, the 
woodsmen call it the “old-field” pine, while, from the fragrance 
of its abundant resin, it is also known as the frankincense pine. 
It is a fine species 80 to roo ft. high, having sometimes a girth 
of 6 or 8 ft. The timber of this pine, though soft and brittle, is 
much used for lumber and pulpwood, but the forests of it are of 
no importance to the naval-stores industry because of the poor 
quality of the derived oils and turpentine. The shortleaf (P. 
echinata) and slash (Р. caribaea) pines are two other very impor- 
tant timber trees in the south, The latter extends over the Florida 
keys to several islands in the Caribbean. 

Ponderosa and Other Hard Pines.—Ponderosa, western yel- 
low or bull pine (P. ponderosa), which grows from 150 to 200 ft. 
high, with a massive trunk 5 to 8 ft. in diameter, is noted for its 
Soft, easily worked wood which is much softer than most other 
yellow pines; it is the most widely distributed American pine, 
being found in the mountain forests of western North America 
ftom British Columbia to South Dakota (Black hills) and south to 
Texas and Mexico. It is the chief lumber pine of the Pacific states 
Where it is second in importance only to the Douglas fir (q.v.). 
The similar Jeffrey pine (P. jefreyi) is confined to California and 
Lower California, The Coulter pine (P. coulteri) is remarkable 
for its enormous cones (sometimes 1 ft. long, 6 in. in diameter, and 
Weighing more than 4 1b.); the scales end in long hooked points 
curving upward; the leaves are long, rigid and dark green. Closely 
telated'to this is the digger pine (P. sabiniana) of California, the 
Cones of which are 7 to 9 in. long and 5 to 6 in. in diameter, also 
With hooked scales; the large nutlike seeds are eaten by the 
ndians; the tree sometimes attains a height of 8o ft. and a trunk 
diameter of 4 ft. 

he beautiful Monterey pine (P. radiata), found sparingly along 

И California coast, is distinguished by the brilliant colour of 

5 foliage, The Torrey pine (P. torreyana), with leaves 12 in. 

Ong, found only in a narrow strip some 8 mi. in length along the 

Coast near San Diego, Calif., and on Santa Barbara Island, is the 
ast Widely distributed of all known pines. 

Sett, € pitch pine (P. rigida), found from the coast of Massachu- 

5 southwestward throughout the Appalachian region, is a tree 
dip 40 to бо ft. in height, with rugged trunk, occasionally 

t. in diameter; the short dark-green leaves are in thick tufts. 
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contrasting with the pale-yellowish, usually clustered cones, the 
scales of which are furnished with small curved spines. Large 
quantities of a low grade tar and pitch have been obtained from 
this species, The tree is one of the few that will flourish in salt 
marshes. 


PINE LUMBERING IN THE UNITED STATES 


"The various native species of pine, several of which form forests 
of vast extent, constitute the chief source of softwood (coniferous) 
lumber produced in the United States. Commercially, the lumber 
cut from the various kinds of pine is known as white, yellow, 
ponderosa, sugar and lodgepole pine, and is classified under these 
descriptive names in the census of manufactures. White-pine 
lumber includes that produced from the eastern white or Wey- 
mouth pine, the western white pine, the gray or jack pine and the 
Norway or red pine, the two last named belonging botanically 
with the yellow pines. Prior to 19oo the eastern white pine was 
one of the chief lumber-producing trees in North America, but 
the original forests have become so depleted that the tree now 
contributes only a minor fraction of the lumber marketed as white 
pine. The lumber from the eastern white, the gray and the red 
pine is mostly cut in the northern border states from Maine to 
Minnesota. Western white-pine lumber is practically all produced 
in Idaho and Washington. 

Yellow-pine lumber is cut mainly in the southern states; 7096 
of the total is produced in five states: Mississippi, Louisiana, 
Alabama, Texas and Georgia, which rank in the order named. The 
kinds of pine furnishing yellow-pine lumber all belong to the 
pitch-pine group, and include the longleaf, loblolly, shortleaf, 
sand, slash, pitch, spruce, pond, table-mountain and Virginia pine, 
the longleaf, shortleaf, loblolly and slash pines ranking among the 
most important. 

Ponderosa-pine lumber, mainly cut from P. ponderosa, with 
some cut from P. jefireyi, is produced chiefly in Oregon, California, 
Washington, and Idaho. 

Sugar-pine lumber, cut from a single species (P. lambertiana) 
and produced commercially only in California (more than 95%) 
and Oregon, commands the highest average price at the mill of any 
pine lumber cut in the United States. Lodgepole-pine lumber is 
produced in small quantities in the Rocky mountain states: Wyo- 
ming and Colorado contributing about 90%; Montana and Utah, 
the remainder of the total footage. у 


EURASIAN PINES 


P. sylvestris.—The Scots pine (P. sylvestris) of northern 
Europe is typical of the two-needled pines. When grown under 
optimum conditions it is one of the finest of the group and is a 
very picturesque forest tree. Attaining a height of 70 to 120 ft., 
it is conical in youth, acquiring a mushroom crown in maturity; 
has a straight trunk 2 to 4 ft. in diameter; fiery red-brown bark; 
and gnarled, twisted boughs densely clothed with blue-green foli- 
age at the extremities. The leaves are rather short, curved and 
often twisted. In May or June the staminate cones fill the air 
with sulfurlike pollen and pollinate the purple carpellate cones, 
which are at first sessile and erect but become recurved on length- 
ening stalks. Fertilization occurs the next summer and the carpel- 
late cones mature in the autumn of the following year. Scots pines 
seldom shed their seeds until the third year. P. sylvestris occurs 
in varying abundance from Finland and Sweden to the mountains 
of Spain and the higher slopes of Etna, and longitudinally from 
the shores of the North sea to Kamchatka, U.S.S.R. Abundant in 
the Scandinavian peninsula, it is the fir (fur, fura) of the old 
Norsemen, and still retains that name in Great Britain, although 
it is a true pine. It grows vigorously on lower ground in Lapland 
and occurs up to 3,000 ft. in south Norway. The great forests 
from which Norway-pine timber is chiefly derived are on the lower 
slopes of the southeastern dales; in the higher altitudes it dwindles 
to a mere bush. It furnishes the yellow deal of the Baltic and 
Norway. In Germany, both on the mountains and the sandy 
plains, woods of Scots pine (Kiefer) are frequent and widely 
spread, while vast forests in the U.S.S.R. and Poland are chiefly 
composed of this species. In Asia it abounds in Siberia and on 
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the mountains of the Amur re- 
gion, U.S.S.R.; in the European 
Alps it occurs at a height of 5,600 
ft, and in the Pyrenees it is found 
at still higher elevations, In 
Great Britain natural forests of 
Scots pine of any extent are 
found only in the Highlands, X 
chiefly on the slopes of the 
Grampians. 

The heartwood of the finer 
kinds of Scots pine is of a deep 
brownish-red colour, abounding @ 
in the resin to which its durabil- 
ity is probably due. It is as last- 
ing as oak, and is well adapted 
to both indoor and outdoor 
construction, The quality of the 
timber depends greatly on the 
soil and position in which the 
trees are grown, The rapidity of 
growth is still more variable: in 
Great Britain full maturity is attained in from 70 to 120 years, 
but in Norway the trunk increases much more slowly; H. Schübe- 
ler states that a tree felled in the Alta district (about 70° 
latitude), measuring 2 ft. 10 in, in diameter, showed 400 annual 
rings. 


nocne 
SCOTS PINE (PINUS SYLVESTRIS) 
FOLIAGE WITH CLOSED CONES 


Р, sylvestris is subject to many insect depredations: the pine 
chafer (Hylurgus piniperda) is destructive in some places, this 
beetle's larvae feeding on the succulent shoots, especially in young 
plantations; the fir weevil (Hylobius abietis) eats away the bark, 
and numerous lepidopterous larvae devour the leaves; the pine 
sawtly is injurious in some seasons; Removal of all dead branches 
from the trees and the ground beneath is recommended, as most 
of these insects lay their eggs in the decaying parts of the bark 
and among the dead leaves, 

In common with other pines, P, sylvestris is subject to the at- 
tacks of various fungi, Trametes radiciperda attacks the roots 
and penetrates to the stem, causing rotting of the wood, The 
disease is difficult to eradicate, as the mycelium of the fungus 
travels from root to root in the soil, Rotting of the wood at the 
base of the trunk is also caused by Agaricus malleus, which spreads 
in the soil by means of its long, purple-black, cordlike mycelial 
strands known as rhizomorphs, Much damage is often caused by 
species of Peridermium, which often invade the soft portions of 
the inner bark to such an extent as to “ring” the stem or branch, 
or to cause an abnormal formation of turpentine which soaks into 
the wood and stops the upward passage of water. 

Plantations in England are generally ready for final cutting in 
from 60 to 70 years, and many are cleared at a much earlier stage 
of growth, especially when protected from injury by pests. In 
England P. sylvestris is largely employed as a "nurse" for oak 
trees, Its conical growth when young affords protection from the 
wind while allowing sunlight to reach the seedling oaks. Its dense 
foliage renders it valuable as a shelter tree for protecting land from 
the wind; it stands the sea gales better than most conifers, but 
will not flourish on the shore like some other species. 

This pine is planted for ornament and sparingly naturalized in 
the eastern United States, It has proved of value also in af- 
foresting treeless areas, such as occur in western Nebraska, 

Large quantities of turpentine are extracted from this pine in 
Sweden and the U.S.S.R. by removing a strip of bark, terminating 
in a deep notch cut in the wood, into which the pitch runs, and 
from which it is scooped as it accumulates; but the product is 
not equal to that of the silver fir and other species. Tar is pre- 
pared from P. sylvestris, chiefly obtained from the roots, 

P. pumilia.—Closely allied to the Scots pine, and perhaps to 
be regarded as a mere alpine form of that species, is the dwarf 
Р. pumilio—the krummhols or knichols of the Germans—a re- 

cumbent bush, generally only a few feet high, but with long 
zig-zag stems that root occasionally at the kneelike bends where 
they rest upon the ground. The foliage much resembles that of 
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the Scots pine, but is shorter, denser and more rigid; t 
are smaller but similar in form, Abounding on the higi 
of the Bavarian and Tirolese Alps, it is a favourite 
the chamois; the hunters call it the “‘latschen,” from its 


straggling habit. 
зен аа laricio, the Corsican pine, is one of the 
trees of this group, growing to a height of 100 or even 
with a straight trunk and branches in regular whorls, fo 
large trees a pyramidal head; the slender leaves, of a d 
tint, are from 4 to 7 in. long; the cones, either in pairs or 
together, project horizontally, and are of a light-brown @ 
This pine abounds in Corsica, and is found in more or 
dance in Spain, southern France, Greece and many Medi 
countries. The tree is of very, rapid growth, but prod 
timber, much used in southern dockyards, and very durab 
less strong than that of P. sylvestris; the heartwood 
brownish tint. In southern France it has been plant 
success on the drift sands of the Bay of Biscay, though Й 
not bear the full force of the sea blast as well as the 
P. laricio, closely related to the Austrian pine, is consid 
some a subspecies of it. 
P. nigra.—The black or Austrian pine (P. nigra) дей 
name from the sombre aspect of its dark-green, sharp, rigid, 
long leaves, The tree, up to 100 ft. tall, displays a deeply 
bark and light-brown branches. This species, widely cult 
for ornament, is native to Europe and western Asia, 
P. pinaster.—The cluster or pinaster, a vigorous g 
coastal sand, has been cultivated extensively for the put 
stabilizing sand drifts, especially on the dunes of the Bay of. 
Growing to a height of from 40 to 80 ft., the deeply furro! 
occasionally reaches a diameter of 3 ft. or more at the base, ж 
like most sand trees, it usually curves upward gradually, 
that enables the long taproots to withstand better the strain 0 
sea gale; when once established, the tree is rarely overthro 
in the loosest sand. The branches, with their thick co 
long, dark-green leaves, curve upward like the stem, 
massive rounded outline to the tree; the ovate cones are 
6 in. long, of a light, shining, brown hue, with thick scales 
nating in a pyramidal apex; they are arranged around the b 
in the radiating clusters that give name to the tree. The pif 
grows naturally on sandy soils around the Mediterranean 
Spain to the Levant, On the drift sands of France, espec 
the Gironde, forests have been formed mainly of this p 
seeds, sown at first under proper shelter and protected by 
growth of broom sown simultaneously, vegetate rapidly in 
sand, and the trees thus raised have, by their wind-drift 
covered much of the former desert of the Landes with an 
wood. These forests of pinaster, apart from the produd 
timber in a once treeless district, have a great economic 
source of turpentine, In England the cluster pine has been Ш 
planted on sandy districts near the sea, and has become nati 
in Purbeck and other wild tracts in the southern counties, 
P. pinea.—This is the stone pine of Italy; its 8f 
rounded canopy of light-green foliage, supported on а Û 
often branchless trunk, forms a striking feature of the 
in that country, as well as in some other Mediterranean lan 
reddish-brown, shining, roundly ovate cones with pyram 
apices have been prized from the ancient days of Rome 
edible seeds ( pignons), which are still used for food: 
ripen the fourth year and are kept in the cone until 
otherwise their abundant oil soon turns rancid. | 1 
P. griffithi.—Similar to P. pinea is P. grifithi, the B 
or blue pine, which differs chiefly in its longer cones 
glaucous foliage. It grows in Kumaon, Bhutan and on $0 
Nepal ranges at 7,000 to 12,000 ft., where it attains 
mensions; however, it is absent from the moist cl 
Sikkim Himalayas. ES 
P. cembra.— P, cembra, the stone pine of central Ef 
Siberia, abounds on the Alps, the Carpathians and thé > 
ranges, growing at altitudes of 4,000 to 6,000 ft. in S 
The oily seeds, like those of P. pinea, are eaten by the i 
of the Alps and Siberia, and yield a fine oil used for fo 


P. cembra grows slowly, is remarkably even-grained 
jg wed by the Swiss wood-carvers in preference to any other, 
See also references under "Pine" in the Index. 

Bisoouarity.—A. Veitch, Manual of the Coniferae (1981); L. H. 
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Mandbook of Coniferae (1948) ; D. C, Peattie, A Natural History o 
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PINEAPPLE. Cultivated varieties of pineapple belong to 
the species Ananas comosus, а bromeliad (family Bromeliaceae) 
stive to tropical and subtropical America but introduced else- 
where, Earliest written records of pineapple are references to it 
by Columbus, Gonzalo de Oviedo y Valdes and Sir Walter Ralegh 
(Raleigh) who found pineapple growing in the West Indies, where 
i was used for food and for wine making. 

Ina remarkably short time after it was first seen by Europeans, 
the pineapple was carried to many parts of the world, The Portu- 
quese apparently were responsible for much of its early dissemi- 
Mton. They introduced it to St. Helena shortly after they 
discovered that island in 1502, Soon after they carried it to various 

ts of Africa and to Madagascar and by about 1550 to India. 

fore the end of the 16th century cultivation of the plant had 
spread over most of the tropical areas of the world, including some 
of the islands of the South Pacific, Crowns from fruits carried on 
board ship for food during voyages were probably the propagating 
material, These thick, succulent tufts can remain viable, even 
when detached for long periods, certainly for as long as those 
voyages required, 

The pineapple plant resembles 
agave or some yuccas in general 
Appearance, It has from 30 to 40 
ИШ succulent leaves closely 
spaced in a rosette on a thick 
бу stem. With commercial 
Varieties, a determinate inflores- 
fence forms about 15 to 20 
. Months after planting on a flower 
Malk several inches in length. 
The originally separate lavender 

together with their 
bracts, each attached to a central 
tis core, become fleshy and fuse 
lo form the pineapple fruit, which ' 
з five to six months after 
ting begins, Fruits of com- 
mercial varieties range from three 
tix pounds in weight. Most 
Varieties are self-incompatible and do not normally produce seed, 
they will do so when crossed with certain other varieties. 
те are many varieties of pineapple, but those of greatest 
femmercial importance are the Smooth Cayenne in Hawail, the 
group in Australia and South Africa and the Red Spanish 

E Cuba and Puerto Rico, 
^ pineapple is planted on plantations, an asphalt- 
Mpregnated mulch paper is first laid on well-tilled soil ín rows, 
the edges covered to anchor the strips of paper, Mulch paper 
fommonly laid on five-foot centres and the pineapple propa- 
i ШЕ Pieces are inserted through the paper into the soil, so spaced 

!^ give а population of 15,000 to 20,000 plants per acre. In 
Many areas the soil is fumigated with DD (a mixture of dichlo- 
hid and dichloropropane) at the time the mulch paper is 

* Such fumigation is necessary to kill nematodes parasitic on 

foots of the pineapple plants, 

_Seapple culture, particularly in Hawaii, makes use of many 
ential chemicals, One of the important uses is in controlling 
fe * in the spaces between strips of mulch paper. Cultivation 

Weed control has been practically eliminated by the use of 
e" ‘ls in many areas where pineapple is grown. Chemical 

ticides like DDT and Malathion are used to control harmful 
s. 


A RIPE PINEAPPLE READY FOR PICK- 
ING 


ws mica! fertilizers are employed and the kind, amount and tim- 
O! the application varies immensely with the soil and weather. 
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On some of the plantations in Hawaii, need for fertilization is de- 
termined by frequent chemical analysis of representative plants 
in the feld. By this method, even with fluctuating weather and 
differing soils, proper adjustments of fertilization to the meas- 
ured needs of the plants permits a condition of balance in plant 
nutrition favouring the development of fruit of uniformly high 
quality, 

Total world production of pineapples for all purposes ordinarily 
averages 1,750,000 tons annually, of which an estimated 4596 is 
produced in the Hawaiian Islands, Other areas of substantial 
production include Brazil, Mexico, the Philippines, Cuba and 
Formosa. Hawaii also produces approximately 60% of the world's 
total supply of canned pineapple products, practically all sold in the 
other U.S, states, Other areas that produce substantial quantities 
of canned pineapple products for sale in the United States are the 
Philippines and Puerto Rico, Pineapple canned in Australia, 
Malaya and South Africa is exported principally to Great Britain. 

Except in those countries where it is grown, trade in fresh pine- 
apple is limited. Exceptions are the Azores, which produce fresh 
pineapple for export to the European continent and Great Brit- 
ain; and Mexico and Puerto Rico, which export to the United 
States, 

Since highest quality is not developed except when the pine- 
apple fruit is allowed to become fully ripe on the plant, fresh- 
fruit quality is impaired by long shipment. For this reason, much 
pineapple fruit is processed so that it can be transported to parts 
of the world where it cannot be grown. Fresh, ripe fruits are 
peeled and cored, usually mechanically, and the cylinders are 
examined for freedom from blemishes, The most common style 
of cut for packing in cans is slices, but "chunks," wedge-shaped 
pieces about 1 in. by 4 in., and “tidbits,” somewhat smaller than 
chunks, are also packed. All styles of cut are packed in cans by 
grades; sirup is then added and the cans are sealed and heat- 
processed, Some packers also preserve fruit in cans or in cartons 
by freezing, Shredded pieces of fruit, commonly called "crushed," 
are canned for use in flavouring ice cream and for pie mix. 

Pineapple juice is canned for beverage use and may be either 
heat-processed or concentrated and frozen. 

See J. L. Collins, The Pineapple; Botany, Cultivation, and Utilization 
(1960), (R. L. Co) 

PINEAU, NICOLAS (1684-1754), one of a family of wood- 
carvers and leading figure in the development of the French rococo 
style in interior decoration (see BAROQUE AND Posr-DAROQUE 
AwcmirkcTURE; Rococo Architecture), He was born in Paris 
on Oct. 8, 1684, the son of Jean Baptiste Pineau, a sculptor in 
wood. With other French artisans Nicolas Pineau visited St. Pe- 
tersburg in 1716 at the invitation of Peter the Great and there first 
established his reputation with his carving of the tsar's cabinet in 
the Peterhof Palace (completed 1721). Returning to Paris about 
1728, Pineau launched the vogue for rococo rooms in private dwell- 
ings. Characteristic of his style, of which the Hôtel de Roquelaure 
(1733) is the best surviving example, are shallow recesses with 
rounded corners, sometimes used to frame chimneypieces, doors, 
or mirrors, His ornamental vocabulary included shell and batwing 
motifs augmented by leafy scrolls and classical busts in medallions 
His engraved works considerably influenced subsequent interior 
designers and architects. Many of Pineau's drawings are preserved 
in the Musée des Arts Décoratifs, Paris, and in the Cooper Union 
Museum, New York. He died in Paris on April 24, 1754, His son 
Dominique (1713-86) was also a wood sculptor, 

BistroowArnY Emile Biais, Les Pineau (1892); Léon Deshairs, 
Nicolas et Dominique Pineau (1911) ; Fiske Kimball, The Creation of 
the Rococo (1943) ; Françoise de Catheu, in Bulletin de la société de 
l'histoire de l'art français (1950). (К. Р. Wu) 

PINE BLUFF, а city of Arkansas, U.S., and seat of Jefferson 
County, is located SSE of Little Rock, at an altitude of 216 ft. 
on south bank bluffs overlooking the Arkansas River. Originally 
settled in the 1820s as Mount Marie, it was renamed Pine Bluff 
for its forest of giant pines in 1832. It was chartered in 1335, 
During the American Civil War. the city was the scene of an en- 
gagement on Oct. 25, 1863, when a Confederate force under Gen. 
John S. Marmaduke was repulsed by a Union brigade under Col. 
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Powell Clayton. The city is the seat of Agricultural, Mechanical, 
and Normal College (1873) and the state industrial school for boys. 
Industrial products include electric transformers, mechanical 
cotton pickers, planters, kraft board and paper, newsprint, cast- 
ings, brake shoes, lumber and wood products, cotton cloth, fabri- 
cated steel buildings, food products, cottonseed oil, chemicals, 
and archery supplies. The cotton exchange handles 250,000 bales 
in а normal year. There is natural gas, hydroelectric power, and 
water in the vicinity for industrial use. Pop. (1960) city, 44,037; 
standard metropolitan statistical area (Jefferson County) 81,373. 
For comparative population figures see table in ARKANSAS: Popu- 
lation. (Jo. A. T.) 

PINEL, PHILIPPE (1745-1826), French physician, ranks 
as the great pioneer in the humane treatment of the insane and 
as one of the founders of modern psychiatry. He was born at St. 
André, Tarn, France, on April 20, 1745, and took his doctor's 
degree at Toulouse in 1773. He went to Paris in 1778 and for 
some time supported himself by translating scientific and medical 
works and by teaching mathematics. In 1798 he published 
Nosographie philosophique, a learned work on the classification of 
diseases, which gave him much reputation. He decided to devote 
himself to psychiatry after having been profoundly.moved by the 
case of a friend who went mad, ran into the woods and was de- 
voured by wolves. 

He held in succession the posts of chief physician to the famous 
mental hospitals, the Bicétre and the Salpêtrière, and it was at the 
former institution that he took the bold and unprecedented step of 
removing the chains from the patients, some of whom had been 
restrained in this way for 30 or 40 years. He did away with the 
old violent methods of treatment, such as bleeding, purging and 
blistering, and advocated simple psychological management. 

Pinel's Traité médico-philosophique sur l'aliénation mentale ou 
la manie (1801) is one of the great classics of psychiatry. He 
died in Paris on Oct. 25, 1826. 

See R. McKown, Pioneers in Mental Health (1961). (W. J. Br.) 

PINERO, SIR ARTHUR WING (1855-1934), English 
playwright who made English farce literate and contributed much 


to the “society drama” of latê Victorian and Edwardian times, was ~ 


born in London, on May 24, 1855. He abandoned a legal appren- 
ticeship for the stage in 1874, and subsequently joined Henry 
Irving's company. Although a young man, he specialized in older 
roles, e.g., Claudius to Irving's Hamlet and Sir Anthony Absolute 
in the Bancrofts’ production of The Rivals. His first play to be 
produced was £200 A Vear (Globe, Oct. 6, 1877). For the Royal 
Court theatre he evolved a type of farce in which the events were 
often wildly improbable but the people likable and the style amus- 
ingly consistent. Of these farces, The Magistrate (March 21, 
1885), The Schoolmistress (March 27, 1886) and Dandy Dick 
(June 27, 1887) still repay revival. While cultivating a profitable 
vein of sentiment, e.g., in The Squire (St. James’s, Dec. 29, 
1881) and Sweet Lavender (Terry’s, March 21, 1888), Pinero also 
studied serious drama by adapting from the French The Iron 
Master (St. James's, April 17, 1884) and Mayfair (St. James's, 
Oct. 31, 1885). 

From these various elements were fused The Profligate (Garrick, 
April 24, 1889) and, much more skilfully, The Second Mrs. Tan- 
queray (St. James’s, May 27, 1893), which established Pinero as a 
leading playwright. He proceeded to depict a series of women bat- 
tling with their situation in society; e.g., The Notorious Mrs. Ebb- 
smith (Garrick, March 13, 1895), Iris (Garrick, Sept. 21, 1901) 
and Letty (Duke of York’s, Oct. 8, 1903). Ina less solemn vein, 
Trelawney of the “Wells” (Court, Jan. 20, 1898) portrayed an ac- 
tress of the 1860s and The Gay Lord Quex (Globe, April 8, 1899) a 
theatrical rake of no placeable period but great panache, His flair 
for storytelling became increasingly impeded by narrowing sym- 
pathies and laboured dialogue; e.g., in His House in Order (St. 
James’s, Feb. 1, 1906), The Thunderbolt (St. James’s, May 9, 
1908) and Mid-Channel (St. James’s, Sept. 2, 1909). In 1909 he 
was knighted. Of his numerous later plays, only The Enchanted 
Cottage (Duke of York’s, March 1, 1922), a curious essay in an 
almost Barriesque vein of fantasy, demands notice. He died in 
London on Nov. 2, 1934. 


اس 


PINEL—PINK 


Pinero played an important part in the creation of a self. 
respecting theatre and а fashionable audience. . His plays not onh 
provided admirable parts for women but also demanded sympathy 
for women, who were judged by stricter standards than men in 
Victorian society. The serious plays, however, are too firmly em. 
bedded in the thought and style of their day to merit regular 
revival. The farces, imbued with permanent theatrical values, re. 
main excellent entertainment. 

See Hamilton Fyfe, A. W. Pinero (1902) and Sir Arthur Pinero's 
Plays and Players (1920) ; W. D. Dunkel, Sir Arthur Pinero ae 
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PINEROLO, a city and episcopal see of Turin (Torino) Proy. 
ince, Piedmont, north Italy, stands above the valleys of the Chisone 
and Lemina, 23 mi. (37 km.) SW of Turin by road. Pop. (1961) 
31,507 (commune). The old part is on St, Maurice's Hill (mons 
Pepinus) around the 15th—-16th-century S. Donato's Cathedral 
and crowned by ruins of the old walls and a monument to “the 
Man in the Iron Mask” (see IRON Mask). Other old buildings 
include the 15th-16th-century Church of S. Maurizio and the 
palace of the princes of Acaia. The modern area in the plain also 
has some notable buildings. Pinerolo is linked to Turin by rail, 
and has textile, iron, chemical, and printing industries. Pinerolo 
was first mentioned in 996 and in 1078 was a possession of the 
nearby Benedictine abbey of Sta. Maria. It was in turn under 
Savoy and France and in the 17th century had Vauban fortifica- 
tions. Its cloth industries were well known from the 14th century, 
It became a bishop's see in 1748. The National Cavalry Museum 
was opened there in 1965. (A. F. PA) 

PINES, ISLE OF (Ista DE Pinos), а large island (1,182 
sq.mi. [3,061 sq.km.]) lying south of the western part of Cuba, It 
occupies one-third of the total area of Havana Province, The 
northern two-thirds of the island is an undulating plain of pine 
forests and savannas, of sandy and rocky soils, and of a few moun- 
tains up to 1,000 ft. elevation. The main activities are fishing and 
truck and citrus farming. The National Reformatory, a prison, is 
located a few miles from Nueva Gerona. The section south of 
Lanier swamp is small, rocky and isolated, inhabited by only a few 
fishermen and charcoal makers. 4 

The island was neglected by Spain during the colonial period, 
and its status was not clearly defined at the time of the formation 
of the Cuban republic. Hoping that the U.S. would annex the is- 
land, many Americans settled there. Most of them left, however, 
after the United States ratified the Hay-Quesada Te in 1925, 
recognizing Cuban sovereignty. Pop. (1962 est.) 11,504. 

E gnty. Pop. ( ) (D. R.D) 
PING-PONG: see TABLE TENNIS. | 
P'ING-TUNG (Japanese Herro), a town in Taiwan (For 

mosa), lies 14 mi. N.E. of Kaohsiung in an intensively cultival 
alluvial basin of which rice and fruits are the chief products. 

major function is as the market centre for this agricultural area, 
Sugar milling is a major industry. mie 

P'ing-tung was settled nearly 200 years ago and thus did ja 
benefit from city planning under the Japanese administrati 
(1895-1945). It is a typical market town with numerous 
industries including rattan weaving, small machine shops En 
woodworking shops. A military airbase is located nearby. E 
serves as the seat of the P'ing-tung Asien (country) govern) 
Pop. (1956) 103,433. N. 5 2 

PINK, the common name for plants of the genus Diet 
the pink family (Caryophyllaceae; g.v.). There bout 3 


Its 


are al 
more species, natives of the old world but found chiefly AM 
Mediterranean region. They are mostly short herbaceous pë 
nials, many of which are tufted or mat-forming hardy e 
often with very showy flowers; some annual forms exist. ria); 
species grow wild in Great Britain: the Deptford pink (D. M and 
the maiden pink (D. deltoides), the Cheddar pink (D. cães 

the proliferous pink (D. prolifer). Two others, 
garden pink (D. plumarius) and the clove pink or carnal a 
caryophyllus), are more or less naturalized in Great Britain. 
a few species are sparingly naturalized in the United Sra the 
carnation (q.v.) and picotee of the florist are modification’ m ү 
clove pink. The sweet-william is derived from the ure 
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barbatus. All of these are widely 

rown in American and British 
gardens, being of relatively easy 
culture. Fine modern varieties 
of both the greenhouse and hardy 
types of carnation are largely 
grown commercially. 

Both annual and perennial 
Dianthus species (best treated as 
biennials, however) may be 
grown from seed sown in the 
spring in ordinary moist garden 
soil in a sunny location. The 
perennials will bloom the follow- 
ing summer and may be increased 
by cuttings or division of clumps. 

The term pink is also applied 
toa number of other plants: re- 
lated plants in the genera Silene 
and Lychnis; sea-pink or thrift 
(Statice armeria) and the related genus Limonium, both of the 
leadwort family (Plumbaginaceae); moss pink, Phlox subulata 
(see PHLOX); and swamp pink, Helonias bullata. (N. Tr.) 

PINKERTON, ALLAN (1819-1884), U.S. detective and 
founder of a highly successful private detective agency, was born 
in Glasgow, Scot., Aug. 25, 1819, the son of a police sergeant. 
After completing his apprenticeship to a cooper, he emigrated 
tothe United States in 1842 and settled in Chicago, Ill. Moving 
the next year to the nearby town of Dundee in Kane county, he set 
up a cooper's shop there, While cutting wood on a deserted island 
one day he discovered and later captured a gang of counterfeiters. 
Following this and other similar achievements he was appointed 
deputy sheriff of Kane county in 1846 and soon afterward deputy 
sheriff of Cook county, with headquarters in Chicago. In 1850 he 
resigned from Chicago's new police force to organize a private 
detective agency that specialized in railway theft cases. The 
Pinkerton National Detective agency became one of the most fa- 
mous organizations of its kind. Its successes included capture of 
the principals in a $700,000 Adams Express company theft in 1866 
and the thwarting of an assassination plot against President-elect 
Lincoln in Feb. 1861 in Baltimore. Later in 1861 Pinkerton, under 
the name E. J. Allen, headed an organization for obtaining military 
information in the southern states. 

After the Civil War Pinkerton resumed the management of his 
detective agency, From 1873 to 1876 one of his detectives, James 
McParlan, lived among the Molly Maguires (q.v.) in Pennsylvania 
and secured evidence that led to the breaking up of this terrorist 
Organization, During the strikes of 1877 the Pinkerton agency’s 
harsh policy toward labour unions caused it to be severely criti- 
бей in labour circles, although Pinkerton believed he was helping 
Workingmen by opposing labour unions, Pinkerton died in Chicago 
n July 1,1884. He published The Molly Maguires and the De- 

"cives (1877); The Spy of the Rebellion (1883), his account of 

incoln's journey to Washington in 1861; and Thirty Years a De- 
‘clive (1884). 

5ее J, D. Horan and H. Swiggett, Pinkerton Story E 


GARDEN PINKS (DIANTHUS PLUMAR- 
IUS) 


Mr.) 
PINNACLE, in architecture, is a vertical ornament, usually 
к, crowning an architectural member. А pinnacle is dis- 
guished from a finial, which is only a single ornament, by its 
e size and complexity, and from a tower (q.v.) or spire 
m by its subordinate architectural role. Thus a tower may 
“corated with pinnacles, each one capped by a finial. à 
^ imple pinnacles were used on Romanesque churches, especially 
gk the abrupt transition from square tower to polygonal 
archit but they were far more prominent in developed Gothic 
Shi tecture and decoration where they were used to give vertical 
Phasis and to break up hard outlines, They not only appeared 
DIO Major corner, flanking gables and atop parapets and 
а but also increased in size and were elaborated with 
id 5; crockets, tracery, colonnettes, small gables and even sub- 
ary pinnacles, Some of the most striking pinnacles crown the 


but 
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piers of flying buttresses where, although primarily decorative, 
they enhance the stability of the buttresses by their additional 
weight. Representative buttress pinnacles are those of the early 
14th century around the choir of Notre Dame at Paris and the 
magnificent 80-ft. pinnacles at Reims cathedral (13th century) 
with the spirelet and subsidiary pinnacles supported on the slender 
columns of a niche containing the statue of an angel with out- 
stretched wings. 

In England, pinnacles were especially developed during the 
Decorated period (q.v.) and played an important part in tower 
design, as at Salisbury cathedral (mid-14th century). Notable 
pinnacled buildings from different periods of the Gothic Revival 
are Horace Walpole's Strawberry Hill (1748), the Houses of 
Parliament (begun 1840) and the Woolworth building in New 
York (1911-13). (Js. S. P.) 

PINNEBERG, a town in the Land (state) of Schleswig- 
Holstein, Federal Republic of Germany. Pop. (1961) 28,382. 
Situated on the Pinnau River, 12 mi. (19 km.) NW of Hamburg, 
the town is interspersed with woodlands and gardens and is a 
centre of rose growing, with some of the world's largest nurseries 
nearby. There are also various light industries. Pinneberg is a 
Kreisstadt (district town) and the seat of an Amtsgericht (district 
court). 

PINOCHLE (also spelled pinocle, penuchle, binocle), a card 
game widely played in the U.S. in several variants. According to 
one account, it was invented in the 17th century by a Swedish 
schoolmaster, Gustave Flaker, who called it Flakernuhle. This 
story is probably folk etymology. Though pinochle is popularly : 
regarded as a European game, there is no evidence that it was 
played there before the late 1860s, at which time it was flourish- 
ing in the U.S. It was probably developed by Germanic immi- 
grants out of bezique (q.v.), with which its earliest-known form 
is almost identical. 

The idea of all pinochle games is to meld (Ger., announce) cer- 
tain scoring combinations of cards and to win tricks containing 
counting cards. A pack of 48 cards is used, containing duplicates 
in each suit of the ace, ten, king, queen, knave, nine, which rank 
downward in that order. When won in a trick an ace counts 11; 
a ten, 10; a king, 4; a queen, 3; a knave, 2; a nine, nothing. 

Melds.—The following combinations score the number of points 
indicated, in any pinochle variant. 


Sequence or flush (A, K, Q, J, 10 in trumps) 150 
Royal marriage (K, Q in trumps) 40 
Marriage (K, Q in any other suit) 20 
Four aces, one in each suit (*Hundred aces") 100 
Four kings, one in each suit (*Eighty kings") 80 
Four queens, one in each suit ("Sixty queens") 60 
Four knaves, one in each suit (“Forty jacks”) 40 
Pinochle (@ Q and © J) 40 
Dix (pronounced "deece"), lowest trump 10 


The dix is the 9 of the trump suit except when (rarely) a 64-card 
pack is used, including two 8s and two 7s of each suit, when the 
7 of trumps becomes the dix. 

Two-hand Pinochle.—Twelve cards are dealt to each player, 
three at a time. The next card is turned up and fixes the trump 
suit. The undealt cards are placed over the trump card so as 
to partly cover it and become the “stock.” If the trump card 
is a dix, dealer scores 10. 

Nondealer leads first. A card led by one player and the card 
played to it by the other constitute a trick and is won by the 
card led unless the opponent plays a higher card of the same suit 
or a trump on a plain-suit lead. Any card may be led and any 
card played; until the stock is exhausted it is not necessary to 
follow suit. 

After winning a trick, a player may place face up on the table 
any meld and score the points therefor, subject to the following 
rules: Only one meld may be made in a turn. For each meld, at 
least one card must be taken from the hand and placed on the 
table. The same meld may be repeated only with entirely different 
cards from those used previously. A king or queen melded in a 
sequence may not thereafter be used in a marriage. 

The winner of a trick may also exchange a dix for the trump card, 
or may merely show the dix, and score 10, 
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Cards once melded remain on the table but are available for play 
as though they were in the player's hand. 

After the winner of a trick has had a chance to meld, each player 
draws a card from the top of the stock, the winner drawing first and 
then leading to the next trick. 

When only one card of the stock plus the trump card remains, 
there can be no more melding. The winner of the next trick turns 
up the last card of the stock and then takes it into his hand; his 
opponent takes the trump card, Melds remaining on the table are 
picked up. The last 12 tricks are played, and each player must, 
if able, follow suit to the card led; if a trump is led he must win 
the trick if he can; and if he cannot follow to a plain-suit lead he 
must play a trump if he has one, The winner of the last trick 
scores 10, The cards in the tricks are counted and added to the 
player's score in even 10s, a remainder of less than 7 points not 
counting, 

The game is won by the first player to reach 1,000. A player 
may call himself out in the middle of the play, and if his score, in- 
cluding his melds and tricks in the current deal, equals 1,000, he 
wins the game even though his opponent has a higher score; but if 
he has less than 1,000 he loses the game. If both sides pass 1,000 
without calling out, game becomes 1,500 points; and so on. 

"The game with the 64-card pack is the same except that 16 cards 
are dealt to each player. 

Auction Pinochle.—There are three active players, but it is 
customary for four to play, the dealer taking no cards, Each 
player receives 15 cards, dealt in rounds of 4, 4, 4, 3 or 3, 3, 3, 3, 3 
ata time; a 3-card "widow" is dealt at the end of the first round of 
dealing. 

The player at dealer's left has the first turn to bid. It is cus- 
tomary to rule that the first bid must be at least 300; in some games 
the minimum is 250, in others, 200. Each active player in clock- 
wise rotation may bid as long as he overcalls the preceding bid, 
but if he once passes he may not thereafter enter the bidding. All 
bids are in units of 10 points. 

The bidder (highest bidder) then exposes the three cards of the 
widow and adds them to his hand, He names the trump suit and 
places on the table, face up, whatever melds he wishes to show, He 
then buries (discards) any three other cards face down from his 
hand; these count as his first trick, He restores the cards melded 
to his hand and leads a card. No player other than the bidder may 
meld, 

The bidder's two opponents combine in temporary partnership 
against him, Three cards, one from each hand, constitute a trick, 
which is won by the highest trump if it contains one, and other- 
wise by the highest card of the suit led. Of identical cards, the one 
played first outranks the other, The winner of each trick leads to 
the next. Each player must follow suit to the card led if he can; 
when a trump is led he must win the trick if he can. When he can- 
not follow suit but has a trump, he must play a trump. 

The winner of the last trick scores 10. The values of the cards 
won in tricks are computed, and if the bidder's score for melds plus 
cards at least equals the amount of his bid, his contract is made. 
Each opponent (including the dealer) pays him in chips, on the 
following or a similar schedule: 

If the bid was 250 to 290, 1 chip; 300 to 340, 3 chips; 350 to 390, 
5 chips; 400 to 440, 10 chips; 450 to 490, 15 or 20 chips; 500 to 
540, 20, 30 or 40 chips; the values of these bids depend on the 
custom of the club or group. If spades are trump, payment is 
double in each case. 

If the bidder concedes defeat without leading to the first trick, he 
is "bete" (beaten; pronounced "bate") and pays each opponent in 
accordance with the schedule above. If the bidder led to the first 
trick and then failed to fulfill his contract, he is “double bete" and 
pays each opponent double. 

In most games there is an imaginary extra player called the 
"kitty," who participates in payment and collection as an op- 
ponent of the bidder. In such games, when the compulsory first 
bid is passed by the other two active players, the bidder may con- 
cede defeat without looking at the widow, in which case he pays 
only a forfeit of one chip to the kitty. 

The principal pinochle rules, established by custom, are: The 
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bidder may change his meld, the trump suit or the cards he buries 
as often as he wishes before leading to the first trick, but not there 
after, If he buries a card he melded, and leads before ¢ 

it, he loses. Any failure to play according to law forfeits the con. 
tract for the side in error. There is no penalty for a bid out of 
turn, or for an insufficient bid or for a bid by a player who has 
passed; it is merely void. A player who prematurely 

card of the widow must pay the value of the highest bid last made 
to each other player. 

Many players simplify the count of cards by valuing aces and 
tens 10 each, and kings and queens 5 each; others simplify ий 
further by calling aces, tens and kings 10 each. Other cards have 
no scoring value, The total of points to be taken in tricks із in 
every case 240 plus the 10 points for last trick. 

Partnership Pinochle.—Four play, two against two as parte 
ners, the partners being seated alternately. The dealer gives 12 
cards to each player, 3 at a time, but turns up his last card to fix 
the trump; if this card is а dix the dealer scores 10, and if it js 
any other card each other player in turn to the left may exchange 
a dix for it, Each player then shows his meld. Partnerships score 
jointly, but a player may not combine any card with a card from 
his partner’s hand to form a meld. Once shown, the melds are 
picked up. 

"The player at dealer's left leads first. The rules of play are as in 
auction pinochle. If a side fails to win a trick, it loses its count 
for melds on that deal. It is usual to penalize a revoke by loss of 
the offending side’s entire count for cards. 

‘The first side to amass 1,000 points wins the game; a player may 
claim game аќ any time, or the game may continue to 1,500, as in 
two-hand pinochle (see above). 

In many circles partnership auction pinochle is more popular, 
No trump card is turned, but each player in turn, beginning at 
dealer's left, has one bid. The high bidder names the trump, The 
nonbidding side always scores whatever points it makes; the 
bidder's side scores all it makes if it at least fulfills its contract, 
but if it falls short, the amount of its bid is subtracted from its 
score. Many forms of partnership auction pinochle have been 
developed, including firehouse pinochle, check pinochle and others. 
E S Р; серы AP Give ep Albert F. ME 

+ L. Fri К -Smith, The New Comple: 

E. Culbertson Card. Games Complete, ed. by A. Н. Morehead and 
G. Mott-Smith (1952). - 

PINSK, a town of Brest oblast in the Belorussian Soviet 80" 
cialist Republic, U.S.S.R., stands on the Pina river, at its со 
fluence with the Pripyat (Pripet). Pop. (1959) 41,548. One 
of the oldest towns of Russia, it was first mentioned in E 
was the seat of an early Russian princedom and derived m 
wealth and importance from river trade. From the 13th to 1 
centuries Pinsk came under Lithuania and from the Union 
Lublin belonged to Poland until the second partition of 1793, by 
which it was allotted to Russia. It was Polish again between 
two World Wars, It was occupied by the Russians in а 
was made an oblast centre. The Germans held Pinsk Pink 
World War II and in 1945 it was ceded to the U.SSR. Е 
oblast was dissolved in 1954. There are large timber-working 
dustries making matches, veneer and furniture, and shi F) 
and repair yards. (R.A.F. 

PINTA: see SKIN, DISEASES OF. 

PINTO, FERNAO MENDES (c. 1510-1583), Portus 
adventurer and author of an undisputed literary maste i 
Peregrinacam (Peregrination), was born, probably at Mont 
9-Velho of poor parents, about 1510. He went out to India en 
1537 and claimed to have traveled, fought and traded in pen 
every part of Asia during the next 21 years and to have mad 
enced the most drastic vicissitudes of fortune, having bri 
“13 times a prisoner and 17 a slave" before returning to Lisbos, 
in Sept. 1558. He then married and settled at Almada e died 
where he composed his famous Peregrination and where 
on July 8, 1583, having been awarded a pension by im bot й 

The first draft of the Peregrination was ready in 1569, А ү 
was not published until 1614. It is hard to tell how far 
editors rather than himself are responsible for some of 


PINTURICCHIO 


palpable exaggerations, contradictions, errors and omissions. It 
js known, for example, that Pinto was a Jesuit novice in 1554-56, 
but he gives no hint whatever of this in his book. The story 
of his life, which he told the Jesuits on admission to the society, 
is very different from that depicted in the Peregrination. In the 
latter he portrays himself as a swashbuckling adventurer and 
jn the former as a wealthy and successful trader, which he cer- 
tainly was when he joined the society. The Peregrination is of 
no geographical value, but it is of great interest as depicting the 
impression made on an intelligent Portuguese by the civilizations 
of the far east, and for its thinly veiled criticism of the behaviour 
of his compatriots in Asia, There is no good critical edition in 
any language to date, and the existing editions are listed in the 
following critical studies: G, Schurhammer, Fernão Mendes Pinto 
und seine “Peregrinagam” (1926); G. Le Gentil, Fernão Mendes 
Pinto. Un précurseur de l'exotisme au XVIe siècle (1947); 
M. S, Collins, The Grand Peregrination (1949); A. J. Saraiva, 
Fernão Mendes Pinto (1958), (Cs, R. B.) 
PINTURICCHIO (Векхалкртхо рї Berto pr Braco) (с. 1454- 
1513), Italian painter of the Umbrian school, was born in Perugia. 
According to G. Vasari he was 59 at his death, which took place 
in Siena on Dec, rr, 1513; he was thus born about 1454. He is 
first recorded as a painter in 1481, when he entered the guild at 
Perugia, but he may have been active before then since he is 
usually held to have been concerned in the series of panels of the 
"Miracles of S. Bernardino" (gallery, Perugia), one of which is 
In this case he may have been a pupil of Fiorenzo di 
Lorenzo, but by r48r he was associated with Perugino, whose 
influence on him was to be permanent. It is generally agreed 
that Pinturicchio assisted Perugino on some of the frescoes in 
the Sistine chapel in the Vatican (1481/82), although his name 
does not occur in the documents. Vasari says that he worked a 
great deal for Perugino as a young man, receiving one-third of the 
fees, He was certainly in Rome in the 1480s, working in the 
Bufalini chapel in Sta, Maria in Aracoeli and also in Sta, Maria del 
Popolo, where he decorated two chapels and also painted the choir 


dated 1473 


малат аусасисе 
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ceiling (this last in 1509). In 1492 he was in Orvieto, where he 
painted two Evangelists and two Fathers in the cathedral, but 
they were not liked 

His most important work of this period was the decoration of 
the suite of six rooms in the Vatican known as the Appartamento 
Borgia for Pope Alexander VI between 1492 and r494. These 
rooms contain representations of Sibyls, Prophets and Apostles; 
the seven Liberal Arts; seven Saints; the seven Joys of the Virgin; 
and some extraordinary astrological and mythological references 
to the Borgia emblem, the Bull, The sixth room was redecorated 
early in the 16th century, In 1495 Pinturicchio was back in 
Perugia, where he painted an altarpiece for Sta, Maria de’ Fossi 
(gallery, Perugia), In 1501 he was prior of Perugia for the months 
of March and April and then he went to Spello, where he decorated 
the Baglioni chapel in Sta, Maria Maggiore, These frescoes in- 
clude a self-portrait dated 1501, Another fresco there, repre- 
senting Christ teaching in the Temple, virtually repeats Perugino's 
“Christ Giving the Keys to St. Peter" in the Sistine chapel, painted 
20 years earlier 

Pinturicchio's last major works, and his most famous, were the 
ro scenes from the life of Pope Pius II painted in fresco in the 
library of Siena cathedral, They were commissioned by Cardinal 
Francesco Piccolomini, afterward Pius III (the nephew of Pius 
II), in 1502, begun in 1503 and completed in 1509. Vasari says 
that the “sketches and cartoons for all the scenes” were made by 
Raphael, but this view is no longer accepted; nevertheless, it is 
not now so confidently asserted that Raphael had nothing what- 
ever to do with it as was often thought in the late 19th century. 
O. Fischel, an authority on Raphael, holds that some participation 
by him is highly likely, especially as the fresco outside the library, 
representing the coronation of Pius III, is believed to contain a 
self-portrait of Raphael. About 1509 Pinturicchio also painted a 
series of frescoes in the Palazzo Petrucci, Siena, and the fragment 
of "Penelope" in the National gallery, London, came from it. 
last work was the "Way to Calvary" of 1513, now in the 
zo Borromeo, Milan. 


"THE DISPUTE OF ST. CATHERINE” BY PINTURICCHIO, 1492-94, FRESCO DECORATING THE APPARTAMENTO BORGIA, THE VATICAN 
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BrBLr0GRAPHY.—G. Vasari, Lives of the Painters . . . , vol. iv of 
Gaston de Vere's Eng. trans. (1913); J. A. Crowe and G. B. Caval- 
caselle, History of Painting in Italy, vol. v, ed. by T. Borenius 
(1914) ; W. Bombe in Thieme-Becker, Allgemeines Lexikon der bil- 
denden Künstler, vol. xxvii (1933); F. Saxl, Lectures (1957). 

A (P. J. Mv.) 

PINZON, a family of Spanish shipowners and navigators of 
Palos in Andalusia, three members of which—Martin Alonso, 
Francisco Martin, and Vicente Yafiez, brothers—were associated 
with Christopher Columbus in the discovery of America. 

Martin ALonso Pinzon (с. 1441-1493) was part owner of the 
“Pinta” and “Nifia,” which he helped prepare and man for the ex- 
pedition of 1492. He commanded the “Pinta,” on which his brother 
Francisco was pilot. On the voyage his suggestion to change course 
(when already in the latitude of the Bermudas) was adopted on 
Oct. 7, bringing the fleet to a landfall in the Bahamas on Oct. 12, 
1492. On Nov. 21, near the east end of the north coast of Cuba, 
Pinzón left Columbus, making eastward in search of the sup- 
posed gold land, but on Jan. 6, 1493, he rejoined the admiral. Dur- 
ing the return journey Pinzón separated from Columbus again but 
arrived in Palos just after Columbus, having sent a letter about 
the discoveries from his first landfall at Bayona, Galicia. He died 
soon afterward. 

VICENTE YANEZ PINZÓN commanded the “Niña” in 1492-93 and 
remained with Columbus throughout the expedition. In later years 
he made important discoveries on his own account. Early in 1500 
he sailed with four caravels across the Atlantic to the southwest, 
and on Feb. 7, 1500, landed on the Brazilian coast at Cape Santo 
Agostinho (called by him Cape Santa Maria de la Consolación). 
He probably rounded Cape Sao Roque and then turned north, fol- 
lowed the coast to the northwest, discovered the Amazon estuary, 
and went as far as the present Costa Rica. Aíter touching His- 
paniola, and losing two of his vessels among the Bahamas, Vicente 
returned to Palos in September 1500. Although he was created 
governor of the newly discovered lands by Ferdinand II and Isa- 
bella, he did not take possession. In 1507 he sailed with Juan Díaz 
de Solís along the coast of Central America. In 1509, again with 
De Solís, he coasted the Atlantic side of South America as far as 
the La Plata estuary, hoping to find an opening westward leading 
to the Spice Islands. According to Herrera, he reached 40? S, not 
recognizing the La Plata and turning back about the mouth of the 
Río Negro; but this is probably an exaggeration, After 1523 no 
trace of Vicente is found. 

See Samuel Eliot Morison, 
Christopher Columbus (1942). б 

PIOMBINO, a seaport of the province of Livorno (Leghorn) 
region of Tuscany, central Italy, lies on the west coast, 50 mi, 
(80 km.) SE of Leghorn by road. Pop. (1961) 35,722. The town 
is situated at the tip of a promontory of the same name below 
Monte Massoncello (938 ft. [286 m.]) and opposite the Island of 
Elba. Piazza Bovio, standing on a cliff, is one of the finest squares 
in Italy. Nearby is Populonia with Etruscan, Roman, and medie- 
val remains. A branch railway runs to Campiglia Marittima on the 
main Rome-Genoa line, Steamers connect Piombino with Elba. 
There are iron- and steelworks and significant shipping traffic. 
Declared princedom in 1594, Piombino was variously owned or 
occupied before becoming part of the Kingdom of Italy in 1861, 

(Cr. D.) 

PIOTRKOW TRYBUNALSKI, а town in central Poland 
and a district centre in Lodz wojewodztwo (province), is situated 
about 32 mi. (51 km.) SSE of Lodz by road. Pop. (1960) 53,000. 
The town lies in the Lodz Highlands at a meeting place of old 
trade routes. Itis on the Warsaw-Katowice Railway. There are 
a regional museum and many old buildings. Textiles form the most 
important industry. Referred to in historical documents of the 
early 13th century, Piotrkow Trybunalski obtained town rights 
toward the end of that century. It was the seat of sejms (chamber 
of deputies) and of the crown court of justice (trybunal). Cloth 
manufacture began there in the 15th century, a guild was formed 

in the 16th century, and the industry was considerably developed 
in the 19th century. During the German occupation in World 
War II three concentration camps for Jews were situated there. 


(T. К. W.) 


Admiral of the Ocean Sea: a Life of 
(U. S. L.) 


PINZÓN—PIPE AND TABOR 


PIOZZI, HESTER LYNCH (1741-1821), English write, 
best known as Mrs. Thrale, the friend of Samuel Johnson, was bo : 
A д m 
at Bodvel, Caernarvonshire, on Jan. 16, 1741 (old style). The 
only child of John Salusbury of Bachygraig in Flintshire, she spent 
most of her youth in London and visiting an uncle in Hertfordshire 
In 1763 she married a rich brewer named Henry "Thrale, who. had 
a house adjoining the brewery in Southwark and a country estate 
at Streatham in Surrey. During the next 15 years she had 12 chi. 
dren, of whom four daughters grew to maturity. 

In January 1765 Samuel Johnson (g.v.) was brought to dinner by 
Arthur Murphy, an old bachelor companion of her husband's, and 
the next year, following a severe illness, Johnson spent most of 
the summer in the country with the Thrales. Gradually he be- 
came part of the family circle, living about half the time in their 
homes. A succession of distinguished visitors came there to see 
him, as well as to eat Thrale’s excellent dinners and to listen to 
Mrs. Thrale’s amusing chatter. Thrale later commissioned Sir 
Joshua Reynolds to paint portraits (13 in all) of the best-known, 
to line the walls of the library at Streatham. 

In 1781 Thrale died, and with the sale of the brewery his wife 
was left a wealthy widow. To everyone's dismay she proceeded to 
fall in love with her daughter's music master, Gabriel Piozzi, an 
Italian singer and composer, in temperament very different from 
the phlegmatic brewer. Although forced at first to give him up, 
in 1784 despite family pressures she married him and set off for 
Italy on a honeymoon. Johnson had openly disapproved of her 
choice, and the resulting estrangement saddened his last few 
months of life. 

In Florence she became part of a literary group some of whom 
were later known as the Della Cruscans (g.v.) and contributed to 
a volume called The Florence Miscellany (1785). When news 
reached her of Johnson’s death, she hastily compiled and sent back 
to England copy for Anecdotes of the Late Samuel Johnson, LL.D., 
During the Last Twenty Years of His Life (1786), which thrust 
her into open rivalry with James Boswell. The breach was further 
widened when, after her return to England in 1787, she brought 
out a two-volume edition of Letters to and from the Late Samuel 
Johnson, LL.D. (1788). Although less accurate in some details 
than Boswell’s, her accounts are valuable in showing other aspects 
of Johnson’s character, revealing especially the more human and 
affectionate side of his nature. 

When many old friends remained aloof, Mrs. Piozzi drew around 
her a new artistic circle, the central figure being the actress М». 
Siddons, Her pen continued active, and thousands of her an 
taining, gossipy letters have survived. Among her later publishe 
works were Observations and Reflections Made in the Course of 4 
Journey Through France, Italy, and Germany, two УЕ 
(1789); British Synonymy, two volumes (1794); and Reiras 
tion, two volumes (1801), a rambling history of the world for 
preceding 1,800 years. + is built 

Because of her husband’s increasing ill-health, the Piozzis E 
in 1794-95 an Italian villa, named Brynbella, on her family s 
erty in north Wales, and made this their home until his i uis 
1809. Turning over the property to her adopted son, ^ jn 
nephew, she spent her last years at Bath, retaining to the = istol 
unflagging vivacity and zest for life. ` She died at Clifton, Bus" 
on May 2, 1821. Hester 


BIBLIOGRAPHY.—The standard authorities are: J. L. Cu d kept 
Lynch Piossi (Mrs. Thrale) (1941); and Thraliana (her JOU") val 
sporadically between 1776 and 1809), ed. by K. C. Bud 1774 
(1942). Her journals of trips with Johnson to Wales а 3 ТИШ 
and 1775 are reprinted in А. M. Broadley, Dr, Johnson an Johnson, € 
(1910) and The French Journals of Mrs. Thrale and Dr. ds j 
by M. Tyson and H. Guppy (1932). See also A. Hayy 
biography, Letters, and Literary Remains of Mrs. Piozst, 1934); 
The Queeney Letters, ed. by the Marquis of Lansdowne ( swell Pap 
Hemlow, The History of Fanny Burney (1958) ; and the ne ВОЗЕН! 
at Yale University. See also the bibliographies to the arti (7.15 C) 
JAMES; BURNEY, FANNY; JOHNSON, SAMUEL. 24 fa three 

PIPE AND TABOR, a one-man band consisting o 
holed whistle flute and a small snare drum (see DE holes ¥ 
player holds the pipe with his left hand, stopping the BÓ rg 
the thumb, first and second fingers; the other two 28, usi the 
the instrument. A scale is obtained by overblown 


PIPEFISH—PIPE ROLLS 


second to the fourth harmonics; the gaps between the harmonics 

are filled by uncovering the fingerholes. The tabor, suspended from 
the player’s left wrist or elbow, is beaten with the right hand and 
rovides a rhythmic accompaniment to the tune. 

Mention of the pipe and tabor first occurs in the Middle Ages, 
when it was one of the ensembles that provided music for court 
dances. By the beginning of the 17th century its use began to 
decline and it survived primarily as a folk instrument. In Pro- 
vence, and parts of Spain, where players of great virtuosity pro- 
vide music for traditional regional dances, the tradition of playing 
remained unbroken to modern times. In England, where pipe 
and tabor playing was associated with the morris dancers, the 
tradition was broken at the end of the 19th century; the renewal 
of interest in English folk music at the beginning of the 20th cen- 
tury brought about a revival both of playing and of manufacture. 

PIPEFISH, the name given to fish of the genus Syngnathus, 
which, with the sea horses, form the family Syngnathidae. Pipe- 
fish are long and slender, with the approximate dimensions of a 
pencil, usually about six inches long when full grown. ‘The body 
is encased in bony rings, and a small, toothless mouth is at the 
end of the long, tubelike snout. About 100 species are known 
from warm seas and a few from rivers. They frequent seaweeds 
and swim slowly by rapid undulations of the small dorsal fin. 
Females deposit their eggs in the male’s brood pouch, “Pregnant” 
males maintain the eggs for some time after hatching. 

See also Fisu: Trumpet Fishes, Sea Horses, Sticklebacks, etc. 

(C. Hv.) 

PIPELINE: see Gas INDUSTRY; PETROLEUM. 

PIPER, CARL, Count (1647-1716), Swedish administrator 
and statesman who, during the first decade of the Great Northern 
War, ranked in the eyes of Europe as King Charles XII's "first 
minister,” was born at Stockholm on July 29, 1647. Of low nobil- 
ity, connected by marriage with a rich commercial family, he was 
one of the new type of bureaucratic official brought to the fore by 
Charles XI's assumption of personal power. His main career dur- 
ing Charles XT's reign was ín the chancellery's department of home 
affairs, where he had opportunities to enrich himself by accept- 
ing the customary gifts for services. When Charles XII (q.v.) 
became king in 1697, he took Piper into the council (membership 
of which was theoretically reserved for members of the first rank 
in the house of nobility) and made him a count; and it was ru- 
moured that Charles XI on his deathbed had named Piper as one 
who would uphold royal absolutism and the resumption of crown 
lands against attempts of the high nobility to reverse that policy. 

Piper was the only councillor to accompany Charles XII into the 
field during the Northern War (q.v.). The death of some officials 
and the illness or advanced age of others led him to concern him- 
self with foreign relations in general. He was more cautious than 
the king, but: the disagreement between the two over policy has 
been exaggerated: Piper and other chancellery-in-the-field officials 
Were careful always to put cautious advice on paper lest they— 
In case of the king's death—should be held responsible at home 
for rash decisions; and Charles certainly considered Piper’s argu- 
nae before taking action based on all information at his dis- 

osal, 

During the duke of Marlborough’s visit to Altranstadt in 1707, 
Count Piper’s wife accepted, with the king’s knowledge (as Piper 
ässerted), an expensive diamond ring. The present gave rise, when 
misleading rumours began to circulate after 1709, to a lively dis- 
cussion as to whether Piper had been bribed by England to turn his 
master away from Western Europe and toward Russia, Charles 
«II's decision to invade Russia was one with which the majority of 
i advisers, including Piper, concurred; but after the setbacks of 

* winter of 1708-09 Piper was one of those who argued in favour 
?! returning to the base in Poland. Charles however insisted that 
g battle must be risked in order to draw Tatars and Turks into the 
Wedish coalition; and at Poltava, in July 1709, Piper was taken 
Prisoner, Missing Piper’s experience in chancellery affairs, Charles 
rae intense efforts to have him exchanged, but Piper, who bore 
Imself with dignity and exerted himself to alleviate the lot of the 
үе soldiers in Russian hands, died still a prisoner of war at 
chlisselburg (Nöteborg) on May 29, 1716. (R. M. Ha.) 
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PIPERACEAE, the pepper family, commercially important 
for its members that yield the common spice pepper. It is a large 
group of tropical herbs, vines, and small shrubs with simple leaves 
having a characteristic pungent taste, and the numerous small 
flowers, lacking both sepals and petals, crowded in dense spikes. 
Most of the species belong in two genera, Piper with more than 
600 species and Peperomia, also with more than 600. Pepper (q.v.) 
is the product of several species. Cubeb (q.v.) is the fruit of 
Piper cubeba. The leaves of Piper betle are. widely used in the 
Orient for chewing with slices of betel nut and lime, while kava 
(g.v.), a stimulating drink widely used in Polynesia, is prepared 
from certain pepper plants. (E. D. Mr.) 

PIPERAZINE: see ANTHELMINTICS. 

PIPE ROLLS, or the great rolls of the exchequer, are the 
longest series of English public records. Beginning, apart from 
an isolated survival from 31 Henry I (1130), in 1156, they con- 
tinue year by year with few breaks to 2 William IV (1832). Each 
pipe roll consists of a varying 
number (ranging from 13 to 20 
between 1190 and 1214) of rotu- 
lets about 14 in. wide made from 
two sheepskins sewn together to 
make one length of about four 
feet, the rotulets themselves be- 
ing fastened together along the 
top. The most plausible ex- 
planation of the name is that the 
rolls, stored in their presses, look 
like a stack of pipes. Originat- 
ing in the days when the sheriff 
was the chief financial officer in 
the shire, the pipe rolls were, as 
they remained, essentially the 
sheriffs’ accounts. Lands tem- 
porarily in the king's hands were often entrusted to other officers 
who accounted for them at the exchequer, but these “foreign” 
accounts were generally entered on the same rotulet as the rest 
of the shire to which they belonged. When a sheriff was engaged 
on other royal business at the time he should have presented 
his account it was held over and he afterward accounted for 
two, or sometimes for three, years at once. The payments of mag- 
nates accounting at the exchequer for feudal dues were entered 
under the shire where their chief lands lay. Toward the year 1200 
the increasing popularity of the royal courts of justice and the fre- 
quent appearance of judges in the shires brought humbler debtors 
to Westminster and a vast expansion to the pipe rolls. One method 
of reducing the work thus created was to encourage the sheriff to 
collect these small judicial debts locally and account for them in 
bulk. 

Calculations of the royal revenue from the pipe rolls can only 
be approximate, for, even in the 12th century, by no means all 
the king's income passed through the exchequer. Some manors al- 
ways accounted directly in the hóusehold, and extraordinary taxes, 
such as that for Richard I's ransom and the early taxes on mov- 
ables, passed through other channels. Even so, the historical value 
of this great series can hardly be overestimated. Between 1833 
and 1844 the Record Commission printed a few of the early rolls, 
Since its foundation in 1883 the Pipe Roll Society has published 
all the rolls up to and including that for 1214, but the problem 
of providing access in print to the historical evidence buried in 
this formidable series of records is almost insoluble. Although 
the setting up of other accounting offices with fresh series of ac- 
counts gradually relieved the pipe rolls of much of their bulk, it 
was only by slow degrees that they were at last reduced again to 
the bare bones of the sheriffs’ accounts with which they had begun. 
But the sheriffs’ accounts of the 18th century were ghosts from a 
forgotten past. The continuation of the pipe rolls down to 2 Wil- 
liam IV is a remarkable example of English administrative con- 
servatism. 

BIBLIOGRAPHY.—T. Madox, History and Antiquities of the Exchequer 
(1711); R. L. Poole, The Exchequer in the Twelfth Century (1912); 
the volumes of the Pipe Roll Society, in progress CS, » BA 


PUBLIC RECORD OFFICE. CROWN COPYRIGHT: 
REPRODUCED BY PERMISSION OF THE CONTROL- 
LER OF H.M. STATIONERY OFFICE 

PIPE ROLL FROM THE REIGN OF 
HENRY II OF ENGLAND, DATED 
1183—84 
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PIPE SMOKING. Smoking tobacco through a pipe is indig- 


enous to the Americas and derives from the religious ceremonies of 
ancient priests in Mexico. Stone carvings depict priests of the 
Mayas using a form of pipe to blow tobacco smoke toward the 
sun and the four points of the compass. Such practices were also 
known to the ancient Aztecs, who used reeds for smoking. Farther 
north, in the mounds of the Mississippi Valley, archaeologists have 
discovered elaborate curved pipes of bone, wood, and clay that 
may have been smoked 1,000 years before any European set foot 
in North America. 

American Indians had ceremonial pipes for special occasions, 
the chief of these pipes being the calumet (q.v.), or pipe of peace. 
Such pipes had marble or red steatite (or pipestone) bowls, ash 
stems about 30 to 40 in. long, and were decorated with hair and 
feathers. The pipes of the Algonkian tribes, who were totem wor- 
shipers, were carved with the birds and animals the tribes regarded 
as sacred. 

The practice of cooling and cleansing the smoke of a tobacco 
pipe by drawing it through water was not followed in the Americas 
nor has it been very popular among Europeans. The Bushmen and 
Hottentots of southern Africa used the dakka pipe, which cooled 
and mitigated the effects of hemp smoke by drawing it through 
a horn of water. While Africa continued to produce more ortho- 
dox pipes of almost every possible material and size, the water 
pipe spread to India (where a more elegant version is called the 
nargileh) and the Far East, and the hookah was popular among 
both men and women in Persia in the 17th century. 

The practice of smoking reached Europe through sailors who 
had encountered it in the New World. By the beginning of the 
16th century both the tobacco plant and the practice of smoking 
had reached Spain, later spreading to France, Belgium, and other 
European countries. By the end of the 16th century, the tobacco- 
plant seeds were known in England, and clay pipes had become 
relatively common. Pipe smoking was carried to Holland and the 
Rhine area in the early 17th century. 

In England the earliest Elizabethan fairy, or elfin, clay pipes 
had a barrel-shaped bowl that tilted forward, a flat "heel," and 
a 12-in, stem, Such pipes are believed to have been made at 
Broseley in Shropshire as early as 1575. By the beginning of the 
18th century, a spur on the base of the bowl took the place of the 
flat heel (to prevent the hot bowls from touching the table), and 
makers initialed the side of the bowl instead of the heel. Broseley 
supplied many of the new “fancy” clays with bowl moldings in re- 
lief and longer pipe stems, as in the *churchwarden" and “London 
straw" pipes, made especially to suit the more leisured life of 
London coffeehouses and clubs. With the popularity of pipes and 
the perishable nature of clays, the industry thrived. The English 
pipe makers were incorporated in 1619. 

A great variety of pipes have been used throughout the world. 
The Eskimo has made decorated pipes from walrus ivory; in the 
Far East pipes with metal bowls the size of acorns and with 
chased and ornamented stems have been produced for smoking 
opium. The clay pipe was used throughout Europe, but porcelain 
and pottery pipes were also popular; there are many examples of 
such ornately decorated French and German pipes. In Russia the 
pipes were of wood, with elaborate carvings; Tirol and Bavaria 
produced horn pipes. In the United States the corncob pipe was 
the most widely used; in England pipes were also being made of 
Staffordshire pottery and Bristol glass. The çibuk used in Turkey 
had a large, ornamented, pottery bowl and a very long, straight 
stem. 

But the first pipe to challenge the supremacy of the clay pipe 
was the meerschaum (“sea foam"), a mineral material composed 
of magnesia, silica, and water. The pipe, usually with a mouth- 
piece of amber, is said to have originated in Hungary, although 
the mineral is found mainly in Turkey. 

Wood, bone, iron, glass, porcelain, clay, and gourds had been 
used for pipe making long before a Corsican peasant in the 19th 
century is believed to have copied a broken meerschaum in the 
local briar wood, whereby a new industry was born, especially in 
France. 

Briar (from Fr. bruyére, "white heath") is a superior pipe- 
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(A) Tirolean style pipe made in Bavaria, 
bowl and bone stem; (C) Burmese pipe made from bam i 
(pottery) pipe of the U.S.S.R.; (E) modern briar pipe; (Р) Am 


pipe carved in slate with bowl sunk midway along the top ipis 
as illustrated); (G) Elizabethan clay pipe of the early 174 n mouthpiece 


traditional German pipe with china bowl, cherrywood stem, and ho nd ivory 
(1) Chinese opium pipe with glazed china bowl, decorated with enamel ^ 


making material because the roots of the heath tree (a species of 
heather found in Mediterranean countries) are tougher, P ies 
and more resistant to heat than most other materials. undo 
do not readily: absorb the tar residues of the burned ee stem. 
to be confused with nicotine—that remain in the bowl ge. ol 
But since the most suitable briar roots may be 60 to 100 Y 

and since a large number of them contain cracks and 
make them valueless, the supply of good briar is 4 
costly matter for all manufacturers. 

The first-class briar pipe is expensive because 
from top-quality briar and must undergo about 
operations, the work being spread over several mon Pune points, 
has to be dug, carried in pannier baskets to cobra y d 
stacked, roughly shaped into blocks (called Du 2 
shipped to the country of manufacture. The bowl has epending 
on three or four separate machines in sequence, ano: 


ifficult and 


on the shape required, a considerable amount of handwork may be 
necessary. By the application of oils and by various drying proc- 
esses the bowl is prepared for polishing operations and for fitting 
the mouthpiece, which is cut and shaped by hand from block vul- 
canite. Finally the natural appearance of the grain is brought out, 
not by means of stains and varnishes but by hand polishing. A 
defect or blemish will greatly lower the value of the pipe. 

The obvious test of these processes lies in the appearance and 

smoking qualities of the pipe, which should improve with age. 
Pipes must be correctly balanced and comfortable in the mouth as 
well as attractive to the eye. Curved stems help to reduce the 
weight on the teeth and long stems to increase it. Cutaway or 
saddle” mouthpieces give a more comfortable grip, making it pos- 
sible to use a heavier bowl than would otherwise be comfortable. 
Mouthpieces with a wide aperture tend to spread the smoke and 
“thus avoid the danger of burning the tongue. 
_ The pattern of the grain is less important. If the bowl has 
- dear natural markings it is likely to have been cut from ап old 
root that contained a minimum of oil and sap; accordingly, it 
should produce:a pipe that is strong and heat-resistant. Cracks 
Land flaws, which are usually filled with mastic and varnished, 
| though not necessarily impairing the smoking qualities of the pipe, 
indicate that the bowl has been made from indifferent briar. 

Tobacco should be chosen for the individual palate, aroma and 
strength being a personal matter. Similarly, variety and contrast 
can greatly increase a smoker's pleasure. Few men, day after day, 
eat the same food and drink the same wine. For similar reasons 
itis not ideal to adhere rigidly to the same brand of tobacco. Nov- 
ices who wish to experiment with a pipe often assume that they 
‘should begin with a mild tobacco, However, a mild tobacco that 
is finely cut and smoked rapidly—a frequent mistake among those 
“unaccustomed to the pipe—can taste very hot and burn the tongue. 
It is well to begin with a tobacco of medium strength that is not 
“Cut too fine and is neither too moist nor too dry. See also ТОВАССО: 
| Tobacco and Disease. 

— Ste A. Dunhill, The Pipe Book (1924) ; Alfred Н. Dunhill, The Gentle 

Art of Smoking (1954). (A. H. Dv.) 

-— PIPIL, a language closely related to that of the Aztecs (Na- 
atl) and spoken today by four groups of Indians located (1) at 
Soconusco, on the Isthmus of Tehuantepec in the state of Vera- 
cruz, Mexico; (2) in the upper Motagua Valley and (3) Escuintla, 
both in Guatemala; and (4) in El Salvador. 

At the time of the Spanish conquest several explanations of 
the Presence of these Mexican Indians in Central America were 
given by the Indians. It was said that the Aztec emperor Ahuitzotl 
(1486-1502) had sent colonists to spy out the land and prepare 

Or a never-accomplished conquest. This tale fails to account 
for the large and well-built cities occupied by the Pipil. More 
Generally it is thought that they were Toltecs who either migrated 
from Mexico with Quetzalcoatl (see TorTEC) or, more probably, 
fed after the downfall of the Toltec Empire in the 12th century. 

h Spanish historian Juan de Torquemada preserved a significant 
Migration legend that supports the last hypothesis. 

, Numerous ruined cities are attributed to the Pipil by archaeolo- 
BSS. Of these the most important are Santa Lucia Cotzumalguapa 
a El Baúl, lying three miles apart, near Escuintla; and Chal- 
A шара, Cihuatán, and Tehuacán in El Salvador. These sites yield 
ee teristic stone carvings and pottery types. The modern cul- 
th € of the Pipil varies from village to village. In general it reflects 

at of their neighbours such as the Quiché (q.v.). 

“gg UocRAPHY.—Juan de Torquemada, Monarquia Indiana, lib. iii, 

B. (1723) ; Diego Garcia de Palacio, Relación (1860), for ancient 
m ms; Walther Lehmann, Zentral Amerika (1920), for linguistics; 

Жш Strebel, Sculptures of Santa Lucia Cosumahuapa, Annual Re- 
9f Smithsonian Institution (1899); and S. K. Lothrop, Pottery 


Ypes in El Salvador, in Indian Notes and Monographs, vol. i, no. 4 
1927), for archaeology. (S. K. L.; H. Нк.) 


4 PIPIT, any of about 35 species of songbirds chiefly of the genus 
nthus, associated with the wagtails in the family Motacillidae. 
th ey live on the ground in grassy areas. Protectively coloured, 
^y resemble larks, and are sometimes called titlarks. Two or 
Jee Species frequent trees, walking along horizontal branches 
"king insects from the bark. Like some other songbirds of grass- 
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lands, pipits circle high in the air 
to give their songs. One of the 
two American species, Sprague's 
pipit (Anthus spragueii), dis- 
covered by Audubon, was called 
the “Missouri skylark.”  Pipits 
build a simple nest in the grass 
and lay three to five protectively 
coloured eggs. 

British species are the meadow 
pipit (A. pratensis), the rare 
tawny pipit (A. campestris), and 
the water pipit (A. spinoletta); 
a race of the latter is also found 
in North America, nesting usually 
on mountain meadows, but mi- 
grating into inhabited areas, 
where it frequents plowed fields 
and the shores of ponds. Africa 
abounds in pipits and many of the 
species are very difficult to dis- 
tinguish one from the other. (Dy, A.) 

PIQUET, a game of cards, probably a development of ron fa, 
a game mentioned by Francesco Berni in 1526. The Spanish name 
of the game was cientos (centum, a hundred). Piquet was played 
in England under the name of cent, probably as early as 1550. 

Piquet is essentially a game for two players, although there 
are variants for three and four. A pack of 32 cards is used, rank- 
ing: ace (high), king, queen, jack, ten, nine, eight, seven. Twelve 
cards are dealt to each player, two or three at a time. The re- 
maining eight cards, the stock, are spread face down. If either 
player holds carte blanche (a hand with no court card), he an- 
nounces it and scores 10 points. Nondealer (also called elder, 
or major) discards from one to five cards and draws an equal num- 
ber from the top of the stock. If he leaves any of the first five, 
he may look at them without showing them to dealer. Dealer 
(also called younger, or minor) then discards if he chooses from 
one card up to the number remaining in the stock and draws an 
equal number, If he leaves any, he may turn them face up. 

After the draw, nondealer announces his best holding (if any) 
in each of three classes of scoring combinations. The classes are 
point, sequence and set. Only one player is entitled to score in 
each class. 

Point is the longest suit or, if the long suits in both hands are 
equal in length, the highest total count in those suits, reckoning 
ace as 11, court cards 10 each and other cards their pip value. 
Whoever has the better point scores 1 for each card in the suit. 
A tie scores for neither. 

A sequence is three or more cards of the same suit in consecu- 
tive rank: tierce for sequence of three, quart for four, quint for 
five, etc. The longest sequence is “good,” and the holder may 
also score any additional sequences he holds. Between equal 
length sequences, that of higher rank is good. Tierce scores 3, 
quart 4; quint or better scores 10 plus 1 for each card. If there 
is a tie for best sequence, no sequences are scored. 

Sets are three of a kind (trio) or four of a kind (quatorze) 
of rank ten or higher. A quatorze, counting 14, is good against 
a trio, counting 3. Between equal length sets, that of higher 
rank wins. The player with the highest set may count it and any 
additional set he holds. 

A player may sink (conceal) part or all of a combination if he 
thinks revealing it would aid his opponent’s play. Any declared 
combination that scores must be proved, usually by exposing it, 
though etiquette varies in this matter. Carte blanche is shown, 
after the opponent has discarded. 

Upon completion of the declarations, play begins, nondealer 
making the first lead. Each lead requires the other to follow 
suit if able. The trick is won by the higher card of the suit led. 
(There is no trump suit.) The winner of a trick leads to the 
next. For each lead he makes and each trick he wins on an ad- 
verse lead, the player counts 1 point. The last trick counts 1 
extra point. The winner of a majority of the 12 tricks scores 
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before his nt scores a point, he adds 60 to his score for 
repique. If he reaches 30 in declaring and play (excluding capot) 
before his scores, he for 


opponent 

During declaration and play, the score is kept verbally, each 
player announcing his new total after each increment, At the end 
of play the totals are written on paper. 

In the early piquet au cent, a game was continued by alternate 
deals until one player reached 100 points, This game was super- 
seded by rubicon piquet, in which a game is six deals, 
receives a bonus of 100 for game, plus the difference of the final 
totals. If the loser fails to reach 100 (regardless of 
the winner also is below 100), he is rubiconed, and 
takes 100 plus the sum of the final totals, Modern Done 


.H. 
A, а city in the interior of Sho Paulo state, 
Brazil, 85 mi. NW of São Paulo, with which it is connected by 
rail and all-weather highway. Pop. (1960) 80,670 (mun.). Pira- 
cicaba is the centre of one of São Paulo's most productive agricul- 
tural districts, where sugar cane, cotton, coffee, rice, and oranges 
are grown, In the town are sugar mills, brandy distilleries 


chief agricultural colleges. 

PIRACY means robbery or other violent action, for private 
ends and without authorization by public authority, committed 
оп the seas or in the air above the seas, outside the normal juris- 
diction of any state, 

History,—Piracy has occurred in all stages of history, ‘The 
extent to which it has been a menace to maritime navigation has, 
however, varied pura different periods and in different areas, 
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‘I, Declaration of Paris of 1856 following the Crimean Wi 


by a letter of marque authorizing the ship to make rep 
reparation for a specified offense in time of peace, or to prey 
the enemy in time of war with the right of the officers 
to share in “prize money” from captured vessels. The 
was great to continue this profitable business after the 
over without submitting prizes to the proper court, Н 
Elizabethan wars with Spain, treasure-laden Spanish gall 
ceeding from Mexico into the Caribbean were a natural t 
privateers, and the line between privateering and pira 
difficult to draw. In the later period of Anglo-French hog 
a similar situation existed in interwar periods. Cotton Mg 
the New England minister, in a “hanging sermon" to conde 
pirates in Boston in 1704, said: “The Privateering Stroke so; 
degenerates into the Piratical, and the Privateering Trade is 

carried on with an Unchristian Temper and proves an 

so much and Iniquity." Admiral Nelson 
clared that, "All privateers are no better than pirates.” 
situation eventually led to the abolition of privateering Û 


concept of "prize money" that entitled the crew and о 
regular naval vessels to receive a share of the value of cap 
prizes injected an element of private gain into naval op 

against commerce, and induced most governments to abolish 
the 19th and 20th centuries. The United States did so Шш 


The increased size of merchant vessels, the improved: 
patrolling of most ocean highways, the regular administratie 
most islands and land areas of the world, and the general | 

| 

| 
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by governments of piracy as an international offense 
in а great decline in piracy in the 19th and 20th 
has, however, occurred in the 20th century: 
Sea, and the practice of hijacking ships or alt 
into a new form of piracy, During the p ohit 
nited States, for example, ships loaded with ala 
ff the American coast were sometimes hijacked by 
|, perhaps with collusion of the ship's officer 
would then run the cargo into an inlet at 
U.S. Coast Guard, and the larger ship, if bro 
court, would claim that it was innocent of intent to violate 
laws but was the victim of piracy, (The Louise Р., 293 
Reporter 933.) 
Certain Chinese vessels under contract with the Natio 
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а seizure might be termed mutiny Of 
motive of the crew was political—they consid 
allegiance to the Communist government of © 
piracy. (Republic of China v, National Union 
Company, 151 Federal supplement 211, 1957.) 


Portuguese revolutionists on board who eventually b 
Recife, Braz., was frequently described as piracy boty 
intent was political, it should be described as insurgency. 
was the opinion of the Brazilian government, ИНИН 
the "Santa Maria” to Portugal but took no actioni 

the insurgents who had seized it. ) 


is 
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by persons оп board іп 1961. 
jackers with threats of force compelled the pilot to d 
course. Whether the intent was political or private, Of 
of a desire for publicity by a deranged mind, was 
of the cases. The incidents presented great danger to P 


PIRACY 


sad induced the U.S, government to provide more effective policing 
en aircraft and to pass legislation for punishment of such hijack» 
ing of airplanes as an offense analogous to piracy, International 
agreements were also proposed to provide for the prompt return 
of hijacked airplanes, diverted to another country, to the country 
et origin 

Geography-—In areas where gold or other cargo of great value 
and small bulk is carried by vessels vulnerable to attack over 
routes that are remote from regular naval patrols and close to 
many unfrequented islands or safe harbours, the opportunity for 
lucrative piracy exists and the risks are slight, In ancient times 
sach conditions existed in the eastern Mediterranean until Rhodes 
developed naval power in the Aegean, and until Rome ín the pe- 
ded of the empire temporarily eliminated piracy from the Medi- 
terranean by adequate naval force. The North Sea was the scene 
of Viking piracy in the Middle Ages, and the Hanseatic League of 
German cities was formed partly to protect commerce against 
piracy in the Baltic. After the weakening of Turkish rule had re- 
sulted in the virtual independence of the Barbary States of North 
Africa, piracy again became common in the Mediterranean, Mo- 
rocco, Algeria, Tunis, and Tripoli so tolerated or even organized 
piracy that they came to be called “pirate states." Commerce in 
tbe Mediterranean became possible only for states that made trib- 
we treaties with these states. The United States made such 
treaties in the 1790s, but after the U.S. Navy was developed dur- 
lag the hostilities with France in 1798, President Jefferson refused 
lo make such treaties, The Tripolitan War of 1801 and the Alge- 
ran War of 1815 initiated cooperative action for the elimination 
of these pirate states, which was finally effected by 1830, (See 
lanany Pirates.) 

During the early Tudor period piracy existed around the British 
Мез, the pirates finding refuge in the Shetland Islands, the Heb- 
tides, Scilly Isles, and south Ireland. Sir William Monson recorded 
la his Noval Tracts that in 1605 he discovered pirates at Broad 
Haven in south Ireland where an Irish gentleman named Cormat 
«r Cormac lived in great style through sheltering pirates and dis- 
posing of their loot, The Caribbean in the late Tudor and Stuart 
periods was a major scene of piracy, as was the New England coast 
Where the Isles of Shoals were for a time a harbourage. In the 
Vh. century, piracy occurred in the Indian Ocean, the South 
China Sea, and the Caribbean and there were harbours for pirates 
& Madagascar, Borneo, Bias Bay, and Barbados, 

Law.—Because piracy has been regarded as an offense against 
the law of nations, the public vessels of any state have been per- 
mitted to seize a pirate ship, to bring it into port, to try the crew 
(regardless of their nationality or domicile), and, if found guilty, 
lo punish them and to confiscate the ship, In this sense, piracy 
hut been defined by generally accepted custom and judicial prece- 
ём as “Any act of violence or depredation committed with in- 
teat to rob, rape, wound, enslave, imprison, or kill a person, or 
Mih intent to steal or destroy property, for private ends without 

fide purpose of asserting a claim of right, provided that the 
Xt is connected with an attack on or from the sea or in or from 
he air, and does not take place in a ship or aircraft which has the 
“tonality of a state and is within the control of its proper au- 
Üerities" (Harvard Research in International Law, "Draft Con- 
ation on Piracy,” American Journal of International Law, sup- 
Wement, 1932, vol, 26, p. 743.) 
o ntes have been described as enemies of the human race 
ce humani generis) who act with predatory intent (snimo 
Mandi) for personal gain (causa lucri) and without political 
Porpote It will be observed that the key points in the defini- 
155 of piracy are that the act takes place outside the normal 
Pridiction of a state, without state authority, and that the in- 

“$ private, not political. 

Most states have laws punishing piracy, usually by death or 
i imprisonment. Special provisions were sometimes made for 
a, eeution of pirates so that the occasion would discourage 

з from following а piratical course. Pirates convicted by the 

adon Admiralty Sessions at the Old Bailey were hanged on a 

ey šet up in the water between ebb and flow tides. After 
they were hanged in chains farther down the river as “a 
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horrid example to passing seamen.” Laws punishing piracy some» 
times go beyond the above definition and include robbery on the 
high seas by any person. When U.S. legislation of this character 
came before the Supreme Court, Chief Justice John Marshall 
held that a distinction must be made between piracy jure gentium 
and piracy by national law, He held that the law in question must 
be construed to permit the exercise of criminal jurisdiction over 
United States nationals committing robbery in a foreign ship at 
sea and over anyone committing robbery in a U.S. ship at sea, but 
not over aliens in foreign ships unless they were guilty of piracy 
jure gentium. Thus an alien who committed robbery in a foreign 
ship at sea, although literally within the terms of the act, could 
not be proceeded against. It was to be assumed that Congress 
in using the words "any person" did not intend to authorize the 
exercise of criminal jurisdiction beyond that permitted by inter- 
national law (U.S. v. Klintock, 1820, $ Wheaton 1144; Harvard 
Research ibid., 811) 

Acts of unlawful warfare, acts of insurgents and revolutionists, 
mutiny, hijacking, and slave trading have been defined as piracy 
by national laws of various countries or by special treaties, but 
they are not, in most cases, piracy by the law of nations 

An unratified convention of the Washington Conference of 1922 
forbade the use of submarines as commerce destroyers and declared 
that such vessels destroying merchant vessels without warning 
were guilty "as if for piracy,” By the Nyon Convention of 1937 
during the Spanish Civil War, the powers declared that submarines 
attacking commerce in the Mediterranean should be treated as 
pirates and at once destroyed by the naval forces of these powers, 
These situations, however, would not conform with the usual con- 
ception of piracy under the law of nations because the submarines 
involved would be attacking under the authority of a government 
for political purposes, Some early treaties of the United States 
provided that nationals of either party accepting commissions to 
privateer against the other should be treated as pirates, Privateer- 
ing, however, was not generally considered piracy, at least until 
formally abolished by the Declaration of Paris of 1856, and even 
then it would not conform to the usual definition of piracy be- 
cause the action would be under the authority of a government, 
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Revolutionists and insurgents © 


engaged in naval warfare against 
a parent state have sometimes 
been considered pirates, partic- 
ularly if the government con- 
trolling them had not been rec- 
ognized as a belligerent. Early in 
the American Civil War, Secre- 


tary of the Navy Gideon Welles © 


ordered that the officers of Con- 
federate privateers be proceeded 
against as pirates. This was not 
done because Pres. Jefferson 
Davis of the Confederacy threat- 
ened immediate reprisals against 
Union prisoners of war. Modern 


practice has recognized the legal { 


status of “insurgency,” which 
arises when unrecognized groups 


engage in hostilities for a political ; 


purpose, and refuses to consider 
naval forces acting under the au- 
thority of such groups as pirates, 
so long as their activity is di- 
rected only against the parent 
state. 

Mutiny, though considered pi- 
racy under British statutes, is not 
regarded as piracy by the law of 
nations even though mutineers 
engage in violence and gain con- 
trol of the vessel, unless their 
purpose is robbery. Otherwise 
the offense remains within the ex- 
clusive jurisdiction of the state 
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of the vessel's flag. TEMPORARY DRAWING 


Hijacking is the seizure of a 
Ship or aircraft by passengers or other unauthorized persons on 
board, or by persons from another vessel, with or without collu- 
sion of persons on the vessel. The motive may be smuggling or 
other private end, or it may be assistance to a government, espe- 
cially in case of international or civil strife. It would constitute 
piracy according to the law of nations if committed on the high 
seas or in the air above, in case the hijackers gain control of the 
ship or aircraft or take cargo from it, and if their motives are not 
political. 

Slave trading was declared piracy if carried on by a United 
States citizen by American legislation in the early 19th century. 
In the case of “La Jeune Eugénie,” a French ship seized by a 
U.S. naval vessel off the west coast of Africa on suspicion of 
slave trading, Justice Joseph Story, in the Federal Circuit Court 
in Boston, held that the slave trade was prohibited by universal 
law and also by the law of France, but at the request of the U.S. 
government the vessel was turned over to France (2 Mason 409, 
1822). The Supreme Court, however, ruled in the case of the 
“Antelope” (10 Wheaton 66, 1825), whose seizure was protested 
by the vice-consuls of Spain and Portugal, that, whatever might 
be its status under a particular system of municipal law, and how- 
ever inhumane it might be, slavery and slave trading were gen- 
erally recognized by the states of the world, and consequently 
slave trading was not piracy by the law of nations. British legis- 
lation of 1824 declared slave trading to be piracy, but the United 
States, under the banner of freedom of the seas, resisted British 
efforts to gain general acceptance of the identification of slave 
trading with piracy until after the Civil War when it entered into 
conventions to abolish the slave trade. The Brussels Convention 
of 1890 providing for abolition of the slave trade has been gen- 
erally ratified, but France made reservations concerning the seizure 
by other than French warships of French vessels engaged in slave 
trading. In the case of the Muscat dhows before the Inter- 
national Court of Arbitration at The Hague in 1905, this reser- 
vation was recognized and slave-trading ships owned by the 


sultan of Muscat but flying the French flag were held no 
to seizure on the high seas by British warships. 

National statutes frequently place the burden of determin 

RES Я ng 
what is piracy by the law of nations upon the courts, Thus the 
U.S. Criminal Code (sec. 290) declares: “Whoever, on the high 
seas, commits the crime of piracy as defined by the law of nations, 
and is afterwards brought into or found in the United States, shall 
be imprisoned for life.” 

Piracy has in the past been a scourge of peaceful maritime com. 
merce in many places. It has now been eliminated in most parts 
of the world although, in addition to the special treaty situations 
referred to, piracy by the law of nations has occurred in certain 
areas such as the South China Sea in recent years. 

Famous Pirates.—Capt. John Avery, alias Every, alias Bridge. 
man, familiarly known as “Long Ben” or “the Arch Pirate,” was 
born in Plymouth, Eng., about 1665, took to the sea, and rose 
to become mate in a merchant ship. He headed a mutiny, was 
elected captain, proved himself a daring pirate leader, and, after 
much success off the Guinea coast and in the West Indies, sailed 
to the Red Sea. There he seized a rich ship of the Great Mogul 
reported to have on board 100,000 pieces of eight and the Mogul's 
young and lovely daughter. He took both to Madagascar where 
he settled down as a reigning monarch. In 1696 he was at Boston, 
Mass., where he bribed the governor to allow him and his crew 
to land and to dispose of their plunder. He died in poverty at 
Bideford, Eng., after being tricked out of his ill-gotten gains by 
certain merchants of Bristol. Charles Johnson wrote a play based 
on Avery’s career called The Successful Pyrate, which was acted 
at Drury Lane in 1713. 

Bartholomew Roberts was, perhaps, the greatest of all pirates. 
Born in Wales in 1682, he died fighting in 1722. He was credited 
with having taken more than 400 ships during his career and was 
remarkable for his strict discipline; he was a teetotaler and al- 
lowed no women or gambling aboard his ships. Edward Teach, 


t subject 


alias Blackbeard, a picturesque blackguard, was killed on Nov. 17, 
1718, in a hand-to-hand combat with Lieut. Robert Maynard of 
H.M.S. “Pearl.” Captain Misson, a Frenchman of good family, 
was unique in combining active piracy with socialistic ideas. He 
reigned for many years over a Utopian republic in Madagascar 
Two women pirates, Anne Bonny and Mary Read, deserve men- 
tion, as both rose high in their ancient dual professions. The 
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(LEFT) ANNE BONNY AND (RIGHT) MARY READ, BOTH CONVICTED 
IN JAMAICA IN 1720; CONTEMPORARY DRAWING 


famous Capt. William Kidd (q.v.) was commissioned Ep tes ani 
but upon reaching Madagascar in 1697 associated with pira 
was later convicted of murder and piracy. der of 4 
In U.S. history the career of Jean Laffite (4.0): lea uth of 
colony of pirates and smugglers on the Baratarian des Е n wel 
New Orleans from 1810 to 1815, is of interest. Lafüte'* oa . 
pardoned by President Madison for their contribution (1819) 
Andrew Jackson's victory at the Battle of New Orleans 
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See also references under “Piracy” in the Index. 

BIBLIOGRAPHY General: Charles Johnson, General History of the 
pirates, 2 vol. (1724-26; new edition 1925); F. B. C. Bradlee, Piracy 
in the West Indies and Its Suppression (1923); G. F. Dow and J. H. 
Edmonds, The Pirates of the New England Coast, 1630-1730 (1923) ; 
H, A. Ormerod, Piracy in the Ancient World (1924); P. Gosse, The 
Pirates’ Who's Who (1924) and The History of Piracy (1932); Juan 
Cabal, Piracy and Pirates (1953); Patrick Pringle, Jolly Roger: the 
Story of the Great Age of Piracy (1953) ; Robert Carse, The Age of 
Piracy (1957) ; John Carlova, Mistress of the Seas (1964) ; H. G. W. 
Woodhead, The “Tungchow” Piracy, A Personal Narrative (1926). The 
most famous work of pirate fiction is Robert Louis Stevenson’s Treasure 
Island (1882). Legal: League of Nations Committee of Experts for 
the Progressive Codification of International Law, “Report on Piracy,” 
American Journal of International Law, special supplement, vol. 20, 
pp. 222 ff. (1926) ; Green Hackworth, Digest of International Law, 
vol. 2, pp. 681 ff. (1941); E. D. Dickinson, “Is the Crime of Piracy 
Obsolete 2", Harvard Law Review, vol. 38, pp. 349 ff. (1925); Stanley 
Morrison (ed.), “A Collection of Piracy Laws of Various Countries,” 
American Journal of International Law (1932); Harvard Research in 
International Law, “Draft Convention on Piracy,” American Journal 
of International Law, supplement, vol. 26, pp. 741 ff. (1932). The 
latter includes a comprehensive commentary by Joseph W. Bingham, 
quoting judicial opinions, legislation, treaties, diplomatic correspondence, 
and text writers on the subject. . W. 

PIRAEUS (modern Greek Pratévs), the port of Athens, with 
which its story is inseparably connected, and 6 mi. (10 km.),from 
it by road. Pop. (1961) 183,877. About 5 mi. SW of Athens, the 
sandy Bay of Phaleron (Fáliron) is closed on the west by a rocky 
promontory which also falls abruptly landward into the plain. Its 
highest point, Munychia or Munichia (modern Kastéllon), is at 
the northeast end; the lower plateau, Acte (Aktí), stretches sea- 
ward to southwest, beyond the saddle which connects two small 
coves, Munychia (Tourkolimano) and Zea (Passalimáni), on the 
southeast coast with the completely landlocked basin of Piraeus. 
The inner port there, Cantharus, runs northward between Mu- 
nychia Hill and the detached ridge, Eétioneia, which dominates the 
north side of the entrance. In early days the Athenians used only 
Phaleron for sea traffic. Themistocles persuaded them to fortify 
and utilize Piraeus for their new fleet (probably 493/492 B.C., 
though the fortifications were not completed until after 479). The 
“Jong walls” from the base of Munychia Hill to Athens were built 
soon after 460 в.с., and the town of Piraeus itself was laid out on a 
tectangular plan by the architect Hippodamus of Miletus. The 
fortress of Eétioneia was added during the Peloponnesian War. 

The ancient town plan is followed approximately by the modern 
Streets. Traces remain of the ship houses surrounding Zea and 
Munychia and of a Hellenistic theatre, but the great 4th-century 
arsenal built by Philo can only be reconstructed from its specifica- 
tion, preserved in an inscription. In 1959 there was a notable 
find of bronze and marble statues, of the 6th to 4th centuries B.c., 
Which had been awaiting shipment when Sulla, Roman general 
and dictator, burned the town in 86 B.c. Harald Hardraade, later 
king of Norway, captured Piraeus in А.р. 1040 for the Byzantine 
emperor, In World War II it was subjected to the bombing which 
i was spared. The modern port occupies ancient Cantharus 
bà 15 the largest in Greece, the centre for commercial and pas- 
"- traffic. It has grown considerably since World War II, 
hee , many new factories on its outskirts (mainly for the engi- 
inis and chemical industries) as well as shipyards. It is the 
i Am station for all the main Greek railway lines and is linked 

thens by electric railway. (J. Bo.) 
JIRANDELLO, LUIGI (1867-1936), Italian playwright, 
is or of short stories and novels, winner of the Nobel Prize for 
{ ше (1934), and, by his invention of the “theatre within the 
Бе (with Six Characters in Search of an Author), one of the 

n revolutionary innovators in 20th-century drama. He was 
ls at Girgenti (modern Agrigento), Sicily, on June 28, 1867, 

is Son of a sulfur merchant who destined him for commerce. 
hie desire for study and for liberty, however, took him to 
Wü and, in 1887, to the University of Rome; but, after a 

litio With the professor of classics, and asa result of an intro- 
ja п from the philologist Ernesto Monaci, in 1888 he went to 
iles? Where in 1891 he gained his doctorate in philology for a 
Mate on the dialect of Girgenti. In 1894, his father arranged his 

Mage to the daughter of a wealthy sulfur merchant, and this 
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gave him financial independence, allowing him to live in Rome and 
to write. He had already published an early volume of verse, Mal 
giocondo (1889), which paid tribute to the poetic fashions set by 
Carducci, and this was followed by other volumes of verse, in- 
cluding the translation of Goethe’s Roman Elegies (Elegie romane, 
1896). But his first significant works were movelle, at first con- 
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tributed to periodicals without thought of recompense. In 1904, 
however, a landslide at the sulfur mine in which his wife’s and his 
father’s capital was involved brought poverty, and he was forced 
to earn his living, not only by writing but by teaching. It also 
brought tragedy, for his wife developed a persecution mania which 
manifested itself in a frenzied jealousy of her husband, and his life 
became a torment, only ending with her death in 1918. It was this 
bitter experience which finally determined the theme of his most 
characteristic work, already perceptible in his early novelle—the 
exploration of the impenetrability of individual worlds and the in- 
stability of human personality. 

Pirandello’s early narrative style stems from the Sicilian verismo 
of Luigi Capuana and Giovanni Verga (qq.v.), but the very titles 
of his early collections of novelle—Amori senza amore (1894; 
“Love Without Love"), Beffe della morte e della vita (1902-03; 
“The Jests of Life and Death”)—suggest the wry nature of his 
realism. This is seen also in his first novels: L’Esclusa (written 
1893, published 1901; English translation, The Outcast, 1925) and 
Il turno (written 1895, publ. 1902). Success came with his third 
novel, often acclaimed as his best, ZI fu Mattia Pascal (1904; 
The Late Mattia Pascal, 1923). Although the theme is not typi- 
cally “Pirandellian,” in that the obstacles confronting its hero re- 
sult from external circumstances, it already shows the acute psy- 
chological observation which was later to be directed toward the 
exploration of the inner consciousness. Pirandello's understanding 
of psychology was sharpened by reading such works as Les Altéra- 
tions de la personnalité (1892), by the experimental psychologist 
Alfred Binet, and traces of its influence can be seen in the long 
essay L'umorismo (1908), in which he examines the principles of 
his art. Common to both is the theory of the subconscious under- 
lying personality, so that what we know, or think we know, is the 
least part of what we are. Thus, before Freud's work was known 
to Pirandello, and before Proust had published any of his works, 
the themes of psychology became material for literature. They 
found their most complete expression in the volumes of novelle, 
La Trappola (1915) and E domani, Lunedì . . . (1917), and in 
such individual stories as Una voce, Pena di vivere cosí, and Con 
altri occhi. 

Meanwhile, he had been writing other novels, notably J vecchi 
e i giovani (publ. 1913; The Old and the Young, 1928) and Uno, 
nessuno e centomila (1925-26; One, None and a Hundred- 
Thousand, 1933). Both are more typical than ZI fu Mattia Pascal. 
The first, a historical novel, reflecting the Sicily of the fim-de- 
siécle and the bitterness of the loss of the ideals of the Risorgi- 
mento, suffers from the fact that Pirandello's genius was rather 
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to “discompose” than to “compose” (to use his own terms, in 
L'umorismo), and thus the individual episodes stand out more 
clearly than the unity of the work as a whole. Uno, nessuno e 
centomila, however, is at once the most original and the most typi- 
cal of his novels, and, in its surrealistic description of the conse- 
quences of the hero's discovery that his wife (and others) see him 
with quite different eyes, presents an exploration of the reality of 
personality of a type better known from his plays, for it was as a 
dramatist that he became famous outside Italy. 

He had first turned to the theatre in 1898 with L’epilogo, but 
the accidents which prevented its production until 1910 (retitled 
La morsa) had kept him from other than sporadic attempts at 
drama until the success of Cost è (se vi pare) in 1917. This may 
have been fortunate for the development of his dramatic powers, 
for, while L'epilogo does not greatly differ from the bourgeois 
drama of its period, with Cost ё (se vi pare) began the series of 
plays which were to make him world-famous in the 1920s. It isa 
demonstration, in dramatic terms, of the relativity of truth, and 
a rejection of the idea of the existence of any objective reality 
not at the mercy of individual vision, and is to be regarded as 
merely a rather dry curtain-raiser to the two great plays, Sei 
personaggi in cerca d'autore (1921; Six Characters in Search of 
an Author) and Enrico IV (1922; Henry IV). In Six Characters, 
the typical Pirandellian contrast between art, which is unchanging, 
and life, which is an inconstant flux, found its most arresting 
presentation, with the materialization on the stage of the char- 
acters, rejected by their author, and yet throbbing with a more 
intense vitality than the real actors, who, inevitably, distort their 
drama as they attempt its presentation, And in Henry IV the 
theme of madness, which lies just under the skin of ordinary life, 
and is, perhaps, more sane than ordinary life in its construction of 
a satisfying reality, finds dramatic strength in its hero's choice 
of a fixation in preference to the uncertain world in which we all 
live. 

The production of the first of these two plays in Paris in 
April 1923 by Georges Pitoéff was to a great extent responsible for 
making Pirandello widely known, and his work became one of the 
central influences on the French theatre, so that French drama 
from Jean Anouilh and Jean Paul Sartre to Eugéne Ionesco and 
Samuel Beckett is tinged with *Pirandellianism." His influence 
can also be detected in the drama of other countries, even in, for 
example, the very different plays of T. S. Eliot. 

In 1920 Pirandello said of his own art: “I think that life is a 
very sad piece of buffoonery ; because we have in ourselves, without 
being able to know why, wherefore or whence, the need to deceive 
ourselves constantly by creating a reality (one for each and never 
the same for all), which from time to time is discovered to be vain 
and illusory .... My art is full of bitter compassion for all those 
who deceive themselves; but this compassion cannot fail to be 
followed by the ferocious derision of destiny which condemns man 
to deception." 

This despairing outlook attained its most vigorous expression in 
Pirandello's plays, criticized at first for being too "cerebral," but 
later recognized for their underlying sensitivity and compassion. 
His main themes are the necessity and the vanity of illusion, the 
multiform appearances, all of them unreal, of what is presumed 
to be the truth. Man is not what he thinks he is (or what he 
tries to build himself to be), but he is “опе, no one and a hundred 
thousand," according to his appearance to this person or that, 
always different from the image of himself in his own mind. 
Pirandello's plays (and this is a link with Sicilian verismo) deal 
mostly with a lower-class milieu, peopled with clerks, teachers, 
lodginghouse keepers, etc., but from their modest vicissitudes he 
draws conclusions of general human significance. 

The universal acclaim which followed Six Characters and Henry 
IV sent Pirandello touring the world with his own company. It 
also emboldened him, and in some of his later plays (e.g., Ciascuno 
asuo modo, 1924; “Each in His Own Way”), he turned toward ex- 
hibitionism, just as in some of the later novelle it is the surrealistic 
and fantastic elements that are accentuated. But in Six Characters 
and Henry IV he shows a humanity, and a power to dramatize the 
metaphysical and psychological problems confronting modern man 
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undoubted masterpieces of his work for the theatre, 

Pirandello died in Rome on Dec. 1, 1936. 

For a portrait of Pirandello see ITALIAN LITERATURE, | 

BrstiocraPHy.—Of several editions of his collected plays under the 
title Maschere nude, the most definitive is that in 10 vol. (1933 
Pirandello himself began to edit the stories in a series entitled Торе 
per un anno (1922 et seq.) ; 15 vol. had appeared by 1936, Т 
translations, other than those mentioned above, include selections from 
the novelle (Better Think Twice About It, and twelve other. stories, 
1934, and Naked Truth, and eleven other stories, 1934, new ed, 1948); 
and the plays Six Characters in Search of an Author, trans, by Е Ма i 
(1954) ; and Right You Are (If You Think So), by E. Bentley (1954), 
Henry IV is included in Three Plays of Pirandello (1923), For biog. 
raphy and criticism, see W. Starkie, L. Pirandello (1926; rev, ed, 1937 fi 
F. Pasini, L. Pirandello (1948) ; D. Vittorini, The Drama of L. Pirn- 
dello (1935) ; L. McClintock, The Age of Pirandello (1951); E; Bentley 
(ed.), Naked Masks (1952), and introduction and notes to Right Vou 
Are... (1954) ; J. Н. Whitfield, “Pirandello and T. S. Eliot, an Essa 
in Counterpoint,” in English Miscellany (1958), and “Pirandello and the 
Question-Mark of the 20th Century" in A Short History of Italian 
Literature (1960). See also Manlio Lo Vecchi Musti, Bibliografia di 
Pirandello (1937). (J. Н. WE) 

PIRANESI, GIAMBATTISTA (Giovanni BATTISTA) 
(1720-1778), Italian draftsman and etcher, whose large prints 
of the buildings of classical and postclassical Rome and its neigh- 
bourhood contributed considerably to Rome’s fame and to the 
growth of classical archaeology and the neoclassical movement in 
art. He was born in 1720 near Venice and moved to Rome in 1744, 

He developed the medium of etching by means of complicated 
repeated bitings of the copperplate, which resulted in rich textures 
and bold contrasts of light and shadow. A prolific etcher, he 
created more than 1,000 plates, The “Prisons” (Carceri) of & 
1745 are his finest early prints; they constitute a climax of late 
baroque fantastic, visionary architecture. Among his best mature 
prints are the series Le Antichità Romane (1756), the Vedute di 
Roma (appearing as single prints between 1748 and 1778), and 
the views of the Greek temples at Paestum (1777-78). His um 
paralleled accuracy of depiction, his personal expression of the 
structures’ dramatic and romantic grandeur, and his te 
mastery made these prints the most original and impressive repte- 
sentations of architecture to be found in western art. T 

Piranesi died in Rome in 1778. 

Вівиоскарн, А. M. Hind, Giovanni Battista Piranesi (1922); 
A. Huxley and J. Adhémar, Prisons (1949); А. H. Mayor, Giovani 
Battista Piranesi (1952); H. A. Thomas, The Drawings of 
Battista Piranesi (1954). (Н. А. 15:5 


PIRANHA (Carme), the name applied to several carnivorous 
fishes of the family Characidae, usually of the genus Serrasalnius 
Piranhas occur in the large rivers of eastern South America from 
central Venezuela to northern Argentina. They grow to about 18 
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in., but most do not 5 in. They are all characterized by 
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a body half as deep as it is long, an adipose fin, a large th of 
and massive jaws with razor-sharp teeth. The sawlike E ; 
the upper jaw cut against those of the lower jaw like scISS ost 


the mouth is closed. Piranhas are able to bite pieces out E in 
any animal, including large and armoured species. ™ cattle t0 


groups and are able to reduce animals such as men called 
skeletons in a short time, Related species are sometime Ash 
piranhas but are seldom dangerous. See also Ase Bo) 
Characins, True Minnows, etc. «3 


I 


PIRE—PIRON 


PIRE, DOMINIQUE GEORGES (1910- ^), Belgian 
Dominican who won the Nobel Peace Prize in 1958 for his work 
in helping European displaced persons, was born at Dinant, Belg., 
onFeb.10,1910. He entered the Dominican Order in 1928 and was 
lecturer in moral philosophy at the Dominican College of La Sarte, 
Huy (1930-40), during which time he founded various charitable 
organizations for poor families. During World War II he was ac- 
tive in the resistance movement and afterward was struck by the 
enormous problem of refugees. To help them he founded the Aide 
aux Personnes Déplacées in 1949, which before long had branches 
in most European countries. Its goal was to guarantee every form 
of moral and material aid to displaced persons, regardless of their 
nationality or religion, and to establish what Pire called a “Europe 
of the heart." Pire believed that the best way toward a peace 
which is more than absence of war is that of “fraternal dialogue" 
between people separated by barriers of religion, political thought, 
race, etc., the beginning of an interested and understanding atti- 
tude toward others despite their differences. The first step is co- 
operation for a useful purpose, especially against hardship and 
famine, Between 1950 and 1954 Pire founded four "homes of wel- 
come" in Belgium for aged refugees, the hard core of the problem. 
Between 1956 and 1962 seven "European villages" were founded 
in Germany, Belgium, and Austria. The principle behind them 
is to “re-establish men,” to enable them once more to become in- 
dependent members of human society. In addition, Pire initiated 
the system of sponsors, whereby a refugee is put in touch with a 
person in another country who writes to him regularly and sends 
him practical help. 

Accepting the Nobel Peace Prize primarily as an obligation, Pire 
established, in 1960, at. Huy, the Mahatma Gandhi International 
Peace Centre, later known as the University of Peace, for the 
instruction of young people in the principles and practice of 
"fraternal dialogue" and positive peace. In March 1962, at the 
invitation of the Pakistani government, he started the "Island 
of “Peace” project, the development of an international com- 
munity in East Pakistan on the principle of help for self-help. 

Вівілоскарну.—р. G. Pire, Du Rhin au Danube avec 60,000 Per- 
sonnes Déplacées (1949); V. Houart, The Open Heart (1959); H. 
Véhenne (ed.), Europe of the Heart (1960). (A. P. Le.) 

PIRELLI, an Italian family of industrialists who contributed 
ү the development of production and commerce in rubber goods, 

lectric wire, and electric cable. 

GIOVANNI BATTISTA PIRELLI (1848-1932), born at Varenna, 
Como, on Dec. 27, 1848, was educated in Milan. In 1872 he 
started a small rubber factory there, the first in Italy and one of 
the first in Europe. It pioneered the manufacture of electric 
cable (1884) and in 1899 began producing automobile tires. In 
1902 the company began its foreign expansion by starting a sub- 
sidiary factory in Spain. Pirelli died in Milan on Oct. 20, 1932. 

His two sons, Prero (1881-1956), born in Milan on Jan. 27, 
1881, and ALBERTO (1882- ), born also in Milan on April 28, 
1882, joined the business in 1904, Factories were started, under 
the Société Internationale Pirelli of Basel, Switz., in Great Britain, 
other European countries, Turkey, and the Americas, and eventu- 
ally the Italian and International Pirelli groups together employed 
More than 55,000 people, Piero Pirelli, chairman from 1932, 
greatly assisted the development of the Italian telephone service. 

е died in Milan on Aug. 7,1956. His brother, Alberto, who be- 
came chairman in 1956, also has been active in economic inter- 
National law, He was a member of the Supreme Economic 
Committee of Versailles (1919), Italian delegate to the first Inter- 
National Labour Office of Geneva (1920-22), served on the League 
of Nations economic committee (1923-27), and, as a leading 
Negotiator on war reparations and debts, on the Dawes and Young 
Ala ( 1924, а, Не Не a minister plenipotentiary 

Nd a minister of state in ^ 
k PIRITHOUS (PEmiTHOUs), in Greek mythology, chiefly 
nown as the companion and helper of Theseus (q.v.) in his ad- 
Ventures: the war against the Amazons, the carrying off of Helen 

One to please Theseus), and the descent into Hades to carry off 
; "ISephone (a service in return by Theseus). They were detained 

ades until Heracles rescued Theseus, but not Pirithous. 
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Pirithous was originally a Lapith (see LAPITHAE), and prob- 
ably his earliest legend was that at his marriage to Hippodamia 
the centaurs, who had come as guests, in drunken fury tried to 
violate the bride and her attendants; this led to the battle of the 
Lapiths and centaurs, a favourite subject of Greek art. 

(H. W. Pa.) 

PIRMASENS, a town in the Land (state) of Rhineland- 
Palatinate, Federal Republic of Germany. It is situated near the 
French frontier, 52 mi. (84 km.) WNW of Karlsruhe by road. 
Pop. (1961) 53,164. It was largely rebuilt after severe damage in 
World War II. It is the terminus of a branch railway linking 
Landau with Zweibrücken. The shoe industry is important, and 
every two years an international shoe trade fair is held in the town. 
A technical school of shoemaking there is internationally known. 
Named after St. Pirmin, who was supposed to have preached Chris- 
tianity there in the 8th century, Pirmasens originally belonged to 
the counts of Hanau-Lichtenberg, but passed to Hesse-Darmstadt 
in 1736. The French took it in 1794, and it passed to Bavaria in 
1816. It was a centre of a separatist movement in 1923. 

PIRMEZ, OCTAVE LOUIS BENJAMIN (1832-1883), 
Belgian essayist, one of the intellectual elite who brought about 
the 19th-century literary revival, was born on April 19, 1832, at 
Châtelet, Hainaut. He studied at Brussels University and there- 
after spent half his time in travel and half in solitary meditation, 
Besides a lively and interesting correspondence, he left works of 
considerable philosophic power and literary value—Feuillées 
(1862), Jours de Solitude (1869), Heures de philosophie (1873), 
and Rémo (limited ed. 1878; 1880)—although showing the de- 
bilitating influence of the prevalent egocentric romanticism. In 
these he expressed both his desire for spiritual contact with the 
infinite and his appreciation of the beauty of form. All his thought 
is conveyed in delicate nuances, pervaded with a melancholy 
charm. Intensely concerned with writing as an art, he developed 
a style of great fluidity and clarity and strongly influenced the 
writers of the Jeune Belgique group. He died at Acoz, Hainaut, on 
May 1, 1883. 

BisLr0GRAPHY.—P. Champagne, Vie et Oeuvre ФО. Pirmez (1925), 
La Vie méditative d'O. Pirmez (1929), Recherches sur O. Pirmez (1932), 
Nouvel Essai sur O. Pirmez (1952). G. D.) 

PIRNA, a town in the Bezirk (district) of Dresden, German 
Democratic Republic. It lies on the left bank of the Elbe about 
17 mi. (27 km.) SE of Dresden by road and near the frontier of 
Czechoslovakia. Pop. (1962 est.) 41,030. The northern foothills 
of the scenically attractive Elbe Sandstone Mountains extend as far 
as Pirna. Founded in 1240, the town is dominated by the Son- 
nenstein Castle (16th century) high above the Elbe and has a 
church, built 1502-46 (later restored), with a sandstone altar 
(1611). Pirnais on the Dresden-Prague railway and has main road 
connections with north and south. Artificial silk, glass, paper, cel- 
lulose, machinery, furniture, steel castings, electrical articles, and 
grindstones are produced. There are sandstone quarries on the 
outskirts of the town. 

PIROGUE or PIRAGUA: see Boar. 

PIRON, ALEXIS (1689-1773), French dramatist and wit, 
best known for his epigrams, was born at Dijon, July 19, 1689. 
He was secretary to a banker and then studied law, but moved 
to Paris in 1719, where he worked as a copyist, struggling mean- 
while to enter the world of letters. After Arlequin Deucalion 
(1722) and other successful pieces written for the popular Théátres 
de la Foire, Piron produced Les Fils ingrats at the Comédie Fran- 
çaise in 1728. La Métromanie (1738), a witty, urbane comedy 
portraying himself as a young poet intoxicated with literary aspira- 
tions, remains his most distinguished play; it was revived at the 
Comédie Francaise until well into the 19th century. His tragedies 
included the moderately successful Gustave Wasa (1733). Hav- 
ing achieved a modest fame, Piron acquired noble patrons and 
the entree to several literary salons, but continued to live an in- 
dependent, carefree life and became known for his ready wit and 
his epigrams. 

The king vetoed Piron's election to the Académie Francaise in 
1753 because of the licentious Ode à Priape which he had written 
asa young man. However, he was given a royal pension, and took 
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his revenge on the Académie in one of his most celebrated epi- 
grams; 

Ci-git Piron, qui ne fut rien, 

Pas méme académicien, 

(*Here lies Piron, who was nothing, 

Not even a member of the Academy.") 
In 1741 he married his mistress, Mlle de Bar; she died in 1751. 
He died in Paris, Jan. 21, 1773. 

BisnroGRAPHY.—Oeuvres (1758); R. de Juvigny (ed), Oeuvres 
complètes (1776) ; M. Bonhomme (ed.), Oeuvres complètes (1859) ; 
P. Chaponnitre, Piron (1910). (W. D. Нн.) 

PIROT, a town in eastern Serbia, Yugos., about 41 mi. (66 km.) 
SE of Nis by road. Pop. (1961) 18,415. Situated amid fine 
scenery, it lies on the Belgrade-Istanbul railway. Pirot exports 
local cheese (kackavalj) and carpets woven on handlooms, In 
Roman days it was a fortress on the military road from Old Naissus 
(Nis) to Philippopolis (Plovdiv, Bulg.) and always had strategic 
importance. (V. ре.) 

PIRRIE, WILLIAM JAMES PIRRIE, Ist Viscount 
(1847-1924), who controlled the largest ship-building firm in 
the world, was born of Irish parentage at Quebec, Canada, on 
May 31,1847. In 1849 he was brought back to Northern Ireland, 
and in 1862 became apprenticed to the Belfast ship-building firm 
of Harland and Wolff. By the time he was 27 he had been made 
a partner, and was soon left in almost exclusive control. He trav- 
eled widely to gain experience in ship design and to study practical 
shipping requirements, and for many years the largest passenger 
liners in the world came from Pirrie's yards, notable examples 
of which were the “Olympic” and "Titanic."  Pirrie was also 
prominent in the development of the diesel engine for marine pro- 
pulsion, Created a baron in 1906, he became a viscount in 1921. 
As comptroller general of merchant shipbuilding in 1918, he was 
mainly responsible for introducing the idea of building "standard" 
ships, a principle which was to have such economical results in 
World War II. Viscount Pirrie died at sea on June 7, 1924. 

(P. Dr.) 

PIRSSON, LOUIS VALENTINE (1860-1919), U.S. geol- 
ogist and specialist in the study of igneous rocks, was born at 
Fordham, N.Y., on Nov, 3, 1860, Scientific inclinations, mani- 
fested in boyhood, led to advanced studies at Yale university and at 
Heidelberg and Paris, Field work in 1889 with a U.S. geological 
survey party in Yellowstone park and later in Montana confirmed 
him in his ultimate specialty, igneous geology, He taught at Yale 
from 1882 on, after 1897 as professor of physical geology, many 
of his students achieving distinction as geologists. His bibliog- 
raphy includes more than 60 titles, mostly papers on petrology 
published in the American Journal of Science, of which he was 
associate editor for two decades. He wrote significant treatises 
on the igneous rocks of Montana, Quantitative Classification of 
Igneous Rocks (with others, 1903), and two influential textbooks: 
Rocks and Rock Minerals (1908) and Textbook of Geology (with 
Charles Schuchert, 1915). Не died at New Haven, Conn., on 
Dec. 8, 1919. (F. M. Ft.) 

PISA (anc. Різле), capital of the province of Pisa, a university 
town and archiepiscopal see of northwest Tuscany, Italy. It stands 
on the north and south banks of the Arno River in the extreme 
northwest of the province in the broad coastal plain backed by the 
hills of Lucca to the north, 6 mi. (10 km.) from the Tyrrhenian 
Sea and 50 mi. (80 km.) W of Florence. Pop. (1961) 97,449 
(commune). 

Pisa stands on an ancient site; fragments of Roman baths are 
visible near the modern Lucca Gate. Its outstanding medieval 
buildings are ecclesiastical, but it retains much of its 64 mi. circuit 
of walls. In the imposing asymmetric Piazza dei Cavalieri, the 
centre of the medieval town, are the Palazzo dei Cavalieri (a palace 
reconstructed for the Tuscan Knights of St. Stephen by Giorgio 
Vasari, ¢. 1562) and the knights’ church (S. Stefano, c. 1565). 
Until the mid-18th century Pisa was a relatively small town, but it 
expanded as the surrounding marshes were reclaimed, malaria 
was eliminated, and light industries were developed. To the north 
of the river, at least, something of its sober 18th-century elegance 
remains—fine buildings line the river—but the Arno must always 
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have lacked at Pisa the charm it possesses at Florence, 
destruction was caused during World War II when for 40 da 
1944 the fighting was on the Gothic Line (Pisa to Rimini), Man 
buildings, including churches, and notably the camposanto feed 
tery), were ruined or damaged, the bridges over the Arno were 
destroyed, and the area south of the river, especially around the 
railway station, suffered widespread destruction. Most of the 
damage was repaired, but this southern part now has a somewhat 
characterless aspect, Pisa remains predominantly a quiet provin. 
cial university town, distinguished above all by a remarkable ari 
of buildings in the Piazza del Duomo (the so-called Square of 
Miracles) at its northwest extremity. 

This piazza, partly bounded by the town walls and the campo. 
santo, contains the cathedral and baptistery, both built in 
the characteristically Pisan style of white marble with strips 
of black, and the campanile—the famous Leaning Tower of 
Pisa, The cathedral was begun in 1063; its architects, first 
Buschetto and later Rainaldo, were probably both Pisan. The 
columns of the nave and of its double-vaulted aisles are ancient, 
The transepts have single-vaulted aisles, and at their intersection 
with the nave is a dome. On the west front, the finest part of the 
exterior and apparently the work of Rainaldo, the range of arches 
running round the base of the cathedral is repeated above in four 
open arcades. A marvellous bronze door (c. 1180) by Bonanno 
Pisano, which depicts biblical scenes, survives on the south side. 
Inside are Giovanni Pisano’s splendid decagonal pulpit carved in 
white marble (1302-10; restored 1926) and Tino di Camaino’s 
tomb of the emperor Henry VII (1315); in the apse is a much- 
restored mosaic in the Sienese style. 

The circular baptistery (diameter 100 ft.; height 190 ft.), be 
gun in 1152 by the architect Diotisalvi but only completed in the 
14th century, is covered by a dome surmounted by a cone; the 
whole making an ogival, oriental effect. The lowest range of semi- 
circular arches consists of 20 columns and the second of 60; above 
this is a row of 18 windows in the same style, separated by as many 
pilasters, The interior, supported by four pilasters and eight 
columns, contains an octagonal font by Guido Bigarelli da Como, 
and the wonderful hexagonal pulpit completed in 1260 by Niccolo 
(Nicola) Pisano. 2 

The Leaning Tower (1844 ft. high), begun in 1174, possibly by 
Bonanno Pisano, and completed in the 14th century, is also ro 
and is constructed throughout of white marble, inlaid on the exterior 
with coloured marbles, The walls are 13 ft. thick at the base and at 
the top about half as much; inside is a stairway with 296 steps 
‘The basement is surrounded by a range of semicircular arches sup 
ported by 15 columns; above this are 6 arcades, each with 30 
columns, The eighth story, containing the bells, is much sma 
in diameter and has only 12 columns. The campanile's ile ga 
are not more than 10 ft. deep and their circumference 1s only y 
of the tower. Apparently they settled on one side at an ear 
stage in the tower's construction, and the third, fifth, and top 
stories were straightened somewhat to compensate for the P 
quent lean. The tower, 153 ft. out of the perpendicular in 18°% 
leaned more than 17 ft. at mid-20th century. The foundations 
been injected with cement but the tower is nevertheless t 
ened with collapse. In 1964 the local authorities consi d 
plan by an English expert, J. Pryke, involving fresh cement 
forcement of the foundations, the settling of the tower of the 
by means of internal supports, and finally the jacking UP 
tower to lessen its lean by 45 cm. (1.4764 ft.). bishop 

The camposanto traditionally owes its origin to Ақа 
Ubaldo de’ Lanfranchi, who in 1203 is supposed to have i 
earth for it from Calvary, The present marble buildings, i 
from 1278 onward in the Italian Gothic style by Giovanni í 
(not Giovanni Pisano as once thought), used to contain TA @. 
frescoes by famous Tuscan artists, including Francesco uU 
с. 1320-65) and Benozzo Gozzoli (1420-97). Damage t 
in World War II was partly repaired; the Traini frescoes 
in Pisa’s Museo Nazionale. ; S, Pierio 

Notable churches, mostly north of the river, are: both 12th 
(11th-12th century); S. Frediano and S. Sepolcro ФО): £ 
century); S. Nicola (with a four-storied tower of б. 
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francesco (13th century, with frescoes by Taddeo Gaddi, 1342); 
St, Caterina (13th-14th century); S. Michele in Borgo (with 
фе 14th«century facade); and Sta. Maria della Spina (of white 
marble in the Pisan Gothic style; enlarged 1323). Three miles 
southwest of Pisa, toward the mouth of the Arno, is the 11th- 
century church of S. Piero a Grado, with the remains of a much 
earlier church beneath it, marking the traditional site of St, Peter's 
frst landing place in Italy. Its campanile was destroyed in World 
War II. Secular buildings include fine medieval and Renaissance 
polassi such as the 14th-century Palazzo Gambacorti and the 
Palazzo dei Medici (the prefecture), 

The flourishing University of Pisa, founded in 1343, had nearly 
10,000 students in the early 1960s, and includes engineering, vet- 
erinary, and agricultural schools, a branch of the Italian National 
Institute of Nuclear Physics, and the Scuola Normale Superiore 
(the only state university college), which occupies the Palazzo dei 
Cavalieri, The Museo Nazionale di San Matteo contains a good 
collection of Tuscan painting and sculpture, including works re- 
moved from the cathedral, baptistery, and camposanto. A modern 
version of the medieval giuoco del ponte (“joust of the bridge,” a 
competition in which teams from each parish push a cart) takes 
place each year on the principal bridge across the Arno. 

Pisa is on the main railway line between Rome and Genoa, and is 
animportant junction for Florence, Lucca, and Volterra; it has an 
international airport and is connected by canal to the sea at Leghorn 
(Livorno). Since the silting up of the Arno only small vessels can 
silup it to Pisa, The tourist trade and the manufacture of textiles, 
glass, bricks, and engineering and pharmaceutical goods bring Pisa 
much of its prosperity. A considerable industrial suburb has 
grown up. 

Pisa Province (area, 945 sqmi, [2,448 sq.km.]; pop. [1961] 
365,822) is bounded on the northwest by the Tyrrhenian Sea, west 
hy the province of Livorno, east by the provinces of Firenze and 
Siena, and south by the province of Grosseto. Most of the prov- 
ince is hilly; the northwestern portion, drained by the lower Arno, 
forms a broad coastal plain in which the town of Pisa is situated. 
The climate is mild throughout the year; rainfall is considerable. 
The province has 38 communes. Towns include Pontedera, east 
of Pisa, with a motor scooter works; the spa of San Giuliano Terme, 
northeast; and, in the southern part of the province, Volterra, with 
à history reaching back to Etruscan times and many ancient and 
interesting buildings. Linked with Pisa by а light railway is Marina 
di Pisa, on the Tyrrhenian shore, with pinewoods and beaches. 

* prosperity of the area mainly rests on the varied agricul- 
i» me olives, fruit, and grain are grown, and sheep and cattle 

raised, 
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From the earliest times Pisa’s history was conditioned by its 
Position on the sea; the ancient Pisae lay on the north bank of 
the Arno only two miles inland, It was inhabited by Ligurians and 

{ruscans; although the Greeks perhaps traded there they did not, 
35 was once thought, found a colony. As early as 225 в.с, a Roman 
‘my landed at Pisae from Sardinia; the Romans were the actual 
fteators of the city, which they used as a naval base and as a 
Yontier post against the Ligurians to the north. After its alli- 
“ce with Rome in the Ligurian and Punic wars, Roman citizenship 
Ms granted to Pisae in 89 в.с. А colony, which became renowned 
» shipbuilding, was founded there; it prospered as a port and as 
tation on the coastal road to the north, which brought additional 
ommerce and traffic, Where water and marshes provided no de- 
“nse, fortifications were erected; there were public buildings, 

ths, and Presumably churches—since by the early 4th century 
ad a bishop. 

Itl the Roman Empire disintegrated and the barbarians entered 
pne land route to the north lost much of its importance; 
"s 15а managed to retain its urban character, partly because it 
isolated from the chief theatres of conflict, partly because it 

lon ted from the invading Lombards a considerable degree of au- 

"my, which meant freedom to trade. Pisa was the only Lom- 
the hort to maintain international importance. Its navy defended 

Adjacent coasts; ships continued to arrive from Lombard Cor- 
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sica and Byzantine Sardinia; while Greck slave traders ensured 
contacts with the east. The impressive church of S. Piero a Grado 
was already in existence by the 9th century, when a second circle 
of city walls was constructed, Late in that century trade seems 
to have declined sharply, and there were Saracen attacks in 934 
and 935, But local trade continued, by road and water; and 10th- 
century Pisa, although possibly as much agricultural as commer- 
cial, was still considered the principal city in Tuscany, 

Exploiting its sea power and the products and markets of its 
fertile Tuscan hinterland, Pisa revived in the 11th century to be- 
come a centre of trade and administration and, with the help of 
Genoa, to take the offensive against the Muslim raiders, Partici- 
pation in the Crusades, which secured for Pisa valuable commer- 
cial positions in Syrian ports, followed naturally and with such 
success that Daimbert, archbishop of Pisa, became patriarch of 
Jerusalem in 1099, 

Thereafter Pisa grew in strength to rival Genoa and Venice, Its 
commercial expansion overseas was accompanied by territorial 
conquests in Tuscany, by growth of population and industry (wool, 
fur, leather) within the city, and by the rise of guilds. With this 
wealth and strength emerged a republican form of government, 
the commune, in which the great nobles, the archbishop, and the 
merchant guilds participated. Scholars of this period included 
Leonardo Fibonacci, who popularized Arabic numerals in Europe, 
and Burgundio Pisano, who learned Greek at Constantinople, In 
the 13th century Pisa, a Ghibelline city, enjoyed imperial support 
in the long conflict with Genoa, Lucca, and Florence which culmi- 
nated in Pisa’s defeat at the naval Battle of Meloria (1284) by 
the Genoese and the subsequent blocking of Porto Pisano by the 
Florentines. 

Despite these defeats Pisa experienced an astonishing industrial 
revolution late in the 13th century, The accelerated transfer of 
woolen manufacturing to the town allowed the industry to in- 
crease its efficiency and to employ cheap labour, and thus reduce 
its costs; this in turn encouraged the movement of population from 
the villages to the town and the profitable enclosing of cultivated 
land for sheep pasturage. Pisa's merchants now abandoned the 
Levantine trade, but their ships brought grain to Tuscany, ex- 
ported Tuscan products, and carried timber, wines, and skins all 
over the western Mediterranean. Pisan prosperity was reflected 
in the characteristic casatorre, a tall, inhabited tower usually built 
of brick and stone; and in the grandiose and spectacular group of 
cathedral, baptistery, campanile, and camposanto (see above). In 
the many churches built, there evolved a robust and individual 
Romanesque style in which Paleochristian, Lombard, Muslim, and 
Byzantine elements were combined into a harmoniously propor- 
tioned ensemble of white marble; the pointed Gothic arch appears 
predominantly as a decorative motif. Pisan sculptors were impor- 
tant from the 10th century onward; Guglielmo Pisano, who carved 
the cathedral’s first pulpit (1162), and Bonanno Pisano, author of 
its bronze doors (1180), were outstanding. Niccolò Pisano, who 
completed the baptistery pulpit in 1260, probably came from 
Apulia, bringing to Tuscany the French Gothic. His son, Giovanni 
Pisano, who carved the existing cathedral pulpit (1302-10), was 
an even greater innovator. These and a group of artists who also 
took the name Pisano made Pisa a leading centre of Italian Gothic 
sculpture. 

With economic change came political unrest and the rise of the 
popolo ; in this the petty merchants, often with roots in the coun- 
tryside, aligned themselves with the artisans against the privileged 
aristocrats and guilds to press for cheaper living. Pisa lost its 
trade and colonies, consequent upon its loss of sea power, and the 
people turned increasingly to sheep raising, which involved decay 
of agricultural activity and of the land. The town, surrounded by 
stagnant swamps, fell prey to malaria, which contributed to its 
further moral, economic, and military decline, still more acceler- 
ated by the Black Death (1348 onward) and by internal dissension. 
It was finally subjugated by the Florentine army, aided by famine 
and treachery, in 1406. Briefly important during the holding there 
of a church council intended to heal the Great Schism (1409; see 
Councit), Pisa continued to decay despite the enlightened efforts 
of the Florentine Medici rulers, including the restoration of the 
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university with help from Pope Leo X and the foundation by Duke 
Cosimo I of an office for reclamation of marshland, and of the 
Order of the Knights of St. Stephen for protection against Barbary 
pirates (1562). Pisa settled into the condition of an elegant and 
prosperous, but tranquil, town. The birth there of Galileo (1564) 
shed lustre upon it; it was visited by Shelley (1820-22) and by 
Byron (1821). 

See also COMMUNE (MEDIEVAL): Italy; CRUSADES; FLORENCE; 
GENOA; ITALY: History; Tuscany; and references under “Pisa” 
in the Index. 

BriBLI0GRAPHY.—A. Schaube, Das Konsulat des Meeres in Pisa (1888) ; 


W. Heywood, A History of Pisa (1921) ; B. Pace et al., Pisa nella storia 
e nell'arte (1929) ; J. Pope-Hennessy, Italian Gothic Sculpture (1955) ; 


E. Carli, Pittura medievale pisana (1958); D. Herlihy, Pisa im the. 


Early Renaissance: a Study of Urban Growth (1958). (A. T. L.) 

PISACANE, CARLO (1818-1857), Italian army officer and 
hero of the Risorgimento, was born in Naples on Aug. 22, 1818, 
the son of a nobleman. After studies at the military academy 
he joined the Engineer Corps of the Army of the Bourbon Kingdom 
of the Two Sicilies, but in 1847 he left Naples for Paris with 
Enrichetta di Lorenzo, the wife of a fellow officer. To avoid ex- 
tradition he enlisted for service with the French Foreign Legion 
in Algeria, but when he learned of the anti-Austrian rebellion in 
Milan (March 1848) he left for Italy and, in April, fought the 
Austrians at Saló. After the defeat of the Piedmontese Army 
(see ITALIAN INDEPENDENCE, Wars OF) he escaped to Lugano in 
Switzerland, where he met Giuseppe Mazzini (q.v.). In December 
1848 he joined the Piedmontese Army as captain, but in February 
1849 he was in Rome as one of the organizers of the republican 
army there. When the Roman Republic collapsed (June 1849), 
he went as an exile to Marseilles and later to Switzerland again. 
In June 1857, encouraged by Mazzini, he organized a republican 
conspiracy against the Bourbons of the Two Sicilies. Landing at 
Sapri with 24 insurgents, he was killed on July 2, 1857, at Sanza 

(Salerno Province), in an encounter with Bourbon troops. 

See A. Romano, Per una biografia di Carlo Pisacane (1934). 

PISANELLO, ANTONIO (Antonio Pisano, formerly 
wrongly called VITTORE) (c. 1395-c. 1455), Italian medalist and 
painter and one of the leading artists of his age, was born shortly 
before 1395 in Pisa (hence his appellation Pisanello). It was first 
as co-worker with Gentile da Fabriano, then as the continuer of 
his work and finally as his heir that Pisanello painted his most con- 
siderable frescoes in the doge's palace in Venice (c. 1415-22) and 
in St. John-Lateran in Rome (after 1427). However, the only 

surviving frescoes of Pisanello’s are an “Annunciation” at the 
tomb of Niccoló di Brenzono in S. Fermo in Verona (c. 1423-24) 
and the legend of St. George in the Pellegrini chapel in S. Anastasia 
in Verona (c. 1433-38). Early panels which are ascribed to him 
are the four panels of the legend of St. Benedict (one in the Museo 
Poldi Pezzoli, Milan, three in the Uffizi depot, Florence). They 
probably date from between r417 and 1422. 

Later, mature panels by Pisanello, which are extant, are: the 
“Madonna della Quaglia” (Verona museum); “St. Jerome” (Na- 
tional gallery, London), perhaps a contemporary replica of one 
of Pisanello’s works; the portrait of the emperor Sigismund 
(Kunsthistorisches museum, Vienna; 1432-33); “St. Eustace” 
(National gallery); the portrait of Margherita Gonzaga (Louvre, 
Paris; c. 1438) ; the portrait of Lionello d'Este; and the “Madonna 
with Ss. Anthony and George" (National gallery). 

Pisanello's fame and his importance in court circles, for which 
his art was admirably calculated, rested even more upon his medals 
than upon his painting. There he had practically no predecessors 
and with him the art reached its highest point. His work includes 
the medal of the Greek emperor John VII Palaeologus (1438); 
dated are: the wedding medal for Lionello d'Este (1444), Sigis- 
mondo Pandolfo Malatesta (1445), Cecilia Gonzaga (1447) and 
Bellotto Cumano (1447). In 1448 Pisanello was invited to Naples 
to the court of Alfonso of Aragon and there his most mature 
medals, of the king and also of Inigo d'Avalos, were produced. 

Studies for many of his medals are in the Codex Vallardi in the 
Louvre, as are those for the craftsman's work which Pisanello was 
commissioned to design at the court in Naples. Drawings for his 

portraits in paint, frescoes, etc., have also been preserved, and 
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in the uniqueness of their preservation as a whole these drawin 
are the most important thing Pisanello contributes to the histo 
of art. They reveal the whole body of work in a studio at th 
dividing line between the middle ages and the Renaissance, күн 
between the copying of traditional models and free creation from 
nature. This most delicate but intense early Renzissance natural- 
ism, combined with the beauty of line of late Gothic, is the dis. 
tinguishing hallmark of Pisanello’s art. 

Brsriocrapuy.—A. Venturi, Gentile da Fabriano e il Pisanello (1896) 
and Pisanello (1939); G. F. Hill, Pisanello (1905) and Dessins de 
Pisanello (1929) ; B. Degenhart, Antonio Pisanello (1942) ; L, Coletti 
Pisanello (1953). (В. рат) ' 


PISANO, ANDREA (с. 1290-c. 1347), Italian sculptor and 
goldsmith, whose chief works were executed in Florence, where 
he came under the influence of Giotto, and who is recorded as 
the author of the earliest of the three famous bronze doors of the 
baptistery, was born about 1290. The baptistery door, completed 
in 1336, has 20 quatrefoil panels with scenes from the life of 
St. John the Baptist and 8 with figures of the Virtues. The 
figures are gilded and set against a smooth bronze surface with 
appropriate architectural and other features. 

On the death of Giotto in 1337, Andrea succeeded as architect 
of the campanile of the Duomo of Florence, to which he added 
two stories adorned with panel reliefs. Most of the reliefs on 
the lower part depicting the arts, sciences and occupations of man 
and three scenes from Genesis are generally admitted to be the 
work of Andrea and his studio, though tradition assigned the de- 
signs and some of the panels to Giotto. Statues in niches, origi- 
nally above the reliefs now in the Duomo museum, representing 
David and Solomon and two Sibyls, have been assigned to Andrea 
but the authorship is disputed. Two statuettes of Christ and 
Sta. Reparata also in the museum are generally attributed to him. 

In the iconography of the bronze door Andrea was indebted 
to the mosaics of the baptistery cupola and Giotto’s frescoes in 
Sta. Croce. The plan of the door was influenced by Bonanno's 
bronze doors in Pisa cathedral, and the quatrefoil appears in 
French cathedrals, especially at Paris and Rouen. Andrea's style 
is marked by a simplicity, restraint and skillful arrangement of 
figures which places him in the front rank of the sculptors of the 
period. He is last recorded as superintending architect of the 
Duomo of Orvieto, in which office his son Nino succeeded him. 
He died about 1347. 

Breiocrapay.—G. Vasari, Lives of the Most Eminent Painters . « «o 
vol. i (Eng. trans. by G. du C. de Vere, 1912) ; І. Falk and J. Lanyi, 
“The Genesis of Andrea Pisano's Bronze Doors," Art Bulletin, vol. xxv 
(1943) ; I. Toesca, Andrea e Nino Pisano (1950); J. W. Pope-Hennessy, 
Introduction to Italian Sculpture, part i (1955). (G. H. Cx.) р 

PISANO, GIOVANNI (с. 1250-after 1314), Italian archi- 
tect and sculptor, who continued the revival of sculpture be 
by his father Niccolò (g.v.) whom he assisted in the creation 0 
the pulpit in Siena cathedral and the fountain in Perugia, Wat 
born about 1250, His principal works were the planning 4 
sculptural decoration of the fagade of Siena cathedral (E 
95), the pulpit in S. Andrea in Pistoia (completed 1301) and t d 
pulpit in Pisa cathedral (completed 1310). This pulpit, тесш 
structed, was restored to the cathedral in 1926. Other жо 
Giovanni include statues of the Virgin and Child in Pisa, Padi 
and Prato, an ivory statuette of the Madonna in Pisa an 
monument in Genoa to Margaret of Luxembourg. "ein! wis 

The facade of Siena cathedral, consecrated to the eh i 


the earliest Gothic cathedral facade in Italy. It compo 
conception to the porches of the French cathedrals beo 2d 
s 


entirely in execution. Giovanni placed his statues 0 oints 
prophets proclaiming the Virgin's coming at structural P in 
above the doorways rather than beside them, as was custo 
France. Each stood alone, yet in significant relation to its d 
bours. The figures have undergone much restoration and © 
of position; some are now in the cathedral museum. lyg- 
Tn the architecture of his pulpits Giovanni followed ш S е 
nal design of the earlier pulpits in the baptistery o Pisa vt m 
cathedral of Siena, introducing however Gothic хер Gothic 
treatment of individual figures he combines antique and, Е aid; 
forms and shows a marked influence from French іуопе 


jighly deve 
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h there is no definite proof, an acquaintance with French 
ture. On this foundation Giovanni arrived at a 
d Gothic style in his statues of the Virgin, in the 
he Siena façade and especially in the Pistoia pulpit. 
f the life of Christ are characterized by an ex- 
vivacity, sense of movement and dramatic power which is 


fected in the accompanying reliefs of prophets and statuettes 
| The latter rival in emotional intensity the Sibyls of 


| 
ү 
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Michelangelo in the Sistine chapel. 
haracteristics reappear in the reliefs of the great 
"uit in Pisa cathedral but in some scenes, owing, it is thought, 
ntion of assistants, the standard achieved at Pistoia 
not maintained. The defect is counterbalanced by the high 
quality of the supporting column statues representing the Virtues 
ther subjects where Giovanni returns to the restraint of the 
sical models which formed the basis of his father's style. It 
isto this combination of antique and Gothic forms, together with 
| hisextraordinary power of expressing emotion, that Giovanni owes 
tis pre-eminent position in Italian Gothic sculpture, 
. Venturi, Giovanni Pisano, His Life and Work 
Bacci, La Ricostrusione del pergamo nel di Giovanni 
di Pisa (1926); H. Keller, Giovanni Pisano (1942); 


t i (1955). 
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- PISANO (pa Pisa), NICCOLO (NICOLA) (с. 1220-c. 1283), 
Talian sculptor and architect, to whom was due the rebirth of 
ihe plastic arts in Italy, was born about 1220. Although he is 
ually described in terms which indicate Pisan origin or citizen- 
‘tip, two documents support the view that he was born in Apulia. 
(He has been known as Nicola de Apulia.) He probably learned 
rudiments of his arts in southern Italy, and settled later in 
There he spent most of his life and produced his first great 
Work, the marble pulpit in the baptistery, completed in 1259. 

‘The pulpit is a hexagon on semicircular arches, with trefoil 
ps, supported by seven columns, of which three rest on lions 
id one has animal and grotesque human figures around the base. 
sculpture expresses in outline the Christian scheme of salva- 
In the spandrels, the reliefs of kings, prophets and evange- 
3 bear witness to the coming of Christ. In five panels, the 
Mativity, the Adoration of the Magi, the Presentation in the 
‘Temple, the Crucifixion and the Last Judgment are represented, 
‘itd above the columns statues are placed which personify the 
rues, Niccoló's next work, the magnificent pulpit in Siena 
hedral, completed in 1268, is an enlarged version of its prede- 
(Stor in Pisa, including a relief of the Massacre of the Innocents. 
Mith these pulpits, a new epoch in Italian sculpture began. To 
tures derived from Byzantine, Romanesque and the archaizing 
Bical art of southern Italy, Niccolò added two innovations. 
used for Christian subjects the types which he found in an- 


tique sculpture; thus, the Phaedra in a relief of the legend of 
Hippolytus on a sarcophagus in Pisa inspired the figure of the 
Virgin in the Adoration of the Magi in the baptistery pulpit. 
His second innovation was his passage, under the influence of 
French Gothic sculpture, from the static, impersonal, idealized 
figures of his early reliefs to the presentation in his later work 
of his personages as individual human beings in vivid states of 
action and emotion. 

In Siena, Niccoló had among his assistants his son Giovanni 
(q.v.), who also collaborated with him in his last great work, 
the fountain in the piazza in Perugia. Three basins, rising one 
above the other, culminate in a bronze group of female figures 
supporting heraldic animals. These may be the work of Giovanni, 
whose style may also be detected in some of the reliefs and statues 
which, on the lower basin, personify the Labours of the Months, 
the Liberal Arts and other historical and mythical subjects. 

The Arca di S. Domenico in Bologna (1267) has been attributed 
to Niccolò. The design may be his, but the actual carving sug- 
gests the hand of a pupil, probably Fra Guglielmo. The holy 
water basin in S. Giovanni-fuor-civitas in Pistoia may be an early 
work of Giovanni but is generally accredited to Niccoló. So, too, 
are the reliefs of a Deposition from the Cross and a Nativity 
over a side portal in S. Martino in Lucca, Their date is uncertain 
but they show Niccoló's characteristic style in its Gothic phase, and 
the Deposition ranks as one af his finest compositions. 

Recent research indicates that Niccolò must have been an 
architect of distinction, although the attribution of important 
works to him by Giorgio Vasari lacks confirmation. Apart from 
his works, little is known of Niccoló's life. He died between 1279 
and 1284, having, with his son Giovanni, laid the foundations of 
the great art of later generations. His genius lay in his revolu- 
tionary use of classical models and his power to unite antique 
forms with the spirit of the new northern Gothic sculpture. 

ВївїлобкАРНҮ.—С. Swarzenski, Nicolo Pisano (1926); G. H. and 
E. R. Crichton, Nicola Pisano and the Revival of Sculpture in Italy 
(1938) ; N. Fasola, Nicola Pisano (1941). See also PISANO, ANDREA: 
Bibliography. (G. Н, CN.) 

PISAREV, DMITRIIVANOVICH (1840-1868), Russian 
critic and radical social thinker, the foremost representative of 
Russian Nihilism, was born on Oct. 4, 1840, at Znamenskoye, Orel 
province, the son of a landowner. He studied in the historico- 
philological faculty of St. Petersburg University (1856-61), and 
in 1862 was imprisoned for an article defending the emigré Russian 
socialist, Aleksandr Herzen (q.v.). During four and a half years 
in prison he wrote many of his critical articles. He died from 
drowning on July 16, 1868, at Dubbeln, near Riga. 

Pisarev valued art for its utility alone; he was famous for saying 
that a pair of boots was more valuable than a tragedy by Shake- 
speare and for his denunciation of Pushkin’s aesthetic theories 
and of Belinski’s idealistic interpretation of Pushkin’s work. His 
hard-hitting polemical style is notable for sincerity and vigour. 
His politico-literary articles include Realisti (1864; “The Real- 
ists”) and Borba za zhizn (1867-68; "The Fight for Life"). 

BisLi06RAPHY.— Complete works, in Russian (Sochineniya, 6 vol. 
1894) ; L. Plotkin, Pisarev (1945); А. Coquart, D. Pisarev, 1840-68, 
et l'idéologie du nihilisme russe (1946) ; Selected Philosophical, Social 
and Political Essays, trans. by R. Dixon and J. Katzer (1958). 

(R. F. Ні.) 


PISCES (Tse FisHEs), in astronomy, the 12th sign of the 
zodiac, represented by two fishes tied together by their tails, and 
denoted by the symbol 3€. In Greek legend Aphrodite and Eros, 
while on the banks of the Euphrates, were surprised by Typhon 
and sought safety by jumping into the water, where they were 
changed into two fishes. This fable, however, as in many other 
similar cases. is probably nothing more than an adaptation of an 
older Egyptian tale. The constellation contains only faint stars 
without any striking grouping. 

Piscis Australis or Austrinus, the southern fish, is a constella- 
tion of the Southern Hemisphere. It contains Fomalhaut, a star 
of the first magnitude, which is located at a distance of about 
23 light-years from the sun. It is thus one of the sun’s nearer 
neighbours. Piscis Volans, the flying fish, is a southern con- 
stellation introduced by Johann Bayer in 1603. The name is now 
abbreviated to Volans. 
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PISCES, in zoology, a term formerly applied to all fishes but 
now generall used for the bony fishes, technically called the 
Osteichthyes. See Fisx. 

PISCO, a pleasant muscat brandy, which has been distilled 
since the 16th century from muscat wines produced in the Ica Val- 
ley of Peru, 180 mi. S of Lima. It takes its name from the port 
of Pisco at the mouth of the Ica River, from whence it was origi- 
nally shipped in porous earthenware jars to Lima, the viceregal 
capital of Peru and all Spanish South America. Distillation was 
known to the highly developed Incan civilization, probably as 
early as the 9th century, but distillation of Pisco did not exist 
before the arrival of the Spanish, who introduced muscat grap 
vines brought from Spain. ` 

Pisco is distilled from freshly fermented muscat wines. It has 
the pronounced fragrance and flavour of the muscat grape. The 
Pisco consumed in Peru is rarely two years old, but that which is 
exported will be three years old or more. It is usually bottled at 
80 U.S. proof. Muscat brandies produced in Argentina and Chile 
and labelled Pisco for home consumption are not as fine as the 
Peruvian original. Pisco is consumed neat as a brandy but the na- 
tional cocktail of Peru is the Pisco sour, made with lime juice, 
sugar, and Pisco, (H. J. Gn.) 

PISEMSKI, ALEKSEI FEOFILAKTOVICH (1820- 
1881), Russian writer whose realistic stories, novels, and plays of 
contemporary Russian life enjoyed a great success during the 
“Great Age” of the Russian novel. He was born into an im- 
poverished gentry family in Kostroma Province on March 22 (new 
style; 10, old style), 1820. Upon graduating from Moscow Univer- 
sity he became a civil servant. His best achievements are the 
novel Tysiacha dush (“One Thousand Souls,” 1858), a Balzacian 
story of a young man out to make a success of his life; and the 
drama Gor’kaia sud’bina (1859; English translation, A Bitter Fate, 
1933), a starkly realistic peasant tragedy anticipating Tolstoi’s 
The Power of Darkness. His peasant stories are an interesting 
counterpart to Turgenev’s A Sportsman’s Sketches. Pisemski’s 
realism sometimes bordered on naturalism and anticipated Zola. 
After the 1860s Pisemski’s-creative powers declined, while the 
sympathies of his public were estranged by the satirical portrayal 
of the younger generation in the novel Vzbalamuchennoe more (“A 
Troubled Sea,” 1863). He died on Feb. 2 (N.S.; Jan. 21, O.S.), 
1881. (G. ST.) 

PISIDIA, an ancient region of southern Asia Minor, to the 
north of Pamphylia and to the west of Isauria and Cilicia. To 
its west the district of Milyas was generally taken as Pisidian but 
was on occasion included in Lycia, while to its north the populous 
and strongly hellenized area around Pisidian Antioch (see ANTIOCH 
IN Pisma) was sometimes counted as Phrygian and given the 
name Phrygia Pisidica or Phrygia Paroreius. 

Pisidia included some fertile plateaus and high valleys, such as 
those of the Catarrhactes and Cestrus (Aksu) rivers, which were 
rich in olives, vines, pastures, timber, resins and iron. But most of 
the district was composed of the abrupt north-south trending lime- 
stone ranges of Mt. Taurus, providing refuge for a lawless popula- 
tion, much given to pillage, which stubhornly resisted its succes- 
sive conquerors: Alexander the Great, Amyntas of Galatia, and 
the Roman general Publius Sulpicius Quirinius. At the end of 
the Republic, the population was organized in small tribes, or in 
groups of villages known as communes, the chief centres of which 
were Termessus, Sagalassus (Aglasun), Selge, and Cremna, 

According to Strabo (xiii, iv, 17) the Pisidian language was dis- 
tinct from those of the nearby Solymi and Lydians. The theocratic 
rule characteristic of ancient Phrygia seems to have obtained 
also in Pisidia, where there is evidence of temples with large estates 
and slave labour, the most famous being that of Men Ascaénus 
near Antioch. 

On the death of King Amyntas in 25 B.C., the greater part of 
Pisidia was incorporated in the newly constituted Roman province 
of Galatia, though it was partly regrouped with Lycia and Pam- 
phylia by Vespasian in A.p. 74. Augustus began its romanization 
by founding military colonies, first at Antioch and later (с. 6 в.с.) 
at Cremna, Comama, Olbasa, Parlais and Lystra. In addition, the 
Via Sebaste was built forward in two directions from Antioch: 
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one branch joining the highway from Laodiceia to Pamphylia 
Comama, and the other running to Iconium and Lystra, The at 
vance of Roman civilization was at first slow, and very little coin. 
age was struck in Pisidia in early imperial times, but in the 2nd 
century A.D. urbanization proceeded apace, and baths, 
gymnasiums, temples and porticoes were built even in the little 
towns of the Milyades. In the following century, however, the 
Pisidian cities, like those of many other parts of Asia Minor, suf. 
fered a serious decline. i 

On the reorganization of the empire by Diocletian about An, 
297, Pisidia was included in the Dioecesis Asiana, and in later 
Byzantine times it fell partly in the Thracesian and partly in the 
Anatolic theme (province). 

ВівІлоскАРНҮ.—К. Lanckoroński, Städte Pamphyliens und Рі 
2 vol. (1890-92) ; A. Н. M. Jones, Cities of the Eastern Roman Prov. 
inces, ch. 5 (1937); T. К. S. Broughton, "Roman Asia Minor" jn 
T. Frank et al. (eds.), An Economic Survey of Ancient Rome, vol, iy, 
pp. 499-918 (1938) ; D. Magie, Roman Rule in Asia Minor, 2 vol, esp. 
ch. 11, 12, 19 (1950). WM. C. B.) 

PISISTRATUS (Petsistratus) (605?-528/527 B.c.), Athe- 
nian statesman, whose achievement as a tyrant was the effec- 
tive unification of Attica and the consolidation and rapid increase 
of Athens’ prosperity, was the son of Hippocrates, whose family 
claimed descent from Nestor. By about 570 Pisistratus was im- 
portant enough to command in a war with Megara, in which he 
captured Nisaea, which increased his popularity. He appears in 
politics as leader of the third party called Diacrii, from Diacria, 
a district of northeast Attica (Pisistratus’ family estates at 
Brauron were in this district), or Hyperacrii (“the men beyond 
the hills,” as opposed to the men near the city). The other two 
parties were the Shore (Parali), led by the Alcmaeonid Megacles, 
and the Plain (Pedieis) under Lycurgus. Pisistratus’ eloquence. 
and personal charm soon made him a popular favourite; Solon 
warned the Athenians of the danger of his establishing a tyranny 
but was unheeded. 

The chronology of Pisistratus’ rise to power is disputed, though 
the sequence of events is known. By feigning an attack on his 
life, Pisistratus got a guard assigned to him, armed with staves. 
With their assistance he seized the Acropolis and established a 
tyranny in 561/560. Almost at once a coalition between the Plain 
and the Shore drove him out, but Megacles soon fell out with his 
allies and recalled Pisistratus. Pisistratus married Coesyra, йаш 
ter of Megacles, but apparently refused to have children by her, 
the Alcmaeonidae being under a curse. The coalition was rei 
and Pisistratus was again driven out. He went to Eretria and 
with Eretrian help gained a footing at Rhaecelus in Chalcidice 
established friendly relations with Macedonia and obtained com- 
mand of some of the silver mines of Mt. Pangaeus. This enab! 
him to raise a mercenary army and he strengthened his position 
by intriguing with Thebes and Argos. Then he returned to Eretria 
as a base for operations against Athens, and about 546 landed near 
Marathon, defeated the government forces, and established him- 
self as tyrant. Many of his opponents fled; he made Lygdamis. . 
aiian tyrant of Naxos. He ruled Athens peaceably 

eath in 528/527. 

There is no doubt that the rule of Pisistratus was ee 
beneficial to Athens. His foreign policy was remarkably adro 
His own interest demanded that the neighbouring states be nor 
lest they harbour the plots of his exiled opponents. So he and 
trived to keep peace with Sparta, Argos, Thessaly, Aci ат" 
Thebes all at the same time. Farther afield he was moi jjo 
bitious. His most important exploits were in the northeast. jo 
silver of Pangaeus was an important addition to Athens bu 
By recapturing Sigeum and encouraging Miltiades’ ventu n 
Thracian Chersonese (Gallipoli Peninsula) he gained p AH 
the vital grain route to the Black Sea. His domestic pO S 
just and beneficent, and preserved the form of the Sol 1m 
stitution while keeping the magistracies in the hands 0 BE 
and his family. It may be that he completed Solon’s wor 
giving land confiscated from his enemies to those to ine 
had given only freedom. He put a tax of one-twentie 
produce of the land and used it partly to advance ™ ‘strug 
poor proprietors, Athens was free of wars and internecine Е 


С PISO—PISSARRO 


gle, and for the first time in years knew settled financial pros- 
erity. 

В The money he accumulated was put to good use in the construc- 
tion of roads and public buildings. He built the Temple of Pythian 
Apollo. and began, though he did not finish, the Temple of Olympian 
Zeus. To him is ascribed also the Parthenon on the Acropolis, 
afterward burned by the Persians and replaced by the Parthenon 
of Pericles (for a discussion see ATHENS: Archaic Athens). Like 
Cleisthenes of Sicyon and Periander of Corinth, he realized that 
one great source of strength to the nobles had been their presi- 
dency over the local cults. He diminished this by increasing the 
splendour of the Panathenaic festival every fourth year and the 
Dionysiac rites, so creating a national rather than a local religion. 
It is said that he gave a great impetus to the dramatic representa- 
tions which belonged to the cult of Dionysus and that under his 
encouragement Thespis (q.v.) of Icaria, by impersonating char- 
acters, laid the foundation of the great Greek drama of the 5th 
and 4th centuries B.C. Lastly, Pisistratus carried out the purifica- 
tion of Delos, the sacred island of Apollo of the Ionians; all the 
tombs ‘were removed from the neighbourhood of the shrine. He 
gave equal encouragement to poetry. The tradition that he first 
collected the Homeric poems, or subjected them to an important 
recension, may not be literally true, but Athenian interest in the 
poems certainly goes back to Pisistratus’ time. 

His competence and mildness caused his reign to be remem- 
bered as a “golden age,” in spite of the later Athenian prejudice 
against tyranny (see TYRANT). He was succeeded, perhaps after a 
brief crisis, by his son Hippias. 

See also GREECE: History. 

BIBLIOGRAPHY.—A ncient : Herodotus, i, 59-64; Plutarch, Solon, 29- 
31; Aristotle, Politics, book v, 1315 b, Constitution of Athens, 14-19. 
Modern: F. E. Adcock in Cambridge Ancient History, vol. iv, ch. 3, 
with bibliography (1926) ; see also F. Cornelius, Die Tyrannis in Athen 
(1929) ; A. Andrewes, The Greek Tyrants, esp. ch. 9 (1956). Diacrii: 
P. N. Ure, The Origin of Tyranny, pp. 307-313 (1922). Chronology: 
F. Jacoby, Atthis, pp. 188-196 (1949); G. V. Sumner, “Notes on 
Chronological Problems in the Aristotelian Athenaion Politeia,” Classical 
Quarterly, new series, vol. xi, pp. 37-48 (1961), Treatment of the 
nobles and the succession question: B. D. Meritt, “Greek Inscriptions,” 
Hesperia, viii, pp. 59-65 (1939) ; Н. T. Wade-Gery, "Miltiades," Journal 
of Hellenic Studies, 1ххі, pp. 212-221 (1951). 

PISO, the name of a distinguished Roman plebeian family of 
the gens Calpurnia, which continued in existence till the end of the 
2nd century A.D. Nearly 50 of its members were prominent in 
Roman history, of whom the following may be mentioned. 

Luctus CaLpurntus Piso, surnamed FRUGI (“worthy”), Roman 
Statesman and historian, was tribune in 149 в.с. He is known for 
his lex Calpurnia. repetundarum, which established a permanent 
court in Rome for cases of extortion. As consul (133) Piso fought 
against the slaves in Sicily (see EuNus). He was censor in 120. 
His Annales covered the period from Rome’s origins until his own 
time in at least seven books. His attitude was sober and his style 
plain, and the value of his work was acknowledged by later writers 
Such as Livy and Pliny. (See also ANNALISTS.) 

Lucrus CALPURNIUS Piso CAESONINUS, father of Julius Caesar's 
last wife, Calpurnia, In 58 B.C., when consul, he and his colleague 
Aulus Gabinius supported P. Clodius in procuring the exile of 
Cicero (q.v.). Piso was rewarded with the province of Macedonia 
(with extraordinary powers), which he administered from 57 to 
arly 55, when he was recalled, perhaps in consequence of the 
Violent attack made upon him by Cicero in the Senate in his speech 

e provinciis consularibus. On his return Piso addressed the 
Senate in his defense, and Cicero in his speech In Pisonem at- 
tacked him for his misgovernment. Piso issued a pamphlet by way 
of rejoinder, and there the matter was dropped, Cicero hesitating 
to bring the father-in-law of Caesar to trial. Piso was censor in 

0, and tried to mediate at the outbreak of the civil war, but when 
4esar marched on Rome he left the city in protest and then re- 
mained neutra], After Caesar's murder he opposed Mark Antony; 
jubsequently he became one of Antony’s supporters, and took part 
" ап embassy to his camp at Mutina in 43. 
af NAEUS CALPURNIUS Piso (d. A.D. 20) was consul in 7 B.C. and 
"bsequently governor of Spain and proconsul of Africa. In A.D. 
iberius appointed him governor of Syria, to watch Germanicus 
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(see GERMANICUS CAESAR), to whom the eastern provinces had 
been assigned. The indignation of the people at the death of 
Germanicus (19) and the suspicion that Piso had poisoned him 
forced Tiberius to order an investigation. During the course of 
this, Piso committed suicide because he was guilty, not of German- 
icus' death, but of grave insubordination in having reentered his 
province against Germanicus’ orders. Rumours that Tiberius was 
responsible for his death may be discounted. 

GAIUS CALPURNIUS Piso (d. A.D. 65), figurehead of, rather than 
prime mover in, the conspiracy against the emperor Nero (q.v.) 
in A.D. 65, had been exiled by Caligula, who married Piso's wife 
Livia Orestilla, He was a patron of literature, probably inspiring 
the anonymous poem known as Laus Pisonis. His charm and gen- 
erosity, as well as family connections, recommended him to the 
military, senatorial, and equestrian elements among the conspira- 
tors as an alternative to Nero; but he lacked initiative and com- 
mitted suicide when the plot was discovered. 

Lucrus CALPURNIUS Piso FRUGI LiciNIANUS (А.р. 38-69), 
adopted by the emperor Galba as his heir (Jan. 10, 69), came from 
a branch of the Pisones which because of its noble descent and 
connections was viewed with suspicion by successive emperors 
from Caligula to Hadrian. He himself was descended from Crassus 
through his father and from Pompey through his mother, and he 
had spent years in exile. His adoption prompted the revolt of 
Otho (q.v.), in which Piso was murdered, on Jan. 15, 69. 

BIBLIOGRAPHY.—Piso Frugi: H. Peter, Historicorum Romanorum 
Reliquiae, 2nd ed., vol. i, pp. clxxxi ff., 120 ff. (1914) ; T. Frank, Life 
and Literature in the Roman Republic, ch. 6 (1930). 

Piso Caesoninus: Edition of Cicero, In Pisonem, by R. G. M. Nisbet 
GRD 'Licinianus: For his father (consul A.D. 27) and his ancestry see 
R. Syme, “Piso Frugi and Crassus Frugi,” Journal of Roman Studies, 
50:12 ff. (1960). (H. H. Sp.) 

PISSARRO, CAMILLE (1830-1903), French painter, the 
dean of the Impressionist group, was born at St. Thomas in the 
then Danish West Indies (now the U.S. Virgin Islands) on July 10, 
1830; though he lived in France from 1855 till his death, he 
maintained his Danish citizenship. The son of Jewish parents of 
Spanish-French extraction, he was sent to Paris at the age of 12 
but, having finished school, was called back to help in his father’s 
general store. He devoted all his spare time to drawing and, after 
some years of struggle between his daily chores and his vocation, 
ran away in 1852 with a Danish painter, Fritz Melbye, to Caracas, 
Venez., where he discovered subjects even more tropical and col- 
ourful than on his native island. Many of the drawings and water- 
colours he made there are signed with the Spanish spelling of his 
name: Pizzarro. Finally his parents let him go back to Paris in 
1855 and study painting. 

In Paris Pissarro was particularly attracted by the work of 
Camille Corot whom he visited and who agreed to guide him. 
When he first exhibited at the Paris Salon, Pissarro’s name was 
accompanied by the legend: “Pupil of Corot.” But soon the young 
man found greater inspiration in the more robust style of Gustave 
Courbet and began to work exclusively out of doors. A little later 
Edouard Manet’s exciting appearance left its mark on the beginner. 
Through chance meetings with Paul Cézanne, Claude Monet, 
Auguste Renoir and their friends, Pissarro became a member of the 
small Impressionist circle. He was to be the only one who partici- 
pated in all the exhibitions of the group, from the historic first one 
in 1874 to the eighth and last one in 1886, In that year he broke 
with Impressionism and for a while adopted Georges Seurat’s di- 
visionist theories and his pointillist technique. Eventually he 
returned to a broader execution, more akin to his former style. 

Mainly interested in landscapes and rural life, Pissarro also 
painted a few portraits of deep insight and some exquisite still 
lifes. He drew incessantly and made numerous lithographs, etch- 
ings, and monotypes. After having spent most of his life outside 
Paris, in Louveciennes, Pontoise and Eragny, a recurrent eye in- 
fection forced him during his last years to work from behind 
closed windows. He moved to Paris and also traveled each year 
so as to vary his subjects. The work he did then is as fresh, 
spontaneous and masterly as ever, depicting with admirable truth 
the peculiar atmosphere, colour, aüd teeming life of the boule- 
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vards, streets and bridges of Paris and the churches and harbours 
of Dieppe and Rouen. 

Pissarro was widely respected for his rare talent, his genuine 
understanding of nature, his sylvan lyricism and his great humil- 
ity, as well as for his wisdom and kindness, his profound interest 
in others (he was the first to encourage Cézanne, Paul Gauguin 
and Seurat), his humane philosophy tinted with anarchism and 
his unselfishness. These qualities also appear in the beautiful 
letters to his eldest son, Lucien, published for the first time in 
1943. He died in Paris on Nov. 13, 1903. 

BrsLrocnAPHY.— Camille Pissarro, Letters to his Son Lucien, John 
Rewald, ed. (1943); L. К. Pissarro and L. Venturi, Camille Pissarro, 
son art, son oeuvre (1939) ; John Rewald, The History of Impression- 
ism (1946, 1955). (JN. R.) 

PISTACHIO, the common name for the fruit of Pistacia vera, 
a deciduous tree of the cashew family (Anacardiaceae), that pro- 
duces much-prized nuts extensively used as food and for yellowish- 
green colouring in confections, Grown in dry lands in warm or 
temperate climates, the tree is believed to be indigenous to Iran; 
it is widely cultivated from Afghanistan to the Mediterranean 
region and to a limited extent in California. The tree has broad- 
spreading branches but rarely exceeds 30 ft. in height. Each leaf 
has one to five pairs of thick, wide, leathery, pinnate leaflets; its 
small fruits are borne in clusters. The trees are usually dioecious 
(bearing either male or female blossoms), but rarely perfect 
flowered (as in a few trees found in Turkey), and is largely wind 
pollinated. The fruits are from one-half to three-fourths of an 
inch long, white, and tending to split open at one side without 
discharging the nut, a greenish kernel enclosed within a thin, 
tightly adhering, reddish skin. The kernels are single, solid pieces, 
with pleasing mild resinous flavour. To insure pollination and 
good yield, male trees are interplanted with female trees in the 
ratio of one to five or six. A close relative, P. chinensis, the 
Chinese pistachio, is prized for the bright autumnal colours of 

its foliage. 

See also Nut. 

PISTIS SOPHIA, the modern title given to а* 3rd-century 
Coptic Gnostic text translated from Greek and consisting of two 
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works which are an important source for Gnostic teaching, The 
survive in the Askew Codex, a well-preserved 4th-century manti- 
script of 172 leaves (originally 178) bought by the British Museum 
in 1785 from the library of Anthony Askew. 

The first work of Pistis Sophia (“Faith Wisdom”) was probably 
composed in the second half of the 3rd century A.D. in Egypt. In 
it Jesus, in the 12th year after his resurrection, teaches his dis. 
ciples on two Gnostic themes: (1) The fall, the prayers, and the 
restoration of Pistis Sophia, the lowest being in God's spiritual 
realm; (2) the nature of the human soul, its fate after death, and 
the Gnostic mysteries necessary for mastering its way to the henv- 
enly home. In the second work, written perhaps several decades 
earlier, Jesus describes the punishment of sinful souls. 

The text is remarkable for its Gnostic interpretation of some Old 
Testament Psalms, many synoptic sayings of Jesus, and five Odes 
of Solomon. The decadent cosmolog d anthropology are rem- 
iniscent of an earlier and more disciplined work, the Secret Book 
(or Apocryphon) of John, which is contained in a Sth-century 
codex and among the Gnostic texts found in the 1940s in Upper 
Egypt, near Naj' Hammadi. See also Gnosticism. 

BisLrocnAPHY.—C. Schmidt, Pistis Sophia, Coptic text (1925); C. 
Schmidt and W, Till, Koptisch-Gnostische Schriften, vol. i, 2nd ed, 
German trans. (1954); G. К. S. Mead, Pistis Sophia, 2nd ed., Eng, 
trans, (1921; 2nd impression 1947) ; G. Horner, Pistis Sophia, literally 
translated from the Coptic (1924). (О. W. Br.; X) 

PISTOIA, an ancient city of the Italian region of Tuscany, 
capital of the province of Pistoia and seat of a bishopric, lies in 
the valley of the Ombrone River with a semicircle of pleasant 
hills (part of the Apennines) to the north. It is about 200 ft. above 
sea level and 18 mi. NW of Florence. Pop. (1961) 85,216 (com- 
mune). The city centre still looks medieval, with its 12th-13th- 
century cathedral in the Piazza del Duomo; the freestanding bell 
tower (once a Longobard watchtower) ; and the baptistery (1359) 
opposite. The cathedral contains the silver altar of St. James, 
mentioned by Dante and worked upon by generations of silver- 
smiths. Noteworthy also are the Palazzo Comunale (1294) on 
the east of the piazza and the P: Pretorio on the west, 
Churches include S. Giovanni Fuoricivitas (12th century, con- 
taining a Visitation in glazed terra-cotta by Andrea della Robbia); 
S. Andrea (12th century); S. Pietro Maggiore (12th century, dis- 
used); and S. Francesco al Prato (13th century). North of the 
Duomo is the Ospedale del Ceppo (1277), with its 16th-century 
“della Robbia” frieze of the purest Giovanni della Robbia d 
The dolce stil nuovo poet Cino Sighibuldi (1270-1336), à frien 
of Dante, was a native of Pistoia. There are two civic libraries 
and several training schools and institutes. cee 

Pistoia is a railway junction on the Bologna-Florence line, M 
branches southwest to Lucca and Pisa; and a junction for A 
arterial roads running north to Modena and Bologna and or 
toward the Tyrrhenian Sea. Flowers are grown for sale, ed 
export. There is tanning, shoemaking, cement, and glassma ay 

Gauls, Ligurians, Etruscans, and (from 561 в.с.) Romans ds 
dwelt on the site of Pistoia. The Roman demagogue Catiline He 
slain in battle at Pistoriae in 62 в.с. Rebellion against the Boy 
Roman Empire made Pistoia one of the first free Italian co! à 
munes (1085); later (14th century) it came under pr 
1786 a famous Jansenist episcopal synod was convened there 
Sacrep HEART). 


logna, west by that of Lucca and east and south by tha 
ence. Its northernmost limit is defined by the ridge of the F 
can Apennines, which slope gradually south to the fertile P r rait 
the valley of the Ombrone. The climate is mild, with regu tecatini 
fall. The province has 21 communes. Towns include МО ый 
Terme and Monsummano, both with medicinal baths; fertilizer 
with winter sports; and Pescia, with tanning, paper uus ‘holiday 
production, and plant growing. There are numerous le railway 
resorts. Provincial industries include the manufacture 0 ] instru" 
rolling stock, precision instruments, textiles, and mu are it 
ments and the preserving of foodstuffs, Vines and an ate 
tensively cultivated on the sunny hillsides. The upper ps served 
thickly wooded with chestnut and birch. The province? 
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a dense network of roads and railways, (Va. M.) 

PISTOIA, SYNOD OF, a diocesan synod held in 1786 under 
the presidency of Scipione de’ Ricci (1741-1810), bishop of Pistoia 
and Prato, and the patronage of Leopold, grand duke of Tuscany 
(later the Holy Roman emperor Leopold II), brother of the re- 
forming emperor Joseph II, whose views he shared. Leopold’s 
and Ricci’s object was to prepare the ground for a national council 
and a reform of the Tuscan Church. The synod, attended by 
233 beneficed secular and 13 regular priests, decided with practical 
unanimity on a series of decrees which, had it been possible to 
carry them into effect, would have involved a drastic reform of 
the church on the lines advocated by “Febronius” (see HONTHEIM, 
JOHANN NIKOLAUS уох). 

The decrees were issued with a pastoral letter of Ricci and were 
warmly approved by the Grand Duke, at whose instance a na- 
tional synod of the Tuscan bishops met at Florence on April 23, 
1787. The temper of this assembly, however, was wholly differ- 
ent, The bishops refused to allow a voice to any not of their own 
order, and in the end the decrees of Pistoia were supported by a 
minority of only three. By the bull Auctorem fidei (Aug. 28, 
1794), Pius VI. condemned 85 propositions of Pistoia, Ricci, 
who had resigned his see in 1790, subsequently recanted. See also 
GALLICANISM. 

See J. Carreyre in Dictionnaire de théologie catholique, vol. xii (part 
1), col. 2134-2230 (1935), with bibliography. 

PISTOL AND REVOLVER. A pistol is a small firearm 
designed for one-hand use, dating from the early 15th century. 
Tradition ascribes the derivation of the word to two distinct 
sources, viz., (1) Pistoia, a city in Italy where some claim the 
weapon originated; and (2) Pistole, an ancient coin to the diameter 
of which it is said the earliest handguns were bored. (Yet another 
explanation of its origin is that it derives from "pistallo"—mean- 
ing pommel—the common location of the weapon for mounted 
troops over centuries of use.) 

The advantages of a firearm that could be operated by one 
hand, leaving the other free for the use of an additional weapon, 
or for defence, must have been apparent from the earliest days of 
gunpowder, whence it becomes reasonably certain that the pistol 
evolved simultaneously with its heavier counterpart—the shoul- 
der weapon, Indeed, the most primitive form of small firearm, 
the “hand cannon," was more a pistol than a musket, but cannot 
correctly be placed in the former classification since it required 
one hand to hold it and another to ignite its powder charge. But 
with the development of the matchlock (c. 1425) it became pos- 
sible to produce a light and serviceable one-hand piece, and 
thenceforward the history of the pistol parallels closely that of 
the corresponding shoulder-arm of the period. (See SMALL ARMS, 

ILITARY.) 

Through the centuries, the pistol has received the attention of 
Untold thousands of inventors. To render it capable of firing 
More than once without reloading, it has been produced in every 
conceivable form—as with two, three, four and more barrels— 
the number limited only by the weight involved, and with count- 
less other devices incorporated. Revolving types are as old as 
firearms, though the earlier varieties did not embody, as does the 
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revolver of today, a short, many-chambered cylinder positioned 
behind a single barrel in such manner that the charge in each 
chamber is brought successively in alignment with the barrel. In- 
stead they were mere sheaves or bundles of tubes of equal length, 
and were revolved by hand, rather than mechanically as in later 
specimens. (The latter, in the mid-19th century, acquired the 
popular designation *pepperbox"— because of the resemblance of 
the multichambered muzzle to a pepper shaker.) Nevertheless, 
the true revolver principle (in which cocking the hammer causes 
simultaneous rotation of the cylinder) is far older than is gen- 
erally realized. Samuel Colt (g.v.), no matter how much the 
credit due him for improvements he contributed to this type of 
mechanism, lacks the honour of being its inventor by close to 
200 years, perhaps many more. In addition to developing multi- 
shot varieties, small-arms designers have managed to produce 
numberless combinations of the pistol with other weapons. Thus 
it is incorporated with battle-axes, daggers, knives, sabres, whip 
handles, canes, bludgeons, pocketbooks, cigar cases, bicycle handle 
grips, flashlights, fountain pens and in every other conceivable 
(and inconceivable) association. Some of the first-named date 
from the 15th century; the last carries right into the 20th century. 
The majority of these have been more curiosities than serviceable 
weapons, but some few have received the stamp of actual (if 
limited) adoption by the military. 

The date of earliest employment of the pistol as a military side- 
arm is obscure. Pollard tells us that it was adopted by the French 
cavalry in 1550, and that prior to this period it was “common in 
Germany.” George states that the matchlock pistol was unsuited 
for military service, and expresses the doubt that pistols were in 
general use by the military prior to the wheel-lock era, or in 
England sooner than the opening of the reign of Charles I (1625). 
He bases this assumption on the absence of any reference to pis- 
tols in army records of the reign of Queen Elizabeth (1558- 
1603). 

Thenceforward, however, the pistol held, and holds, a definite 
if not overly important place among military small arms through- 
out the civilized world. English-speaking nations, however, were 
slow to appreciate the advantages of metallic-cartridge types. 
Whereas France had adopted, as early as 1853 (for her naval 
service), a thoroughly satisfactory 12 mm. pin-fire revolver, the 
United States fought its Civil War (1861-65) almost exclusively 
with percussion hand-arms. The first delivery of American-made 
metallic cartridge revolvers to the military took place in 1871. 
(Some few had been purchased and carried by individuals in the 
war then terminated, and exactly 200 [Perrin make] secured in 
France by the federal government.) England also deferred until 
the late '60s the adoption of a metallic-cartridge weapon, although 
certain German states (e.g., Bavaria) had preceded England by 
some years. 

Contrary to popular belief, facility in the use of the pistol is 
not readily acquired, and indeed is infinitely more difficult to gain 
than in the case of the rifle. Further, the shortness of a pistol 
barrel, as a result of which a slight twist of the wrist swings the 
muzzle through a large arc, plus the difficulty of ascertaining at 
a glance whether certain modern types of pistols are or are not 
loaded, have resulted in many ac- 
cidents due to carelessness, and 
gained for the weapon, among 
those unfamiliar with it, a repu- 
tation for dangerousness far 
greater than it deserves. In addi- 
tion, the discovery by the novice 
that he cannot hit even large 
targets at close range quickly 
convinces him that it is a hope- 
lessly inaccurate weapon, Even 
among the military, its possibili- 
ties for wide usefulness as a 
short-range arm, both of offense 
and defense, are usually stu- 
diously neglected. There re- 
mains, nevertheless, an informed 
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suitable design, involving as jt 
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the spring resistance within the. 
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come by finger pressure on the 
Min GEH AMT trigger is so considerable, and so 
| 1 variable at different stages in the 
rearward progress of that mem- 
ber, that: none but an expert сай 
mainsPRING do good shooting when firing 
RECEIVER “double-action” save at the: 
STOCK SCREW BUSHING ARCHED MAINSPRING Housing closest ranges. In the hands of 
PHANTOM VIEW OF COLT AUTOMATIC PISTOL, .45 CALIBRE (U.S, ARMY M1911) such persons, however, its greater 
speed of operation (as against 
and insistent element of military opinion which continues to fight the single-action) makes it the weapon of choice. (Most double- 
for its more adequate recognition—to the extent, indeed, of thecom- action revolvers may be operated either single- or double-action, 
plete replacement of the foot soldier’s bayonet with a hand firearm, though some of the cheaper modern types and some of the better 
Classification.—So many types of pistols and revolvers exist earlier ones will function only on the latter system.) — 
that it is next to impossible to set up suitable classifications for In the semiautomatic revolver the mechanism is actuated, cock 
them. Ignoring for the moment all early specimens (i.e., not ing the hammer and rotating the cylinder, by the energy of recoil 
handling modern metallic cartridges), there are: (1) revolvers; which drives the whole superstructure of the piece (barrel-cylinder 
(2) automatic pistols; and (3) other pistols. Of these the first assembly) rearward on a horizontal platform built into the lower 
and third are made in a variety of forms for pin-fire, rim-fire frame. A “recoil spring,” compressed during this movement, 
and central-fire ammunition. Automatic pistols, however, are then uncoils to force these parts back to their forward (firing) 
chambered for the last two types only, having been perfected after position, The outstanding example of this type is the B 
the pin-fire cartridge was already in its decadence. Considering in Webley-Fosbery arm made in .455 (less often in .38) calibre: 
turn the three basic classes above named, it is found that a revolver Another with practically identical mechanism but far less well 
is a weapon embodying an element (cylinder) which revolves, known is the .32 calibre pocket model formerly produced by the — 
whence comes its name. (By the same token, an arm containing Union Fire Arms Co. of Toledo, Ohio. pe 
no such component is not a revolver, despite the generally loose In an automatic-ejecting revolver (first popularized by Smith — 
application of the term.) Within the cylinder are bored a number Wesson, U.S.A.), the weapon commonly “breaks open” (for loading — 
of chambers, disposed equidistant from each other and from the and ejecting) at a hinge located below and forward of the cyl 
axis about which it revolves. Each chamber is designed to con- and a "spider" operating in the axis of that member automal 
tain a cartridge, and each may be brought in line with the barrel, lifts out and expels the empty cases after the joint has 0 
mechanically locked in position and discharged at the will of the ficiently to permit this. In hand-ejecting models the cylinder 
operator by pressure on the trigger. Revolving-cylinder rifles (ie., narily swings to one side when released by a latch, its axis 
revolvers in shoulder-weapon form) long enjoyed considerable parallel to that of the barrel, whereupon a rod running through it 
popularity (especially during the percussion era), even receiving and terminating in an ejector spider is manually pushed 
some military recognition, especially in the U.S. Apparently no so withdrawing the fired cases. 4 
new model of this type has been offered for sale since 1880-81, ^ In the rod-ejecting type, an excellent example of which is the 
as they are not suitable save for low-power ammunition for which Colt “Single-Action Army” model, the cylinder must be Tol 
other, simpler and less expensive mechanisms are available. ^ опе chamber at a time, to bring the mouths of these successive) 
One widely advertised disadvantage of the revolver is the in- opposite the tip of a long, slender rod in a housing attac 
evitable escape of some portion of the propellent gases at the Junc- side of the barrel, and held in its normal (forward) 
tion between cylinder and barrel, and various devices to make this spring pressure. This rod must then be manually pre | down 
joint more or less gastight (as in the Russian “Nagant” service into the chamber, aligned with it to disengage and eject the em 
revolver) have been attempted. The added power thus gained 15 fired case within, the spring then returning it to its fo T e 
never worth the complexity of the mechanism required to attain tion, The operation must be repeated for each chamber (0. 
it, however, since the percentage of gas lost, save when the 8ap emptied. European practice varies somewhat from that just O 
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becomes truly enormous, is almost negligible. scribed, but in all systems of rod-ejection each chamber 
Revolvers may be classified according to their modes of rotating separately and individually cleared of its contained empty ©” 
the cylinder or of extracting the fired case into: single-action, Other categories into which revolvers may be differen Am 


double-action, semiautomatic, automatic-ejecting, hand-ejecting, hammer and hammerless (concealed hammer) types, the with 
rod-ejecting, etc. In the single-action arm the acts of cocking being far the more common, but the latter (all obviou Y odds 
the hammer and rotating the cylinder are performed simultane- double-action mechanisms) widely used in small “pocket” 
ously by the manual retraction of the hammer, which comes to rest of :25, .32 and .38 calibre wherein the spur (thumb cocking pit) 
in a rearward position. Thereafter a squeeze on the trigger is re- of the hammer, if present, might catch in the clothing in 80 
quired to cause it to fall and discharge the piece. During the per- tempt quickly to draw the "Weapon. Practically all automa 
cussion era this was the accepted mode of operation (as introduced tols are, strictly speaking, semiautomatic, since in but 006 or t 
by Colt, 1836), though certain excellent double-action types such models (Mauser, Germany) aviiilicensed copies, are they 50 
as the Tranter, Webley and Adams (all British) and the Cooper, signed as to permit more than one discharge with each pull of ^4 
Remington and Starr (U.S.A.) also appeared. This type is still trigger. But the term "automatic" has gained such wide M 
produced by Colt in its "Single-Action Army" model and by itis perforce employed in this article to designate жер И 
Sturm, Ruger and others. erly of the semiautomatic class. These may be divided into: £^ 


PISTON 


operated, straight blowback, blow forward, retarded blowback 
and short-recoil types. Of the first named, but one short-lived 
example (the “Clair,” France) was ever produced. This em- 
ployed the usual gas port and expansion chamber beneath the 
barrel, the cartridges (French service revolver type of 8 mm. 
calibre) being fed into the mechanism through a tubular maga- 
sine in the butt of the piece. The straight blowback, numerous 
models of which are produced in many countries, is, as in shoulder 
weapons, confined to ammunition of low power and pressure (e.g., 
22 rim-fire). Walther (Germany), however, did produce, in small 
numbers, their Model MP, a straight blowback type chambered 
for the 9 mm. Parabellum, a powerful cartridge used in the Luger 
and numerous other military automatics, 

More powerful ammunition is handled in arms of the retarded 
blowback type, such as the Luger (Germany), or built on the 
short-recoil system (Webley, England; Colt, U.S.A.). Examples 
of the much less used blow-forward action are certain early Mann- 
licher (Austrian) models and the Schwarzlose (Germany). (For 
descriptions of the modes of operation of these several mecha- 
nisms, which duplicate exactly those embodied in machine guns 
and semiautomatic rifles, see MACHINE GUN.) Magazine capacity 
of automatic pistols varies from about six cartridges (6.35 mm. 
calibre) to as high as twelve (some .22 rim-fire models), the aver- 
age military type holding seven to ten. Most modern military 
automatics are clip-loaded, but some (e.g., Mauser, Germany; 
Steyr, Austria) are charger-loaded. 

Calibres.—These vary for revolvers all the way from 5 to 
15mm. bore in obsolete pin-fire types, i.e., about .20 to .60 calibre; 
from 2 mm. (yz in.) to .46 calibre or more in rim-fire, and 
ftom about 5 mm. to .577 calibre in central fire. The smallest 
sizes (2 mm.) are, of course, mere curiosities, yet capable of firing 
tiny ball cartridges which will destroy eyesight, if no worse. 
Among automatic pistols, freak arms, save as produced in tiny 
calibres, e.g., the 2 mm, Kolibri, Germany, are unusual. The 
smallest really effective automatic, the German “Lilliput,” is of 
425 mm. (about .21 in.) calibre; the largest, the .45 Colt (U.S.A.) 
and the .455 Webley (England). 

The accuracy of the automatic, save in specimens designed for 
larget work (rare in calibres over .22 rim-fire), is, in average 
hands, commonly below that of revolvers of comparable weight 
and size and its construction is such that, except in certain makes 
Which possess “loading indicators” (as the Luger), it is impossible, 
without opening the mechanism or pressing the trigger, to deter- 
mine whether or not it contains unfired cartridges. Further, un- 
less it possesses a “magazine safety,” now incorporated in all the 

tter makes, but formerly rare or absent, it remains dangerous 
‘ven after the removal of the loaded magazine. This is due to 
the fact that, preparatory to firing, a cartridge must be trans- 
ferred from magazine to chamber. If now left unfired, the sub- 
Sequent removal of the magazine leaves the charge in the chamber 
undisturbed, but all too many persons are forgetful of this and 
forthwith consider the arm unloaded and treat it as such. The 

magazine safety” renders an accident impossible by locking the 
tig mechanism automatically immediately the magazine is with- 
wn, 

Revolver v, Automatic.—Though devotees of the automatic 
Pistol have, ever since the invention of that type of weapon, pre- 
dicted the early decline and disappearance of the revolver, there 
% ûs yet little evidence to indicate that their forecastings are 
$on to be fulfilled. The automatic has gained acceptance by the 
Military in many countries, but in others of equal importance 

© revolver remains in favour. Among civil servants, European 
Police employ the automatic almost exclusively, whereas in the 

‘S.A. the revolver is practically without competition. Military 
(rovers now range in calibre from 7.62 mm. (Russia) to .380 and 

?rmerly) .455 (England); automatics from 7.63 and 7.65 mm. 

ermany) to .45 (U.S.A.). 

he revolver bullet is commonly an unjacketed missile of lead, 
a ined perhaps with tin and/or antimony, whereas that of the 
tomatic is usually full metal cased (jacketed), uncased bullets 

Mg subject to deformation, because of their relative softness, 

Cn passing through the mechanism of such an arm. However, 
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.22 calibre automatics use standard 22 rim-fire lead bullet car- 
tridges, not jacketed.  Full-jacketed revolver bullets are not 
unknown, but have never gained much popularity save with law- 
enforcement agents whose duties may require their firing through 
heavy doors, automobile bodies, etc. Muzzle velocities in stand- 
ard revolvers average 600-850 foot seconds, but there has been 
developed (by Smith & Wesson, U.S.A.) a “Magnum” type in .357 
calibre (actual groove diameter of all modern so-called .38 calibre 
revolvers) with a muzzle velocity exceeding 1,500 ft. per second 
and a muzzle energy of 800 ft. lb., thus exceeding that of the .44 
calibre Winchester (U.S.A.) repeating rifle, model of 1873, to 
which has probably fallen more medium and large game than to 
any other firearm ever produced. 

In 1956 the same firm (Smith & Wesson) introduced a .44 
Magnum revolver, designed around the most powerful handgun 
cartridge in existence: a 240-grain bullet at 1,570 ft. per second 
muzzle velocity, with muzzle energy of 1,310 ft. lb. From the 
standpoint of “stopping power,” the .38 or .45 calibre leaden re- 
volver bullet of moderate velocity is more efficient than the high- 
velocity, automatic pistol missile of small (7.63 and 7.65 mm.) 
bore as fired by the Mauser and Luger military automatics. 
Although the latter may exhibit considerably more "calculated" 
energy on paper, its metal case causes it to penetrate cleanly and 
its limited diameter results in an almost tiny perforation through 
the tissues, with little bleeding. By reason of its high velocity it 
usually passes on through the target to expend most of its energy 
upon the scenery beyond. The soft-lead revolver projectile tends 
to "mushroom" (expand) on striking bone or other resistant body 
structure, tearing ragged holes. 

BIBLIOGRAPHY 77C, W. Sawyer, Firearms in American History, vol. 
ii, The Revolver (1911); H. B. C. Pollard, The Book of the Pistol 
and Revolver (1917) and A History of Firearms (1926) ; J. S, Hatcher, 
Textbook of Pistols and Revolvers (1935) ; J. N. George, English Pistols 
and Revolvers (1938) ; E, McGivern, Fast and Fancy Revolver Shoot- 
ing (1938) ; A. Gluckman, United States Martial Pistols and Revolvers 
(1939); Charles T. Haven, History of the Colt Revolver (1940); 
James E. Serven, Colt Firearms, 1836-1954 (1954) ; W. H. B. Smith, 
Small Arms of the World (1955). For current developments see issues 
of The Gun Digest and The American Rifleman, 

(C. Go.; J. T. Ам.) 

PISTON, WALTER HAMOR (1894- ), U.S. composer 
noted for his symphonic and chamber music, was born at Rockland, 
Me., on Jan. 20, 1894. His paternal grandfather, Antonio Pistone, 
was an immigrant from Italy. Piston studied music at Harvard 
University (1919-24) and in Paris with Nadia Boulanger and Paul 
Dukas (1924-26). On his return to the U.S. he taught at Harvard 
and was appointed professor of music there in 1944, retiring in 
1960. He published three textbooks: Harmony (1941), Counter- 
point (1947), and Orchestration (1955). His style of composition 
is neoclassical, though not without romantic overtones, and is re- 
markable for its structural strength and rhythmic vivacity. His 
only piece of program music is the orchestral suite Three New 
England Sketches (1959); his only composition for the theatre is 
the ballet The Incredible Flutist (1938), Otherwise his works are 
purely instrumental. He wrote seven symphonies (1937, 1943, 
1947, 1950, 1954, 1955, 1960), the third and the seventh of which 
were awarded Pulitzer Prizes, He also wrote two violin concertos 
(1939 and 1960); a viola concerto (1957); a concerto for two 
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pianos and orchestra (1959); Lincoln Center Festival Overture 
(1962), and a Capriccio for harp and string orchestra (1963). His 
chamber music includes a Divertimento for nine instruments 
(1946); five string quartets (1933-62); a flute sonata (1930); a 
piano trio (1935); a violin sonata (1939); a quintet for flute and 
string quartet (1942); a quintet for piano and string quartet 
(1949); a quintet for wind instruments (1956) ; a quartet for piano 
and strings (1964); and a sextet for strings (1964). (N. Sv.) 

PISTON: see Steam: Steam Engine; INTERNAL-COMBUSTION 
ENGINE; Pump. 

PITCAIRN ISLAND, an isolated, volcanic, subtropical is- 
land in the eastern Pacific almost midway between New Zealand 
and Panama. In area 2 sq.mi. (5 sq.km.), it is a half crater, 
1,000 ft. high, with fertile soil and an equable climate. The popu- 
lation of 89 (1964) are descended from the mutineers of HMS 
“Bounty” (see BLIGH, WILLIAM) and their Polynesian consorts. 
It had been first sighted in 1767 and was settled in 1790 by Fletcher 
Christian and some of the mutineers whom he led. 

Pitcairn Island is a British colony under the governor of Fiji. 
Local administration is by an island council elected annually, The 
islanders subsist on garden produce, fishing, and the sale of postage 
stamps and curios. Expenditure is mainly on education, health 
services, and the maintenance of radio communication. 

(H. E. Ma.) 

PITCH (SETBACK), a game of cards, the hardiest member of 
a family of card games that was known in England in the 17th 
century or before, and was the national game of U.S. card players, 
especially in the West, until it was replaced by poker. The family 
is called all fours, from the fact that there are four scoring points: 
high, low, jack, and game. High is the ace of trumps, or the high- 
est trump dealt. Jack is the knave of trumps. Low is the two of 
trumps, or the lowest trump dealt. Game is a plurality of high 
cards won in tricks, counting: each ten 10, ace 4, king 3, queen 2, 
knavel. In some variants, game is the ten of trumps. 

The precursor of pitch was seven-up (or old sledge), mentioned 
in the writings of Bret Harte, Mark Twain, O. Henry, and others. 
The complicated method of deciding trumps by bargaining between 
eldest hand and dealer was abandoned in favour of letting eldest 
hand name the suit, or sell the privilege, and the game was then 
called sell-out or commercial pitch. The change to free bidding 
produced auction pitch, the variant now played. 

From four to seven may play auction pitch, but the best game 
is with four, each playing for himself. Each player in rotation 
clockwise is dealt six cards in rounds of three at a time. Then, 
beginning with eldest hand, each in turn has one chance to bid, 
the highest bid being four. The high bidder "pitches" (leads first), 
and the suit of the card he pitches is trump. If able to follow suit, 
each player in turn may either follow suit or trump; if unable to 
follow suit, he may play any card. The highest trump, or if no 
trump is played the highest card of the suit led, takes the trick, 
the winner leading to the next trick. If the pitcher at least fulfills 
his contract, he scores as many points as he has made; if he falls 
short of his contract, he is “set back” the amount of his bid (has 
those points deducted from his score). Each other player scores 
what he makes. The object is to be first to reach seven points. 
If two or more players reach seven on the same deal, the pitcher’s 
points are counted first; among other players the points are 
counted in order of high, low, jack, and game. 

A special rule called smudge is often allowed—if a player ful- 
fills a bid of four, he wins the game at once, unless he is “in the 
hole” (has a minus score) at the time. A different form of this 
tule is met with in some localities. An ordinary bid of four can 
be overcalled by a bid of smudge, and the smudge bidder wins or 
loses the game forthwith depending on whether he makes or loses 
his contract. 

See A. H. Morehead, R. L. Frey, and G. Mott-Smith, The New Com- 
plete Hoyle (1964). (G. Мн.) 

PITCH, MUSICAL, is a measure of the position of a single 
sound in the complete range of sound. The term is more particu- 

larly applied in relation to a musical performance or a musical in- 
strument. A precise designation of pitch is needed if singers, and 
instrumentalists, are to perform together. This is effected by ref- 
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erence to the pitch of a convenient note, almost invari 
middle C. i 
Pitch is expressed with greatest convenience as the 
of oscillation of the sounding instrument (or of the 
which the sound waves are propagated) in cycles 
(с.р.ѕ.). Thus “А —440" means that “standard-piti 
sound of a tuning fork vibrating at 440 c.p.s. For the 
principles involved, see Sounp: What is Sound?: Pitch, 
quency, and Wavelength; Applications: Musical, e dr 
History.—Before 1500 the main evidence concerning pitch is 
found in the written compass of vocal music, especially: 
which was sung by average voices with no special voc. training. 
From such evidence it would appear that pitch throughout the 
Middle Ages was not very different from that of toda "i 
From the period 1500 to about 1670 large numbers of woodwind 
instruments survive; the pitch of most of these is remarkably í 
stant at about A = 466, or one semitone above A = 440, ' 
due to the fact that most were made in Venice in the Workshop 
of one excellent manufacturer and his pupils and successors, all 
of whom used identical measurements. The pitch of church music 
during this period was governed by the pitch of the organ, Tt was 
usual to specify that the lowest pipe (which might be F or C) 
should be either five, six, eight, or ten feet long. In England and 
much of Europe five or ten feet was the standard. However, or 
ganists of the time were required to transpose at sight in order 
to bring the more extreme plainsong tones into the middl 
vocal range, and they sometimes regarded this lowest 
and sometimes as C. In the former case the pitch was 
third higher and in the latter about a third lower than 
This is why the church music of William Byrd, Orlando 
and Thomas Tomkins is written either a third lower or a t 
higher than the pitch at which it should sound. P. 
About the middle of the 17th century the Hotteterres, 1 
ment makers in Paris, were remodeling the entire woodwind 
They used the Paris organ pitch of about A = 415, or a 
below A — 440. Within 20 to 30 years they and their pu 
followers effectively set European pitch for the next 1 
This new or Baroque pitch (known in Germany as Kami 
was thus one tone below the old Renaissance pitch (Chorton). 
old trumpet in C was now in effect in D at the new pitch; this 
why nearly all Baroque music with trumpets is in D. | 
After about 1760 the pitch rose, reaching A = 440 around 1820. 
It then rose more rapidly and by the latter half of the 19th cet 
reached the “Old Philharmonic Pitch" of A = 452. However, the 
inconvenience of the “high pitch,” which strained singers’ voi (s 
and made wind instruments quickly out of date, was eventually 
realized, An international commission, meeting in Paris in 1828 
59, fixed a compromise pitch called diapason normal L4 
the U.S. as “French Pitch” or “International Pitch”) at A SM 
England in 1896 adopted the "New Philharmonic Pitch RM 
439 and in 1939 adopted the U.S. "Standard Pitch” of A = 
which is practically identical. After the middle of the 20th cen 
tury pitch again tended to creep up: some Continental’ 
started making woodwind instruments at A = 444, ш 
wise specified, thus repeating the tendencies of the 19th 
Absolute Pitch.—The ability to identify any note ч 
standard pitch, by ear, ог to sing a specified note at will, 
recourse to an instrument, is popularly called “absolute 
Fully developed absolute pitch is uncommon. It appears 
childhood and is evidently an acute form of memory OF piam. 
tion of sounds of a particular instrument such as the hono it 
Some musicians slowly acquire some degree of absolute BE а 
only for the familiar “concert A.” 


See also references under “Pitch, Musical” ae ou, 
PITCHBLENDE, an amorphous, black, pitchy me 


crystalline uranium oxide mineral uraninite, is one 0 
mineral ores of uranium, containing 50% to 80% of 
Uranium was discovered in pitchblende by M. Н. В 
1789, and radium by Pierre and Marie Curie and б. 

1898. Deposits, frequently in association with uranin 
such secondary uranium minerals, as carnotite, autunite 
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permite, are known in the Republic of the Congo, Czechoslovakia, 
southwestern England, the Northwest Territories and Saskatche- 
wan in. Canada, and Arizona, Colorado, Montana, New Mexico and 
Utah in the U.S. See URANINITE. See also Raprum; URANIUM. 
PITCHSTONE, a natural glass, generally of composition 
equivalent to granite, with conchoidal fracture, like glass, and 
pitchy or resinous lustre, formed by rapid cooling of viscous lava 
ormagma. It may be mottled, streaked, or uniformly coloured in 
brown, red, green, gray or black. A rhyolite (g.v.), the chemical 
composition, index of refraction, and specific gravity of pitch- 
stone are similar to those of, obsidian (g.v.). Pitchstone is dis- 
tinguished from obsidian by a dull, rather than vitreous, lustre. 
Like obsidian, however, it is translucent on thin edges but is much 
richer in microscopic embryonic crystal growths (see CRYSTAL- 
ште). The abundance of these tiny crystallites is generally be- 
lieved to account for the duller appearance of pitchstone. The 
crystallites assume beautiful and interesting forms such as globular, 
rodlike, hairlike, stellate, feathery and frondlike. Slightly larger 
crystal growths may also abound. Most pitchstones occur as dikes 
or marginal phases of dikes and, therefore, may grade into por- 
phyry (q.v.). Pitchstone porphyry (vitrophyre) consists of a 
glassy base enclosing abundant large crystals (phenocrysts) of such 
minerals as quartz (see QUARTZ PoRPHYRY), alkali feldspar, and 
plagioclase and fewer crystals of pyroxene, or hornblende. 
Pitchstone may reveal evidence of fluid flow by the presence of 
wavy streaks and trains of crystallites, microlites, phenocrysts 
and spherulites; and where formed in dikes, the lines and layers 
of flowage are most conspicuous near the margins of the intrusive 
body and have assumed an orientation parallel to the dike walls. 
Of all the glassy rocks pitchstone is the richest in water, gen- 
erally carrying 4% to 10% by weight. Most of this water may 


Representative Analyses of Pitchstone and Related Glassy Rocks 


Obsidian Pitchstone Perlite 
Yel- 
low. | Tee- | Mex- | Scot | cx. | Mad" tee. | sibe- | Sar- | Мен 
stone land | ico | land т agas- | land | ria | dinia | pnd 
Si, ало 75.28 
А0, 13:72 | 10.22 
Fes; 1.01 | 4.24 
FeO 062| — 
MgO 0.14 | 0.25 
CaO 0.78 | 181 
Хао 3.90 | 5.53 
БӘ 4.02 | 244 
HO 0:62 | 0.23 
‘Trace, 
have been absorbed from the sea or wet sediments into which the 
bitchstone was intruded. Some lavas and magmas appear to have 
congealed partly as glass and partly as crystalline material. Water 


Пуеп out from those portions undergoing crystallization may 

ауе been trapped or taken up by the glassy portions to form 
Pitchstone. Pitchstone is unstable, and its conversion to a very 
fine-grained crystalline aggregate resembles the devitrification of 
obsidian. See also PERLITE, (C. A. См.) 

P ITESTI, a town in Rumania situated on the right bank of 
the Arges River, lies 70 mi. (113 km.) NW of Bucharest by road. 
y is the chief town of Arges regiune (administrative and economic 
Tegion). Pop. (1963 est.) 48,477. Pitesti originated as a trading 
Centre, and has long been famed for its wines. It is now an impor- 
tant industrial town (chemicals, machinery, structural steelwork, 
Machine tools, building materials, timber, textiles, leather, foot- 
Wear, and food products). 

Ancus ADMINISTRATIVE AND Economic REGION extends south- 
d from the Carpathians through a zone of foothills to the Danu- 
Тїп Plain, Area 6,100 sqmi. (15,800 sq.km.). Pop. (1963 est.) 
in R6. About one-third of the region is cultivated. Wheat 
tilt maize (corn) are the main crops, with fruit growing and viti- 

Ure in the hills. Arges region produces nearly one-quarter of 
eu petroleum output. Other resources include natural gas; 
mica, and limestone. 
he principal towns are Pitesti, Cimpulung, and Rimnicu Vilcea. 
Xcluding Pitesti, the main industrial activities are petroleum 
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extraction, the production of soda and alkalis (Govora), motor ve- 
hicles (Cimpulung, Colibasi), timber, leather, and food products. 
Development projects in the 1960s include an aluminum plant with 
an annual capacity of 50,000 tons near Slatina and a hydroelectric 
plant of 220,000 kw. on the Arges at Curtea de Arges. 

PITHECANTHROPUS, the name given to a group of fos- 
silized remains of a primitive man, the skullcap and thighbone of 
which were discovered in 1891 in river deposits in Java by a Dutch 
geologist, Eugène Dubois. The skull gave evidence of a small- 
brained man with massive brow ridges, flat retreating forehead, 
and other apelike features. To this extinct type Dubois gave the 
name Pithecanthropus erectus, indicating that it represented a more 
or less intermediate phase in evolution from simian ancestors, and 
that it had already the upright posture characteristic of modern 
man (Homo sapiens). For some years after the discovery con- 
flicting views were expressed by anatomists on the status of Pithe- 
canthropus, e.g., whether this extinct genus was really a giant ape 
rather than a primitive hominid; but the latter view came generally 
to be accepted. Between 1936 and 1941 other remains were found 
in Java, and stratigraphic evidence suggested they dated from the 
early Middle Pleistocene or earlier, an antiquity of 200,000 to 
500,000 years. Detailed study of all the fossil material finally led 
to general agreement that this ancient type of man was not generi- 
cally distinct from Homo; the term Pithecanthropus erectus has 
therefore now been replaced by the term Homo erectus. 

In 1927 and the following years, several dental and skeletal frag- 
ments of a similar hominid were discovered in cave deposits near 
Peking, China. These remains were assigned to a new genus, 
Sinanthropus (q.v.), but they are not clearly differentiated from 
the Javanese fossils, though they may represent a distinct sub- 
species. The remains in China were much more numerous and 
better preserved than those from Java and were found in associa- 
tion with crude cores and trimmed flakes of quartz and silicified 
rocks representing a local Paleolithic industry of archaic character. 
The remains of hearths and charred animal bones made it evident 
that these early hominids used fire for domestic purposes; their 
diet is indicated by collections of deer bones and hackberry seeds. 
In general, the Chinese variant of Homo erectus appears somewhat 
more advanced than the Javanese, with a slightly larger brain and 
a better-developed forehead. The geological evidence also favours 
a lesser antiquity in the Middle Pleistocene. 

Taking into account all known remains from Java and China, the 
following outstanding features show how the species compares with 
H. sapiens. The mean brain volume was about 1,000 cm? (con- 
trasting with 1,350 cm? in modern man), but it showed a remark- 
able degree of individual variation. The skull is markedly flat- 
tened (platycephaly) with little frontal convexity, The bony 
ridges are massive and prominent, and there is a very pronounced 
postorbital constriction of the cranium. The jaws project strongly 
forward (prognathism); nasal bones are broad and flat, and the 
mandible lacks a chin eminence. The teeth are large and in some 
individuals the canines projected well beyond the level of the ad- 
jacent teeth. In contrast with these primitive traits, the limb 
bones (as far as they were known in the 1960s) are not distinguish- 
able from those of modern man. Thus it appears that, at least by 
the beginning of the Middle Pleistocene, the limbs of Paleolithic 
man had reached the terminal stage of evolutionary development 
while the skull, brain, jaws, and teeth still retained archaic charac- 
ters. Jaws and teeth very similar to those of Homo erectus have 
been found (from 1954) in North Africa, associated with stone 
hand axes and cleavers of a lower Paleolithic industry known as 
the Early Acheulian. It is probable, therefore, that the species was 
quite widely dispersed over the Old World in Middle Pleistocene 
times. In the later Middle Pleistocene there appeared more ad- 
vanced hominids which were probably the evolutionary descend- 
ants of Homo erectus; they were followed in the Upper Pleis- 
tocene by modern types of H. sapiens. See Man, EVOLUTION OF: 
Pithecanthropus; see also references under “Pithecanthropus” in 
the Index. (W. E. L. G. C.) 

PITHOM (Egyptian PER-ATUM or PER Том), an ancient city 
in northeastern Egypt. the site of which (Tell el Maskhutah) lies 
in Ash Sharqiyah province about 12 mi. WSW of Ismailia. It 
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was one of the treasure cities built for Pharaoh by the Hebrews in 
Goshen (Ex. 1:11). It was enlarged by the Ramesside pharaohs, 
especially by Ramses II, in whose reign the Exodus may have 
taken place. The site has yielded statues and sphinxes of Ramses 
II and the best preserved of the trilingual stelae on which Darius 
I the Great commemorated the completion of the Nile-Red Sea 
Canal on which the city lay. (M. S. Dr.) 

PITMAN, SIR ISAAC (1813-1897), English educator, in- 
ventor of the shorthand system named for him, was born at Trow- 
bridge, Wiltshire, on Jan. 4, 1813. After grammar school, he 
worked as a clerk in a cloth factory, but in 1831 he was sent to a 
training college for teachers. After 11 years of teaching in ele- 
mentary schools he opened a private school in Bath. In 1829 he 
took up Samuel Taylor’s system of shorthand and became an en- 
thusiast in developing the art of phonography, a system of writing 
shorthand according to sound. In 1837 Pitman drew up a manual 
of Taylor’s system and offered it to the publisher Samuel Bagster. 
Bagster did not accept the work, but suggested that Pitman invent 
a new system of his own. The result was his Stenographic Sound 
Hand (1837). Bagster published the inventor’s books at a low 
price, thus helping to bring the system within the reach of all. 
Pitman established at Bath a Phonetic Institute and a Phonetic 
Journal for this purpose; he printed in shorthand a number of 
standard works, and his book Phonography (1840) went through 
many editions. He was an enthusiastic spelling reformer, and 
adopted a phonetic system which he tried to bring into general 
use, In 1894 he was knighted. He died at Bath on Jan. 12, 1897. 
The Pitman system is described in the article SHORTHAND. 

Pitman’s biography was written in 1902 by his brother Benn 
Pitman and in 1908 by Alfred Baker. 

PITT, THOMAS (1653-1726), usually called “Diamond 
Pitt," British East India merchant who traded in opposition to 
the East India Company but was later governor of Madras, was 
born at Blandford St. Mary, Dorset, on July 5, 1653, the second 
son of the rector, Thomas Pitt. He went to India in 1673 and 
established his headquarters at Balasore. He made several visits 
to England, during which he was elected member of Parliament 
for Old Sarum (1689) and New Sarum (1690); in 1691 he bought 
the manor of Old Sarum, thereby securing control of the parlia- 
mentary seat for his family. Despite legal proceedings the East 
India Company failed to check his activities in India, and in 1694 
the company took him into its service and appointed him governor 
of Fort St. George, Madras (November 1697). In 1701 Pitt 
bought the famous diamond which he sold to the regent of France, 

Philippe duc d'Orléans, in 1717, and which now, known as the 
"Regent," is in the Louvre Museum in Paris (see DIAMOND). 
Dismissed from his governorship in 1709, he returned to England 
in 1710 and resumed his seat for Old Sarum. He died at Swallow- 
field, Berkshire, on April 28, 1726, and was buried at Blandford 
St. Mary. His grandson was William Pitt, earl of Chatham. 

See Sir C. N. Dalton, The Life of Thomas Pitt (1915). 

PITT, WILLIAM (1759-1806), English statesman, prime 
minister from 1783 to 1801 and from 1804 to 1806, second son of 
William Pitt, earl of Chatham, by Lady Hester Grenville, was 
born at Hayes, Kent, on May 28, 1759. Both because of his ex- 
treme delicacy and because his father disliked public schools, he 
was educated at home. A precocious boy, he went to Cambridge 
at the age of 14, to Pembroke Hall. His college tutor was the Rev. 
George Pretyman (who changed his name to Tomline in 1803), 
afterward his friend and biographer and bishop of Lincoln. Per- 
sistent ill-health alone induced him to make use of the antiquated 
privilege which allowed noblemen's sons to graduate without exam- 
ination (1776). Left with an income of less than £300 a year after 
his father's death in 1778, Pitt entered Lincoln's Inn; was called to 
the bar in June 1780, and joined the western circuit. In Septem- 

ber 1780 he naturally (in view of his age) failed to secure election 
to Parliament for his university. On Jan. 8, 1781, Sir James 
Lowther brought him in for Appleby in Westmorland on condition 
that he resign his seat if their political views diverged. 

Parliament.—Joining the Chathamite section of the opposition 
now led by the earl of Shelburne, Pitt made a highly successful 
maiden speech on Feb. 26 in support of Edmund Burke's economic 
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reform proposals. On March $ 
1782, when Lord North's minis. 
try was already tottering, Pitt 
with astonishing self-confidence 
for a young man of 22, publich 
announced that he would ib 
accept a subordinate position in 
the next ministry, and he did in 
fact refuse the vice-treasurershi 
of Ireland, offered to him by the 
succeeding prime minister, the 
marquess of Rockingham, 

As a back-bencher he sup- 
ported measures for shortening 
the duration of parliaments and 
repressing bribery at elections, 
and on May 7 he proposed that a 
select committee should inquire 
into the state of the representa- 
tion, but was defeated by 161 
votes to 141. When, after Rock- 
ingham's death (July 1, 1782) 
Shelburne was appointed prime 
minister, Charles James Fox and his friends resigned, and Pitt ac- 
cepted the chancellorship of the hequer. Though Shelburne's 
was a minority government, it remained in being long enough to 
negotiate the peace treaties with America, France, and Spain (Jan, 
1783). With Shelburne’s consent, Pitt, on Feb. 11, sought a com- 
pact with Fox, who, however, refused to serve under Shelburne, 
whereupon, according to Tomline, Pitt replied, “I did not come 
here to betray Lord Shelburne,” This marked both the beginning 
of the long political duel between these two great rivals, and the 
end of Shelburne's ministry, for Fox and North, bitter enemies dur- 
ing the American Revolutionary War, combined to defeat Shel- 
burne who resigned on Feb. 24, At his suggestion George III in- 
vited Pitt to form a government, but realizing that he would not 
have a majority in the Commons, Pitt declined the offer, and the 
king eventually had to capitulate to the hated coalition, To em- 
barrass the new government, which, under the nominal premiership 
of the duke of Portland, consisted of reformers and antireformers, 
Pitt again brought forward the question of parliamentary reform 
(May 7, 1783), He suggested no extension of the franchise, but 
recommended measures to prevent bribery and excessive expendi- 
ture at elections, to disfranchise corrupt boroughs, and to increase 
the representation of London and the counties. The resolutions 
were rejected by 293 votes to 149. Reformers now looked to Pitt 
rather than to Fox as their parliamentary leader. 

In Nov. 1783, Fox introduced his famous India bills, one of 
which was to provide the occasion of the king’s quarrel with i 
Whigs. The king authorized Pitt’s cousin, the 2nd Earl Tl 
to declare that whoever in the House of Lords voted for the "n 
(it had already passed the Commons) would be considered by 6 
king as an enemy. The trimming peers went over to the We 
sition, and on Dec. 17 the bill was rejected by 95 votes ded 
The king at once dismissed the coalition and on Dec. 19 niat 
Pitt to form a government. Pitt clearly did not take the decr 
ship as the king's tool, for his first step was to try to include sent 
and his friends in the new ministry. But Fox would not (оў 
to join a government from which his ally Lord North wou 
been excluded. 
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When Parliament reassembled on Jan. 12, 1784, th 
was at once defeated by 39 votes on a virtual motio 
but Pitt refused to resign and the king was prepared to vas that 
rather than again surrender to the coalition. Fox's case stt 
the coalition had been dismissed in a treacherous and € 
tional way, and that the new ministry, which had been ee à 
means of the king's influence and which did not possess, 
fidence of the House of Commons, must be forced to "ut denied 
admitted that his situation was without precedent, 2 Jf Fox 
that he was prime minister through backstairs jnfluence. 
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had stopped supplies and persuaded the house not to pass the an- 
nual mutiny bill, he could have forced Pitt’s resignation, but he 
felt that the adoption of such extreme measures would injure pub- 
Jic interests and lose him the votes of many of the independent 
country gentlemen. He put himself in the wrong, however, by 
opposing a dissolution of Parliament, which the government was 
prepared to advise as soon as the mutiny bill had been passed 
and the preparations for the elections completed. “No one would 
say,” said Fox, “that the prerogative of dissolution ought to be 
exercised merely to suit the convenience of an ambitious young 
man.” The independent country gentlemen in the Commons made 
strenuous efforts to bring about a union of parties, and North 
handsomely offered to stand aside if his presence in the cabinet 
would prevent the formation of a nonparty government. But the 
Whigs insisted that Pitt must first of all resign in accordance with 
the wishes of a majority of the House of Commons: this he refused 
to do. 

That majority began to crumble: many members, fearing the 
loss of their seats at a general election, went over to Pitt’s side 
during February and March, doubtless in the hope that he would 
gain а majority in the existing house sufficient to make a dissolu- 
tion unnecessary. By March 8 the majority against him had 
fallen to one vote, thus making him confident of victory. The 
mutiny bill became law on March 24, and next day Parliament 
was dissolved. 

No 18th-century government lost a general election, and Pitt's 
success in 1784 was never a matter of doubt. The “influence of 
the crown” ensured that the new House of Commons, just as 
much as that of 1761 or 1780, was chosen by the treasury. The 
statement of Pitt's biographer, J. Holland Rose, that Pitt "never 
stooped to associate with jobbers” is no longer accepted. Patron- 
age and corruption gave Pitt a majority, and secret service money 
was used to pay election bills. And within a few months of the 
election there were 17 additions to or promotions in the peerage. 
It is therefore misleading to say that Pitt was “the choice of 
the people”; he was merely the dispenser of royal patronage. John 
Robinson, the treasury official who advised the government about 
the management of the elections, calculated that Pitt’s largest 
gains would be in the “close” boroughs, where seats were bought 
With money and patronage. Pitt himself was returned for: the 
University of Cambridge; only once again (1790), at subsequent 
elections, did he have to stand a contest. 

r Financial Policy.—When Pitt became prime minister, the na- 
tional credit was seriously impaired by the heavy cost of the 
American Revolution. The debt was about £250,000,000, a stag- 
ering amount for those days. The budget was unbalanced, and 
3% Consols were down to 54. Pitt funded the unfunded debt, 
Imposed new taxes to wipe out the deficit, checked smuggling 

y reducing the high duties which encouraged it—that on tea, 
for example, was cut down from 119% to 124%—and reduced 
frauds in the revenue by establishing an improved system of audit- 
Ing accounts, Не also removed a number of duties, such as those 
9n cotton textiles, which were injurious to industry, and simplified 

whole range of customs and excise duties. All these, instead 
of being allocated to a series of distinct funds, were brought into 
û single consolidated fund, out of which all classes of public 
creditors were to be paid. In 1786 he introduced a sinking fund 
On а new principle: an annual surplus of £1,000,000 was to be 
aPpropriated to the purchase of stock and allowed to accumulate 
А compound interest for 28 years, by which time the income 
tom it would amount to £4,000,000 a year. In 1792 another act 
Provided that a sinking fund of 1% should be attached to every 
A" loan, which would thereby be redeemed within 45 years. The 
Ystem worked reasonably well in peacetime, because there was 
АП annual surplus of revenue over expenditure, but after the out- 
p i: war in 1793 the government redeemed debt bearing a 
s à T by fresh borrowing at a higher rate шшс ee 
: gs € wartime practice of borrowing, nominally at a 
EEG Cres but in reality at a high rate because of the discount at 
io the loan was issued, would now be regarded as a mistaken 


Pitt’s fiscal policy revealed the influence of the ideas of the politi- 
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cal economist Adam Smith and of Shelburne, the first statesman 
to understand the economic theories embodied in Smith’s The 
Wealth of Nations. In 1785 he tried to bring about the commer- 
cial union of the British Isles; Ireland was to purchase the ad- 
vantage of complete free trade with England and the colonies 
by an annual contribution to the cost of defense. But the oppo- 
sition of British traders and industrialists caused the plan to be 
modified in such a way as to compel the Irish to reject it. In 1786 
an attempt was made to reestablish normal trade relations with 
Britain’s so-called hereditary enemy, France. So a treaty (ne- 
gotiated by William Eden, afterward Lord Auckland) was designed 
to promote freedom of navigation and commerce in all but a few 
articles, moderate duties being substituted for an absolute pro- 
hibition, silk goods alone excepted. The French Revolution came 
before either country could benefit substantially from this states- 
manlike measure. 

Attitude to Reforms.—On April 18, 1785, Pitt redeemed his 
pledge of June 1784 to bring forward the subject of parliamen- 
tary reform at an early date. Leave to introduce a bill was re- 
fused, however, by 248 votes to 174, the majority consisting of 
followers of Lord North, Whigs like Burke who believed only in 
economical reform, the proprietors of nomination boroughs (or 
their members), and independent country gentlemen. Pitt would 
have extended the franchise to the copyholders in the counties, 
and, proposing that 36 decayed boroughs should be disfranchised 
by their own voluntary application, their 72 members being added 
to the representation of London and the counties, he suggested the 
setting aside of a compensation fund of £1,000,000, each bor- 
ough, on the application of two-thirds of its electors, to be en- 
titled to one-thirty sixth of the whole sum. If the amount was 
not large enough to tempt the borough proprietors to sell their 
rights, the money was to accumulate at compound interest until 
the temptation became irresistible. Pitt, after this defeat, vir- 
tually abandoned the cause. When others raised the question in 
1790 he declared that the time was inopportune, finding an excuse 
for shelving it in the apathy of public opinion, After the out- 
break of war with revolutionary France in 1793 he opposed all 
constitutional change. 

At the 1784 elections the dissenters as well as the parliamen- 
tary reformers had supported Pitt, but when, in 1787, he was 
urged to repeal the Test and Corporation acts he refused to do 
so, alleging that they did not impose any stigma or penalty on 
Nonconformists, and that the existence of an established church 
implied disabilities on nonchurchmen. 

India, Canada, and Australia.—Pitt's own India bill, which 
had been rejected on Jan. 23, 1784, during the struggle with the 
opposition, was passed in the summer of that year, after the 
general election. His bill, unlike Fox’s, left the ordinary India 
patronage with the East India Company’s directors, while a new 
government department, the Board of Control, supervised the di- 
rectorate. All political orders and dispatches had to be submitted 
to the new authority for its approval. Declaring that all schemes 
of conquest were repugnant to the honour and policy of the British 
nation, the act enjoined a policy of nonintervention in the affairs 
of the Indian princes. It put an end to an inappropriate division 
of authority in India by making the governor-general supreme 
over the subordinate governments of Bombay and Madras. In 
1786 a supplementary act increased the authority of the governor- 
general over his own council. Warren Hastings, governor-general 
of Bengal since 1773, returned home in 1785, having greatly 
strengthened British power in India, only to undergo the ordeal of 
a seven-year impeachment (1788-95) especially for his conduct 
regarding the Rohilla War, the raja of Benares and the begums 
of Oudh. Pitt, honestly believing that there was a case to be 
answered, and determined that the British name should be freed 
from the suspicion of injustice or oppression in the government 
of Oriental peoples, supported the demand for inquiry. Burke and 
the other managers of the impeachment disgraced their cause by 
the rancour and virulence with which they assailed one of the 
greatest of empire builders. Though Hastings was acquitted of 
all charges, the expense of the defense almost ruined him. 

Another imperial problem with which Pitt had to deal was that 
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of the future of Canada. By the Constitutional Act of 1791 the 
then province of Quebec was divided into a predominantly French 
province of Lower Canada, and a predominantly English prov- 
ince of Upper Canada, which was inhabited chiefly by the loyalists 
who had emigrated from the United States during and after the 
American Revolution. Both provinces were given representa- 
tive institutions which ensured to the “United Empire loyalists” 
the kind of government to which they had always been attached, 
and to the French Canadians the opportunity of preserving their 
own distinct way of life. Pitt, who was in office when men were 
first transported to Australia, never regarded that country as 
anything more than a convict settlement. 

Foreign Policy.—Pitt’s foreign policy was only moderately 
successful, In 1788 he made alliances with Prussia and with Hol- 
land, both with the object of strengthening the power of the 
worthless hereditary stadtholder of the United Provinces, Wil- 
liam V of Orange, which a year earlier had been and was still 
threatened by the republican or "patriotic" party relying on French 
support. The state of France’s finances, however, had made her 
intervention out of the question, and a Prussian army had quickly 
restored the stadtholder’s authority. The Triple Alliance served 
one other useful purpose: Prussia’s diplomatic support enabled 
Pitt in 1790 to triumph over the Spanish without having to go to 
war, in the Nootka Sound dispute, when they attacked English 
ships at what is now Vancouver Island. Thus was finally de- 
stroyed the Spanish claim to a monopoly of trade and settlement 
on the western seaboard of North America, making possible the 
eventual expansion of the Canadian provinces to the Pacific. 
Pitt’s intervention in eastern Europe, however, bore no such marks 
of triumph. Catherine II of Russia, at war with Turkey, was bent 
on establishing her supremacy in the Black Sea, In March 1791 
Pitt sent her an ultimatum demanding the restoration to the Sul- 
tan of all her conquests except the Crimea. But his policy of 
bolstering up the effete Turkish Empire was supported neither by 
the entire cabinet nor by public opinion, which was not yet con- 
vinced that the Russian threat to Turkey endangered British in- 
terests in the Near East. The warlike foreign secretary, the duke 
of Leeds, was replaced by Pitt’s cousin, William Wyndham Gren- 
ville, ist Lord Grenville, an uncompromising pacifist, and the gov- 
ernment, badly shaken, reversed its policy. Its failure to preserve 
the status quo in Europe through the Triple Alliance resulted in 
the second dismemberment of Poland in 1793, which was fatal to 
the prospects of the first coalition against France. 

War with France.—But even Grenville was unable to keep 
England out of the continental war which started in 1792, precipi- 
tated by the Girondins as a means of consolidating the French 
Revolution. In Feb. 1792 Pitt was prophesying that “unques- 
tionably there never was a time in the history of this country 
when, from the situation of Europe, we might more reasonably ex- 
pect 15 years of peace than we may at the present moment.” 
There is no truth in the Whig charge that he plunged England 
into an avoidable war. In face of great provocation the govern- 
ment clung to nonintervention as long as it was possible to do so. 
By remaining neutral while the French were overrunning the 
Austrian Netherlands, the government threw overboard one of the 
traditional objects of British foreign policy—the safeguarding of 
the Low Countries from a hostile power. It was not the execu- 
tion of Louis XVI in Jan. 1793 which made a continuation of 
peace impossible, but the provocative French decrees of Noy. and 
Dec. 1792 which authorized their armies to violate neutral ter- 
ritory and which promised military assistance to any European 
people wishing to depose its rulers. The French, confident of 
victory after their successes against the Austro-Prussian forces, 
and believing that England was ripe for revolution, declared war 
on England and Holland on Feb. 1, 1793. For the history of these 
wars see FRENCH REVOLUTIONARY Wars; NAPOLEONIC WARS; 
NAPOLEON I; FRANCE: History; the part played by Pitt himself 
can here only be glanced at. Military historians have often se- 
verely criticized him for the unprepared condition of the British 
armed forces at the outbreak of war, for his failure to mobilize 
the country's manpower during its progress, and for allowing such 
military resources as the country did possess to be wasted in 
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ruinous enterprises. Forty thousand troops, sent to | 
French West Indies, under the mistaken impressi 
French economy would receive a mortal blow from the 
sugar islands, died of yellow fever there. Wellington. 
clared that it was Pitt's great misfortune that he had no 
hand to give him good advice about the conduct of the war, 
when all has been said, Pitt was, as was recognized at the 
his country’s “guardian angel” in its day of need, — . 
The French Revolution had revived the agitation 
mentary reform, and the political societies, old and new, re 
spired to some extent by the democratic doctrines embodie [dn 
Thomas Paine's Rights of Man (1791-92). But the cause of 
form was soon discredited because its advocates were thoug 
approve of the violence in France where the progress of events 
alienated and horrified most English people. The unwise demon- 
strations of the radicals convinced the government that they wı u 
be satisfied with nothing less than a republic, and, to meet y 
was considered to be a threatening situation (the precise extent 
of the danger will always be a matter of controversy) the govem- 
ment had recourse to repressive legislation. In May 1792 4 
proclamation against seditious publications was issued; some of 
the English and Scottish reformers, including Thomas Muir, 
Thomas Palmer and John Frost, were transported or imprisoned 
on charges of sedition (1793); the Habeas Corpus Act was sus 
pended in 1794 and remained so until 1801; and the Treasonab 
Practices and Seditious Meetings acts of 1795 practically put an 
end to the activities of the radical societies. NGM 
Ireland.—The French Revolution had disastrous repercussions 
in Ireland, too, creating new hatreds to exacerbate the old religious 
feuds. The United Irishmen prepared for a rising to be a 
by a French invasion, but it was delayed when Lazare ] xhes 
expedition in Dec. 1796 was scattered by a storm. The re 
(1798) was finally provoked by the excesses of the troop 
the yeomanry in disarming the countryside; French aid. 
only after the revolt had been suppressed. As early as 1792 Pitt 
had held the view himself that an ultimate union of th two 
countries was the only solution of the Irish religious problem; 
the events of 1798 convinced him that union was most urgent 
necessary for the safety of the empire. Large-scale corrupt 
cartied the measure through the Irish Parliament, but opp 
from Pitt's cabinet and the king prevented him from са 
supplementary proposals—Catholic emancipation, tithe c 
tion, and state provision for Catholic and Dissenting cleri 
king declared (Jan. 28, 1801) that he would reckon апу! 
personal enemy who proposed a Catholic relief bill, and buc 
sition of the chancellor, Lord Loughborough, was consequi 1 
reinforced by that of the duke of Portland, the earls of Westmor- 
land and Liverpool, and even of Pitt’s brother, the ear! 
ham. Р the 
On Feb. 3, 1801, Pitt resigned, and, two days later, his friend (Me 
speaker of the House of Commons, Henry Addington (after 
Viscount Sidmouth), agreed to form a government. b] 
1788), and 


again drove the king insane (his first illness was in 
after his recovery in March he unkindly accused Pitt of ha 
caused his illness. Pitt replied verbally that he would ү я 
press the Catholic question during the king’s reign. ds 
pledging himself he was guided by a sense of loyalty to тетот 
ereign, not at all by personal ambition or by the desire to rem 
from his path the obstacle that prevented his return to otet Siy 
retirement, which took effect on March 14, caused extrao Toad 
little sensation. "Nobody speaks of him; no addresses Poe 
scriptions, no stir of any kind anywhere,” wrote one of 

ley brothers. 
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Addington's Ministry, 1801-04.— Patriotic motives i 
Pitt to support the new ministry, and the ensuing preli cribed bY 
Cles of peace signed with France (Oct. 1801) were er E 
him as highly honourable and very advantageous. | ded Parlia- 
months during the session of 1802-03 Pitt never attended «og 
ment, living in retirement in Walmer Castle where, ue . 
the Cinque Ports, he organized a local volunteer force 
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In view of the growing threat to peace, Addington, in March 1803, 
invited Pitt to join the government, but Pitt, by this time dis- 
satisfied with Addington's domestic and foreign policy, made it 
clear that he would return only as prime minister. In demanding 
that Addington must resign before the government could be re- 
constructed, Pitt was asking him to do that which he himself had 
refused to do at the request of Fox and Portland in 1784. War 
broke out again in mid-May 1803. In June Pitt was no longer de- 
fending Addington, though he was not yet prepared to go into open 
opposition—a step which no honest supporter of the king’s pre- 
rogative right to choose his ministers could take without a severe 
mental struggle. Thus on June 3 Pitt declined to support Col. 
Peter Patten's motion of censure, but Pitt’s own view of the situ- 
ation was shared in the division lobby by only 56 members. By 
1804 Pitt was becoming increasingly critical of the government’s 
measures to meet the growing danger of invasion. Addington’s 
majority fell from 71 on March 15 of that year to 37 on April 25, 
and, feeling that his parliamentary position was no longer tenable, 
he decided to resign.  Pitt's constitutional scruples would not 
allow him to attack the government without informing the king 
of his intentions (April 21), and he had already made it clear 
that he would not join with Fox and Grenville in any scheme to 
“force the closet" as Fox and North had done in 1783. On April 
30 Pitt was informed that the king wished him to plan a new 
ministry. Pitt replied (May 2) that a nonparty government was 
desirable. The king expressed his astonishment that he should 
even have thought of inviting Fox, “my personal and public 
enemy," to join him in cabinet. Unless Pitt would give way on 
this essential point (and also renew an earlier pledge not to intro- 
duce a bill to repeal the Test Act) the king would “call for the 
assistance of such men as are truly attached to our happy con- 
stitution, and not seekers of improvements which . . . tend to the 
destruction of that noble fabric... .". Pitt repeated his promise 
of 1801 not to press the Catholic question again, and declared 
himself ready to acquiesce in Fox's exclusion. 

Pitt’s Second Ministry, May 1804-Jan. 1806.— Pitt's second 
ministry was weaker than the first, for the Addington group went 
into opposition, and so did the parties led by Fox and Grenville 
—Grenville declining to take office under his former chief with- 
out Fox, In spite of this weakness the king would not hear of 
an overture to Fox “even at the hazard of a civil war.” Though 
at the end of the year the Addingtons agreed to join the ministry, 
they seceded again in July 1805—refusing to defend Pitt's old 
colleague Henry Dundas, then Viscount Melville, who was charged 
With corrupt practices while treasurer of the navy during Pitt’s 
first ministry. Pitt never recovered from this grievous blow, and 
the destruction of the newly made third coalition at the battles 
of Ulm and Austerlitz was another severe setback to its architect. 

lus the year 1805 closed in disaster, in spite of Nelson’s victory 
it Trafalgar (October) which ended the invasion threat and en- 
‘ured Britain's naval supremacy for the rest of the war. Pitt's 
health, never robust, was failing, In the summer of 1798 he had 
e Serious illness which shattered his nerves in a most alarming 

Pitt made his last public speech at the Guildhall in London 
o Nov. 9, 1805. The lord mayor proposed his health as “the 
‘iviour of Europe.” Не replied: “I return you many thanks for 
the honour you have done me. But Europe is not to be saved by 
any single man, England has saved herself by her exertions, and 
yu às I trust, save Europe by her example.” Ву Jan. 15, 1806, 
me of his colleagues were determined to force him to resign as 

16 only means of saving his life, and the king was thinking about 
ang cessor. He died eight days later (Jan. 23, 1806) at Putney, 
{ m buried in Westminster Abbey on Feb. 22. A motion for 

int of £40,000 to pay his debts was unanimously carried in the 
io ү. Earlier (1801) his friends had raised £12,000 in order 
Fi pos him from embarrassment. The famous inscription un- 
that «monument in the Guildhall, by George Canning, eats 
lived spensing for near 20 years the favours of the gen a 
abo (Out ostentation, and he died poor. Careless to a a 
ofici KRISA and engrossed with public affairs, he allowed his large 

Income to be squandered by servants and tradesmen. 
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CHARACTER AND IMPORTANCE 

Private Life and Character.—Pitt never married, and no 
wholly convincing explanation of the insuperable obstacle which, 
at the eleventh hour, prevented him from making Eleanor Eden, 
daughter of Lord Auckland, his wife, has ever been offered. In 
his career women played an astonishingly insignificant part. He 
had few friends; an increasing loneliness, characteristic even as a 
young man, was the self-chosen feature of his private life. Even 
members of the government complained of his inaccessibility. 
Long before his death, bodily infirmities, made more pronounced 
by his excessive addiction to port, curtailed his working day. 

His experience was remarkably limited. He never set foot in 
Scotland or Ireland; the greater part even of England was un- 
known to him. He was once in France—for a few weeks. He 
never came into touch with men of letters or original thinkers; he 
met Adam Smith and the historian Edward Gibbon, once. In his 
official patronage he neglected literature, science, and the arts. 
Even liis friend William Wilberforce was struck with his ignorance 
of human nature and his sanguine estimate of men and of political 
prospects. He was confident that he could carry his reform bill in 
1785; that, on the eve of the French Revolutionary War, Europe 
was entering upon a long period of peace; that he could compel 
Catherine II to give way in 1791; that the French war would be 
a short one; that the Roman Catholics could be emancipated; that 
the Treaty of Amiens (March 1802) would probably usher in a 
long period of peace; that Napoleon would soon be overthrown 
after military defeat. It was his misfortune to attain the premier- 
ship when he was little more than a boy. If he had had time to 


"broaden his mind with varied experience, and to know his fellow 


men, he might have governed the country with more matured 
views and with a mind better stored with practical wisdom. Never- 
theless, by reason of his superb debating and oratorical powers he 
dominated the House of Commons. His conduct there had a mix- 
ture of prudence, of firmness, and of transcendent ability never 
before seen and hardly ever again surpassed. “In personal purity, 
disinterestedness, integrity, and love of his country," wrote Wil- 
berforce, “I have never known his equal.” 

Constitutional Significance.— The significance of Pitt's 
career has often been misunderstood. He was not a prime min- 
ister of the modern type. At no time was he the leader of a well- 
organized, coherent party commanding a majority of the House 
of Commons which itself owed its existence to the will of the elec- 
torate. He was not at all the choice of the nation; he was the 
nominee of the king, and he retained office only as long as he 
retained the king's confidence. He had to resign in 1801 because 
his Irish policy was not acceptable to George III. Even though 
Addington's inadequacy as a wartime prime minister made Pitt's 
return to office almost inevitable three years later, Pitt did not 
return on his own terms but on the king's. He was not given 
a free hand in the formation of the government, and his failure 
to overcome the royal hostility to Fox was fatal to his hopes 
of uniting all parties for the more vigorous prosecution of the 
war. And he was never free to pursue his policy of liberating 
the Irish Catholics from the burden of their remaining civil dis- 
abilities, a policy necessary to promote the well-being and con- 
tentment of the Irish people. He was more dependent on the 
king’s favour than on the support of the House of Commons. A 
most formidable opposition assailed his position at the beginning 
of 1784, but fears of a dissolution caused that adverse majority 
to crumble, and the general election completed the work of dis- 
integration. The real crisis came, not during the opening months 
of 1784 but in the winter of 1788—89 when, during George III's 
madness, Pitt lost the all-important support of the crown. Had 
the dissolute prince of Wales, the nominal leader of the opposi- 
tion, become regent, Pitt would have been dismissed. Without 
the support of the crown neither he nor anyone else could remain 
long in office. All those who were later called Tories (the sup- 
porters of the royal prerogative against the Whig claim to dictate 
to the crown the choice of its servants) certainly were inspired 
by Pittite ideas during his lifetime and long after his death, but 
in no other sense was Pitt the re-creator of the Tory Party. Far 
from being a great party leader commanding the votes of over 
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half the House of Commons, Pitt had a personal following of lit- 
tle more than 50. This point is again effectively illustrated when 
one examines the reasons for the paucity of his legislative achieve- 
ments. In spite of persistent efforts, great speeches, and the 
support of powerful and eloquent members, he failed to pass a 
slave trade abolition bill, a parliamentary reform bill, a bill to 
repeal the Test and Corporation acts, and a Catholic relief bill. 
Had he led a homogeneous party of the modern type, this legis- 
lation would have been carried, but his supporters always deserted 
him when he was advocating reforms which either their prejudices 
or their vested interests opposed. It is therefore idle to maintain 
that Pitt was not really sincere in advocating these great reforms; 
that if he had been, he could simply have put on the party whips 
and carried them with a high hand. Moreover, there were very 
obvious limitations to his absolute authority in the cabinet. For 
years, Lord Thurlow, lord chancellor during Pitt's ministry from 
1783 to 1792, the king's personal representative there, insolently 
and treacherously obstructed him until he could bear it no longer, 
and told the king that he must part either with him or with his 
chancellor. Other colleagues opposed Pitt on all the great ques- 
tions of the day—parliamentary reform, the Test Act, the slave 
trade, Catholic emancipation—and, precisely because no govern- 
ment could have been formed united on even one of these great 
questions, all had to be treated as "open," on which everyone 
was free to speak and vote as he pleased. And finally, Pitt had 
to deal with a sovereign of narrow intellect and with intense 
and irrational prejudices—though, indeed, these were shared by 
very many of George III's subjects. 

Although Pitt's supremacy in the cabinet has often been exag- 
gerated, the necessity for a prime minister who would supervise 
and coordinate the work of the various departments, and possess 
the chief confidence of the king, was never again questioned. 
Melville, in communication with Addington in 1803 about the 
possibility of Pitt's return to office, told him that it was absolutely 
necessary "that there should be an avowed and real minister, 
possessing the chief weight in the council and the principal place 
in the confidence of the king. ... Power must rest in the person 
generally called the first minister, and that minister ought ... to 
be the person at the head of the finances." 

"Though unable to reform the House of Commons Pitt succeeded 
in transforming the character of the House of Lords by his lavish 
creation of peerages, increasing the membership by nearly 50%. 
"He created a plebeian aristocracy," wrote Disraeli, *and blended 
it with the patrician oligarchy. He made peers of second-rate 
Squires and fat graziers. He caught them in the alleys of Lombard 
street, and clutched them from the counting-houses of Cornhill,” 
Many of these new peerages were indeed created for the purpose 
of supporting Pitt's political influence in both houses, but the 
practice of granting hereditary honours to borough proprietors 
in return for seats for the government’s nominees, did not origi- 
nate with him. Moreover, he brought much new blood into the 
upper house, including some of the ablest soldiers, sailors, states- 
men, and diplomatists of the period. And, in accordance with 
the classical doctrine of the 18th century, that the peerage must 
always represent property, it was time that forms of capital other 
than land were adequately represented. 

The rapid progress of industrialism at the end of the 18th cen- 
tury was giving rise to grave social problems. Pitt’s record in 
this connection is frankly disappointing. There is no evidence 
that he was aware of the necessity of comprehensive social reform 
which, during the upheaval of the years after 1789, might have 
made England completely invulnerable to revolutionary peril. He 
made no attempt to grapple with such problems as those resulting 
from the breakdown of the old poor law. Nothing was done to 
reform the barbarous criminal law, the harsh game laws, prison 
administration, local government, the courts of justice; or to edu- 
cate the children of the poor at the expense of the state. See also 
references under “Pitt, William,” in the Index. 

BIBLIOGRAPHY.—Philip Henry Stanhope, 5th Earl Stanhope, Life of 
the Right Honourable William Pitt, 4 vol., 2nd ed. (1862) ; Lord Rose- 
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PITTA, a genus of songbirds remarkable for their great Fine 
of coloration. Often called jewel thrushes, the pittas were Шш 
for a while to be allied to the thrush family (Turdidae), but they 
form a separate family (Pittidae). There are about 50 Species, 
divided into a number of genera, confined to the Old World, d 
ranging from India and northern China to Australia, New Guinea, 
and New Britain, with one species in West Africa, the greatest 
number being found in Borneo and Sumatra. Pittas vary in size 
from that of a jay to that of a lark. They are characterized bya 
strong bill, a thickset form mounted on rather long legs, and a 
very short tail. In many of the forms there is little external dif- 
ference between the sexes. 

PITTACUS (7th-6th century в.с.), Mytilenean statesman 
known as one of the Seven Wise Men of ancient Greece, was 
born of Thracian extraction in Lesbos c. 650 в.с. He collaborated 
with the brothers of the poet Alcaeus (q.v.) in the overthrow 
of the tyrant Melanchrus (612/611?) and distinguished himself in 
the war about Sigeum by entangling the Athenian commander 
Phrynon in a net in single combat and killing him. Subsequently 
Pittacus turned against the party to which Alcaeus belonged, 
Given dictatorial powers by the Mytileneans with the title of 
aisymnetes (598/597 or 590/589), he abdicated after ten years’ 
rule and died ten years later. Diogenes Laértius quotes a number 
of sayings ascribed to him (mostly moral or political maxims) and 
five lines of lyric verse, as well as a spurious letter to Croesus. 

See F. Schachermeyr, “Pittakos,” in Pauly-Wissowa, Real-Encyclo- 
püdie der classischen Altertumswissenschaft, Halbband 40 (1950). 

PITT-RIVERS, AUGUSTUS HENRY LANE-FOX 
(1827-1900), English archaeologist and soldier who made archae- 
ology in England a scientific discipline, was born in Yorkshire 
on April 14, 1827. He took the name Pitt-Rivers in 1880 on in- 
heriting his great-uncle's estates of Rushmore in Cranborne Chase, 
Wiltshire. Educated at Sandhurst, he became deputy-assistant 
quartermaster general in the Crimean War. His interest in fire- 
arms led him to assemble a remarkable ethnographic collection il- 
lustrating the typology and development of tools and weapons; it 
was presented (1883) to Oxford University. 1 

Retiring from the Army (1882) as lieutenant general, he turne 
to the excavation of prehistoric, Roman, and Saxon antiquities 
on his estates; in the same year he was appointed the first Ш- 
spector of ancient monuments. He set a new standard in archae- 
ological technique, conducting large-scale excavations in a за 
which was revolutionary at the time but which formed the foun A 
tion of subsequent development. His Excavations in с 
Chase (published privately, 1887-98) remains among the ed 
of archaeology; other researches included excavations at The 
in Egypt. Pitt-Rivers was elected Fellow of the Royal Society 
in 1876; he died at Rushmore on May 4, 1900. 

See C. M. Daugherty, Great Archacologists (1962). a 

PITTSBURG, a city of Crawford County, Kansas, U.S. r 
established in 1876 and was named for Pittsburgh, Pa., beat 
its location in the Kansas coalfields. The city came into Ta 
as a direct result of mining and subsequent railroad construc A 
It is the centre of some of the world’s largest strip-mining s 
tions; modern equipment now does work once performed by the 
sands of European immigrants, who made Pittsburg er rep- 
most cosmopolitan of Kansas cities. Plants producing ee 
aration equipment and clay pipe are among the principal e has 4 
Kansas State College is located in the city. mp For 
council-manager form of government, in effect since po iit 
comparative population figures see table in Ede Hi RI. 
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PITTSBURGH, the second largest city in Pennsylvania, Û the 
and the seat of Allegheny county, is strategically к ahela, 
confluence of two major rivers, the Allegheny and Mono E of 
which drain a watershed of 18,800 sq.mi. (48,692 гаи Howitt 
the Allegheny mountains and unite to form the westwar 
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Ohio. The rivers are normally 710 ft. above sea level and the 
highest point in the city is 1,365 ft. The climate is relatively free 
of extremes in temperature and destructive storms. The annual 
average mean temperature is about 52° F (about 11? C). Annual 
average precipitation is 36.28 in. 

The three rivers and minor streams, flowing through narrow 
valleys, from which rise high hills or precipitous bluffs to rolling 
plateaus, give the city a spectacular setting. Nearly 300 named 
bridges and hundreds of lesser ones span the valleys within the 
county's limits. "Two sets of twin tunnels carry high-speed traffic 
to southern residential districts and to the west, while tubes make 
possible the limited-access Penn-Lincoln route to the east. 

Population of the city in 1960 was 604,332. Highly urbanized 
Allegheny county had a population of 1,628,587 and the standard 
metropolitan statistical area (Allegheny, Beaver, Washington and 
Westmoreland counties) had 2,405,435. Within the metropolitan 
area are the cities of Aliquippa, McKeesport, New Kensington, 
Washington and Wilkinsburg (gq.v.). (For comparative popula- 
tion figures see table in PENNSYLVANIA: Population.) 

Many new outlying residential communities were built after 
1945 and existing suburban areas experienced rapid growth. In 
the city a marked trend to apartment dwelling was evident in the 
latter part of the 20th century. 

History.—William Penn was granted the province of Pennsyl- 
vania in 1681. The following year the French laid claim, through 
LaSalle's discovery of the Mississippi, to all the territory drained 
by its tributaries. In the resulting dispute, the “Forks of the 
Ohio” were of first importance. The argument was settled, after 
years of contest and conflict, when Gen. John Forbes and his 
British and colonial army, after hewing their way across the Alle- 
gheny mountains, moved on Ft. Duquesne, built by the French in 
1754, to find it in flames and the French in flight. On Noy. 27, 
1758, Forbes wrote to William Pitt the Elder that he had named 
the site “Pittsbourgh” in his honour. After the defeat of Pontiac’s 
Indian forces in 1763, a later settlement with Indian tribes by the 
Penns and the end of a boundary dispute between Pennsylvania 
and Virginia, settlers arrived in ever-increasing numbers; they 
built cabins and stayed, built boats to carry those who pressed 
on to the west, discovered coal and iron ore in nearby hills and 
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launched the town on its way to industrial greatness. After the 
Civil War great migrations from Europe swelled the population 
and by 1900 the city could boast of 321,616 inhabitants. In 1907 
the independent city of Allegheny, largely German in origin, was 
annexed by legislative enactment, 

Immediately after World War II the city entered upon a new, 
dramatic phase in its history. With strong civic, business and 
political leadership and mobilized citizen support, and based upon 
long and patient planning, Pittsburgh set about to build new high- 
ways and public works, to raze its blighted areas, to redesign the 
cleared lands and to rebuild according to a new pattern designed 
to meet modern needs. Every phase of the city’s life—industry, 
transportation, education, culture, recreation—felt the impact of 
this new and continuing force which was quickly to become known 
as the Pittsburgh “renaissance.” 

By Nov. 1958, when the city celebrated its bicentennial, Pitts- 
burgh was no longer a static city; it was a great metropolis in pur- 
poseful and directed motion. A $2,000,000,000 regional program 
of public works and rebuilding—public and private—entered its 
most spectacular phase in the central city in that year and several 
neighbouring industrial communities were concurrently moving 
ahead on ambitious renewal programs. Spearheading the advance 
was the Allegheny Conference on Community Development, a citi- 
zens’ coordinating group. 

Three notable advances—smoke control, flood prevention and 
sewage disposal—made possible the city’s revival. The ban on 
smoke, first legislated for the city in 1947 and subsequently ex- 
tended to all Allegheny county, drastically reduced air pollution, 
A federal program of dam building for impoundment in the upper 
reaches of the rivers and their tributaries reduced the stage of 
maximum flood in the city by ten feet. A $100,000,000 sewage- 
disposal program, joined in by 71 municipalities in Allegheny 
county, began operation in 1959, heralding major recreational pos- 
sibilities in the three rivers. 

By 1961 the city planning commission had certified 15 areas, 
comprising 1,442 ac., for redevelopment, and had under study 1,221 
ac. in seven additional areas. Rebuilding in nine of these areas 
was completed or in progress by the urban redevelopment author- 
ity. The most spectacular of these projects cleared 36 ac. for a 
state park and major traffic inter- 
change at the "point" of the 
"golden triangle." For develop- 
ment by private enterprise, 23 ad- 
joining acres were cleared, and 
by 1960 six new multistory office 
buildings and a major hotel—all 
in a parklike setting—and an 
underground garage topped by a 
park had been completed in this 
once-blighted district. 

East of the triangle, in the 
populous "lower hill," 95 ac. were 
cleared; the reconstructed sec- 
tion was dominated by a $20,- 
300,000 public auditorium fea- 
turing a retractable roof. With 
a maximum seating capacity of 
14,000, the building, completed 
in 1961, was designed to accom- 
modate conventions and athletic 
and cultural programs. Nearby 
redevelopment was projected on 
the historic “bluff,” permitting 
expansion of the campus of Du- 
quesne university. 

Highlighting a major road pro- 
gram was the 20-mi., $140,000,- 
000 Penn-Lincoln parkway, a 
limited-access thoroughfare car- 
tying traffic through the city, 
along the Monongahela river and 
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across the new double-decked 
eight-lane Fort Pitt bridge to and 
through twin 3,600-ft. tunnels 
under Mt. Washington. By 1959 
the Pittsburgh parking authority 
had built seven garages with a 
capacity of 4,487 cars. One, in 
the heart of the business district, 
for subsurface storage under a 
handsome park, was made pos- 
sible by gifts to the city totaling 
$4,000,000 by three Mellon fam- 
ily foundations. 

Among major buildings erected 
after World War II are the 40- 
story structure shared by the 
Mellon National bank and the 
United States Steel corporation, 
the 30-story Alcoa building, and 
the Porter; and seven tall struc- 
tures in Gateway centre, one built 
by the commonwealth of Penn- 
sylvania. Among older govern- 
mental buildings is the Allegheny 
County courthouse (1884), 
known as one of architect H. H. Richardson's masterpieces. 

Government.—Pittsburgh was incorporated as a borough in 
1794 and as a city in 1816. By act of legislature (1911) govern- 
ment was put in the hands of a mayor and council. David L. 
Lawrence, who resigned as mayor in 1959 after 13 years in office 
to become governor of Pennsylvania, had served longer than any 
other in the city’s history. The mayor appoints department heads, 
members of various commissions and three authorities. He names 
the city treasurer and the city solicitor. The council is the legis- 
lative body. Within permissive state legislation, it determines the 
objects of taxation and fixes the rates, authorizes expenditures and 
contracts and fixes salaries of city employees. The chief source of 
revenue is a tax on real estate, the rate on land being twice that on 
buildings, Other taxes are levied on personal property and per- 
sonal income, on mercantile activities, on admissions to amuse- 
ments and on deed transfers, 

The school district of Pittsburgh is a distinct governmental 
entity. Its members, nonsalaried and appointed by the judges of 

the court of common pleas for six-year terms, comprise the board 
of public education. Administration is through two departments: 
education, headed by a superintendent appointed by the board for 
a four-year term; and business, headed by a manager appointed 
annually, The chief source of school revenue is the tax on real 
estate, supplemented by mercantile, per capita and personal prop- 
erty taxes; about one-fifth of the cost is provided by state subsidy. 

Commerce, Industry and Transportation.—Pittsburgh is a 
port of entry and a leading transportation centre. The Mononga- 
hela and the Allegheny rivers provide a minimum pool depth of 
9 ft. (with minor exceptions) to Fairmont, W.Va., 128 mi. to the 
south, and to East Brady, Pa., 72 mi, to the north. The Ohio river 
connects this system with the Mississippi and the Gulf of Mexico. 
The total river tonnage in the Pittsburgh engineering district in 
the 1960s was greater than that carried by the Panama canal. 
The city is a major inland exporter of manufactured products to 
world markets. Greater Pittsburgh airport, accessible by a lim- 
ited-access highway, was built at a cost of $44,000,000 on 2,450 
ac.; its runway facilities accommodate jet transport planes. As 
the hub of major highways, the city is an important centre for 
motor freight and of tourist travel. It is served by the Pennsyl- 
vania turnpike and other multi-lane highways. 

Pittsburgh’s industrial importance, especially in steel, is based 
upon strategic location and natural resources which originally in- 
cluded abundant timber, clay for bricks and sand for glass. There 
were also great deposits of coal, petroleum and natural gas and 
there continues to be a plentiful supply of water for industrial 
uses. The district’s coal and favourable location with respect to 
the great iron ore deposits on the Great Lakes gave it early domi- 
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nance in the steel industry. Despite the development of large 
steel centres elsewhere, assembly costs of raw materials in Pitts- 
burgh still compare favourably with those of competitors. The 
district is important in steel fabricating and in machinery manu: 
facture, particularly of mill machinery and heavy electrical equip- 
ment. 

In Pittsburgh are located some of the largest plants of the 
U.S. Steel corporation and of Jones and Laughlin, as well as of 
important independent producers. It is the home of three widely 
known companies established by the inventive genius of George 
Westinghouse—Westinghouse Electric corporation and Westing- 
house Air Brake and Union Switch and Signal companies. The 
city is the seat of Aluminum Company of America and of Gulf 
Oil corporation. Its shipbuilding tradition is carried forward by 
the Dravo corporation. Its pioneering in food processing 15 е 
called by a major plant of {һе Н. J. Heinz company. 

Public Health and Housing.—Support for programs of 
health received impetus from grants of $16,200,000 to the i 
versity of Pittsburgh, in the years 1948 to 1958, from the A. 1 
Mellon Educational and Charitable trust, to establish and ИИ, 
the graduate school of public health. This foundation also im 
other major grants to the university's health centre, the larges 
which was $5,000,000, matched by equal amounts from the bh 
Mellon and Sarah Mellon Scaife foundations. Another nota 
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advance was establishment of a county-wide health Дер 
Within a decade, these two developments resulted КЕШ S 
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revolution in public-health programs. With coopera cal 
lic officials and voluntary agencies a transition to pua 
status was effected and forward-looking programs were uM 
The county has over 40 hospitals, the largest of which is bes " 
J. Kane Memorial hospital for the indigent sick, comp'e 
1958. б idence 
Pittsburgh is traditionally a city of single-family rea 
and ranks high in percentage of home ownership. Ag ol 
War II, however, there was a marked increase in the bui! a j 
three-story walk-up and elevator apartments and of high, uisi is 
“luxury” buildings. Pittsburgh’s best-known residential dis Mis 
Chatham Village, a pioneer large-scale, planned Labo in 
community, built as a demonstration by the Buhl i R erates 
1932-36. The housing authority of the city has built am Ue 
several developments with more than 9,000 dwelling units. ЫН 

Educational and Cultural Institutions. —PitisbUrE пз col 
century surge carried the three universities and two wort ment 
leges to new peaks in endowment, in plant and in brig 
Largest of the five institutions is the University of Pitts aid. Jt 
private institution chartered in 1787, which receives sta ot 
is widely known for its 42-story “cathedral of learning 


mley park. It embraces 22 | 
ools and divisions, operating 
nce 1959 on the trimester plan. 
negie Institute of Technology, 
private school established in 
00, includes an affiliated wom- 
i's college, a college of fine arts, | 
ollege of engineering and 
ence, a graduate school of in- 
ystrial administration, a school 
[ printing management and a 
ivision of humanistic and social 
dies. Its campus also adjoins 
ley park. Duquesne, a Ro- 
Catholic coeducational uni- 
ity established in 1878, has, 2 
addition to the college, schools: — 
business administration, edu- 
tion, music, nursing, pharmacy 
dlaw. The two separate wom- 
colleges are Chatham, a 
te college chartered in 1869, 
and Mount Mercy, a Roman 
Batholic college established in 
29. The Western Pennsyl- 
School for Blind Children 
in Pittsburgh. 
Notable research programs in the natural sciences are conducted 
е University of Pittsburgh and at Carnegie Institute of Tech- 
шу. The university's experimental work in physics, biochem- 
and biophysics has attracted wide support, as have its health 
studies, an outstanding achievement being the polio vaccine de- 
ed there by Jonas Salk. Carnegie maintains large research 
liboratories, especially for metals, petroleum studies and nuclear 
search, The latter centres about a $2,000,000 synchro-cy- 
on with a capacity of 450,000,000 ev. Mellon institute, cen- 
for industrial research, and the laboratories of the United 
és bureau of mines are located in Pittsburgh. Important in- 
ial laboratories include those of Gulf Oil, Westinghouse Elec- 
‚ United States Steel, Jones and Laughlin, Pittsburgh Plate 
8, Koppers, and Union Switch and Signal company. 
tnegie institute is the outstanding cultural centre, with a 
of 1,500,000 volumes, a department of fine arts (known 
5 international exhibitions of contemporary painting), a mu- 
and a music hall, Phipps conservatory was presented to the 
y Henry Phipps in 1893, The Buhl planetarium was dedi- 
in 1939 in honor of Henry Buhl, Jr., who established the 
Sundation that bears his name. The Pittsburgh Symphony or- 
stra has been widely acclaimed and the Pittsburgh playhouse, 
its school of the theatre, the Civic Light Opera and the Pitts- 
Opera company are more than local in their appeal. 
_ the city has one morning newspaper, the Post-Gazette (estab- 
led as the Pittsburgh Gazette in 1786), and one evening paper, 
le Press, established in 1884. Pittsburgh pioneered in the devel- 
pment of radio and KDKA was the world’s first broadcasting 
+ Its television stations include WQED, a pioneering com- 
ity-sponsored educational outlet. 
ks and Recreation.—City parks include a total area of 
2,000 ас. Most are located on high, rolling land and several 
dramatic views of the industrial valleys below. Overlook- 
е Monongahela river is Schenley park. Highland park over- 
the Allegheny; in its 425 ac. are found the principal city 
oits, the municipal zoo and a children’s zoo. Also in the 
portion of the city are Frick and Mellon parks. On high 
id on the north side is Riverview park, which contains the 
heny observatory, once directed by Samuel Pierpont Langley. 
blementing these facilities are North and South parks (each 
20 ac.). developed by Allegheny county, and six new park sites 
lured in 1958, (С.Е; Ls.) 
SFIELD,.a city of western Massachusetts, 7 mi. from 
ew York state line, in the central valley between the Taconic 
erkshire mountain ranges; the seat of Berkshire county. 
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Pop. (1960) city 57,879; standard metropolitan statistical area 
(the city and Dalton, Lanesborough, Lee and Lenox towns) 76,772. 
(For comparative population figures see table in MASSACHUSETTS: 
Population.) Pittsfield was incorporated as a town of about 1,000 
people in 1761 and was named for William Pitt, prime minister of 
England during the French and Indian War. The first land grant 
in the area was made in 1763 to Col, Jacob Wendell, the great- 
grandfather of Oliver Wendell Holmes. In 1890 Pittsfield re- 
ceived its charter as a city and changed from the town-meeting 
to a mayor-council system of local government. 

The town was completely dependent on agriculture during its 
early years, Between 1820 and 1890, however, more than 20 in- 
dustrial and retail concerns were established. There is a large 
paper mill which manufactures the paper used for U.S. bank notes 
and government bonds. Electrical transformers, chemicals, tex- 
tiles, leather goods, boxes and machine tools are other leading 
products manufactured in the city. 

Pittsfield has an excellent public-school system, a local library 
and а museum. The widely known Berkshire Symphony festival 
at Tanglewood (10 mi. distant) is held each year. Summer stock 
theatres at nearby Stockbridge and Williamstown play a promi- 
nent part in the cultural activities of Pittsfield’s residents. 

Social and recreational facilities are abundant and among the 
best in New England. Parks, bathing beaches, golf courses and 
numerous ski trails, the best of which is located on nearby Mt. 
Greylock, provide yearlong entertainment for the area’s many 
tourists and outdoor sportsmen. (P, K. Ha.) 

PITTSTON, a city of Luzerne County in northeastern Penn- 
sylvania, U.S., on the left bank of the Susquehanna River just be- 
low the mouth of its tributary, the Lackawanna River; midway 
between Scranton and Wilkes-Barre at the entrance to the Wyo- 
ming Valley. Connecticut Yankees settled there in 1762 and 
named it for the elder William Pitt, British prime minister and 
friend of the colonists. They erected frontier Ft. Pittston (1772). 
Pennsylvanians protested Connecticut's charter claims to this land 
in three local Pennamite-Yankee Wars (1769-75; 1775-82; 1784— 
87). During the American Revolution the colonists met the Brit- 
ish and Indians in bloody fighting. 

The opening of anthracite mines in the 1830s brought peo- 
ple and prosperity to Pittston, It was incorporated first as a 
borough (1853) and then as a city (1894), With the decline of 
coal mining, the people turned to manufacturing textiles, clothing, 
furniture, cigars, paper products, and automobile parts, For com- 
parative population figures see table in PENNSYLVANIA: Popula- 
tion, (J. C. A.) 

PITUITARY GLAND (Hypornysis CEREBRI; PITUITARY 
Bopy), one of the endocrine, or ductless, glands which secrete 
their products, the hormones, directly into the blood stream. The 
term hypophysis is derived from the Greek for "lying under," 
which describes the gland's anatomical position under the brain. 
The pituitary plays an extremely important part in the normal 
functioning of the human body. Among the important hormones 
secreted by it are those that exert growth (somatotrophic) and 
gonad-stimulating (gonadotrophic) effects. Since its effects are 
largely mediated through its control over other endocrine glands, 
the pituitary is sometimes described as the “master gland" or “the 
conductor of the endocrine orchestra," 

History.—The name pituitary was given to the gland by 
Andreas Vesalius (1514-64), who shared the belief advanced by 
Galen (c. a.p, 130-200) that it derived from the brain a mucous 
substance, pituita or phlegm, which it secreted into the nose and 
upper pharynx, Other early workers, including Franciscus Sylvius 
(1614-72) and Raymond Vieussens (1641-1716), considered that 
the structure played a part in the elaboration of cerebrospinal 
fluid, a viewpoint also expressed by Thomas Willis in 1664. 
Richard Lower in 1672 was probably the first to ascribe an endo- 
crine role to the gland, for he considered that it removed fluid from 
the cerebrospinal fluid and secreted it into the blood stream, and 
not into the nasopharynx. 

Modern investigations concerning the structure and function of 
the pituitary can be said to date from 1886 when the French 
neurologist Pierre Marie described an association between pitui- 
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tary tumours and a form of gigantism. Then in 1894 the English 
investigators G. Oliver and E. A. Schafer demonstrated that 
pituitary extracts when injected intravenously caused an elevation 
of blood pressure. In 1896, the U.S. physiologist W. H. Howell 
showed the substance responsible for the pressor effect was pres- 
ent only in extracts of the posterior lobe of the gland, and in 1906 
Sir Henry Dale observed that these extracts also caused contrac- 
tion of the uterus. The U.S. neurosurgeon Harvey Cushing, in 
the early part of the 20th century, successfully removed the pitui- 
tary from dogs and removed pituitary tumours in man. In 1921, 
H. M. Evans proved that the anterior lobe of the pituitary con- 
tained a growth-promoting hormone and some 20 years later he and 
his associates at the University of California succeeded in isolating 
this hormone in pure form. Later researches were directed toward 
isolation and identification of the various hormones, the determi- 
nation of the cells of origin of these various hormones, and the 
elucidation of the reciprocal relation of the pituitary and other 
endocrine glands. 

Structure.—Gross Anatomy and Embryology.—The pituitary 
gland in the human adult weighs about 0.5 g. and measures about 
1 cm. in length, 1.5 cm. in breadth and 0.6 cm. in depth. The pitui- 
tary of the whale weighs from 10 g. to 60 g.; that of cattle, 2.5 g.; 
of the dog, 0.065 g.; and of the cat 0.009 g. The gland is situated 
in a depression on the surface of the sphenoid bone. This de- 
pression, known as the sella turcica (“Turkish saddle"), is deep 
in some species, including man, and quite shallow in others. As 
is shown in the figure, the gland itself consists of two divisions: (1) 
a neural division, the neurohypophysis, derived embryologically 
from the floor of the diencephalon; and (2) a glandular division, 
the adenohypophysis, derived from an outpouching of the roof of 
the mouth (Rathke's pouch). The neurohypophysis consists of 
three parts: the median eminence of the tuber cinereum, the in- 
fundibular stem, and the infundibular process or neural lobe. An 
extension of the third ventricle penetrates the median eminence 
and in some species extends into the neural lobe. The adenohy- 
pophysis normally loses all connection with the roof of the mouth. 
In most species, the posterior portion of the developing adenohy- 
pophysis becomes so closely applied to the neural lobe that the 
two cannot be separated, and together they form the posterior 
lobe, The portion of the posterior lobe derived from the adenohy- 
pophysis is known as the pars intermedia, or intermediate lobe. 
It is frequently separated from the anterior lobe by a colloid-filled 
Cleft. In certain animals such as the cetaceans, armadillo, and 
beaver and in birds, a discrete intermediate lobe is missing and 
anterior and neural lobes are separated by a thin layer of con- 
nective tissue. A small portion of the adenohypophysis, known 
as the pars tuberalis, extends up the infundibular stem and often 
encircles it. 

Microscopic Structure.—The anterior lobe consists of branch- 
ing cords of cells supported by a reticulum of connective tissue 
and separated by wide vascular channels known as sinusoids. 
Based on staining properties, the cells are classified into chromo- 
phobes and chromophils. These two cell types are present in 
almost equal numbers. The finely granular cytoplasm of the 
chromophobes has a poor affinity for the conventional stains. In 
about 75% of the chromophils, the cytoplasm contains granules 
that are stainable with acidophilic dyes and the cells are known 
as acidophils, eosinophils, or alpha cells. The remaining chromo- 
phils contain granules that stain with basophilic dyes and the 
cells are known as basophils, cyanophils, or beta cells. Chromo- 
phils are situated close to the blood sinusoids and are thought to 
represent the actively secreting cells of the anterior lobe. 
Chromophobes tend to be present in the central portion of the 
cell cords and it is felt that they represent inactive stages. The 
intermediate lobe is less vascular than the anterior lobe and con- 
sists of cells whose cytoplasm stains faintly with basic dyes, as 
well as cells similar to the chromophobes of the anterior lobe. The 
pars tuberalis is more vascular than the intermediate lobe and 
consists of small cells with chromophobic or slightly basophilic 
nongranular cytoplasm. These cells are frequently arranged in the 
form of small follicles with a colloid-filled lumen. 

The neural lobe resembles the gray matter of the brain rather 
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than a typical endocrine gland in structure. The cells present 
in greatest numbers are the pituicytes. The neural lobe also con. 
tains numerous unmyelinated nerve fibres and a fairly rich blood 
supply. The nerve fibres originate from nerve cells situated in the 
hypothalamus (the supraoptic and paraventricular nuclei), The 
fibres sweep down the infundibular stalk and spread out to form a 
rich network in the lobe. A characteristic of the neurohypophysis 
is the large amount of intercellular substance, which in the course 
of fixation precipitates into granules known as Herring bodies, 

Blood Supply.—The pituitary receives arterial blood from the 
internal carotid and from the circle of Willis. There is also a 
venous portal system between the hypothalamus and the anterior 
pituitary. Venous drainage from the pituitary is into the cavern- 
ous sinus. 

Nerve Supply.—The neurohypophysis is richly supplied with 
unmyelinated nerve fibres from the hypothalamic nuclei, It is 
questionable whether any of these enter the anterior lobe, which 
receives some sympathetic fibres from the carotid plexus and 
parasympathetic fibres from the greater superficial petrosal nerves, 
themselves branches of the facial nerve, 

Hormones of the Pituitary Gland.—Anterior Lobe—A 
number of hormones have been isolated from the adenohypophysis 
and the existence of a number of others has been postulated. The 
identified hormones all appear to be protein or polypeptide in na- 
ture and some have been isolated in pure form. A hormone from 
one species may be chemically different from that derived from 
another species. This may explain the occasional failure of a 
hormone to elicit an effect in a different species. Thus the fact 
that human and cattle growth hormones differ chemically may ac- 
count for the apparent ineffectiveness of growth hormone pre- 
pared from cattle when administered to man. Furthermore, spe- 
cies differences can lead to antibody formation (antihormones), 
which may account for the refractoriness that often develops after 
extended use of these preparations. (See also ANIMAL EXTRACTS! 
Pituitary Extracts.) 

The growth hormone is necessary for normal growth; a type 
of dwarfism is caused by the absence of this hormone, while an 
excess results in gigantism in children and acromegaly in adults. 
(See DWARFISM AND GIGANTISM.) The hormone appears to act 
directly on the tissues of the body. Prolonged administration to 
certain species results in the development of diabetes, an effect 
formerly thought to be due to a separate diabetogenic principle. 
The thyrotrophic hormone (thyrotropin; TSH) stimulates the 
growth of the thyroid gland and the secretion of the thyroid por 
mone. In its absence, myxedema may develop, indistinguishable 
clinically from the true myxedema due to a primary underactivily 
of the thyroid gland. It is possible that exophthalmos (patholog!- 
cal prominence of the eyes) may be the result of excessive pitu- 
tary stimulation and that thyrotropin or a closely related substance 
is responsible for the condition, (See also THYROD GLAND, Dis- 
EASES OF.) f CTH) 

The adrenocorticotrophic hormone (corticotropin; A fits 
stimulates the growth of the adrenal cortex and the release Can 
hormones. In its absence, signs of adrenal insufficiency FSH) 
son’s disease) develop. The follicle-stimulating hormone ( 
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the luteinizing hormone (LH), and the lactogenic hormone (pro- 
jactin) are sometimes classed together as the gonadotrophic hor- 
mones. The follicle-stimulating hormone promotes growth of 
ovarian follicles in the female and stimulates spermatogenesis in 
the male. The luteinizing hormone stimulates the formation of 
the corpus luteum from follicles that have ripened under the in- 
fluence of the follicle-stimulating hormone. The lactogenic hor- 
mone causes secretion of milk by mammary glands adequately 
developed under the influence of the ovarian hormones. 

Intermediate Lobe.—The intermediate lobe produces the mel- 
anophore-expanding hormone (intermedin) that causes darken- 
ing in frogs and certain other lower vertebrates due to a dispersal 
of pigment in the pigment-bearing cells (chromatophores). In 
animals in which there is no anatomically distinct intermediate 
lobe, intermedin is found in the anterior lobe. In the lower verte- 
brates, the alterations in colour scheme effected by intermedin 
serve as a protective mechanism, permitting the animal to blend 
with its surroundings and thus to escape detection. It is not 
known whether intermedin plays a role in higher vertebrates. In- 
termedin and the adrenocorticotrophic hormone are remarkably 
similar in chemical structure, and some investigators believe that 
they may be identical. 

Neural Lobe.—In 1928 О. Kamm and his associates separated 
posterior pituitary extracts into two partially purified fractions: 
oxytocin (Pitocin), which elicited largely oxytocic activity, and 
vasopressin (Pitressin), which contained largely blood-pressure 
raising and antidiuretic activities, In 1953 these substances were 
isolated, identified, and subsequently synthetized by Vincent du 
Vigneaud, who was awarded the Nobel Prize for Chemistry in 
1955 in recognition of this work. Both vasopressin and oxytocin 
are polypeptides consisting of eight amino acids each. Vasopres- 
sin, whether natural or synthetic, causes an elevation of blood 
pressure through a direct action upon the smooth muscles of the 
blood vessels and has an antidiuretic action effected by increased 
absorption of water by the kidney. Vasopressin also has a stimu- 
lating action on the gastrointestinal tract and a slight oxytocic 
activity. Oxytocin on the other hand causes contraction of the 
uterus, a fall of blood pressure in birds, and an outpouring of milk 
from the breasts of lactating animals. It also has very slight pres- 
sor and antidiuretic activities. The synthesis of vasopressin and 
oxytocin led to virtual abandonment of the theory at one time 
fairly widely held that the pressor and antidiuretic activities of 
neural lobe extracts were elicited by separate hormones. 

It is a matter of some dispute as to which of the various phar- 
macodynamic actions of neural lobe extracts are of a hormonal 
nature. It is generally held that the antidiuretic effect, elicited 
by minute traces of vasopressin, plays an important role in main- 
tenance of water balance, and it appears probable that oxytocin 
is responsible for the “letdown” of milk; i.e., the release of milk 
from the lactating gland initiated by the act of suckling. It has 
not been established, however, that oxytocin is of physiologic im- 
Portance in parturition, or that vasopressin plays a role in the 
tegulation of blood: pressure. 

Considerable controversy surrounds the question of whether 
vasopressin and oxytocin exist in the gland as separate entities or 
whether they are split off from some larger protein molecule in the 
Process of chemical isolation. The latter hypothesis was first 
advanced by J. J. Abel in 1920 and was supported by the isolation 
by H. B. van Dyke in 1942 of a protein mixture that exhibited 
Préssor, oxytocic, and antidiuretic activities in the same propor- 
tions in which they are exhibited by the gland. On the other hand 
he Pressor-oxytocic ratio is not constant in all species; further- 
more; certain stimuli seem able to release one activity only. These 

ndings, however, would still be consistent with the view that the 
Active principle is elaborated as one large protein from which the 
active polypeptides may be split off and either stored or released 
according to the body's needs. 

Cellular Origin of Pituitary Hormones.—Adenohypophy- 
J5—The number of hormones isolated from the anterior hy- 
Pophysis exceeds the number of distinct cell types; hence it is 
Presumed that a single cell type may give rise to more than one 
?rmone, Growth hormone is thought to be secreted by the alpha 
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cells. Tumours composed largely of alpha cells have been demon- 
strated in acromegaly and pituitary gigantism. Furthermore, in a 
hereditary strain of dwarf mice alpha cells are lacking. Gonado- 
trophic hormones are thought to arise from beta cells; cited as 
indirect proof is the fact that castration results in typical changes 
in these cells, the cells becoming more numerous, enlarged, and 
vacuolated (castration cells). The beta cells also seem to be re- 
sponsible for the secretion of the thyrotrophic and adrenocortico- 
trophic hormones, though the evidence is not clear with respect 
to the adrenocorticotrophic hormone. 

Intermedin is undoubtedly secreted by the cells of the inter- 
mediate lobe. The distribution of intermedin-secreting cells has 
not been established in those species in which a discrete interme- 
diate lobe is lacking. 

Neurohypophysis.—The site of secretion of the active principles 
of the neural lobe remained a matter of some controversy early 
in the second half of the 20th century. The early view was that 
the hormones were elaborated by the intermediate lobe and dif- 
fused into the neural lobe to form the Herring bodies. This view- 
point was rendered untenable when it was shown by E. M. K. 
Geiling that an intermediate lobe is missing in certain species and 
that in these species, pressor and oxytocic activities are present 
only in neural lobe extracts and melanophore-expanding activity 
only in anterior lobe extracts. 

Later, the pituicytes were considered to be secretory cells. 
However, considerable evidence exists to support the view ad- 
vanced by E. Scharrer and B. Scharrer that the active principles 
are elaborated by the cells of the hypothalamic nuclei, stream 
down the stalk, and are stored in the neural lobe. 

Regulation of Hormone Secretion by the Pituitary 
Gland.—Three mechanisms are implicated in the release of pitui- 
tary hormones: neural, hormonal, and neurohormonal. 

Adenohypophysis.—As of the mid-1960s it appeared doubtful 
that the innervation of the anterior lobe plays a role in regulating 
the secretion of its hormones. Considerable controversy existed 
as to whether any fibres from the hypothalamico-hypophyseal 
tracts enter the anterior lobe. Certainly, if such an innervation 
exists at all, it is too inconstant and slight to assume any major 
role in the regulation of the activity of the lobe. Furthermore, 
the parasympathetic and sympathetic nerves to the adenohypophy- 
sis appear to be vasomotor rather than secretomotor in nature. 

There was considerable evidence of a neurohormonal control of 
anterior lobe secretion with some unidentified substance being 
liberated from the hypothalamus by appropriate stimuli and reach- 
ing the anterior lobe cells by way of the hypophyseal portal blood 
system. It was also evident that the level of circulating hormones 
from target endocrine glands has a profound effect on the secretory 
activity of the pituitary, Thus, injection of thyroid hormone 
(thyroxin) leads to depression of pituitary thyrotrophic hormone, 
while removal of the thyroid or interference with its ability to 
secrete thyroxin leads to increased secretion of thyrotropin by the 
pituitary. This action by other hormones on the pituitary may 
be a direct one on the secretory cells or may be mediated through 
the hypothalamus and the hypophyseal portal system. 

Neurohypophysis.—S. W. Ranson and his associates showed that 
severance of the hypothalamico-hypophyseal tracts by suitably 
placed hypothalamic lesions led to degenerative changes in the 
neurons and to atrophy of the neural lobe with depletion of its 
hormone content and the development of diabetes insipidus. These 
findings were interpreted as indicating that the hormones were 
elaborated in the neural lobe but that their secretion and liberation 
were controlled by the hypothalamic nuclei. However, the find- 
ings were also consistent with the Scharrers’ view that the hor- 
mones are actually formed in the neurons of the hypothalamic 
nuclei and merely stored in the neural lobe. 

Release of vasopressin from the neural lobe is apparently regu- 
lated by osmotic pressure changes in the blood, decrease in osmotic 
pressure leading to inhibition of the secretion of the hormone and 
increase in osmotic pressure leading to increased secretion. Re- 
lease of oxytocin appears to be in the nature of a reflex initiated 
by external stimuli such as tactile stimuli of the mammary glands, 
These stimuli apparently pass by afferent neural pathways to the 
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supraoptic nuclei and result in the liberation of oxytocin. 

Biological Assay of Pituitary Hormones.—Chemical assay 
procedures for pituitary hormones were impractical as of the mid- 
1960s since not all the active principles were isolated and identified 
and, furthermore, they are usually present in small amounts. Re- 
course must be had, therefore, to biological assay (bioassay) pro- 
cedures in which the preparation to be assayed is compared quanti- 
tatively to a standard preparation of the hormone in question 
with regard to some specific biological activity. Thus, growth 
hormone is frequently assayed by its ability to promote growth 
in the hypophysectomized rat, thyrotrophic hormone by its ability 
to increase the weight of the thyroid or the uptake of radioactive 
iodine by the thyroid, and follicle-stimulating hormone by its 
ability to increase the weight of the ovaries of hypophysectomized 
rats. Methods for assaying posterior lobe preparations include 
study of the rise in blood pressure in the anesthetized cat, dog, 
or rat, for vasopressin; and the fall in blood pressure in the fowl or 
stimulation of the isolated rat uterus, for oxytocin. 

Therapeutic Uses of Pituitary Preparations.—Anterior 
lobe hormones, with the exception of the adrenocorticotrophic 
hormone (ACTH), were not widely used in medicine as of the 
1960s. In pituitary insufficiency it is easier and more satisfactory 
to replace the hormones of the target glands, namely, those of the 
thyroid, gonads, and adrenal cortex, than to administer the ap- 
propriate trophic hormone. Adrenocorticotrophic hormone can 
be used in the various conditions that respond to cortisone, pro- 
vided the adrenal gland is responsive. Such conditions include 
acute rheumatic fever, rheumatoid arthritis, and various allergic 
states such as asthma and drug reactions. Because of the rapidity 
of its action, corticotropin is particularly useful in acute illnesses. 
In treatment of chronic conditions, cortisone and preparations 
with cortisonelike action are usually preferred since they are less 
expensive and tend to give rise to fewer undesirable side effects. 

Gonadotrophic hormone obtained from human urine, used in 
conjunction with chorionic gonadotrophic hormone, was under 
clinical trial in the mid-1960s for the treatment of sterility. 
Growth hormone of human or simian origin was under clinical trial 
for the treatment of pituitary dwarfism, but man appears to be un- 
responsive to growth hormones from most other species. 

The most widespread use of commercial posterior pituitary ex- 
tracts is during childbirth, for stimulation of contractions before, 
or control of uterine bleeding after, birth. Posterior pituitary ex- 
tracts are also used in treating diabetes insipidus, a disease usually 
associated with injury to the neurohypophysis and characterized 
by increased urination and abnormal thirst. 

Extirpation of the Pituitary (Hypophysectomy).—For 
many years, certain pituitary tumours were treated by partial or 
complete destruction of the gland by surgery or irradiation. Be- 
ginning in 1952, this procedure also was used for palliative treat- 
ment of certain types of cancer and of advanced diabetes mellitus. 
The depression of certain trophic hormones may be temporarily 
beneficial in these conditions after other methods have failed 

See also Brain: Development of the Pituitary Body; ENDO- 
cRINOLOGY: Pituitary Gland; Hormones. See also references 
under “Pituitary Gland” in the Index. 
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PIURA, a department in northern Peru, bounded on the north 
by Tumbes and by Ecuador, on the east by Cajamarca, on the 
south by Lambayeque and on the west by the Pacific ocean. Area 
12,767 sq.mi. (33,067 sq.km.). Pop. (1961) 716,954. The west- 
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ern half of the department is in the arid coastal desert | 
eastern half is in the much dissected, forest-covered An 
slopes are very steep but altitude is not great, Emerging 
the mountains are two rivers, the Rio Chira in the north, 
Piura in the south. The former carries enough water to 
in its flow throughout the year but the Rio Piura only occasionally 
reaches the sea. Most of the time its water is lost am 2 the 
sand dunes moving northward from the Sechura desert the 
southern part of the department. un 
The valleys of these two rivers are used chiefly for the produc- 
tion of cotton. The water of the Chira is led into irrigation 
canals and ditches which keep the plantations of long-stay 
cotton growing luxuriantly. The cotton along the lower Piura is 
planted wherever the ground water is close enough to the sur- 
face. Cotton fields occupy temporary hollows among {һе 
dunes and the area is expanded greatly during years of plentiful 
moisture. The cotton is mostly of the Pima variety, a long, soft 
staple that brings premium prices. Some rough cotton is produced 
from bushes that can exist in dry areas where the long-staple 
varieties would perish. Upstream on the Piura irrigated fields 
are used to grow sugarcane, rice, tobacco, grapes and maize, 
Cattle are pastured in the mountains and fattened on lowland 
irrigated pastures. Piura is also important as a producer of 
petroleum. Ой was discovered in northern Peru in 1864 and 
has been produced from this region ever since. The chief produc- 
tion comes from the Lobitos and Negritos fields which form a belt 
about 80 mi. long on either side of Talara, where there is an oil 
refinery. The smaller Zorritos field is farther north. Aw 
The capital of the department is Piura (pop. [1961] 39,765) 
located on the Río Piura 164 ft. above sea level and 58 mi. from 
its port Paita. Piura, the oldest Spanish city in Peru, was founded 
on a slightly different site by Pizarro in 1537. It is an important 
cotton market and has numerous cotton gins and cottonseed-oil 
mills. It is accessible by the Inter-American highway and by 
air as well as by sea through Paita. (P.E.]) | 
PIUS, the name of 12 popes. Ў 
Sr. Prus I, pope from about 140 to 155. Both the very an 
cient Liberian catalogue and the Muratorian canon say that he 
was the brother of Hermas, author of the Shepherd, His feast 
day is July 11. i= 
Prus II (Enea Silvio Piccolomini, known in literature as Aeneas 
Silvius) (1405-1464), pope from 1458 to 1464, was born on Oct. 
18, 1405, at Corsignano (later called Pienza after him) near Siena, 
Italy. He was attracted to Florence by the teaching of Filelfo. 
He became secretary to Domenico Capranica, bishop of Fermo, 
and went with him to the council of Basel, where he stayed ENE 
years (1432-35), changing masters whenever he could improve 
his position. He was engaged on various errands, including à 
long journey to England and Scotland on'secret diplomatic b l 
ness. In 1436 he was back at Basel and obtained a seat te ў 
council and exercised considerable influence. Aeneas took an 
active part in the council after it was transferred to Florentii 
and though he still declined to take orders, he was given а po 
tion on the conciliar conclave which elected Amadeus of Teli 
pope under the title of Felix V. In return for his services į 
made Aeneas papal secretary. W 
A new period of his абы in 1442, when he was sent by 
the council to take part in the diet of Frankfurt am Main. 
he met the German king Frederick III, who made him poet la m 
and his private secretary. He ingratiated himself with the An 
cellor, Kaspar Schlick, at Vienna, опе of whose adventures Bf sin 
brated in a novel, De duobus amantibus Eurialo et Lue uy 
the style of Boccaccio. During this period he also wrote E 
immoral play, Chrysis. In 1446 he took orders as s 
wrote that he meant to reform, “forsaking Venus for ко 
Aeneas was useful to Frederick as a diplomatist and тат іе 
ed advoca 


give all parties the impression that he was the devot Nurembe 
At the di 


of each. He took an important part in the diet of 
(1444) and made his peace with Eugenius in 1445. А 
of Frankfurt (Sept. 1446) Aeneas modified the hostility О 7 
electors to pope and emperor; and he was present at the made Hi 
of Aschaffenburg (1447). The new pope, Nicholas V, 
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bishop first of Trieste (1447), then of Siena (1449); and Fred- 
erick III made him a prince of the Holy Roman empire. He 
was made cardinal priest of Sta. Sabina in 1456. 

The death of Calixtus III (who succeeded Nicholas V) occurred 
on Aug. 6, 1458. After a hot fight in the conclave, Aeneas was 
elected (Aug. 19) and took the title Pius II, with a reminiscence 
of Virgil’s “pius Aeneas,” The humanists hailed his election with 
joy and flocked around to secure a share of the good things, but 
were bitterly disappointed, as Pius did not prove himself so 
liberal and undiscriminating a patron as they had hoped. The 
fall of Constantinople in 1453 made a deep impression upon Pius, 
and he never ceased to preach the crusade against the Turk. In 
June 1459 he opened a congress at Mantua to promote the cru- 
sade, but both the French and the Germans were annoyed with 
him for different reasons, and he received little support, no real 
session taking place till September. Believing that the decline 
in papal influence was due to the usurpation of power by the 
councils, he issued (Jan. 1460) the bull Execrabilis et in pristinis 
temporibus inauditus, in which he condemned as heretical the 
doctrine that the councils were superior to the popes and pro- 
claimed the anathema against any one who should dare to appeal 
to one. 

While Pius was at Mantua war broke out between the French 
and Spanish in southern Italy, and a rising of the barons devas- 
tated the Campagna. Hurrying back to Rome, Pius succeeded in 
quelling the disorders. This measure still further alienated the 
pope from the French, with whom he was at that time negotiating 
for the abrogation of the Pragmatic Sanction of Bourges. "The 
new king, Louis XI, informed Pius that he had abolished the Prag- 
matic Sanction (Nov. 1461), hoping in return to get the king- 
dom of Naples for his countryman René of Anjou. As Pius con- 
tinued to support Don Ferrante (Ferdinand I), Louis reasserted 
the ancient liberties of the Gallican Church. At the same time a 
serious quarrel with the Germans prevented anything from being 
done toward a crusade. George of Podebrady, king of Bohemia, 
was plotting to depose the emperor Frederick III, who was sup- 
ported by Pius. Diether, archbishop of Mainz, took George’s side 
and replied to Pius’ measures by appealing to a general council; 
whereupon he was declared deposed by the pope (1462). The 
quarrel with King George, who was accused of supporting the 
Utraquist heresy, continued with increasing bitterness, but without 
any decisive result, until the death of Pius. (See BOHEMIA: His- 
tory: George of Podebrady.) In the meantime the pope did what 
he could to further the cause of the crusade. The discovery of 
alum mines at Tolfa gave him an unexpected pecuniary resource; 
and to stimulate the zeal of Christendom, Pius took the cross on 
June 18, 1464. He set out for Venice, whence he intended to sail 
for the east; but he was attacked with a fever and died at Ancona 
on Aug. 15, 1464. 

Pius III (Francesco Todeschini) (1439-1503), pope during 
1503, was born at Siena, Italy. He was made archbishop of 
Siena and cardinal deacon of S. Eustachio in 1460 by his uncle 
Pius II, who permitted him to assume the name and arms of the 
Piccolomini. He was employed by subsequent popes in several 
important legations, as by Paul II at the diet of Regensburg (1471) 
and by Sixtus IV to secure the restoration of the ecclesiastical 
authority in Umbria. He opposed the policy of Alexander VI 
and was elected pope on Sept. 22, 1503, amid the disturbances 
consequent upon the death of the latter, through the influence 
of Cardinal della Rovere (who succeeded him as Julius II). He 
died on Oct. 18. Pius was a man of blameless life and would 
doubtless have accomplished much had he lived. (X) 

Prus IV (Giovanni Angelo Medici) (1499-1565), pope from 
1559 to 1565, was born at Milan on March 31, 1499. After study- 
ing law at Pavia: and Bologna, he entered the service of Paul III 
and was eventually made cardinal priest of Sta. Pudenziana by him 
In 1549, The death of Paul IV and the conclusion of the treaty of 
Cateau-Cambrésis (1559) provided an opportunity for a recon- 
Ciliation between France and Spain preparatory to a final settle- 
Ment of the problems caused by the Reformation. Pius IV was 
elected after a protracted conclave (Dec. 25, 1559) as the man 
to accomplish these aims. He had long agreed with those who saw 
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a need for definite reforms, but was at the same time shrewd, 
tactful and experienced in affairs. He took prompt action in 
bringing the Carafa, his predecessor’s nephews, to trial, which re- 
sulted in their execution in March 1561; and after this he gave 
Charles Cardinal Borromeo a free hand in reforming the adminis- 
tration of the curia. But his greatest achievement was the suc- 
cessful conclusion of the Council of Trent. 

Despite the peace between France and Spain, many obstacles 
stood in the way of this. The emperor Ferdinand still hoped for 
the eventual return of the Lutherans to the church and so re- 
mained in favour of some doctrinal concessions in their favour; 
Philip II of Spain on the other hand was opposed to any change 
and barely in favour of the council's resuming its sessions at all; 
and the Roman curia was absolutely against doctrinal change, 
however small, though willing to discuss the reform of abuses 
(partly in the hope that any changes in this direction, or toward a 
restoration of ecclesiastical discipline, would result in an increase 
in its powers). To reconcile these different interests was not easy; 
moreover, Pius had his own views, being prepared to concede com- 
munion in both kinds and perhaps also clerical marriage where 
conditions were such as those obtaining in parts of Germany, pro- 
vided that his own prerogatives were maintained or even enhanced. 

A year was spent in overcoming these differences and the out- 
come was an almost unmitigated triumph for the papacy. Thanks 
to the pope's own conciliatory attitude, imperial opposition ceased, 
while no more than a discretionary power given to the papacy to 
allow communion in both kinds in certain circumstances marred 
the appearance of unrelenting opposition to the challenge of the 
new doctrines. The council was dissolved on Dec. 4, 1563, and its 
decrees and definitions were confirmed by the pope in the bull 
Benedictus Deus dated Jan. 26, 1564. (See also CouNcıL: Coun- 
cils of the Western Church: Council of Trent [1545-63].) Most 
significant was the exclusive power granted to the pope for inter- 
preting and enforcing these decisions, which task, constituting the 
third and final period of the Counter-Reformation, was to occupy 
the next 25 years. Yet this apparently complete triumph of the 
papacy is deceptive. Pius did not long outlive the conclusion of 
the legal enactment of the Counter-Reformation, and his desire 
for a continued endeavour to reconvert the German Protestants 
died with him. Increasingly, the papacy found itself committed 
to an unwelcome degree of support for the policies of Philip II; 
and although, as a result, Protestant heresy was not only checked 
but made to retreat, in the next century Rome found itself the 
enemy of France, so that the diplomatic triumphs of that country 
involved a defeat for Rome. This process was not continuous, and 
Pius IV cannot be blamed exclusively for the eventual outcome of 
his policy; but, in taking the narrow view that to secure the best 
interests of the church it was only necessary to defend and to en- 
large the papal power, he clearly miscalculated. The easy tri- 
umph at Trent was not repeated. Only Portugal, Poland and 
Austria accepted the decrees without reservation; in France, on 
the other hand, they were absolutely rejected. Pius died on 
Dec. 9, 1565. 

Sr. Prus V (Antonio, other- 
wise Michele, Ghislieri) (1504— 
1572), pope from 1566 to 1572, 
was born on Jan. 17, 1504, in the 
Milanese. At the age of 14 he 
became a Dominican monk, tak- 
ing the name of Michele. He was 
appointed inquisitor in Como, 
where his zeal provoked such op- 
position as to compel his recall 
(1550). The chief inquisitor, Gio- 
vanni Pietro Carafa, convinced of 
his value, straightway sent him 
upon a mission to Lombardy and, 
in 1551, appointed him commis- 
sary general of the Holy Office. 
When Carafa became pope (as 
Paul IV), Ghislieri was made 
bishop of Nepi and Sutri (1556), 
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cardinal (1557) and finally grand inquisitor (1558). In this office 
he was continued by Pius IV, whom, however, he antagonized by 
his censoriousness and obstinacy, But after the death of Pius IV 
the rigorists, led by Cardinal Borromeo, had no difficulty in making 
him pope (Jan. 7, 1566). Retaining his ascetic mode of life, Pius 
immediately began the work of reform. Decrees and ordinances 
were rapidly issued; the papal court became a model of sobriety; 
prostitutes were driven from the city or confined to a certain 
quarter; penalties were attached to Sunday desecration, profanity 
and animal baiting; clerical residence was enforced; conventuals 
were compelled to live in strict seclusion according to their vows; 
catechetical instruction was enjoined. A new catechism appeared 
in 1566, followed by an improved breviary (1568) and an im- 
proved missal (1570). The use of indulgences and dispensations 
was restricted and the penitential system reformed. 

Pius was the avowed enemy of nepotism. One nephew, it is 
true, he made cardinal, but he allowed him no influence; the rest 
of his relatives he kept at a distance. By the constitution Ad- 
monet nos (March 29, 1567) he forbade the reinvestiture of fiefs 
that should revert to the Holy See and bound the cardinals by oath 
to observe it. In March 1569 Pius ordered the expulsion of the 
Jews from the States of the Church. For commercial reasons they 
were allowed to remain in Rome and Ancona, but only under hu- 
miliating conditions. In Feb. 1571 the Humiliati, a degenerate 
monastic order of Milan, was suppressed on account of an at- 
tempt upon the life of the archbishop, Cardinal Borromeo. 

The rules governing the Holy Office were sharpened; old 
charges, long suspended, were revived; rank offered no protection, 
but rather exposed its possessor to fiercer attack. None were pur- 
sued more relentlessly than the cultured, among whom many of the 
Protestant doctrines had found acceptance. Princes and states 
withdrew their protection and courted the favour of the Holy See 
by surrendering distinguished offenders. Venice delivered Guido 
Zanetti in 1566; Philip II of Spain, Bartolomé de Carranza in 
the same year; and Cosimo de’ Medici, Pietro Carnesecchi in 
1567 (receiving as a reward the title of grand duke of Tuscany 
in 1569). In March 1571 the special Congregation of the Index, 
as distinct from the Inquisition, was established, and hundreds of 
printers took flight to Switzerland and Germany. The regret of 
Pius was that he had sometimes been too lenient. He spurred 
Philip IT on in the Netherlands and commanded the utter extermi- 
nation (ad internecionem usque) of the Huguenots; he protested 
against the tolerance shown by the emperor. 

In all this work, Pius confirmed Borromeo's belief that a spiri- 
tually minded pope was above all else necessary if the decrees 
of the Council of Trent were to be put into practical effect. The 
moral standing of the papacy was raised beyond belief and its 
effectiveness was immensely increased by the obliteration of heresy 
in Italy; and the morale of the church was much improved by the 
universal insistence on the Tridentine interpretation of its doc- 
trines. Yet it is open to doubt how much of this improvement was 
due to Pius' continuous use of the Inquisition. Some of the credit 
belongs to the new generation of higher and lower clergy in the 
several provinces whose attitude was so different from that of their 
predecessors. 

Moreover, Pius’ policy had practical disadvantages. It took too 
little account of the wishes of secular rulers at a time when their 
support was essential for the defense of the church against heresy. 
His attitude toward Elizabeth I of England, whom he declared ex- 
communicate and usurper (Feb. 25, 1570) without possessing the 
means to give force to his judgment, was especially undiplomatic, 
antagonizing not only England but Spain, France and the Holy 
Roman empire as well. Much more successful was his organiza- 
tion of a crusade against the Turks, which resulted in the decisive 
naval victory of Lepanto (Oct. 7, 1571). Pius died on May 1, 
1372, and was canonized by Clement XI in 1712. His feast day 
is May 5. 

Prius VI (Giannangelo Braschi) (1717-1799), pope from 1775 
to 1799, was born at Cesena, Italy, on Dec. 25, 1717. After 

taking the degree of doctor of laws he went to Ferrara and became 
the private secretary of Antonio Cardinal Ruffo, in whose bishopric 
of Ostia and Velletri he held the post of uditore until 1753. His 
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skill in the conduct of a mission to the court of Naples won him 
the esteem of Benedict XIV, who appointed him one of his sec. 
retaries and canon of St. Peter's. Raised to the prelature in 1758, 
he was appointed treasurer of the apostolic chamber by Clement 
XIII in 1766. On April 26, 1773, he was made cardinal priest of 
San Onofrio. In the four-month conclave which followed the 
death of Clement XIV, Spain, France and Portugal at length 
dropped their objection to Braschi and he was elected to the vacant 
see on Feb. 15, 1775. 

Pius had received the support of the representatives of the three 
crowns and of the anti-Jesuit party upon a tacit understanding 
that he would continue the action of Clement, by whose brief 
Dominus ac redemptor (1773) the dissolution of the Society of 
Jesus had been pronounced. On the other hand the zelanti, who 
believed him secretly inclined toward Jesuitism, expected from 
him some reparation for the alleged wrongs of the previous reign. 
In the event, Pius proved unequal to the problems of his age, 
Not only was the church generally considered to be in urgent need 
of spiritual and institutional reform, but in addition the papacy 
was almost completely bereft of either power or influence, The 
religious orders, the essential medium of its influence in the church, 
were under attack by the protagonists of the Enlightenment, while 
its traditional allies, the kings and princes of Catholic Europe, 
were now indifferent to its interests, being concerned only with 
the possibilities for using the national churches in their schemes 
for administrative reform. (See GALLICANISM.) The emperor 
Joseph II inaugurated, in the Toleranzedikt of Oct. 1781, a policy 
whereby non-Catholic minorities received a large measure of re- 
ligious toleration and an opportunity to enter the public service, 
This was followed in the next year by the dissolution of a number 
of religious houses, which was designed to provide the money for 
converting the secular priesthood into salaried officials of the state 
and for abolishing private patronage. Further detailed reforms 
were intended to abolish certain practices, such as an excessive 
number of festivals and a superstitious reverence for mystical 
phenomena, not considered in keeping with enlightened belief. 
Pius intervened in 1782 by a personal visit to Vienna, but even 
this tactful approach secured no concessions whatsoever. With- 
out wishing for a break with Rome, Joseph yet saw no reason to 
modify his policy in the slightest. The church in the Habsburg 
dominions remained wealthy and influential, but subordinated to 
the state. The papacy was ignored there as it was in France, where 
the preliminaries to the French Revolution were taking place. 

The church was not unpopular in France in 1789. At least 4 
substantial minority of the clergy supported the third estate in 
its demands for constitutional reform. What undermined the 
church's position arose for reasons quite unconnected with it. The 
new revolutionary government, at its wits’ end for money, turnê 
to the wealth of the church, which it confiscated as a direct и 
for its issues of paper currency. It was intended, under the vr 
Constitution of the Clergy (1790), to provide for the supp? 
both of the secular and of what was to remain of the regular ERE 
after they had been given the option of renouncing their ori 
paying them salaries out of public funds. Other features 0 
scheme bore a similar resemblance to the designs of Joseph iu 
Pius took no immediate action, but negotiations were kv d 
explore the possibilities of modifying the plan. At length, d 
ever, when an oath of fidelity to the new constitution n the 
manded, he denounced the Civil Constitution together Wilt ^ 
Revolution itself (brief of March 10, 1791). The French с pm 
was completely split, half accepting, half defying the new у 
(See also France: History: The Revolution and the Fall 0, ie 
Monarchy [1789-92].) Pius was on good terms with the : it 
against France in 1793 and felt that he could rely on e for 
in 1796 he saw his territory invaded by Bonaparte. He sue (See 
peace, which was granted on Feb. 19, 1797, at Tolentino., ns 0 
FRENCH REVOLUTIONARY Wars: Directory and the ie 
1796-97.) In the following December a riot in Rome, oy 
the French general L. Duphot was killed, led to the ER ic. 
of Rome itself (Feb. 15, 1798) and the proclamation of a Valence 
Pius was taken into captivity and died, still a prisoner, at 
on Aug. 29, 1799, 
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The fortunes of the papacy had reached perhaps their lowest 
point. since the Middle Ages. It was not the only institution to 
be overwhelmed by the forces unleashed by the French Revolu- 
tion; but for at least some of its misfortunes Pius himself must be 
held responsible. He seemed unable to adopt a policy suited to 
the exigencies of his time. The revolutionary leaders in France, 
no less than their predecessors the reforming monarchs. were not 
primarily anticlerical; but the papacy failed to appreciate that 
the church could not alone expect to be left untouched by the 
changes that had been set on foot (in France the patriotism of 
some churchmen was understandably suspect and the wealth of 
this church offered an obvious answer to the problem of national 
bankruptcy). Pius VI succeeded in confusing political reaction 
and religion to such an extent that it may even be asked whether 
the identification of liberalism with anticlericalism is not the 
consequence of, rather than an excuse for, his policy. 

Prus VII (Barnabà Gregorio 
Chiaramonti) (1740-1823), pope 
from 1800 to 1823, was born at 
Cesena, Italy, on Aug. 14, 1740. 
He entered the Benedictine mon- 
astery of Sta. Maria at Cesena 
in 1758, when he took the name 
Gregorio, and held various teach- 
ing appointments in the colleges 
of his order in Parma and in 
Rome. He became bishop of 
Tivoli in 1782 and bishop of 
Imola and cardinal in 1785. Not 
surprisingly, a seven-month inter- g 
regnum. followed the death of iN 
Pius VI in captivity. The central 
administration of the church had 
collapsed, and it was at Venice, 
under Austrian protection, that 
the conclave took place which re- 
sulted in the election of Cardinal Chiaramonti to the papacy on 
March 14, 1800. 

The situation that confronted the new pope did not call for 
heroic measures. Europe was making its peace with the future 
emperor Napoleon at Amiens; it behooved the pope to do likewise. 
Nor was Pius himself completely antagonistic to the ideas which 
had evolved during the French Revolution. He was anti-Austrian 
in his sympathies and had already (1797) publicly expressed the 
View that between true democracy and the church there need be 
no conflict. In the circumstances perhaps any agreement was bet- 
ter than none. Pius then responded to Napoleon’s advances and 
finally entrusted the detailed negotiations to his very able secre- 
tary of state, Ercole Cardinal Consalvi (see CONSALVI, ERCOLE). 
The concordat of 1801 solved the problem of the conflicting claims 
to recognition of the constitutional and of the émigré bishops, set- 
tled the fate of the confiscated church property and laid down the 
future relations between church and state. Catholicism was de- 
Clared to be the religion of the great majority of the French peo- 
ple (so admitting the possibility of official sanction for the exer- 
cise of other faiths); the hierarchy was to be salaried by the 
state (so allowing the old church possessions to remain with their 
new Owners) ; and the dioceses were completely reorganized (so 
Permitting a fresh start to be made with the appointment of 
bishops), Thus there was re-established in France a church with 
at least some of the characteristics and privileges of its pre-Revo- 
tionary predecessor. It was not in fact the articles of the 
Concordat itself which were to prove so distasteful to the papacy 
ut the “organic articles” appended to them by the unilateral 
action of the French government in 1802. These forbade the 
exercise of any papal jurisdiction in France except with the per- 
mission of the government: Pius protested and tried to use the 
occasion of his formal consecration of Napoleon as emperor in 
1804 to have them modified. He was not successful, and from 
that time onward relations between him and Napoleon rapidly 
ĉteriorated. Rome was occupied by French troops in 1808, and 

àpoleon declared the papal states to be annexed to France in 
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1809; Pius excommunicated the invaders and was thereupon taken 
prisoner. Such he remained until the allies invaded France in 
1814. During his imprisonment he was brought to assent to a 
most humiliating concordat at Fontainebleau on Jan. 25, 1813, 
but he renounced it two months later, and it disappeared with Na- 
poleon in 1814. (See also NAPOLEONIC WARS.) 

The papacy then faced a brighter prospect. Emerging from cap- 
tivity, Pius appeared in the role of martyr and was received with 
tumultuous acclamations on his journey back to Rome in May 
1814. At the congress of Vienna, Consalvi secured the restoration 
of the papal states, while the return of the legitimate monarchs 
promised a welcome relief from the torment of dealing with revo- 
lutionaries. Experience had taught Pius to disavow his earlier 
liberal leanings, and his policy after 1815 sought to re-establish 
the church on its old foundations. The territorial changes effected 
by the congress of Vienna required corresponding changes in dioc- 
esan boundaries, and so the opportunity was taken to conclude 
a series of concordats with the states affected. Consalvi worked 
to reform the administration, the Jesuits were restored (1814) and 
recognition was given, after some hesitation, to the new Latin- 
American republics in revolt against Spain. But at bottom the 
restored papacy remained in a critical position, It was in no 
doubt that it should condemn the Revolution and all its works; 
but the restoration of the status quo ante, even where it was pos- 
sible, had often meant no more than a renewal of the old conflicts 
which had been all but fatal even before 1789. Thus Francis I 
of Austria maintained the ecclesiastical institutions erected in the 
Habsburg lands by Joseph II, while Metternich thought of the 
pope as just one of a number of Italian princes whose actions 
required careful watching lest Austrian interests be endangered. 
Louis XVIII of France affected a support for the church which 
was shallow, for his actions followed those of his predecessors, 
jealous of papal interference within their dominions, An attempt 
to replace the concordat of 1801 with one more favourable to the 
papacy (1817) was dropped when the French government met with 
opposition to it in France. From the other flank danger arose 
out of the discontent felt in Italy against the abolition of the 
social reforms brought about under Napoleon and, in particular, 
out of the activities of the Carbonari, a liberal secret society con- 
demned by Pius in 1821. 

It was indeed becoming plain that the cure for the ills of the 
church lay not in concordats of the traditional type with monarchs 
whose motives were not unmixed and whose own positions were in- 
secure, but in freeing the church from the restraints of the state, 
To do this it was necessary to bring the national churches closer 
to the pope and to reassert the absolute supremacy of the pope in 
spiritual matters. This was the teaching of Joseph de Maistre, and 
while Pius VII and Consalvi still put their first trust in princes, 
they gave sufficient encouragement to Ultramontanism (q.v.) for 
it to become established as a real alternative to Josephinism and 
Gallicanism on the one side and to revolution on the other. Per- 
haps the foremost need of the church at this time was for a breath- 
ing space in which it could think out its future salvation, Pius VII 
provided this by his consistent refusal to resort to extreme or 
precipitate action. If his policies frequently proved unfruitful, 
at least it may be said that, when he died, on Aug. 20, 1823, he left 
the papacy in a better position than he had found it. 

Prus VIII (Francesco Saverio Castiglioni) (1761-1830), pope 
from 1829 to 1830, was born at Cingoli, Italy, on Nov. 20, 1761. 
He studied canon law at Rome and became vicar-general at Anagni 
and later at Fano. He was made bishop of Montalto in 1800 and 
bishop of Cesena and cardinal priest of Sta. Maria in Traspontina 
in 1816. Appointed grand penitentiary, he was made bishop of 
Frascati in 1821; and next year he became prefect of the Congre- 
gation of the Index. In the conclave following the death of Leo 
XII, Castiglioni, the candidate of France, was elected pope, on 
March 31, 1829. He accepted the July revolution in France and 
was considered to have liberal leanings but was prevented from 
leaving any impression upon events by his death on Nov. 30, 1830. 

Prus IX (Giovanni Maria Mastai-Ferretti) (1792-1878) was 
pope from 1846 to 1878, the longest pontificate in history. He was 
born on May 13, 1792, at Senigallia, Italy, the fourth son of Giro- 
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lamo Mastai-Ferretti, gonfalonier 
of Senigallia, and the countess 
Caterina Solazzi. He first came 
into prominence as archbishop of 
Spoleto from 1827 to 1832 at a 
time of revolutionary distur- 
bance. He was made bishop of 
the important diocese of Imola 
in 1832, but it was not until 1840 
that he received the hat, as car- 
dinal priest of SS. Piero e Mar- 
cellino, the delay being generally 
ascribed to the disquiet caused by 
his liberal views. He was not, in 
1846, the most prominent liberal 
candidate likely to succeed Greg- 
ory XVI; but it took the con- 
clave only two days to determine 
his election (on June 16, 1846) 
and so prevent that of the con- 
servative Luigi. Lambruschini. 
He took the name of Pius in deference to the memory of Pius VII, 
who had been his friend and who had, like him, been bishop of 
Imola. The choice was in some sense prophetic, for “Pio Nono," 
as his predecessor had done, began his career sympathetic to liberal 
ideas only to learn by bitter experience that they too often in- 
corporated the principles of anticlericalism. In 1846, however, all 
this lay in the future and Europe was agog to view the unusual 
spectacle of a liberal pope. 

The Revolution of 1848.—The new pope was confronted by a 
difficult situation. All Europe, save perhaps Metternich, consid- 
ered that the papal states stood in urgent need of reform. A 
memorandum drawn up in 1831 by the French, Austrian, Russian 
and Prussian ambassadors in Rome (with the British representa- 
tive in Florence subscribing) had suggested that councils should 
be elected to assist in local government, that a central body, com- 
posed partly of elected representatives, should control finance, and 
that the dominant position held by the clergy in the administration 
and in the judicial system should be terminated. Liberal opinion 
clung to these measures as absolutely essential throughout the 
pontificate of Gregory XVI. In addition, the papacy was con- 
stantly under attack by Italian nationalists as one of the instru- 
ments through which Austria maintained its domination over the 
peninsula. Pius recognized that the papal administration, if not 
so corrupt and despotic as its opponents asserted, was inefficient 
and intolerant; and he was sufficiently Italian to resent Austrian 
interference. Above all he saw the need for the papacy to pos- 
sess a greater measure of popular support. Yet he was never a 
revolutionary. He believed that the interests of the church must 
always come first, and he appreciated that the conservative Catho- 
lic powers such as Austria were entitled to consideration for the 
practical support that they had given the church in the past. 
That he should eventually disappoint his revolutionary supporters 
is not surprising, and Pius himself was early aware of this possi- 
bility. A criticism more substantial than that of tergiversation is 
that he chose to depart from the traditional policies of his pred- 
ecessors without possessing any definite plans for avoiding the 
pitfalls that must surround the paths of a pope endeavouring to 
ally himself with liberalism and nationalism. 

Pius wasted no time. He declared a general political amnesty 
on July 16, 1846, and followed it by a number of. practical reforms, 
including a reorganization of the criminal procedure. Some finan- 
cial reforms of an administrative character came next, and the 
censorship was mitigated. . Finally came Pius’ most daring innova- 
tions, the political reforms announced in 1847. The council of 
ministers became a cabinet of departmental heads of which only 
the secretary of state was of necessity to be a cleric; it was to be 
advised by a council of 24 elected members; and a municipal gov- 
ernment was established for Rome which included an elected rep- 
resentative body. At the same time, the papacy brought support 
to the cause of Italian nationalism when Pius ordered the Austrian 
government to withdraw from Ferrara the reinforcements sent to 
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its garrison there and opened negotiations with Piedmont fora 
national customs union. 

The year of revolutions, 1848, began with revolution in Sicily; 
soon all Europe was ablaze and Pius was faced with demands, both 
liberal and nationalist, much beyond what he had been prepared 
to grant. On March 14 he was compelled to grant a Constitution 
establishing a two-chamber parliament with full legislative and 
fiscal powers subject only to the pope's personal veto. Qn 
March 23 Charles Albert of Sardinia (Piedmont) declared war on 
Austria. For a time Pius continued to endeavour to steer а mid. 
dle course, claiming in his allocution to the cardinals of April 29 
that he was a disinterested spectator of the revolutionary activi. 
ties sweeping Italy and that his program of reform was merely 
the fulfillment of the program long pressed upon the papacy by the 
powers. In the atmosphere of the time such sentiments were 
judged as displaying absolute hostility to the national cause, and 
the papacy was never again able to appear in Italy as anything 
other than a bulwark of reaction. To prevent revolution from 
breaking out in Rome itself, Pius consented to the appointment of 
popular ministries, but neither Terenzio Mamiani nor his succes- 
sors Edoardo Fabbri and Pellegrino Rossi were able to control 
the situation. A steadily deteriorating situation culminated in the 
assassination of Rossi on Nov. 15. A radical ministry was ap- 
pointed under Emanuele Muzzarelli and Giuseppe Galletti, and 
when the Swiss guards were disbanded the pope was a virtual 
prisoner. On Nov. 24—25, with the aid of the French and Ba- 
varian ambassadors, he fled to Gaeta in the kingdom of Naples. 
In his absence, elections were held for a constituent assembly; 
and this, on Feb. 9, 1849, declared the temporal power at an end 
and a democratic republic to be established. The papacy there- 
upon issued a formal appeal to the rulers of France, Austria, Spain 
and Naples, but not Piedmont, for assistance. Although it was 
generally considered that the pope's restoration could take place 
only with some sort of undertaking to maintain constitutional gov- 
ernment in the papal states and although Louis Napoleon, the 
newly elected president of France, was in favour of such a policy, 
Pius held out against any concessions and asserted his determina- 
tion to exercise his temporal power without any restrictions what- 
soever. The upshot of a period of military and diplomatic 
maneuver on the part of France and Austria was the uncondi- 
tional restoration of papal rule by the French general N. С. V. 
Oudinot on July 15. The revolution was over, and Pius himself 
returned to his capital on April 12, 1850. с 

The Roman Question.—It has often been asserted that Pius 
returned to Rome a changed man, that the former liberal had be- 
come a narrow reactionary, That his policy had changed there is 
no doubt, but his fundamental attitude remained the same. an 
interests of the church had always been his first concern ий A 
could never be an unconditional ally of nationalism or liberal LS 
He had been prepared to countenance both while they left i 
church intact, but experience had taught him that both led to E 
lution, which he had never been prepared to countenance. A 
thermore, political concessions on his part had led to attacks on 
spiritual power, and he considered that it could be rote 
by his continued exercise of a temporal authority. ош itis 
two aspects of his dominion had become indissolubly linke p 
easy to see why Pius considered himself obliged to аре 
alteration of his position as a temporal ruler. This is. ороо ri | 
only to say that the pope can never be a successful караа 
sovereign, being unable to make those compromises which sl his 
manship demands, and that the contradiction inherent a net 
position does exist. In 1846 Pius had considered ie is те 
departure was necessary to meet the legitimate demands a 
form within the papal states and perhaps also those for m faile 
in the Italian system of states; he had experimented Si probo 
and he now considered that he could do no more. But Ke no 
lems that he had tried to solve remained, and to pe secre- 
policy at all for one that had failed was no answer: o ehan 
tary of state, Giacomo Cardinal Antonelli (q.v.), into hares, in- 
diplomacy was now entrusted since Pius recognized pum 
adequacies in that field, considered throughout that, in еп hunt 
ing to retain the temporal sovereignty untouched, he was 
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a losing battle but had no practical alternative to a policy of in- 
action. So, not for the first time in history, the papacy was a 
spectator while events changed the map of Europe. 

Most of the administrative reforms carried out immediately 
after Pius’ accession remained, and the papal territories bene- 
fited from the general increase in European prosperity after 1850. 
But constitutional government was never restored; the amnesty 
granted on the pope’s return was so riddled with exceptions as to be 
worthless; and to all expressions of national sentiment the papacy 
was utterly hostile. It was not that papal government was tyran- 
nical but that it formed an absolute barrier in the way of Italian 
unification upon which politically minded Italians were set. So 
relations with Piedmont, where Count Camillo Cavour became 
chief minister in 1852, grew steadily worse. What began as a dis- 
pute over the terms of a new concordat took on a much more seri- 
ous aspect when Cavour found it politically expedient to encourage 
anticlerical feelings during the passage of a law in 1855 dissolving 
alarge number of religious houses. Certain of papal opposition, 
Cavour began in the same year his plans to achieve Italian unifi- 
cation under the leadership of Sardinia-Piedmont alone. At Plom- 
biéres in 1858 he agreed with Napoleon III to combine to eliminate 
Austria from the Italian peninsula and so to settle the fate of Italy 
between them, Pius declared his neutrality in the war which 
broke out in April 1859, fearing that the victory of either of his 
protectors would leave him at its mercy. The Austrian defeat and 
the armistice of Villafranca resulted in the pope’s losing control 
over the Romagna but nowhere else. Sporadic negotiations for 
the establishment of an Italian confederacy under the presidency 
of the pope went on during the winter of 1859-60, but the pope's 
refusal to contemplate the loss of any part of his dominions 
brought them to an end. In Jan. 1860 Cavour (who had resigned 
in protest against the armistice) returned to power, possibly as a 
direct consequence of the pope’s intransigence, and agreed with 
France to cede Savoy and Nice in return for a free hand every- 
where in Italy except at Rome itself. The newly raised papal 
atmy was defeated at Castelfidardo on Sept. 18, and the papal 
states were quickly overrun. French troops protected the Patri- 
mony of St. Peter, which alone of his dominions still remained in 
the pope’s hands. 

For ten more years the remnant of the temporal possessions 
were retained by virtue of the presence of a French garrison at 
Rome. Cavour himself was favourable toward an agreed settle- 
ment of the Roman question on the basis of a continuing papal 
Sovereignty over all the states of the church but with its exercise 
entrusted to the king of Italy. A start was made to begin nego- 
tiations, but then the pope suddenly withdrew. In less than a 
year, Cavour had died (June 1861), and it was clear that the pope 
Would be able to hold his remaining territories just so long as Na- 
Poleon ТЇЇ was willing and able to maintain the French garrison 
in Коте. When the Franco-German War broke out that was no 
longer possible, On Sept. 20, 1870, Italian troops occupied the 
tity; and in October a plebiscite was held in which an overwhelm- 
ing majority of the votes cast were for the incorporation of Rome 
in the kingdom of Italy. Pius remained for the rest of his days a 
Prisoner, as he regarded himself, in the Vatican. He refused any 
intercourse with the Italian government, so that their relations 
Tested upon а law passed by the Italian parliament in November. 

sovereignty of the pope was declared to be untouched by 
the loss of his dominions, in compensation for which he was to 
Teceive an annual sum of money. Не was to be entitled to con- 
еу his own diplomatic relations with other powers and to have 
E Cusive authority within the Vatican itself and a small district 

round it, In the rest of Italy, church and state were to be sepa- 
m So, though the papacy did not formally recognize the fact 
the concordat of 1929, the Roman question had been settled. 

ee also Iraty: History.) 
aA ltramontanism.—Important as the events just described 
Bs for the papacy, the doctrinal developments of Pius’ pontifi- 
ee spring directly out of these political disasters, consti- 
tanist 5 most significant contribution to papal history. Ultramon- 
Gallic (q.v.) began with Joseph de Maistre, as а reaction against 
lcanism and against Josephinism, seeking to free the church 
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from the chains of secular control by binding it more closely with 
the papacy. H. F. R. de Lamennais developed it by suggesting 
that the church would benefit from a general increase in political 
freedom. Gregory XVI condemned Lamennais's teaching be- 
cause he saw that freedom might mean freedom to deny religion 
altogether. Pius IX decided in 1846 to experiment with liberalism, 
but later became convinced that Gregory XVI had rightly sus- 
pected it. Nevertheless, if Italy taught Pius one lesson, develop- 
ments in France, where the church prospered more under the 
liberal regime of Louis Philippe than it had under the clerical 
Charles X, suggested quite the opposite conclusions to the liberal 
Catholics there, whose spokesman was now Charles de Montalem- 
bert (g.v.). On the other hand, the coming of the Second Empire 
stimulated the party led by Louis Veuillot, whose Ultramontanism 
was of the older sort, completely divorced from liberalism and 
seeking freedom for the church in an authoritarian state that would 
guard it against revolution. 

For a period after 1850, Pius’ policy took little heed of either 
brand of Ultramontanism. Antonelli followed the paths of Con- 
salvi (see above, Pius VII) in seeking to procure more favourable 
concordats with Catholic rulers. Most important was that with 
Austria (1855), the home of Josephinism; and others were con- 
cluded with Spain (1851, 1859), with Portugal (1857), with 
Württemberg (1857), with Baden (1859), with Nassau (1861) and 
with a number of Latin-American states (1852-62). Such agree- 
ments might be politically valuable but were no defense against 
intellectual anticlericalism; and Pius became increasingly con- 
vinced that the real danger to the church lay in the modern secu- 
lar ideas which the liberal Catholics were endeavouring to incor- 
porate into its doctrines. The events of 1860 finally convinced 
him that the notion of a "free church in a free state," as dear 
to Montalembert as it was to Cavour, was a snare. The encyclical 
Jamdudum cernimus (March 18, 1861) denounced not only Pied- 
montese aggression but all modern political doctrines, which, it 
said, encouraged non-Catholic religions, allowed all freedom to at- 
tack the church in print and sought always to undermine the au- 
thority of the church. The Risorgimento not only convinced Pius 
that liberalism in the church must be destroyed, but also placed 
the liberal Catholics in the difficult position of appearing to sup- 
port those who had caused him so much distress. In every way 
the ground was being cleared for a new departure. The alterna- 
tive to Montalembert's doctrine was no longer an unconditional 
attachment to the principles of the ancien régime but a new kind 
of Ultramontanism which asserted the necessity of concentrating 
authority within the church in the hands of the pope, The ground 
was being prepared for the first Vatican council and for the doc- 
trine of papal infallibility. 

But first the strong liberal party in the Catholic church had 
to be defeated. In 1863 Montalembert was invited to address a 
large Catholic congress at Malines, and he took the opportunity 
to defend the concept of a free church in a free state and to con- 
demn intolerance in principle, citing as an example the revocation 
of the Edict of Nantes. Pius was content in reply to point out 
that on these two points he was running counter to authoritative 
pronouncements of Pius VI and Gregory XVI. This was sufficient 
to deter Montalembert from accepting a second invitation to 
Malines in 1864; but his supporter F. A. P. Dupanloup proved an 
able substitute. Meanwhile at a congress at Munich, in 1863, 
J. J. I. von Dóllinger (g.v.) had pleaded for the right of a scholar 
to pursue independent inquiry. It was clear to everyone that the 
church stood in need of authoritative pronouncements about its 
relations with the state and with modern society, and discussion 
began about the possibility of calling an ecumenical council for 
this purpose. But once again the Roman question intervened de- 
cisively in the struggle. 

On Sept. 15, 1864, the French and Italian governments came 
to an agreement whereby the French garrison was to be withdrawn 
from Rome within two years. In fact, it was not finally withdrawn 
until the outbreak of the Franco-German War, but the conclusion 
of the September convention was sufficient to decide Pius to take 
immediate action against liberalism now that the final disaster was 
threatened. On Dec. 8, 1864, he issued the encyclical Quanta cura 
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with, attached to it, the famous Syllabus listing 80 of the “principal 
errors of our times.” As the errors listed had already been con- 
demned in allocutions, encyclicals and other apostolic letters, the 
Syllabus said nothing new and so could not be contested. Its im- 
portance lay in the fact that it published to the world what had 
previously been preached in the main only to the bishops and that 
it made general what had been previously specific denunciations 
concerned with particular events. Thus perhaps the most famous 
article, the 80th, stigmatizing as an error the view that “the Ro- 
man Pontiff can and should reconcile himself to and agree with 
progress, liberalism, and modern civilisation,” sought its authority 
in the pope’s refusal, in Jamdudum cernimus, to have any dealings 
with the new Italian kingdom. On both scores, the Syllabus under- 
mined the liberal Catholics’ position, for it destroyed their follow- 
ing among intellectuals and placed their program irrevocably out 
of court. 

Though Dupanloup tried to explain away the Syllabus by in- 
sisting upon its context and by stressing its purely negative aspect 
(thus, though the concept of toleration as the final and universal 
answer was condemned, it did not follow that intolerance was 
universally valid), the Syllabus nevertheless dealt a mortal blow 
at liberal Catholicism, which ceased after 1864 to be the main 
issue taxing Catholic controversialists. While some of Louis 
Veuillot’s followers hoped that at the forthcoming council a posi- 
tive statement of the orthodox doctrine of the position of the 
church in society would replace the negative denunciations of the 
Syllabus, the majority looked upon that battle as won and so 
turned to the question of defining the pope’s infallibility, the key- 
stone of the neoultramontane program of centralizing the author- 
ity of the church in Rome so as to escape from the control of the 
secular state. Conversely, the former liberal Catholics were ranged 
in opposition to this project. When the council at last met, on 
Dec. 8, 1869, everything was ready for a decisive engagement. 

The Vatican Council.—In the doctrine of papal infallibility 
itself there was nothing new. It had been employed to define, 
on Dec. 8, 1854, the dogma of the Immaculate Conception, 
which asserted that the freeing of the Virgin Mary from all taint 
of original sin had occurred at the moment of her conception. 
The pope had previously made extensive inquiries among the 
bishops and other divines and there was little opposition to such 

an exercise of his undoubted prerogative. When, however, at a 
gathering of bishops and other dignitaries of the church in Rome 
in 1862 and again at another in 1867 it had been suggested that 
the doctrine of infallibility should be authoritatively defined, 
Dupanloup had led a successful opposition to the project. It was 
objected that such a definition was inopportune, tending to widen 
the breach between the church and modern society, and that it 
would present a one-sided view of the source of authority in the 
church; for while the pope possessed powers issuing directly from 
God, so too did the bishops, for instance, whose ordinary jurisdic- 
tion arose, not out of their nomination or institution (whether 
by the state or by the church), but equally from divine origin; 
so that the pope's powers ought not to be defined without refer- 
ence to other aspects of the nature of the church. The criticism 
that must attach to Pius is that he allowed, even encouraged, the 
council to put aside discussion on the wider issue, which was its 
original program, in favour of the narrower definition. This was, 
of course, precisely what the Ultramontane party desired. The 
Ultramontanes, indeed, undoubtedly possessed the backing of by 
far the greater part of the church, partly because of the reaction 
engendered by the political misfortunes of the last decade, partly 
because of the immense prestige enjoyed by Pius as'a result of 
his long and tragic pontificate, but to a larger extent because of the 
contemporary movement away from intellectualism and in favour 
of devotional religion. Pius himself was at the front of this move- 
ment and received strong support from the Jesuits, whose influence 
was now most emphatically increasing. 

The first Vatican council opened on Dec. 8, 1869, the day of 
the feast of the Immaculate Conception, which Pius chose for the 
majority of the important acts of his pontificate. The opposi- 
tion, consisting of the German, French and U.S. bishops, was 

strong enough to prevent a definition of the doctrines and nature 
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of the church on the lines suggested by the Syllabus; but the Ultra 
montane party, led by Archbishops H. E. Manning (of Westmin. 
ster) and V. A. Dechamps (of Malines) brought forward the ques. 
tion of infallibility, upon which their position was much stronger, 
Pius intervened decisively to alter the procedure of the council " 
Feb. 20, 1870, and on April 29, and to make known his personal 
support for Manning and Dechamps. The outcome was to post. 
pone all deliberation except that upon infallibility, The decisive 
vote came on July 13 when 451 voted for it, 88 against it and 62 
in favour of some amendment. Thereupon the minority left Rome 
and the final definition was carried on July 18 by 533 votes to 2, 
Infallibility (g.v.) was confined to those occasions upon which 
the pope made pronouncements ex cathedra; but these pronounce. 
ments were to take their authority from God and not from the 
consent of the church, and no mention was made of any other 
divine authority existing in the church except that of the pope, 
There is no doubt that this act secured the triumph of the Ultra- 
montane party or that the decisive element in it was provided by 
Pius himself. (See also Vatican Councits; COUNCIL: Councils 
of the Western Church: First Vatican Council [1869-70].) 

The Prisoner in the Vatican.—Pius reigned for another 
eight years during which he became further estranged from the 
Italian government and witnessed a general outbreak of anticleri- 
calism in western Europe. In Germany this culminated in Bis- 
marck’s Kulturkampf, which Pius condemned in the encyclical 
Quod nunquam of Feb. 5, 1875, leaving the solution of the problem 
to his successor. Pius died on Feb. 7, 1878, having seen in his long 
pontificate the creation of the modern papacy. The exact re- 
sponsibility of Pius for the events of his pontificate is still a mat- 
ter for controversy. The result is clearer. Church and state were 
finally separated, authority in the church was centralized in Rome 
and the church was ranged in opposition to the dominant political 
forces. On that score Pius was condemned by many contempo- 
raries; the 20th century, however, was to see nationalism develop 
into fascism and revolutionary principles into communism. 
Whether the separation of church and state reinforced anticeri- 
calism or inoculated the church against its effects is less certain. 

But perhaps the most damaging criticism of Pius is that he as- 
sumed almost the sole direction of events while never appreciating 
their significance. The great events of his pontificate occurred 
despite him rather than because of him. Thus he condemned in 
the Syllabus that very separation of church and state which it was 
the work of the first Vatican council, to which for the first time the 
secular Catholic rulers were not invited, to secure, At one time 
or another Pius was served by the leaders of all the important 
movements of his century, by liberal cardinals like Pasquale Gizzi, 
by ecclesiastical statesmen like Antonelli and by the saintly Man- 
ning, a convert from Protestantism. Yet it is unfair to say tha 
he changed his principles; rather he never possessed any, save " 
his personal religious life, that were not rather naive, and 50 Es 
was always open to be guided by experience. In view, howev! Р 
of the benefit that has accrued to the church from the loss 0 ot 
temporal power, it should at least be asked whether it was П 
Pius’ determination to maintain it at all costs that contribu 
most to the temporal power's being lost. 

Sr. Prus X (Giuseppe Melchiorre Sarto) (1835-1914), 
from 1903 to 1914, was born of humble parents on Tu is " 
at Riese in the province of Treviso, Italy. He studied i el 
at Padua and was ordained priest in 1858. For 17 years d 
as parish priest at various places in Venetia until his appel 
in 1875 as canon of the cathedral and superior of the ep! , 
seminary at Treviso. He refused the bishopric of Treviso ae " 
but accepted that of Mantua in 1884, at the command of Leo patri- 
He was created a cardinal on June 12, 1893, and ponia and 
arch of Venice three days later. In Venice his piety, Simp 7 e hi 
readiness to act in harmony with the Italian government mal oj 
very popular. Elected in succession to Leo XIII, on AVE [DEL 
(after Austria had vetoed Cardinal Rampolla; see RAMPOU 
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Tinparo], MARIANO), he took the name Pius in commemo 
of Pius IX. à ic ways of 
Pius brought the church back from the diplomatic jgence 


Leo XIII to the paths mapped out by Pius IX's intrans! 
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Yet it continued to make its presence felt in European politics 
through the activities of the parish priests and the opportunities 
afforded to them of influencing opinion in elections. The new 
pope was the very man to lead this movement, as he came to the 
papal chair with a long experience as a parish priest and without 
having held important office in the curia. The real changes intro- 
duced by him lay elsewhere. He had little interest in the social 
reforms supported by Leo XIII, laying his emphasis rather upon 
the spiritual work of the church in advocating early and frequent 
communion. He ceased to pursue actively the quarrel with the 
Italian government, and something like a modus vivendi was 
reached without either side’s formally giving way. It is significant 
that individual Catholics were allowed to enter Italian politics 
with a view to combating the parties of the left. 

Pius made his most important contribution to the history of the 
church, however, by his attitude to intellectuals, His own scholar- 
ship was entirely theological, and he was utterly opposed to the 
employment of secular disciplines in subjects affecting the faith. 
When a body of Catholic intellectuals devoted themselves to a 
scientific study of the Scriptures and of the history of dogmas 
and reached conclusions which he considered to be at variance 
with orthodox belief, Pius took action. In the encyclical Pascendi 
(Sept. 1907) he formally condemned 65 propositions of modernism 
and denounced all tendencies which aimed at the reform of dogma. 
(See MODERNISM, ROMAN CATHOLIC.) It has been claimed that 
by this action Pius cut the church off from modern scholarship. 
It is fairer to say that he endeavoured rather to compel the church 
to conduct its own works of scholarship instead of leaving them to 
institutions outside its control. 

A striking example of the new moral attitude of the papacy, 
as well as the termination of its old concern with diplomacy, 
is to be seen in Pius’ denunciation, at the end of his life, of the 
powers’ recourse to war in 1914 and in his refusal to bless the 
Austrian cause. Though much of his work was later overshadowed 
by the changes brought about through World War I, there is lit- 
tle doubt that he confirmed the church in the policies which it had 
at first adopted of necessity during Pius IX's pontificate. Pius X 
died on Aug. 20, 1914. Already venerated during his lifetime, he 
Es beatified by Pius XII in 1951 and proclaimed a saint on May 

, 1954. 

Pius XI (Ambrogio Damiano Achille Ratti) (1857-1939), pope 
from 1922 to 1939, was born on May 31, 1857, at Desio, near 
Milan, He was ordained priest in 1879. His exceptional success 
in his studies pointed to a career of scholarship, and up to the age 
of 60 he was concerned almost exclusively in directing a number 
of great libraries, He became an expert in paleography and in the 
problems associated with library classification, Benedict XV rec- 
ognized his great qualities and selected him for the diplomatic 
service, In 1918 he was sent as apostolic visitor to the new repub- 
lic of Poland, where he was made nuncio the next year. Ratti be- 
came a cardinal and archbishop of Milan in 1921 and was elected 
Pope in succession to Benedict XV on Feb. 6, 1922. 

In the first year of his pontificate, Pius was confronted by the 
crisis that brought Mussolini to power in Italy. He lent qualified 
Support to the Fascist movement, and when Mussolini’s- position 

ad become more assured a reconciliation between the papacy and 
the Italian government was effected by the Lateran treaty, signed 
On Feb. 11, 1929, This was more than a recognition of the status 
uo, as the agreement was specifically declared to constitute а final 
and irrevocable settlement of the Roman question. The papacy 
Técognized the establishment of the kingdom of Italy and received 
1 return recognition of its full sovereignty over the Vatican City 
State. Further, the permanent neutrality of the Vatican and of 

€ papacy in the military and diplomatic conflicts of the world 
Was announced. In future, the pope would intervene in such affairs 
i as the head of a sovereign state but as head of the church, in- 
Crested only insofar as he might work for the preservation of 
ey He would attend international conferences only when 
ae to do so. These provisions were to prove of great value 
0 the Papacy in World War II. The pope received financial com- 
pinsation for his surrender of any claim to the old papal states; 
Shificantly, it was less than that proposed by Cavour in 1861. 
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At the same time as the Lateran treaty, a concordat was con- 
cluded regulating the position of the church in Italy itself. It es- 
tablished the validity of church marriage. which was to precede, 
for Catholics, the civil ceremony; provided for compulsory re- 
ligious instruction in school for the children of Catholic parents; 
and declared Catholicism to be the exclusive religion of the state. 

The part played by Pius in these negotiations was considerable, 
and their successful conclusion owed much to his appreciation both 
of the real interésts of the church and of the political realities of 
his age. 

He was similarly successful in reaching an agreement with the 
Mexican government, which allowed the church to resume religious 
services in that country. Another agreement was concluded with 
the new Nazi government in Germany in 1933, but this was short- 
lived. The pope's encyclical Mit brennender Sorge (“With burn- 
ing anxiety"; March 1937) vigorously denounced Naziism as 
unchristian, claimed that the German state had violated the con- 
cordat and attacked the “German-Christian” movement espoused 


.by the Nazi party. 


Holding communism to be the chief enemy of the church, Pius 
was favourable to the cause of Franco in the Spanish Civil War; 
but developments in 1938 brought a change of emphasis. Pius de- 
nounced the new anti-Semitism of Mussolini and, with it, all racial 
theories, so attacking the element common to all branches of fas- 
cism (to which Catholic parties had inclined out of their opposi- 
tion to communism). The fulfillment of this new departure, under 
Pius’ successor, was to bring the political views of the church back 
to the middle policy advocated by Leo XIII. 

Pius' encyclical Quadragesimo Anno, dated May 15, 1931, the 
40th anniversary of the Rerum Novarum of Leo XIII, confirmed 
and elaborated the theses of its predecessor on social and economic 
matters. Pius died on Feb. 10, 1939. (LF.B.; X) 

Prus XII (Eugenio Maria Giuseppe Giovanni Pacelli) (1876— 
1958), pope from 1939 to 1958, was born in Rome on March 2, 
1876, into a family of lawyers in the service of the Holy See. He 
studied for the priesthood at home, being thought too delicate for 
a seminary, and was ordained in 1899. He entered the Secretariate 
of State (1901), serving under Cardinals M. Rampolla, R. Merry 
del Val and P. Gasparri. In 1917 he became titular archbishop of 
Sardis and went as nuncio to Munich, to further Benedict ХУ” 
peace efforts. After the disappearance of the Bavarian monarchy 
in 1918, he became nuncio in Berlin to the new Weimar republic. 
Recalled to Rome in 1929 to become cardinal, he succeeded Car- 
dinal Gasparri as secretary of state in 1930. On his advice Pius XI 
concluded the concordat with Hitler in the summer of 1933, in the 
vain hope that Hitler would discourage the extreme antichristian 
racialism of National Socialism, and he was closely associated with 
the anti-Nazi encyclical Mit brennender Sorge. 

Pacelli was elected pope on March 2, 1939, after fewer ballots 
than had been required for three centuries. The church’s opposi- 
tion, under his leadership, was one of the factors which caused 
Mussolini to put off until June 1940 his declaration of war on the 
side of Germany. 

Pius XII preserved, from the memories of his peace mission 
in 1917, the thought that the Holy See might have a great peace- 
making role to play, provided it kept up formal relations with all 
the belligerents. He refused the constant pressure of the Germans 
and the Italians to treat the invasion of the Soviet Union as a holy 
crusade against atheistic Bolshevism, He also refused to say as 
much as the Allies wanted, and did not denounce Hitler in terms 
so outright that he would have shaken the civic allegiance of the 
German Catholics. From 1942 onward came the Jewish extermi- 
nation camps in Germany, and though Pius XII reprobated cruelty 
in general, he was afterward much criticized by both Catholics and 
others—for instance by Francois Mauriac and later by Rolf Hoch- 
huth in his play Der Stellvertreter (The Deputy)—for not having 
spoken out much more categorically. In his support it has been 
argued that he had to be careful not to expose German Catholics 
to charges of treason for following the pope and turning against 
their government when their country could truly be said to be fight- 
ing for its existence; further, it has been said, any statement on 
the pope's part might easily have served to intensify the German 
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measures against the Jews as well as against the Catholics. 

Pius XII continued his humanitarian work and his private rep- 
resentations, and when attempts were made to round up the Jews 
in Italy, so that they should share the fate of the Jews in other 
European countries, he gave orders that they were to be received 
into Catholic religious houses, where great numbers of them were 
effectively concealed. At the end of the war, Jewish bodies made 
public expression of their gratitude. 

The fall of Mussolini was followed by the German occupation 
of Rome (1943-44) during which the Romans relied on their 
bishop to protect their city from Allied bombardment; there were 
only two or three minor raids on Rome. But as the Axis neared 
defeat, and the German threat receded with the capture of Rome 
by the Allies in 1944, a new danger appeared for the church in 
Italy. The Communists, who had been suppressed by Mussolini, 
reappeared in force among the partisans in the north, and Pius XII 
sent repeated warnings of the Communist danger in Italy to Pres. 
Franklin D. Roosevelt. After 1945, the Vatican organized Catholic 

Action, which in its turn played a great part in bringing about the 
decisive victory of the Christian Democrats in 1948, so that they 
remained in power for the rest of the life of Pius XII. The Com- 
munists, however, were allowed to maintain their antichurch prop- 
aganda and continued to be a great source of anxiety to the church 
in Italy, while Communist governments were instituted over many 
Catholic peoples in central Europe. In 1949 Pius XII issued a 
formal excommunication of Italian Catholics who became mem- 
bers of the Communist party. 

Pius XII's pontificate was fruitful in the internal life of the 
church. He reintroduced evening Mass, relaxed the laws of fasting, 
revised the breviary, and in many ways prepared the ground for the 
second Vatican Council summoned by his successor, John XXIII. 
Jn 1950 he promulgated as a dogma the belief in the assumption 
of the Virgin Mary. He encouraged the appointment of a native 
hierarchy in African and other overseas dioceses. He was particu- 
larly insistent on teaching the doctrine that the government of the 
church resides in the whole episcopate, and is not to be thought of 
asa monarchy. But he was himself an autocrat, who expected not 
advisers but executors of his will. Given the title pastor angelicus, 
he loved his pastoral work as pope, holding enormous numbers of 
public: and private audiences for all nationalities and addressing 
many of them in their own tongues; latterly he seemed to derive 

physical strength from these mass audiences. He was a tireless 
writer and speaker, credited with the ambition of addressing the 
followers of every main human calling during his pontificate. His 
encyclical Mystici corporis (1943) was a majestic exposition of 
the nature of the church, Divino affanti spiritu (1943) gave a new 
impetus and encouragement to the scholarly approach to the Scrip- 
tures, recognizing the need to study them in their historical setting. 
Mediator dei (1947) forwarded the liturgical movement. Hu- 
mani generis (1950) showed that the church had always sought 
man in the full integrity of his nature. In 1957 appeared the far- 
sighted encyclicals Fidei donum, on the future of Africa, and 
Miranda prorsus, on the radio, motion pictures, and television. 
Pius XII was the first pope to use radio on an extensive scale, and 
addressing audiences of varying faiths he continually emphasized 
to fellow-Christians what they and Catholics have in common. 
Much of the agenda of the second Vatican Council was already 
treated in one or other of his encyclicals. He died at Castel Gan- 
dolfo on Oct. 9, 1958. 

Proceedings for his beatification were instituted by Pope Paul 
VI in 1965. (J. D. W.) 
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PIZARRO, FRANCISCO (с. 1474-1541), discoverer ап 
conqueror of Peru, was born at Trujillo, Spain. Of his early years 
hardly anything is known, but he was poorly cared for and his edu- 
cation was neglected. Shortly after the news of the discovery 0 
the New World had reached Spain he was in Seville, and from there 
found his way across the Atlantic. He is next heard of in 1510 as 
having taken part in an expedition from Hispaniola to Urabá Es 
Alonso de Ojeda, by whom he was entrusted with the charge of the 
unfortunate settlement at San Sebastián. He accompanied Vasco 
Nüfiez de Balboa (whom he after- 7 
ward helped to bring to execu- 
tion) in the discovery of the | 
Pacific, d 

In 1522 Pizarro entered into a 
partnership with a priest named 
Hernando de Luque and a soldier 
named Diego de Almagro for pur- 
poses of exploration and conquest 
toward the south. They explored 
down the west coast of South 
America, during which time Pi- | 
zarro was left for months with 
but 13 followers on Gallo Island, 
without ship or stores. There he 
displayed the courage that has 
made famous the story of himself 
and his companions. (Some au- 
thorities, among them Xeres, Pi- 
Zarro's secretary, give the num- 
ber of his companions as 16. 
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Antonio de Herrera y Tordesillas states the names of 13; Garcilaso 
de la Vega supplies the remaining 3.) In spite of the hardships Pi- 
yarro persisted until he had coasted as far as about 9° S and ob- 
tained distinct accounts of the Peruvian Empire. Finding his now 
promising enterprise opposed by the governor of Panama, he re- 
solved to apply to the Spanish sovereign in person for help, and 
with this object sailed from Panama to Spain in the spring of 1528. 
He was in Seville at the same time as Hernan Cortés and was able 
to win over Charles V to his scheme of conquest. Pizarro was dec- 
orated and granted a coat of arms, and 13 of his companions were 
ennobled, 

On July 26, 1529, there was executed at Toledo the famous ca- 
pitulacién by which Pizarro was, upon certain conditions, made 
governor and captain. general of the province of New Castile for 
the distance of 200 leagues along the newly discovered coast, and 
invested with all the authority and prerogatives of a viceroy, his 
associates being left in wholly secondary positions. One of the 
conditions of the grant was that within six months Pizarro should 
raise a sufficiently equipped force of men, of whom 100 might be 
drawn from the colonies. Unable to bring together the required 
force he sailed clandestinely from Sanlücar in January 1530. He 
was afterward joined by his brother Hernando with the remaining 
yessels, and when the expedition left Panama in January of the 
following year it numbered 3 ships, 180 men, and 27 horses. The 
subsequent movements of Pizarro belong to the history of Peru 
(q.v.). After the final effort of the Incas to recover Cuzco from 
1536 to 1537 had been defeated by Diego de Almagro, a dispute 
occurred between him and Pizarro respecting the limits of their 
jurisdiction. This led to battle; Almagro was defeated (1538) and 
executed; but his supporters conspired and assassinated Pizarro 
on June 26, 1541. 

See also references under “Pizarro, Francisco” in the Index. 

Brstrocrapny.—W. H. Prescott, History of the Conquest of Peru 
(1847) ; A. Helps, Life of Pizzaro (1869) ; Justin Winsor, Narrative and 
Critical History of America, vol. ii (1886) ; Ballesteros Garibois, Fran- 
cisco Pizarro (1947). (U.S. L.) 

PIZARRO, GONZALO (1502?-1548), conqueror, explorer, 
and leader of antiregal forces in Peru was born in Trujillo, Spain. 
He was a half brother of Francisco Pizarro, with whom he fought 
during the conquest of Peru (1531-33). For his services he re- 
ceived extensive grants in the Potosí mines and in 1539 was made 
governor of Quito, In 1541-42 he led an expedition into the unex- 
plored region east of Quito, during the course of which Francisco 
de Orellana left him to explore the Amazon. Upon his return 
with the rest of his men, Pizarro learned that his brother Francisco 
had been assassinated, and he was himself then requested to dis- 
miss his men. But the conquerors of Peru, who saw their privileges 
challenged by the “New Laws” that the King of Spain wished to 
promulgate, acclaimed Pizarro governor of Peru. As leader of the 
antiregal forces, he took the field against the viceroy Blasco Núñez 
Vela, winning the Battle of Anaquito in 1546, and against the vice- 
toy, Pedro de la Gasca, in 1548. Defeated and captured by De la 
Gasca on April 9, 1548, Pizarro was executed the following day. 

See P. A. Means, Fall of the Inca Empire, and the Spanish Rule in 
Peru, 1530-1780 (1932). (U. S. L.) 
PLACE, FRANCIS (1771-1854), English radical reformer, 
best known for his success in securing the repeal in 1824 of the 
Combination Acts, was born in London on Nov. 3, 1771, the son 
of a bailiff to the Marshalsea Court. He suffered great hardships 
as a leather-breeches maker and was drawn into trade club and 
Tadical activity, in 1793 organizing an unsuccessful strike of the 
London leather-breeches makers. From 1794 to 1797 he was a 
member of the London Corresponding Society. He opened a tailor- 
ing ona in Charing Cross Road in 1799 and rapidly became suc- 
essful, 

He was already known as a radical politician when in 1814 
took up the campaign against the Combination Acts. Passed 
in 1799 and 1800, the acts prohibited the organization of working- 
Class trade associations. In 1824, through Joseph Hume, an M.P., 
E brought about the appointment of a parliamentary committee, 
Which reported in favour of repealing the acts. 

Place and Hume argued that the repeal of the acts would leave 
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the trade associations equal in status to the employers' associa- 
tions, and that once legal equity was established it would be un- 
necessary for the trade associations to exercise the right to bar- 
gain with employers. Manufacturers in turn favoured repeal, 
feeling that the acts contributed to their difficulty with labour. 
Bills to this-effect were carried, but the immediate result was an 
increase in the number and activity of trade unions. The govern- 
ment tried to restore the position before 1824; Place and his allies 
prevented that. 

Place's skilled political organization made the Westminster elec- 
tions from 1807 to 1832 events of national importance in the strug- 
gle for parliamentary reform, and in 1831 and 1832, in particular, 
he rallied the supporters of the Reform Bill in London. 

By his first wife, Elizabeth Chadd (d. 1827), Place had 15 chil- 
dren, 10 of whom survived. In 1830 he married an actress, Mrs. 
Chatterley, from whom he was separated in 1851. He died at Fox- 
ley Terrace, Earl's Court, London, on Jan. 1, 1854, having been for 
many years out of politics. His only published book is Illustra- 
tions and Proofs of the Principle of Population (1822), but his 
manuscripts and press cuttings, an incomparable source of political 
information from 1790 to 1850, are in the British Museum. 

See G. Wallas, The Life of Francis Place, 1771-1854, rev. ed. (1918). 

(A. BRI.) 

PLACEBO, in medical practice and in the testing of phar- 
maceuticals, commonly is an inert or neutral substance (e.g., chalk, 
lactose) administered in the guise of a drug. Although it has no 
appreciable physiological effect, a placebo may cure or ease an 
illness through suggestibility; i.e., through the patient's belief that 
the pill, tonic, or injection will do him good. (See SUGGESTION.) 
The psychological effect of placebos must also be considered when 
they are used as control substances in experiments designed to 
appraise the specific physiological effects of new drugs. (See 
RANDOMIZATION.) 

The Latin meaning of placebo, “I shall please,” expresses the 
historic and universal role of placebos in soothing the sick— 
whether the substance be a dipperful of witch’s brew in a jungle 
hut or a sugar pill administered for psychological reasons by a 
modern physician, The placebo effect may also be involved in such 
irrational practices as faith healing (q.v.) and acupuncture (q.v.; 
see also MEDICINE AND SURGERY, History or: Primitive and Pre- 
historic Medicine). 

The precise mechanism by which an attitude of mind can pro- 
duce physiological changes is not yet understood, but there can be 
no doubt of the power exercised by the emotions over the body. 
The capacity to respond favourably to placebos is not observed 
in animals; it seems to be uniquely a human attribute. The 
placebo response may have its origin in the nonverbal perceptions 
of early infancy. According to this view, the earliest recognition 
of relief from discomfort occurs when a baby’s hunger pangs are 
assuaged by suckling. In later life the pattern of this first “ther- 
apeutic” experience is unconsciously compared with and found 
sufficiently equivalent to the administration of a drug, orally or 
otherwise, to call forth a gratification response analogous to that 
elicited when the infant took in milk. 

Negative placebo responses are also recognized. Though they 
have not been thoroughly studied, they may account for some of 
the adverse side effects observed when potent substances are ad- 
ministered with medicinal intent. (G. R. Fo.) 

PLACE NAMES: see Name (1N LINGUISTICS). 

PLACENTA. The human placenta is a disc-shaped organ 
that is formed on the inner surface of the wall of the pregnant 
womb (uterus). Through it the unborn baby (embryo or fetus; 
q.v.) is nourished. Soon after the birth of the child a mass of 
tissue, called the afterbirth, is expelled from the womb. Its chief 
constituent is the placenta; attached to the placenta are the um- 
bilical cord and the thin membranous structures known as the 
chorion and amnion. Adherent to these structures, all of which are 
accessory portions of the fetus, is a thin layer of the lining of the 
uterus known as the decidua, so-called because it is a castoff por- 
tion of the mother’s body. The placental portion of the mass is 
about 8 in. in diameter and about 1} in. thick, thinning rather 
abruptly at the edges, where it is continuous with the membranous 
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FIG, 1.—SAGITTAL SECTION OF HUMAN UTERUS IN SEVENTH WEEK OF PREG- 
NANCY, SHOWING PLACENTA AND FETAL MEMBRANES 


chorion. Its weight at term usually is between 500 and 1,000 g., 
or about one-seventh the weight of the fetus. Its outer or uterine 
surface is lumpy in appearance and is covered by a thin, flaky and 
fibrous layer of decidua. The inner surface is relatively smooth 
and translucent except for the branching fetal blood vessels that 
ramify over this surface from the place where the umbilical cord 
attaches, which is usually near the centre of the disc. Between the 
two surfaces the placental tissue consists of a spongy mass of com- 
plexly and finely branched chorionic villi containing a rich plexus of 
capillaries supplied by fetal blood vessels. Filling the interstices 
of the spongework in the afterbirth is a considerable quantity of 
maternal blood, trapped there when its circulation was stopped 
and the placenta was separated by the final contractions of the 
labouring uterus after expulsion of the child. 

In cases of spontaneous abortion during the first three or four 
months of pregnancy the entire conceptus (embryo or fetus and 
placenta and membranes) is often expelled in one mass without 
rupture of the membranes. In these cases a thin decidual layer of 
the mother's tissue more or less completely covers the spheroidal 
mass. Removal of this layer reveals the thin outer fetal mem- 
brane, or chorion, all of which in younger stages, and a large part 
of which in older stages, is covered by chorionic villi making up 
the placental area. Under the chorion is a thin liquid-filled space, 
the chorionic cavity (exocoelom), within which is the transparent 
inner membrane, the amnion. Within the amnion the embryo or 
fetus can be seen floating in the faintly straw-coloured amnionic 
liquor, which, with the embryo, completely fills the amnionic cav- 
ity. Extending from the belly of the embryo toward the placenta 
is the narrow, twisted umbilical cord. 

The umbilical cord contains two arteries and one vein; through 
them the fetal heart pumps blood to and from the placenta. (See 
CIRCULATION OF BLoop: The Heart: Fetal Circulation.) Lying in 
the chorionic cavity between the two membranous envelopes is a 
small balloonlike sac attached by a delicate strand of tissue to the 
region where the umbilical cord leaves the amnion. This delicate 
structure, about 4 in. in diameter, is the yolk sac, or vitelline sac, 
and the tiny strand connecting it to the cord is the yolk stalk; the 
yolk stalk contains the minute artery and vein that carry blood 
to and from the yolk sac. The first blood corpuscles of the embryo 
are manufactured in the yolk sac. 

Function.—Obviously, all the fetal membranes function by 
adapting the developing embryo to the uterine environment. 
The placenta is the principal physiological connection between the 
embryo or fetus and the mother. The two large arteries in the 
umbilical cord radiate out from the attachment of the cord on the 
inner surface of the placenta and divide into small arteries that 
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penetrate outward into the depths of the organ through the hun- 
dreds of branching and interlacing strands of tissue known as villi, 
These villi are derived from the chorion and from vascular tissue 
(allantoic mesoderm) associated with it. From the beginning of 
their formation, the chorionic villi cause the mother’s blood vessels 
in their vicinity to rupture. Consequently, the villi become bathed 
directly in maternal blood. Thus when the fetal arteries in these 
villi split into capillaries that ramify just beneath the surface of 
the villi, the fetal blood within them is brought very close to the 
maternal blood bathing the villi. Since both the fetal blood and 
the maternal blood are being circulated constantly, and since the 
living tissue separating the fetal blood in the capillaries from the 
maternal blood bathing the villi is very thin (.02 to .002 mm.), 
there is provided a mechanism for efficient interchange of blood 
constituents between the maternal and fetal bloodstreams without 
(normally) allowing any opportunity for the blood of one to pour 
across into the blood vessels of the other. Such a mixing of the 
two bloods is physiologically highly undesirable. (See FETAL Dıs- 
ORDERS : Erythroblastosis Fetalis.) 

When the placenta is regarded in terms of general function, then, 
it can be understood that food materials, oxygen, antibodies, etc., 
in the mother's blood are carried to the uterus by the uterine ar- 
teries, which break up into smaller arteries in the uterine wall and 
empty into the spaces (maternal blood sinuses) in which the fetal 
villi lie, There food, oxygen, antibodies, and other blood materials 
diffuse into the fetal blood in the capillaries of the villi, and nitrog- 
enous wastes and carbon dioxide diffuse out of these capillaries 
into the maternal blood to be carried out of the sinuses into the 
uterine veins and back to the mother’s lungs, where she eliminates 
the carbon dioxide, and to her kidneys, where she eliminates 
the nitrogenous wastes. The purified and enriched blood in the 
capillaries of the villi is collected into fetal veins, which carry it 
back to the inner surface of the placenta and collect at the attach- 
ment of the cord to form the umbilical vein. This vein enters the 
cord alongside the two arteries and carries the blood back to the 
fetus, thus completing the circuit to and from the placenta. The 
placenta, because of the arrangements mentioned, can be said to 
function as a fetal lung, intestine, and kidney. It is also true that 
in last analysis the pregnant woman eats, breathes, and excretes 
for her unborn baby. 3 

Widespread scientific investigations of gestation physiology since 
1940 have shown: (1) that the exchange of materials between the 
maternal and fetal bloodstreams through the placental membrane 
is largely by selective, active transport, i.e., it requires energy re- 
lease by the living membrane and is not simply a matter of diffu- 
sion and osmosis; (2) that the placenta is capable of breaking down 
substances brought to it in the bloodstreams and of synthesizing 
compounds such as fats, fructose (levulose), and even hormones; 


UTERINE VESSELS 


NN DECIDUA BASALIS 


x 


UTERINE CAVITY 459 
DECIDUA PARIETALIS 4 
f PLACENTAL VILLI 


AMNIONIC CAVITY. 
UMBILICAL CORD 


UTERINE GLANDS 
INTERVILLOUS SPACE 
UMBILICAL CORD 
CHORIONIC CAVITY 


UTERINE CAVITY 


FUSED CHORION 
AND AMNION 


JE 


\ We POSTERIOR FORNIX 
^ 


PERITONEAL REFLECTION 


UTERINE CAVITY 
CERVICAL MUCOUS PLUG 
(є PERITONEAL REFLECTION 


VAGINA; 


FIG. 2.—SAGITTAL SECTION OF HUMAN UTERUS IN FOURTH MONTH 
NANCY 


OF PREG- 


PLACENTA AND FETAL MEMBRANES 


(3) that the amnion, chorion, and yolk sac, which were once as- 
sumed to be relatively inert, are also active in physiological trans- 
port of materials to and from the fetus. 

Comparative Anatomy.—Fetal membranes in the ordinary 
sense (amnion, chorion, yolk sac, and allantois) are characteristic 
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of the Amniota (birds, reptiles, and mammals), but a primitive 
yolk sac is common in many Anamniota (cyclostomes, sharks, bony 
fishes, and amphibians), A true chorioallantoic placenta supplied 
by fetal blood vessels from the allantois is universally present in 
all mammals except the monotremes (platypus and echidna) and 
marsupials, or pouched mammals. It is, however, present in some 
species of marsupials and even in some viviparous reptiles. A 
Vitelline placenta supplied by yolk sac vessels is present in one 
form or another, at least temporarily, in all marsupials and most 
placental mammals, The primitive yolk sac of viviparous sharks 
commonly forms a placental relationship with the wall of the 
uterus, In viviparous fishes gestation usually takes place within 
the ovary and so the vitelline (and often pericardial) net of venous 
capillaries becomes intimately associated with the ovarian tissue 
instead of the uterus, In addition to these more common types 
of placentation many bizarre and unique structural adaptations 
have been described in a few species among the “lower” vertebrates 
and even in some invertebrates. 

The evolutionary history of the fetal membranes in general and 
of placentation in particular has been of great interest to biologists 
for many years. It is a highly complex problem because the struc- 
tures themselves are highly variable and complex anatomically and 
Physiologically; because fundamentally identical types of placen- 
tation occur in widely unrelated groups, e.g., in certain lizards, 
marsupials, and placental mammals; and because the type of 
Placentation in one order of mammals may run almost the whole 
Tange from a very primitive condition to a highly complex one. 
Obviously then there are evolutionary series from simple to com- 
Plex types in several animal groups and these are often rather 
closely paralleled by similar series in widely unrelated forms. The 
only conclusion is that placentation has arisen independently sev- 
eral times in different groups, but once these adaptations to vivi- 
Parity have been initiated they have frequently run parallel courses 
because of parallel physiological conditions to be met and similar 
Structural units inherited from oviparous ancestors. 

One extremely interesting and valuable feature of the fetal mem- 
branes from the evolutionist’s point of view is the fact that they 
are relatively “conservative” features. That is, they change less 
Tapidly than other portions of the anatomy of the group. For in- 
Stance, sea lions, dogs, and cats belong to the order Carnivora, yet 
they are very different anatomically. But, except for size differ- 
ences and a few microscopic details, the fetal membranes of all 
three are almost identical. The same can be said of the Artiodac- 
tyla, including the cattle, sheep, goats, deer, etc., and of the 

timates, where only an expert can distinguish between the pla- 
Centa and membranes of the great apes and man. This conserva- 
tism makes it possible to see indications of phylogenetic relation- 
Ships of species and groups where such extreme anatomical 
Modifications have occurred that it has been difficult on other ana- 
Omical grounds to determine with what groups they are affiliated. 

ne such group is the order Edentata (armadillos, anteaters, and 
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sloths), where so much adaptive modification of skeletal features, 
especially of skull and teeth, has occurred that it is impossible to 
compare their skulls or dentition profitably with other groups. 
Although knowledge of the fetal membranes of this heterogeneous 
group is incomplete, enough is known to show that the new world 
anteaters and the sloths (Myrmecophagidae and Bradypodidae) 
have similar membranes, and that the sloths show many affinities 
to the Primates; and that many features in the development of the 
fetal membranes in the new world armadillos (Dasypodidae) are 
very similar to those of the Rodentia. It seems probable therefore 
that these divisions of the catchall order Edentata are widely un- 
related to one another and that each may be rather closely related 
to a different order of less highly specialized forms. See also ref- 
erences under “Placenta” in the Index. 

BIBLIOGRAPHY.—G. W. Corner et al, Embryology of the Rhesus 
Monkey, Carnegie Institution of Washington Publication 538 (1941) ; 
W. J. Hamilton, J. D. Boyd and H. W. Mossman, Human Embryology 
(1962); J. Needham, Chemical Embryology, 3 vol. (1931); E. C. 
Amoroso, “Placentation,” in F, H. A. Marshall and A. S. Parkes, Phys- 
iology of Reproduction (1958); Jack Davies, Survey of Research in 
Gestation and the Developmental Sciences (1960); Claude A. Villee 
(ed.), The Placenta and Fetal Membranes (1960). (H. W. Mx.) 

PLACENTA AND FETAL MEMBRANES, DIS- 
EASES OF, include a number of disorders that may injure the 
unborn fetus and endanger the health or life of the mother. 

Infarction.—This condition, local death of the placenta, is а 
common degenerative process caused by interference with the 
maternal circulation to, through or from the placenta. Whether 
infarction of the placenta causes harm to the baby is determined 
by the rate and extent of infarction; usually the baby is unaffected. 

Infection.—Any part of the placenta and its membranes may 
become infected through either the maternal bloodstream or the 
cervical canal. Tuberculosis, syphilis and toxoplasmosis are in- 
fections which may involve the villous structures. Malarial 
organisms have been found in the intervillous space and malarial 
pigment in the villi but without inflammatory changes. Up to the 
late 1960s no specific changes had been found in the placenta 
with virus infections other than smallpox and chickenpox. Acute 
bacterial infection is frequently associated with criminal abortion, 
and occasionally may follow infection of the amniotic sac. Much 
commoner is the occurrence of inflammation of the membranes fol- 
lowing long labour or prolonged rupture of the membranes. 

Erythroblastosis Fetalis.—This uncommon disease, resulting 
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CERVIX: 
PLACENTA ATTACHED OVER THE INTERNAL OPENING OF THE CERVIX (PLA- 
CENTA PREVIA) 
In this uterus, about 5 months pregnant, the chorion and amnion have been 
opened to expose the surgically removed fetus lying in its amniotic sac 
from immunization of the mother by antigenic substances on the 
baby’s red blood cells (usually the Rh factor), may result in death 
of the baby and enlargement of the placenta, probably a compensa- 
tory phenomenon. (See FETAL Disorvers: Lrythroblastosis 
Fetalis.) i х 
Placenta Previa.— This results from low implantation of the 
blastocyst close to the cervix; varying amounts of the placenta lie 
over the cervical opening (see accompanying figure). There may 
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be severe hemorrhage, death of the baby and occasionally death of 
the mother when the uterus changes late in pregnancy. 

Placenta Accreta.—In this condition the placenta adheres ab- 
normally to the muscle of the uterus, because of local or complete 
absence of the decidua, Complete placenta accreta is uncommon, 
but partial and focal placenta accreta are relatively common. Dif- 
ficulty in delivering the placenta results, occasionally necessitating 
removal of the uterus. 

Abruptio Placenta.—This sudden separation of the placenta 
from its uterine attachment is one of the manifestations of toxemia 
of pregnancy (high blood pressure and poorly functioning kid- 
neys), and usually results in death of the baby. The condition 
usually does not repeat itself in subsequent pregnancies. 

Premature separation of the placenta may also occur as a result 
of intrinsic aging of the tissue at the placental site, in the absence 
of any other maternal disease. 

Hydatidiform Mole.—This is an abnormality of the placenta 
resulting from early death or absence of the fetus accompanied by 
continued growth of the trophoblast (covering of the villi). It 
occurs about once in 2,000 pregnancies (in U.S.) and is character- 
ized by a mass of grapelike vesicles filled with gelatinous fluid. It 
is usually diagnosed about the 14th to 20th week of pregnancy. 
More than half the patients with these tumours subsequently have 
a normal pregnancy. In about 1695 some of the villi invade the 
uterine muscle, causing bleeding. In about 2.5% there is devel- 
opment of choriocarcinoma. 

Choriocarcinoma.—This is a rare malignant epithelial tumour 
composed of the two trophoblastic elements, syncytiotrophoblast 
and cytotrophoblast. Grossly it is hemorrhagic and friable. Most 
commonly it follows a hydatidiform mole but may follow abortion 
(once in 14,000) or an apparently normal pregnancy (once in 
160,000). 

Choriocarcinoma spreads rapidly by way of the blood stream, 
usually producing secondary tumours in the lung. Although rare 
cures of choriocarcinoma have been reported, this disease is usually 
fatal. 

Chorioangioma.—This commonest true tumour of the placenta 
usually has no effect on the baby. It consists of an overgrowth of 
fetal blood vessels, connective tissue and trophoblast. 

Others.—If the blastocyst becomes implanted deeply, all the 
surrounding villi may persist, resulting in placenta membranacea. 
The placenta may be partially divided (placenta bipartita, tripar- 
tita, or multipartita), may be completely divided (as in placenta 
duplex), or there may be extra lobes (placenta succenturiata). 

Placenta circumvallata and its variant, placenta circummar- 
ginatà, are probably caused by a small blastocyst or its shallow 
implantation or both. Frequent clinical complications are abortion, 
intrauterine fetal death, premature placental separation and pre- 
mature labour, See also PLACENTA; EMBRYOLOGY AND DEVELOP- 
MENT, ANIMAL: Human Development; FETAL DISORDERS; ABOR- 
TION; PREMATURE BIRTH; OBSTETRICS. 

See A. T. Hertig and H. Gore in W. A. D. Anderson's Pathology, 5th 
ed. (1965). (A. T. H.) 

PLACODERM, a term used for a series of plated-skinned 
archaic fishes abundant in certain late Paleozoic deposits but now 
entirely extinct. Members of the class Placodermi had progressed 
beyond the cyclostomes and ostracoderms in acquiring jaws and 
paired appendages, although these structures often differed greatly 
from their homologues in more advanced fishes. As in ostraco- 
derms and bony fishes (Osteichthyes), but unlike sharks and 
cyclostomes, all the placoderms possessed bony armour. It is 
possible that some placoderms gave rise to sharklike fishes, but 
there are no known links with either ostracoderms or bony fishes; 
most placoderm types were aberrant and destined to speedy ex- 
tinction. Placoderms first appeared toward the end of the Silurian 
and flourished during the Devonian, They vanished at the end of 
that period except for one group, the acanthodians, which lingered 
until Permian times. 

Placoderms may be arranged in two major groups, to the larger 
of which may be applied the term arthrodire in a broad sense. 
Typical arthrodires were late Devonian marine fishes, best known 
from shales in the Cleveland (U.S.) region. Many were of large 
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size, Dinichthys being estimated to have reached 30 ft. in l 
The posterior part of the body was unclad, but head and “chest! 
regions were covered with bony armour; the two sections of the 
armour were connected by movable joints (hence the term arthro- 
dire—"jointed-neck") Small paired fins were present. The 
Devonian ancestors of these arthrodires were small, with a flatter 
body and more extensive armour. Paired fins were absent; in- 
stead, long curved bony “horns” extended outward on either side 
from the shoulder region. M 
There were numerous variants on the arthrodire pattern, Com- 
mon in fresh waters were the antiarchs (Antiarcha), such as 
Bothriolepis. In these small fishes there was an armour similar 
to that of typical arthrodires. As in primitive arthrodires there 
were long bone-covered structures extending laterally in the 
shoulder region, but in antiarchs 
these were movably articulated 
with the body, having somewhat 
the appearance of crustacean ap- 
pendages. In other forms found 
in marine deposits, such as Gem- 
tindina, paired fins, particularly 
pectorals, were highly developed 
and bony armour was reduced; 
possibly such types were evolving 
toward the shark condition, 
Classed among the placoderms, 
although showing little evidence 
of relationship, are the Acantho- 
dii. These small fresh-water 
fishes, such as Climatius, are of- 
ten termed "spiny sharks," but 
they resemble sharks only in their 
general proportions and differ 
markedly from these cartilagi- 
nous fishes in a body covering of typical bony scales and head 
plates, and in the presence of internal bone in some forms. Char- 
acteristic is the fact that all fins, paired and median (except the 
tail) were supported by prominent spines. In some genera addi- 
tional fins, supported by spinelets, are present as well as the typical 
vertebrate pectoral and pelvic appendages. (A. S. RR) 
PLAGIARISM: see Copyricut. 
PLAGIOCLASE: see FELpspAn: The Plagioclases. 
PLAGUE (also called Pest and OnreNTAL PrAGUE) is à term 
formerly applied to any widespread disease causing a great mor- 
tality, but now confined to a specific infectious fever caused by 
Pasteurella pestis (also called Bacillus pestis and Yersinia pestis). 
It is primarily a disease of rodents, and epidemics in human 
originate in contact with infected rodents, most commonly rats, 
or their fleas. The disease in man has three clinical forms: bu- 
bonic, characterized by swelling of the lymph nodes (buboes); 
pneumonic, in which the lungs are extensively involved; and septi- 
cemic, in which the blood stream is so strongly invaded by Pasteur 
ella pestis that death ensues before the bubonic or pneumonic 
forms have had time to appear. Plague as spread from rats to 
man in crowded urban areas is sometimes called murine (rat) or 
urban plague; plague in desert or rural areas where the human 
population is sparse but the wild rodent population large po 
fected may be called sylvatic (woodland) or campestral (field). 


HISTORY 


Many experts believe, because of the characteristics of ed 
disease in man and the extent of the mortality in mice, that Mu 
true plague that afflicted the Philistines in the 11th century re 
(I Sam. v and vi), Another early historical notice of pe 
contained in a fragment of the writings of the physician Rufus 
Ephesus, who lived in the time of Trajan (1st-2nd century А Р 
preserved in the Collections of Oribasius. Rufus desc {0 
buboes called pestilential as specially fatal and found chie! y ol 
Libya, Egypt and Syria. This passage shows the antiqui its 
plague in northern Africa, which for centuries was consid 
home. Not until the 6th century A.D. was Europe afflict Tt 
bubonic plague, as part of a great cycle that lasted 50 years. 
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spread over the whole Roman world, beginning in maritime towns 
and radiating inland. In another direction it extended from Egypt 
along the north coast of Africa. Whether the numerous pesti- 
lences recorded in the 7th century were caused by P. pestis cannot 
now be said, but the ones in England chronicled by St. Bede in the 
years A.D. 664, 672, 679 and 683 may have been this disease, espe- 
dally since pestis inguinaria was again recorded in Rome in A.D. 
690. Several infectious diseases were called plague or pest, so 
tetrospective diagnosis must depend on clinical accounts of the 
buboes, the course and the contagiousness. 

In the great cycle of the 14th cen- 
tury, when this disease was known 
as the Black Death, some plague in- 
fections were bubonic and some were 
pneumonic. The number of deaths 
Was enormous, reaching in various 
parts of Europe two-thirds or three- 
fourths of the population in the 
first pestilence. J. F. K. Hecker 
calculated that one-fourth of the 
Population of Europe, or 25,000,000 
QUAM died from plague during 

Пе great epidemic. (See BLACK 

EATH.) 

There was no documentary basis 
Until the 20th century for theas- 
Sumption that the second plague 
Pandemic of the 14th century 
Originated іп central Asia and 
Spread. to Europe, to India and 
to China. The Russian archaeolo- 
i D. A. Chwolson discovered 
im Nestorian graveyards near the 
коска lake, Kirgiz S.S.R., an 
ig long thought to form part 

the central Asian plague focus. 
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Inscriptions on three headstones made in 1338 and 1339 stated 
that the persons interred had died of plague, Chwolson also noted 
that the number of graves dating back to those years was excep- 
tionally high. This, considered with other known characteristics 
of those outbreaks, is good evidence that plague existed in central 
Asia before it ravaged China, Europe and India. China, with its 
proximity to Mongolia, regularly suffered from plague. It was 
known there as ko-ta-wen (literally, *sore-sore") and in the Hakka 
dialect of south China as ta-wun, which, according to the philo- 
logical studies of Mahdihassan, means “bubo-epidemic,” a con- 
notative descriptive name for plague. Distorted to ta’un, it ap- 
pears in several significant early treatises on plague in Arabic. 

The Great Plague of London in 1664-65 was not an isolated 
phenomenon. Plague had recurred frequently throughout Europe 
in the rsth, r6th and 17th centuries, but London had been un- 
usually free of it in the preceding years. It was not mentioned in 
the bills of mortality until the autumn of 1664 (Nov. 2). A few 
isolated cases were observed in Westminster, and a few in the 
following winter, which was severe. About May 1665 the disease 
again became noticeable and spread, but somewhat slowly. The 
total number of deaths from plague in that year, according to the 
bills of mortality, was 68,596 in a population estimated at 460,000. 
This number is probably an underestimate, since it is likely that 
many of the 6,432 deaths attributed to spotted fever were really 
caused by plague. In December the mortality fell suddenly and 
continued down through the winter, but in 1666 nearly 2,000 deaths 
were recorded. From London the disease spread widely over the 
country, but from 1667 on there was no epidemic of plague in 
any part of England, though sporadic cases appeared in bills of 
mortality up to 1679. This disappearance of plague from London 
has been attributed to the Great Fire, but it also subsided in 
other cities without such cause. The decline has also been ascribed 
to quarantine, but effective quarantine was actually not estab- 
lished until 1720. ‘The cessation of plague in England must be 
regarded as spontaneous. 

Epidemics subsided soon after in most of western Europe. In 
1666 plague raged in Cologne and on the Rhine and continued 
there until 1670. In the Netherlands there were instances of 
plague from 1667 to 1669, but no definite notices of it after 1672. 
France saw the last of plague in 1668, until it reappeared in 1720 
at Marseilles. About 40,000 persons died in the city and 10,000 
in the surrounding countryside. The source of infection was a 
ship arriving from the Levant with plague on board; there had 
been eight deaths, Quarantine procedures were a farce, and bales 
of cloth were smuggled into the city. Apparently the infection 
was circulated solely by human beings and their ectoparasites; 
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there was no mention of deaths among rats. The infection spread 
by leaps, often of great distances, skipping some areas immediate 
to Marseilles. 

Between 1675 and 1684 a new epidemic appeared in north 
Africa, Turkey, Poland, Hungary, Austria and Germany, progress- 
ing northward. Malta lost 11,000 persons in 1675. The plague 
of Vienna in 1679 caused at least 76,000 deaths. Prague in 1681 
lost 83,000 of its population. Dresden was affected in 1680, 
Magdeburg and Halle in 1682—in the latter town with a mortality 
of 4,397 in a population of about то,ооо. Мапу north German 
cities suffered about that time, but in 1683 plague disappeared 
from Germany, not to reappear until 1707. In Spain it ceased 
about 1681; in Italy certain cities were attacked until the end of 
the century, but not later. 

It is remarkable that in such a short time plague should totally 
disappear. Various explanations have been offered: the progress 
of civilization, in particular the control of infectious diseases by 
sanitation, hospitalization and cleanliness, and the supervision of 
the infectious sick were considered important factors. The agrar- 
ian revolution brought about a change in domestic housing that 
led to the exclusion of rats from human dwellings, so that the op- 
portunity for infection was reduced. Another factor may be that, 
with the abandonment of the old trade routes, commercial activity 
centred in Amsterdam and London, and the new connections with 
the far east were by sea, not by land. This reduced the distribu- 
tion of the disease. These explanations are not fully satisfactory, 
but they doubtless cover auxiliary factors. 

Knowledge acquired in the 20th century leads to the conclusion 
that the decline at the end of the 17th century illustrates the great 
natural law of the rise and decline of epidemics. The seeming dis- 
appearance again in the middle of the 19th century was merely a 
phase of the natural history of the disease itself, no more remark- 
able than the similar prolonged quiescence following epidemics of 
the 8th century. 

During the 18th and the early part of the roth century, plague 
continued to prevail in Turkey, the near east, Syria, Egypt and 
Greece. The cases in Egypt from 1833 to 1845 played a part in 


the history of the disease, since they were almost the first to be 
studied scientifically in their home by skilled physicians, chiefly 
French. Because this outbreak was less severe than the previous 
ones, the observers were misled to believe that the disease was not 
particularly contagious. M 
An outbreak in 1878-79 on the banks of the Volga near Vet- 
lianka, Russia, spread another panic across Europe, and most 
European governments sent special commissions to study and help 
control the epidemic. Although the foreign commissioners Af 
rived when the epidemic was over, they learned something of the 
characteristics of the disease. Subsequent research in southern 
Russia established the region around the Volga as an old focus 
of campestral plague. h 
Once it was a maxim that plague never appears east of ie 
Indus, but during the 19th century it afflicted more than one ed 
trict of India. In 1815 Gujarat, Kathiawar and Cutch et 
epidemics after three years of severe famine. Again early ! d 
next year it struck these same localities and then extended to Sin 
as far as Hyderabad and southeast as far as Ahmedabad E 
Dholera. But it disappeared from those parts in 1820 OF s 
in 1821 and was not heard of again until July 1836, when tibra 
out with violence at the town of Pali, in Rajputana. It n de 
from Pali to Ajmer-Merwara but died out spontaneously in 
hot season of 1837. А 
In 1823 an epidemic broke out at Kedarnath, in 
subdistrict of Kumaun, southwest of the Himalayas, 0n t last 
situation, In 1834 and 1836 there were others, and these @ a 
attracted the attention of the government. In 1849 and Bean 
again in 1852 the disease raged and spread southward. In rie 
outbreak in 1876-77 the symptoms of the disease, ae orien 
murree or mahamari by the Indians, were precisely those 0 
tal plague, and concurrent deaths of rats were noted. to have 
The third great expansive pandemic is generally thought the re 
gained momentum in Yiinnan province in China, wher’ move 
bellion of the Muslims beginning in 1855 and possibly t Ея slow 
ments of refugees propagated the disease. Progressing moder 
stages, it reached the provincial capital of Yün-nan-fu 
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K'un-ming) in 1866, and not until 28 years later did it extend to 
‘Canton and Hong Kong (May 1894). The number of deaths in 
Canton has been estimated at 80,000 to 100,000. During the epi- 
demic in Hong Kong the organism that causes plague, Pasteurella 
pestis, was identified independently by Alexandre Yersin and 
Shibasaburo Kitasato. 

Ports in south China became plague distribution centres, and 
between 1894 and 1922 the disease spread throughout the whole 
world, more widely than during any great foregoing epidemics. 
Among the many points infected were Bombay in 1896, Calcutta 
jn 1898, Japan and the Philippines in 1897, Australasia, Hawaii, 
Central and South America in 1899, Cape Town, U. of S. Af., and 
San Francisco, Calif., in 1900, Egypt and Singapore іп тоот, Bang- 
kok, Thailand, in 1904, Guayaquil, Ecuador, in 1908, Java in 
1910, New Orleans, La., and Colombo, Ceylon, in 1914, Galves- 
ton and Beaumont, Tex., and Pensacola, Fla., in 1922. Being at 
that time a seafaring disease it struck nearly all European ports, 
causing local epidemics in Glasgow, Oporto, Port., Odessa, Naples 
‘and Marseilles. India suffered most. The reported number of 
"deaths between 1896 and rory was 9,841,396; the maximum, 
reached in 1907, was 1,315,892—a rate of 5.16 per 1,000 of the 
population. Fortunately in the ensuing 25 years the incidence 
‘curve turned downward toward greatly diminished prevalence. 
In 1923 there were fewer than 250,000 deaths; in 1942, 10,577; 
in 1947, 41,745; in 1948, 9,757; and in 19§2, 1,007. Incomplete 
records for 1954 listed rg7 deaths in Burma and 547 in India; 
those for 1955 showed 720 cases, with 162 deaths. During this 
‘period Kenya in Africa had so deaths, and Ecuador and Peru 
had 159. After 1937 no cases were reported from the European 
“part of the U.S.S.R., an old plague focus. 

- The usual statements that nothing definite was known about the 
lransmission of plague during the early outbreaks is not entirely 
correct. Himalayan villagers long ago believed that unusual death 
among rats preceded outbreaks among human beings, and cen- 
turies earlier, in the Israel-Philistine controversies, mice were sus- 
pected of being in some way concerned. The discovery of the 
skeleton of a rat in a Neolithic site in Abu Uba cave near Mt. 
Carmel, Palestine, and in the Paleolithic site in the desert near 
Judaea attests to the antiquity of this important host of plague in 
the homeland of the Philistines. Some confusion about this has 
Jong prevailed because in Greek and Latin, the languages into 
Which the Bible was first translated, the same word is used for 
‘both mice and rats, according to W. P. MacArthur. Avicenna 
mentions plague in animals, and, according to Nicephorus Greg- 
Oras, mice died in 1348 during the Black Death in Constantinople. 
By that time a highly efficient plague reservoir, the black rat 
Rattus rattus, had become firmly established in Europe. Rat 
Skeletons have been found in excavations at Pompeii, Italy, and 
Votive offerings from: the first century found in Roman tombs 
depict rats. The Justinian plague (А.р. 542 and after) spread 
throughout Europe, where outbreaks occurred during the next 
half-century; these must have arisen from some persisting source 
rough the agency of rats. 

€ significance of rat mortality was again brought up in the 
outbreak in India in 1837: From the time of the Canton epi- 
ic, it had been noticed that plague in rats had concurred with 
Plague in man. The relationship was so striking that in 1897 Ogata 
wnori described the Formosa outbreak as "ratpest." Paul 
"ouis Simond noted the frequency of the disease among those 
ho had recently handled rats and the major role of the rat in 

Spread. It was reserved for the Plague Research commission 
to discover, in Bombay in 1905-06, the exact link between. rats 
human disease. As the result of studies of the Indian out- 
teak made by the advisory committee appointed in 1905 by the 
retary of state for India, the Royal society and the Lister in- 
tute, the whole epidemiology of plague was elucidated. 


GEOGRAPHIC DISTRIBUTION AND PREVALENCE 


„The distribution of plague in man depends almost solely on its 
tibution and course in rodents. Once this was recognized, mea- 
were taken to stop the transportation of rats and their fleas, 
these measures were remarkably successful in confining plague 
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to areas where it prevails in domestic and wild rodents. Transporta- 
tion of infected rodents and fleas, once responsible for the spread 
across broad geographic areas, was almost eliminated through 
well-planned and well-executed efforts. From 1929 to 1951 the 
only proved instance was on board the S.S. “Ville de Tamatave” 
in April 1938 at Beirut, Lebanon. Rat-proofing, fumigation of 
cargoes and general control measures in ports have freed the 
world of ship-borne plague. A change in the disease itself—away 
from the ports of warm countries toward the cooler hinterlands— 
has also contributed. 

Judging from the number of deaths officially ascribed to plague 
by the World Health Organization, the incidence of the disease, 
worldwide, has been steadily decreasing. The yearly number of 
deaths: was approximately 170,300 in the period 1919-28; 92,300 
in 1929-38; 21,800 in 1939—48; 4,600 in 1949-53; and fewer than 
200 a year in 1954-64. 

Asia.— The principal active plague centres in Asia by the middle 
of the 20th century were in India, China and Burma. There are 
three endemic centres near the foot of the Himalayas, one in cen- 
tral India comprising the watersheds of the Vindhya, Bhanrer and 
Maikal ranges and the Mahadeo hills; and three centres in the 
watersheds of the Western Ghats in Bombay and Mysore, in Hy- 
derabad state, and in the districts of Salem, Nilgiris and Madurai. 
These foci have been very active. Plague there early in the 
1950s was both a rural and an urban problem—it moved from the 
commercial towns out to villages and flared up where it found a 
highly susceptible rat population, The epizootics on the warm 
tablelands were severe, mortality among rats was high and the 
disease ebbed in a short time. In cooler regions, such as water- 
sheds, the disease was enzootic, persistent and less fatal to rats. 
Investigations have shown that the spread of infection in rural 
areas is caused by epizootic outbreaks among field rodents; the 
disease spreads from burrow to burrow and infects village rats 
in passing. Too, the persistence of rural plague is due to the rela- 
tively high resistance to the disease of the most plentiful field 
species, the Indian gerbil. The principal role played by the do- 
mestic rat is to act as “liaison rodent" between man and the field 
rodent. Officially reported cases in India totaled 402 with 55 
deaths in 1961, 697 with 88 deaths in 1962, and 205 (in Madras) 
with 17 deaths in 1963. ‹ 

In China, outbreaks varying in intensity were perennial in Hong 
Kong until 1923. Canton was free from the end of World War I 
until 1954, but the infection remained entrenched east of Pei-Hai, 
where 627 cases were recorded from Jan. to Sept. 1950. From 
Kwangtung it spread to other coastal provinces, of which Fukien 
continued to be involved, Another series of outbreaks, preponder- 
antly bubonic, was dispersed along inland routes from Mongolia, 
Plague also reappeared in Yünnan province about 1938. North 
Manchuria, infected by human agency from the wild rodent foci 
in Outer Mongolia, suffered pneumonic plague epidemics in 
1910-11 (more than 60,000 deaths) and a smaller outbreak 
(10,000 deaths) in 1920-21. Because these did not include the 
local rat population, they ended as soon as the climate ceased to 
favour spread of the infection from man to man. 

Plague continued in Burma (only 157 deaths in 1954, 73 in 1962, 
and 7 in 1963, compared with 2,743 in 1946), Indochina and Thai- 
land (not more than 100 cases a year) and Java (about 2,266 deaths 
in 1951; 829 in 1952). In Saigon, Indochina, in 1943 an epizootic 
among domestic mice, more heavily infested with the commonest 
plague-carrying fleas than were rats, was responsible for 42 cases 
of bubonic plague. In 1963 at least 115 cases of plague were re- 
ported in Vietnam, 

Infection among wild rodents in the interior of western Asia 
was in part responsible for plague invasions of Turkey, Syria, Iran, 
Iraq and possibly Israel (a few cases in Jaffa and Haifa in 1946 
and 1947). Typing of plague bacilli isolated from rats in the 
port of Istanbul and Antalya, Turk., and the demonstration of 
Pasteurella pestis in 376 rats in 1941, 1945 and 1947 in Palestine 
led to the suspicion that the infection also came in by sea or from 
wild rodent. foci. 

]t was discovered that the gerbil populations, in the complete ab- 
sence of rats in Persian Kurdistan, Transcaucasia and southeastern 
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U.S.S.R., constitute the permanent reservoirs for the middle east. 

Europe and Africa.—After World War II, plague appeared in 
Europe only in Ajaccio, on Corsica; in Taranto, Italy; on Malta; 
and in the Azores. Information about its real prevalence in the 
steppes of the southern U.S.S.R. is. not available. 

North and northwest Africa recorded infection in Egypt (712 
cases in 1943-44), Tunisia, Algeria, Morocco (5,000 cases in 1940- 
45) and French West Africa (639 cases in Dakar in 1944). Cen- 
tral Africa—in particular Uganda, Kenya, Tanganyika and the 
Belgian Congo (now the Republic of the Congo)—had old 
campestral foci, but the incidence of cases was usually less than 
400 a year. On Madagascar the outbreaks in ports and along the 
coast were bubonic, but on the high plateaus the infection tended 
markedly to secondary lung involvement and on to pneumonic 
plague, which accounted for 56.2% of all cases seen there in 1946 
and for 4 of 17 cases in 1955. 

Plague gained a foothold in the Union of South Africa in 1900, 
when the South African War necessitated the importation of large 
amounts of forage from infested South American ports. Until 
1912 port areas were involved, but thereafter infected rodents and 
fleas spread plague to rodents in southwestern Transvaal and north- 
western Orange Free State, in the Cape Midland and near Port 
Elizabeth, where cases began to occur after 1919, Human infec- 
tions numbered 556 from 1919 to 1925, 466 from 1925 to 1931, 
687 from 1931 to 1937 and 646 from 1937 to 1949. Nine cases 
observed in 1955 near the mission station Chitokoloki, on the 
Zambezi river, about 500 mi. W. of the copper belt, indicated that 
wild rodent plague was spreading from South Africa into Northern 
Rhodesia. A small outbreak (84 cases with 5 deaths) occurred 
in Ovamboland, South West Africa, in 1962-63. 

North America and Hawaii.—In the United States, plague 
was first recognized in San Francisco in 1900. Up to 1904, when 
San Francisco was declared plague free, 121 persons had been 
infected, and 113 of them died. Evidence that rats were the 
source of this outbreak is abundant. The disease broke out again 
between May 1907 and Nov. 1908, when there were 159 cases and 
77 deaths, Plague-ridden rats, as many as 2% of those trapped and 
examined, were caught in badly infected districts of the city. In 
New Orleans 30 persons became infected in 1914 and 25 (11 
deaths) in 1920, At the same time, Florida and Texas were re- 
porting human plague (total of 41 cases). Between 1924 and 
1955 there were no outbreaks of human plague of murine or urban 
origin, 

As the result of a case of plague in a human being in 1903, the 
Squirrel was added to the list of animal reservoirs. A few human 
infections were later traced to contact with squirrels or bites by 
their ectoparasites: a small epidemic of pneumonic plague (13 
cases) in Oakland, Calif., in 1919 and a similar one in Los Angeles, 
Calif., in 1924 (31 cases). A human infection was recorded in 
the Great Basin area in Oregon in 1934. As a result of extensive 
Surveys, especially from 1936 to 1950, wild rodent plague has been 
found in 138 counties of 15 western states, from the Pacific coast 
east to the 100th meridian in Kansas, Oklahoma and Texas, an 
area comprising about 40% of the continental United States. Evi- 
dence shows that the disease in wild rodents—squirrels, chipmunks, 
prairie dogs, wood rats, native field mice or voles and occasionally 
harvest mice and rabbits—forms a vast enzootic reservoir po- 
tentially dangerous to human beings. Since 1908, 77 cases with 62 
deaths have been traced to wild rodents. 

Of the 533 cases reported in the U.S. between 1900 and 1964, 
383 occurred in California and 65% were fatal. The only states 
reporting plague after 1946 were New Mexico (12 cases), Califor- 
nia (3), Arizona (2) and Texas (1). 

Infected prairie dogs and field mice have been found in Mexico, 

Plague became manifest in Honolulu, Hawaii, in Nov. 1899 and 
spread to adjacent districts and to Kauai, Maui and some other 
islands of the archipelago. Between 1899 and 1949, the total of 
human cases reported was 416. The Hamakua district, Hawaii, 

has suffered several human infections. 

South America.—Plague has been endemic in South America 
at least since early in the 20th century—in Venezuela, Brazil, Peru, 
Bolivia, Argentina and Ecuador. Flea-borne bubonic plague has 
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been the commoner form, but in mountainous areas the Proportion 
of pneumonic infections is much higher. 

From 1910 to 1951 Venezuela reported 211 cases, 37 of them 
in Miranda and Aragua. Brazil was more afflicted—between 1899 
and 1949, at least 9,248 persons were infected. In Argentina about 
7,000 infections were recorded between 1899 and 1940, Bolivia 
was infected in 1928. Rat epizootics preceded some outbreaks 
there. Peru, never free of plague since 1903, reported over a 
period of 50 years 22,254 cases, more than any other South Amer- 
ican country. After 1960 the provinces of Huancabamba, Ayabaca 
and Cajamarca and the department of Amazonas showed an in- 
crease in case incidence. 

Infection among wild rodents, established in Guayaquil, Ecuador, 
as early as 1908, caused more than 2,700 human infections in 
Ecuador between 1909 and 1940, after which a limited number 
of cases was recorded each year in the mountainous areas. An 
outbreak due to a rat epizootic in 1961 involved 71 cases in the port 
of Manta. Extension into Manabi province and renewed, unex- 
plained plague activity in Loga and Chimborazo provinces resulted, 
just as in Peru, in an increase in reported infections, 


THE DISEASE 


Causative Organism.—The plague bacillus, identified in 1894 
by Alexandre Yersin and Shibasaburo Kitasato, is found in the 
local vesicle of the flea bite, in buboes in ordinary cases, in large 
numbers in the blood in so-called septicemic cases and in the 
sputum in pneumonic cases. On post-mortem examination it is 
found in great abundance in the lymph nodes, spleen, bone mar- 
row and liver. 

Outside the body the plague bacillus is not very resistant to heat 
or to chemicals, but it remains alive in dried sputum for at least 
three months and in dry flea feces held at room temperature, for 
five weeks. It is resistant to cold; cultures and organs held in the 
icebox retain their virulence for months, even up to ten years. In 
moist garden soil, virulent plague bacilli may remain alive and 
infective for as long as seven months, 

On the whole, the capacity of the bacillus to multiply in the 
tissues and to cause death of its host—that is, the virulence of 
the organism—is remarkably stable and vigorous, Test animals 
(for example, mice) have been fatally infected with as few. as 
three to ten bacilli. Most investigators agree that the virulence 
of the organisms does not subside in the course of a bubonic 
outbreak. The mildness of some infections may be explained by 
greater resistance of certain individuals, not by inherent dif- 
ferences in the causative microorganism. 

Strains of P. pestis secured from man, rats, wild rodents and 
fleas from every corner of the world are biologically identical 
and show remarkable homogeneity of virulence and infectiousness. 
With special laboratory methods certain strains may be rendere 
avirulent, or they may spontaneously lose their virulence xm 
kept in the laboratory. Unfortunately most of these avirulen! 
strains are somewhat toxic. They are, however, suitable for active 
immunization and also are used in the manufacture of antiplague 
serums. 

Natural History.—Plague is primarily a diseas à 
and man enters only accidentally into the usual cycle. This d 
—rodent-flea-rodent—as a rule is enzootic, but under certain а Я 
vironmental conditions it reaches epizootic proportions. In er s 
areas plague-infected rats from ships spread the infection b 
where it became epizootic in commensal rats. Then it S 2 d- 
from these rodents to peridomestic and field rodents. In E 
ently or as an extension of the infection in urban rodent us u 
in wild rodents may affect guinea pigs, hamsters and rabbi us 
deserts and other uninhabitable places it uses squirrels, ge 
hamsters and rabbits as hosts. wild го- 

Human beings only rarely contract the disease from oa 
dents; in the midst of epizootics that have littered pests melt 
cadavers of plague-infected squirrels, when burrow opening pa 
teeming with infective fleas, rarely if ever has a ma ас x 
been infected. But spread of the infection among domes ns fa- 
dents in the vicinity of human habitations creates condi ce 
vourable for outbreaks of human plague. For when an ep 


e of rodents, 
s cycle 
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reduces the rodent population, fleas from the dead animals fail to 
find another rodent host and thus begin to infest men. At first the 
cases are sporadic, but under suitable conditions large numbers of 
persons may be included. 

As a rule, at this stage if the infection is bubonic, plague does 
not spread directly from one person to another. Relatively rarely 
are there enough bacilli in the blood of human beings to infect the 
fleas that ingest it. The human flea, Pulex irritans, is a poor 
transmitter of plague. Under certain circumstances when the 
bacilli become localized in the lung and are eliminated in large 
numbers in respiratory discharges, and when environmental and 
climatic conditions favour aerogenic droplet transmission, the 
infection spreads from man. to man. The pulmonary plagues in 
Manchuria in 1910-11 and 1920-21 and later in eastern India 
amply attest to the importance of cool weather and crowding in 
badly ventilated dwellings as contributory factors in creating 
pneumonic epidemics. The term epidemic is used loosely to de= 
scribe bubonic plague, for this relatively seldom spreads from man 
to man. 

Infection may also be acquired at post-mortem examinations 
and in the course of laboratory accidents, and it was once used 
with homicidal intent (in Calcutta in 1933, described by Wu Lien- 
teh and his colleagues in 1936). 

Rodents carrying plague fall into two main groups: (1) the 
Muridae, the rats, of which certain species living in close associa- 
tion with man are responsible for maintaining endemicity and for 
large outbreaks; and (2) the Sciuridae, Cricetidae, Jaculidae, 
Caviidae and Leporidae, the wild rodents, responsible for main- 
taining campestral and sylvatic plague. 

Murine or Rat Plague —Natural plague has been observed in a 
great variety of the order Rodentia, but of numerous species of 
the Muridae family only three of the subfamily Murinae (the 
typical rats and mice) are of universal importance in plague. The 
rats largely responsible for propagating plague are the Norway, or 
brown, rat (Rattus norvegicus), and the English black rat (Rattus 
rattus rattus), with its subspecies or varieties, In different areas 
different subspecies of Rattus and several species of Mus may 
be responsible reservoirs. The organism is ordinarily discovered 
through macroscopic and microscopic examination of the organs 
of the diseased or dead rats routinely collected in plague-infected 
communities. 

Recurrence of plague in commensal rats in countries where the 
principal natural reservoirs are squirrels or gerbils without notable 
repercussions in the nearby human populations cannot be ex- 
plained. Commensal rats have long been thought the principal 
reservoir because where bubonic plague has raged or is raging, 
without exception domestic rats and the classical plague-bearing 
flea have abounded. Studies in the Kurdistan mountains of Iran, 
the rift valley of Kenya, and the central states of India, however, 
Suggest that plague, in order to maintain itself in focal areas, re- 
quires resistant wild rodents capable of surviving the epizootics. 

hey perpetuate the infection, But it cannot operate without 
Susceptible species capable. of rekindling it. 

The ecological factors in the habitual niches filled with hosts, 
Parasites and vectors are very complex, and the combinations re- 
sponsible for epidemics in India, Madagascar, Senegal, Peru, 
Brazil and elsewhere are not fully understood. As M. Baltazard 
Stated, although the rat has made the fortune of plague, it is not 
the original, probably not even the actual, proprietor of the dis- 
ĉase, only the disseminator. 

Plague in Wild Rodents (Campestral and Sylvatic Plague).— 
Among the wild rodents, squirrels and related species are the chief 
Instruments for exchange of the infective agent; a group of small 
rodents, such as harvest mice act as complementary and auxiliary 
hosts. There is ample evidence that plague has spread from wild 
rodents to domestic rats and mice. About 250 species are subject 
to natural infection, not infrequently taking the form of a sea- 
Sonal epizootic among the younger members of the regional wild 
Todent population. 

The Vector —Members of the family Pulicidae, which includes 
Most of the common fleas, are the third indispensable factor in 

propagation of plague. Simond, in his experiments with fleas, 
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in 1898 showed them to be possible disseminators of bubonic 
plague, either from animal to animal, animal to man, or man to 
man. The ecology of wild rodent fleas has been well studied to 
the conclusion that comparatively few (approximately ror) of the 
estimated 1,500 existing species can transmit plague. The most 
important vectors are listed in the Table. The classical one is the 
Indian rat flea, Xenopsylla cheopis. 

At one feeding ona rat whose blood contains 100,000,000 organ- 


Vectors of Plague 


Flea istributi Reservoir Transmits 
(known to bite man) | 219210908 hosts primarily to: 
Xenopsylla cheopis . | Widely Rattus rattus Rats and man 
disseminated. 
Xenopsylla brasilensis Uganda; Kenya, Rats Rats and man 
Nigeria 
Xenopsylla hawaiiensis| Island of Hawaii | Field rats Field rats 
Xenopsylla astia India, Ceylon, Rats Rats 
Burma, Mesopo- 
tamia, Mombasa 
Xenopsylla nubicus . | Tropical east and | Rats Rats 
-| _west Africa 
Xenopsylla philoxera | South Africa Wild rodents Wild rodents. 
Pulex irritans . . | Nearly Man, swine, ro- | Man, rodents 
cosmopolitan dents, carnivores 
Nosopsyllus fasciatus | Temperate zone of | Rattus norvegicus | Rats 
Europe and 
America 
Diamanus montanus уара United Ground squirrels | Ground squirrels 
tates 
Polysenis platensis 
cisandinus. South America Cavies Cavies, or cuys, 
and man 
Delostichus talis... | Southeast U.S.S.R.| Cricetus Cricetus 
Ceratophyllus 


Ground squirrels 


tesquorum Russian steppes | Citellus pygmaeus 
Rodents 


Oropsylla silantiewi . | Manchuria Rodents 
(tarabagans) 


isms per millilitre, a flea will ingest about. 5,000 organisms and 
will ordinarily become infective because the organisms are likely 
to multiply in its digestive tract. ' The flea is not а mere passive 
carrier. A few days, or even longer, after it has fed on infected 
blood, under the microscope clusters of plague bacilli can be seen 
in its stomach, Later its proventriculus becomes plugged by 
gelatinous masses of bacilli, and the valvular action becomes in- 
adequate. Because of this obstruction; the blood being sucked by. 
the flea cannot enter its stomach. The esophagus containing viru- 
lent bacilli becomes distended, and the elastic recoil of the walls 
of both pharynx and gullet when the flea stops sucking may drive 
back into the bite wound highly infective blood... The infective 
flea may regurgitate as many as 10,000 to 24,000 organisms at one 
biting. Some of these usually enter the blood of the new host, 
and if the new host is susceptible, bubonic or septicemic plague is 
the result. 

Many species of fleas merely become infected without occur- 
rence of blockage; these rarely if ever become pestiferous. Others 
may carry the bacilli in their intestinal tubes for a long time and 
become blocked later. This last relationship between the flea and 
the plague bacillus is important because in it may lie one explana- 
tion for the carry-over of the infection from season to season in 
hibernating rodents. 

Fleas that have fed on severely infected rodents may spread the 
organisms with their mouth parts without being blocked. This 
mode of transmission is of particular importance during epizootics 
when plague is rampant. There is experimental evidence that this 
type of mechanical transmission by a large number of fleas is as 
efficient in spreading infection as is the bite of a single blocked 
flea. Of least importance is fecal transmission. The flea pellets are 
viscous, and unless the skin is broken plague bacilli could not gain 
entrance into the tissues of the bitten. Furthermore, not all fecal 
pellets contain enough organisms to overcome the inherent high 
resistance of many wild rodents. 

Killing of vermin (lice or fleas) with the teeth may cause ton- 
sillar infection with the plague bacillus. 

The maximum life span of an infective flea with a blocked pro- 
ventriculus is only 20 to 30 days, but infected unblocked fleas 
may live much longer. A flea infected in October can retain the 
infection and transmit it during the following March. Among the 
preservers of plague from season to season, the flea is probably 
important. The microclimate of subterranean burrows with a 
constant moderately high temperature and a constantly low satura- 
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tion deficiency is particularly favourable to the longevity of the 
flea. Transportation of infected fleas in all kinds of cargo is fre- 
quently assured when the time of transport is not too long and 
climatic conditions are favourable. 

The type of fleas and the extent of fiea infestation of rats in an 
area have been stressed as factors in the severity of an outbreak. 
The total number of fleas per rat varies with the climate, the sea- 
son and other factors. But, on the basis of epidemiologic compari- 
sons, these factors are of less importance than the number of in- 
fected fleas that become blocked and therefore infective. 

Detecting campestral or sylvatic plague among wild rodents in 
rural areas is greatly facilitated by the examination of their fleas, 
removed either from fur or burrow openings. 

As an epidemic scourge, plague has been conquered, but the 
source of harm remains, In spite of great progress, there is no 
satisfactory answer to the old question of why plague assumes a 
short- or long-term periodicity in its local or global manifestations. 
Fluctuations in rodent populations may be responsible; immunity 
acquired by animals that survive epizootics and temporarily trans- 
mit it to their offspring enters into the balance. Fabian Hirst de- 
votes a long chapter to this stimulating problem in his book The 
Conquest of Plague and recalls that Louis Pasteur suggested that 
the causative agent might persist in nature in an attenuated form, 
with a sudden return of virulence controlled by climate and eco- 
nomic factors. 

Clinical Characteristics of the Human Disease.—Plague 
may take three clinical forms: bubonic, pneumonic or septicemic. 
Misleading use of the word “bubonic” (which means character- 
ized by buboes, or inflammatory swelling of lymph nodes) has 
given rise to the erroneous idea that true plague is necessarily 
bubonic and that nonbubonic types are a different disease alto- 
gether. 

The illness varies within the widest limits, exhibiting all grada- 
tions of severity from mere indisposition, which may pass almost 
unnoticed, to extreme violence, equaled only by fulminating 
cholera. The mild infections are always bubonic; the other forms 
are invariably severe and almost always fatal unless treated. The 
incubation period is usually three to six days; it may be as short 
as 36 hours or as long as 10 days. As a rule the onset is sudden 
and well marked. 

Bubonic Plague.—Bubonic plague constitutes about three- 
fourths of the total cases. In a typical case there is usually shiver- 
ing at first, occasionally a rigor, followed by a rise of temperature, 
with vomiting, headache, giddiness, intolerance to light; pain in 
the epigastrium, back and limbs; sleeplessness, apathy or delirium. 
The headache is described by the patient as splitting; delirium is 
usually of the busy type, like delirium tremens. The temperature 
varies greatly; it is as a rule not high on the first day—from ror? 
to 103?F.—and may even be normal, but sometimes it rises rapidly 
to 104? or 105°, even to 107°; it frequently falls two or three de- 
grees on the second or third day. The eyes are red and inflamed. 
The tongue, somewhat swollen, is at first covered with a thin, 
white fur, except at the tip and edges, but later it becomes dry, 
and the fur, yellow or brownish. Prostration is marked. Consti- 
pation is the rule at first; the occurrence of diarrhea is a grave sign: 
Frequently the severely ill patient appears dazed and stupid, is 
thick of speech and staggers, giving the impression of drunken- 
ness. 

There is nothing, however, in all these symptoms and signs that 
is positively distinctive of plague. The really distinctive sign is 
the appearance of buboes, which happens early in the illness, usu- 
ally on the second day; sometimes they are present from the on- 
set; sometimes they cannot be detected before the third day or 
even later. The commonest seat is the groin, and next to that the 
armpit; the cervical, submaxillary and femoral glands are less 
commonly affected. Sometimes the buboes are numerous and on 
both sides of the body, but more commonly they occur on only 
one side. The pain is described as tearing or sharply cutting. If 
the buboes are not treated, they usually form pus and open out- 
ward by sloughing of the skin, but they may subside spontaneously 
or remain hard. Petechiae (small, round red spots caused by 
hemorrhage in the skin) appear over the buboes or on the abdomen 


PLAGUE 


shortly before death. ‘Boils and carbuncles are rare, 

Pneumonic Plague.—Pneumonic plague was described in mam 
of the old epidemics. Its precise significance was first Sedis 
in Bombay by L. F. Childe, who found the bacilli in the Sputum 
and showed that the inflammation in the lungs may be set up 
primary plague infection. The pneumonia is usually lobular, the 
onset marked by shivering, with difficult and hurried breathing 
cough and expectoration. The prostration is great, and the course 
of the illness, rapid. The breathing becomes very hurried—4o to 
бо respirations in a minute—and the face dusky. The expectora. 
tion soon shows an admixture of blood, and later in the disease 
large amounts of blood-containing sputum teeming with plague 
bacilli may be coughed up. The temperature is high and irregular, 
The physical signs are those of bronchopneumonia; edema of tlie 
lungs soon supervenes; and death occurs in three or four days, 

Septicemic Plague.—When the organisms are injected by the 
flea directly into the capillaries or cannot be localized in the 
buboes, generalized septicemic plague may develop. Prostration 
and cerebral symptoms are particularly marked. The temper- 
ature rises rapidly to a very high level. The patient may become 
comatose and die within 24 hours, but more commonly on the 
second or third day. Recovery is rare. 

Recovery from all three forms is slow. Second attacks are rare. 

Diagnosis.—In an endemic area, typical severe bubonic or 
pneumonic plague is relatively easy to identify. However, when 
the disease breaks out only sporadically, the bubonic form must 
be distinguished in its early stages from tularemia, lymphogranu- 
loma venereum and pyogenic infections. In the tropics the septic 
and pneumonic forms may resemble various fevers—relapsing, 
dengue, typhus or fulminating malaria. Primary pneumonic 
plague has been confused with influenza, as in the Oakland, Calif., 
outbreak, or with lobar pneumonia, as in the Los Angeles out- 
break. 

There may be no clinical signs from which diagnosis can be 
made; bacteriologic examinations are essential. These include 
microscopic examination of edema fluid from a bubo or of sputum, 
serum hemagglutination, agglutination and complement fixation 
tests. Early diagnosis is of greatest necessity, not only to the pa- 
tient, whose recovery may depend on immediate treatment, but 
also to his family and physician and to the community because of 
the infectivity of this disease agent. 

Treatment.—A highly potent horse antiserum prepared at the 
Haffkine institute in India was proving quite effective in the treat- 
ment of plague shortly before the remarkable successes with sul- 
fonamide therapy were achieved in тодо. Experimental and field 
trials assessed and confirmed the value of antibiotic treatment 0 
all forms of plague, provided the drug is given early in the course. 
Supplementing drug therapy with inoculation of antiserum ар- 
parently offers the severely infected patient a better chance for 
recovery. Some of the antibiotics—streptomycin, chloramphen 
col and the tetracycline compounds terramycin and aureomyon-" 
are excellent in the treatment, even of pneumonic plague; the su 
fonamide compounds, though less curative, are extremely use 
and offer highly relevant advantages. 

In countries where the antimicrobial drugs are scar 
pensive and where plague still causes many acute illnesses ме! 
deaths every year, the inexpensive sulfa drugs have а soun us 
tion in both the cure and the prevention of this infection. T 
field trials the antibiotics set a new record in lowering the n i 
rate in pneumonic plague, in which the prognosis was E. 
poor. In general the consistently satisfactory experiment lop- 
field trials with streptomycin, marred only a little by the dev 
ment of streptomycin-resistant strains of the plague ue 
it the first choice among the available antiplague drugs. lin) art 
amphenicol, terramycin and aureomycin (but not penicillin 
active against the streptomycin-resistant strains. 

Prevention.—The suppression of bubonic plague eously 
by (1) appropriate sanitary measures directed simultane? en 
against the vectors and the rodent reservoir; (2) efforts 
hance the resistance of the individual; and (3) isolation natest 
sick and the handling of all infectious material with the 6" 
caution. 


ce and ex- 


is attempted 
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Since plague-infective fleas represent the immediate hazard to 
man, it is imperative that insecticides be used early in the out- 
breaks, Rat ectoparasite control with the insecticide DDT 
(dichlorodiphenyl-trichloroethane), introduced and tested during 
World War II, achieved spectacular and consistent control of 
Xenopsylla cheopis and other fleas that carry and transmit plague. 
Dusting rat runs with DDT brings epidemics under control. This 
is the method of choice to speed up a suppressive program and to 
increase its effectiveness.: Not only does it kill the ectoparasite 
on the rats, but some of the powder is carried by the rats back to 
their nests.and harbourages, and this is distributed over the breed- 
ing places of the fleas. Under certain circumstances the chemical 
kills even the rats. During an epidemic, houses are effectively 
disinfected with DDT-aromex, soap, which remains effective for 
weeks, if not longer. Several other chlorinated hydrocarbons, 
such as aldrin, dieldrin, and benzene hexachloride, later proved 
even more effective than DDT. 

Because fleas acquire their infections by feeding on plague- 
infected rats, it is equally important that these reservoir hosts be 
effectively controlled in order to eliminate the source of the disease 
agent. For destroying large numbers of rodents, poisoning and 
fumigation are more effective than trapping. Red squill, phos- 
phorus, barium carbonate, arsenic trioxide, zinc phosphide and 
thallium sulfate were some of the poisons commonly used before 
World War II. Research during the war produced ANTU (alpha- 
naphthyl thiourea) and то8о, the latter with an unprecedented 
oral toxicity for rats, ‚Тһе lethal anticoagulant Warfarin, devel- 
oped in 1948, consistently reduces rat populations of Rattus nor- 
vegicus, R. rattus and Mus musculus, but not R. hawaiiensis. It 
has the advantage that it is self-baiting and can be given in corn- 
meal. Proper use of all rodenticides requires considerable skill 
and experience. . Since some of the preparations (1080, ANTU and 
others) are highly poisonous for mammals, including man and 
domestic animals, adequate safety precautions must be employed. 

No rat-control program is complete without supportive sanita- 
tion and until harbourages are destroyed and buildings are rat- 
proofed. Importation of rats from endemic areas should be 
guarded against by ratproofing ships and applying measures to 
prevent the escape of rats from vessels and their boarding of ships 
from the wharves. This is accomplished by rat guards on the 
hawsers. Ratproofing and the use of rodenticides have reduced 
the necessity for fumigation of ships. 

Suppressing wild rodent plague in rural districts is almost im- 
Possible, The area is usually of unmanageable size, and knowl- 
edge of the many ecologic factors that influence control operations 
15 so inadequate that, except in a few small areas in California, 
and, according to the Russians, in the Caucasian steppes, curtail- 
ment of the rodent population cannot yet liquidate plague among 

е species involved. For this reason it is essential that domestic 
Premises be surrounded by rodent-free belts. ; 

In an outbreak persons engaged in rat control should be im- 
munized and should wear fleaproof clothing. While flea repellents 
do not prevent fleas from alighting, the insects do leave impreg- 
mated surfaces without biting. 

Vaccination or the. injection of antigens made from killed viru- 
lent Organisms is used to immunize inhabitants of epidemic re- 
Bons. These do not invariably prevent infection, but they do 
Teduce the morbidity and mortality rate of bubonic plague. The 
Steady decrease of plague in Indonesia was attributed to the use 
01 vaccines consisting of living avirulent plague organisms. 

{ually favourable results were reported from Madagascar with 
type of preparation. Workers in India, using the so-called 
Hafikine, heat-killed broth culture of a highly virulent strain, 
showed repeatedly that the total number of cases and the death 
tates were lower in the vaccinated than in the unvaccinated groups. 
Whatever means is used, repetition of vaccination strengthens the 
munity produced, а 

nless the necessary precautions are taken, pneumonic plague 
Spreads from one person to another, and some additional measures 
Must be taken against the other forms. Strict isolation of the pa- 
ents in insectproof rooms is essential, The patient's clothing 
Must be disinfected and disinfested of fleas in a steam sterilizer. 
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All those who come in contact with patients must wear gloves and 
gowns. If the infection is pneumonic or suspected of being pneu- 
monic, physicians, nurses and any others in contact with the pa- 
tient must be protected by complete overalls, gloves, hoods 
equipped with goggles, and face masks of eight layers of gauze 
covered by a deflection mask. 

The air of the room in which patients with pneumonic plague 
are housed, preferably under an oxygen tent, should be kept dry ; 
possibly other auxiliary protective measures against aerogenic 
infection deserve consideration. The chance of infection through 
droplets or droplet nuclei is quite high, and infection of medical 
personnel, not uncommon, Persons other than medical attendants 
who are exposed to plague pneumonia must be quarantined for 
seven days, and chemoprophylaxis with sulfadiazine may be insti- 
tuted. 

See also BACTERIA; EPIDEMIOLOGY; FLEA; Кат; and references 
under “Plague” in the Index. 
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PLAICE (Pleuronectes platessa), a flatfish of the family of 
right-eyed flounders (Pleuronectidae). It ranges from Iceland 
and northwestern Europe to the Gulf of Cádiz, and is one of the 
most important commercial food fishes of the North Sea. Both 
eyes occur on the right side, and the left side is virtually colour- 
less. The plaice is easily distinguished from other common flat- 
fish by the red spots scattered over the body. Strong bones in the 
throat bear large blunt teeth used for crushing the shells of 
bivalves, the principal food of this species. A length of more than 
30 in. and a weight of 8 Ib. may be attained, but nearly all the fish 
marketed are less than half that length. See also FLATFISH. 

(C. Hv.) 

PLAIN. The term plain is commonly applied to any part of 
the earth's surface that is relatively level and at relatively low 
elevation. The surface of plains is, in general, more level than 
that of hill regions; and, of course, plains are much flatter than 
mountains. Plains are usually distinguished from plateaus by 
their lower elevations. There are, however, numerous exceptions 
to these generalizations. The roughest parts of the world's plains 
are considerably more rugged than many areas named hills and 
even some areas locally named as mountains. 

Some plains (for example the western part of the Great Plains 
of the United States) stand at elevations of more than a mile 
above sea level and are thus higher than some areas designated 
as plateaus. But despite numerous exceptions most plains are 
comparatively low and flat. Various attempts have been made 
to standardize the definitions of plains and other land forms, but 
none of the proposed schemes of classification has been widely 
accepted. , 

Size and Distribution.—Plains vary widely in size. The 
largest plains cover hundreds of thousands of square miles; at 
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the opposite extreme, in some rougher areas of the world, small 
flat areas of only a few acres are called plains. 

Plains are found on all continents except Antarctica. There 
are plains north of the Arctic circle, in the tropics and in mid- 
dle latitudes. Extensive plains are located in the deserts and 
also in humid areas. Plains are located in the centres of conti- 
nents and also at the continental margins. Some plains are tree 
covered, some support scrub brush and bunch grass, others are 
grassy; some support only the most sparse and scanty vegetation. 
Some plains are nearly waterless deserts; others exhibit widespread 
swamps. An unusual distributional characteristic is that most of 
the world’s major plains—those in Africa, Europe, North America 
and South America—are all drained by rivers that empty into the 
Atlantic. 

Economic Importance.—Plains are the great centres of popu- 
lation, industry, commerce and transportation, for a number of 
reasons. The flat surfaces of plains are most easily cultivated and 
generally contain the most productive soil. They became some of 
the principal areas of population growth relatively early in hu- 
man history. Their level surfaces offer fewer obstacles to land 
transportation than do hills, mountains or plateaus, and the rivers 
of plains are generally much easier to navigate than those of 
rougher terrain. 

Most of history’s great civilizations have developed on plains. 
Babylonia and Assyria and the other early civilizations of the 
near east arose and flourished on the great plains adjacent to the 
Tigris and Euphrates rivers. Egyptian civilization developed on 
the Nile plain. Most of the Greek cities were on small plains 
scattered in and adjacent to the hill lands of the Greek peninsula. 
Most of the civilizations that have endured for such long periods 
in the far east were based on the extensive plains along the eastern 
margin of Asia, West European civilization developed on the so- 
called North European plain. The significance of plains in human 
history is further demonstrated in the following discussion of major 
plains of the world. 

North America.—Some physical geographers and geologists 
regard all of North America east of the Rocky mountains as a 
plain interrupted only by the Ozarks, the Appalachian mountains 
and plateaus, and the Laurentide mountains lying north of the 
St. Lawrence river valley. . Under this view more than half of 
North America consists of plains. 

Atlantic-Gulf Coastal Plain —One of the simplest types of plains 
is represented by the Atlantic-Gulf coastal plain, which in the east 
lies between the Appalachian highlands and the Atlantic, and which 
stretches from Virginia around through all the southern states to 
the Rio Grande river, and thence south for nearly 500 mi. along 
the Gulf coast of Mexico. This plain was uplifted from the sea 
in recent geological times. The net effect of waves and currents 
is to level off the undersea surface by filling in the depressions. 
When such a surface is uplifted from the sea without being seri- 
ously bent or broken it forms a low flat plain bordering the ocean, 
and is called a coastal plain. 

The coastal plain of eastern North America, like most coastal 
plains, is a low, flat, almost featureless plain. Because it is so 
flat drainage is poor. Swamps cover broad areas; the Okefenokee 
swamp of southern Georgia is the best known. Rivers are broad 
and sluggish, The plain is underlain in many places by uncon- 
solidated sands, gravels and clays that were originally deposited 
beneath the sea, Although in places the coastal plain extends in- 
land more than 150 mi., it generally lies only 100-200 ft. above 
sea level. [ 

Great Plains —The Great Plains stretch more than 2,000 mi. 
north and south along the eastern base of the Rocky mountains 
and average approximately 300 mi. in width, sloping gently to the 
east from the base of the mountains. The surface of the Great 
Plains varies from extreme flatness (as, for example, in north 
"Texas) to areas so rough that most persons would not regard them 
as plains. Over vast areas the plains are built of material eroded 
from the Rocky mountains and spread out in a great alluvial apron 
at their base. These alluvial materials (some in the form of 
rocks, others consisting of loose sand and gravel or clay) underlie 
the plains. The Great Plains are an enormous expanse of grass- 
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land (see PRAIRIE). 

Laurentian Plateau.—The whole northeastern quarter of North 
America is one of the areas that physiographers and physical ge- 
ographers have classified in various ways. It has been designated 
as the Laurentian plateau, as hill country and as a plain, Tt is 
a vast area of low relief; a country of rolling hills, swamps and 
tens of thousands of lakes. The plain has been formed by the 
erosion of extremely ancient mountains to low relief. In the im. 
mediate geologic past the whole area was severely glaciated. Gla- 
ciation removed the loose surface materials, leaving the present 
surface largely bare rock. It smoothed and evened the surface 
and thereby so disarranged the drainage pattern that ‘it created 
the myriad lakes and swamps now found there. Nearly all the area 
is now covered by coniferous forest except on the northern margins 
where it grades into tundra. 

Interior Plains —Lying west of the Appalachian highlands and 
between the three plains areas previously described is a plain 
known by various names such as the Interior plains and Interior 
lowlands. These plains are less extensive than those mentioned 
previously but are extremely important agricultural areas, They 
contain the corn belt, the dairy areas of the lake states, the blue 
grass region of Kentucky and the Nashville basin of Tennessee, 
In general these plains are underlain by relatively flat-lying sedi- 
mentary rocks such as shales, sandstones and limestones; but in 
some places the rocks are warped upward into low arches or down- 
ward into shallow depressions. 

The northern part of the region—north of the Missouri and 
Ohio rivers—is an area of glacial deposition, where the mate- 
rial eroded from the Laurentian rock plains was deposited. Orig- 
inally the areas had three major types of vegetation—mixed 
conifers and hardwoods in the north, magnificent hardwood forests 
in the Ohio basin and farther south, and long grass prairies in the 
centre. 

Europe and Asia.— The greatest uninterrupted expanse of plain 
on the globe sweeps from the Pyrenees mountains on the French- 
Spanish border across northern Europe and Asia nearly halfway 
around the world almost to the Bering sea. In western Europe the 
plain is comparatively narrow, rarely exceeding 200 mi, in width; 
but as it stretches eastward it broadens steadily until it reaches 
its greatest width in eastern Siberia, where it extends more than 
2,000 mi. from the mountains of central Asia north to the Arctic 
ocean. ч 

A plain of such vast extent exhibits a wide diversity of condi- 
tions. It embraces wide differences in human geography, rock 
structure and composition, climate and vegetation. 

North European Plain—The European section covers all of 
western and northern France, Belgium, the Netherlands, Denmark, 
northern Germany, southern Scandinavia, and nearly all of Polan 
and Finland. From northern France and Belgium eastward it 1$ 
commonly called the North European plain. d " 

Conditions in the North European plain are complex in deta 
The terrain is flat or gently undulating. Most of the area has 
been glaciated and large sections are underlain by relatively A 
productive sands and gravels. Sandy dune lands border the N 
sea and the Baltic. In the Netherlands an extensive delta pi 
is formed by the deposits of the Rhine river. Delta plains d 
erally are among the most productive and populous. The soils n 
usually rich and fertile because the materials havê only 260 et 
been deposited by the delta-forming stream. The terrain 18 f ; 
a favourable condition for agriculture if the land can be prope К 
drained, and the stream that forms the delta is useful for nem 
portation. The section of the North European plain borden li 
the North sea is one of the most densely populated areas 1 
world. iude 
Finland and the U.S.S.R.—In Finland and adjacent Parê 9 sie 
U.S.S.R. are plains very similar in several characteristics (0 s 
Laurentian plains of northeastern North America: der) 
underlain by ancient, resistant, crystalline rocks that have TA 
worn down to a surface of low relief and then severely #80 i 
in recent geological times. With its extensive areas of la Te and 
swamps caused by the disarranged drainage pattern, thin 50! theri 
coniferous forests, the Finnish plain is very similar to Tor 
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and eastern Canada in character and appearance. 

The continental glaciers that planed, eroded and polished the 
rock surfaces in Finland deposited part of the material over the 
plain to the south. Heaps of glacial material called moraines are 
strewn in great arcs across northern’ Germany, Poland and the 
European sections of the U.S.S.R. Interspersed with the moraines 
are long parallel spillways where glacial meltwaters flowed to the 
sea parallel to the ice front. These spillways were covered with 
sand and gravel by the rushing glacial streams; consequently they 
are flat, poorly drained and relatively unproductive. 

The European section of the U.S.S.R. is deeply underlain by a 
relatively rigid platform of ancient rocks. However, at various 
times in its history this area has slipped beneath the sea and 
been covered with sedimentary rocks. These have been mildly 
bent and warped but nowhere have they been sharply deformed. 
Consequently the whole area from the Black sea to the Arctic is 
one uninterrupted plain, everywhere below 1,500 ft. elevation. 

Despite its great uniformity in terrain the Russian plain is not 
featureless. Climatic differences produce great belts extending 
approximately east-west across the country. The southern part 
of the plain is an area of semiarid grasslands which grade toward 
the north into more humid lands with taller grasses and rich, fertile 
soils. North of the grasslands lies a belt of hardwood forests; 
in the severely cold north lies a belt of coniferous forests, and 
bordering the Arctic ocean a belt of tundra. 

West Siberian Plain —The West Siberian plain of northern Asia 
is an extension of the Soviet European plain. In the north the 
sweep of the plains is interrupted by the narrow belt of the Ural 
mountains but in the southern half there is no break whatever. 
It is one of the largest and flattest areas in the world, It is under- 
lain by flat-lying sedimentary rocks, which in the northern part 
are quite recently deposited. The northern part is also covered 
with glacial deposits. Vast sections of the northern Siberian plain 
are underlain by permanently frozen ground, although the surface 
layer thaws in summer, It contains enormous areas of swamp. 
The same belts of vegetation and soils are encountered in Siberia 
as were noted in the European section of the plain. In the south 
almost 1,500 mi. of semiarid steppe grades into desert. The huge 
steppe and desert plains east of the Caspian sea range from flat 
to quite rough in some areas. They are very sparsely inhabited 
except in the irrigated oases. 

Other Plains in Asia.—Eastern Asia is predominantly a land of 
hills and mountains, Flat land makes up a relatively restricted 
part of the whole vast area; but partly because plains are so 
restricted in area they are of critical importance. The two 
rge plains are the Manchurian plain and the North China 
plain. 

The Manchurian plain is surrounded on three sides by moun- 
tains but opens out to the sea to the south. It is underlain by 
sedimentary rocks that have been only slightly warped. It is an 
erosional plain and consequently parts of it are quite rough. It 
15 mostly semiarid and so had a grass cover under natural condi- 
tions, This grassland produced excellent fertile soils, highly pro- 
ductive under agriculture. 

The Manchurian plain connects by a very narrow strip of coastal 
plain with a great plain to the south—the North China plain or 
Yellow plain. The Yellow plain since earliest history has been one 
of the major centres of Chinese culture. It is a great alluvial 
deltaic plain, built into the sea by deposits of the Yellow river 
and a few other minor rivers. The North China plain is very flat 
and one of the most densely populated areas on earth. A popula- 
tion at least half that of the United States occupies a plain cover- 
mg only about 125,000 sq.mi. 

To the south the Yellow. plain merges into the Yangtze plain, 
а somewhat smaller plain built by the Vangtze river in essentially 
ee pus manner as the North China plain. It too is densely popu- 

ed. 

Extending from the Yangtze plain south along the eastern coast 
of Asia is a relatively narrow coastal plain, which widens out in 
а few places where large rivers debouch into the sea and have 
built wide delta plains. Examples are the plain on which Canton 
18 located in southern China, and the deltas at the mouths of the 
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principal rivers of southeast Asia—the Irrawaddy, Salween and 
Mekong. 

One of the larger plains of Asia occupies all of the northern 
part of the Indian peninsula south of the Himalayas—the Indo- 
Gangetic plain or lowland. Most of it is a great alluvial plain 
deposited by the Ganges and Brahmaputra rivers in the east and 
the Indus river in the west. Near its western margin it is an ero- 
sional plain. The eastern part of the plain has light rains or drought 
in the winter but in summer rainfall is so heavy that vast areas 
become swamps or shallow lakes. The plain becomes progres- 
sively dry toward the northwest and in western Pakistan is a true 
desert. 

A narrow coastal plain borders nearly all of the Indian penin- 
sula. 

The last major plain of Asia is the great alluvial plain formed 
by the Tigris and Euphrates rivers in Iraq, mentioned previously 
as the scene of some of the earliest civilizations. 

Africa.—Plains make up a far smaller proportion of Africa than 
of any other continent, if plains are defined as occurring only at 
low elevations. A strip extending along the Mediterranean sea 
in northwest Africa and occupying most of Egypt is a desert plain. 
Much of west Africa is also a vast desert plain. Elsewhere in 
Africa flat lands at low elevations occur only as an extremely 
narrow coastal plain along the west coast south of the equator 
and as a somewhat wider coastal plain stretching along the entire 
east coast south of the Red sea. These coastal plains vary from 
dense, tropical jungle with heavy rain and extensive swamps to 
some of the hottest and most rigorous deserts in the world, along 
the east coast north of the equator. 

Vast sections of the interior of Africa are very flat and lie 
at elevations less than those of the western High Plains of the 
United States. They could be described as plains but ordinarily 
interior Africa is classified as a vast plateau. 

South America.—Similar disagreements concerning classifica- 
tion are possible for the plains of South America. The Andes 
mountains run in an unbroken chain along the western margin of 
South America from the northern to the southern tip. All along 
the eastern base of the Andes is a great flat alluvial apron spread 
out by the streams flowing east from the Andes. These areas are 
universally regarded as plains. The vast areas of the middle and 
lower Amazon basin and the eastern Parana basin are rolling, 
slightly hilly lands. Some authorities regard these as rough 
plains and others consider them hill lands. Under a broad defini- 
tion of the term more than half of South America consists of 
plains. 

Australia.—Most of the interior of Australia stretching from 
the mountains along the eastern margin to the plateaus in the far 
west is one vast desert plain. Parts of the western part of the 
plain are moderately rough. 

BrsrrocnAPHY.—A. К. Lobeck, Geomorphology (1939) ; A. N. Strah- 
ler, Physical Geography (1951) ; V. C. Finch et al., Elements of Geog- 
raphy, Physical and Cultural (1957). (W. C. C.) 

PLAINFIELD, city in Union county, N.J., U.S., 24 mi, S.W. 
of New York city. It is served by а well-knit transportation sys- 
tem of express highways, major railroads, motor freight carriers, 
bus lines and a local airport which connect it with the surrounding 
metropolitan areas. Although the city is primarily residential in 
character and is culturally active, it possesses a number of major 
industries that make it the business centre of central New Jersey. 
Its chief manufactures include automotive equipment, printing 
equipment, electronic products, machinery, chemicals, garments 
and appliances. 

Plainfield was settled in the 18th century as Milltown because 
jt possessed a large gristmill. During the American Revolution it 
was part of Washington's system of defense for northern New 
Jersey. In 1847 it became a township; in 1869, an incorporated 
city. 
For comparative population figures seë table in New JERSEY: 
Population. (W. L. Ca.) 

PLAINS INDIANS are the tribes of North America popularly 
regarded as being the most typical American Indians. Occupying 
the Great Plains (High Plains) and prairie margins extending from 
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what are now Alberta and Saskatchewan in Canada to Texas in Uto-Aztecan.—Comanche, Ute, Wind River Shoshone, Bannock, 
the south, and from the Rocky Mountains to the vicinity of the 5 Athapaskan (q.v.) .—Kiowa Apache, Lipan Apache, Mescalero Apache, 
Missouri and Mississippi rivers, they ranged over the primary °* ) , 

habitat of the American bison (g.v.). The most typical Plains None of these linguistic stocks (with the exception of Kiowan) 
tribes depended on the bison for food, clothing, and shelter, the was restricted to the High Plains; Kiowan is related to Tanoan, 
annual round of life being closely adapted to the habits of the herds. the major language group of the Eastern Pueblos (see CENTRAL 
Eastern tribes in the prairie plains combined maize agriculture AND NoRTH AMERICAN LANGUAGES). Obstacles to communication 
with bison hunting and in general were more sedentary. Inter- represented by so many languages and dialects were partially over. 
montane peoples in the west periodically traveled to the plains for come by a sign language (q.v) comparable to that used by deaf. 
hunting, and а few moved there permanently after the introduc- mutes. Complex ideas could be expressed with hand gestures, still 

. V. de Coronado (q.v.) tra- — адыр tye toe ie Md лке чем nod 

versed the plains (1540-42) and ё $ 
reported nomadic Indians, whose 
tents were dragged on travois 
frames by dogs, and who lived off 
the bison. Two centuries later a 
more elaborate life centred on the 
use of horses was discovered in 
the northern plains; this intensi- 
fied phase lasted until the virtual 
extinction of the herds in the 
1870s. 

Clark Wissler (g.v.) listed 
among the most typical tribes the 
Assiniboin, Blackfoot, Crow, 
Gros Ventres (qq.v.), Teton Da- 
kota (see DAKOTA), Arapaho, 
Cheyenne, Kiowa, and Comanche 
(qq.v.), who occupied the cen- 
tral High Plains from north to 
south. 

On the northern margins of the 
plains were the“ Plains Cree, 
Plains Ojibwa, and Sarsi tribes, 
who had moved out of the forest 
areas in recent times under pres- 
sures from the east (see CREE; 
OJIBWA). 

Оп the eastern margins were 
the village tribes: the Arikara, 
Hidatsa, and Mandan (qq.v.) 
on the upper Missouri River, 
and the Omaha; Pawnee, Osage 
(qq.v.), Towa, Oto, Kansa, 
Ponca, Missouri, Wichita, and 
Eastern Dakota in the prairie PAWNEE 
plains. 

On the western margins of the 
plains were the Northern Sho- 
shone, Bannock, Wind River 
Shoshone, Ute (g.v.), and Mes- 
calero Apache tribes (see 
APACHE; SHOSHONE). 

In the south were the Lipan 
Apache and the Kiowa Apache, 
the latter in symbiotic relation to 
the Kiowa and to be considered a 
typical tribe. 

The tribes belonged to linguis- 
tic stocks as follows: 


Algonkian.—Blackfoot (Piegan, 
Blood, Northern Blackfoot), Chey- 
enne, Arapaho, Gros Ventres, Plains 
Cree, Plains Ojibwa (see ALGON- 
KIAN TRIBES). 

Siouan.—Mandan, Hidatsa, 
Crow, Teton Dakota, Assiniboin, 
Omaha, Ponca, Osage, Kansa, 
Iowa, Oto, Missouri (see Srouaw, 
INDIANS). а 

Caddoan,—Pawnee, Arikara, eA r: 
Wichita (see Cappo). 5 

Kiowan.—Kiowa, ARIKARA GRASS DANCE. 19TH CENTURY 
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used in the 1960s by older Indians at Sun Dance (q.v.) encamp- 
ments. 

The population of the Plains tribes was never very large. Esti- 
mates for the period (1780) before profound European influences 
give a total of about 50,000 for the typical tribes and roughly the 
same for the eastern village tribes. Small tribes generally joined 
larger groups; thus the Sarsi joined the Blackfoot confederation 
and the Kiowa Apache formed one band in the Kiowa camp circle. 
The introduction of diseases new to them had devastating conse- 
quences particularly for the village dwellers; e.g., Mandan numbers 
were cut from about 1,600 to 150 by smallpox (1837). 

The High Plains, with scanty vegetation, nomadic fauna, and 
few trees, offered considerable difficulties to settlement. But once 
hunting techniques were adapted to the bison, nomadic life became 
practicable; with the introduction of horses by Spaniards, Plains 
culture reached a high degree of development and attracted mar- 
ginal groups from all sides. 

Collective hunting efforts were essential for the survival of large 
groups on the plains. Driving game into a pound is ancient prac- 
tice in the northern forest regions. In the plains, converging lines 
of bison were driven into corrals or over cliffs; in the prairies the 
game was hemmed in with fire. With hunters on horseback the 
surround (in which the animals are encircled and forced to mill 
around) became highly effective; the kill was high, even with bows 
and arrows. Bison was the staple meat, eaten fresh or as pem- 
mican (q.v.). The typical tribes cooked by roasting or by boiling 
with. hot stones in rawhide containers. 

The basic dwelling in the plains was the skin-covered tepee, 
erected over a conical framework of poles, Some groups used a 
three-pole foundation, others a four-pole base, on which other 
poles were added; the whole was covered by bison skins cut and 
sewn by women. A fireplace was in the centre and a smoke vent 
was controlled by extra poles. Tepees might be decorated to 
picture war exploits or visions of the owner. Furnishings were 
simple: household property and food were stored in parfleches 
(rawhide bags) and buffalo robes were used for sleeping. The vil- 
lage tribes to the east characteristically lived in large-earth lodges 
but used tepees on summer hunts. The Wichita built modified 
earth lodges (with grass thatching) that were well adapted to the 
southern prairie plains. They were set up in semipermanent vil- 
lages in contrast to those of the high plains (see DWELLINGS, 
PRIMITIVE). 

Plains clothing was of dressed skins and included leggings, moc- 
casins, shirt, and robe for men; and long dress, leggings, and moc- 
casins for women, Women tanned hides, stitched bison sinew 
with awls, and decorated the skins with porcupine quills and elk 
teeth (later beads), Dressing and tanning were highly developed 
but weaving, pottery-making, and woodworking were uncommon 
or unknown. 

Major weapons were bows and arrows, though clubs and 
Spears were also used, Wooden bows were of osage orange (q.v.) 
Or ash, or cut from horn with sinew backing for strength and 
resilience. Arrows were feathered and pointed with chipped stone 
points before iron became available; bows were retained long after 
the introduction of firearms since they were more effective from 
horseback than single-shot. muskets. Circular shields of buffalo 
hide were used for defense. 

High Plains Organization.—The basic social unit of High 
Plains tribes was the band, a local group who jointly camped and 
hunted during much of the year under one leader. Bands differed 
In size and composition, depending on their fortunes in war and 
hunting. The Cheyenne, for example, had ten bands with an 
Average of about 360 persons each; Kiowa bands were much 
Smaller, and those of the Teton Dakota considerably larger. 

lose relatives of the leader frequently composed the nucleus of 
а band; leaders attempted to attract followers through success- 
ful raids, 

Tribal affairs developed during the summer when the bands as- 
Sembled in a great circle at some prearranged camp. Each band 
Was assigned its position in the circle which, like the lodges, was 
Open to the east. For the Cheyenne and others the camp circle 
Symbolized a great lodge that embraced the tribe; it was also an 
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important defensive arrangement, and valuable horses were usually 
picketed inside. 

Kinship (g.v.) was bilateral and widely extended (as far as 
could be conveniently remembered) within band and tribe. In the 
individual's own generation all cousins were “brothers” or “sisters,” 
and relatives had important responsibilities for aid and support. 
Marriage was generally outside the group of known relatives, and 
had the effect of integrating the people. Normally, matches were 
arranged by the families, though the young men preferred to elope. 
Residence was with the wife's family in some groups but in others 
might be with parents of either or with siblings. Among the 
Cheyenne, for example, the pair normally took a separate lodge 
near the wife’s parents’ camp to form an extended matrilocal fam- 
ily. The husband was required to avoid all contact with his mother- 
in-law, but cooperated with his father- and brothers-in-law in such 
activities as hunting. He was expected to joke in public with his 
brothers- and sisters-in-law, and might marry one of the latter as 
an additional wife or after the death of his wife (see MARRIAGE, 
PRIMITIVE). 

Oscillation between the isolated band and camp circle was 
closely related to the habits of the bison and the exigencies of 
winter. During fall and winter the bison dispersed in small herds, 
seeking shelter and forage along streams or migrating south. Tribes 
in the central plains did likewise, each band seeking a traditional 
wintering area where fuel, shelter, and hunting were adequate. In 
late spring and early summer the bison coalesced in larger herds 
for mating as grass became available; tribal bands also assembled 
for communal hunting as well as for social and religious purposes. 
Cheyenne report they tried to stay together as a tribe one winter 
but nearly starved and never tried it again (see ECOLOGY): 

When the tribe reassembled, social institutions dormant during 
winter came to life. A chiefs’ lodge was erected in the camp circle 
and a political organization of chiefs decided tribal affairs. The 
Cheyenne had an unusually elaborate council of 44 chiefs, 4 elected 
every ten years from each band, plus an executive group of 4 held 
over from the previous year. Military (war) societies with mem- 
bership that cut across band organization came into operation and 
put up headquarters lodges within the circle. Most such societies 
competed for war honours and in giving dances and feasts; but, 
notably among the Arapaho, Blackfoot, Gros Ventres, Mandan, 
and Hidatsa, they were organized on an age-graded basis, younger 
groups making up warrior units and older groups having political 
and ritual control. One or more parallel societies for women usu- 
ally were concerned with making tepees or beadwork. One of the 
societies of men was usually chosen as camp police to enforce law 
for the chiefs. Their main duty was to organize the communal 
hunt; breaches of hunt rules (which might endanger food supply) 
were punished by whipping and by destruction of lodges and other 
property. 

A lodge was also erected to house tribal symbols normally in 
charge of a hereditary keeper. The Cheyenne had. four sacred 
medicine arrows to which offerings might be made or vows given, 
and the Arapaho had a sacred pipe kept in a special wrapping. 
Among the Cheyenne the arrows were symbols of tribal warfare; 
when murder was committed they were stained or polluted and 
had to be renewed in a special ceremony. In any case the arrows 
were periodically renewed and it was compulsory that every male 
should view them. 

Plains Indian religion centred on individual visions and on such 
great communal ceremonies as the Sun Dance, Most tribes had 
no central deity, though the sun was important for all. More 
significant were culture heroes believed responsible for securing 
the bison; or “Old Man Coyote,” both creator and buffoon, (See 
also FOLKLORE [AMERICAN INDIAN].) 

Village Tribe Society.—The village tribes in the prairie plains 
tended toward more complex social organization centred on uni- 
lineal descent and on maize agriculture coupled with hunting. The 
Mandan, Hidatsa, and Arikara in the north, and the Pawnee and 
perhaps originally the Wichita in the south were matrilineal (see 
Матвплху) and matrilocal, though the Caddoan clans were weakly 
developed. (The Crow of the High Plains, an offshoot of the 
Hidatsa, retain this organization in part.) The Omaha, Ponca, 
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Osage, Kansa, Iowa, Oto, Missouri, and their neighbours were 
patrilineal. Some groups (e.g., the Omaha) were matrilocal with 
respect to earth lodges, but patrilocal with respect to tepees. Men 
did the hunting; women cultivated gardens in bottomlands along 
streams, 

The tribes were organized as series of clans, with parallel or 
age-graded societies of crosscutting membership. Often the clans 
were also organized into phratry groupings or into a dual division, 
and each clan was assigned particular symbolic or ceremonial func- 
tions. 

After late spring planting the village tribe’s communal hunt 
began; able-bodied men and women traveled, camping with tepees 
in a circle typical of the High Plains tribes, and with similar 
policing. After a successful surround the surplus meat was brought 
to the village to be dried and stored for fall and winter. After 
the harvest surplus corn, beans, and squash were traded to neigh- 
bouring Plains groups for meat and hides; villagers later continued 
hunting or went on raids. 

Prehistory and History.—The archaeological record shows 
an early culture on the western and southern margins of the plains 
devoted to hunting large game, particularly the now-extinct mam- 
moths, wild horses, bison, and camels. These Clovis and Folsom 
men (see INDIAN, NORTH AMERICAN) skilfully manufactured large 
fluted projectile points, and date from the end of the last glacial 
period (about 12,000 years ago). From about 5000 to 3000 B.C. 
extended drought apparently drove their successors from the plains 
and brought about the extinction of most species on which they 
lived. Later, with amelioration of climate, new species including a 
smaller variety of bison gradually repopulated the plains. 

In the next period the plains seem to have been occupied only 
intermittently. Agriculture that developed in the Mississippi Val- 
ley gradually spread along the bottomlands into the plains. Earth 
lodges appeared soon after in the region between the Platte and 
Missouri rivers, and gradually grew in size and complexity. 

With the introduction of Spanish horses a reorientation took 
place in the relations between high plains and prairie. Beginning 
about 1600 the horses spread northward from the region of New 
Mexico, reaching the Northern Shoshone about 1700, and most of 

the Plains tribes by 1750, though not always in large numbers. 
Wissler believed that horses intensified existing cultures by re- 
placing dogs as transportation and making hunting much more 
profitable; A. L. Kroeber argued that horses so revolutionized 
values that marginal peoples moved into the plains to develop a 
new way of life. 

With the'exception of the Kiowa, every tribe of the High Plains 
can be traced (with historical, archaeological, or linguistic docu- 
mentation) to other areas. The Athapaskan tribes moved from 
the solid block of Canadian Athapaskans, arriving in the south not 
long before the Spaniards. In the northeast the French had armed 
their Indian allies and fur trappers with guns, and the better-armed 
Ojibwa forced the Dakota groups and the Cheyenne out of the 
forest-prairie onto the plains. The other Algonkian groups, the 
Blackfoot, Arapaho, Gros Ventres, Plains Cree, and Plains Ojibwa, 
are also relative latecomers to the plains. 

The Comanche represent an advance group of Shoshone who 
made early use of horses to move south into the Staked Plains 
of the Texas Panhandle. On the east such tribes as the Pawnee 
and their neighbours attempted to maintain their old life and to 
participate in the new. 

Despite the revolutionary effects of the introduction of horses, 
Plains life in the late 18th and early 19th centuries clearly had its 
origins in earlier High Plains patterns. The Cheyenne, who be- 
came one of the most typical of High Plains tribes, were living in 
earth lodges and cultivating maize in western Minnesota as late 
as 1800. By the early 1900s they barely remembered their former 
life. The essentials of the new adjustments, however, were present 
on the plains in Coronado’s time, and probably much earlier. 

The elaboration of Plains life that has impressed most observers 
is related to warfare and raiding. The tribal wars were usually 
not for territory, though groups on disputed hunting grounds often 
had to fight. Raids, on the other hand, were frequent and easily 
organized; many successful leaders were credited with supernatural 
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sanctions, attracting many followers. Most often organized t 
obtain horses, such raids could also be used for killing and scalping 
enemies. Tribal leaders usually attempted to restrain such ven. 
tures, since they inevitably invited revenge. They had little ids 
cess, since prestige depended primarily on a man's success 
and such exploits were recounted on all public occasions, 

A recognized system of war honours, usually called counting 
coup (French coup, a blow), grew up on the plains. Among the 
Cheyenne touching an enemy outranked the mere killing of a 
man. The Crow (q.v.) had four types of coups: leading a suc- 
cessful war party, touching an enemy, stealing a picketed horse, 
and snatching a weapon from the hands of a foe; a chief had i 
have at least one of each to his credit. 

Horses gave great impetus to warfare; some southern Plains 
groups regularly raided Spanish settlements for horses, but only 
the Comanche bred them to any extent. Most groups were con- 
tent to raid others, or to capture and break mounts from the 
growing numbers of wild horses. 

With the discovery of gold in California in 1848 the plains were 
increasingly traversed by whites. Though Indians had once been 
able to play one European nationality against another, U.S. ex- 
pansion made conflict inevitable. This struggle is portrayed with 
more or less accuracy in modern films, and forms an important part 
of U.S. history. By about 1890, after fighting against great odds, 
the Indians had all been settled on reservations. 

An important aspect of this struggle was the development of 
the Ghost Dance (g.v.), one of the most important American 
nativistic movements. The religion, as practised among the Plains 
Indians, adhered to the belief that the whites would be exterminated 
and that the bison would return. With the defeat of Sitting Bull's 
forces (1890), the Ghost Dance gradually declined. 

Another movement (see NATIVISTIC MOVEMENTS) was still grow- 
ing in the second half of the 20th century. Peyotism (0:0.), in 
which peyote’ cactus is eaten, has a long history in Mexico but 
was not introduced to the southern plains until about 1870. Peyote 
contains alkaloids that produce such hallucinations as colour 
visions. The drug was ideally suited to a society in which old 
values were crumbling, but visions still had authority, Early fol- 
lowing a native pattern the religion later included various Chris- 
tian elements, and in the 1960s held charters as the Native Amer- 
ican Church in many states. 

Most Plains tribes adjusted poorly to reservation life at first; 
they had little interest in farming and their lands were marginal, 

During the 1930s a gradual revival on many reservations 1n- 
cluded the performance of Sun Dances and the reorganization of 
old societies. ' With improved transportation after World War П 
a growing Pan-Indian movement centred in Oklahoma. Plains 
Indian dancing at secular celebrations (powwows), usually on such 
holidays as the Fourth of July, was an important feature. 

According to A. L. Kroeber the Plains tribes were brave, proud, 
outspoken, and direct, with an unusual sense of individuality. Their 
long hair, buckskin costume, and eagle-feather war bonnets te 
captured modern imagination as epitomizing American T 
But by mid-20th century only a handful survived who participate 
in pre-reservation life; their descendants, in the words of Gordon 
Macgregor, are warriors without weapons. 


BIBLIOGRAPHY.—G. Р. Winship (ed.), The Journey of Coronas 
1540-1542 (1922) ; C. Wissler, “The Influence of the Horse in tl Worth 
velopment of Plains Culture,” Amer. Anthrop., vol. 16 (1914) rains 
American Indians of the Plains, 3rd ed. (1927); R. H. Lowes Aisin 
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PLAINSONG (PrAINCHANT) is a general term for a certain 
style of unisonal music, comprising chiefly the church music called 
Gregorian, which belongs to Rome, and that called Ambrosian, 
which comes from Milan. Other collections of Western church 
music, much less well known than these, and a good many groups 
of Eastern church music could also quite properly be put under 
this heading. 

Origin.—Various factors in the genesis of music determine its 
essential characteristics. Music intended for a dance is necessarily 
regular in its rhythm; so also, though less tied, is music which is 
set to metrical verse. On the other hand, music fitted to a prose 
text is not so regular. Thus there arise different kinds of rhythm 
in music, ranging from strict time to the freest of movement. 
Again, some music arises from recitation and the need to declaim 
some words artistically and audibly; while other music aims at 
melody, that is to say a succession of sounds which is pleasant for 
its own sake and would be so independently of any words. 

The Christian Church, like other worshiping bodies, requires 
euphonious sounds for the recitation of its psalms and for the 
reading of its scriptures in public. As these passages are not (for 
the most part) written in any strict metre, the music to be provided 
is essentially a “plain” chant. There are several classes of such 
plainsong. The term is a translation of cantus plamus, meaning 
unmeasured music, not regular in rhythm, as contrasted with cantus 
mensurabilis, measured music. 

Influence of the Psalter.—The chief influence in the evolution 
of plainsong has been the Psalter. Hebrew poetry follows a met- 
rical system, but this disappears in translation. There survives, 
however, a more obvious feature of the original poetry, viz., its 
parallelism. This consequently becomes a prominent characteristic 
of certain sorts of plainsong, so that the chants directly derived 
from the psalms take a binary form. The recitation demands a 
reciting note, on which the text can be freely recited in its own 
rhythm and shape. If this note alone is used, the effect soon be- 
comes, in the strict sense of the word, monotonous. Therefore the 
music adopts the natural tendency of the voice to rise up to its 
reciting note at the beginning and to drop down from it at the end 
ofthe phrase. Thus arises the commonest chant form of plainsong, 
consisting of (1) an intonation, (2) recitation, and (3) cadence, in 
each half-verse. 

The psalm tones, whether Gregorian or Ambrosian, take this 
shape; and the form is capable of more or less elaboration for the 
Psalms. The Gregorian tones are very simple; more elaborate 
forms are used for the Gospel canticles, and still more developed 
forms for the introits. A limit is naturally set to the amount of 
elaboration either (1) when whole psalms are to be sung at length, 
or (2) when they are to be sung by the whole congregation. When, 
however, select verses only are sung, by trained singers, there is 
far more scope for elaboration; and the developed responses used 
both at Mass and at the choir office exhibit this chant form in a 
highly ornamental shape. 

The chief development occurs in the cadences. In its simplest 
form the musical cadence affects only the last syllable; there is 
the drop of a minor third. Next it concerns the last two syllables. 
The more elaborate cadences naturally followed the “cursus” used 
by Latin prose writers of the best, or at any rate the most formal, 
style. In the responses a five-syllable cadence is constantly in use, 
often in a highly decorated form. 

All this music arises out of the recitation of psalms. For the 
Purpose of declaiming the lessons of Scripture only the simpler 
inflexions were used; and the same is true of the prayers or collects, 
€xcept a few which are of exceptional solemnity, such as the Pater 
Noster as used in the consecration prayer at Mass, and the hallow- 
Ing of the baptismal font. 

Antiphons.—Next to be considered is a totally different way 
of beautifying the recitation of psalms or other prose texts. In- 
Stead of elaborating the chant itself there was interpolated between 
the verses a suitable refrain, These refrains came to be known 
as "antiphons"': and thus side by side with the older method, which 
came to be called “responsorial” from the responses which repre- 
Sented it at its fullest development, there arose the newer “antiph- 
onal” method, The former music developed from recitation, and 
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even in its most elaborate forms in more or less degree it hung 
round a reciting note. The antiphons were purely melodic and 
the method had its quality and meaning determined, not by refer- 
ence to а “dominant” reciting-note, but to the "final," the note on 
which it ultimately came to rest. 

Antiphonal music underwent modification and development just 
as the responsorial music did, Its relation to the psalm altered; 
the singing of the refrain after each verse survived mainly in 
processional use. In choir offices the refrain was dropped so that 
it was sung only at the beginning and end of the psalm, or else 
in a curtailed form at the beginning and in full only at the end. 
In the psalmody of the Mass the opposite form of abbreviation 
was adopted. For at the introit and the communion the psalm 
became restricted to only one or two verses, and at the commu- 
nion it ultimately disappeared altogether, leaving the antiphon 
alone. 

Some antiphons composed on a large scale arose independently 
of any connection with a psalm. These were used especially in 
processions. Others retained the idea of a psalm verse, but utilized 
for such verses not the normal psalm tones but independent 
melodies, perhaps as elaborate as the psalm itself. Such antiphons 
especially prevailed at the offertory in the Mass. 

The greater part of the classical Gregorian plainsong falls into 
one or the other of these two classes. The amount of elaboration 
depended mainly upon two considerations: (1) the importance of 
the occasion; and (2) the capacity of the singers. A great festival 
or a specially dignified part of the service demanded richer treat- 
ment, and the trained singers undertook the more difficult music. 

The Gregorian Music.—The cantilena Romana, Gregorian 
chant proper, is a body of music, purely vocal and ecclesiastical, 
evolved by the papal choir in the course of the 5th and 6th cen- 
turies. This was codified in the time of Pope St. Gregory I (c. 
540—604) and stands as the basis of all the Gregorian music. The 
Milanese tradition was similar but less artistic. It is called 
“Ambrosian” (see AMBROSIAN CHANT), but the term has no his- 
torical significance as the term Gregorian has. A comparison of 
these two families of plainchant brings out clearly the comparative 
crudity of the Ambrosian tradition as distinct from the artistic 
balance and delicate finish of the classical Gregorian chant. The 
same is true also of such other specimens of Western ecclesiastical 
chant as are known. The Gregorian reform marks the close of a 
golden age of classical monody. The Middle Ages subsequent to 
St. Gregory produced nothing so good; and the later Middle Ages, 
while producing only little and decadent plainsong, degraded also 
the form of the classical tradition. 

Gregorian music covers the whole set of services of the Roman 
rite, but principally the Mass and the series of daily choir services. 
At the Mass some of the things sung are invariable, while others 
change according to the Sunday, or festival, or other special oc- 
casion. The unchanging elements are chiefly the Kyrie, Credo, 
Sanctus, Agnus Dei, and Gloria in excelsis. For these the old 
tradition provided little or no change of music; and what there 
was followed very simple lines suitable for congregational singing. 
The variable elements were principally the introit psalm, the re- 
sponses of the gradual, the offertory antiphon, and the communion 
antiphon. The gradual was at times replaced or supplemented by 
an alleluia with a verse attached to it, or by a tract. The alleluia 
belonged specially to festive seasons and occasions, the tract to 
penitential. Neither of these falls exactly into either of the two 
chief categories, responsorial and antiphonal. The tract is a very 
ancient but elaborate type of the developed psalmody; the alleluia 
was an innovation which came in toward the end of the classical 
period and extended beyond it into the "silver age" when little 
else was being composed. 

For the choir offices there was provided a large number of anti- 
phons to go with the psalmody, and a considerable number of 
responses which mainly served as interludes between the lessons 
at matins, When hymnody began with St. Ambrose it was taken 
up and incorporated into the services by the monks; but Rome 
was for a long time too conservative to admit hymns. The plain- 
song hymn tunes are, in the nature of the case, more clearly 
metrical than the other music, but they retain a considerable free- 
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dom of movement, and are not “measured,” like modern hymn 
tunes. 

Underlying Musical Theory.—Plainsong is based on a series 
of eight scales, called “church (or ecclesiastical) modes.” It 
uses the old diatonic scale of the Greek theorists (equivalent to 
the white notes of the piano with the addition of Bp), but the 
modes themselves are different from the old Greek modes, and 
the use of the old Greek names only leads to confusion. The 
eight-mode system is probably the same as that which underlies 
the Eastern church music; but the origins are obscure alike in 
East and West. The scheme seems to go back at least to St. John 
of Damascus (died c. 752); but it is known in the West only in 
theoretical treatises derived through the Byzantine teachers at the 
court of Charlemagne at the end of the 8th century. 

The eight modes are really four pairs, each pair being founded 
on the same note, the one scale (called authentic mode) being 
an octave ranging above the foundation or final note, the com- 
panion (called plagal) being an octave ranging above and below 
it. Each of these pairs has a character or tonality of its own, 
dependent upon the position which the semitones have in the scale. 
None is similar to the major or minor key of modern music. It is 
this tonality which gives the special character to plainsong melody. 
Some theorists have reckoned 12 or even 14 modes; but this is 
unnecessary, As far as pitch goes, the range of two octaves cov- 
ered by the eight modes is adequate; and as far as tonality is 
concerned, the new modes would be only the same as the first 
four or six over again with the Bp used instead of B. (See also 
Mopzs, MUSICAL.) 

This modal theory does not fully account for all the procedure 
of the classical plainchant, but these eight modes form the founda- 
tion of this music, whether responsorial or antiphonal. 

In the Middles Ages the cantilena Romana was handed on by 
tradition from St. Gregory's days; in the 9th century it was 
recorded in staffless neumes (see MUSICAL Notation). The nota- 
tion on a stave which began later, while it fixed accurately the 
pitch of each note, failed to indicate the rhythmical delicacies of 
performance. Hence the renaissance of classical plainsong was 
based on a return to the neumes, as interpreted by the subsequent 
tradition, 

The revived interest in music during the Carolingian era (8th 
and 9th centuries) stimulated composition, which had been long 
in abeyance. New music for new feasts was produced and also 
fresh settings of the ordinary (fixed elements) of the Mass. The 
old music was preserved, together with interpolations known under 
the generic name of “trope.” The tropes pervaded all church 
music for а century or more; but then they went out of fashion, 
leaving only two considerable legacies: (1) a further series of 
settings of the ordinary; and (2) the new form of rhythmical, or 
(later) metrical, poem called sequences or proses. These survived 
in considerable numbers down to the 16th century, but only a few 
are in modern use. 

Modern Revival.—The rise of the art of harmony diverted at- 
tention from the monody of plainchant, and part-singing had the 
effect of “measuring” the music so that it fell into regular time 
and was no longer free or “plain.” Under these influences the old 
plainsong was progressively debased and, with the development of 
the harmonic concept, plainchant declined. Not until the 19th 
century did this decline cease. The efforts then made in various 
quarters to recover alike the true rhythm and tonality of the old 
music culminated in the work of the Benedictines of Solesmes 
Abbey in France and their followers, and in the revival which 
produced the new Vatican gradual and antiphonal. With the re- 
covery of the music came a new insistence upon its use and study 
as the official music of the Roman Church. 

See also Mass: The Music of the Mass. 

Breriocrapuy.—W. Apel, Gregorian Chant (1958) ; Dom A. Hughes 
(ed.), New Oxford History of Music, vol. 2, Early Medieval Music up 
to 1300 (1954) ; G. Reese, Music in the Middle Ages (1941); Dom B. 
Steuart, The Development of Christian Worship (1953). 

(W. H. F.; X) 

PLAINTIFF, the party who brings a legal action or in whose 
name it is brought, as opposed to defendant, the party sued. The 
term corresponds to petitioner in equity and the civil law and to 
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libelant in admiralty. It is generally applied also to the equity 
petitioner, particularly in those jurisdictions in which law and 
equity are merged. The party who sues out a writ of error (y 
review a judgment or other proceeding at law is often denominated 
the plaintiff in error, irrespective of whether he was the plaintiff 
or the defendant in the lower court proceedings. See PRACTICE 
AND PROCEDURE, (C. E. Сї) 

PLANCK, MAX KARL ERNST LUDWIG (1858-1947) 
German physicist who introduced the quantum theory, one of the 
great achievements of modern science, for which he won the Nobel 
Prize in Physics in 1918, Planck was born at Kiel on April 23, 
1858. He studied at the universities of Munich and Berlin and 
received his doctorate at Munich in 1879. 

Although he studied under Gustav Kirchhoff and Hermann von 
Helmholtz in Berlin, his early work drew its inspiration from Ru- 
dolf Clausius’ writings on thermo- 
dynamics, and Planck devoted 
himself for some years to clarify- 
ing the concept of entropy and 
showing its importance in thermo- 
dynamics. During these years he 
was first instructor (Privatdo- 
zent) in Munich, from 1880 to 
1885, and then associate professor 
of theoretical physics in Kiel un- 
til 1889. In that year he was 
called to the University of Berlin 
as Kirchhoff's successor and 
taught there until his retirement 
in 1928. 

In 1897 Planck turned his at- 
tention to the problem of black- 
body radiation, and tried to de- 
rive the wavelength distribütion 
of the energy emitted by a black 
body (q.v.) as a function of tem- 
perature. He tried first to show 
that thermodynamics and electromagnetic theory required this dis- 
tribution law to have the form proposed earlier by W. Wien, which 
agreed with the experimental results then available. When it be- 
came apparent in 1900 that Wien’s distribution law was not m 
agreement with new data at long wavelengths, Planck determined 
the equation for the proper distribution by empirical arguments 
guided by his mastery of thermodynamics. Then, on Dec. 1% 
1900, he announced his derivation of this new distribution based on 
the revolutionary idea that the energy emitted by an oscillator (4 
continuous variable in all previous theories) could take on only 
discrete values or quanta. The quantum of energy for an oscillator 
of frequency > is kv, where the universal constant Л, Planck’s con- 
stant, has the units of action and the magnitude (6.6252 + 0.0002) 
X 10—27 erg sec. ч 

Planck did not take the lead in the development and extension 
of his idea initiated by Albert Einstein in 1905, but he continu 
to make important contributions for many years to theme 
namics and to the quantum theory. Since the fruition of Planck's 
ideas in Niels Bohr’s theory of atomic structure (1913) an 
then in the quantum mechanics (1926), the concept of quanta = 
influenced virtually every aspect of modern physical Bette 
Planck’s work was widely acclaimed and in 1918 he won the Ned 
Prize in Physics for his quantum theory. In 1926 he was se E 
a foreign member of the Royal Society of London and in m ja 
ceived that society’s Copley Medal. He became president Mid 
Kaiser Wilhelm Society for Scientific Research (later the 
Planck Society) in 1930. Ч і 

Planck felt it his duty to remain in Germany during the ne 
period, but he openly opposed some of Adolf Hitler’s pod 
pecially the persecution of Jews. His second son was ja 
by the Gestapo for his part in the unsuccessful attempt D Word 
sinate Hitler in 1944. Planck lost his home near Berlin in “id 
War II bombings, suffering many hardships before his 1650 
U.S. forces in 1945. He died in Gottingen on Oct. 31 [0 see 

See Quantum MECHANICS; PHYSICS: GENERAL SURVEY; 
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also references under "Planck, Max Karl Ernst Ludwig” in the 


Index. 

See Planck’s Scientific Autobiography and Other Papers, with a 
memorial address on Planck by Max von Laue, Eng. trans, by Frank 
Gaynor (1949); M. J. Klein, “Planck, Entropy and Quanta, 1901- 
1906,” The Natural Philosopher, vol. 1 (1963). (M. J. K.) 

PLANE, in botany the common name of a handsome tree, 
Platanus orientalis (family Platanaceae), native of Greece and 
western Asia. A favourite shade tree of the Greeks and Romans, 
it was introduced by the latter to southwest. Europe. The plane is 
a successful tree in industrial cities: the smooth face of the leaf is 
easily washed by rain; and periodical peeling of the brownish bark, 
revealing yellowish, light green and cream-coloured underlayers, 
serves to discard surface deposits. It is a large tree with widely 
spreading branches and alternate, palmately five-lobed leaves 
resembling those of the sycamore maple in shape, but hairless 
and of a brighter green. The bud in the leaf axil is protected 
during its development by the hollow base of the leaf-stalk, which 
lifts off when the leaf falls in autumn. The minute, unisexual 
flowers are borne in dense pendulous heads, which contain either 
male or female flowers; the small one-seeded nutlets, each bearing 
a tuft of long silky hairs, are densely crowded in a ball, from which 
they gradually separate in drying, and are readily carried by the 
wind. d кип 

A variety of forms аге known 
in cultivation; var. laciniata has 
very deeply much-divided leaves, 
and var. variegata, variegated 


foliage. The London plane, P. 
acerifolia, features three-lobed 
leaves, Several authorities re- 


gard this as a natural hybrid (Р. 
occidentalis X orientalis) rather 
than as a distinct species. Plata- 
nus occidentalis, an allied species, 
is a native of the United States, 
being most abundant and grow- 
ing to its largest size in the basin. 
of the lower Ohio and the Mis- 
sissippi rivers. It was introduced 
into England early in the 17th 
century, and is occasionally met 
with in. western and central Eu- 
Tope; it is known in America as sycamore and buttonwood. It dif- 
fers from P. orientalis in its less deeply lobed, more leathery pubes- 
cent leaves and in the usually solitary balls of fruit. Both the 
native sycamore and the London plane are extensively planted as 
Ornamental trees in the eastern United States. The California 
Sycamore (P. racemosa) and the Arizona sycamore (P. wrightii), 
of the extreme southwest, are much smaller than the eastern 
Species, 

PLANER: see MACHINE Toots; WOODWORKING, MACHINERY, 

PLANETARIUM is the name given to an arrangement for 
Producing an artificial sky. By optical methods, images of the 
Sun, moon, planets, and stars are projected on a hemispherical 
dome; and by mechanical and electrical means the apparatus can 
be moved to show the daily and annual motions of these objects. 
The name planetarium is given because of the successs with which 
the apparent motions of the planets among the stars can be shown; 

owever, the apparatus makes possible the representation of many 
other astronomical phenomena. 

For several centuries orreries have been used to demonstrate the 
Motions of the planets around the sun according to the Copernican 
System, Perhaps the best arrangements of this kind are in the 
American Museum-Hayden Planetarium at New York City and 
the Morehead Planetarium at Chapel Hill, N.C. At these plane- 
tariums models of each planet from Mercury through Saturn re- 
Volve on tracks about a lighted model of the sun, with the entire 
System mounted on the ceiling of a circular room large enough to 
accommodate an audience of several hundred persons, The fixed 
Zodiacal constellations on the walls illustrate how the sun and 
Planets apparently move through the stars. The major satellites 
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revolve about their appropriate planets, and all velocities are pro- 
portionately correct, with the earth completing a year in ten min- 
utes, Although the scale of time is accurate, it is-impossible in a 
model of this nature to make relative distances and sizes accurate 
and thus portray a realistic impression of the orientation and ap- 
pearance of the planets in the heavens. Furthermore, such a model 
presents a perspective of the planets from outside the solar system 
rather than a reproduction of the skies as viewed from the earth. 
In 1913 the firm of Carl Zeiss was asked by the director of the 
Deutsches Museum in Munich, Ger., to study the practicability 
of constructing a model depicting the heavens as seen from the 
earth, and it was suggested that the heavenly bodies might be 
represented by electric bulbs that would either be fixed or moving 
ona rotating dome. This suggestion, however, was soon discarded 
in favour of a method suggested by W. Bauersfeld of the Zeiss 
firm, in which the images of the bodies were projected optically 
on a fixed dome. The apparatus which evolved from this sug- 
gestion has been a great success. The reproduction closely re- 
sembles the real sky. To produce the motions of the stars it is 
merely necessary to have the projector mounted so that it can be 
rotated about an axis parallel to the earth's axis. For the sun, 
moon, and planets small separate projectors are constructed. The 
angles between the orbital planes are allowed. for, and by the use 


~of eccentric circular motion in the projecting instrument the ap- 


parent motions of the planets in the sky are quite closely repre- 
sented. For example, to show the planet Venus, a small projector 
is attached to a gear at the points where pins represent the posi- 
tions of Venus and earth with respect to the sun. A linkage be- 
tween the planets always directs the light away from the earth. 
As a consequence, the image of the planet on the dome is in the 
correct position among the stars. - The gearing is so arranged that 
the mean motions are accurately represented and only compara- 
tively slight periodic errors affect the positions of the sun, moon, 
and planets. The phases of the moon are shown by an occulting 
device contained within the moon projector. 

A planetarium can be operated at varying speeds, different for 
each of the phenomena to be demonstrated, so that even such a 
slow motion as the precession of the equinoxes is within its range. 
To show the rising and setting of the heavenly bodies, a day is 
compressed into an interval as short as 4 minutes; to show the 
sidereal motion of the planets, a year can be reduced to intervals 
varying from 7 seconds to 12 minutes. The original planetarium 
was made for one latitude only (that of Munich), but in later 
models, by introducing an additional axis of rotation, the latitude 
can. be altered at will. The stars are shown brighter than they 
appear in the sky so that spectators can see them without requiring 
undue time to become adapted to the darkness. It is, of course, 
impossible to make the sun as bright as in nature but this has 
the advantage of enabling the viewer to see the stars and the sun 
at the same time; thus the planetarium can demonstrate the motion 
of the sun among the stars. 

With a planetarium the spectator can see in about one hour mo- 
tions which can be seen in the heavens only by years or even cen- 
turies of watching. When a year is compressed into one or two 
minutes, the planets can be seen chasing one another about the 
sky, describing loops, advancing and retrograding, just as they: do 
much more slowly in nature. Great attention has been paid to 
details so as to make the apparatus as perfect as possible; e.g., 
the, brightness of the objects is dimmed as they approach the 
horizon and the light is almost entirely cut off as the star actually 
reaches the horizon. The date corresponding to the configuration 
can be projected on the dome as well as the names or pictures of 
the constellations, and by means of a luminous pointer a lecturer 
can point out objects of interest. 

Prior to World War II, all planetarium projectors were con- 
structed by Carl Zeiss of Jena, Ger. The Zeiss firm was reestab- 
lished in Oberkochen, West Germany, after the war, and several 
instruments were produced there after 1950, although instruments 
were also being produced at the original Zeiss factory in Jena by 
the East German firm VEB Carl Zeiss. The newer models are 
essentially similar to the earlier ones, though the fidelity of re- 
production of the heavens has been enhanced by adding scores of 
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small projectors to produce star images of varying intensity, so 
that brighter stars are represented by brighter images rather than 
merely larger images as in the early instruments. Also, the colours 
of the brighter stars are depicted. 

Several planetarium instruments have also been. constructed in 
the United States and in these, too, the basic principle of project- 
ing from the centre of a fixed dome has been followed. Two of 
the projectors were modifications of the Zeiss plan, basically optical 
in design, though the positions on the instruments of some of the 
projection equipment were varied somewhat. Another U.S.-built 
planetarium projector, made by Spitz Laboratories of Yorklyn, 
Del, produces stars by means of a high-intensity pinpoint lamp 
shining through holes representing the stars rather than by means 
of optical systems. In several of the newer Spitz projectors a 
third axis has been provided. When properly programmed, the 
combination of motions permits the selection of any axis of ro- 
tation, thus enabling the operator to simulate diurnal motions 
of the skies as viewed from places other than earth. 

Through popular usage, the word planetarium also refers to the 
institution in which the projection instrument is a major attrac- 
tion. Thus, according to local variations, a planetarium can be 
an astronomical museum or an educational facility devoted to the 
exposition of astronomical information. In order to be attractive 
to returning visitors, most planetarium operators have emphasized 
changing themes on a wide range of astronomical subjects and 
have developed auxiliary projectors for demonstrating eclipses, 
auroras, sunrise and sunset, comets, meteors, horizon scenes, etc. 
Music and sound effects are commonly used to establish a mood 
and to support the presentation. 

Corridor exhibits outside the planetarium chamber usually in- 
clude astronomical art, pictures and transparencies from astro- 
nomical observatories, orreries of various types, and charts for 
star identification. Some planetariums exhibit Foucault pendu- 
lums, telescopes (often fitted for actual observing), and models 
or devices for explaining certain concepts in physics, chemistry, 
meteorology, and space science and technology. 

Special demonstrations for school groups are arranged on a 
regular schedule in most planetariums. It is common practice to 
plan lectures as a supplement to the science curriculum of the local 
schools. For younger children, the offering is usually planned to 
inspire and develop an appreciation for and a curiosity about the 
Skies. The emphasis for students in the fifth through eighth school 
years is on the transmission of factual descriptive data, and for 
older secondary school and college students on the explanation of 
phenomena. The planetarium instrument is admirably suited to 
these purposes. 

Courses and lecture series of varying duration on a wide range 
of topics are offered in some planetariums. The most popular sub- 
jects are introductory and advanced astronomy, star identification, 
and celestial navigation. In some instances, the courses are offered 
in cooperation with local universities, 

Smaller, less elaborate, planetarium installations have become in- 
creasingly common in museums, schools, and even private homes, 
made possible by the development since World War II of modest 
instruments of limited capabilities. (J. M. Cn.) 

PLANETS. The term “planet” was applied in the ancient 
Ptolemaic or geocentric astronomy to the seven heavenly bodies 
which were observed to change their places as projected against 
the background of the so-called fixed stars. These bodies were 
the sun, the moon, Mercury, Venus, Mars, Jupiter, and Saturn, all 
of which were supposed to revolve around the earth. In the 
modern or heliocentric astronomy (taught by Aristarchus of Samos 
in the 3rd century B.C. but forgotten or neglected till revived by 
Copernicus in the 16th century A.D.) it is applied to all dark and 
opaque bodies in revolution round the sun, and the number of 
such bodies known has been greatly increased by successive dis- 
coveries. In 1781 William Herschel discovered Uranus. In 1801 
Giuseppe Piazzi discovered Ceres, a small planet revolving be- 
tween the orbits of Mars and Jupiter and the first to be detected 
of a great host of small bodies known as minor planets or asteroids; 
in 1846 Neptune was added to the list of major planets as a result 
of mathematical work on the unexplained irregularities in the mo- 
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PLANETS 


dently, by John Couch Adams (see NEPTUNE). In 1930 4 
more remote planet was found at the Flagstaff observatory ne, 
the position predicted by Percival Lowell. It was named Pluto 5 
Most of the major planets possess moons or satellites, 
tune is known to possess 2, Uranus 5, Saturn 9, Jupiter 12, 
and the earth 1. Ж 
Distances of the Planets.—An empirical rule expressing th 
planetary distances from the sun was discovered by Titius of Wi 
tenberg in 1766 and later brought into notice by Johann Bode, 
Tf a series of 4's be written down, and 3 be added to the second, 
3 X 2 to the third, 3 X 2? to the fourth, and so on, the sums of 
the numbers are 4, 7, 10, 16, 28, 52, 100, 196, 388, 77; 
Division of these numbers by 10 shows fair agreement with the 
actual mean distances up to Uranus (see Table I), provided 
that the figure 2.8 is thought to represent the mean position of the 
asteroid ring. The success of representing approximately the | 
seven planetary distances by the Titius-Bode rule is not 
able, since it was accomplished with five parameters (the | 


tion of Uranus by Urbain Jean Joseph Leverrier and, ае 


bo 
TABLE I.—Principal Elements of the Orbits qi Hm Major Planets for the 


Epoch 1956, Jan. 1. G. M. 


Mean distance from 
sun in 


Eccentricity 

Astronom- | Millions 

ical units | of Miles 
a 


mn 
Mercury . . $ 0.387099 x 0.2056257 700 14.1 
Venus 9 0.723332 67.2 | 0.0067940 | 3 23 39,1 
Earth Өө 1.000000 92.9 | 0.0167276 moo 
Mars m g 1.523601 141.6 | 0.0933680 150 $9.8 

upiter .. a 5.202803 483.4 | 0.0484288 11820.1 

atur ., 9.538843 886.3 | 0.0556956. 2 29 24.3 
Uranus .. ;6| 19.181962 | 1,782.4 | 0,0471985 046 22,9 
Neptune . . y 30.057731 | 2,792.9 | 0.0085717 1 46 26.8 
Pluto эЛ E 39,51774 3,671.9 | 0.2486438 | 17 08 38.4 


*In tropical years. 
Source: American Ephemeris and Nautical Almanac (1956). 


constants 4, 3, and 2 and the two rules of putting the exponent of 
2 at —co for Mercury and of starting the regular count at Venus 
with the exponent 0). Furthermore, the rule fails for the major 
planet Neptune. The modern equivalent is to consider the plane- 
tary distances as a rough geometric progression, i.e., the radius of 
each orbit differs by roughly a constant factor from its n ш. 
Actually, the factor varies from 1.4 to 2.0 (not counting Pluto, 
see below). It appears to have been determined largely by the 
local density of the solar nebula from which the planets formed. 
Orbits and Phases of the Planets.—From the obs 
of "Tycho Brahe, the great Danish observer, Johannes Kepl 
duced the following three great laws of planetary motion: ^ 
(1) The planets move in ellipses with the sun at 0 
Hitherto it had been believed that the celestial motions to 
in circles, the circle being the perfect geometrical figure. _ 
(2) The straight line from the sun to a planet (radius 
passes over equal areas in equal times. The importance of 
was that it involves a continually varying rate of a motio 
was also contrary to accepted beliefs at the time. To mamta 
equal description of areas in unit time a planet must travel 
in the neighbourhood of perihelion where the radius vect 
minimum than near aphelion where it attains its maximum 
(3) The squares of the periodic times (the times requi 
the orbital revolutions of the planets) are proportional 
cubes of the mean distances (the semimajor axes of their 0) 
This is known as the harmonic law and defines the г 
between a planet's orbital motion and its distance from t 
From these laws of planetary motion Isaac Newton de 
law of universal gravitation which has achieved such rem 
success and prepared the way for Albert Einstein's 
theory. ass well a8 
The dimensions, form, and aspect of a planet's orbit. ceived bY 
the position of the planet in the orbit at any time are m 
six quantities known as its elements. "These are: "mi 
(1) Half the major axis, or mean distance (generally d€ (Р) 
by a). This defines the size of the orbit and also the period 
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PLANETARIUM PLATE I 


| The Copernican оггегу in the American museum—Hayden planetarium, New York city; the 
| large centre globe represents the sun, the other globes represent the major planets, An Aztec 


I 
| calendar stone replica is embedded in the floor 


і ue a, | 
А Y7th-century planetarium based оп the Ptolemaic theory 


which had the sun, moon and five planets revolving around 
the earth 


EARLY AND MODERN PLANETARIUMS 


A 17th-century armillary sphere representing the important 
circles of the heavens, with two dials indicating the altitude 
of the celestial equator and pole 


N 


EOS 


The Adler planetarium of Chicago, typifying the domed structure of planetarium buildings 


T 

ls earth with its encircling Van Allen radiation belts 
apjcleeted on the dome of the American museum— 
Yden planetarium 


PHOTOGRAPHS, (TOP RIGHT AND BOTTOM LEFT) THE AMERICAN MUSEUM-HAYDEN PLANETARIUM, (OTHERS) THE ADLER PLANETARIUM AND ASTRONOMICAL MUSEUM, STEPHEN DEUTCH— 


Prare П PLANETARIUM 


STAR HEMISPHERE 


CONSTELLATION FIGURES 
AND VARIABLE STARS 


SUN, MOON, EARTH, 
AND FIVE PLANETS. 


MILKY WAY 


HEMISPHERE 


HEMISPHERE 


Pan 
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LOU EFFECTS 


The Spitz Intermediate Space Transit planetarium. The star hemispheres project 
the invariant star field, Milky Way, nebulae and star clusters. Mounted under the 
star hemispheres are auxiliary projectors for the constellation figures and variable 
stars. The annual motion of the sun, moon and five planets as well as the view 
of the earth seen from the moon are reproduced by mechanical analogues. The 
meridian, pole, zenith, cardinal points and aurora are projected from the special 
effects turntable. The Spitz Laboratories planetarium has three axes of rotation: 
the first simulates the effect of the movement of the earth about its own axis; the 
second simulates various aspects of the sky from various latitudes of the earth; 
the third simulates a scanning of the skies. An interaction of these three axes 
through computer control permits simulation of the visual effect caused by the 
pitch, roll and yaw of a trip through space out as far as the moon as well as cre- 
ating the accurate pole of rotation of the moon 


PLANETARIUM PROJECTORS 


The Zeiss planetarium. A system of about 150 projectors forms part of this 
planetarium. The two large star globes house the projectors for the northern 
and southern hemisphere star fields while the smaller spheres at either end project 
the constellation names and figures. Separate projectors mounted on “ruffs” at 
the base of the star fields produce the 42 brightest stars, the 3 variable stars 
and the Milky Way. The moon with surface details and automatic phase changes, 
the sun with aureole and gegenschein, and five planets are projected from cages 
below the star globes. Projectors for the equator, ecliptic, hour circles and pole 
marker are in smaller globes mounted on the central mass while the meridian and 
zenith projectors are located at the base of the instrument's supporting structure. 
Seven motors provide the daily rotation of the heavens, the annual movements of 
the sun, moon and planets, the Precessional movement of the heavens about the 
ecliptic axis, and the variation of polar altitude, Thus, the firmament may be “‘ob- 
served” from any global latitude 


PHOTOGRAPHS, (TOP LEFT) SPITZ LABORATORIES INC., YORKLYN, DELAWARE, (TOP RIGHT) CARL 
PHILADELPHIA, PA. 


ZEISS, 


The first modern planetarium instrument 
in 1923, had a single sphere with cone 
stellar projections and a cage framework 
moon and five planets, It projected appr 
lantern slides of exact drawings of the sk 
Projector was that it showed the sky from 


CONSTELLATIONS 


STAR FIELD 


„BRIGH 


MILK 


н 
RANKLIN 1 
OBERKOCHEN, WEST GERMANY, (BOTTOM RIGHT) J. J. BARTON, THE F 


by the Carl Zeiss firm 
ped lens supports for 
projectors of the sun, 
tely 4,500 stars from 
ıe shortcoming of this 
atitude only 
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PLANETS Prate I 


Venus, showing the phases and greatest range in diameter resulting from revolution about the 
sun in an orbit inside that of earth. When passing between earth and the sun, the night side 


of Venus is completely encircled by a ring of light (lower right) due to sunlight reflected through 
the planet’s atmosphere 


Saturn, various aspects of the planet and Its ring system Jupiter, 1936 (left) and 1938 (right), showing the great red spot and notable changes in the 
(1936-45) belts 


i i is to the planet, at 
Mars, i i i i ingtime (left) and in Mars and its satellites, photographed Aug. 17, 1924. Phobus is close 
ser УВ WI ERU шш а. DO NOSE: and the the right; Deimos is fainter and farther from the planet, at the left. Composite photo- 
dark markings graph 
PHOTOGRAPHS OF PLANETS 


BY COURTESY OF E, C. SLIPHER, LOWELL OBSERVATORY 


PLATE II PLANETS 


Neptune and two satellites; Nereid shown with arrow, Triton below over- 
exposed image of Neptune. The rays and the halo are caused by the in- 
strument 


Uranus and five satellites, Rays and halo are caused by the Instrument Two photos of Pluto showing movement of planet in 
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NEPTUNE — 
PLUTO 


Relative sizes of the planets, arranged in order of distance from the sun but not according to their respective distances from each other 


MOTIONS, SATELLITES, AND RELATIVE SIZES OF PLANETS 


PHOTOGRAPHS, (TOP LEFT) M. HUMASON, (TOP RIGHT, CENTRE LEFT, AND CENTRE RIGHT) G. P. 
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by means of Kepler's third law, above. 

(2) The eccentricity (e) or the ratio of the distance of the sun 
from the centre of the orbit to the mean distance. This defines 
the shape of the orbit. 

(3) The inclination (i) of the orbit plane to the ecliptic, +e., 
to the plane of the earth’s orbit. 

(4) The longitude of the ascending node (®), ie., the direc- 
tion at the sun of the point on the orbit (measured from the 
vernal equinox or “first point of Aries”) at which the planet 
crosses the ecliptic from its south to its north side. This defines 
the aspect of the orbit. 

(6) The longitude: of the perihelion (8). This defines the 
direction of the major axis in the plane of the orbit. 

(6) The longitude (2) of the planet at the epoch or time (7) 
of the planet's perihelion passage. The elements a, P, e, and i are 
given for the several planets in Table I. 

Since the orbits of Mercury and Venus lie within that of the 
earth these two planets when observed telescopically will show 
phases similar to those presented by the moon. When on the far 
side of the sun, ie,, near the time of superior conjunction, each 
of them will appear like a small full moon.: As the angle earth- 
planet-sun increases, a proportionally diminishing fraction of the 
illuminated surface will be presented to view; and when the angle 
reaches 90°, the planet will appear half illuminated like the moon 
at first quarter. Following this, a crescent form of steadily dimin- 
ishing breadth will be assumed as the planet moves toward inferior 
conjunction, at. which: point it passes between the earth and the 
sun, Subsequent to this, the phases described will be repeated in 
the reverse order up to superior conjunction when the planet will 
again be “full.” The phases of a planet revolving outside the 
earth's orbit. differ from those of Mercury and Venus inasmuch 
as the angle earth-planet-sun can never increase to 90°. Thus 
Mars, although at times presenting a gibbous aspect like an 11- 
or 12-day-old moon, is always more than half illuminated. In the 
case of Jupiter the defect of illumination is so small as to be almost 
imperceptible. In the cases of the planets revolving outside Jupi- 
ter the phase is quite imperceptible even in powerful telescopes. 
The variations in apparent diameter and brightness will, of course, 
also be small in the cases of the remoter planets. 

{ Planetary Atmospheres.— There аге striking physical distinc- 
tions between the giant planets Jupiter, Saturn, Uranus, and Nep- 
tune.on the one hand and the terrestrial (or earthlike) planets 
Mercury, Venus, earth, and Mars on the other hand. The planets 
of the first group, besides being much larger and more massive than 
the terrestrial planets; show no fixed permanent surface features 
and are of very low-density, The density of Saturn is actually less 
than that of water, The terrestrial planets range in density from 
4.07. that of water for Mars to 5.5 for Mercury. Both Mars and 
Mercury show fixed markings on their surfaces. Impermanent 
clouds, often arranged in roughly parallel belts, can be seen in the 
atmosphere of Venus, The masses and, consequently, densities of 
those planets possessing satellites are derived with great precision 
from the distances and periods of their satellites by an application 
of Kepler's third law. ‘The masses of Mercury and Venus are de- 
duced from their gravitational disturbances on the motions of other 
planets and asteroids, and, for Venus, from observations by the 
spacecraft Mariner 23, whereas the mass of Pluto has proved too 
small to be determined. 

The knowledge of the mass and diameter of a planet permits the 
calculation of the attraction of gravity at its surface, g, and the 
velocity of escape, ту which is the limiting velocity which a par- 
ticle must exceed if it is to escape from the planet. The computed 
vaues of g and v, are found in Table II. Note that for planets 
of different density, p, the values of g and v, are not proportional ; 
the reason for this is found from the definitions (g = Ст? ve = 

2Gm/r; m ~ rip; m and r are the mass and radius of the planet 
and G is the constant of gravitation). 

The rate of escape of molecules from the uppermost layer of a 
Planetary atmosphere (called exosphere) depends not only on v, 
but also on the temperature and the molecular weight of the gas: 
both a high temperature and a low molecular weight will increase 
the molecular velocities and therefore the fraction that exceeds Ue. 
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The exosphere temperature depends on the strength of the solar 
radiation received. (which may be computed for each planetary dis- 
tance) as well as on the atmospheric composition. Thus for each 
planet a prediction may be made as to which gases, if any, will 
be retained near its surface. It is found that Jupiter and Saturn 
will retain even the lightest gases, hydrogen and helium, for as- 
tronomically long intervals of time (several billion years or more) ; 
while the earth and Venus will lose these light gases but will 
retain all heavier ones. Mars will retain carbon dioxide, argon, and 
probably nitrogen, but may lose oxygen (which, because of its 
strong ultraviolet absorption heats up exceptionally). 

The observations support these conclusions in a general way. 
The spectra of the giant planets show strong absorption bands due 
to methane and ammonia, identified by Rupert Wildt in 1932 and 
confirmed in detail by T. E. Dunham. The only correction to this 
work is the discovery by T. Owen (1964) that the so-called am- 
monia. band in Saturn at 0.79 is in reality due to methane; no 
ammonia has so far been discovered on Saturn. Further, hydrogen 
has been observed directly on all of the four giant planets. Gerard 
P. Kuiper observed an absorption in Uranus and Neptune at 8270 
A (1949), identified by Gerhard Herzberg (1952) as due to the 
pressure-induced dipole spectrum of hydrogen. C. C. Kiess ob- 
served four of the hydrogen quadrupole lines in Jupiter in 1960, 
Guido Münch and Hyram Spinrad (1963) found two in Saturn, 
and Spinrad found one such line in Uranus (1963)... Other uniden- 
tified features, 22 in number, were found by Kuiper in Uranus and 
Neptune between 7400-7600 A. These were explained satisfac- 
torily in 1964 by Owen as being caused by methane; their labora- 
tory production required long paths (8 km-atm.). Helium causes 
no visible absorptions of its own, but Herzberg, from laboratory 
experiments, found evidence that the planetary spectra of hydro- 
gen show pressure effects attributable to helium. Kuiper discov- 
ered methane on Saturn’s satellite Titan in 1944, but no ammonia, 
which would have frozen out; he concluded that Pluto and Nep- 
tune's satellite Triton may have tenuous atmospheres, which would 
account for the rather strong ultraviolet reflectivity of these 
bodies; so far no specific molecular absorptions have been found. 
Tenuous atmospheres may exist on two of the Galilean satellites of 
Jupiter, II and III, which show spectroscopic evidence of ice de- 
posits on their surfaces. 

On the earth hydrogen and helium are constantly being replen- 
ished in the atmosphere, by the photodecomposition of water 
vapour in the upper atmosphere and radioactive decay in the crust, 
respectively. , The other gases in the atmosphere, though of sec- 
ondary origin (i.e., due to degassing of the crust), are not now 
being lost. In pregeologic time, however, there must have been 
very severe losses to the protoatmosphere as is shown by the very 
low relative abundances of the noble gases, neon, argon, krypton, 
and xenon, These gases must always have been part of the atmo- 
sphere and are therefore of great importance in tracing its early 
history. 

On Venus a dense atmosphere of carbon dioxide was discovered 
by Walter S..Adams and T. E. Dunham in 1932; but water vapour 
and oxygen could not be detected. Моге recently, A. Dollfus and 
J. Strong found positive indications for the presence of traces of 
water vapour but no good value yet exists. Carbon monoxide is 
essentially absent on Venus (<2 cm-atm. in the observable atmo- 
sphere), as is oxygen, an interesting geochemical balance. . The 
pressure on the surface of Venus may approximate 10 atm. (J. 
Kaplan, 1961; Spinrad, 1962). The surface temperature is high 
(see below) and the tremendous greenhouse effect of the atmo- 
sphere is not fully understood. The bulk of the atmosphere of 
Venus is presumably nitrogen; the self-pressure by carbon dioxide 
is not sufficient to explain the pressure broadening of the 7820 A 
carbon dioxide band. 

On Mars, carbon dioxide was discovered by Kuiper in 1947, 
and water vapour was first directly observed by Münch, Spinrad, 
and Kaplan in 1963. Its presence had been inferred from the iden- 
tification of the polar snows as solid HO rather than СО» by 
Kuiper in 1948. The surface pressure of the Martian atmosphere 
was found to be 0.017 atm., or 17 millibars, by Owen and Kuiper 
from the pressure broadening in the Martian carbon dioxide bands. 
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The atmospheric mass is about 1-2% that of the earth’s per unit 
surface area. About 85% of the atmosphere is probably nitrogen, 
14% is carbon dioxide, and about 1% is argon. Water vapour ac- 
counts for about 1 cm-atm. in a vertical column, 

The Martian atmosphere appears to have a composition similar 
to that of Venus (about 6 times as much nitrogen as carbon 
dioxide) though its mass is vastly (200 times) smaller and the sur- 
face pressure about 500 times less. The atmosphere of the earth 
differs from both in two main respects: its free oxygen, 4 of the 
total atmosphere; and its greatly reduced carbon dioxide content, 
only sy of the amount of nitrogen. The latter is due to the 
presence of liquid water on the earth that has bound as carbonate 
rock nearly the entire available carbon dioxide supply and holds 
most of the remainder (all but gç) in solution in the ocean, In 
fact, if this bound carbon dioxide were to be liberated, there would 
be more carbon dioxide in relation to nitrogen on the earth than 
on Venus and Mars. 
two planets, also, some carbon dioxide might also be bound. Mer- 
cury has no perceptible atmosphere, the upper limit being 0.3% 
of our atmosphere, according to Dollfus. The moon may have a 
trace, about 10713 terrestrial atmospheres, as appears to follow 
from certain radio observations. Such an amount is about what 
would be expected from the rate of argon production in the lunar 
crust, coupled with the expected rate of escape to space from the 
lunar exosphere. 

Planetary Surface Temperatures.—The heat radiated to 
space by a planet is nearly in balance with that fraction of the 
solar radiation which the planet absorbs. For the terrestrial 
planets the heat flow from the interior is so small that the balance 
is precise; for Jupiter and Saturn the heat flow from the interior 
is not negligible, as is shown by the “spontaneous” disturbances in 
their cloud covers. Nevertheless, even for these planets there 
will be approximate balance. Now the heat loss by radiation per 
unit area is proportional to 7*, while the gain by absorption per 
unit area is proportional to (1 — A)/a?, where A is the planetary 
albedo and therefore (1 — A) the absorbed fraction of the received 
solar radiation; a is found in Table I. Fora surface placed at right 
angles to the solar rays one finds, from the known "solar constant," 
the equilibrium radiation temperature to be 394? X (1 — A4)%a%, 
counted from the absolute zero. For a rapidly rotating planet the 
solar radiation is spread over an area four times that of the cross 
section of the beam, and therefore the temperature will be 434— 
V2 times lower than for a “normal” surface. The computed mean 
radiation temperatures for rotating planets are found in Table II. 
They apply to whatever atmospheric or surface layer is most effec- 
tive in the radiation to space. Note that this layer on Venus is no 
warmer than that on the earth, owing to the high albedo. For 
planets with dense atmospheres and condensation products, the 
surface temperatures must be higher than the radiation tempera- 
tures owing to the greenhouse effect. For the earth the difference 
is about 30° C and the difference is not constant, as is shown from 
the occurrence of ice ages. 

Planetary temperatures may be measured by placing a sensitive 
infrared detector at the focus of a large reflector. Such work has 
been done especially at the Mt. Wilson and Lowell observatories. 
The measures are hampered by the variable amounts of water 
vapour in the earth's atmosphere, but the region from 8 to 14u 
is comparatively free and is used. This means that temperatures 
much below 200° absolute (—73° C) are not readily accessible. 
Results on the giant planets are 
therefore uncertain; further- 


This raises the question whether on these . 


TABLE II.— Physical Constants Pertaining to the Major Planets 
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and R. L. Wildey (128? absolute). For Saturn the temperature jg 
about 93? absolute (Frank Low), in accord with the Spectroscopic 
absence of ammonia vapour. 

For the terrestrial planets and the moon the results are in good 
general agreement. with the computed temperatures. Edison Pet. 
tit established the important result that the day and night sides 
of Venus are virtually at the same temperature, 241? absolute 
(—32° C), indicating rapid atmospheric convection between the 
two hemispheres. The surface temperature of Venus is about 700° 
absolute, or 430° C, above the melting point of lead. For the moon 
Pettit measured, among others, the temperature drop during a lu. 
nar eclipse, which led to a determination of the coefficient of ther- 
mal conductivity; from these data the lunar surface was found to 
be covered with a fine powder (probably caused by meteoritic im- 
pacts). For Mars the noon temperature at the equator was found 
to be about 0°-10° C, somewhat less, as it should be, than the 
maximum attainable for a normal surface exposed indefinitely, 
that being 34° C. 

Composition of the Planets.—The terrestrial planets are 
composed of silicates and metals, in varying proportions, as fol- 
lows from their different densities. Mercury, though of small 
mass and therefore little compressed, is as dense as the earth which, 
if uncompressed, would have a density of about 4.2, Mercury 
must contain about $ iron, and this suggests that the liquid core 
of the earth is iron also and not a high-pressure phase of silicates. 
Detailed discussions on the composition and the equation of state 
of the earth’s interior have been given, particularly by A. E. Ring- 
wood. Jupiter and Saturn are composed of about 80% and 60% 
hydrogen, respectively, according to W. C. DeMarcus (1958), 
The composition of Uranus and Neptune is still uncertain. De 
Marcus and Reynolds (1963) find — 23% hydrogen for Uranus and 
<14% for Neptune. All four giant planets must have earthlike 
cores at their centres, though more massive and more compressed 
than the earth, since these planets arose from protoplanets that 
were more massive than protoearth. This conclusion is compatible 
with the planetary models of DeMarcus. 

Origin of the Planets.—It is reasonably certain that the 
planets condensed from large gaseous clouds, or protoplanets, 
about 5 X 10° years ago; and that these protoplanets were essen- 
tially of solar or cosmic composition. Protoearth was about 500 
times more massive than the present earth; proto-Jupiter about 20 
times." The protoplanets appear to have segregated from а prime- 
val nebula that surrounded the sun; the mass of the solar nebula 
was about 695 of the solar mass. The process of planetary forma- 
tion appears to have been incidental to the formation of the sun 
itself, with the solar nebula consisting of the material that, E 
cause of its large angular momentum, stayed behind in the genera 
contraction process. The protoplanets were formed by GENEA 
tional instability within the nebula before the sun had complete 
its contraction and had become luminous. The temperature y 
the nebula at the time of breakup appears to have been exceedingly 
low, «100? absolute, which, because of the abundance of RUM 
greatly speeded accretion. During the last phases of contractio 
the sun was probably surrounded by a cloud of very high-enetty 
particles, causing much induced shortlived radioactivity n h 
accreting solids. Also the young sun appears to have gone throug 


з 4 iî the 
very lumin: i ions that drove 0 
a very luminous stage, causing intense radiat: tria] planets 


he masses 


gaseous envelopes or protoatmospheres of the terres 
and left them virtually bare. It also greatly reduced t 


more, they are strongly affected 


а м M Inclina- Mean | Surface 
by particular molecular absorp- Planet Mass | diameter | density | Чопо! | Rotation | Albedo | Radiation gravity 
tions and emissions in the 8-144 SEL | ө=1 (аге) equator | репой едет) е 
region, such as а i - 

eg, ch as are due to ammo Mercury. . 00543 | 038 5.5 Т 88 days | 0.058 | 625* 0.38 

nia. Thus, the measured temper- у кй," 0.8136 0-961 5.06 30°? very long | 0.71 241 н 
iter i ; аг! 2 | 10000 | ti 5.52 23°27" | 235641 | 0.3 250 ; 

ature of Jupiter is essentially the Moon: 1] 00123 | 0273 3.33 is» | Webs | oo | are | | 046 

temperature at which ammonia | Mars  . ‚ ‚| 0108 0.523 4.07 25° 2437722*.6 | 0.159 217 EO 
В айг . F . (318.35 10.97 1.35 3* q^ 9550—56 0.51 102 24 

vapour makes its appearance, Satun 2 1 [953 9.03 071 26545" | 10118 | 050 76 an 
o —143? Jranus , . | 14.54 3.72 1.56 98°.0 10.7 0.66 49 ў 

about 130° absolute (—143* С). | Neptune | | : | 172 3:38 247 29*0 1508 0:62 40 123, 
This is in good accord with the | Pluto 0.05? 0.45 3? ? 63.39 0.17 42 0.2 


1962 measures of Bruce Murray 


*For subsolar point, since Mercury does not rotate with respect to the sun. 
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of the giant planets, These gigantic mass losses had several indi- 
rect effects, such as great increases in the inclinations of the plane- 
tary equators (see Table IT) ; the loss of satellites to interplanetary 
space (probable formation of Pluto from Neptune, and Hidalgo 
and the Trojan asteroids from Jupiter); and the formation of a 
dozen irregular satellites (being lost satellites that were recap- 
tured). 

The minor planets or asteroids appear to have originated as con- 
densations in a tenuous part of the solar nebula between proto- 
Jupiter and proto-Mars, Gravitational instability could not oc- 
cur in this tenuous ring so that not one large condensation (or 
planet) developed but instead innumerable smaller condensations 
formed by accretion, much like snowflakes in a cloud. A similar 
tenuous ring must originally have existed outside proto-Neptune, 
which appears to have given birth to the comets, The dimensions 
and compositions of the asteroids and of the comets are in general 
accordance with the predictions based on this theory. The mete- 
orites appear to be fragments of asteroids that have collided; Ed- 
ward Anders has shown in 1964 that the parent bodies are not 
asteroids in general but a small subclass of them that moved near 
the planet Mars. 

Habitability of the Planets.—The giant planets appear to 
have solid surfaces only at great depth, as a result of excessive pres- 
sures (over 100,000 atm.); while the atmospheres are strongly 
reducing (large excesses of free hydrogen). No life as we know it 
could exist there. The moon and Mercury are unsuited for life 
due to lack of atmospheres. Venus must have produced some free 
oxygen or its atmosphere would be expected to contain carbon 
monoxide as well as carbon dioxide, since both are produced by 
terrestrial volcanism, This oxygen originated probably from pho- 
tolysis of water vapour, rather than from organisms. The appar- 
ent absence of appreciable quantities of water and oxygen, the 
high carbon dioxide content, and the very high surface tempera- 
ture make Venus an unlikely place for life to have developed. 

The case of Mars is distinctly different. This planet possesses 
an atmosphere containing carbon dioxide in quantities similar to 
the earth, as well as traces of water vapour, and probably nitrogen 
and argon.. Photosynthesis is therefore possible. The daily tem- 
perature range, while larger than in the terrestrial deserts, is not 
extreme, The night temperature may reach —80° C or —100° C, 
but would not be fatal to some organisms, as lichens, occurring on 
the earth. In fact, some terrestrial lichens, if transplanted to 
Mars, might survive. 

The dark areas, on the planet bear some resemblance to those 
on the moon and on Mercury, and are therefore likely to be ex- 
tensive lava fields. The delicate green and brown colours occa- 
sionally observed on these dark areas may represent a hardy type 
of vegetation partially covering these lava fields. See also refer- 
ences under “Planets” in the Index. 

Втвлоскарнү.—Е. L. Whipple, Earth, Moon, and Planets (1963); 
G. P. Kuiper (ed.), Atmospheres of the Earth and Planets (1952); 
G. de Vaucouleurs, Planet Mars, trans. by P. A. Moore, 2d ed. (1953) ; 
H. C. Urey, Planets: Their Origin and Development (1952); G. P. 
Kuiper, “The Formation of the Planets,” in J. R. Astr. Soc. Can., March, 
May 1956; (Jupiter) C. C. Kiess, С. H. Corliss, and Н. К. Kiess, 
Astrophys. J., 132:221-222 (July 1960); (earth composition) A. E. 
Ringwood, Geochimica cosmochim. Acta, vol. 25, no. 1 (Aug. 1961); 


(Jupiter and Saturn interiors) W. C. DeMarcus, Astr. J., 63:2 (Jan. 
1958) (F. L. We.; G. P. K.) 


PLANING MACHINE: see MACHINE TOOLS; WOODWORK- 
ING MACHINERY. 

PLANKTON, the name used for that comprehensive section 
of marine life which drifts under the influence of sea currents, to 
distinguish it from those organisms (nekton) that can swim 
against the currents and those (benthos) that are found attached 
to, or crawling on, the sea floor. Planktonic life is important 

ecause almost all animal life in the sea is ultimately dependent 

On it for existence. The great majority of planktonic organisms 
àre microscopic plants and animals; by definition, plankton also 
Includes bigger organisms, even the largest jellyfish. 

Little was known of any except the largest species of plankton 
Until, in 1845, Johannes Müller towed a small conical net of fine- 
meshed cloth behind a boat and collected a sample of the minute 
Plants and animals. Many forms new to science were soon col- 
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lected in this way, even in coastal waters, although it was not 
until 1872-76, when the “Challenger” expedition explored the great 
oceans of the world, that a real impression was obtained of the 
almost infinite variety hidden in the sea. In 1889 Victor Hensen 
(who first used the term plankton) led his special “Plankton Ex- 
pedition” in a more detailed survey in the Atlantic. In 1902-08 the 
International Council for the Exploration of the Sea set an example 
of cooperation in research by arranging for its program to include 
an international survey of plankton distribution in and about the 
North Sea. Many other surveys followed; among them was the 
series of “Discovery” expeditions to study the life of whales in 
Antarctic waters. Equally important is the work done from the 
marine shore stations; those at Plymouth, Eng.; Edinburgh, Scot.; 
and Woods Hole, Mass., are among the best-known. 

Cycle of Life in the Sea.— Just as life on the land is ulti- 
mately dependent on the sun for its existence, so also it is in the 
sea. Simple nutrient salts (phosphates, nitrates, etc.) are every- 
where dissolved in minute quantities in the water together with 
carbon dioxide. With the aid of light energy from the sun’s rays, 
the large seaweeds of the shores build these into the complex ma- 
terials of their tissues. For this reason the seaweeds live only 
within reach of the sun’s rays. Since they are normally attached 
to the sea bottom they can form only a fringe of vegetable life 
around the continents and islands. Again, as on land, the marine 
animals need their food in a complex form, ready-made either by 
plants or by other animals which themselves have fed upon plants. 
The seaweeds are too few to feed more than a small proportion 
of marine animals; most of these animals depend on the planktonic 
plants (phytoplankton). The phytoplankton floats in countless 
billions in the upper layers of the water, buoyed by a variety of 
devices which lessen their density so that they remain in the sun- 
lit zone. When the supplies of nutrient salts are sufficient and the 
light and temperature adequate, the unicellular plants double their 
numbers daily, until in places the sea becomes coloured with them. 
They provide the food of the minute planktonic animals (zoo- 
plankton), which in turn form the chief food supply of young 
fish. Some fish, such as herring and mackerel, feed largely on 
plankton all their lives, as also do the whalebone whales, Other 
fish, as they grow, feed more and more on larger animals, either 
fish or animals that live on the sea floor, such as crabs and whelks. 
This life of the sea floor in turn is fed by the rain of dead and 
dying plankton that is continually falling from the upper layers 
of the water, The whole system forms a network of feeding 
“chains,” which, as the salts and carbon dioxide are returned to 
the sea by excretion and death, is seen to be one part of an elaborate 
chemical cycle. (See Ecorocv.) 

As the sunlight strengthens and penetrates deeper during the 
spring, the few green plant cells that have remained in the upper 
layers over the winter months begin to divide and spread through 
the waters, usually first near the coasts and then farther out to 
sea. The warming of the surface waters in late spring and sum- 
mer sets up a boundary between the less dense surface water 
and the deeper layers that are still cool, so that chemical exchange 
between them becomes difficult. The phytoplankton consumes 
most of the surface supplies of nutrient salts during its spring 
increase, so that phosphorus and nitrogen exist mainly in the plant 
tissues and in the animals that have fed upon them. These ani- 
mals then increase at the expense of the green plants, which be- 
come more scarce in the summer. At the same time smaller 
numbers of brownish cells (dinoflagellates) are often found. In- 
crease in the zooplankton takes place both by the reproduction of 
permanently planktonic animals and through the hatching of in- 
numerable planktonic larvae of fish and bottom-living species. A 
little later these planktonic larvae take up their adult lives as 
swimmers or bottom dwellers; their survival up to this stage has 
also depended on the supplies of plankton food available to them. 

Fish and other animals take their toll of the permanently plank- 
tonic animals, which by autumn are decreasing. The year is not 
over, however, for there isa second (autumnal) harvest in the sea. 
As the autumn winds develop and the sun's rays decline, the 
boundary between the warmer surface waters and the cooler deep 
waters breaks down. The two layers mix again, providing fresh 
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FIG. 1,—MARINE PHYTOPLANKTON, HIGHLY MAGNIFIED 
(Left) Diatoms, mainly chains of Chaetoceros; (centre) diatoms and dinoflagellates; (right) dinoflagellates, mainly Ceratium tripos 


supplies of salts to those waters still influenced by the sun. An- 
other crop of green plants, not always the same kinds as in the 
spring, has a brief period of abundance before winter sets in. 
Usually; small amounts of plankton are found in the winter months, 
but during this time the supplies of nutrients are redistributed and 
restored (following the continual processes of decay) by strong 
vertical and horizontal water movements. 

The cycle just described is typical of temperate waters in the 
northern and southern latitudes. In higher latitudes the spring 
and autumn plant’ harvests are respectively later and earlier, un- 
til in the polar regions they meet as one. In warmer waters 
neither is so prominent; the plant numbers at any time are far 
fewer, but with the possibility of reproduction over the’ whole 
year and throughout a deeper layer the quantities available for 
animal food may still be appreciable. 

Planktonic life is usually found in recognizable communities, 
often taking the form of distinct patches in the sea; The com- 
munities are by no means static; their natures and constitutions 
are continually changing not merely because of the rapid rate of 
increase and decrease common to all small organisms but also 
because of changes in the environment and the complex inter- 
actions among the organisms themselves. The proportions of prey 
and predator in the different food chains are never constant. A 
change in one is rapidly reflected in others, since the chains are 
parts of a continuous network. ` Feeding relationships are not 
the only relationships whereby the organisms interact, for there 
are also relationships depending on the plants' varying needs for 
the different nutrient salts; More subtle relationships depend on 
the release by some organisms of metabolites (ectrocrines), which 
influence favourably or unfavourably the lives of other organisms. 

Kinds of Plankton.— There are representatives in zooplankton 
of nearly every important group of animals from the fish down- 
ward, although only one major plant group (the algae) is found 
in the phytoplankton. 

Phytoplankton.—The best-known members of phytoplankton 
are the diatoms, unicellular greenish-brown plants enclosed in a 
transparent shell of silica. They range in size from forms like 
the large Coscinodiscus, just visible to the naked eye, to the 
most minute species of Nitzschia. Many live individually, but 
others (Thalassiosira) are joined in chains. Some forms have 
their shells drawn out into long hairs (Chaetoceros). Together the 
diatoms form the most conspicuous plankton plants, and in places 
their empty shells have accumulated to give rise to large beds of 
“diatom ooze.” (See also DrATOMS.) 

Diatoms were long believed to be the chief food producers in 
the sea, but it is now thought that far greater numbers of smaller 


algae, mainly flagellates, may play a more important part, The 
flagellates are also unicellular. The most familiar are the dino- 
flagellates, which are typical of the summer and produce much of 
the phosphorescence seen then (Ceratium, Peridininm, etc.). By 
means of a pair of whiplike flagella they can move and produce 
minute currents bearing the smallest particles of food. Some 
secrete strong toxins; when dense they give rise to the phenom- 
enon known as “red tide." The smaller green (и) flagellates live 
more like plants, except for their locomotion by means of flagella. 
Most of the flagellates exist individually, but one form Phaeo- 
cystis, lives colonially in a gelatinous mass and is normally non 
motile. Like many other flagellates, it seems that in this form 
Phaeocystis is illustrating only one phase of an interesting life 
history, but this jelly may at times be abundant enough to clog 
herring fishermen's nets, causing much trouble in cleaning. 

Zooplankton.—The coloured flagellates, with their animal Tove- 
ments and plant nutrition, have been studied by both zoologists and 
botanists. There are numbers of colourless flagellates which can 
be considered only as animals. A large and unusually colourt 
flagellate, Noctiluca, causes luminescence on summer nights. 

Two other unicellular plankton groups, both related to amoebae 
but far more striking, are the Radiolaria and Foraminifera. Both 
have elaborate skeletons and have accumulated in such ПШ 
over certain parts of the oceans as to give their names to distinctive 
oozes on the seabed. 

Most marine animal groups are represented in plankton ie 
time by their eggs and larvae; few are without at least onê "d 
planktonic representative, Among the most beautiful are a 
ctenophores, siphonophores, and jellyfish, as well as the medusoi 4 
larvae of the bottom-living coelenterates. The so-called. arrow: 
worm (Sagitta) is particularly important in plankton resear я 
Other adult worms and their trochophore larvae are found in 
ton. Whole groups of mollusks are planktonic: there are a 
pteropods (Limacina, etc.), which by their cast shells have given 
name to yet another type of ooze, and the heteropods (Carinar p 
Pterotrachaea, etc.); in addition there are the veliger PM 
many bottom-living mollusks. The pluteus larvae of thé Hs 
derms are also prominent forms of plankton, although the P d 
thurians are the only wholly planktonic echinoderms. А 
group, closely related to the sea squirts, includes the salps =н 
doliolids, with their barrel-shaped gelatinous bodies; they “Table 
lonial, wholly planktonic, and in coastal regions may be vi hi 
indicators of oceanic water. A related animal is Pyrosoma, Y 
is luminescent but found only in warm waters. 

The Crustacea must be considered the most impor 
of the zooplankton. They have many kinds of plank 


tant members 
tonic Jarvae 
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(eig., the беа larvae of crabs). One particular group, the plank- 
tonic copepods, plays in the sea some of the parts played by in- 
sects on land. Most of the copepods are less than one-eighth inch 
in length. They are among the most numerous animals in the sea, 
grazing on phytoplankton and providing basic food for fish, There 
are many species, but the best known is Calanus finmarchicus, 
abundant over much of the North Atlantic Ocean. The eu- 
phausians, with their serried luminous organs, are another impor- 
tant planktonic section of the Crustacea. These are the chief food 
(krill) of the largest animals the world has known, the blue and 
fin whales. So dense are their swarms in Antarctic waters that the 
whales, by taking gulps of water and straining the plankton through 
their whalebone, can feed fast enough to grow within two years 
to sexual maturity and attain a weight of 60 to 70 tons. 

An early but most important discovery was made by С. О. Sars 
when he showed that most fish, including those of economic im- 
portance, give rise to planktonic eggs and larvae; herring differ in 
laying their eggs on the seabed, but their larvae, on hatching, im- 
mediately drift into the upper waters. This discovery answered 
one of the early objections to the use of heavy trawls in fishing 
on the sea bottom, for many fishermen had feared that by trawling 
they would ruin the spawning grounds of the fish. 

Distribution and Movements.—There are few, if any, masses 
of water without plankton, Although phytoplankton is necessarily 
limited to the illuminated layers, zooplankton has continued to be 
found, in gradually decreasing numbers but often increasing size, 
as new methods have made deeper sampling possible. Before the 
cruises of Wyville Thompson in the “Lightning” and “Porcupine” 
(1868-70) it had been thought that life was impossible at depths 
greater than 300 fathoms, These and later expeditions, particu- 
larly that of the “Galatea” (1950-52), showed that while depth 
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determined the nature of marine life it did not prevent it: Whether 
on the bottom or free in the water, life at great depths is neces- 
sarily scarce, since it, and all the animal life for perhaps five miles 
above it, isindirectly dependent on the activities of the plants close 
to the surface. While there are many exceptions, it is general for 
transparent or pale blue animals to be limited to the surface layers, 
in contrast to the occurrence of red and violet animals at deeper 
levels; vivid scarlet and black animals are mainly found only at 
great depths. More astonishing is the abnormal development of 
the eyes and often the elaborate structure of luminous organs in 
some deep-dwelling forms. 

Light has been thought to play a major part in the regular 
vertical migrations that most plankton animals make each day. 
Usually they move upward as the light declines and downward 
again, sometimes through hundreds of feet, as the light strengthens 
in the morning. Sometimes the larger zooplankton and associated 
fish in the deeper waters form a “scattering layer,” which may 
be seen on the graph of an echo sounder, moving up at night and 
down in the daytime with striking regularity. Many observations 
and detailed experiments have been made to uncover the processes 
resulting in this vertical migration. While light must almost cer- 
tainly play a large part, some research has suggested the possibility 
of its interplay with other factors, such as a changing response to 
the effects of gravity or a daily rhythm in the need for plant food. 
Some plankton animals appear to vary in the range of their verti- 
cal migrations roughly in accordance with their tendency to avoid 
dense phytoplankton, During vertical migration the animals al- 
ternate between layers of water which often move at different 
speeds and directions; their horizontal positions are automatically 
changed, not only in relation to each other but also in relation to 
the phytoplankton, 
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FIG. 2.—MARINE ZOOPLANKTON, HIGHLY MAGNIFIED 


(Top left) Calanus finmarchicus, Centropages typicus, Podon intermedius, 


ate larva of a spionid polychaete worm; (bottom left) developing fish egg, Sardina pilchardus; 


and three zoea' larvae of crabs; (top centre) cypris larva of a barnacle; (top right) 
(bottom centre) nauplius larva of а barnacle, Balanus tintinnabu- 


lum; (bottom right) pluteus larva of purple tipped sea urchin, Psammechinus miliaris 
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Apart from the influence of light, it is probable that tempera- 
ture is the chief governing factor in the distribution of plankton. 
Many animal forms are found in deeper waters during the summer 
than in the winter. Others with a wide distribution may appear 
at the surface in polar waters but live only in the depths of tropi- 
cal waters, where a low constant temperature is maintained. Heat 
must be the controlling factor there, although light may have a 
part in the seasonal migration. Within the surface waters there 
are striking changes as one travels from the north, through the 
tropics, and so to the Antarctic. In contrast to the vast quantities 
of plankton found in the higher latitudes at any one time, the 
tropical waters are much more thinly populated. On the other 
hand, the tropics provide a wealth of variety which has made the 
plankton there a permanent source of interest to marine biologists. 
Also, the metabolic rate in these warmer conditions is much more 
rapid than in cooler waters, and recent research shows that the 
production in the tropics can be greater than was once thought; 
hence the abundant stocks of fish in some tropical waters. 

While some planktonic organisms are almost worldwide in dis- 
tribution, most are limited by some factor so that each of the 
seas has its own particular combinations of life. Collections from 
different places and different depths can easily be distinguished. 
In another type of distinction the saltiness of the water is impor- 
tant. Coastal waters have their distinct types of plants and ani- 
mals, usually termed neritic, in contrast to the more widespread 
but often less abundant oceanic plankton. The mixed waters be- 
tween them in temperate and polar seas are among the richest in 
the world, for the oceanic waters, replenished by deep ocean cur- 
rents upwelling against the coastal banks, provide large supplies of 
nutrient salts. Phytoplankton flourishes there and animal life is 
abundant. It is in just such places that the largest trawl fisheries 
have been established, while the largest fishery in the world, the 
anchoveta fishery off Peru (and likewise the local guano indus- 
try), is based on the immense phytoplankton crop produced in just 
such a situation. The interplay of oceanic and coastal waters 
is intensively studied for this reason. An important advance was 
made when it was found that some of the larger planktonic forms 
(such as the species of Sagitta) may be used as easily recognizable 
indicators of the relative strengths and distributions of these waters 
in different years. 

Methods of Collection.—The commonest means of collecting 
plankton have changed little since Johannes Miiller first towed his 
conical net at the sea surface. At the tail of his net was a small 
glass tube into which the filtered organisms were washed and pre- 
served from damage. The plankton nets used on modern expedi- 
tions are essentially the same, though developed and specialized 
for various purposes, The finest and smallest are of silk (up to 
200 meshes to the inch) and elongated so that the meshes provide 
as great a filtering area as possible. In place of glass tubes there 
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FIG. 3.—APPARATUS FOR COLLECTING PLANKTON 


(Top) Plankton net with throttling rope; length about 8 ft., diameter 3 ft.; (bot- 
tom) continuous plankton recorder showing plankton being collected on bands of 
silk mesh 
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are small detachable metal “buckets” to collect the ; Jud 
Larger and coarser nets made of stronger material are used. 
collecting the larger animals. Since the nature of plankton ү 
greatly with the depth of water, it has become essential, whe 
the net is used vertically or not, to know the net's fishing c 
It is common for nets to be fitted with throttling ropes so. 
they may be opened and closed when desired, as also with | 
and depth-metres. Such methods can be supplemented. byp 
ing water through a flexible pipe and filtering the plankton on d 
this has the advantage of more complete control than when 
nets, although delicate planktonic forms may be destroyed. 
water pressure. For some purposes samples are best tal 
“water bottle" that can be closed or opened at will to co 
known quantity of water. This is suitable for small forms 
easily pass the meshes of the finest silk; they may be colle 
into a small volume of water by centrifuging or AS 
"fixation." жЩ 
Other instruments include the plankton indicator, whi 
lects samples on a disk of silk mesh placed at the end of a sm 
tube and is convenient for certain types of research and for com- 
mercial purposes. Several modifications, including la 
speed” nets, are used. Another instrument, the Hardy contir 
plankton recorder, is a development of the indicator for collecting 
continuous samples of plankton on a moving band of silk. Itis 
so arranged that it may be loaded in a laboratory and handed 
to the officers of commercial ships for automatic collection and 
preservation of plankton, while being towed between selected points 
on their routes; the machine with its record is then returned to 
the laboratory for analysis. Since its origin in the southern North 
Sea in 1931, the continuous plankton recorder survey, now oper 
ated by the Scottish Marine Biological Association from Edin- 
burgh, has been extended to cover most of the North Atlantic 
Ocean at regular intervals. It is being used to provide sta 
data for comparison with environmental observations 
catches of fish. * 


ton in marine economy had been realized for many years, it 
tical applications did not begin to be developed till the 19305. 
until a wide knowledge of the types of plankton and th 
tions in abundance had been obtained could scientists a 
those questions which might give answers of commercial val 
An association of herring with plankton’ had long been 
before detailed analysis of the stomach contents of tho 
herring showed them to be dependent on plankton throug 
lives. The herring feeds first on the smallest animals, 
larger ones. The adult herring can obtain from plankl 
those supplies of oil which make its flesh so valuable 
food and which seem to be associated with its own re 
From late spring to summer, varying a little with the year 
feed intensively on the copepods (especially the large. 
and their growth rate depends on the supply of this fo 
now known that the success or failure of a fishery may 
enced not only by the abundance and distribution of th 
but also directly by planktonic plants. Small samples of 
were taken regularly over several years with the plankt 
in waters fished by herring drift nets; each was analyzed 
related with the numbers of herring caught with it. O! 
resulting correlations showed the regular scarcity of adult 
in waters where planktonic plants were very abundant. - 
correlation showed that more herring were caught when 
pod Calanus was abundant than when it was scarce. ^ 
plankton indicator has been used by a number of fish 
success, the animal correlation is not always reliable. 
can get much more help now from the echo sounder. 
Tn addition to studying the structure of the different 
plankton, valuable work has been done in marine statio 
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plants in the laboratory. While most plants require the obo 
and nitrates which are familiar in plant growth on Jandy 
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cific additional needs for full growth were difficult to discover. 
Recent research has shown that many of these plants require 
minute quantities of organic substances for growth, while others 
can benefit from them even if they are not essential. Vitamin By» 
js the best-known substance, but others are concerned. All so far 
known are substances which are released by other marine orga- 
nisms, including bacteria, . Similar evidence showed how other sub- 
stances may be harmful, while some may be harmful to some and 
beneficial to others in the community (plants as well as animals). 
The ecological web is indeed complex. 

So far only a few algae have been cultured using nutrient salts, 
but success has laid thé basis for an attempt at larger-scale work. 
The unicellular alga Chlorella has been cultured on a pilot-plant 
scale at densities far exceeding those found in nature. It has been 
suggested that this is a method for producing proteins and fats 
commercially, using the sunlight so freely available in many desert 
areas. Much has yet to be done, however, before it is known 
whether this could be economically feasible, Another step was 
the “manuring” of large tanks of natural sea water in which oysters 
could spawn, so that their planktonic larvae could have abundant 
plant food as they hatched, After this nursery period they 
were transferred to commercial oyster beds for later growth. In 
another development a small aréa of the sea (a small sea loch) 
was isolated and manured; then processes in this area were com- 
pared with those in a similar area nearby where only natural nu- 
trients were found. The benefits of artificial manuring were seen 
in the increased quantities of planktonic plants and animals. More 
important was the effect manuring had upon the bottom animals 
in the experimental stretch of water; they also increased and in 
turn supplied enough food to young fish to enable them to grow 
at twice their normal rate, In selected spots (brackish tropical 
lagoons, for example), and with the use of herbivorous fish, such 
cultivation has been economic for centuries and has made big ad- 
vances in the first half of the 20th century. As much as two tons 
of fish per acre have been obtained by skilful farming, Such 
instances can and doubtless will be extended, but it was still far 
from certain, however, whether artificial manuring had any useful 
economic possibilities in temperate waters already providing profit- 
able commercial fisheries. Most of the fish that interest us are 
carnivorous, so that only a small fraction (1% or less) of the 
fertilizer could be recovered as conventional fish food. Moreover, 
the fish would have to compete with a wide variety of “weeds” 
and other animals, which would also benefit. Besides, much of the 
world’s nutrient supplies are already in the sea; but experiments 
are continuing, 

In his early attempts to introduce rigorous methods into plank- 
ton research, the pioneer Victor Hensen hoped to be able to esti- 
mate, from actual counts of plants and animals, the productivity 
of different parts of the sea, If he was not successful, it was 
mainly because much more knowledge was needed before even ap- 
Proximately useful estimates could be made. The plants must be 
the basis of any estimates of production, but their total numbers 
at any moment bear little relation to what has been or what will 
be produced during the year, Better estimates are made from 
knowledge of the decreases of nutrient salts in a body of water and 
the amount of phytoplankton they may produce. The radioactive 
Isotope of carbon, C14, has been widely used in such estimations. 
Itis estimated that production over the world’s oceans lies between 
13 X 1019 and 14 X 101} tons (in terms of carbon) per year. 

hichever of these is correct, only a minute fraction of this 
Weight is now available to man in the form of edible fish, al- 
though some forms of plankton (particularly Calamus) are quite 
*dible in both the raw and the cooked state. As with commercial 
Culture proposals, the great problem in utilizing this immense po- 
tential resource is that of filtering the microscopic plants and even 

e minute animals. ‘The sea is a vast resource, but its treasures 
are very diffusely spread. The herring and the whale still have the 
Most efficient “automatic” filters, but it is possible that an efficient 
Commercial filter will be developed. See also ALGAE; PROTOZOA; 

ARINE Brotocy; and references under “Plankton” in the Index. 

ВівоскАрну._=, Murray and J. Hjort, The Depths of the Ocean 
(1912); Н. 0. Sverdrup, M. W. Johnson, and R. Н. Fleming, The 
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Oceans (1942); А. C. Hardy, The Open Sea: Its Natural History: The 
World of Plankton (1956) ; Н. W. Harvey, The Chemistry and Fertility 
of Sea Waters (1955) ; J. H. Fraser, Nature Adrift (1962) ; C. E. Lucas, 
articles on plankton in M, Graham (ed.), Sea Fisheries: Their Investiga- 
tion in the United Kingdom (1956) ; for an account of the continuous 
plankton recorder and its surveys, see Bulletin of Marine Ecology 
(1939). (C. E. Lv.) 
PLANNING, NATIONAL ECONOMIC. This article 
deals only with central economic planning by governments. It is 
divided into the following sections : 
I. Introduction 
IL. Economic Planning in Developed Non-Communist Countries 
1. Origins of Planning 
2. Objectives of Planning 
3. Stages of Planning 
IH. Economic Planning in Communist Countries 
1. Origins of Planning in the U.S.S.R. 
2. Structure of the Planning System 
3. Planning in Other Communist Countries 
4. Assessment of Soviet- Type Planning 
IV. Economic Planning in Underdeveloped Non-Communist Coun- 
tries 
1. Initial Stages of Planning 
2. The Resources Available 
3. Allocation of Resources 
4. Organizational Problems 


I. INTRODUCTION 


The concept of economic planning is at the other end of the 
spectrum, as it were, from the concept of laissez faire (q.v.). Ac- 
cording to that economic doctrine, springing from Adam Smith 
and developed by the Anglo-Saxon economists of the 19th century, 
if all economic decisions were to be left to individual entrepre- 
neurs; the pressure of free competition, unaided by the: state, 
would bring about the best possible distribution of resources. Any 
central planning would upset such a balance. The opposite idea 
behind economic-planning is, to the contrary, that certain key 
economic decisions should be made, or at least influenced, by 
some central authority, rather than left to the free play of market 
forces. 

It should be emphasized that this antithesis between laissez 
faire and economic planning is not the same as the antithesis be- 
tween privately owned and state owned means of production. In 
theory, it would be perfectly possible to have'a high degree of 
governmentally influenced economic planning in an economy of 
privately owned production. It would also be possible in theory to 
have an economy in which, though the means of production were 
owned by the state, there would be practically no central eco- 
nomic planning in the usual sense of the word. In practice, how- 
ever, there has in general been an apparent connection between 
planning and government ownership of the means of production 
—at least to the extent that it is easier for a government to plan 
when it owns the elements being planned for, than when it does 
not, "The basic point—that state ownership is not the same as 
economic planning, and that private ownership is not the same 
as laissez faire—is an important one for understanding the history 
of the idea of economic planning and for understanding the atti- 
tudes toward, and status of, planning in the modern world. 

Historically, the attack on capitalism was an attack on private 
ownership of wealth; the major 19th-century critics—notably 
Karl Marx—did not really concern themselves with the way in 
which the economy would be run after the “expropriators had 
been expropriated.” They felt that expropriation in itself would 
solve all other problems in some automatic way. Thus, when in 
1917 the new Soviet government found itself in fact owning the 
means of production, it found no ready guidance in Marxist texts 
about what to do next, and thus the evolution of central economic 
planning had to be essentially an empirical matter; methods were 
tried and discarded, and new ones were introduced. 

At the other end of the political spectrum, a number of western 
industrial countries have discovered that, although their economies 
are predominantly privately owned, this does not preclude them 
from doing a good deal of economic planning. Coercion is not 
always needed; but, even when it is, the government finds that it 
has available means of control short of taking industry into public 
ownership. 
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drafting of the plan encourages its representatives to be dynamic 
in their behaviour, a prerequisite for any successful growth policy. 
Secondly, when a plan is drafted in this way it may reasonably be 
expected to favour spontaneous coherence, as all sectors are en- 
couraged in making their own plans to adopt the same general as- 
sumptions about the growth of the economy. In France this 
aspect of planning is called “generalized market research.” 
Thirdly, participation in drafting the plan can help to make the 
representatives of the employers and workers more conscious of 
existing obstacles to growth and encourage them to find construc- 
tive solutions for overcoming them. 

But the government is not freed from participating actively in 
carrying out the plan. The government's budget and its monetary 
policy must be used in such a way that overall demand rises as 
steadily as possible along the medium-term growth path. But the 
problem of avoiding checks to growth due to balance-of-payments 
difficulties is likely to call for more direct means of influencing the 
private sector of the economy. That is why governments in de- 
veloped countries are increasingly seeking to define "incomes 
policies" to prevent undue increases in costs and prices. In those 
countries where there is a medium-term plan, planning and in- 
comes policy tend to be linked. It is likely that participation in 
working out the plan makes it easier for employers and trade 
unionists to perceive the need for such a policy and to accept the 
disciplines it calls for. 

If certain objectives in the medium-term plan are not likely 
to be achieved-it may be necessary to revise some of the targets. 
It is necessary, in any event, to keep the plan as flexible as pos- 
sible in view of the inevitable uncertainties surrounding future 
events. Recourse to "revolving" plans may become more fre- 
quent; in this way new targets can be set up each year for the 
final year of the planning period, which thus remains a fixed dis- 
tance ahead. 

Tn addition to these general measures for implementing plans, 
some governments attempt to influence more directly the be- 
haviour of private firms by granting depreciation allowances for 
investments and tax exemptions for some activities, such as ex- 
penditure on research. In addition, in France, which has gone 
further than most countries in using such measures to implement 
planned targets, large requests for medium-term credit from the 
banks are granted after consultation with the Planning Office, and 
private firms have to receive the permission of the Ministry 
of Finance before issuing debentures on the capital market. 

But it is in the field of regional development policy that govern- 
ments intervene most actively to influence the decisions of the 
private sector of the economy. There is widespread use in western 
Europe of tax incentives and grants from public funds to en- 
courage private firms to expand in less-developed regions. Fre- 
quently, permission to set up a new factory, or to expand an 
existing one, in already congested areas where labour shortages 
are acute is refused. Such areas are the southeast, including Lon- 
don in the United Kingdom and the Paris region in France. In 
addition, governments endeavour to stimulate growth in the less- 
developed areas by improving transport facilities, housing, and 
urban infrastructure generally. (JN. Hr.) 


IH. ECONOMIC PLANNING IN COMMUNIST COUNTRIES 


1. Origins of Planning in the U.S.S.R.—As noted above, 
when the Bolsheviks seized power in Russia in 1917 they had no 
clear idea as to how an economy should be run. Marx had given 
some rough indications that a socialist society would consciously 
operate the economy for the common good, which certainly in- 
volved the creation of organs of economic administration whose 
decisions would replace the spontaneous force of the market 
mechanism. In the future Communist society there would be no 
money, no profit motive. No wages would be necessary to stimu- 
late effort. It would be “from each according to his ability, to 
each according to his needs.” Economics as such, in the sense 
of being a science of exchange relationships, would wither away, 
or be replaced by a kind of higher management. ‘People will be 
able to manage things very simply, without the intervention of the 


famous ‘value’,” wrote Friedrich Engels in Anti-Diihring (1878). 
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In the same tradition, N. I. Bukharin wrote, in 1920; “As soon 
as we deal with an organized national economy, all basic ‘prob. 
lems’ of political economy, such as price, value, profit, etc, simpl, 
disappear . . . , for here the economy is regulated not by the blind 
forces of the market and competition but by the consciously im. 
plemented plan” (Economics of the Transition Period), Lenin, 
too, shared these somewhat Utopian expectations.- It was not clear 
from his pre-1917 writings just what kind of economic organiza- 
tion he had in mind for Russia if he achieved power. -As events 
turned out, the revolution of November 1917 was accompanied 
by economic breakdown, boycott by officials and managers, civil 
war, and uncontrollable inflation. Partly under the stress of these 
circumstances, partly because of their ideological beliefs, the 
Bolsheviks, during 1918, established all-round state control over 
industry and trade, nationalized everything, declared all private 
enterprise illegal, and demanded that the peasants (who retained 
operational control over the farms, though the land was formally 
nationalized) deliver all surpluses to state procurement Organs, 
Money lost all value. 

Some theoreticians greeted these developments as evidence of a 
leap forward into communism. On paper, this period of “war 
communism” was one of centralized planning. All economic units, 
except the peasant producers, were subjected to orders from the 
government's Supreme Council of National Economy (V.S.N.Kh.). 
However, this initial essay in planning was a failure—except inso- 
far as it facilitated the concentration of the few available resources 
for the civil war fronts. Output fell drastically; there was famine; 
rationing functioned spasmodically; and economic life ground to 
a halt, 

In 1921 Lenin introduced the New Economic Policy (N.E.P.). 
The small-scale private manufacturer, private trade, and free sale 
of peasant surpluses became legal once again, while the state те. 
tained the “commanding heights” (large-scale industry, foreign 
trade, banking, transport, etc.). The state sector continued to be 
operated under the aegis of V.S.N.Kh., by trusts and enterprises 
with state-appointed managers. In 1921 the State Planning Com- 
mittee (Gosplan) came into existence to advise the government 
and its economic alter ego, the Council of Labour and Defense; 
but planning was still a shadowy process. Trusts and enterprises 
had considerable autonomy and were free to make agreements and 
grant credits to one another. The planners made forecasts and 
government policy decisions influenced the level and direction of 
state investments; but this was not a "command economy, ln 
that there was no integrated system of production and allocation 
planning, even in the state sector; while the sizable private sector 
was not directly planned at all. In 1924, only 35% of the national 
income, 1.5% of agricultural production, less than half of all retail 
trade, and three-quarters of industrial output, were “socialized” 
the rest was private. P 

In 1926-28 a vigorous discussion raged about the future basê 
of planning. Two schools,of thought .developed, one advocating 
“genetic” and the other “teleological” planning, The former, аи 
posed of the more moderate and cautious planners, believed x 
plans should be based on existing trends and reasonable extrapola- 
tions thereof. The latter considered that drastic measures es 
necessary to break through, and this “teleological” school a 
duced extremely ambitious drafts of the first five-year plan, W s 
was the subject of discussion at this period. jed 

The first five-year plan (1928-32), which was to be du 
out in four years, called for immense investments In ШҮ the 
dustry; for example, in one of the “maximum variants” O ~; 
plan, steel output was to be more than doubled by 1932. dud 
great confusion, the planning mechanism was overhauled, 
gradually a “command economy" was established; that |) op- 
subordinate units of the economy (e.g., industrial enterprises 
erated in accordance with administrative instructions, аһ A 
did not decide their inputs or their outputs by negotiation nter 
other enterprises, these being decided by the planners. E A 
prise contracts were henceforth, as a rule, merely part of iterion 
plementation of planners’ decisions. The sole effective сп i£ 
of management decision was henceforth conformity 10 pn " 
to the instructions issued by the central administrative P 
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organs (see below). In this way, the central political authority 
achieved a high degree of control over resource allocation and was 
able to enforce its priorities. Consequently, when the first five- 
year plan ran into trouble, the government was able to insist on 
the fulfillment of most of the plans for key sectors of heavy in- 
dustry, at the cost of a drastic fall in availability of consumers’ 
ods. 

Ё 2. Structure of the Planning System.—A rearrangement of 
the planning system was the necessary consequence of the new 
tasks it was called upon to perform. In 1932 three People’s Com- 
missariats (for heavy, light, and timber industries) replaced the 
V.S.N.Kh.; these were further split, and by 1939 the industries 
of the U.S.S.R. were run by 21 People’s Commissariats (the num- 
bers varied in subsequent years). Each commissariat (renamed 
ministry in 1946) controlled a branch of industry, either directly 
or through a ministry in one of the union republics. (There were 
also purely local small-scale industrial establishments, controlled 
by republican or local soviets). The ministries issued instructions 
to “their” enterprises, organized the supply of materials and com- 
ponents, and also the disposal of the output. Thus industry came 
to be organized and run on a sector basis, facilitating the handling 
of problems common to each separate industry, but necessarily 
throwing a heavy burden on the coordinating organ, Gosplan, act- 
ing as a commission (or committee) of the Council of People's 
Commissars (ministers after 1946). 

At the apex of the system there stood, and still stand, the leaders 
of the Communist Party who decide the policy objectives, in eco- 
nomic as in other matters, and make choices as to means of achiev- 
ing those objectives. It was the party leaders who decided, 
in 1957-58, to make drastic changes in fuel policy, to launch the 
virgin-lands campaign (1954), and to greatly expand the chemical 
industry (1963). The government's role is to carry out the de- 
cisions of the party. All key appointments in the economic hier- 
archy are made or confirmed by appropriate party committees, 
Local party officials play an important role in checking on the im- 
plementation of plans and in undertaking or authorizing local 
initiatives. 

It is Gosplan's task to "translate" the politically determined 
objectives into a consistent set of plan targets. Over various 
periods of time there must be coherence between production and 
supply plans and between the investments needed to make a reality 
of long-term growth plans and the current production of capital 
goods. Foreign trade must also be taken into account, as a drain 
on available resources (exports) and as a source of needed goods 
(imports). ‘The planners proceed by drawing up a series of ma- 
terial balances, which express anticipated supply of, and demand 
for, all key commodities. It is, naturally, necessary to amend the 
first version of the plan as and when it is found that the various 
parts do not match, since it is no use planning an increase in pro- 
duction of, for instance, steel if the necessary additional ma- 
chinery, raw material, and fuel cannot be made available. The 
task is of especial complexity in the short term, i.e., in planning 
within a period of a year, since.the plan must, in the last analysis, 
take the form of millions of consistent instructions to thousands 
of enterprises to produce, deliver, transport, and process many 
more millions of commodities of a great many shapes, sizes, and 
types, 

Needless to say, all these decisions must be made some- 
where in all economic systems. However, the Soviet type of 
“command economy,” developed under Stalin, provided no 
criterion for decentralized decision making, such as is provided, 
however imperfectly, by the market mechanism in western “сарі- 
talist” countries. Consequently, the coordination of all these de- 
cisions must be consciously achieved by the planners. True, the 
enterprises and other local organs can put forward their own plans 
and suggestions, as well as applications for material inputs, and 
this certainly influences what the planners do and know, but in the 
last analysis only the centre can be aware of the needs of the 
economy as a whole. This became apparent after the reforms of 
May 1957 scrapped the industrial ministries and sought to base 
planning бп territorial economic councils (sovnarkhozy) in the 
republics and regions, with Gosplan as the coordinating body. 
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The object, insofar as it was economic, was to strengthen inter- 
industrial coordination, regional, republican and national, at the 
expense of ministerial industrial “empires.” It was soon found 
necessary to tighten central control, and the resultant proliferation 
of coordinating agencies and state committees has greatly compli- 
cated an already highly complex planning process. In the 1960s 
there have been vigorous and far-reaching discussions of reforms 
in the system, designed to overcome some of its known weak- 
nesses, which spring essentially from the sheer volume of decision 
making. This led to a considerable de facto dependence on low- 
level decisions and also on information which it often suited the 
enterprise management to withhold: for example, since bonuses 
and promotions depend on plan fulfillment, it “paid” management 
to argue for a modest plan, to conceal potential, to hoard materials 
and equipment (in case supplies did not match production plans, 
which, owing to the unavoidable fragmentation of the planning 
mechanism, they quite often do not). 

The growth of the economy, itself evidence of the success of 
the system as an engine of growth, has led to greatly increased 
complexity. The fact that various components of the plan, orig- 
inating in different offices, often failed to match one another fre- 
quently gives subordinate organs a choice as to which orders to 
obey. 

Reformers in the 1960s were concerned, first of all, with find- 
ing ways of adapting the electronic computer and programming 
techniques to the tasks of the planners, both in the process of 
allocation and in making rational choices between alternatives; 
they were also concerned with seeking criteria for decentralization. 
The latter they hoped to achieve by utilizing the profit motive and 
by making prices reflect in some measure supply-and-demand con- 
ditions and opportunity cost, instead of being based on average 
costs of some previous year. Discussions and cautious experi- 
ments were continuing, though no fundamental changes had been 
attempted by 1964. 

Agricultural planning has had a peculiarly difficult history. 
With priority given to industrialization, agriculture in the Stalinist 
period was essentially treated as a source of cheap food and ma- 
terials for the cities. The peasants were, in fact, expropriated by 
force in the period 1930-35, and the bulk of them were compelled 
to join collective farms (kolkhozy), which were nominally a form 
of voluntary cooperation. State farms, in which peasants became 
wage labourers, were of relatively minor importance until after 
1954. Mechanization was for many years confined to a very few 
crops and especially to grain growing. The entire system was pri- 
marily designed to ensure deliveries of produce at low prices, and 
the planners and administrators concentrated on procurements, 
while production plans were seldom, if ever, fulfilled. Under N. S. 
Khrushchev there was a substantial change of policy, with much 
improved prices and a major investment program designed to re- 
store agriculture to health. After initial successes, especially in the 
period 1955-58, reality again fell far short of planned growth. En- 
deavours to stimulate output on collective and state farms often 
took the form of centrally organized campaigns, which led to the 
imposition by party officials of practices and crop patterns that 
were unsound or harmful in particular areas. Here also, follow- 
ing repeated organizational changes, major reforms were under 
consideration. 

3. Planning in Other Communist Countries.—In other 
European Communist-ruled countries the Soviet system was ex- 
tensively copied, even in minor details, until 1956. After that 
date it is not possible to generalize. In Poland there was talk of 
drastic reforms in the direction of a looser, market type of social- 
ism, but shortages and low productivity checked the would-be 
reformers. Alone among this group of countries, the Poles did 
not collectivize the peasants, and so Polish agriculture was domi- 
nated by the private sector. In Czechoslovakia, a decentralizing 
reform, launched in 1958, was followed by some disorganization, 
due partly to difficulties in foreign trade, on which that country 
is very dependent, and in the period 1960-64 the economy under- 
went a severe crisis, with growth virtually at a standstill, How- 
ever, at the end of 1964 they adopted a sweeping reform, which 
went farther toward decentralization. In Hungary, by contrast, 
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the Kadar regime, after 1956, undertook measures of economic 
liberalization which were expected to go yet further in the di- 
rection of “market socialism,” of which the prototype is Yugo- 
slavia, The Yugoslav Communists sought to copy the Russian 
system until the Tito-Stalin split in 1948, after which they de- 
veloped their own conception of socialist planning. This was 
based on decentralization of state-owned enterprises, which were 
to be managed by workers’ councils, free to decide their own 
production programs by reference to the profit motive, with 
prices subject to negotiation. Investments were partly allocated 
by the central planners, partly financed out of bank credits and 
enterprise profits. While the stresses.and strains of reality caused 
the Yugoslav leadership to modify this system in the direction of 
tighter central control, it still had substantially more elements of 
market relations, and much less administrative regulation, than 
that to be found in the U.S.S.R. and most of its allies. The bulk 
of the peasantry was not collectivized. 

The Soviet type of planning ran into serious difficulties in 
foreign trade, not least in trade arrangements between Com- 
munist-ruled states, Since each country planned centrally, and 
since (apart from Yugoslavia) none had, by the mid-1960s, a price 
system which reflected scarcities or needs, trade planning en- 
countered a double obstacle: on the one hand, comparative cost 
calculations were all but impossible, and on the other hand, the 
necessary coordination required a supranational authority which 
could enforce a “socialist international division of labour," and no 
such authority existed. . *Comecon" (see MUTUAL Economic As- 
SISTANCE, CoUNCIL OF) had no power to enforce its decisions. Ef- 
forts: to create an effective international planning body encoun- 
tered opposition from the less-developed countries, notably 
Rumania, which refused to accept any limitation on its own 
industrialization plans. 

Chinese Communist planning at first also followed the. Soviet 
pattern. In 1958, however, came the “great leap forward’ and 
the communes. Due partly to disorganization engendered ‘by 
grossly excessive plans, and partly to droughts and floods, this was 
followed by disaster. It was admitted that production statistics 
in industry and especially agriculture had been greatly exag- 
gerated. Plans were drastically revised and organizational ex- 
cesses corrected. The quarrel with the Soviet Union contributed 
to industrial difficulties (the U.S.S.R. had been by far the largest 
supplier of capital equipment to China) and caused the Chinese 
Communist leadership to devise its own planning methods, adapted 
to a vast country that had poor communications and was at a low 
stage of economic .development. In the mid-1960s, a severe 
censorship made it impossible to obtain knowledge of Chinese 
economic performance and organization. Even basic statistical 
data were unpublished. 

The Soviet type of planning had grown up under the special 
conditions prevailing in the U.S.S.R. and was adapted to the task 
of speedy industrialization of a poor country, with strong bias 
toward heavy industry, explicable partly by the logic of in- 
dustrialization (steel and machinery are more conducive to in- 
dustrial growth than textiles and jam), partly by concern for 
military potential. The system was well adapted to ensuring a 
high rate of forced saving and investment and a rapid buildup of 
basic industry, though at the cost of neglecting for many years 
the elementary needs of the citizens and at the same time enforc- 
ing the priorities of the regime through a one-party state and 
Stalinist terror. 

4. Assessment of Soviet-Type Planning.—Planning of the 
Soviet type does have certain positive advantages, at least po- 
tentially. It should enable the economy to progress steadily with- 
out running into periodic economic crises; the growth of the Soviet 
economy in the early 1930s, for example, was in striking contrast 
to the situation of the “capitalist” world at that time. Through 
their control over the level of economic activity, financial institu- 
tions, and personal incomes the planners should be able to avoid 
inflation. In their investment planning they should be able to 
avoid the type of wasteful duplication that sometimes occurs un- 
der private enterprise through lack of knowledge of other people’s 
investment intentions. The system should also make it possible to 
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reconcile the conflict between ‘short-term sectional profital 
and long-term advantage. Insofar as the investment pla 
most basic industries depend in the last resort on a quantitati 
estimate of future demand, the Soviet system is better 
to make such estimates, since so much of the additional demand 
is a consequence of the planners’ own decisions. io RO 
In practice, of course, Soviet-type planning is not always 
to realize these potential advantages, Thus there have bei 
peated instances of over-investment, followed by the T 
ment or freezing of partly finished projects. Inflation, with | 
unplanned increases in prices and incomes, affected the U, 
in the 1930s, though price stability was reasonably well 
tained during 1950-65. Experience has also shown that the sepa- 
rate administrative units into which a nationalized econom 
be divided can take as narrow and short-term a view as any 
capitalist entrepreneur, Thus the most easily accessible fores 
have been cut, the richest sources of iron ore exhausted, and | 
low land reduced in order to fulfill current plans, with little con- 
sideration of the consequences. A centralized system of material 
balances is not an insurance against erroneous forecasting; thus in 
western and eastern Europe alike the demand for coal ee 
overestimated at the beginning of the 1950s, The material bal- 
ances approach exercises a conservative influence, perhaps be- 
cause it is simplest to plan on the assumption that, the vario 
technical coefficients will remain constant. The economy E 
but preserves its existing pattern, until the need for change} 
been overwhelmingly demonstrated. Thus the Soviet planners 
were very slow to turn from solid fuels to oil and gas, and to 
from natural materials to synthetics and plastics. When ch 
does come, it often has to be ordered by the top party lead 
and a political campaign is launched to catch up on arrears’ 
by past neglect. However, it is necessary to bear in mind, | 
comparison with western economies, that the latter also 
many imperfections. A model of centralized planning wo 
smoothly and as efficiently as a model of a perfectly comp 


market, but neither exists in the real world. у coi 
economic 
It showed il | 


Following the death of Stalin in 1953 the Soviet 
system was presented with new problems. t 
able to cope effectively with the finer adjustments required ША 
sophisticated industrial economy. It dealt very clumsily with 
satisfaction of consumer demand, though this became morê ml 
portant in the changed political conditions, not only in the Sowie 
Union but in most of its European.allies. The system M ш 
need of reform, to save it from being overwhelmed by the cor 
plexities inherent in an attempt to base decision making on phi 
i.e., on commands. Yet Soviet experience may have a marked ара 
peal to those in developing countries (see below) who mbi 
achieve rapid and drastic changes. Insofar as rapid indus 
tion involves social and political coercion, the fact of such coer 


tion rather than revulsion. х 


ІУ. ECONOMIC PLANNING IN UNDERDEVELOPED 
NON-COMMUNIST COUNTRIES 


1. Initial Stages of Planning.—The economic devel 
program of an underdeveloped country stipulates first of : 
plan period for which the program is drawn up. This is often. 
or seven years. The aim is to select a period long eno! 
clude projects spanning a number of budget years but nots 
as to delay periodic assessment of the development effort ste 
ing over a series of plans. Next there are the object a 
plan, including the target figures for increases in nationi 1 
consumption, and investment desired at the end of the plan р 
These target figures may also be shown in detail in terms 0° 
increase in outputs of different goods and services. In any; 
formulated: plan there will also be estimates of the quant! 
various resources, such as capital, manpower, and forem 
change, needed to implement the target figures. . Parallel | 
mates will then be made of the quantities of various Tes” 
including external capital funds and skilled labour, which 
pected to be available during the plan period. Finall; 
should be a program of action, with timetable, showing ^k 
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resources’required for the plan are to be mobilized and allocated 
among the different sectors of the economy’ in accordance with 
the target figures. 

Given sufficient information under the above headings, the plan 
may be tested by asking certain fundamental questions. First, the 
question can be asked whether the total amount of resources ex- 
pected to:be available is sufficient to meet the total requirement 
of resources set by the target figures. Second, is the allocation of 
resources planned for different industries or sectors of the econ- 
omy consistent with the target figures for the increased produc- 
tion of specific goods and services? Third, even if the plan ap- 
pears to be feasible and consistent on paper, how far is it likely 
to be successfully carried out, with the given administrative and 
organizational capabilities of the developing country? In order 
to form a reliable judgment on this, it is necessary to have an 
intimate knowledge of the local conditions of the developing 
country, not only about its economics, but also about its politics 
and sociology. Unfortunately, this type of background informa- 
tion cannot adequately be stated in the economic development 
plans of any country. Though the three questions raised are 
closely interrelated, they are treated separately below for the pur- 
pose of convenient exposition. 

2. The Resources Available—In many underdeveloped 
countries the attempt to carry out economic development plans 
has resulted in some degree of inflation. This suggests that the 
total amount of investment is in excess of the total available re- 
sources that can be mobilized through domestic saving and taxa- 
tion, and that the loans and grants obtainable from abroad have 
been insufficient to fill the gap. If this is true, the target figures 
set for the increase in consumption and for the increase in invest- 
ment cannot be simultaneously fulfilled. Either one or the other 
or both will have to be reduced in order to equate the aggregate 
requirements of resources to the aggregate supply of resources and 
thus make the plan feasible. Many underdeveloped countries are 
unwilling or unable to do this and it is often claimed that “forced 
saving” through inflation is the only practicable way of reducing 
consumption and fulfilling the planned rate of increase in invest- 
ment. 

Inflation in a developing country is generally accompanied by 
a tendency for imports to exceed exports, because excess internal 
purchasing power seeks outlets in the form of increased demand 
for imports, while the rising domestic costs of production reduce 
the country’s competitive position and its capacity to expand its 
sales abroad, Most of the developing countries attempt to deal 
with this balance-of-payments disequilibrium by a direct control 
over, and restriction of, all types of expenditure requiring foreign 
exchange. This isnot very satisfactory for two reasons. First, so 
long as the excess of internal demand over the available resources 
is not curbed (e.g., by reducing government expenditure and by 
increasing taxation), the effect of the foreign exchange control is 
merely to bottle up demand internally and to aggravate the infla- 
tionary pressure! Beyond'a certain point, this makes efficient 
economic planning very difficult. Second, few countries are able 
to avoid mistakes and delays caused by foreign exchange controls, 
and these tend to hold up production in those industries which 
rad БОНД on imported machinery, spare parts, and raw ma- 
erials, 

Inept foreign-exchange control is one of the most important 
causes of inefficient planning in the underdeveloped countries, 
While it is generally true to say that a shortage of foreign exchange 
is a symptom of a shortage of resources in general, there are ex- 
ceptional countries such as India which have a very low ratio of 
foreign trade to national income and which cannot hope radically 
lo'expand their exports, Thus a shortage of foreign exchange may 
hot be due to a general shortage of resources but to the fact that an 
increase in domestic saving results in too small a reduction in de- 
mand for imported consumer goods. 

It is important to try to determine whether a plan is held up 
by à shortage їп the aggregate supply of resources or by a shortage 
ina particular type of resource, such as transport, power, or skilled 
labour. If the plan is held up by an insufficient aggregate supply 
of resources, then it should be revised radically by cutting down 
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some of the target figures. If, on the other hand, it is held up by 
a particular shortage, it may still be possible to fulfill the target 
figures by a rearrangement of priorities and a reallocation of re- 
sources to break the bottleneck. This also illustrates the close 
connection between the total supply of resources required to carry 
out the plan and the efficiency of allocation of the available re- 
sources. The greater the efficiency and flexibility in the allocation 
of resources among different uses, the less will be the total volume 
of resources required. 

3. Allocation of Resources.—Given the target figures for the 
increase in output of specific goods and services, and given suf- 
ficient knowledge of the technical conditions of their production, 
it is theoretically possible to make accurate calculations of the 
amounts of various inputs which have to be allocated to different 
industries or sectors of the economy to achieve the target figures. 
In practice, however, not having sufficient information, most 
planners resort to the simplifying approximation that the amounts 
of inputs required in a given sector can be calculated on some 
pro-rata basis from the target figures of increase in output set for 
that sector, This approach may cause errors in both directions. 
By assuming that various inputs are required in a fixed combina- 
tion to produce a given unit of output, it ignores the possibilities 
of technical substitution between different inputs to produce the 
same commodity. Such substitution may significantly economize 
the resources required to achieve a given target figure of out- 
put. 

Thus in those sectors where the possibility of substitution be- 
tween different inputs is important, this method may lead to an 
overestimation of the resources required. On the other hand, by 
assuming constant returns (7.e., that the extra amount of capital or 
labour required to produce successive extra units of a given out- 
put is constant) it may lead to a serious underestimation of the 
resources required in those sectors in which the assumption does 
not hold. The most important sector is agriculture where, with 
given methods of cultivation, extra units of capital and labour aþ» 
plied to a fixed quantity of natural resources are notoriously sub- 
ject to diminishing returns. 

The problem of estimating the correct allocation of resources 
among the different sectors of the economy is complicated further 
by the interdependence among sectors which require that their 
outputs be expanded in a "balanced growth" relationship with 
each other. In broad terms, the most important illustration of 
this relationship is to be found between the agricultural and the 
manufacturing sectors of a developing country, The output of the 
agricultural sector cannot be effectively increased unless the manu- 
facturing sector is expanded concurrently. to provide the farmers 
not only with capital goods, such as fertilizers and implements, but 
also with manufactured consumer goods which will give them in- 
centives to increase their output. Similarly, the output of the 
manufacturing sector cannot expand successfully unless the ex- 
panding agricultural sector provides a market for its output and 
unless there is an expanding agricultural surplus to feed the ex- 
panding number of workers in the factories. In overpopulated 
countries the weaker side of this balanced growth’ relationship is 
generally the agricultural sector where 16 із: more difficult to ex- 
pand output. Thus the success of the first and second Indian 
five-year plans (1950-60) was based on a series of favourable 
harvests and successful expansion of agriculture. In the early 
1960s, however, this expansion tapered off, creating difficulties for 
subsequent planning. 

Tf sufficient information is available, the broad sectors of the 
economy can be divided into a number of smaller sectors, and 
an input-output table constructed which brings out the problems 
of interdependence in greater detail. It will then be seen that 
the inputs required to fulfill the target output in any given sector 
are not only primary resources such as labour and land, but also 
raw materials and intermediate goods which are the outputs of 
other sectors. Similarly, the output of any given sector is re; 
quired, not only to fulfill the target figure of final use of its own 
output, but also to supply the inputs to other sectors so that all 
these-in turn can fulfill the target figures of final use of their out- 
puts and also supply the other sectors with the inputs which they 
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require from them... Where such intersectoral relationships are 
important, the (direct) inputs required by each sector can no 
longer be calculated separately. The planners have to take the 
target figures of final use required from all the sectors together 
and calculate the direct and indirect inputs which are required in 
all these sectors to fulfill the given set of target figures simul- 
taneously, 

Even where the composition of the plan does not require the 
construction of an elaborate input-output table, the planners in 
developing countries frequently underestimate the amount of re- 
sources required to be held in the form of stocks of raw materials, 
intermediate goods, and spare parts in order to keep the economy 
running smoothly. This is perhaps most clearly illustrated in the 
inept foreign exchange controls mentioned above. An important 
function of foreign exchange in planning is that it serves as the 
final economic reserve for financing imports in the event of un- 
foreseen, crippling shortages in specific inputs which. cannot. be 
supplied by local production. But the planners often make the 
mistake of using up the available foreign-exchange supply in 
rigidly planned commitments, particularly in the purchase of 
machinery and other fixed capital goods. This does not leave 
them with a sufficient reserve to correct the inevitable mistakes in 
planning. Thus it is not uncommon to find newly built factories 
in developing countries working at a fraction of their full capacity 
because they cannot obtain the necessary imports of raw ma- 
terials or spare parts, 

Last, but not least, account must be taken of the complications 
created by the time element. Although a given plan is to be com- 
pleted at the end of a certain period, this does not mean that 
different parts of the plan can proceed at their own independent 
speed to the final dateline. Given the interdependence among 
the different sectors, each must adhere to a timetable consistent 
with the timetables of the others. Thus if one of the interde- 
pendent sectors is behind the agreed time schedule it will form 
a bottleneck holding up the progress of.the others. This means 
that, although a plan is drawn up for a period such as five or 
seven years, there should be much shorter periods (certainly not 
longer than a year) at the end of which a check is made to de- 
termine how far the different sectors have progressed. Such 
reporting enables the responsible authorities to make prompt ad- 
justments for the various unforeseen delays and bottlenecks that 
emerge as the plan unfolds. 

4. Organizational Problems.—It can now be seen why it is 
so difficult to separate the formal logical properties of an eco- 
nomic development plan of an underdeveloped country from that 
country's practical capacity to carry out the plan. A plan based 
on erroneous estimates of the country's practical capacity to carry 
it out is clearly a bad plan however good it may look on paper, 
This is not always appreciated by the governments of some of the 
underdeveloped countries that employ foreign economic experts on 
short-term contracts to draw up their economic development 
plans. These experts do not stay long enough to acquire a suf- 
ficient knowledge of local conditions and are usually under con- 
siderable pressure to draw up imposing plans. Thus it frequently 
happens that the plans are too complex and exacting for the ad- 
ministrative and organizational capacity of the countries con- 
cerned. 

In this connection, it should be emphasized that the developing 
countries are not a homogeneous group but a mixed collection of 
countries at different stages of political and economic development 
and with very different local economic conditions. Yet the theory 
of economic plarining for the developing countries has tended to 
be formulated with reference to a model country, such as India, 
and then extended uncritically to all other developing countries. 
Whatever India's chances of ultimate success in achieving eco- 
nomic development through planning, it is generally admitted: that 
its administrative and planning machinery is well in advance of 
other countries, some of which are still finding it difficult to main- 
tain a reasonable degree of law and order and political stability, 
and to provide a minimum of essential public services. Such 
countries may not be wise to copy India's model of an integrated 

development plan based on a detailed set of target figures over a 
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wide range of industries. They might do much better with more 
rough-and-ready methods, making a greater use of the market 
mechanism combined with judicious indirect controls exercised 
over strategic sectors of the economy. The argument that a 
greater degree of direct government participation in economic 
activities is needed in the developing countries because of a 
shortage of entrepreneurs in the private sector is not convincing 
for many more such “entrepreneurs” will be needed as civil ser- 
vants if the public sector is to be expanded efficiently. The prac- 
tical problem facing the developing countries is to find a work. 
able mixture between market forces and state interference that iş 
suited to their particular circumstances, instead of being bemused 
by the abstract virtues of either overall development planning or 
free enterprise. (Hr. M.) 

See also Economic DEVELOPMENT; PUBLIC ADMINISTRATION, 
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PLANTAGENET, a surname commonly applied to members 
of the royal house of England between 1154 and 1485, the members 
of which were descended from the union between Geoffrey, count of 
Anjou (d, 1151), and the empress Matilda (g.v.), daughter of the 
English king Henry I. Although well established, the practice has 
little historical justification. The name ‘Plantagenet’ seems to 
have originated as a nickname for Count Geoffrey, such as was 
common with his predecessors, for example, Geoffrey Martel or 
Fulk IV le Rechin. It has been variously explained as referring 
to his practice of wearing a sprig of broom (Lat. genista) in his 
hat, or, more probably, to his habit of planting brooms to im- 
prove his hunting covers. It was not, however, à hereditary sur- 
name, and Geoffrey's descendants in England remained without à 
common family name for more than 250 years, although surnames 
became universal outside the-royal family. Geoffrey’s son, after- 
ward Henry II of England, when not styled by his titles, was known 
as Henry fitz Empress, from his mother’s first marriage (see genea- 
logical table). Thereafter individual members of the royal family 
were known either by nicknames, such as John Lackland (king 0 
England) or Edmund Crouchback (earl of Lancaster), or by their 
place of birth, as with John of Gaunt (Ghent; duke of Lancaster) 
or Thomas of Woodstock (duke of Gloucester). Henry П and his 
sons, Richard I and John, all of whom included Anjou among their 
dominions, are now generally styled by. historians "the Angevin 
kings," but, for want of a better patronymic, their successors, n0 
tably the three Edwards, are still described as Plantagenets. ai 
1399, Henry IV, Henry V, and Henry VI may properly be ө 
the “House of Lancaster,” for this was already three generationi 
old; similarly the Yorkist kings, Edward IV, Edward M^ en 
Richard III, may be called the “House of York.” The first di km 
use of the surname Plantagenet by any descendant of Count a 
frey occurs in 1460, when Richard, duke of York, claimed the throne, 


according to the Parliament roll, in the name of “Richard P 
taginet"; he may have used it as early as 1448, to show (o name 


ority of his descent over that of the Lancastrian line. ШП 
was later used by an illegitimate son of Edward IV, Arthur The 
tagenet (d. 1542), who was created Viscount Lisle in 15325. tilda 
legitimate male issue of Count Geoffrey and the empress а ре 
became extinct with the death in 1499 of Edward, earl of Wa 
grandson of Richard, duke of York. 

See also LANCASTER (House оғ); YORK (HoUsE (c р.) 
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PLANTAIN, a common name given mainly to plants of the 
genus Plantago, of the plantain family (Plantaginaceae), but also 
popularly applied to species of the genera Alisma and Musa. 
The species of Plantago have a dense tuft of basal leaves, and 
scapes bearing terminal spikes of small flowers; the long spikes 
of P. major, when in seed, are used for feeding cage birds; 
P. lanceolata, so-called from its narrow lanceolate three- to six- 
ribbed leaves, is popularly known as ribwort. Both of these are 
widespread pernicious weeds, difficult to eradicate as they are pe- 
rennials. Spraying of 2,4-D in hot weather offers the best control. 
Plantago psyllium and P. indica produce leaves in whorls on 
branched stems; their mucilaginous seeds are used under the name 
of Psyllium, of which over 1,000,000 lb. are imported annually 
into the U.S., mostly as a remedy for chronic constipation. 

Alisma plantago-aquatica (family Alismaceae) is the water 
plantain. The tropical fruit known as plantain belongs to the 
genus Musa (see BANANA). Plantain lily is a common name for 
Hosta (q.v.) species of the lily family (Liliaceae), (N. TR.) 

PLANT BREEDING. Not until the middle of the 18th cen- 
tury was the sexual nature of plants incontrovertibly demon- 
strated, and the term “plant breeding” did not become widely used 
until after 1900. Up until that time selection had been the main 
means of improving plant lines. Luther Burbank, in the U.S., and 
I. V. Michurin, in Russia, were foremost plant breeders who first 
performed many effective experiments in hybridization that re- 
sulted in the creation of varieties having desirable characters. 
Thereafter the intentional breeding of superior plants quickly be- 
came a world-wide activity; by the middle of the 20th century the 
breeding of field and horticultural crops was so standardized that 
it was largely in the hands of experts, much of it centred in a few 
large agronomic and horticultural institutions operated mostly at 
government expense. 

For a variety of reasons the breeding of new and superior orna- 
mental plants, though carried on in part by scientists and by trades- 
men, was largely in the hands of gifted amateurs, As the result 
of their efforts, thousands of new varieties of dahlia, gladiolus, 
African violet, peony, narcissus, iris and rose came into being. 

"The breeding and purveying of these new varieties to the public 
spawned hundreds of small business enterprises. In the U.S. alone 
the business of producing and marketing new varieties of African 
violets brought in, during peak years, more money per year than 
all the marketing of fruit trees, vines and bushes (both temperate 
and subtropical) in the same area. 

Mode of Reproduction.—Any successful plant breeding pro- 
gram must be based upon a sound understanding of the exact mode 
of reproduction of that plant. Plants reproduce in two ways: 
(1) vegetatively (that is, asexually), through the growth and de- 
velopment of a small portion (bulbs, tubers, etc.) of the original 
plant; and (2) sexually, through the flower and seed. Even for 
those plants in which vegetative reproduction is not highly de- 
veloped under natural conditions, the artificial rooting of cuttings 
and the grafting of roots and of stems make it possible to dis- 
seminate pieces of a superior individual by vegetative means. Asex- 
ual propagation through seeds is of fairly frequent occurrence in 
the higher plants, and careful research work is required to establish 
the exact degree to which it may be a factor in any breeding prob- 
lem, Either an unfertilized egg cell may develop into a mature but 
very weak plant (and yet of potential economic importance to the 
hybrid maize industry, for example, since such a plant offers a 
rapid means of isolating useful, true-breeding strains), or in any 
one of several different ways the embryo in the seed may be formed 
directly from the tissues of the mother plant. 

Frequently the two processes go forward side by side so that 
some seeds are true sexual offspring and others from the same seed 
head are vegetatively derived from the mother plant. The more 
thoroughly these matters have been investigated for any particular 
crop, the more completely is it possible to set up a successful breed- 
ing program. Vegetative reproduction is of practical importance 

in permitting rapid increase of a single desirable individual. 

Different kinds of plants not only vary in the extent to which 
they may be propagated sexually, but also in the degree to which 
they are naturally inbred or outbred. Among the higher plants 
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both extremes are found, Crops such as wheat, which are natural} 
very inbred, are almost completely self-pollinated. Others ie 
as maize are mostly cross-pollinated under field conditions, though 
self-pollination is possible by artificial means, Still others (many 
plums for, instance) are naturally self-sterile and cannot be self. 
pollinated, though any particular flower may function effectively 
as either a male or a female in crosses with other plants, 

Self-Fertilizing Species .—Naturally self-fertilized Species 
have largely been improved by pedigree or pure-line selection, 
Most of the older varieties of wheat, oats, barley, cotton, beans and 
tomatoes have so arisen. However, as the ceiling of remaining vari 
ation is reached by selection, hybridization of pure lines is resorted 
to for further improvement. The pure-line method of breeding is 
based on the principle that the progeny of any individual plant 
selection in naturally self-pollinated species breeds true, The 
problem. is then one of isolating the superior pure lines and in- 
creasing stocks of these. 

Proper statistical treatment is often essential in detecting the 
most efficient strains. The second quarter of the 2oth century 
showed a remarkable increase (virtually world-wide) in the expert 
use of field plot techniques for estimating the extent to which 
yield differences are due to inherent superiority rather than fa- 
vourable soil or climate. 

Cross-Fertilizing Species.—Naturally cross-fertilized species 
are more difficult to handle, because any inbreeding necessary to 
fix desirable ‘characters often leads to a decline in vigour. One 
may accordingly use continuous mass selection broadly, avoiding 
inbreeding. One may, on the other hand, use a combination of in- 
breeding and controlled hybridization to utilize the phenomenon 
of hybrid vigour as was done in hybrid maize improvement. 

Hybrid Maize.—The hybrid corn industry in the U.S. traces 
back to the scientific research of G. H. Shull and E. M. East who 
reported their results of inbreeding followed by hybridization in 
1907-10. Not until the 1920s were these theoretical results incor- 
porated into practical breeding programs. Phenomenal increases 
in uniformity, in yield, and in resistance to lodging (dropping of 
ears) and disease then became possible, As late as 1933 only 
fraction of 1% of the Iowa corn acreage was devoted to hybrid 
corn, but in less than то years the percentage was 99. . 

The bases for hybrid corn are self-pollinated or highly inbred 
lines. These inbreds are crossed, usually detasseling the mother 
rows to make either single crosses (line A X line B); or by utilizing 
these single crosses to produce double crosses (the cross of line 
A X line B crossed with the hybrid of line C Х line D). Most 
commercial field corn is produced from double crosses. Seed 
from the commercial crop is not saved by the grower for seed 
stock the next year but new seed is purchased each year from ex- 
pert corn breeders. This has led to the development of a multi- 
million dollar hybrid seed corn industry which produces seed for 
most of the commercially important maize-growing areas M ЕР 
U.S. and exports a fair amount to other countries. — , d 

Use of Male Steriles.— This inbred-crossbred breeding деш 
is technically facile in maize because the male (tassel) and feat 
(ear) inflorescences are in different parts of the plant, me t 
ing artificial self-pollination or controlled cross-pollination Es 
nomically feasible even on a field scale. Few other crop plants Е 
so readily manipulated, but by the use of male-sterile strains ' d 
mass production of cross-bred seed is made possible. lt PD 
such a precise understanding of the genetics of the crop In REP 
tion that male-sterile plants can be created at will. They are jety 
grown in isolated plots adjacent to male-fertile lines of the үш 
which is to serve as the male parent and the desired matings 
produced naturally by insect or wind pollination. . 

Hybrid tomato seeds quickly became a commerci; “nid 
this method, and the use of male steriles for the more eco 
production of hybrid seed was soon extended to other crop * 5 i 
including even maize (where it helped reduce the expense 0 
ficial detasseling). 

Breeding Bacteria and Fungi.—Breeding of bà vicky 
fungi for increased efficiency in fermentation processes ¢ nning 
passed from the experimental into the industrial field. Do ро 
in 1935 with work in Denmark, better strains of yeast wer 
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duced by hybridizing different species and varieties. The rapid de- 
yelopment of antibiotics led to large-scale selection and breeding 
programs with many strains of microorganisms. 

Polypioidy.—lIt was a full quarter century after the improve- 
ment of small grains had been reduced almost to a rule of thumb 
before the significance of chromosome numbers in plant breeding 
was well understood. Gradually it was realized that a considerable 
proportion of the higher plants have their germ plasms arranged 
jn several sets of chromosomes. The simplest condition is similar 
to that which prevails among the higher animals. There are two 
sets of chromosomes and the species (or variety) is said to be 
diploid. However, there are in the higher plants many species and 
varieties with four (tetraploid) or six (hexaploid) or even more 
sets. Any organism with more than two sets is said to be poly- 
ploid. Generally speaking, polyploids with even numbers of sets 
of chromosomes are more or less fertile, those with odd numbers 
being generally sterile, sometimes completely so, For instance, if 
a cross is made between a fertile tetraploid and a fertile diploid, 
the hybrid normally inherits two full sets from its tetraploid par- 
ent and one set from its diploid parent and is in consequence a 
triploid, which may be quite sterile for this reason alone. Breeding 
programs with such organisms must, to be successful, take poly- 
ploidy into account. They may work with diploids and tetraploids 
to produce further triploids. They may, by expert manipulation 
with such external agents as colchicine (see Согснісом), at length 
succeed in doubling the chromosome numbers of the sterile 
triploics, producing fertile hexaploids from them. 

As an understanding of the main facts of polyploidy gradually 
spread to more and more amateurs and tradesmen, the improve- 
ments of such partially polyploid ornamental crops as irises, 
orchids, and narcissuses lost much of their mystery. In all of these 
crops polyploids are often intrinsically more valuable than diploids 
since an increase in flower size and keeping quality frequently goes 
along with polyploidy. All of these crops had tended to have the 
smaller diploid varieties of a century ago, replaced by the larger 
flowering tetraploids and triploids when they accidentally arose. 

Until the significance of chromosome numbers to breeding prob- 
lems was generally realized, plant breeders did not know how 
to interpret the differences in breeding behaviour between closely 
related triploids and tetraploids. The development of rapid meth- 
ods for determining chromosome numbers and the consequent 
clarification of various breeding problems related to polyploidy 
has catalyzed both amateur and professional plant breeding with 
such crops. 

Bipiiocraruy.—U.S. Department of Agriculture, Yearbook of Agri- 
culture (1936 and 1937) (valuable surveys of plant breeding) ; E. M. 
East and D. F. Jones, Inbreeding and Outbreeding (1919); M. B. 
Crane and W. J. C. Lawrence, The Genetics of Garden Plants, 4th ed. 
(1952); Н. K. Hayes and F. R, Immer, Methods of Plant Breeding 
(1942); R. W. Allard, Principles of Plant Breeding (1960); E. L. Le 
Clergy and others, Field Plot Technique (1962). (Er. A.) 

PLANT DISEASES. Plants as well as animals are suscepti- 

le to injurious and often fatal diseases. Some of these disorders 
сап be attributed to inanimate and nonparasitic factors such as 
adverse environmental conditions: unfavourable temperature or 
humidity; unsuitable soil and light conditions; excess or deficiency 
Of minerals needed for proper plant growth; and presence of 
Poisonous substances in the air or in the soil. Furthermore, physi- 
cal and mechanical damage brought about by violent storms, im- 
Proper cultivation practices, etc., besides being disastrous in 
themselves, may prepare the way for widespread infection by 
Other disease agents. 

Among living agents such animals as insects, besides often in- 
terfering directly with plant metabolism, frequently serve as car- 
tiers in transmitting other disease agents from plant to plant. 
Since the development of plant pathology (or phytopathology, the 
Study of plant disease) and entomology into separate disciplines, 
the study of insect and mite pests has usually been considered the 
Province of economic entomology (see ENTOMOLOGY: Applied 
Entomology). The damage done to plants by larger animals 
(slugs, birds, rabbits, rodents, etc.), though not strictly speaking 
disease, may be of local importance; the depredations of these 
Pests are studied in economic zoology (see ZooLocy: Economic 
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Zoology). These plant eaters and plant dwellers also may serve 
as carriers of disease agents, though they are of far less impor- 
tance in this regard than are insects. 

The greatest number of economically important disease-causing 
plants are found among bacteria and fungi; a few algae are re- 
sponsible for some relatively unimportant tropical plant diseases 
(see BACTERIA; Funct; ALGAE). Among flowering plants only 
a few forms are of occasional importance (see PARASITOLOGY). 
Several slime molds (organisms bordering the animal and plant 
kingdoms) and numerous viruses (q.v.; organized particles bridg- 
ing life and nonlife) also are important agents of plant disease. 

'This article is divided into the following sections: 


I. Historical Background 
II. Definition, Classification and Symptoms 
1. Definition 
2. Classification 
3. Symptoms 
III. Causes 
A. Nonparasitic Agents 
1. Physical and Chemical Injury 
2. Unsuitable Environment 
B. Viruses 
C. Living Organisms 
1. Parasitism and Pathogenicity 
2. Bacteria 
3. Fungi 
4. Other Pathogens 
Control 
. Vulnerability of Pathogens 
. Inhibiting Agents 
. Cultural Practices 
. Repulsion of Insect Vectors 
. Use of Disease-Resistant Plants 
1. Types of Resistance 
2. Variable Resistance 
3. Securing Disease-Resistant Plants 


I. HISTORICAL BACKGROUND 


Plant diseases are referred to in some of man's earliest writings. 
Among the abominable curses reported in the Bible (Deut. xxviii) 
for disobedience to the commandments were doubtless both rust 
and bunt or stinking smut of wheat. These diseases probably did 
not often wipe out an entire crop but, like poverty, they were ever 
present, sometimes mild, sometimes severe. Frequent biblical 
references to blasts, mildews and plagues of locusts are suggestive 
of the fear in which these pestilences were held. 

The early Greeks—Aristotle, and particularly his pupil 
Theophrastus, the father of botany—described diseases of a num- 
ber of cultivated crops. The Romans were so concerned about 
rust on their grain that each spring they tried to appease Robigus, 
the god of rust, with the feast of Robigalia, in which they suppli- 
cated him so that rust would do less damage to their crops. 

In Shakespeare's time, discussion of the damage caused by 
rusts and smuts reached parliament, In 1660 a law was passed in 
Rouen, France, to the effect that barberry bushes, which had re- 
cently been shown to be associated with cereal rusts, were to be 
eradicated. Similar laws were passed in the New England states 
during the American colonial period. 

The Irish famine began in 1845-46 following an epidemic of 
late blight on potatoes. The epidemic continued for several years, 
and starvation occurred in many places in western Europe after 
failures of the potato crop. Other famines have occurred from 
time to time because of failures of wheat, rice and other food crops 
brought about by plant diseases. The extensive plantations of 
larch trees in western Europe were destroyed after about 1860 by 
larch canker. Powdery mildew in 1851 and downy mildew in 
1878 began devastating epidemics in European vineyards. The 
epidemic of coffee rust in Ceylon, beginning in the 1870s, is some- 
times credited with helping to keep the English confirmed tea 
drinkers; aíter the rust destroyed the thriving Ceylonese coffee 
industry, new plantations were grown to tea, and South America 
became the coffee-growing centre. In the United States the 
American chestnut was practically wiped out following the intro- 
duction of the chestnut blight fungus in 1904. Peach yellows, 
curly top of sugar beets and flax wilt have been disastrous from 
time to time in the U.S. before being brought under control. 
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Plant diseases have always caused substantial reductions іп yield 
of many economic crops. For example, in 1958, 70% of the pro- 
duction costs of a large fruit company in Central America were 
expended in controlling banana diseases. In addition to the actual 
losses in production caused by plant diseases, there also have been 
violent fluctuations in crop yields: when the crop was in short 
supply, prices went up; when large plantings were made to allow 
for losses that never occurred, there was a superabundance of 
crop with a corresponding fall in prices and disturbance in eco- 
nomic balance. One or another plant disease is a continuing threat 
against each of the economic crops. 

Fortunately, the microorganisms causing diseases of plants are 
not agents of disease in animals and man. Some of the fungus 
structures are poisonous, however, if eaten. Ergot (Claviceps 
purpurea) of rye appears as elongated, hard, purple, beanlike 
masses (sclerotia) which replace certain grains on the rye head. 
Ergot-infected rye was often used in cheap bread until the poison- 
ous nature of the infected grain was understood; ergot poisoning, 
which often induced gangrene, swept over France nine times dur- 
ing the 17th century and seven times during the 18th century (see 
Ercor), Grain that has become infected with scab fungus 
(Gibberella zeae) also is toxic. 

Although the history of plant pathology is too extensive to be 
treated here, two occurrences are especially noteworthy. First, 
Bénédict Prévost, in his classic work on wheat bunt (1807), dem- 
onstrated that microorganisms cause disease; his findings went 
unheeded till Anton de Bary confirmed them in 1853. Second, fol- 
lowing the epidemic of downy mildew on grape in 1878, Bordeaux 
mixture, discovered by P. M. A. Millardet, established the use 
of sprays against plant diseases. Bordeaux mixture, because of 
its robin’s-egg blue precipitate, was originally applied along the 
roadside edges of the vineyards to discourage thievery of the 
grapes. It proved to be also a control against downy mildew. 


П. DEFINITION, CLASSIFICATION AND SYMPTOMS 


1. Definition.—The early plant-disease terminology was fre- 
quently borrowed from medicine. The term “disease” is used, 
even though plants feel neither ease nor discomfort. ‘Popula- 
tions" are spoken of, though plants are not people, and when dis- 
ease affects large numbers of individual plants it is called an 
epidemic (meaning “оп people"), although some plant patholo- 
gists prefer the term epiphytotic (“оп plants"), 

It is difficult to arrive at a definition of plant disease that covers 
all cases. One definition regards a diseased plant as an abnormal 
plant. Normality, then, may be defined in terms of rough aver- 
ages of important plant characteristics, and disease as a serious 
departure from the norm. Among the various definitions the 
following has proved useful as a working statement: A diseased 
plant is one which is so impaired as a whole or in any of its im- 
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portant parts that its usefulness to itself or to mankind is serj- 
ously reduced. 

2. Classification.—Classification of plant diseases commonly 
js based on causal agent: nonparasitic, virus, bacterial, fungus, 
etc. Classification also may be made according to plants affected. 
Host indexes (lists of diseases known to occur on certain hosts) 
are valuable; e.g., when a new disease is found on a known host 
a check into the index for the specific host may often lead to 
identification of the causal agent. Classifications according to 
symptoms have been tried, but they fail in many detailed ap- 
proaches because one causal agent may induce several different 
symptoms which often intergrade. 

3. Symptoms.—The symptoms of plant diseases, though they 
may be quite variable, are frequently helpful in diagnosis, Among 
the more important symptoms are the following: 

1. Change in colour. Instead of the normal green, leaves frequently 
are pale green or yellow (chlorotic) or spotted. Coloured spots vary 
between red, green, yellow, brown and black, In some cases a separa- 
tion of the epidermis of a leaf from the tissue below may cause “silver- 


g. 
2. Shot hole in leaves. Certain fungi and certain toxic agents induce 

in leaves many small holes, as though the leaf had been hit by shotgun 
ellets. 

P 3. Wilt. Plants often droop and lean or fall over, usually from lack 

of water but sometimes from injury to the supporting stems or roots. 

4. Death of the entire plant or of a part is called necrosis, a common 
symptom. 

5. Stunting or failure to develop. This may involve the whole plant 
or only leaves and flowers. 

6. Galls. An increase of size of cells is called hypertrophy. An in- 
crease in the number of cells is called hyperplasia. Often they occur 
together in galls. 

7. Transformations occur when parts are replaced, as in ergot of 
grain, in corn smut or when flower petals develop as abortive green 
leaves. 

8. Mummification involves the shriveling and drying of fruits. 

9. Alterations in growth habit and in normal symmetry involve many 
changes in the stems, leaves and flowers. 

10. Destruction of organs through changes in flowers and seeds, as 
in loose smuts of cereals. 

11. Dropping of leaves, blossoms and fruits, r " 

12. Production of malformations. These are of many kinds, includ- 
ing abnormal hairs, blisters, warts, g ankers, witches’ brooms, ere 
root, curling, fusion of plant pa asciation) and deformation 0) 
fruits. 5 0 

13. Extrusion of liquid or oozes, Examples are the sticky exudal 
in fire blight, slime flux of trees, formations of masses of gum, produc- 
tion of resin and exudation of milky sap. 

14. Rots. The soft rots usually are watery and have a bad beer 
They commonly are associated with soft tissue, dry rots with c y 
structures. Often the rots are characterized as root rots, stem rots, Dut 
rots, fruit rots, wood rots and so on, depending upon the part afteci 


III. CAUSES 


Factors inducing plant disease may be classified as physiological 
or nonparasitic, virus and living organisms. (The viruses, 
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(Left) Hypoxylen canker, an extensive destruction of tissue seen on the trunk 
of a quaking aspen tree, is a symptom of bacterial infection. (Centre) Variation 
from normal colour, as in this example of early blight fungal infection of tomato 


ts. (Right) BIMM 
by bacteria 


leaf, Is a symptom of disease caused by many different agen 
spots, shown here on an apple, are symptomatic of infection 
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mentioned above, hold an intermediate position while their status 
as nonliving or living is debated.) 


A. Nonparasitic AGENTS 


Injuries which occur because of “accidents,” poisons or defects 
in the environment often result in diseased tissues. In addition, 
these injuries may enable microorganisms to enter secondarily and 
cause still further damage. The cause of such disease is some- 


times obvious (e.g., lightning or drought), but often it is obscure 
to untrained eyes. Only when the cause is known can an intelli- 
gent search for a remedy or a means of prevention be conducted. 

1. Ph al and Chemical Injury.—Fire, water, frost, higher 
animals, insects and machinery as well as poor agricultural tech- 
niques may cause serious damage to crops and permit invasion 


by disease agents. Graft knots often follow badly fitted grafts 
on apple trees grown from piece-root grafts. Waste products such 
as noxious gas, smog, dust and smoke may provoke injuries. 

Many chemicals are profitably used alone or in combinations to 
prevent damage by insects and microorganisms or to kill weeds. 
How when these materials are applied improperly, serious 
physiological diseases may result. Such injuries are fairly com- 
mon from improperly used sprays, seed treatments, fumigation, 
soil treatment, fertilizers, herbicides and hormones. 

2. Unsuitable Environment.—Plants in unfavourable en- 
vironments may vary so far from their normal growth habits that 


they are considered diseased. In addition, such plants often are 
unusually subject to attack by microorganisms. 

Too high a temperature may cause sun scald and death in the 
tips and margins of leaves. In some small plants, cankers develop 
at the soi! surface where the temperature in direct sunlight may 
greatly exceed the air temperature. Frost injury is relatively 


but even low temperatures above freezing may cause 
such as net necrosis in potatoes. On many exposed north- 
ern trees frequent alternations of thawing by day and freezing by 
night kill the bark and cause southwest canker. Drought often ac- 
companies high temperatures and causes stunting, wilting and burn- 
ing. On the other hand, if water covers the roots too long they may 
be damaged because of insufficient oxygen. An excess of water, 
if it falls on а warm day followed by a cool night, may induce 
flooding of the tissue. Such diseases result as water core of ap- 


ples, celery heart rot and tomato blossom end rot. The last two 
often | to invasion by secondary microorganisms. Abundant 
moisture usually favours infection by bacteria and fungi. 

Both the intensity and duration of light may influence the de- 


velopment of plants. With insufficient light, sun-loving plants may 
become chlorotic, In certain greenhouses a short day may com- 
bine with a high temperature. ‘These conditions promote rapid but 
telatively succulent growth. 
Spindly growth thus formed may 
be more susceptible to attack by 
pathogens than is normal growth. 

Poor aeration may cause black 
heart in stored potatoes. An ac- 
cumulation of certain gases from 
the respiration of apples in stor- 
age may cause apple scald. 

_ Plants require various essen- 
tial elements for their normal 
Browth, The classic ones include 
carbon, hydrogen, oxygen, nitro- 
gen, sulfur, magnesium, iron, cal- 
cum, potassium and phosphorus; 
chlorine also has been listed as es- 
sential. In addition, many other 
trace elements are necessary, 
among them boron, zinc, copper 
and manganese. Characteristic 
symptoms occur with an excess or 
deficiency of mineral salts. 

Thus a considerable group of 
Nonparasitic or physiological dis- 


eases occur when, for some reason produced by bacterial infection 
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Galls, localized swellings usually affecting a part of a plant, are symptoms of various types of diseases. 
hog galls on an oak leaf are caused by insect dam 
and seemingly attractive, is actually the result of 


I175 


the plant's physiology departs critically from the normal. The 
environmental factors, besides influencing host plants, often affect 
pathogen activity as well as host-pathogen interactions. 


B. VIRUSES 


A number of infectious diseases result from viruses (q.v.), par- 
ticles visible only in the electron microscope and small enough 
to pass through a filter that excludes ordinary bacteria. Plant 
viruses thus have great economic importance. To mention to- 
bacco, potato, sugar beet, peach, orange and elm is only to begin 
the list of economic plants which are affected by viruses. 

The plant disease symptoms caused by viruses include: (1) 
change in colour such as yellowing, mottling and vein clearing 
(becoming translucent); (2) malformations such as distortion, 
rosetting (close, tight whorls of leaves), proliferation and little or 
no leaf development between the veins; (3) necrosis such as leaf 
spots, rings, streak, wilt, droop and internal death, especially of 
phloem tissue; and (4) stunting. In some cases infected plants 
may carry the virus and show no disease; thus they are symptom- 
less carriers which provide a source of inoculum for other host 
plants. 

Transmission of viruses from one plant to another in some 
cases involves only touching a diseased plant and then touching a 
healthy one, but in others it occurs less easily. Many viruses are 
carried by insects, especially aphids and leafhoppers. Transmis- 
sion of a virus disease is practically assured by budding or graft- 
ing with diseased material. Certain viruses have been able to 
persist in the soil. Seed transmission has not been common, but 
it has occurred, for example, with certain large-seeded legumes, 
with melons, squash, stone fruits (Prunus species), lettuce, barley 
and elm, In many cases a single virus may infect a number of 
different kinds of plants, and a single kind of plant may be infected 
by a number of different viruses. 

Control of viruses has been accomplished by using resistant 
plants, by destroying infected plants, by inspection and certifica- 
tion of disease-free stock, by quarantine and by other special 
means, Infected peach twigs and sugar cane shoots have been 
heat-treated for a short time so that the new plants developed 
from them were free from viruses. Certain rapidly growing 
sprouts from diseased dahlias and chrysanthemums have out- 
grown the slower traveling virus, so that the stem tips could 
be used vegetatively to propagate healthy plants. With certain 
potatoes, a few cells from the growing tips have been grown 
aseptically in tissue culture (see Tissue CULTURE), and from them 
the whole plant has been developed free from virus. A delay in 


the spread of virus infection has been accomplished by control of 


insect vectors and by sanitation in agricultural operations. 


THREE CAUSES OF GALLS 


(Top left) Hedge- 
(Right) Cedar apple gall, natural-looking 
(Bottom left) Crown galls on raspberry stems are 


to the vein of the leaf. 
fungal infection. 
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DISEASES CAUSED BY NONPARASITIC AGENTS 


(Top) Chemical injury. A yellow mottling of soybean plant leaves was the result 
of improper application of a weed-killing chemical, atrazine. (Bottom centre) 
Discoloured and thickened leaves of rose-of-sharon caused by air pollution. (Bot- 
tom) Blossom end rot of pepper, indicated by brown discoloured areas, produced by 
unsuitable weather conditions that result in flooding of tissues with liquid 


Among the numerous virus dis- 
eases of plants, that caused by 
the tobacco mosaic virus (TMV) 
is well known and has great eco- 
nomic importance. Besides af- 
fecting many members of the 
nightshade family (Solanaceae), 
which includes tobacco, tomato 
and potato, TMV occurs on some 
30 species of plants in 14 other 
families. The symptoms charac- 
teristically appear as dark green 
spots irregularly elevated and 
scattered on the tobacco leaf. 
The remainder of the leaf be- 
comes more and more pale green 
and sometimes yellow in colour. 
The name “mosaic” derives from 
these variable small blotches of 
different colours. The effects 
from TMV often are similar to those caused by the cucumber 
mosaic virus. 

TMV, like some other viruses, is resistant to many unfavourable 
conditions. It has been the subject of many important funda- 
mental researches on viruses that have led to a better understand- 
ing not only of plant viruses but also of animal and human viruses. 
TMV was the first virus to be crystallized; this was accomplished 
in 1935 by W. M. Stanley. Twenty years later its rodlike structure 
was shown to consist of a central core of ribonucleic acid (RNA) 
surrounded by a spiral of amino acids forming proteinaceous ma- 
terial. 


BY COURTESY OF (ALL) UNIVERSITY OF ILLINOIS 


C. LIVING ORGANISMS 


Relationships between microorganisms and higher plants are 
not always disadvantageous. The root nodules of leguminous 
plants (such as alfalfa, clover, soybean and pea) are produced by 
bacteria with resultant fixation of atmospheric nitrogen and bene- 
fit to the plant (see Symprosis). Various fungi assist in the 
germination of seed and the growth of plants, such as orchids, 
heaths and forest trees (see MycorHiza). 

1. Parasitism and Pathogenicity.—Most microorganisms 
are beneficial in clearing away the debris of dead plants and ani- 
mals and in building up the soil for more plants to grow. Those 
growing only on dead tissue are called saprophytes. However, 
some microorganisms secure their food from plants which are 
stillliving. They are called parasites, and if they cause significant 
injury or disease they are termed pathogens. An obligate para- 
site requires living tissue; a facultative parasite can grow on either 
living or nonliving material, 

Proof of Pathogenicity.—The evidence necessary to prove that 
a certain pathogen is the cause of a particular disease is frequently 
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after the German bacteriologist Robert Koch. Only when these 
four steps are successfully carried out is the pathogen definitely 
identified as the cause of the disease: 


arranged in a series of experimental steps called Koch’s postulates, 


1. The pathogen must be found in the diseased tissue of the infected 
plant (or animal), and must always be associated with the disease in 
question; conversely, the disease must never be found without the 
pathogen’s being present or having been present. 

2. The pathogen must be isolated from the diseased host and must 
be grown in pure culture (Ze. without other pathogens present as 
contaminants) and characterized in the laboratory, 


ease as it appeared in the original host must 
host. 

4. From the experimental host the pathogen must again be isolated 
and definitely proved to be identical to the first isolated pathogen, 


Many different culture media are used for the isolation and 
laboratory cultivation of pathogenic microorganisms; one favour- 


able for the culture of certain bacteria and fungi pathogenic on 
plants is a mixture of potato extract, distilled water, agar and 
dextrose (PDA medium). After the medium has been properly 
processed (potatoes cooked, extract decanted and mixed wilh 
other ingredients, acidity checked, filtered and placed in culture 
tubes or flasks plugged with cotton), it is sterilized about 20 min, 


at 15-Ib. pressure in a steam sterilizer (autoclave). When melted 
the agar medium may be poured into sterilized covered dishes 
(Petri dishes) and allowed to solidify. 
Isolation of pathogenic bacteria usually follows the common 
dilution poured-plate technique. In this method the bacterial cul- 
ture is diluted in media, and after suitable incubation characteris- 
tic colonies are transferred to culture tubes for further study. 


In isolating fungi, many small pieces of diseased tissue, each 
weighing usually 4 to 12 mg., are taken from the most advanced 
margin of the infected area. Three to ten of these pieces are 
placed aseptically on sterile medium in each of several Pelri 
dishes and incubated several days at a suitable temperature (SU 
ally 20° to 28° C.). In many cases the pathogen, free from 
other microbes, grows from some of the pieces. The pathogens 


are transferred to fresh sterile medium in culture tubes. The 
small size of the diseased tissues, their points of origin and their 
considerable number improve the chances of pure cultures of 
fungi free from the secondary invaders that usually follow rapidly 
behind the pathogens. Development of many specialized tech- 
niques has been necessary to facilitate the recovery of the patho- 
gens and their identification (see BACTERIA; FUNGI). 
Inoculations of susceptible plants are made with temperature, 
moisture and other factors favourable for the pathogen. Tie 
tails of the technique depend on the life history of the causal 
agent. Pathogens occurring commonly in the roots frequently 
are introduced into the soil where the plants are growing. Se с 
inoculations often are used by applying spores to the seed. OM 
ing plants are commonly sprayed with a liquid containing v 
pathogen. A favourite method is the introduction of bacteri 
spores through artificially made wounds—cuts, stabs, etc. n 
In identifying virus and obligate pathogens Koch's pos 
must be modified by other rules of proof since these forms Ux 
reproduce only in living tissue. Man may experimentally ino! 


= 3 i or 
late susceptible hosts with viruses by mechanical abrasion 


д 4 
grafting, or by the use of insect vectors, especially 4 ids an 
leafhoppers, or virus-bearing dodder (see below). ations 

Life History in Relation to Pathogenesis —Large popula’, 


are the primary interest of the plant pathologist E ii 
vidual plants are seldom of great value. He is, therefore, 68р uin 
concerned with epidemics. Epidemics develop as an endless үг Т 
of events, chief among which are transmission of the pata n- 
the host plant, its entrance, its establishment and developmen! ^ 
side, and its exit and once again its transmission to new hosts. ter- 
pending on favourable or unfavourable weather and on the үг, Я 
vention of harvest or of winter, the number of times this YE 
repeated influences the severity of the epidemic. ’ 7 
The chief events in this life history may be clarified ia 
Entrance of the pathogen may be by direct penetration 
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the outer covering or cuticle of a leaf, through wounds made by in- 
sects or other agencies or through natural openings in the plant. 
Such natural openings include growing tips of roots or stems, lat- 
eral root exits, lenticles on stems, stomata, open ends of leaf veins 
(hydathodes) and flower parts. Once inside, the pathogen may be- 
come established either between or inside the cells, sometimes both. 
As a pathogen develops and produces the characteristic symptoms, 
portions of it may grow to the surface or reach the outside after 
decomposition of the tissue. The pathogen then may be carried to 
a new host by wind, water, animals, insects or agricultural opera- 
tions 

While many of these agencies operate in relatively localized 
areas, pathogens can be distributed widely over the world in ship- 
ments containing plants or plant materials; for example, straw 
used to pack around dishes has been found to carry important small 
grain pathogens. 

Life Cycle.—1In fungi, in addition to this life history, the life 
cycle, particularly when the fungus has an alternate host, may be 
important. The life cycle of black stem rust of wheat (discussed 
below) shows as many as five different kinds of spore-bearing 
structures, with as many different kinds of spores and two kinds 
of mycelium. It is essential to know these different stages and 


their bearing on the life history in relation to pathogenesis for 
both the primary and the alternate hosts. Such information may 
show the weak links in the endless chain of events in an epidemic, 
may indicate how such links may be broken and thus how control 
may bi ieved. Critical points in the development of an epi- 
demic appear if the temperature and moisture should be- 
come avourable. Thus the weather often provides control, 
but it is notoriously unreliable. 

Environmental Influence on Host and Parasite.—The important 
environmental factors listed under Nonparasitic Agents, above, also 
affect host plants and their pathogens. Among these factors 
temperature, moisture and soil reaction may be particularly im- 
portant. What is good for one pathogen may be bad for another. 


For example, red pine seedlings growing in Plainfield sand at a 
forest nursery in Wisconsin have been attacked by one damping- 
off fungus (Pythium) when the soil was cool, moist and neutral 
to slightly acid; this fungus was 
almost completely replaced by 
another damping-off fungus (RAi- 
zoctonia) when the soil was rela- 
lively warm, dry and acid. Spe- 
cial studies with pathogens and 
hosts under closely controlled 
conditions both in the laboratory 
and greenhouse are useful to de- 
Scribe environmental conditions. 
Records of what happens in na- 
ture as the season progresses also 
are essential, 

Seasonal Development of Dis- 
ease—To understand how a di 
ease develops in the field is criti- 
cal for the successful application 
of control measures. Records of 
Important factors should be 
taken from the beginning to the 
end of the growing season. Some 
of these factors are: (1) weather 
(maximum and minimum daily 
temperature and humidity, 
amount and times of rain, dew 
and sunshine) ; (2) growth of the 
host (increase in vegetative 
growth, time of flowering and de- 
velopment of fruit); (3) pres- 
ence of the pathogen (availability 
of inoculum and of insect or 
other vectors for spreading it); 
(4) development of lesions from 
Primary and secondary natural 
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inoculations (parts infected, spread of the lesions, formation of 
secondary inoculum for further spread of disease); (5) incubation 
periods following artificial inoculations made at frequent intervals 
throughout the season; and (6) times of sprays or applications of 
other control measures. With such information the investigator 
may, for example, take the date when natural infection appears, 
subtract the days necessary for an incubation period and determine 
the date when natural inoculation took place. By checking the 
records he may determine the natural conditions that were favour- 
able for infection. Thus when sufficient evidence is available, the 
critical times and conditions for control efforts are clarified. 

Disease Forecasting —Valuable forecasts are being made in cer- 
tain cases from a background of long experience with seasonal 
development studies and from long-range weather predic 
Time and expense have been saved by avoiding unnecessary spray 
application; e.g., against potato late blight and apple scab. 

2. Bacteria.—Over 150 different bacterial species incite dis- 
eases in plants. In general these diseases fall into the following 
categories: galls, wilts, local spots or lesions, extensive lesions and 
soft rots. All these symptoms may grade into one another. 
Sometimes two or more bacteria, bacteria and insects or bacteria 
and fungi combine to produce a much more damaging disease than 
may be produced by one agent alone. After bacterial and fungus 
pathogens have entered a plant, saprophytic organisms usually 
follow closely and assist in the disintegration of the injured or 
killed tissue. 

Plant bacteriologists have learned a great deal from medical 
bacteriologists and in return have made many contributions to the 
advancement of the general field (see BACTERIA). Two represen- 
tative bacterial plant diseases are mentioned briefly. 

Fire Blight.—The first plant disease proved to be of bacterial 
origin was fire blight on apple, pear and related plants. The bac- 
teria (Erwinia amylovora) invade blossoms and rapidly growing 
shoots, killing the tissue. With suitable warm, moist weather a 
bacterial exudate appears on the surface. In susceptible species 
the bacteria may move down the stem, producing an extensive 
canker; the bacteria may even go down into the root system. This 
disease has driven certain high-quality pears and apples out of in- 


BY COURTESY OF (TOP RIGHT) J. R. SHAY, PURDUE UNIVER- 
SITY, (BOTTOM LEFT AND RIGHT) UNIVERSITY OF WISCONSIN, 


(BOTTOM LEFT) JAMES E. KUNTZ, (BOTTOM RIGHT) R, W. 
FULTON; PHOTOGRAPH, (TOP LEFT) FRANK P. MCWHORTER 


(Top left) Clara Butt tulip showing normal colour 
and the streaked colour produced by a virus. (Top 
right) Corn plants affected by a virus that causes 
reddening of leaves and stunting. (Bottom left) 
Malformed aster flower infected by aster yellows 
virus compared with a healthy flower. (Bottom 
right) Tobacco leaves showing symptoms of to- 
bacco mosaic virus, including mottling and chlo- 
rosis 


1178 


tensive cultivation in the eastern United States. 

The life history is simple. The bacteria may enter the tree 
through wounds, stomata and particularly through flower parts to 
which they are carried by bees. The bacteria invade the tissues 
between the cells, but soon kill and enter the cells. The bacteria 
overwinter in stem cankers (slowly decaying bark and wood). 
They come to the surface as a bacterial exudate, and new plant 
parts and other trees are infected when spring rains splash the 
bacteria-laden exudate and bees carry contaminated nectar from 
blossom to blossom. 

Control in warm, rainy weather is difficult to accomplish. It 
consists of the removal of diseased parts and the application of 
antibiotic sprays during the blossom period. In Oregon much suc- 
cess has been achieved by growing a low framework from a blight- 
resistant pear tree. In the branches of this stock, twigs from 
high-quality but susceptible trees are grafted. Then if the blight 
starts in one branch it kills only down to the point of grafting 
and a new graft may be substituted for it. 

Crown Gall.—Perhaps the best known of the bacterial plant dis- 
eases is crown gall, which derives its name from the knobby growth 
which appears near the top of the ground or at the crown of the 
plant. The disease occurs widely over the world, apparently dis- 
tributed with nursery stock. Its host range is wide, including 
among many dicotyledonous plants, such economically important 
ones as peach, apple, pear, rose, raspberry and sugar beet. 

The bacteria (Agrobacterium tumefaciens) enter only through 
wounds, They apparently live between cells, which they stimulate 
to grow both in size and in number. When the galls develop, bac- 


teria appear on the surface, from which they may be washed into 
the soil or picked up and carried by chewing insects. The disease 
has been held in control by nursery inspection, disinfection of parts 
used for vegetative propagation and by planting in well-drained 
soil that is free from root-chewing insects. 

Crown gall often has been called a plant tumour. Many detailed 
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studies have been made of the bacteria, the host plants and the 
galls. This has been excellent material for fundamental work on 
diseased growth, and an extensive literatu as developed, Crown 
gall tissue, free from the causal bacteria, provided the material for 
early work on plant tissue cultures. 

3. Fungi.—Fungi are responsible for by far the greatest num- 
ber and diversity of plant diseases. Descriptions appear else. 
where of the various fungus groups of their activity (see 
Funct), Although many members of the ous genera among 
the fungi are purely saprophytes, interes 5 with the many 
disease inciters, All the economic plants wently are attacked 
by one or another of the fungi; often : zen or more different 
fungi induce disease on a single species w diseases are men- 
tioned briefly as examples. 

Late Blight.—The late blight fungus (Phytophthora infestans) 
commonly occurs in the cool, moist regions wherever potatoes are 
cultivated. A devastating epidemic of this disease on potatoes 
beginning in Europe in 1845 brought about the famine, particu- 
larly in Ireland, that caused starvatior ath and mass mi- 
gration; it influenced the economic, politic d cultural develop- 
ment of many people. The damage late caused to the potato 
crop in Germany during World War I i iited with helping to 
terminate the war. 

Symptoms of late blight may appear 
above ground, small black or purplish 
margins often increase in size rather ra 
is usually present near the margin of the 
of the disease over a potato field may 
weather; commonly it is checked by dry 
infected in the field. A brown or rusty, some 
discoloration appears first and usuall 
five to ten millimetres. A slimy 
quently may completely destroy the tuber 

The infection cycle begins with the p! 


' part of the potato; 
: having pale green 
A whitish mildew 
'The progress 
pid in moist, cool 
Tubers may be 
es purplish skin 
s into the tuber 
z soft rot subse- 


ions, 


of infected tubers in 


which ungus overwinters, 
The m may come also 
from { cull piles or plants 
in a fiek Spores developing 
from these sources may infect 
nearby | and may spread 
rapidly ir ;Imost endless cycle 
so long as cool, moist weather 
(Left) A le twig infect рон d by 
2 п apple twig infected by РРБ: chieve 
fire blight, a bacteria that travels Cont 1 been a sh 
from the limbs down the trunk to Vario ns, including sui 
the root system of the tre, (Во. Sanitary ures, the use of re- 
tom left) A mature tomato with Uu forecasting of 
brownish-black scabs caused by bac-  SIStant 5, blight 
terial spot infection. (Bottom weather favourable for à fey 
right) Decayed leaves of lettuce ‘demic and applications of pro- 
Infected with bacterial soft rot epidemic and applic 
tectant s Е ; 
Chestn light.—The Ameri- 


can chestnuts have been practi- 
cally eliminated from their com- 
mercial range by a fungus 
imported from the orient. The 
blight occurs in Japan and China 
as a minor disease on the native 
chestnuts there, When it a 
peared in New York in 1904 1 
was a curiosity; its seriousness 
was not realized until severa 
rears had passed. 
: By 1908 this disease м 
produced extensive damage 
areas around New York and E 
appeared as far away а5 Ded 
ware and Virginia. Nune 
costly efforts failed to bring E 
widespreading epidemic шы 
control, and it continued «i 
alarming and deadly rap" d 
with the subsequent decima 
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shows a brown arc or ring where 
brownish gum has accumulated 
in the water-conducting vessels. 
These symptoms are easily con- 
fused with those caused by Ver- 
ticillium or Dothiorella wilts, 
Laboratory culture of the causal 
fungus, Ceratostomella ulmi (or 
- : = Graphium ulmi), has been neces- 
BY COURTESY OF (LEFT) ILLINOIS NATURAL HISTORY sary for accurate diagnosis. 
eee a ee The fungus spreads rapidly 
through vascular tissue of the 
trees. European and American 
SO EEN DISEASE elm bark beetles bore into and 
(Left) An elm infected with the Dutch elm COlOnize the larger dead branches. 


fungus showing browning and thinning of Subsequently, spores of the fun- 
its follage, typical symptoms of the dis- gus develop in great abundance 


ease. (Top) Galleries of the elm bark > hei RJ ls alleries 
beetle, where the fungus spores multiply, iM the insects’ tunnels or galleries. 


in wood immediately beneath the bark The insects then inoculate the 
spores into other trees. 
of this extremely valuable native hardwood species. Selected smoothleaf elm (Ulmus carpinifolia) seedlings have 

You nfections on two- to six-year-old chestnut shoots appear shown promising resistance in the Netherlands. Likewise, a few 
as yellowish or brown patches contrasting with the olive green of American elm (U. americana) saplings have withstood severe, suc- 
healt} k. The lesions spread until the shoot is encircled, at cessive inoculations. Some species such as Chinese elm (U. parvi- 
which time the shoot dies. Fruiting pustules of the fungus appear. folia) and Siberian elm (U. pumila) have appeared somewhat 
During jist weather, spores embedded іп a mucilaginous matrix resistant. Tree breeders may hope that suitable disease-resistant 
are extruded from the pustules, forming long, irregularly twisted trees can be developed. 
threads or spore horns, buff to yellow in colour. After one to Meantime, the best control measures consist of removal and 
several years, large trees assume a staghead appearance; later, destruction of beetle breeding sites, which consist of all dead and 
the entire top of the tree dies. The roots have a surprising capac- weakened elm wood. In addition to this, a dormant spray with 
ity fe ling up sprouts, which often escape the disease for a a suitable insecticide has proved useful to prevent feeding by the 
number years. beetles on the small elm twigs. Control measures, to be effective, 

The causal fungus is Endothia parasitica. The spores extruded must be carried out with great care. A few undestroyed breeding 
from the pustules are carried short distances by splashing rain sites or poor spray coverage may vitiate the entire effort. Such 
and wind. The rapidity and pattern of spread over long distances control measures are expensive, but in urban areas the removal 
have been correlated with the flight of migratory birds. Pre- and replacement of dead elm trees as well as the resultant loss 
sumably the birds carry spores upon their feet from a diseased in real-estate values are also expensive. Research seems promis- 
branch to a healthy branch, sometimes some distance away. The ing both for the selection of resistant trees and for the discovery 
number of spores produced, as with many fungi, is enormous; a of chemicals active against either the causal fungus or the insect 
single, average spore horn contains over 100,000,000 spores. vector. (See ELM.) 

Although no control measure was found to save the American Black Stem Rust of Wheat.—One of the oldest known and still 
chestnut, other species have shown more or less resistance. one of the most important diseases of food crops is the black 
Long-range breeding experiments 
have been undertaken to develop 
blight resistant trees of good tim- 
ber quality. Crosses between 
American and Asiatic chestnuts 
have produced trees with excel- 
lent nuts, but timber quality has 


been closely linked with suscepti- 
bility to blight. 
Dutch Elm Disease.—A seri- 


Ous new disease on elms was de- DISEASES 
scribed in 1921 in the Nether- CAUSED BY 
FUNGI 


lands, thus acquiring the name 
‘Dutch elm disease,” though it 
doubtless originated much farther 
east. Following the description 
ОЁ the disease, reports of its, oc- 
currence soon came from many 
regions in both Europe and Asia. 
On an infected twig the leaves 
Progressively wilt, curl or turn 
Yellow and drop off. The prog- 
Tess of the disease is rapid on suc- 
СШепі, young, rapidly growing 
trees and relatively slow on older 
Or more slowly growing trees. 

5 large trees die slowly during 
> UNIVERSITY OF WISCONSIN 


Severa 
eral years, the dead upper (Top left) A cucumber showing small, circular, water-soaked lesions and brown necrotio tissue of fungal scab. (Top right) 
ranches appear stagheaded. A рту decayed and mummified by brown rot fungus. (Bottom left) Grapes covered with white fungus spores of downy 
Cut across an infected branch mildew. (Bottom right) An ear of corn deformed by a large smut gall 
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stem rust caused by the fungus 
Puccinia graminis. Its destructive 
ability on wheat crops in the U.S. 
may be judged by a few exam- 
ples. In 1935 almost 60% of the | 
hard red spring wheat crop was 
lost in Minnesota and the Da- 
kotas. In some areas the loss | 
was practically complete. The 
grain harvested was lightweight 
and inferior in quality. In 1953 
and 1954 about 65% to 80% loss 
occurred over the same area in 
durum wheat and 10% to 35% 
loss in the spring wheat. The 
short supply of wheat caused 
sharp changes in prices and large 
economic disturbances. 

This rust has a wide host range, 
but the discussion here is limited 
to wheat. It occurs practically 
everywhere that wheat is grown. 
During its complex life cycle 
Puccinia graminis generates 
several different kinds of spores, 
some on wheat and some on the barberry. 

The uredial or red rust stage occurs on wheat leaves and stems as 
elongate pustules containing enormous numbers of reddish spores 
called uredospores. The epidermis is broken, giving a rough ap- 
pearance. The spores are blown to other wheat plants where they 
germinate and again give infection. The cycle repeats so long as 
susceptible living wheat and suitable weather occur. The symp- 
toms vary from tiny scattered yellow flecks to numerous pustules 
close together. Sometimes chlorosis develops. Different kinds of 
resistance or susceptibility have been classified by the character- 
istics of these pustules. 

The red colour turns to black as the uredospores blow away and 
the blackish teliospores develop (hence the name black stem rust). 
These thick-walled two-celled spores are hardy; they live over 
winter and germinate in the spring to form special spores called 
sporidia or basidiospores. Sporidia cannot infect wheat. They 
blow onto the leaves of common barberry bush, and there the 
fungus develops to form spermogonia on the upper surface. These 
orange-yellow spots exude a sticky liquid containing spermatia. 
Following a suitable cross-fertilization between spermogonial 
spots, the fungus develops a cluster of tubular cups called aecia on 
the lower surface. These cups contain still another type of spore, 
aeciospores, which infect wheat but cannot infect barberry. When 
aeciospores blow onto wheat or grasses the red rust stage again 
develops. The wind may carry red spores hundreds of miles. 

The susceptible common barberry (Berberis vulgaris) has been 
successfully eradicated in most areas of North America. The 
Japanese barberry (B. thunbergi), a common ornamental shrub, 
is immune to wheat rust. 

Both the rust fungus and the wheat plant are highly variable, 
By means of distinctive rust symptoms on a dozen differential 
wheat varieties, over 250 physiological races of black stem rust 
have been described. As researches on physiological races have 
shown, certain varieties of wheat may be resistant to some races 
and susceptible to others. Practical breeding programs for wheat 
have centred on the important regional races of black stem rust, 
on resistance to other rusts, smuts, root rots and on the various 
characters which add to the quality of the grain. To keep ahead 
of the variability of the fungi, breeding must be a continuing 
process. One curious evidence of resistance has been described 
as the necrotic fleck reaction. After the rust fungus has entered 
a leaf and has made contact with the wheat cells below, both 
wheat cells and fungus have died, thus cutting off the progress 
of the pathogen and leaving only a fleck spot. (See also Smur 
AND BUNT.) 

The blister rust (caused by Cronartium ribicola) on white pine 
trees has a comparable cycle with gooseberry and currant bushes 


BY COURTESY OF UNIVERSITY OF ILLINOIS 
STEM RUST OF WHEAT 

Stem, sheath, and leaves of wheat cov- 

ered with the red rust, or summer, stage 

of black stem rust fungus (Puccinia 

graminis) 
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as the alternate hosts (see BLISTER Rust 

Wood Rots.—Certain higher fungi 
timber. The losses from dead trees and 
on growth may approach 45% of the los 
causes combined. Furthermore, such fur 
and wood products in use so that expensive 
necessary (see Dry Ror). 

4. Other Pathogens.—Although viruses 
comprise the greater number of patho 
microscopic roundworms or eelworms ( 
important. 

Flowering Plants—Among the numero: 
mistletoe, dodder and witchweed serve 

Mistletoe, really a semiparasite, is v 
its ornamental and sentimental uses 
various species are dangerous parasit 
coniferous trees. The bushy green 
branches, becoming especially conspici 
leaves have fallen; the dwarf mistletoe tt 
is not so obvious. After the parasite 
more the branch may die or break off 
delayed growth in the spring and stu 
sometimes are ejected and carried a fe 
may also be carried longer distances by 
adhere to a branch, they germinate 
conducting tissue where they obtain prin 
salts. (See MISTLETOE.) 

Dodder has various uncomplimentary 
weed, devil’s hair and hellbind. The n: 
distributed (see DoppER), and it has а c 
ern Europe and the U.S.S.R., being of l 
America. Its chief damage is to clove 
yellow-orange threadlike stems wind a 
extending to other plants it may draw t 
the ground. The area invaded s 
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control in the field dodder may be cut, dried, sprinkled with fuel 
oil and burned. 

Witchweed (Striga asiatica) is widely distributed in Asia and 
South Africa. It appeared in South Carolina in 1951 and caused 
increasing concern in that region. Witchweed parasitizes the 
roots of a wide host range, including corn (maize), sorghum, 
sugar cane, rice, rye and oats. Serious infestations can destroy 
the yield from a cornfield. The parasite grows eight to ten inches 
high and has red or orange flowers. It produces enormous num- 
bers of tiny seeds that live in the soil for years until stimulated 
to grow, apparently by an excretion from the root of a host plant. 

' Witchweed robs the host of water and food. Infected plants fall 
far behind normal plants in growth and often die. Control has been 
difficult. Some methods have proved helpful, such as rotation with 
a resistant crop and prevention of seed set by growing trap crops 
and then destroying them, and by covering a small area with dry 
refuse and burning it. Active research is seeking better control 
measures. 

Nematodes.—Plant parasitic nematodes are slender microscopic 
eelworms of great economic importance. One or more species 
attack practically all crop plants. Usually they live in the soil 
and attack underground parts, but occasionally certain eelworms 
inhabit the buds, stems, leaves or inflorescence. More than 100 
species cause decline, stunting or death (see RoOUNDWORM). 

Nematodes usually attack only small roots. Root injury de- 
velops partly from the nematodes’ feeding on cells penetrated and 
partly from the toxic salivary excretions of the parasites. The 
tissues often respond by producing either an enlargement (hyper- 
trophy) or degeneration of cells, and sometimes both. In the 
field nematodes may associate with fungi and bacteria to induce 
disease complexes such as root rots that are more conspicuous than 
the injury caused by nematodes alone. 

Many nematodes are native and transfer to cultivated plants 
when their natural hosts are removed. Others have been intro- 
duced with seedling plants, bulbs, tubers, seeds and particularly 
in soil balled around the roots of nursery stock. 

Root knot nematodes (Meloidogyne species) are well known 
because of the conspicuous tiny gall-like swellings they induce on 
roots. Many kinds of higher plants are subject to their attack. 
Losses are often heavy, especially in warm regions with long 
growing seasons; certain species, however, such as the northern 
root knot nematode (M. hapla), are found where the soil may 
freeze to a depth of two or three feet. Truck crops, potatoes, 
tomatoes, melons, cotton, strawberries and orchard trees are com- 
monly attacked. Garden plants and ornamentals frequently be- 
come infested through planting stock. 

Root lesion nematodes (Pratylenchus species) are migratory in- 

ternal parasites (endoparasites) which cause severe losses in many 
crops by penetrating roots and making their way through the tis- 
sues, breaking down the cells as they feed. They deposit eggs from 
which new colonies develop. After the root begins to decline 
they move out into the soil in search of healthy roots. Lesions 
form as fungi and bacteria enter the damaged tissues, and root 
tot often sets in. Annual crops may succumb early in the season, 
but perennials and orchard trees may not show decline for sev- 
eral years. 
" The golden nematode of potatoes (Heterodera rostochiensis) 
is a leading menace of the potato industry of Europe. Great 
effort is being made to control it. A related species, the sugar beet 
nematode (И. schachtii), is a critical pest that has restricted the 
acreage of sugar beets in Europe, Asia and America. 

The citrus nematode (Tylenchulus semipenetrans) occurs 
throughout the citrus-producing regions and exacts a heavy toll. 

ypical symptoms are the common slow decline and dieback visi- 

le in many groves over 15 years old. Infested nursery stock has 
Biven the parasite wide distribution. 

. The burrowing nematode (Radopholus similis) is a serious para- 
Site in the tropics, where it attacks citrus, banana, pepper, abacá 
and other important crops, causing severe losses. 

any important surface parasites (ectoparasites) feed on the 
Toots of plants somewhat as aphids feed on the stems. Among the 
Most important are the American dagger nematode (Xiphinema 
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americanum), stubby root nematodes (Trichodorus species) and 
spiral nematodes (Rotylenchus species). 

Leaf. (foliar) nematodes include the bulb and stem nematode 
(Ditylenchus dipsaci), which has caused severe losses in the bulb 
industry and in clover, alfalfa and other crops. 

The wheat nematode (Anguina tritici) is a dangerous pest that 
transforms the seed into a blackened cockle. Other species of 
Anguina destroy the seeds of many grasses. 

Nematode control is approached in several ways. Many nema- 
todes have certain host preferences so that crop rotations give 
satisfactory control. Resistant varieties of plants have been 
selected against certain species of nematodes and have been grown 
successfully over large areas. Such work is promising for the 
future. Direct control by means of soil fumigants, known as 
nematicides, has become an established procedure for certain high- 
value crops such as nursery stock and seedling plants. 


Iv. CONTROL 


Control of plant diseases covers a broad, highly technical and 
rapidly developing field of study. A technique effective with one 
disease may be ineffective for another. Also, the effective method 
for a disease in one situation may be ineffective for the same 
disease in other circumstances. Furthermore, with continuing 
research, improved procedures keep developing. Discussion of 
control in. this article is limited to general’ considerations and to 
a few representative examples. Locally useful information may 
be obtained from governmental agricultural research centres. 


A. VULNERABILITY OF PATHOGENS 


Various preventive measures are possible at each of the stages 
in the life history of plant pathogens. 

The entrance of a microorganism into the host may be opposed, 
for example: (1) by employing chemical preventives such as 
sprays, dusts, disinfectants (applied to seed, propagating stock 
or wounds) and wound dressings; (2) by using disease-escaping 
or resistant varieties; (3) by removing the host from the con- 
taminating organism, as through the selection of disease-free seed 
and through rotation with other nonhost crops; and (4) by re- 
ducing the inoculum with available sanitary measures or with 
environmental conditions such as soil character, soil reaction, 
moisture and temperature that are unfavourable to the microor- 
ganism. 

Establishment and multiplication of a pathogen in the host 
may be lessened, for example, by employing sprays which burn out 
initial mild infections, by pruning or excising diseased parts, by 
using resistant varieties and by providing environmental condi- 
tions unfavourable for the microorganism. 

Exit of the pathogen from the host may be prevented by various 
sanitary measures, including excision of diseased plant parts or 
destruction of diseased plants, removal of agents of distribution, 
such as insect vectors, and disinfection of contaminated tools. 

Transfer or distribution of the causal agent may be reduced 
by various means, such as prevention of exit or entrance, removal 
of alternate and weed hosts, control of insect vectors, disinfection 
of tools, shipping containers and other contaminated materials, 
use of disease-free or disinfected seed, use of chemical or other 
sanitation procedures and enforcement of inspection and quaran- 
tine measures. 

Control measures have been classified in various ways; they 
include the use of inhibiting agents, proper cultural practices, re- 
pulsion of disseminating insects and development of disease-resist- 
ant varieties. 


B. INHIBITING AGENTS 


Applications of inhibiting or eradicant agents are effective pre- 
ventive measures for certain diseases. Diseased seed may be 
treated in some cases by hot water and in others by various dis- 
infecting solutions, slurries or dusts. Hot water has been effective 
for loose smut of barley, and various chemicals have controlled 
smut of oats and bunt or stinking smut of wheat. Seed treatments 
may be considered wherever the pathogen is carried by seed; 
suitable machines have been developed for treating seed. Sprays 
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on growing plants are important in the control of such diseases as 
apple scab, cherry leaf spot, cucumber downy mildew and potato 
late blight. Direct attack on pathogens by eradicant fungicides 
has shown promise against apple scab. Many of the sprays are 
combined so that one application acts against both insects and 
plant pathogens. Large industries have developed to supply both 
the chemicals and the machinery for applying them. 

Much research has been aimed at finding a chemical that will 
move from place to place in a plant and confer systemic resistance 
against infection. Some experiments have given encouraging re- 
sults. 


C. CULTURAL PRACTICES 


Control may be achieved through cultural practices including 
sanitation, These may involve the selection and treatment of 
the soil in which the crop is grown. Crop rotation has been effec- 
tive against pathogens which may disappear from the soil within 
one to three years. Many pathogens, however, are little affected 
by rotation, either because they readily establish themselves as 
saprophytes in many soils (e.g., Rhizoctonia and Fusarium spe- 
cies, and the potato scab actinomycete, Streptomyces scabies), or 
because the spores apparently, in some percentage at least, remain 
dormant but viable for many years (e.g., the fungi causing club 
root of cabbage and onion smut). In selecting a suitable location 
for a crop, certain diseases (e.g., crown gall of raspberry) that 
develop in connection with injuries by root-chewing insects 
have been partially overcome by avoiding ground heavily infested 
with such insects (old pastures, newly cleared land and weed 
patches). Soil treatments, often effective, are used only where the 
value of a crop justifies the expense. Suitable fertilizers may stim- 
ulate a host to outgrow the injury from a pathogen. 

Destruction of sources of inoculum, an important measure of 
control involving various cultural and sanitary measures, may take 
many forms. (1) Burning, fall spraying or plowing under debris 
containing the overwintering fungi have been used against, for 
example, apple scab, brown rot of plum and Septoria blight of 
tomato. (2) Removing weed hosts has been effective against 
cucumber mosaic. (3) Similarly, the eradication of alternate hosts 
has been employed, for example, with white pine blister rust and 
wheat rust. (4) Destruction of diseased plants has proved effec- 
tive in many cases. Removal of diseased plants (roguing) and 
testing of crops before general release to growers (indexing) are 
practised, for example, on potatoes as a control against potato 
viruses. The destruction of citrus canker in southeastern United 
States provided a dramatic story of eradication. Infected trees 
were sprayed with oil and burned. During the campaign (1914— 
31) more than $2,500,000, not counting the value of 260,000 trees, 
was spent on eradication in Florida alone. (5) Pruning and 
excision of the diseased portion of the plant, followed by a wound 
treatment, have served to destroy the sources of inoculum for fire 
blight of apple and pear trees. 

Other cultural practices important for prevention of plant dis- 
eases are connected with methods of propagation, as mentioned 
above with graft knots and fire blight. High-yielding rubber trees 
have been developed by two grafts. Seedling rootstock received 
a scion from a selected high-quality but susceptible tree. This 
in turn, after spray protection until it was tall enough, received 
a top graft from a disease-resistant tree. 

A sanitary measure of value in controlling certain diseases has 
been the disinfection of contaminated articles. Tools require dis- 
infection when used for excision of fire blight. Likewise, con- 
taminated packing and shipping containers must be disinfected to 
prevent the development of various transit and storage diseases. 

Limitations on shipments of diseased plants are common. At 
important ports of entry most countries have agricultural inspec- 
tions and quarantines against injurious insect pests and plant dis- 
eases (see PLANT QUARANTINE). 


D. REPULSION or Insect VECTORS 


Control of insect vectors has been effective in reducing various 
diseases such as apple fruit rot, cucumber wilt and aster yellows. 
In the first two instances, attacks by the apple maggot and cucum- 
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ber beetle, respectively, have been opposed by sprays or dusts 
In the last case the virus-bearing leafhoppers have been excluded 
from plants by cloth enclosures. 


E. Use or DISEASE-RESISTANT PLANTS 


When other control measures are impractical, the main hope is 
control by the use of disease-resistant varieties. Extensive ef. 
forts to develop disease-resistant varieties have been made, and 
conspicuous success often has been attained. Some investigators 
have claimed that this is the ultimate solution of a disease prob. 
lem. Although great flexibility and potential to change exists in 
most agricultural plants, flexibility also exists in the pathogens, 
New strains may appear among pathogens through importation, 
through development from already existing strains or through new 
associations with insect vectors. Also, a plant breeder may de- 
velop a new variety that may be susceptible to a previously unim- 
portant pathogen. 

1. Types of Resistance.—Disease resistance may be mechani- 
cal or physiological. Mechanical resistance has been attributed to 
certain external characters, such as hairiness, a thick waxy layer, 
small or sunken stomata and thick cuticle or bark layers; and 
to internal characters, such as thick cell walls, composition of the 
middle lamella, production of gum and formation of layers of 
suberized cells or wound cork. 

Physiological resistance has been associated with factors such 
as osmotic pressure, cell-sap acidity, tannin, nutrition, substances 
toxic to the parasite and substances which neutralize parasitic ac- 
tion. Various combinations of factors may enter into a given 
case; the concepts of resistance and of parasitism complement each 
other; there are overlapping grades of parasitism as well as over- 
lapping grades of resistance. 

A good example of physiological resistance is the resistance of 
coloured onions to fungus smudge. When an extract of coloured 
onions was chemically purified and tested for resistance to the 
fungus, it was shown that two substances, protocatechnic acid 
and catechol, were the source of resistance. However, jn many 
cases resistance is more complex than this. 

2. Variable Resistance.—The characters which may be ass0- 
ciated with resistance or susceptibility are subject to several kinds 
of variations. Among the nongenetic variations are fluctuating 
variations exhibited as a result of the unequal influence of different 
environmental conditions; and possibly relatively temporary 
changes (Dauermodifikationen), exhibited as a result of develop- 
ment under particular abnormal conditions, which perhaps may 
persist under normal conditions for one or more generations 
through the female line. EE 

Among the genetic variations (see GENETICS) are combinations 
owing to the normal operation of the Mendelian mechanism, n 
cluding segregation, recombination, linkage and crossing over; an 
mutations.. There are different kinds of mutations, including ad 
mutation, polyploidy and sectional chromosome mutations da 
as deletion, duplication, inversion and reciprocal translocation 
Changes in the characters of a plant by these or other means may 
have a bearing on disease resistance. of 

3. Securing Disease-Resistant Plants.—Several шр 
securing disease-resistant plants commonly аге employed aa 
alone or in combination. These include introduction from an FA 
side source, selection and induced variation. All three may large 
different stages in a continuous process. For example: (1) 4 lant 
number of varieties which are free from injurious insects 07Р (2) 
diseases are introduced for comparison with local c nm 
the more promising strains are selected for further propag much 
and (3) these are further improved, first by promoting rem 
variation as possible through hybridization or special trea! Tis 
and then by selecting the plants having greatest prO 
commonly is a continuing process. 

Among the special treatments for inducing useful 
is the application of mutation-inducing chemicals 1i 
chicine and mustard oils. Irradiation with ultra-violet 
X-rays commonly induces deleterious genetic changes, 
sionally produces a beneficial alteration. е stance 

A prime requisite in experimental studies of disease resis 
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is the presence of the pathogen under conditions that allow no 
susceptible host plant to escape infection. Natural infection or 
artificial inoculation may be used in different cases. For instance, 
jn the development of wilt-resistant asters and peas, natural in- 
fection has been adequate. The causal organism lived abundantly 
and persistently in the soil so that the chances for infection of 
susceptible plants were practically 100%. Those plants that 
showed no infection under these conditions were judged to be re- 
sistant, 

In general, plant breeders wish to supplement natural infection 
with artificial inoculation under controlled favourable conditions 
in order to destroy any plants that have escaped natural infection 
and to ensure uniform trials for progenies of succeeding genera- 
tions. 

A knowledge of genetic behaviour of a character or characters 
for resistance has been valuable in developing disease-resistant 
varieties. Artificial crossing and the selection of desirable char- 
acters in the progeny of later generations have given promising 
results. 

From the foregoing account it appears that the complete investi- 
gation of a plant disease clearly ramifies into various branches of 
biological science. The research may call for work in many dis- 
ciplines: mycology, bacteriology, virology, entomology, nema- 
tology, soils, physiology, taxonomy, morphology, genetics, 
cytology, chemistry, physics, engineering and mathematics. Im- 
portant advances have been emerging from a co-ordinated group 
attack on plant diseases by investigators having diverse back- 
grounds and abilities. For more information on particular plant 
diseases see the article dealing with the host plant; e.g., APPLE; 
BANANA; COFFEE; Hop; Lemon; PracH; Porato; ROSE; 
WHEAT; etc.; and articles on pests; e.g., LEAF MINER; CORN 
BORER; etc. See also references under “Plant Diseases" in the 


Index. 
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PLANTIN, CHRISTOPHE (1514-1589), French printer, 
founder of an important printing house, and publisher of the 
Antwerp polyglot Bible, was born in a village near Tours (probably 
Saint-Avertin). He learned bookbinding and bookselling at Caen 
and settled in 1549 as a bookbinder in Antwerp, where he became 
Preeminent in his profession. A bad arm wound seems to have 
led him (about 1555) to turn to typography. 

Plantin’s publications were distinguished equally by their great 
numbers and their excellent typography. His originality lay in 
his use of copper engravings for book illustrations. His unconven- 
tional but successful methods extended to managing his business, 
Poning and selling his publications, and paying authors for their 
works, 

„The first known book printed in his office was La institutione 
di una fanciulla nata nobilmente, by G. M. Bruto, with a French 
translation, and this was soon followed by many other works in 
French and Latin that rivaled the best printing of his time. The 
masters in the art of engraving then flourishing in the Netherlands 
illustrated many of his editions. In 1562, while he was visiting 
Paris, Plantin’s workmen printed a heretical pamphlet, which re- 
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sulted in the seizure and sale of his property. It seems, however, 
that he recovered a great deal of the money, and in 1563 he as- 
sociated himself with some friends to carry on his business. Among 
them were two grandnephews of Daniel Bomberg, who furnished 
him with the latter’s fine Hebrew types. Plantin produced edi- 
tions of the Bible in Hebrew, Latin, and Dutch; a Corpus juris; 
and Latin and Greek classics. 

He also planned a much greater enterprise in those years—the 
publication of a Biblia polyglotta, which would fx the original 
text of Old and New Testaments on a scientific basis. In spite of 
clerical opposition he was supported by Philip II, king of Spain, 
who sent him the learned Benito Arias Montano to superintend the 
work. The project resulted in an eight-volume work (1569-72). 
Plantin earned little profit but received the privilege of printing all 
liturgical books for the states of King Philip and the office of 
“prototypographus regius." Though outwardly a faithful son of 
the church, until his death he was the partisan of a mystical sect 
of heretics. 

Besides the polyglot Bible, Plantin published editions of St. 
Augustine and St. Jerome; the botanical works of Dodonaeus, 
Clusius, and Lobelius; the description of the Netherlands by Guic- 
ciardini, etc. In 1575 his printing office contained more than 20 
presses and 73 workmen, besides a similar number that worked for 
the office at home. But in November 1576 Antwerp was plundered 
and in part burned by the Spaniards, and Plantin had to pay an 
exorbitant ransom. He established a branch of his office in Paris, 
and, when in 1583 the states of Holland sought a typographer for 
the newly erected university at Leiden, he settled there, leaving 
his much reduced business in Antwerp to his sons-in-law John 
Moerentorf (Moretus) and Francis van Ravelinghen (Raphelen- 
gius). 

When in 1585 Antwerp was taken by the prince of Parma and 
affairs there became more settled, Plantin left the office in Leiden 
to Raphelengius and returned to Antwerp, where he worked until 
his death on July 1, 1589. His son-in-law John Moretus continued 
to print many works of note "in officina Plantiniana," but from 
the second half of the 17th century the house began to decline. 
It continued, however, in the possession of the Moretus family, 
which religiously left everything in the office untouched. When 
in 1876 the town of Antwerp acquired the old Plantin buildings 
with all their contents for 1,200,000 fr., the authorities created one 
of the most remarkable museums of its kind, the Musée Plantin- 
Moretus, opened Aug. 19, 1877. (P. A, T.) 

PLANTING MACHINERY. Putting seed in or on the 
ground is the means of starting most food and fibre crops the 
world over. Hand séeding by scattering the seed on the ground 
was the earliest planting method and is still practised where con- 
ditions are not suitable for machines. Very small fields, extremely 
rocky, stumpy and steep lands must be seeded by hand. Dibbling 
sticks used to make a hole in which to place the seed were an 
early, primitive improvement to secure better germination (see 
AGRICULTURE, PRIMITIVE). 

This article describes broadcast seeders, grain drills, corn 
(maize) planters, potato planters, transplanters and airplane 
seeders. For preparation of the ground before planting see TILL- 
AGE MacHINERY. See also FARM MACHINERY and separate ar- 
ticles on individual crops, as CORN; TOBACCO; etc. 

Broadcast Seeders.—Hand seeding was followed by the de- 
velopment of mechanical means of scattering or broadcasting the 
seed. Knapsack seeders with a fanlike wheel to scatter the seed 
developed later into endgate seeders which are mounted on the 
back of a wagon. A chain drive from а sprocket on one of the rear 
wheels provides the motion for the distributing wheel. Wheel- 
barrow seeders have a long hopper with an oscillating rope or chain 
in the perforated bottom to regulate the seeding rate. 

Grain Drills.—The forerunner of grain drills, which place the 
seed at a controlled depth and in accurate amounts, made its ap- 
pearance as early as 2000 B.C. in China and Mesopotamia. This 
machine consisted of a plow of that era equipped with a seed 
hopper and a tube to convey the seed to the groove made by the 
plow point. The method of metering is not known. In the r6th 
and r7th centuries, metering systems to ensure accuracy of rate 
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FIG. 1.—EXTERNAL FLUTED FEED TYPE DRILL SHOWING PATH OF SEED FROM 
SEED BOX TO FURROW 


Seed is lifted from seed cup by feed roll over adjustable gate, and travels down 
grain spout and closed disk boot, Into ground. Chains close trench over seeds 


were invented. Almost all of these systems used wheels equipped 
with small spoons. These dipped into the seed carried in a hopper 
and transferred a measured amount to seed tubes which guided it to 
the furrows made by plow points or special openers. This meter- 
ing and feeding method was still used in many European drills in 
the second half of the 20th century. In the 19th century there 
were numerous developments, particularly in the United States 
where there was a trend to force-feed systems which provide a 
more positive metering of the seed. 

Types of Grain Drills.—In general, drills are classified by the 
type of metering system (spoon or cup feed, external fluted roll 
and internal double run) and by the type of furrow opener used 
(hoe, shoe, single disk and double disk). 

Metering Systems.—The seed is carried in a hopper with the 
metering devices (one for each row to be seeded) located in 
the bottom and actuated by the wheels which carry the machine. 
The seed is carried by a tube from each metering unit to a furrow 
opener which is forced into the soil by means of springs or weights. 
Usually a short length of chain is dragged behind to cover the 
seed. Some drills have additional hoppers to carry fertilizer and 
grass seed. 

The cup feed drill is used in the flat land of southeast En- 
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gland and on the European con- 
tinent. It has a seed box divided 
into compartments and must be 
kept level to ensure a uniform 
supply of seed to each distribut- 
ing unit. In a separate chamber fs 
behind the seed box there is a L 
horizontal geared shaft carrying a 
number of flat disks with cups 
mounted on each side at the pe- 
riphery for lifting the seed from 
small hoppers or feed runs into 
funnels connecting with the fur- 
row openers. The seed passes 
from the seed box to the feed 
runs through apertures which may 
be fitted with slides for regulating 
the supply of grain at this point. 
Cups may be made with two seed 
faces so that by reversing the 
shaft different kinds of seed can 
be sown. The shaft is driven by 
a pinion from one of the drive 
wheels, and the rate of sowing 
can be altered by using pinions of 
different sizes. This was the earliest type of metered drill. 

In the external fluted feed type a fluted roll revolves in the 
bottom of each small hopper, 
(See fig. 1.) The quantity of seed 
sown per acre is controlled by ex- 
posing more or less of the feed roll 
to the seed inside the feed cup, al- 
though in some machines the feed 
may be further controlled by ad- 
justing the size of the opening 
through which the seed flows. 

In the internal double-run type 
of drill the rate of sowing is 
regulated by altering the speed of 
the shaft by gearing devised for 
the purpose and by a small gate 
FIG. 3.—HOE-TYPE FURROW OPENER incide the feed cup. The double- 
run feed wheel or disk (fig. 2) is flanged on both sides with cor- 
rugations around the inside of the 
rim—coarse on one side for large 
seed and fine on the other for 
small feed. 

Furrow  Openers.—The hoe 
furrow opener (fig. 3) consists of 
a single- or double-pointed shovel 
fastened to the lower part of the 
boot, fitted with a replaceable 
break pin or compression spring 
for protection when encountering 
an obstruction such as a heavy stone or large root. f steel 

The shoe opener (fig. 4) is made from two flat pieces 0 
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COURTESY OF INTERNATIONAL HARVESTER 
FIG. 2.—HILL-DROP PLANTER MECH. 
ANISMS 

(Top) Hopper bottom showing seed 
being pregrouped on accumulator plato; 
(bottom) seed delivered to ground by 
rotary valve mechanism 
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COURTESY OF JOHN DEERE 
FIG. 4,—SHOE-TYPE OPENER 


COURTESY OF JOHN DEERE DE 
FIG. 5.—SINGLE-DISK FURROW OPENER WITH CLOSED REAR 


(Left) Convex side of single disk, showing rear closed-delivery disk bo? 
concave side of single disk showing adjustable T-shaped scraper 
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on edge welded together in a 
wedge and curved upward at the 
front. The boot is attached on 
the upper side at the rear and 
open end of the wedge. 

The single-disk furrow opener 
(fig. 5) is saucer-shaped, similar 
toa harrow disk. Itis for cutting 
through trash and is of two types, 
the open boot where the disk 
serves as one side of the seed tube 
and the closed boot where a sepa- 
rate tube extends to the bottom 
of the furrow. 

The double-disk opener con- 
sists of two disks, usually flat, 
facing each other at a slight angle 
to form a wedge where they pene- 
trate the soil. By this arrange- 
ment a small ridge is left in the 
furrow, causing the seeds, as they 
are deposited, to make two dis- 
tinct rows about one inch apart. 

Features and Attachments — 
In the second half of the 20th century it became recognized that 
under many conditions a more satisfactory stand of grass could 
be secured if planted just above a band of fertilizer. Hence hand 
seeding features for combined grain, fertilizer and grass seeding 
drills were developed. 

Seeding attachments resembling a grain drill are sometimes 
mounted on a one-way disk plow (disk tiller) or on a corrugated 
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COURTESY OF INTERNATIONAL HARVESTER 
FIG. 6.—FOUR-ROW ROTARY VALVE HILL-DROP PLANTER WITH FERTILIZER 
BINS AND TRANSPARENT PLASTIC SEED HOPPERS 


roller soil pulverizer; they are mounted on the latter mainly for 
sowing grass seed. 

For planting beets or beans, drills fitted with the same type 
of internal double-run feed as is used in wheat drills are available 
to plant in 18-, 20-, 24-, 26- or 28-in. rows. For planting sheared 
or “segmented” sugar beet seeds, drills with special fluted feeds or 
with holed plates similar to cornplanter plates are used. Seg- 
mented seed is made by grinding down seed balls to one germ as an 
aid to thinning the beet plants, which, because of the nature of 
the seed, normally come up in clumps. 

Corn (Maize) Planters.—In the “corn belt” of the U.S. al- 
Most all corn is planted four rows at a time, but six-row machines 
are also used. In areas of smaller farms, many two-row planters 
are used. Most are pulled behind a tractor but mounted machines 
and unit-planters, which feature a self-contained unit for each row 
Planted, are available for mounting on tractor tool-bars. Pull- 
type machines have two or more wheels to carry the planter and 
to drive the planting mechanism. Press wheels are mounted be- 
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FIG. 7.—SIX-ROW DRILL PLANTER 


Interchangeable seed hopper bottoms enable this machine to plant seeds of several different sizes 


hind each planter unit to firm the soil over the seed. The trend 
has been to the use of pneumatic carrying wheels and zero-pressure 
rubber tires for press wheels. 

A vertical cylindrical seed box is provided for each row. In 
the bottom ot this box is a revolving seed plate with seed cells. 
Plates with holes to suit the various sizes and shapes of seed are 
used. If the corn is to be drilled the seeds fall at regular intervals 
directly into the boot of each furrow opener and thence into the 
ground as the plate revolves and the cells register with the open- 
ing underneath. The seeding rate or the spacing in the row 
depends upon the rotation rate of the seed plate and the number 
of cells in the plate. Corn planters are available for drilling only, 


‘SOIL INSECTICIDE 
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STARTER FERTILIZER 


COURTESY OF JOHN DEERE 
FIG. 8.—PLANTER WITH ATTACHMENTS FOR APPLYING WEED-CONTROL CHEM- 
ICALS, SOIL INSECTICIDES, AND FERTILIZER 
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but checkrow planters can be used as drills by locking open the 
valves in the boots, 

Checkrow Planters.—lf the corn is to be checkrowed (planted 
in checkerboard fashion), a planter with a check head is used, and 
this requires a check or trip wire with uniformly spaced buttons. 
With the trip wire laid across the field in the direction of plant- 
ing, the planter in position and the wire placed in the check head, 
the operation is as follows: as the machine proceeds the drive 
wheels actuate a feed shaft, which by means of the seed plates 
causes the seed (2, 3 or 4 per hill, according to the nature of the 
soil) to be deposited in the upper valve in the boot. As the button 
trips this valve, the lower valve already charged with seeds dis- 
charges into the furrow opener and into the furrow, and the seeds 
Írom the upper valve drop into the lower one, ready for the next 
hill. The main wheels positioned directly behind the furrow open- 
ers then cover the seed and compact the soil around it. The 
common types of furrow openers are the stub runner, the curved 
runner and the single and the double disk. Row markers are 
provided to keep the rows equidistant. 

Fertilizer Attachments.—Corn planters may be fitted with equip- 
ment to apply dry or liquid fertilizer. It was formerly customary 
to use a split-boot which, under ideal conditions, placed the fer- 
tilizer in bands on both sides of the row of seeds. The fertilizer 
was sometimes placed too close to the seed, impairing germination, 
and consequently separate furrow openers were developed to place 
the fertilizer well to one side and below the seed. 

Liquid fertilizers are metered by pump or by orifices selected 
to give the desired rate. 

Listers.—In dry regions, corn is sown or listed with an attach- 
ment to a middlebuster (similar to a right- and left-hand plow 
bottom mounted back to back) designed to open a narrow furrow, 
in a previously prepared seedbed, into which the seeds are dropped. 
They are then covered by cover disks and compacted by press 
wheels. 

By altering the plates in the corn planters and listers cotton- 
seed can be planted and also many other coarse seeds such as 
peanuts, beans and kafir corn. Cotton, however, is seldom check- 
row planted. 

Potato Planters.—In the United States machine planting of 
potatoes is common practice, and two types of machines are used— 
the automatic and the semiautomatic, or assisted-feed. With the 
autornatic type, one man only is needed to plant. As the machine 
is pulled forward on its two wheels, two disk openers produce a 
ridge, on both sides of which fertilizer may be deposited if the 
machine is provided with an appropriate attachment. Following 
this is a V-shaped opener shoe which splits the ridge, opening a 
furrow for the seed pieces and covering the bands of fertilizer 
simultaneously. The seed pieces are deposited at uniform dis- 
tances in the furrow by the dropping mechanism. This consists 
of a spider or disk to which are attached picker arms revolving 
through the seed potato hopper. Each arm, fitted with a picking 
hand or sharp staplelike points, picks a seed piece as it rises in 
the trough in the hopper bottom. As the arm descends on the 
other side the seed is automatically dropped into the furrow 
and is covered with soil by a pair of saucer-shaped disks. Fre- 
quently a press-wheel attachment is used in place of the covering 
disks. 

The semiautomatic, or assisted-feed, planter differs from the 
automatic mainly in the dropping mechanism. This consists of a 
device to elevate the seed pieces from the hopper into the pockets 
of a horizontal revolving feed ring. One seed piece should be in 
each of the pockets—if there are two, one must be removed, and 
if none, one must be supplied. The feed ring carries each piece 
to the planting tube through which it drops into the furrow already 
prepared. This is a two-man outfit since it requires an extra man 
to attend the feed ring. 

The above two types of planters are available in one-, two-, 
three- and four-row sizes, with row spacings varying by 2 in. 
increments from 32 in. to 42, Spacing in the row may be varied 
from about 6 in. to 24 in. by varying the dropping mechanism, 

Another type of potato planter is the cup type. This consists 
of a series of cups which are attached to a chain and which are 
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filled with seed potatoes as they are passed vertically through the 
seed hopper. As the chain proceeds, the seed pieces are carried 
to the top and dropped into a seed tube leading to the furrow 
opener and into the furrow. 

Machine planting of white potatoes is practised to some extent 
in the north of England and in Scotland. In the Potato-growing 
regions of the English Fens district, however, seed pieces are 
generally allowed to sprout before planting and mechanical planters 
are seldom used because of the damage these cause to the sprouts, 

Transplanters.—Where large quantities of such plants as cab. 
bages, tomatoes, strawberries, celery, tobacco and sweet potato 
slips are to be set out, transplanting machines are much used, 
Many such machines not only set the plants but water them and 
firm the soil over the roots. There are two principal types of 
machines in use, the manual-setting and the mechanical transplant- 
ers, both of which may be equipped with fertilizer attachments 
designed to place accurately a prescribed amount of fertilizer at 
the optimum position with respect to the plant. Both types haye 
two main wheels in the rear and generally one or two steering 
wheels in front. Two-row machines are frequently used. The 
machine must be strong, for it must support the weight of the 
drive, two plant setters for each row, a 4o-gal. to ss-gal. steel 
tank containing water, and possibly то Ib. of fertilizer and plants. 

The manual-setting type of transplanter usually has a subframe 
carrying the planting mechanism, which consists of a furrow opener 
or shoe, a water valve in the heel of the furrow opener, and press 
wheels or plates. As the machine proceeds down the field and 
the water valve opens automatically for each plant, the operators, 
or setters riding on the machine, alternate in manually setting 
the plants in the furrow, which is immediately closed and com- 
pacted by the press mechanism. 

The distance between plants in the row may be varied from 
about 8 in, to 60 in. 

In the mechanical transplanter the plant setters place the plants 
in transplanting pockets or grippers which firmly hold them and 
revolve on a chain until they are automatically released in the 
furrow already opened. As the plant is released the water valve 
supplies water and the packing device closes the furrow and com- 

cts it. , 
PAA Seeders.—Airplanes were first used for seeding rice 
in 1929. This method permits seeding in flooded fields. _Ainplanes 
are also used for seeding rough range land. ‘The seed is metere 
from a hopper in the plane to a venturi tube (that is, a tube wi 
flaring ends and a constricted connecting throat which reduces the 
pressure of the air and increases its velocity) below the fuselage 
The blast of air through the venturi spreads the seed to provide а 
swath about 25 ft. wide when flying at a height of 20 to 30 ft. 

See also AGRICULTURE (ARTICLES ON). i 

See Roy Bainer et al., Principles of Farm Machinery (1955) Y 
A. Stone and Harold E. Gulvin, Machines for Power Farming (1957). 

(R. B. G.; G. E. Po) 

PLANT PROPAGATION is the perpetuation of plants т 
independent units by means of seeds, bulbs, layers, rd 
grafts. Theophrastus (370-285 в.с.) in his Inquiry Into Plas i 
wrote that “the ways in which trees and plants, in general, pr 
nate are these: spontaneous growth, growth from seed, froma Lt 
from a piece torn off, from a branch or twig, from the trunk Ts 
or again from small pieces into which the wood is cut up. кошу 
list of techniques has been slightly modified and refined, bu! xat 
a relatively few new methods have been added. Since i ile 
species of plants seeds result from fusion of the male and eo 
gametes or sex cells, raising plants from seed is termed s 
propagation. Asexual or vegetative propagation GRO ds or 
other methods for raising plants that do not depend on $e 
sexual combination. e con- 

Sexual Propagation.—The typical seed when АНЕ 
sists of the young embryo, or miniature plant; variable а! SU 
of elaborated food, or endosperm; and the seed coat p^ seeds 
the testa (see fig. 1). The endosperm may be lacking told in 
of a few plant species; the embryo and seed coats are 
all seed types. 


‚ас condi- 
Since the plant kingdom covers a wide range of climat 
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tions, the methods utilized by the INNER SEED COAT 
various species to maintain them- 
selves have resulted in a wide 
variation in the nature and be- 
haviour of seed. Some seeds, be- 
cause of climate, germinate al- 
most immediately when placed in 
a favourable environment. Other 
types cannot germinate even un- 
der favourable conditions. 

Many trees and shrubs of the 
temperate zone produce seeds 
that require a conditioning period 
before development occurs, If 
such were not the case, many 
young seedlings developing from 
fruits that mature during late 
summer and autumn would be 
killed by cold during the winter 
months; in these species a full growing season for the seedlings is 
ensured by the inability of the seed to germinate until it has been 
subjected to temperatures around 40° F., combined with moisture 
for varying periods of time, depending upon the species. 

Supplying the required low temperature and moisture is a proc- 
ess known as cold stratification, and the term afterripening de- 
scribes the complex biochemical or physical changes through which 
the seed must pass before it can develop normally. Depending 
upon the seed type, changes in the permeability of the seed coat 
and adjoining layers, development of immature embryos, dispersal 
of natural inhibitors, changes in chemical and hormonal balance 
systems, or combinations of these with other biochemical or physi- 
cal changes may constitute afterripening. For small lots of seed 
that require relatively short afterripening or conditioning periods, 
moist, shredded sphagnum moss is mixed with one-third the vol- 
ume of seed, placed in a polyethylene bag and stored in a refrigera- 
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FIG. 1.—LONGITUDINAL SECTION OF 
SEED OF WILD SARSAPARILLA 


tor at 40° Е. Example of seed types requiring a simple type of ° 


stratification are afforded by honeysuckle (30-60 days), apple 
(30-90 days), pear (60-90 days), hemlock (60-120 days) and 
magnolia (120-180 days). 

In contrast to this simple type of stratification are more com- 
plicated types requiring an alternation of warm and cold periods 
coupled with moisture, In these types the afterripening changes 
take the form of a series of steps, each dependent upon the other, 
that must take place in sequence before the seed is able to germi- 
nate. Dogwood, hawthorn, snowberry and viburnum seed have 
this peculiarity and for this reason are often referred to as two- 
year seed. In many leguminous plants, e.g., black locust and 
clover, the seed is singularly impervious to water, and stratification 
has little short-term effect; in these cases the seed coat may be 
made permeable by treatment for a few minutes with concentrated 
sulfuric acid, followed by thorough washing, or wetting with scald- 
ing water. Large seed types having impermeable seed coats may 
be mechanically scarified, using sandpaper or by filing. 

Many plants of the temperate zone have no seed stratification 
requirement, and it is rare in tropical plants. 

Duration of germinative ability in seed varies greatly with the 
Species; elm, magnolia and soft maple seed among the temperate- 
zone plants, and seed of many tropical plants, are short-lived, in 
some cases lasting only a few days. Some weed seed, in contrast, 
have germinated after being stored 25 years. Lettuce seed is usu- 
ally short-lived, but melon seed frequently germinates well after 
four years. Retention of viability in seed usually is affected greatly 
by conditions of storage. In the tropics, for example, without 
Special care, cinchona seed often deteriorates greatly in three or 
four months; storage in dry atmosphere has prolonged its life, with 
very little deterioration, for as long as 30 months. 

Many seeds are sown in the open ground and, barring extreme 
wetness or extreme aridity, germinate well enough for practical 
Purposes. Other kinds, however, are so exacting in their require- 
ments that these are best met in a propagating house where hu- 
midity and temperature conditions can be more rigidly controlled. 

ecause of their high oxygen requirement, the medium in which 
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they are sown generally should contain more sand than ordinary 
garden soil does. Greater porosity makes these media more subject 
to rapid drying, however, and moisture must be carefully watched. 
Since many soils harbour fungi destructive to sprouting seed and 
young seedlings, soil that is to be used for germinating seed com- 
monly is sterilized by heat or chemicals. Many diseases of plants 
are caused by fungi and bacteria carried in or on the seed itself, 
and treatment of the seed with disinfectants, such as bichloride of 
mercury, organic mercury compounds, formaldehyde and hot 
water, is beneficial when it is to be planted in cold soil or soil at 
normal growing temperatures. So-called clean seed may be treated 
with protectants, such as zinc oxide, organic mercury compounds 
and many of the copper compounds, in order to minimize losses 
from soil-borne pathogens, 

For general seeding practices, trays or flats are filled two-thirds 
full of soil. This is then sterilized and puddled, and a quarter 
inch of sterilized sand, peat or vermiculite is added. The seed is 
then sown in shallow rows 1 to 14 in. apart and in depth usually 
twice the diameter of the seed being planted. The seed is then 
covered lightly with a medium such as shredded sphagnum moss, 
and the entire tray or flat covered with glass or polyethylene sheet- 
ing. At the time the seedlings emerge the glass or polyethylene 
cover is removed, and the seedlings are watered at regular intervals 
thereafter. 

With more and more cultivated crops, practical advantage has 
been taken of heterosis, or hybrid vigour; i.e., enhanced vigour 
and productivity of the first-generation descendants from crosses 
between two strains previously kept pure by selfing (inbreeding) 
for several generations. By 1945 hybrid corn constituted a major 
portion of the U.S. corn crop, and the same procedure has been 
introduced with the onion, tomato and petunia, as well as many 
other crop and ornamental plants. 

Asexual Propagation.—With crops that produce seed freely 
and come true closely enough for the purposes in view, growing 
from seed usually is the cheapest and most satisfactory method 
of propagation. Some species of plants, in their cultivated forms, 
do not produce seed; e.g., banana, pineapple and sugar cane, In 
a great number of cultivated species, seedlings vary so much that 
the desired traits are found in only a small proportion. Among 
dioecious plants the natural distribution of sex, approximately 50- 
50, does not suit the purpose for which they are grown, Female 
trees of ginkgo and poplar are undesirable for street planting be- 
cause of the unpleasant smell of the fruits, particularly when 
trodden underfoot; in date or pistachio orchards or muscadine 
grape vineyards, one male plant will effectively pollinate several 
pistillate plants, and since the males produce no fruit, a surplus 
would be a needless expense. To meet these various requirements 
asexual propagation, i.e., division or separation and indefinite sub- 
division of the original plant having the desired traits, is utilized. 

Many people have held—and voiced—the opinion that asexual 
propagation is unnatural and that plants thus derived lack the 
hardiness or the sturdiness of plants grown from seed. Asexual 
propagation, however, is not unnatural; some of its forms, e.g., 
layering and grafting, are rather common in nature. The only 
justification for the generalization that asexually propagated plants 
lack hardiness or sturdiness is the fact that virus diseases can be 
transmitted by asexual propagation and that most such diseases 
are not transmitted through seed. In severe cases the build-up of 
a particular virus complex may result in a decline of the produc- 
tivity of an asexually propagated horticultural crop or in the ex- 
tinction of the infected clone or variety. 

Division —In some respects, the simplest method of asexual 
propagation is the form known as division, in which the aggregate 
of roots is cut roughly through the crown, and the fractional parts 
are planted out as separate units. In dividing the dahlia, care 
must be observed to include a bud with each root, but in some 
plants, e.g., rhubarb, buds are so numerous that any random di- 
vision is adequate. In bulbous plants new buds form ‘at the base 
of the old structure; these may be separated and replanted. This 
process is hastened in the hyacinth by scooping or slitting the base 
of the bulb and replanting it. Lily bulbs may be divided concen- 
trically into scales, which form new bulbs. In the potato the modi- 
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fied stem or tuber may be divided into as many segments as there 
are buds or eyes, each of which, when planted, will produce a new 
plant. In practice larger segments of the potato tuber are used, 
since a greater food reserve gives the new stem a better start. 

Layering,—The great majority of plants can be induced to emit 
roots on their stems. Many do this naturally, particularly in a 
moist environment. Black raspberries, dewberries and one form 
of forsythia, for example, regularly develop roots at the tips of 
the stems, where these touch the ground. This process, tip layer- 
ing, may be accelerated by pegging the tips so they will not sway 
in the wind, or by placing a small amount of soil over the stem, 
leaving the tip bud protruding (fig. 2B). At the end of the grow- 
ing season the rooted tips are cut loose from the parent plant and 
set in plantations or in nursery rows. Some plants may be layered 
by bending whole shoots so that they can be pegged down or held 
in place by stones in narrow trenches, which are filled with earth 
a little at a time as the new lateral shoots grow (fig. 2D). This 
method is particularly adapted to multiplication of the more vig- 
orous varieties, 

A method used frequently with gooseberries and with the less 
vigorous clonal apple rootstocks is known as mound layering (fig. 
2E); this involves cutting back an established plant close to the 
ground and progressively erecting a mound around the bases of 
the new shoots as they develop. Basic principles in handling layer- 
ing by these methods are: (1) to cover with soil or suitable me- 
dium the bases of the new shoots before they have hardened but 
after they have lost their original softness; (2) to keep the soil 
around the plants moist but not wet. Production of roots is 
increased, if necessary, by wire constriction, by ringing, ie., re- 
moving a ring of bark, or by notching the stem just below the 
point where the roots are desired. With some plants the same ef- 
fect can be obtained with less labour by twisting the stem. 

Aerial or Chinese layering (fig. 2A) brings thé rooting medium 
around the stem at a point above the soil, sometimes high in the 
air. The procedure is to place a pot of soil or a ball of sphagnum 
moss or similar rooting material around the stem, which has been 
wounded or girdled at the desired rooting point. To further fa- 
cilitate rooting, a proprietary root-promoting growth substance 
may be dusted on the wounded area. The entire area together 
with the moist rooting medium is then wrapped in polyethylene 
plastic film and bound firmly at either end with a waterproof tape. 
After rooting, the plastic is removed and the rooted layer severed 
from the parent and potted or placed directly in a nursery row. 
Layering, in general, is rather expensive in space and time and is 
not particularly successful in many soils and climates, 

Cuttings.—Plants whose stems emit roots readily are generally 
propagated by cuttings as the preferred vegetative method. To be 
preferred because of ease in handling are hardwood cuttings of 
the previous season's growth, taken in the dormant season and 
comprising 6-12 in., according to the species and amount of wood 
available for propagation, and planted in the open. Most Ameri- 
can and some European grapes, currants and most poplars and 
willows are grown by this method. Greenwood or semihardwood 
cuttings using shoots, ordinarily 2+6 in. in length, which are still 
somewhat succulent, are more suitable with many plants that 
do not root freely from mature stems. Softwood or herbaceous 
cuttings (fig. 3, left), as well as the more mature greenwood cut- 
tings, must retain some foliage if they are to root and, therefore, 
must be protected against loss of excessive moisture; hence they 
are usually placed in a cold frame, hotbed, greenhouse or out- 
of-doors in full sunlight under a fine, controlled mist spray. The 
medium in which they are set should be porous and free of rot- 
producing organisms; these requirements are generally met by us- 
ing washed river sand, vermiculite or processed volcanic rock as 
the rooting medium, In cases where the water is not applied 
automatically, frequent moistening of the rooting medium and 
maintenance of high atmospheric humidity are necessary. 

Cuttings set for rooting in cold frames generally require cover- 
ing with sash and shade for maintenance of humidity. Tempera- 
ture requirements of evergreen and greenwood cuttings vary widely 
according to species; conifers in general root better, though slowly, 
at lower temperatures (60°-65° F.), while roses root better at 
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FIG. 2.—PROPAGATION BY LAYERING: (A) AIR LAYER; (В) SIMI 
(C) SERPENTINE OR COMPOUND LAYER; (D) TRENCH OR CONTINI 
BEFORE AND AFTER SPROUTING AND ROOTING; (E) MOUND OR 


higher temperatures (65°-70° F.). Important factors 
with cuttings, regardless of type, are selection of time 
cuttings, degree of maturity of the cutting at the point whi 
severed and, in some measure, general condition and phys 
age of the mother plant. D 
With such plants as carnations, usually propagated from 
wood cuttings, the guide to proper condition is the type of 
made when the cutting is broken from the parent plant; 
crushes, it is too young; if the fracture is stringy, the 
adhering by fibres, it is too mature; when it makes à 
ture without crushing, the chances for successful prop 
highest. “| 
Use of root-promoting growth substances applied to th 
end of cuttings has greatly facilitated propagation of m 
cies, increasing the amount of rooting and, through § 
process, in some cases reducing loss from fungus di 
principal materials used have been indolebutyric acid, 
acid, naphthaleneacetic acid and several of the pheno 
compounds, i 
In order to prevent the increase and distribution of sy 
diseased cuttings and plants, a technique known as cultum 
used to maintain clean propagating stock plants of chrysi 
and carnation, The general procedure is to place on 
surface-sterilized stem sections removed from the basal! 
cuttings. The cutting, which is numbered to correspon 
plate number and parent plant, is placed in a sterile test V 
holding. The agar plate and stem sections are then incubated 
if no organisms grow from the sections, the cutting is 
from the test tube and rooted in the usual manner. If any 
isms grow from the stem sections, the cutting, together 
stock plant from which it was taken, is discarded. Я 
When cuttings һауе rooted adequately (fig. 3, right 
generally potted or planted out in transplant beds or nurse 
This stage may require some care in protection against sud 
posure to strong sun and drying air currents for à few d 
the plants are established in their new environment. 
Root cuttings, ie., pieces of the roots, ordinarily 
inches long, are used in the propagation of a few plant 
them blackberries, clonal strains of black locust and some% 
herbaceous perennials. These cuttings should be taken 
dormant season, either autumn, winter or early sprin 
cuttings of blackberry grow well if laid horizontally in га! 
low trenches, but root cuttings of clonal apple rootstocks sé 
grow better if placed vertically, with the distal end down: 
proximal, or portion closest to the crown, just below the su 
the ground. Obtaining root cuttings of most plants in 4 
expensive, and use of the method is limited. — 
Leaf cuttings, utilizing leaves only, or portions of 
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used for the propagation of a few 

nis. Leaves of many plants 
can be induced to form roots, but 
only & few will develop shoots 
in the absence of a pre-existing 
axillary bud from the stem. 
Many begonias and sansevieria 
are frequently propagated by thís 
method. 

Grafting —When vegetative 
propagation is necessary and lay- 
ers and cuttings are not easily 
made, or increased growth rates 
over own-root material is desired, 
recourse to grafting is common 
(see Gravtine [IN PLANTS]): 
By this process a. bud or a twig 
of the plant whose propagation is 
desired is transferred to another 
plant already supplied with a root Р 
system or capable of forming опе PIG. 9.—sorrwooocurtine, (Lert) 
readily, UNROOTED PRIVET CUTTING: (MIGHT) 

Budding, as separate from ROOTED CUTTING READY FOR TRANS. 
grafting, generally is understood "ЧА"! 
to be a form of lateral grafting that makes use of a scion having 
only a single bud, Grafting is used, in one form or another, on 
plants either in the growing or in the dormant stage. 

P. M) 
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PLANT QUARANTINE. Plant nane that branch 
of law enforcement established by a country to prevent the intro» 
duction and distribution of foreign plant pests, principally insects 
and plant diseases, within its boundaries, The objective is to pro- 
lect a nation's agriculture and horticulture from injury by any 
type of foreign plant pest that may be introduced, Similar regu- 
latory procedures may also be adopted by a civil division within a 
country to prevent the internal spread of plant pests that have 
gained a limited foothold within its borders, or to facilitate eradi- 
tation of such pests. Governmental agencies enforcing plant quar- 
antine laws are variously designated in different countries as plant 
quarantine, plant protection, phytopathological and phytosanitary 
services, Most of these plant regulatory services are under the 
supervision of the national department or ministry of agriculture. 
‘The services usually operate in close co-operation with the customs 
service. 

Plant Quarantine Service Operation —Plant quarantine 
Prohibitions and restrictions, applying to both the individual and 
the commercial shipper of such material, affect the importation of 
plants and plant products into most countries of the world, Plant 
quarantine regulations usually provide that before restricted plant 
Material may be brought into the country the importer must apply 
in writing to the department of agriculture or equivalent agency 
for an import permit authorizing the entry of the desired items, 
Such a permit is also known as a certificate of introduction or 
import licence, This application allows the plant quarantine serv- 
ice to determine whether the consignment is entry, may 
enter under certain safeguards or is entitled to unrestricted entry. 
An import permit also informs the importer of any requirements 
for a phytosanitary or health certificate from the department of 
agriculture or some authorized official of the country of origin, 
certifying that the material has been officially inspected. Certi- 
Scation may also be required from the country of origin that the 
àrea where the material was grown is free of a particular pest, that 
the material was inspected in the field during the growing season or 
"аз grown beyond a certain distance from an area known to be in- 
fested by a specified pest, or that the material has been fumigated, 
disinfected or otherwise treated. The permit may also specify the 
Port through which the material must be entered and the mode of 
transportation, 

Upon arrival under the terms of the import permit, imported 
™aterial, in general, is still subject to inspection by the plant quar- 
Aatine service of the country of destination. If found infested or 
infected by injurious insects or plant diseases the material may 


1189 


require fumigation or other treatment. If such treatment is inef- 
fective, the material may be destroyed or returned to the country 
of origin. Plant material for scientific purposes may enter under 
special provisions, 

Examples of interna! plant quarantine measures designed to con- 
trol the spread of plant pests or to eradicate such pests are found 
in the rigid measures adopted by Great Britain to eradicate all in- 
festations of the Colorado potato beetle and the interstate quaran- 
tines imposed by the U.S, to retard the spread of such pests as the 
Japanese beetle, pink bollworm, white-fringed beetle and black 
stem rust of grains, 

Insect Migration Between Countries.—The tan 
nature of a country's insect population is illustrated by a statement 
of the U.S, department of agriculture in 1917 that “The majority 
of the insect pests of the United States which now occasion the 
greatest damage to orchard, field, and garden crops and to stored 
products and in homes, ete., are of foreign origin, and were intro» 
duced with the host plants or accidentally in the course of com- 
merce," The statement was supported by a list of 110 of the most 
important insect pest introductions of previous . Further- 
more, the department listed about 1,800 insects h occurred in 
different parts of the world and were liable to be introduced at 
any time with nursery stock, in merchandise or as accidental stow: 
aways on ships or in baggage. 

The rapid migration of a dangerous insect when allowed to 
spread freely through articles of commerce is well illustrated by the 
instance of the pink bollworm of cotton. ‘This insect, a native 
of India, is the most destructive known pest of cotton. The 
worm exacts a double toll from the crop: it damages both the 
lint and the seed, resulting in loss of cotton and reduction in oil 
content of the seeds. About 1908 this pest was introduced into 
Egypt in bales of cotton from India, Destined for an Egyptian 
spinning mill, the ginned cotton contained a very high proportion of 
infested cottonseed. When the Egyptian infestation was discov» 
ered in 1910, the worm was already well established in widely 
separated localities, 

In an attempt to get improved cotton varieties for planting in 
the Laguna district of Coahuila, Mex., a cotton grower planted 
imported Egyptian cottonseed in a field near Monterrey, thereby 
introducing the pink bollworm to a new country. When this in- 
festation was first reported in Nov. 1916, the worm was found to 
have spread throughout the entire Laguna district, Surveys were 
begun ín the vicinity of 11 cottonseed-crushing mills in Texas that 
had received seed from the Laguna area. By the end of 1917, in- 
festations had been found in cotton fields adjacent to two of the 
mills. Further, an extensive infestation was found late in 1917 at 
Anahuac, Tex., on Trinity bay. The latter spread was attributed 
to Mexican cottonseed that was washed far inland when the great 
storm of 1915 wrecked а Mexican steamship en route to Galveston, 
Tex. Thus in less than a decade a major cotton pest, through a 
series of intercontinental distributional leaps, was spread through 
commercial channels from Asia to Africa, and to the North Ameri- 
can continent, 

Horticultural items of exotic beauty may nevertheless serve as 
avenues for introducing noxious pests, as illustrated by the Japa- 
nese cherry trees around the Tidal basin in Washington, D.C. The 
first shipment of 2,000 trees received from Japan in 1910 was so 
heavily infested with insects that it was burned. While much freer 
Of insect pests than the first gift shipment, a second lot of these 
trees imported from Japan planted in 1912 was responsible for 
the introduction of the oriental fruit moth. Now spread through- 
out the U.S., this moth is one of the most destructive pests of 
peaches in that country. 

Among the hundreds of noxious insects and plant diseases that 
countries seek to keep out are: the golden nematode of potatoes 
and tomatoes; pink bollworm of cotton and cotton boll weevil; 
harmful species of fruit flies, such as the Mediterranean, oriental 
and Mexican fruit flies and the melon fly; Colorado potato beetle; 
citrus canker; and various virus diseases, 

Functions of a Plant Quarantine Service.—A comprehen- 
sive national plant quarantine service provides for the following: 

t. Inspection stations at all important maritime, border and air 
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ports of arrival to enforce all plant quarantine prohibitions and 
restrictions prescribed by the national government. 

2. Inspection of surface ships and aircraft and their cargoes, 
stores and baggage, as well as arriving mail, express shipments and 
freight, at all ports of entry. In addition, at land ports of arrival, 
inspections are made of pedestrian, passenger-car and truck traffic, 
freight cars, passenger trains and dining cars. This inspection is 
for the purpose of determining whether arriving plant products 
meet the requirements for entry, or whether they must be treated, 
destroyed or re-exported. 

3. Fumigation or other treatment of any type of carrier, cargo 
or products, or destruction of infested products or packing ma- 
terials, when necessary to ensure freedom from injurious pests. 
The principal fumigants used by plant quarantine services are 
hydrocyanic acid gas, methyl bromide and ethylene dibromide. 
Release of an agricultural insecticidal aerosol in foreign aircraft 
may be required immediately upon landing. 

4. Inspection of domestic plants and plant products intended 
for export and certification of the products to meet the phyto- 
sanitary requirements of the country of destination. 

Air travel introduced an important additional hazard of pest 
spread. Insects particularly now have a much better chance of 
reaching another country alive, since the short elapsed time of 
air travel permits them to survive without food or water. For 
example, the oriental fruit fly was discovered in Hawaii in May 
1946, presumably having travelled by military air transport from 
Saipan. In another instance, an overseas flight that originated 
in Cairo, Egypt, stopping en route at Paris, was found upon arrival 
in the U.S. on June 26, 1956, to contain 51 live adults of the 
European chafer beetles. The plant quarantine inspectors who 
searched the plane were informed by crew members that during 
their stopover in Paris the chafers were swarming "like bees" 
around the lights at the airport. The chafers were found in the 
passengers’ compartment as well as in baggage and cargo compart- 
ments. This destructive insect already had been unwittingly in- 
troduced and established in several scattered areas of northwestern 
New York, 

The benefits of a plant quarantine can be illustrated by Cali- 
fornia's experience in introducing the eucalyptus tree from Aus- 
tralia in the seed stage. This is the safest stage in which to make 
introductions, since clean seeds that have been surface treated 
and fumigated carry few insects or bacteria, fungus or virus 
organisms. In its native home the eucalyptus has a large number 
of insect enemies. Not a single Australian insect species was 
brought to California with the seeds. In contrast, eucalyptus im- 
portations, probably in the form of Australian-grown nursery 
Stock, resulted in the introduction into South Africa and New 
Zealand of several destructive eucalyptus pests. By utilizing a 
perfectly natural plant quarantine barrier, California protected 
itself from pests that it might otherwise have received. 

History of Plant Quarantine Development.— Prior to 1870 
there was little realization by national governments of the dangers 
inherent in a free exchange of the plants and plant products that 
are hosts to injurious plant pests. As a result of this indifference, 
many harmful insects and destructive plant diseases travelled with 
their hosts to distant lands. In their new environments these 
pests frequently found hosts more susceptible to their attack. 
Natural enemies and other controls which often held them in 
check in their native home were absent.  Characteristically, most 
introduced foreign pests become well established in a new country 
before their unwelcome presence is discovered. 

Also, comparatively pest-free plants introduced into a new en- 
vironment may be attacked by a previously unimportant pest. The 
pest may then spread throughout the range of the newly found host. 
Such was the case with the Colorado potato beetle, a relatively 
unimportant insect first described in 1824 and thriving on native 
weeds in the Rocky mountain area of the U.S. When cultivated 
Irish potatoes were planted nearby it fiercely attacked the new 
food crop, and in the short span of 16 years, from 1859 to 1874, 
spread from Nebraska to the Atlantic coast of the U.S., an average 
annual migration of 85 mi. 

Two North American insects that became established in Euro- 
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pean countries and in Australia were responsible for 
tion of national plant quarantine legislation in 
following 1870. During this decade, many national р 
realized that destructive insects and disease-producing 
are abundant in many parts of the world, ready to be 
other countries and there attack the native agricultural 
cultural crops. 

The Colorado potato beetle incidentally was responsible 
first legislation affecting the international movement of 
product. This prolific pest was transported in potato 
tions to Germany, where a localized infestation was found; 
Following eradication of the small infestation, a decree wa: 
by the German government on Feb. 26, 1875, forbiddin 
ther importation of potatoes and potato sacks. This d 
pears to be the pioneer in plant quarantine legislation 
international movement of a plant product. France also 
exclusion measures against this new U.S. pest in 1875, 
exclusion orders antedated by only two years the Desi 
sect act adopted by the United Kingdom in 1877. 

About 1859 the grape Phylloxera (see PHYLLOXERA), an 
eastern U.S., was introduced into France through the m 
imported grapevine cuttings. During the following 20 ye 
Phylloxera spread until it was established in the enti 
growing area from Spain through central Europe to tht 
district of Russia. Within 25 years after it was di 
France it had destroyed nearly one-third of the French vin 
Whereas the grape in PAylloxera's native habitat had a 
practical immunity to its attack, European grape varietit 
easy prey. The sight of the small galls on the leaf and 
like swellings on the roots formed by this minute, aphid 
caused near panic among the growers when outbreaks 
serious proportions, Similar shipments of vine си 
France to Australia about 1872 spread the Phylloxera to | 
ter country. Plant quarantine legislation to suppress this i 
tion was passed by the Australian legislature in 1877. 
gave power to quarantine and even to eradicate vines and 
vineyards. In France regulation relating to Phylloxera 
claimed in Oct. 1878. 

The first widespread concerted action in Europe in the 
of plant quarantine was taken in Nov. 1881, when an intet 
conference held in Bern, Switz., drafted an internationa 
ment known as the Phylloxera convention. The conf 
considered means of preventing the introduction of the Р! 
from the U.S. and restrictions and regulations on the 
of grapevines and grape products to prevent its furthers 
tween European countries. 

Adoption of the Phylloxera convention of 1881 emph 
European nations the need for restrictions on the mo 
plants and plant products to prevent the accidental int 
of alien insects and plant diseases. Within a few ye 
quarantine restrictions affecting a number of U.S. plants 
products in addition to the grape had been adopted by 
European countries. p 

Most important of the emergent European plant qua 
orders was an embargo placed in 1898 on plant material that 
be infested with the San Jose scale. This scale had be 
duced into the United States from China with importati 
ornamentals as the flowering peaches that were planted ( 
estate at San Jose, Calif., in 1870. The pest was named 
town where it was first observed. In 1880 the scale W ; 
nized as the most pernicious pest of deciduous trees then. 
Shipments of nursery stock from the San Jose area SPE 
scale to an orchard in Virginia and to several nurseries 
souri, New Jersey and New York, where the infestations: 
public notice in 1893. One state after another promulgat 
antines to keep out this pest. These quarantines were oli 
a few years by practically world-wide quarantines ba 
importation of U.S. plants and placing restrictions on the: 
tion of U.S. apples and other fruits. 

Legislation intended to control local infestations of the: 
grasshopper was enacted by the midwestern states 
Minnesota, Missouri and Nebraska in 1877. These laws n 
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attempt to control initial invasions by these pests, since this was 
considered impossible. The laws did provide for the compulsory 
destruction of migratory grasshoppers in localized areas already 
invaded. The object was prevention of further spread the follow- 
ing year through migratory flights from invaded areas. 

In addition to its instigation of plant quarantine legislation 
among European nations, the grape Phylloxera was also the in- 
centive for the first interstate plant quarantine in its country of 
origin, This pest was found in a vineyard near the town of 
Sonoma, Calif., in Aug. 1873. It had been accidentally trans- 
ported from its native habitat in the eastern U.S. to California 
vineyards having European-type plantings. Sentiment for con- 
trol legislation grew so strong among viticultural (vine-growing) 
and other horticultural interests that on March 4, 1881, the Cali- 
fornia legislature passed an act “to protect the interests of horti- 
culture and viticulture,” the first legislation adopted in the U.S. to 
prevent the spread of injurious insects. This act, as subsequently 
modified and strengthened, authorized state officials to require 
inspection and other measures to prevent the entry of pests from 
other states or from foreign countries. In 1890 California be- 
came, so far as is known, the first area in the world to inaugurate 
a system of maritime port inspection against insects and plant 
diseases. For 31 years following the act of 1881, California's was 
the only existing legislation in the U.S. to protect the country 
from the entry of injurious foreign plant pests. The U.S. was the 
last of the major nations of the world to protect itself by law 
against the importation of plant pests. Its Plant Quarantine act 
was not passed until Aug. 20, 1912. 

Professionally, plant quarantine is recognized by the Entomo- 
logical Society of America through its section on control, extension 
and regulatory entomology and by the American Phytopathologi- 
cal society through its committee on regulatory work and foreign 
plant diseases. Courses in plant quarantine are offered in several 
colleges and universities in the U.S., including the universities of 
Florida (Gainesville) and Minnesota (Minneapolis) and Colorado 
Agricultural and Mechanical college (Fort Collins). 

International Plant Quarantine Agreements.—Closer liai- 
son between plant quarantine services of different countries was 
established as a result of the drafting of an International Plant 
Protection convention by the Food and Agriculture organization of 
the United Nations in 1951. This international agreement, dealing 
specifically with plant quarantine matters became effective April 3, 
1952. Its purpose is to strengthen co-operation among govern- 
ments for the protection of plant resources. By May 1957, 38 
governments, including signatories which had ratified it and subse- 
quently adhering governments, had become parties to this new 
convention, which replaced the Phylloxera convention of 1881 as 
Me as the International Convention for the Protection of Plants 
of 1929, 

The 1951 convention provided, in part, for uniform phytosani- 
tary certificates, the establishment of plant protection agencies by 
each contracting government, the promulgation of national quar- 
antines only as biologically warranted, the creation of regional 
plant protection organizations, a world reporting agency and a 
procedure for settling international disputes. 

By June 1957 regional plant protection organizations had been 
created in Europe, southeast Asia and the Pacific, and in Central 
America and Mexico. Similar regional organizations had been 
developed independently in that part of Africa south of the Sahara 
and in the southern half of South America. 

A world-wide reporting service on plant diseases and pests was 
established by the Food and Agriculture organization in 1952 under 
the provisions of the International Plant Protection convention. 
The service issues a monthly publication, the РАО Plant Protection 
Bulletin, the first number of which appeared in Oct. 1952. Pub- 
lished in Eriglish, French and Spanish, the bulletin disseminates 
information on plant quarantine of world-wide interest, especially 
current reports on the occurrence, outbreak and control of insects 
and plant diseases of economic significance. The service also as- 
sembles information on all plant quarantine legislation and regu- 
lations in effect throughout the world. A Digest of Plant 
Quarantine Regulations was first published by FAO in 1949, prior 
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to adoption of the convention, A more complete edition was is- 
sued in 1952, covering the regulations of 4o countries, and a sup- 
plement in 1954 covered 38 additional countries and territories. 

BisrrocRAPHY.—Publications on the subject are somewhat fragmen- 
tary, being mostly scattered, brief references in textbooks, scientific 
papers and government bulletins, The background and plant disease 
phases of the subject are well covered in W. A, McCubbin, “The Plant 
Quarantine Problem," Ann, Cryptog. Phytop. (1954). See also H. S. 
Smith et al., “The Efficacy and Economic Effects of Plant Quarantines 
in California,” University of California College of Agriculture Bulletin 
553 (Berkeley, Calif., 1933). (R. W. 5н.) 

PLANTS AND PLANT SCIENCE. Living things are 
commonly divided into two general groups—the animal kingdom 
and the plant kingdom. With higher organisms the difference 
between plants and animals is quite obvious: it is simple, indeed, 
to distinguish seaweed, ferns and trees from fish, birds and man. 
In the case of the lower forms of life—bacteria, fungi, slime 
molds, protozoa, sponges—the distinction often is not so evident, 
and, indeed, it is an artificial one since plants and animals prob- 
ably had common ancestors in evolution (see ANIMAL). 

The biologist recognizes no definite line separating animals and 
plants, or for that matter separating life and nonlife (see VIRUSES). 
But on the basis of certain fundamental differences in (1) mode 
of nutrition; (2) scheme of growth; (3) cell wall composition; 
and (4) locomotion, higher organisms may be placed in either 
the animal kingdom or in the plant kingdom. 

1. Plants generally manufacture their own food, a process (see 
Photosynthesis below) directly associated with the presence in 
plant cells of tiny bodies or plastids containing chlorophyll, a vital 
green pigment. Animals, on the other hand, generally lack chloro- 
phyll and are unable to manufacture their own food; they depend 
ultimately upon plants for food. 

2. Embryonic tissues remain extremely active in plants and re- 
sult in what is termed unlimited growth; as tissue dies it re- 
mains in place and the young, active tissue grows away from it. 
Thus each apex of the root or shoot system consists of an aggre- 
gation of embryonic cells, an apical meristem, which persists 
throughout the life of the plant unless it changes into a repro- 
ductive cone or flower, or is destroyed by accident or disease; in 
some higher plants, especially treelike forms, lateral meristems 
(vascular and cork cambia) produce a growth in girth (see 
Tissues below). A mature animal, however, usually attains a 
maximum size and a characteristic form, that is, it has a limited 
growth pattern. 

3. Almost all plants have cells whose walls contain cellulose 
and are, therefore, more or less rigid. Animal cells generally 
lack cellulose, and their cell walls are usually elastic. 

4. Higher plants are anchored to the soil or to some other solid 
surface from which they cannot move by their own power. Most 
animals, on the other hand, are capable of considerable move- 
ment and make rather rapid changes to new locations when this is 
necessary. 

Of course there exist plantlike animals such as the sessile marine 
corals, graptolites, anemones, sponges; and there exist also ani- 
mallike plants such as bacteria, fungi and certain stages of algae 
and of higher plants. Nevertheless, when all characteristics are 
considered, it is relatively easy to determine whether an organ- 
ism should be listed as a plant or as an animal. For the really 
difficult cases—slime molds, euglenoids, chlamydomonads, etc.— 
some biologists have advocated a separate kingdom, the protista 


(q.v.). 
This article is divided into the following sections: 


I. Classification of Plants 
II. Morphology of Plants 
1. Alternation of Generations 
2. Plant Body 
III. Anatomy of Plants 
A. Minute Structure 
1. The Cell 
2. Cell Types and Tissues 
B. Organization of the Plant Body 
1. Nonvascular Plants 
2. Vascular Plants 
C. Tissues ` 
1. Meristems 
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. The Primary Plant Body 
. Epidermis 
Cortex 
. Mesophyll 
. Vascular System 
. Laticiferous Tissue 
. Cambium and Secondary Growth 
. Secondary Vascular Tissues 
10. Phellogen and Periderm 
IV. Plant Physiology 
A. Physiology of the Plant Cell 
1. Organization of the Plant Cell 
2. Protoplasm 
3. Permeability 
4. Osmotic Relations 
5. Plasmolysis 
6. Enzymes 
B. Transpiration 
1. Physiology of Stomates 
2. Environmental Influences on Transpiration 
3. Significance of Transpiration 
4, Guttation 
C. Translocation of Water 
1. Mechanics of Water Movement 
2. Absorption of Water 
D. Metabolism 
1. Carbohydrate Metabolism 
2. Photosynthesis 
3. Fat Metabolism 
4. Mineral Metabolism 
5. Nitrogen Metabolism 
E. Translocation of Solutes 
1. Organic Solutes 
2. Mineral Salts 
F. Respiration 
1. Aerobic Respiration 
2. Fermentation 
G. Growth 
1. Types 
2, Factors Influencing Growth 
H. Plant Movements 
1. Tropisms 
2. Nastic Movements and Nutations 
3. Turgor Movements 
V. Importance of Plants to Man 
1. Direct Influence of Plants 
2. Indirect Influence of Plants 


1. CLASSIFICATION OF PLANTS 


A census of living things indicates that there exist today 
more than 300,000 species of plants and more than 1,000,000 
species of animals. In the evolutionary sequence of the -rise 
and fall of living things, many more have had their golden ages, 
and whole groups have either disappeared or exist today only as 
minor elements of the earth's flora and fauna, Knowledge of 
these relict or extinct groups of organisms is limited either to stud- 
ies of the few representatives remaining or to the discovery of 
fossils. 

Man has always been curious about his environment. History 
points to his efforts at identifying, naming and using the living 
things around him for his own ends. As man's knowledge grew, 
he has devised numerous systems of classification, The early 
systems for classifying plants are now little more than historically 
important (see BorANv). With the general acceptance of the 
doctrine of evolution another point of view was added to the 
classification of organisms, namely, the understanding of rela- 
tionships and origins of plants and plant groups as well as animals 
and animal groups. Clearly the evolutionary system is a natural 
system in that it occurred in nature over geological time. 

Man, appearing late in the evolutionary system, has had to re- 
build the natural system for himself from available evidence. 
Certainly an understanding of this system has become a major end 
of classification for both plants and animals. Here the accumu- 
lative evidence from comparative morphology and comparative 
anatomy; the contributions from embryology; the findings from 
paleobotany; the results from experimental studies in genetics, 
cytogenetics and morphogenesis; and the more recent additions 
from comparative physiology and biochemistry have helped 
clarify the issues and have pointed up the problems inherent in 
any attempt to duplicate the natural system. As a result certain 
areas of evolutionary relationship are now established. Many 
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areas, however, remain conjectural and controversial. The present 
objective of investigators in diverse fields of botany is to narrow 
down or fill in these controversial gaps of knowledge, 

Efforts at artificial classifications of plants need not concern 
us in detail here except insofar as terms employed in them haye 
been carried over into present usage. The major divisions of the 
plant kingdom in the artificial system set up by Linnaeus (1754) 
were Cryptogamia and Phanerogamia, terms derived from the 
Greek meaning hidden marriage and visible marriage. 

The phanerogams include what we know as flowering plants, or, 
as conceived then, seed plants. These have seemingly visible 
sexual organs in the flower. The cryptogams encompassed the 
nonflowering plants with inconspicuous sexual cells. It is now 
known that the plants in each group were misunderstood by Lin- 
naeus and his followers. Actually the cryptogams, though their 
sexual cells are not advertised by showy flowers and are therefore 
not immediately evident, have the more obvious sexual reproduc- 
tion on closer examination; the phanerogams, with their flowers 
making known the presence of sexual cells within, do by this 
device conceal them, rendering it difficult to detect and understand 
the details of sexual reproduction, Even though the Linnaean 
system has been superseded, the term phanerogam is still some- 
times employed to cover all plants which reproduce by seeds, and 
cryptogam is frequently used for those that do not. . The term 
vascular cryptogam is often used in current writings to indicate 
those vascular plants that do not bear seeds: the spore-producing 
club mosses, horsetails and ferns. 

After the artificial system of Linnaeus, classification turned in 
the direction of a natural system, one such system being that 
largely attributed to Eichler (1886). Under this system, the plant 
kingdom was considered to consist of four divisions: 

1. Thallophyta, the algae and fungi. 

2. Bryophyta, the liverworts and mosses. 

3. Pteridophyta, the club mosses, horsetails and ferns. ч 

4. Spermatophyta, the seed plants (gymnosperms and angiosperms), 

Until recently, the Eichler system had persisted generally; at 
the present time, however, it is largely replaced by a more natural 
arrangement (see the outline below). The tremendous strides 
made during the first half of the 20th century in paleobotanical 
investigations of Devonian and even Silurian fossils have produced 
a picture of an early, apparently world-wide flora of vascular 
plants with considerable diversification. While their beginnings 
are not clear, the different phyletic lines (lines of descent) already 
established in this flora by the mid-Devonian must have originat 
at a much earlier geological period. К 

Available evidence supports the premise of an origin for vas 
cular plants from the green algae (Chlorophyta), but whether they 
descended from one line of green algae (monophyletic) or from 
more than one line (polyphyletic) is not clear. In the face ie 
this irresolution, it has seemed wise for the present to hold to $ 
conservative premise of a monophyletic origin for vascular Pu i 
Pending further information, the phylum, or division, Trache 
phyta is maintained for all vascular plants, and supersedes, 55 
divisions Pteridophyta and Spermatophyta of the Eichler es 
This classification of the vascular plants, foretold by E. C. Je uh 
(1899-1910), took firmer form during the period 1917-1930; 51 
1930 it has slowly replaced the Eichler system. (al gol- 

With regard to Eichler’s Thallophyta, students of algae af 
ogists) and of fungi (mycologists) have demonstrated it n (n 
cover-all group, including numerous phyletic lines. The duod 
of these lines in the algae is generally agreed upon. By р, ош à 
in the Eumycota, ог true fungi, current opinion tends to ae 
single origin directly from colourless flagellate organisms 
than multiple origins from algal groups, as advocated su ji "s 

Another body of opinion deserves mention: that both a d 
fungi descended from colourless flagellate ancestors ier 
tista initially by Haeckel in 1866. The term has been € di 
by adherents of this thesis beyond the limits set UP by 


h early 
until it includes all flagellated groups and their presumed tly 
evolutionary progenitors. Therefore the Protista 25 beings. 


conceived of as the first kingdom, ancestral to all living ion, Ше 
An increasing tendency among mycologists to que 
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grouping of the fungi with green plants must be considered. 
These students, who doubt that fungi and green plants were ever 
related, conclude that fungi may well have arisen directly from 
the colourless Protista. The whole outlook of these mycologists 
depends upon an ecological and physiological approach; they base 
the classification of living beings upon nutritional modes of life. 
By this viewpoint the Protista are considered as having given 
origin to (1) a producing group of organisms that live by manu- 
facturing their own food through photosynthesis—the plant king- 
dom; (2) an ingesting group that live by devouring organisms— 
the animal kingdom; and (3) an absorbing group that live by 
absorbing nourishment from either living or dead organisms—the 
fungal kingdom (R. H. Whittaker, 1959). 

The place of the bacteria is as yet unresolved. It may be within 
the fungal groups or, in close alliance with the blue-green algae, 
either in the Protista or in a separate phyletic line from the sup- 
posed colourless flagellated ancestors. Preponderant opinion 
among bacteriologists separates the bacteria from the fungi. 

The outline provided below attempts to produce an approach 
to the natural system of classification of plants; certain portions 
appear sound from the available facts and other portions are 
tentatively set forth as reasonable evaluations of data in hand. 
Since each scheme results from the interpretations of evidence 
by one man, or at most a few men, differences of opinion are to 
be expected. It is even more to be expected that the system of 
classification as set forth in this article will be changed as more 
information becomes available. 


KINGDOM PLANTAE 


Current System 
Phylum or Division 
Chlorophyta*—green algae 
Chlamydomonas, Oedogonium, 
Ulva, Spirogyra, etc. 
. Euglenophyta—euglenoid algae 
Euglena, etc. 

3. Chrysophyta—yellow-green algae, 
golden-brown algae and di- 
atoms 

Tribonema, Dinobryon, Navicula, 
etc. 

. Pyrrhophyta—dinoflagellates, 
desmokonts 

Peridinium, Ceratium, etc. 
5. Phaeophyta—brown algae 
Ectocarpus, Laminaria, Fucus, etc. 
6. Cyanophyta—blue-green algae 
Anacystis (= Chroococcus), Oscil- 
latoria, Nostoc, etc. 

. Rhodophyta—red algae 

Nemalion, Polysiphonia, Corallina, 
etc. 

. Schizomycota—bacteria f 

Streptococcus, Bacillus, Spirillum, 
etc. 

9. Myxomycota—slime molds 

Physarum, Stemonitis, Dictyoste- 
lium, etc. 


Eichler System 
Class ) Phylum ог 
7} Division 


n 


ю 


уы 


> 


‘Thallophyta 


E 


$ 


10. Eumycota—true fungi 
Class Phycomycetes—algal fungi Fungi 
Mucor, Pythium, Phytophthora, etc. 
Class Ascomycetes—sac fungi 
Saccharomyces, Aspergillus, Neuro- 
spora, etc. 
Class Basidiomycetes—club fungi 
Puccinia, Amanita, Polyporus, etc. 
Fungi Imperfecti J J 
11. Bryophyta 
Class Hepaticae—true liverworts 
Class Anthocsrotate, harmed liver- Bryophyta 
Class Musci—mosses J 
12. Tracheophyta 1 
Class Psilopsida 
Order Psilophytales 
Psilophyton, Rhynia, Asteroxy- Pteridophyta 
lon, etc. 
Order Psilotales 


Psilotum and Tmesipteris 


‘For the first seven 
phycophyta, Chrysophycophyta, etc.; y n 
At present no universal agreement on the designations of the phyla exists, and 
+The bacteria are sometimes omitted from 
the yews (Taxus), 
iThis group of plants may represent more than one order 
f significant fossil evidence, existing information does 
§Totals of orders and families were taken from 
Pflanzenfamilien, 11th ed. (1936). 


the more common usage is followed. 
the fungi completely. 
the order Taxales. 
of plants. 
not yet justify this separation. 

Engler and Diel's Syllabus der 
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Cylinder in the Angiosperms," 
(1900) ; O. Tippo, *A Modern 
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Class Lycopsida 
Order Lycopodiales—club mosses 
Lycopodium and Phylloglossum 
Order Selaginellales—little club 
mosses 
Selaginella 
Order Lepidodendrales—tree club 


mosses 
Lepidodendron, Sigillaria, Both- 
rodendron, etc. 
Order Pleuromeiales 
Pleuromeia 
Order Isoetales—quillworts 
Isoetes 
Class Sphenopsida 
Order Hyeniales 
Hyenia, Calamophyton, etc. 
Order Sphenophyllales 
Sphenophyllum, etc. 
Order Equisetales—horsetails 
Equisetum, Calamites, etc. 
Class Pteropsida 
Subclass Filicinidae—ferns 
Order Coenopteridales—early fossil 
ferns 
Botryopteris, etc. 
Order Marattiales 
Marattia, Danaea, Angiopteris, 
etc. 
Order Ophioglossales 
Ophioglossum, Botrychium, Hel- 
minthostachys 
Order Filicales—"true" ferns 
Osmunda, Gleichenia, Dryopteris, 
Pteris, etc. 
Subclass Gymnospermidae—gymno-) 


sperms 
Order Cycadofilicales—pterido- 
sperms, or seed ferns 
Order Bennettitales—fossil cycads 
Williamsoniella, Wielandiella, Cy- 
cadeoidea, etc. 
Order Cycadales—cycads 
Cycas, Zamia, Dioon, Bowenia, 
etc. 
Order Ginkgoales—ginkgo, maiden- 
hair tree 
Ginkgo 
Order Cordaitales 
Cordaites, etc. 
Order Voltziales—early fossil coni- 


fers 
Lebachia, Walchia, Pseudovolt- 
zia, etc. 
Order Coniferales f.—conifers 
Pinus, Sequoia, Taxodium, Thuja, 
Araucaria, etc. 
Order Gnetales t 
Ephedra, Welwitschia and 
Gnetum J 
Subclass Angiospermidae 
Dicotyledones—44 orders, with over 
250 families § 
Ranunculus, Quercus, Rosa, 
Malus, Taraxacum, etc. 
Monocotyledones—11 orders, with 
45 families § 
Triticum, Avena, Lilium, Musa, 
Cocos, etc. 


hyla some algologists 


fIncluding 


In the absence о! 


the addition 
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Pteridophyta 
(Continued) 


Gymnospermae 


Spermatophyta 


Angiospermae 


refer Chlorophycophyta, Eugleno- 


"phyco" designating alga. 


sometimes separated as 


Paleobotany 


34:210-226 (1959) ; G. M. 
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of Progress in the Natural Sciences, 1853-1953, pp. 115-224 (1955); 
E. A. Bessey, “Mycology,” in A Century of Progress in the Natural 
Sciences, 1853-1953, pp. 225-265 (1955) ; R. Y. Stanier, M. Doudoroff 
and E. A. Adelberg, The Microbial World (1957); C. B. van Niel, 
"Classification and Taxonomy of the Bacteria and the Blue-green 
Algae," in A Century of Progress in the Natural Sciences, 1853-1953, 
pp. 89-114 (1955); A. J. Eames, Morphology of the Vascular Plants: 
The Lower Groups (1936) ; A. S. Foster and E. M. Gifford, Comparative 
Morphology of Vascular Plants (1959) ; E. Haeckel, Das Protistenreich: 
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II. MORPHOLOGY OF PLANTS 


Plant morphology is concerned with the form and structure 
of plants and of their parts, and with the relation of parts to 
one another and to the whole. Morphology is thus fundamentally 
descriptive. A morphological study may be merely the determina- 
tion of the facts of the history of an organism through all stages 
of development and reproduction; that is, it may be a purely de- 
scriptive life history study. As commonly understood, however, 
morphology has a broader basis: its object is to trace the under- 
lying similarities in form between various plant groups; it is com- 
parative in its nature, and its comparisons are considered in the 
light of evolutionary modification and development. Morphology 
thus conceived aids in the establishment of a natural classification 
of plants and in the reconstruction of their evolutionary history 
(phylogeny). 

The methods used in morphological studies are: (1) compari- 
son of adult forms of living plants; (2) comparison of living 
plants with fossils of ancient extinct forms (paleobotany) ; (3) ob- 
servations on development of the individual (ontogeny). Mor- 
phology is generally subdivided into external morphology, which 
deals with the external form, and anatomy—the study of the ex- 
ternal and internal structure of plants. Cytology, study of the cell, 
arose as a subdivision of morphology concerned with internal struc- 
ture, but it has become an independent branch of biological science. 
A morphological study may assume a somewhat specialized aspect. 
Thus it may deal with the early development of an individual 
(embryogeny); with the causes that determine form and struc- 
ture (morphogenesis); or with plant parts considered as organs 
carrying out certain distinct functions (organography). 

1, Alternation of Generations.—The phenomenon of alterna- 
tion of generations is so prominent and important a feature of 
the morphology of plants that for many years it has been one 
of the main objects of morphological studies. The term alterna- 
tion of generations is used to designate the occurrence of two 
distinct phases in the life history of the plant, each of which 
produces the other. One is the sexual phase, the gametophyte, 
that bears male and female organs (gametangia) and gametes 
(sperms and eggs) and in which fertilization (syngamy) is ef- 
fected. The fertilized egg (zygote) develops into a nonsexual 
phase, the sporophyte, which produces a large number of single- 
celled spores, The latter develop directly into new gametophytes. 
The two phases of the life cycle are commonly referred to as 
generations, though actually they are two phases of one gen- 
eration if the latter concept is used in the same sense as in 
zoology. At fertilization the number of chromosomes is doubled 
through the union of two gametes. At some other point of the life 
cycle this number is again halved through reduction divisions 
(meiosis) (see FERTILIZATION; CELL). The phase of the life cycle 
in which all cells have a double complement of chromosomes 
(diploid) and which begins with the fertilization and ends with 
the reduction divisions is the sporophyte. The phase character- 
ized by a single complement of chromosomes (haploid), from re- 
duction division to fertilization, is the gametophyte. The charac- 
ter and relative extent of these two phases differ considerably in 
different groups and show great variability in the lower plants. 
In many of the thallophytes (algae and fungi) almost the entire 

life cycle is gametophyte, since the first divisions of the zygote 
are meiotic; in others it is almost all sporophyte. Still others show 
varying degrees of relative development of these two phases, and 
often both are vegetative plants entirely similar in everything ex- 
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FIG. 1.—VARIOUS TYPES OF LIFE CYCLE AMONG THE CHLOROPHYCEAE 
(GREEN ALGAE) 

(A) chlamydomonad; (B) haplontio; (C) diplontic; (D) diplohaplontic 


cept the method of reproduction. 

The diagrams give examples of different types of life cycles. 
The simplest possible life cycle occurs in the unicellular green 
alga Chlamydomonas (phylum Chlorophyta). It consists of an 
alternation of a one-celled haploid phase with a one-celled diploid 
phase (fig. 1[A]). In the somewhat higher Chlorophyta vegeta- 
tive cell divisions occur in one or the other or in both phases. 
In the haplont type, as seen in the green algae Spirogyra and 
Oedogonium, a multicellular haploid phase alternates with а uni- 
cellular diploid one (fig. 1[B]). In the diplonts, the green alga 
Codium, the life cycle consists of an alternation of a diploid 
coenocyte (the morphological equivalent of a multicellular diploid 
generation) with a unicellular haploid phase (fig. 1[C]). Cet 
tain other green algae, e.g., Ulva, are diplohaplonts and have an al- 
ternation of a many-celled haploid generation with a many-celled 
diploid generation (fig. 1[D]) (see also ALGAE). 

The gametophyte is the dominant phase or “the plant” of the 
mosses (Bryophyta), whereas the sporophyte is merely a spore- 
bearing structure that develops from the zygote and remains at- 
tached to the gametophyte (fig. 2). In contrast, the vascular 
plants (Tracheophyta) have a large and conspicuous sporophyte 
with roots, stems and leaves and predominates in the life history. 
The fern sporophyte bears the spores on the backs of its leaves. 
Each spore may develop into a small but independent generation, 
the gametophyte or prothallus, on which the sex organs arè о 
(fig. 3). In the conifers and their allies (gymnosperms) an 
in the flowering plants (angiosperms) the gametophyte rox 
tion is extremely reduced. The spore (megaspore) producing the 
female gametophyte (megagametophyte) remains attached to B: 
sporophyte after germination. Other spores (microspores) B 
minate to form the male gametophytes (pollen grains), whic ш 
liberated and carried (by wind, rain or insects) to OF neat ale 
ovule containing the female gametophyte. One of the bur 
gametes (sperms) produced by the male gametophyte fer 
the egg. The zygote grows at once into the embryo (fig. 4) origin 

Two theories have long existed concerning the nature and 0 g 
of the sporophyte of vascular plants: the antithetic an is 
the homologous theory. The first assumes that the two phase 
distinct, that the sporophyte is a new phase introduced v m 
life cycle of vascular plants in relation to life jn air. i form 
posed to have evolved from the zygote of an ancestral alg dent 
through a stage in which it was merely a spore bearer дерет! 
оп the gametophyte. 

According to the homologous theory (which i 
modern morphological and paleobotanical studies); e: they 
phyte and gametophyte are fundamentally alike in naturi Es 
are correlative phases in the life cycle of plants that b inter- 
by modification of an original single sexual phase. In severi 
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FIG. 2.—LIFE CYCLE OF A MOSS (FUNARIA) 


pretations the homologous theory places the differentiation of the 
gametophyte and sporophyte in ancient algal stocks and assumes 
the origin of land-living independent sporophytes directly from in- 
dependent aquatic sporophytes. 

2. Plant Body.—In the simplest plants the body consists of 
a single cell within which all life activities are carried on, Ac- 
cording to the evolutionary concept, the simple cells united into 
colonies forming at first a loose, later a more intimate, union, 
until a multicellular plant arose. With the advent of “division of 
labour" among the different parts of the multicellular body, a 
morphologic differentiation of 
these subdivisions occurred, so 
that a very complex plant body 
appears in the higher plant groups. 
In the lowest plants any part may 
perform all functions, whereas in 
the highest the various functions 
have organs devoted to their per- 
formance, and in these the cells 
are grouped in definite and very 
specialized tissues. The lower 
plants (Thallophyta) show vari- 
ous degrees of complexity of form 
and structure. Certain groups of 
red and brown algae somewhat 
resemble the higher plants in the 
formation and arrangement of 
the members of their bodies. The 
progressive differentiation of the 
thallus of the liverworts and 
mosses (Bryophyta) presents an 
even closer parallel to the orga- 
nization of the higher plants. 
Some of these have stemlike and 
leaflike body parts resembling 
organs of the most highly orga- 
nized plants, True roots, stems 
and leaves, however, do not occur 
in either thallophytes or bryo- 
phytes. These are characteristic 
organs of the vascular plants 
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(Tracheophyta). According to a 
modern concept, these organs 
evolved with the invasion of the 
dry land by plants that formerly 
inhabited only the sea. 

The nature of the plant body 
and its parts in vascular plants 
has long been a basic morphologi- 
cal problem. As was shown in 
the preceding section, it is the 
body of the sporophyte that is 
so complex in the higher plants. 
The gametophyte is extremely 
simple. In early days of morpho- 
logical study the sporophyte body 
was looked upon as constituted 
of organs that were of different 
fundamental nature. The num- 
ber of these organs was at first 
large; for example, stem, root, 
leaf, ovule, sporangium, sporan- 
giophore, emergence, hair. With 
the development of the concept 
of homologies, the interrelation 
of parts of a plant body began to 
be recognized. Comparative and 
developmental studies suggested 
that differently appearing parts 
may bear the same relation to 
the whole plant body, that, in 
other words, they may be homol- 
ogous. For example, the flower appeared homologous with the 
shoot, the floral members with leaves. In contrast, if parts differ 
in their relation to the whole, but are similar in function and struc- 
ture, they are analogous. Thus the flattened green stems of many 
plants of dry habitats are analogous with leaves. With increase 
in comprehension of the relationship between parts, the units of 
structure became reduced to three: stem, leaf and root. 

The later discoveries of early land plants and studies in de- 
velopment have indicated. that even these three categories. of 
parts are not absolute, but are results of evolutionary development 
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and cannot be clearly separated morphologically. The general 
nature of the plant body seems to be that of an axis. Under this 
interpretation there are no fundamental parts. Roots and leaves, 
as elaborated organs, are secondary structures that differentiated 
on an originally primitive axis. The leaf may have arisen in two 
ways: (1) as a lateral emergence of the axis; and (2) as a 
branch system that became flattened and expanded, with a web- 
bing of tissue uniting the branches into one. The view upon the 
relation of the angiospermous flower to the other plant parts 
is also in a state of flux. The concept of the flower as a modified 
shoot, and particularly that of the homology between the leaf 
and the carpel, is being contested. The complex problem of the 
nature of the plant organs is still awaiting its final clarification. 
A judicial use of data on ontogeny, vascular anatomy, paleobotany 
and comparative morphology should eventually bring about such 
clarification. See Root; Lear; STEM; FLOWER. 

BriBri0GRAPHY.—A. Arber, “The Interpretation of Leaf and Root in 
the Angiosperms," Biol. Reviews, 16:81-105 (1941) ; F. O. Bower, Size 
and Form in Plants (1930) ; D. H. Campbell, The Evolution of the 
Land Plants (1940); A. J. Eames, Morphology of Vascular Plants, 
Lower Groups (1936) ; E. A. Gaumann and С. W. Dodge, Comparative 
Morphology of Fungi (1928) ; К. E. Goebel, Organography of Plants, 
Especially of the Archegoniatae and Spermatophyta (1900-05) ; G. M. 
Smith, Cryptogamic Botany, vol. i, Algae and Fungi, vol. ii, Bryophytes 
and Pteridophytes (1938) ; W. Troll, Vergleichende Morphologie der 
hóheren Pflanzen, 3 parts (1935, 1937) ; R. C. McLean and W. R. 
Ivimey Cook, Textbook of Theoretical Botany (1951); H. C. Bold, 
Plant Morphology (1957) ; A. S. Foster and E. M. Gifford, Jr., Com- 
parative Morphology of Vascular Plants (1959); J. D. Dodd, Form 
and Function in Plants (1962). 


Ш. ANATOMY OF PLANTS 


Anatomy deals with structure, gross and minute, external and 
internal. A special field of anatomy is histology, which is con- 
cerned with the minute structure of organisms. If an anatomical 
study deals with the structure of cells, particularly with the 
protoplast, it enters the field of cytology, Thus anatomy merges 
with cytology and only an arbitrary limit may be set up between 
the two. 


A. MINUTE STRUCTURE 


1. The Cell.—An account of the anatomy of plants naturally 
begins with the cell, which is the smallest physiological unit of or- 
ganisms. The cell is essentially an integral mass of protoplasm, 
of small dimensions and containing many specialized structures, 
chief among which is the nucleus. Other protoplasmic bodies, 
known as plastids, and inanimate matter, are present. The differ- 
ent living bodies and nonliving inclusions are dispersed within the 
more or less fluid living substance called cytoplasm. Among the 
nonliving inclusions are starch grains, crystals of various shapes 
and compositions, oil globules, tannins and food masses of dif- 
ferent sorts. Much of the inanimate matter occurs in a watery 
solution forming the cell sap. All cells that are permanent tissue 
elements of the plant body possess a more or less rigid limiting 
membrane or cell wall, consisting primarily of cellulose or some 
allied substance excreted by the living cell body. As mentioned 
above, the presence of plastids in the protoplasm and the existence 
of the cell wall are the two main characteristics that differentiate 
plant cells from those of animals. 

The walls of adjacent cells are cemented together so that the 
cells are united into more or less coherent masses or tissues. 
Upon the characters of constitution, thickness and sculpture of 
the cell walls, the qualities of a plant tissue largely depend. The 
life of all the cells in a plant body may be prolonged, or a num- 
ber of the cells may die and their protoplasm be removed. Thus 
a tissue may consist of living cells combined with an inanimate 
framework of cell walls, enclosing in their cavities solely liquids 
and gases. In such cases the characters of the adult tissue 
largely depend on the proportion and distribution, the size, form 
and contents of the living and dead units, and on the nature of 
their walls. 

In all but the simplest forms the plant body is composed of 
cells associated in more or less definite ways. In the higher or 
more complicated plants the cells differ greatly among them- 
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selves so that the adult body is composed of definite Systems of 
units, the tissue systems. Each system has its own characteristic 
structure, depending partly on the characters of the component 
cells and partly on the method of association. 

Plastids.—The plastids are portions of the protoplasm that 
have become specialized for the performance of certain func. 
tions. They are readily distinguished in the adult cell by their 
size and definite form, and they are often conspicuously coloured, 
Leucoplasts are colourless and occur in the cells of the deeper 
lying tissues where light cannot penetrate—if exposed to light 
they often become green. They are frequently concerned with 
the formation of starch grains. Chromoplasts are colour-carrying 
bodies giving red and yellow colours to the petals of flowers, 
ripe fruits, etc.; they contain yellow and red pigments such as 
xanthophyll and carotin. The most important of all the plastids, 
however, are the green chloroplasts. These contain chlorophyll 
and are of universal occurrence throughout the plant kingdom 
with the exception of the important groups of fungi and bacteria, 
By means of this pigment the plastids are enabled in the presence 
of light to form carbohydrates from water and carbon dioxide, 
The chloroplasts are extremely variable in shape, particularly in 
the algae. In the higher plants the chloroplast is disc-shaped and, 
according to the prevalent view, consists of a mass of somewhat 
dense colourless cytoplasm, the stroma, and of granules contain- 
ing chlorophyll. Chloroplasts frequently contain starch grains, 

The differentiated plastids seen in mature tissues may be traced 
back to plastid primordia, or proplastids, in the youngest tis- 
sues (meristems) or embryo. The proplastids appear in the cyto- 
plasm of the young cells as minute bodies grading off to the 
limit of visibility. At all stages of development from proplastids, 
and at maturity, the plastids may divide by simple constriction. 
These divisions are sufficiently numerous to account for the large 
numbers of plastids in mature cells. It has not been disproved, 
however, that plastids arise also anew (de novo) in the cytoplasm. 
The problem of individuality of the plastid is mainly one of de- 
termining whether they are continuous or not through the critical 
stages in the life cycle, the gametes and spores. They have been 
shown to be present in the gametes and spores of some plants and 
are, in these instances, apparently passed on from one generation to 
another. 

Mitochondria.—In addition to the plastids there are other 
bodies in the cytoplasm which are very minute and appear as 
tiny granules, rods or threads and whose nature and function are 
not well understood. They are called chondriosomes or mito- | 
chondria. According to one opinion, mitochondria are the bodies 
from which plastids develop; according to another, the proplastids 
and mitochondria are distinct structures. Mitochondria Ш 
thought to be concerned with respiration and accumulation 0 
certain substances. 

Cell Sap.—All living cells in plants contain variable amounts 
of nonliving materials that are collectively designated as inclu- 
sions or ergastic substances, They include storage posu 
waste material, or by-products of protoplasmic activity. One 0 
the commonest. examples of ergastic substances is the cell sap, 
which occurs within cavities or vacuoles of the cell. One or more 
vacuoles may be present in a cell, their number and shape ir 
from time to time in the same cell. The total vacuolar pas 
of a cell or other protoplasmic mass, whether this system wal 
sists of one or more vacuoles, is called the vacuome. E di 
sap is water in which are dissolved substances of Mss ЫЙ. 
some being food materials, others products of the metabo! 
of the protoplasm. Its composition is constantly changing, 
among the substances of constant occurrence are inorganic am 
carbohydrates such as the sugars and soluble nitrogenous 
pounds. E 5, 

Vacuoles appear to be universally present in living plat m 
In the youngest or meristematic cells, which by continual qos 
form the tissues and organs of the plant body, the хещ 
rather numerous, small, spherical or drawn out into other Аз 
by the streaming cytoplasm in which they are disperse. sho 
meristematic cells multiply, the vacuoles are distributed, 
without division, to the daughter cells. During the enta 
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almost filled with wall material. 

Commonly the wall does not 
appear homogeneous, but shows 
layering. The layers may differ 
in origin, in appearance when 
viewed in polarized light, and in 
chemical and physical structure. 
Three main types of layers exist: 
intercellular substance, primary 
wall and secondary wall. The 
intercellular substance is com- 
posed of pectic substances and is 
isotropic (i.e., dark or nonrefrin- 
gent when viewed under polarized 
light). This substance acts as 
a cementing material binding to- 
gether the walls of adjacent cells. 
Some regard it as being derived 
from the cell plate formed during 
cell division. 

The primary wall consists 
largely of cellulose and pectic 
substances and is anisotropic (2.е., 
bright or refringent when viewed 
under polarized light). It oc- 
curs next to the intercellular sub- 
stance. Many thin-walled tissues 
contain only primary walls. In 
other tissues, however, these pri- 
mary walls may be comparatively 
thick. They are formed while the 
cell is still enlarging during dif- 
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FIG. 4.—LIFE CYCLE OF WHEAT (TRITICUM) 


and maturation of the cell the vacuoles increase in size and eventu- 
ally coalesce to form one large central vacuole, and the cytoplasm 
thus becomes displaced to a comparatively thin layer closely ap- 
plied to the cell wall. 

Cell Wall.—The cell wall in young, active cells (meristematic 
cells) is thin and extremely delicate; however, upon completion 
of the growth of the cell, the cell wall becomes thicker and may 
undergo considerable modification. It is commonly regarded as a 
secretion of the protoplasm and is, in living cells, in intimate re- 
lation with the protoplasm which may interpenetrate the particles 
of its substance. This close relation can be readily appreciated 
when the process by which the wall is first laid down is considered. 
From the beginning of the plant's existence as a single cell, all 
new cell formation consists in the division of a pre-existing cell 
into two halves by the formation of a dividing wall. In this 
process the cytoplasmic spindle, which functioned in the preced- 
ing nuclear division (see CELL), plays an important part. The 
new wall begins with the appearance of a cell plate dividing the 
spindle in two halves. If the spindle does not reach to the side 
walls of the dividing cell, new fibres arise on its periphery and 
extend the cell plate to the side walls. The cell plate is a fluid 
layer appearing first as minute droplets that unite to form a con- 
tinuous layer. Some interpret these small units as droplets of 
pectic substances. The fluid cell plate apparently soon solidifies 
and becomes part of the wall. The two daughter protoplasts that 
resulted from the division of the original cell secrete additional 
wall substances. These are deposited among the existing parti- 
cles (intussusception) and also over the inner surface of the new 
wall (apposition). The amount of wall material deposited varies 
in different kinds of cells, One extreme is cells with walls that 
are a little thicker than those of the meristematic cells from which 
they arose; the other, cells whose interior spaces (lumina) are 
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tropic. Cellulose is its basic com- 


ponent and it is formed after the 

cell attains its final size and 
shape. The secondary wall of plant cells is rarely continuous 
over the entire surface of the underlying primary wall. It may 
develop as separate rings, spirals, bars, or as a complex network or 
mesh; or it may cover most of the primary wall except for small 
interruptions or cavities called pits (fig. 5). All three wall layers 
may become modified by impregnation with a variety of inorganic 
and organic substances, notably lignin, which renders the walls 
firm and hard. 

The anisotropy of the primary and secondary walls indicates 
that they are crystalline in nature. The crystalline properties 
are imparted to the wall by cellulose, a carbohydrate with the 
general formula (CgH,)0;)n. The units CgHy oO; (anhydrous 
glucose residues) are combined into long chains—the cellulose 
molecules. These chain molecules occur in bundles, the micro- 
fibrils, in parts of which the molecules are arranged parallel to one 
another with characteristic spacings between the chains, The 
molecules and their aggregations are too small to be seen through a 
light microscope and are studied by the use of X-rays, polarized 
light and electron microscope. 

The microfibrils appear to overlap each other and form a co- 
herent system perforated by a continuous system of spaces. 
Within these spaces substances other than cellulose (e.g., lignin, 
fatty substances, water) are deposited. As seen through the light 
microscope the cellulose wall also appears as a continuous system 
of fibrils, the macrofibrils, interpenetrated by a system of po- 
rosities. The macrofibrils are aggregations of submicroscopic 
microfibrils. 

Many conspicuous differences in the optical and mechanical 
properties of cell walls are correlated with variations in the orienta- 
tion of the microfibrils. If the microfibrils are oriented parallel 
to the long axis of the cell, the wall or layer in which they occur 
does not contract longitudinally in drying. The opposite is true 
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if the walls have transversally oriented microfibrils. Various inter- 
mediate conditions occur in walls whose microfibrils are oriented 
in a spiral in relation to the long axis of the cell. To further 
complicate the system microfibrils may be differently oriented in 
the various wall layers of the same cell. 

Plasmodesmata.—The living cell in a complex multicellular plant 
body is not a completely independent unit, and its functions are 
conditioned by, and related to, the activities of the organism as 
a whole. This must involve a close connection between the liv- 
ing protoplasm of neighbouring cells, and this is effected by deli- 
cate connecting strands, the plasmodesmata, which traverse the 
walls, The connecting strands may be scattered singly through- 
out a wall or may be aggregated in thinner places of the wall, 
the pit areas. Plasmodesmata may represent the persistence of 
the original continuity of the protoplasm of two sister cells, but 
also are established after growth is completed. These delicate 
connections seem to occur universally in the higher plants. They 
play a part in the correlation of the functions of the cells and 
may also provide the means by which stimuli can be conveyed 
through long tracts of tissue. 

Cell function is discussed below under Plant Physiology. 

2. Cell Types and Tissues.—As plants increased in complexity 
the component cells-also came to differ greatly among themselves. 
Plant cells may vary in size, shape, contents and wall structure, 
and may be highly specialized with regard to function. 

Parenchyma.—Parenchyma cells are commonly more or less iso- 
diametric in form, have thin walls and active protoplasts. A cer- 
tain degree of variation in characteristics occurs with relation to 
the functions performed by parenchyma. Thus the parenchyma 
cells of the photosynthetic tissue of a leaf are rich in chloroplasts 
and may be considerably elongated or lobed; the parenchyma cell 
of a potato tuber contains leucoplasts that store starch; the 
parenchyma cells within the water-conducting tissue (xylem) may 
have thick secondary walls. The retention at maturity of living 
protoplasts is one of the most important characteristics of paren- 
chyma cells. These cells are regarded as the least differentiated, 
the least specialized, and they make up the entire plant bodies of 
most of the Thallophyta (algae and fungi). 

Collenchyma.—Collenchyma cells occur in layers or strands in 
the subsurface region of many stems, petioles and ribs of leaves 
where they serve as a supporting tissue. Like the parenchyma, 
this tissue retains living protoplasts at maturity. The shape of 
the cell varies from nearly isodiametric to very much elongated 
(prosenchymatous). The principal characteristic is the thick cel- 

lulose wall, the thickening being irregular and massive. The 
thickenings occur in strips along most walls, or the tangential 
walls or only in the corners. The walls are very strong but plastic, 
and do not hinder the elongation of the growing organs in which 
collenchyma is the chief supporting tissue. 
Sclerenchyma.—Sclereids and fibres are often treated as ele- 
ments of one type of tissue called sclerenchyma (mechanical or 
supporting tissue), because both have thick walls, lack proto- 
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plasts and serve for support. Sclereids show similar variations 
in shape as the parenchyma cells but have very thick lignified 
walls with tubular pits. The protoplasts are usually lacking at 
maturity. One of the best-known examples of a sclereid is the 
stone cell that is a common component of the flesh of the pear 
fruit. The hard shell of the walnut is made up largely of scle- 
reids. Fibres are elongated cells, sometimes very much 80, with 
thick pitted secondary walls which may be of cellulose or lignified 
cellulose. The protoplasts usually die when the cells mature, The 
two main groups of fibres are those that occur in the wood tissue, 
the xylem fibres, and those located in various parts of the plant 
outside the xylem, the bast fibres. The xylem fibres are usually 
lignified and are chiefly responsible for the rigidity and hard. 
ness of the wood. Some bast fibres are lignified, others have un- 
modified cellulose walls. The latter kinds of fibres are valued 
commercially and occur in such well-known fibre plants as flax, 
hemp and ramie. 

Conducting Elements.—Tracheary elements are water conduc- 
tors located in the xylem or wood. The vascular plants are called 
Tracheophyta because they contain tracheary elements. Two prin- 
cipal types of tracheary elements occur in plants: tracheids (fig. 
6[A]) and vessel elements (fig. 6[B], 6[C]). Both of these are 
commonly prosenchymatous with oblique or transverse end walls, 
"They have secondary walls of lignified cellulose that are deposited 
as rings, spiral bands, bars, a network, or as pitted layers upon 
the thin primary wall. At maturity the protoplasts are lacking, 
The principal distinction between the two types of tracheary ele- 
ments is that the tracheid is an imperforate cell with a continuous 
primary wall, whereas a vessel element has openings or perfora- 
tions usually located in the end walls of the cell. The vessel 
elements are combined into longitudinal pipelike units, the vessels, 
in which water passes freely through perforations from element 
to element. Water moving through tracheids passes from one 
cell into the other through places where the secondary wall is dis- 
continuous but the primary wall is present. Often these places 
are very restricted and are then called pits. The water passes 
through the exposed part of the primary wall of the pit, the pit 
membrane. 

In the wood of gymnosperms (firs and their allies) the pits show 
very elaborate structure. The pit membrane has small but nu- 
merous perforations and is reinforced by a primary thickening, 
the torus, in the middle. The secondary wall overhangs the pit 
cavity as a border (hence bordered pit), leaving a small opening 
(pit mouth) at the entrance into the pit cavity (fig. 6[D]). The 
pit membrane is flexible and can bulge one way or the other 
within the cavity formed by two communicating bordered pits 
of the adjacent cells. The torus may become appressed to the 
mouth of one or the other pit, obstructing the entry into the pit 
cavity. Thus, apparently by changes in the position of the pit 
membranes of bordered pits, some control is exercised over the 
passage of fluids in the xylem. 

Sieve cells (fig. 6[G]) and sieve-tube elements (fig. 6[F]) are 
the characteristic components of the phloem, a tissue outside the 
xylem and concerned with the conduction of food (chiefly sugars 
and protein) manufactured in the leaves. The sieve-tube elements 
occur in the angiosperms (plants having their seeds enclosed in 
an ovary), whereas sieve cells are typical of gymnosperms af! 
ferns. The sieve-tube elements have specially modified walls A 
portions of walls called sieve plates (fig. 6[E]). The essential 
feature of a sieve plate is the presence of perforations Gae 
plate pores) in the wall through which the protoplasts of two a 
jacent or superposed elements are continuous. These p 
ing strands are comparable with plasmodesmata but tend to 
thicker than ordinary plasmodesmata. de 

In the sieve plate a special kind of carbohydrate, callose, 5 ^ 
rounds each strand. In other words, each strand is enclosed pe 
tube or cylinder of callose, the callose cylinder. As the m 
tube ages, the callose becomes more massive. Since each cal d 
cylinder thickens, the strands are constricted and, fu ad 
callose bulges and spreads over the surface of the plate t Р 
latter appears completely buried within the callose. The bul ging 
callose masses on both sides of the sieve plate are referred to 
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callose plugs, though it is not known whether they actually plug 
the sieve plate. The appearance of the callose plugs indicates that 
the sieve-tube element has ceased to function. Therefore, the 
final callose masses developed at the end of the active period of 
the conducting element are also called definitive callose. 

As it matures the protoplast of the sieve-tube element loses 
its nucleus, but the cytoplasm is retained until the cell ceases to 
function. Some studies indicate that this cytoplasm is peculiar: 
it appears to be very fragile. The contents of the vacuole are 
often slimy and readily coagulate when the tissue is killed. 
The so-called slime plugs often seen on sieve plates result from 
such coagulation. The sieve-tube elements of the angiosperms 
tend to have their sieve plates on the end walls. The sieve plate 
may cover the wall uniformly or may be broken up into more or 
less clearly defined sieve areas. The lateral walls show similar 
sieve areas, but with thinner strands (fig. 6[F]). 

Series of sieve-tube elements are combined into longitudinal 
series, the sieve tubes. Each sieve-tube element is closely associ- 
ated with one or more slender parenchyma cells called companion 
cells (fig. 6[F]). These arise by division from the same mother 
cell as the sieve-tube element. The sieve cell of the gymnosperms 
and ferns shows no differences between end and lateral walls. All 
bear sieve areas of similar nature with rather thin connecting 
strands, Furthermore, sieve cells are not arranged in vertical 
superposed series and have no companion cells. Otherwise the 
sieve cell resembles the sieve-tube element in having callose associ- 
ated with the connecting strands of the sieve areas and containing 
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(A) AFTER E, C. JEFFREY, "THE ANATOMY OF WOODY PLANTS," THE UNIVERSITY OF CHICAGO 
PRESS; (B, C, F, G) AFTER A. J. EAMES AND L, H, MACDANIELS, "AN INTRODUCTION TO PLANT 
ANATOMY," MCGRAW-HILL BOOK CO.; (E) FROM K, ESAU, *HILGARDIA" 

FIG. 6.—TYPES OF CONDUCTING ELEMENTS IN XYLEM AND PHLOEM 
(A) Tracheid of a gymnosperm; (B and C) vessel elements; (D) transverse 
section of tracheid showing two bordered pits; (E) sieve plate from a sieve- 
tube element like that shown in (F); the light spots in each sieve area in (E) 
are callose rings with the cytoplasmic connecting strand in the centre of each. 
The small cells attached to the right side of the sieve-tube element in (F) are 
companion cells; (G) sieve cell of a gymnosperm 
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no nucleus in the mature protoplast. 

Tissues —The different types of cells characteristic of the plant 
body are combined into tissues in various manners. For example, 
only one kind of cell may form a tissue, as in parenchyma or 
collenchyma tissues. The fibres also may be aggregated into a 
simple mechanical or supporting tissue. These are simple tissues. 
In other instances many different kinds of cells are combined to 
make a complex tissue. The best examples of complex tissues 
are the xylem and phloem, which together constitute the vascular 
or conducting tissues. The xylem is concerned principally with 
the conduction of water and inorganic solutes and contains ves- 
sels and tracheids (or only tracheids), xylem fibres of different 
kinds, xylem parenchyma, and ray parenchyma in different pro- 
portions and combinations. The phloem translocates various or- 
ganic solutes and contains sieve tubes and companion cells (or 
sieve cells), phloem parenchyma, ray parenchyma and bast fibres. 
The vascular tissues, notably the xylem, function also as support- 
ing tissues because of the presence of fibres. The parenchyma 
that occurs in these tissues commonly serves for storage of differ- 
ent ergastic substances, particularly starch. The vascular tissues 
together form an elaborate system, the vascular system. Paren- 
chyma is the principal tissue that surrounds and interpenetrates 
the vascular system. It may be spoken of as ground tissue. 


B. ORGANIZATION OF THE PLANT Bopy 


1. Nonvascular Plants.—The reader is referred to special ar- 
ticles on the anatomy of the lower plants (Thallophyta: ALGAE and 
Funcr; and BRYOPHYTA: mosses and liverworts) in which the 
tissues are rather undifferentiated. Suffice it here to mention that 
both algae and fungi range from the simplest unicellular forms 
with no external differentiation of the body to-forms of larger 
size and greater complexity of organization. The progress in com- 
plexity is closely associated with division of physiological labour 
among the component cells and with the adaptation of the multi- 
cellular organism to its environment. But whatever are the vari- 
ous states attained by individual genera, the majority of the cells 
of the adult bodies of both algae and fungi remain alive and the 
tissues are essentially parenchymatous. 

In accordance with the greater complexity in the conditions of 
life on land for self-supporting plants, considerably more ad- 
vanced tissue differentiation is exhibited by the mosses, liverworts, 
etc. (Bryophyta), which are mainly terrestrial plants. Ina general 
way this greater complexity consists (1) in the restriction of 
regular absorption of water to those parts of the plant body which 
are in close contact with the soil; and (2) in the more regular 
evaporation of water from the parts exposed to the air. In the 
higher vascular plants these two principles find their full ex- 
pression, whereas in the bryophytes water is still absorbed (as, 
for example, from rain or dew) by the general plant surface. 

The lowest liverworts have an extremely simple vegetative 
structure comparable to that of many of the simpler algae. Since 
their bodies are small and normally live in damp air, the demands 
of terrestrial life on them are at a minimum. Their bodies con- 
sist of true parenchyma, and the vast majority of the component 
cells remain alive. Rooting and absorbing threadlike cells (rhi- 
zoids) universally occur on their lower surfaces in contact with 
the soil, and considerable tissue differentiation may occur within 
the body. Thus some possess a distinct assimilative system con- 
sisting of branched chains of thin-walled cells packed with chloro- 
plasts and arising from the bases of large cavities directed toward 
their upper illuminated surfaces (fig. 7). These cavities are com- 
pletely roofed by a layer of surface cells pierced by pores through 
which aeration and evaporation are freely maintained. In certain 
forms in which the body consists of thick midribs and delicate 
lateral leaflike appendages, strands or bundles of long thick-walled 
fibrelike prosenchymatous cells with pointed ends are arranged 
longitudinally within the midribs, which are devoid of special as- 
similative tissue. The walls of these cells are strongly lignified 
and are irregularly thick and thin so as to be closely studded by 
simple pits. The latter are usually arranged in spirals and are 
often elongated in the direction of the spiral. There is much 
variety of detail in the differentiation of the tissues of the liver- 
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FIG. 7,—SECTION OF THALLUS OF A LIVERWORT (MARCHANTIA) 


worts, but the general plan of construction resembles that char- 
acteristic of the leaves of higher plants. 

In the mosses the plant body is generally more elaborate. There 
is a radially organized supporting and conducting axis (stem) bear- 
ing laterally through most of its length thin, flat assimilating and 
transpiring appendages (leaves). Branched rhizoids are attached 
to the base of the stem or to parts in contact with the soil. In 
some instances the stem possesses a special surface or epidermal 
layer of cells, but usually all the outer layers of the stem (the 
outer cortex) are composed of brown, thick-walled, lignified, pros- 
enchymatous, fibrelike cells forming a peripheral sclerenchyma 
(fig. 8). This passes gradually into the thinner walled paren- 
chyma of the inner cortex. The entire cortex is generally alive, 
and its cells often contain reserve foods in the form of starch. 
The centre of the stem, in the forms which live on soil, is com- 
posed of a strand of narrow, elongated, thin-walled, unlignified, 
dead cells, which are commonly interpreted as water-conducting 
elements (hydroids). This hydrom strand has in most cases no 
connection with the leaves, but forms a straight column in the 
stem and branches locally below the reproductive organs. In 
the aquatic and semiaquatic forms, and in those mosses which live 
under conditions of extreme drought, the entire plant surface ab- 
sorbs water. In all such forms the hydrom strand is either slightly 
developed or altogether absent. The leaves of most mosses are 
flat plates, each consisting of a single layer of square or oblong 
assimilating cells containing chloroplasts. The marginal cells of 
the plates are frequently produced as teeth, and their walls are 
thick. The centre of the leaf is 
often occupied by a midrib con- 
sisting of several layers of paren- 
chymatous cells elongated in the 
direction of the long axis of the 
leaf and poor in chloroplasts. 
This midrib is usually considered 
a primitive conductive foliar 
strand or leaf bundle. Hydroids, 
like those of the central strand 
of the stem, are frequently asso- 
ciated with this conducting pa- 
renchyma, and in some instances 
are continued into the cortex of 
the stem as a leaf trace bundle 
(the anatomically demonstrable 
trace of the leaf in the stem) (fig. 
8). In several forms the leaf 
trace extends vertically downward for some distance in the outer 
cortex and ends blindly in a fan-shaped expansion; in others it 
joins the central hydrom strand so that a connected system is estab- 
lished between stem and leaf. 

Further differentiation of tissues characterizes the highest fam- 
ily of mosses, the Polytrichaceae. In these, elongated, living, 
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nucleated cells with a thin lining of protoplasm surround the dead 
central strand and form the phloemlike tissue, commonly called 
leptom. Between the hydrom and leptom is a cylinder of cel] 
layers that may serve for the temporary storage and distribu- 
tion of carbohydrates, since they sometimes contain an abundance 
of starch. The underground portion of the stem (rhizome) bears 
thizoids and simple scales. The aerial parts bear leaves, each with 
asimple midrib several cells thick and with a strong band of scleren- 
chyma above, and below a bundle of leptom, hydrom and starch 
cells, all of which join the central cylinder of the stem. Each 
midrib bears two wings, one cell thick, while above the midrib 
is a series of closely set, vertical, longitudinally arranged plates 
of green assimilative cells. 

2. Vascular Plants.—The greatest anatomical complexity oc- 
curs in the vascular plants, which comprise the psilopsids, lycopods, 
horsetails, ferns and seed plants. The vascular plants are not ex- 
actly comparable with the bryophytes for while the body of the 
latter bears the sexual organs and is called a gametophyte, the 
vascular plant is a sporophyte. Nevertheless the gametophytic 
bryophyte and the sporophytic vascular plant have similar physio- 
logical needs and are both fixed to the soil. The chief new feature 
in external conformation of the body of a vascular plant compared 
with that of a bryophyte is the presence of "true" roots, the first 
formed of which is the downward prolongation of the primary 
axis of the plant. From this and from various parts of the shoot 
system, other roots originate. The roots of ferns are structurally 
simple and uniform compared with those of seed plants, but all 
manifest a primary plan of construction in direct relation to 
their normally subterranean life and fixative and absorptive func- 
tions; they differ from aerial stems in the characters of their 
surface tissues, in the absence of the green assimilative pigment 
chlorophyll, in the arrangement of their vascular systems, and in 
their mode of apical growth. Great variety in stem and leaf 
form and structure is shown by the vascular plants. i 

Evolutionary Trend.—In spite of the many differences of detail 
between ferns and seed plants, we can trace, alike in root, stem 
and leaf, a threefold division of tissue systems, already indicated 
among the bryophytes, and expressive of the fundamental condi- 
tions of evolution of the bulky body of a land plant. Thus there 
is (1) a specialization of a surface layer of cells that regulates 
the immediate relations of the plant with its surroundings, while 
varying in expression in the subterranean and aerial parts. In the 
former the surface layer is pre-eminently absorptive whereas n 
the latter it is protective and is concerned with the gaseous mM- 
terchange of oxygen and carbon dioxide involved in respiration, 
and in such vital functions as assimilation and transpiration. This 
surface layer is known as the epidermis. Then there is (2) an 
internal differentiation of conductive tissue, presaged in the 
bryophytes, and collectively known in the vascular plants as 
the vascular system. The vascular structures are imbedded in 
(3) fundamental or ground tissue. The latter may show differ- 
ent distribution and may be combined with other types. of tissue. 
Thus in the axis a cortex appears between the epidermis and the 
vascular tissues and, in the stem, a pith usually occurs E 
by the vascular tissues. In the root the pith is usually abs n 
leaves the vascular system is imbedded in parenchyma whic s 
called mesophyll. The mesophyll is especially adapted for photo- 
synthesis. 

Besides absorption, assimilation, conduction а! Thus 
plant tissues serve for support and the storage of food. а 
locally in the cortex, mesophyll and vascular system, special E 
porting tissues (sclerenchyma) may be developed, and living on 
of both the ground tissue and the vascular system may m 
temporary storage of foods and are specialized accordingly. id 
functions of aeration, assimilation and transpiration аге em 
tained by an extensive system of intercellular spaces communi 
ing with the external air. 
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C. TISSUES 


mu f 

1. Meristems.—The different types of cells Hanc a 

the body of higher plants are alike at the beginning Es 
existence. They arise together from meristems, and only t 
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subsequent differentiation in development become unlike. A 
meristem is best defined as a specific region in the plant body 
where cells are engaged chiefly in division and enlargement. Meri- 
stems can be conveniently classified according to position as apical 
and lateral meristems. The apex or growing point of the root or 
shoot illustrates the former type, the vascular and cork cambia 
the second. The localization of the regions of cell formation in the 
plant body distinguishes the plants from the animals, whose parts 
grow through their whole extent. Also, unlike animals, the higher 
plants have a continuous formation of new tissues and organs 
throughout the life of the individual. A meristem is described 
as undifferentiated embryonic tissue exhibiting juvenile character- 
istics in contrast with the differentiated or mature tissues that 
arise from it. Meristems, however, differ morphologically and 
physiologically from each other and are not sharply separated 
from those differentiated tissues that retain protoplasts at ma- 
turity, particularly the parenchyma tissue. The living mature 
tissues are potentially meristematic, and resume meristematic 
activities when appropriately stimulated. Furthermore, cells of a 
given meristematic region may vary among themselves in many 
features. 

Apical Meristems.—These meristems are usually composed of 
approximately isodiametric cells with prominent nuclei. The 
cytoplasm is often dense but may be also conspicuously vacuo- 
lated. The dense cells have many small vacuoles dispersed in the 
cytoplasm. The walls are commonly thin, and the cells are 
closely packed without intercellular spaces among them. The 
architecture of the apical meristems varies in different groups of 
plants. In most ferns, in the horsetails and in some other vas- 
cular plants, all tissues of the stem and root are derived from 
single apical cells located at the apices of these organs. The apical 
cell, which may be termed also initial cell, is usually tetrahedral 
in shape. Its base occupies the surface of the apical mound of 
tissue, and the apex points inward. By definite and regular di- 
visions of such a cell, a mass of still undifferentiated cells is 
produced immediately below the apex that is continuously oc- 
cupied by a residual apical cell, From these undifferentiated 
cells the different tissues sooner or later arise by further growth, 
divisions and differentiation. In the seed plants a few to many 
cells at the apex of shoot and root initiate the body tissues, and 
these cells function in different manners. In angiospermous shoots 
one or more superficial layers and a central core of the apical 
mound have independent initials. The peripheral layers (tunica) 
are characterized by surface growth, that is, anticlinal divisions 
predominate. The underlying core (corpus) shows divisions in 
all planes and thus grows in volume. The two zones are inter- 
dependent and their extent and behaviour fluctuate. They are not 
at all specific as to the tissues that originate from them. The 
peripheral zone may be concerned with the production of the 
epidermis only, or it may give rise to one or more of the under- 
lying regions, Similarly, the central zone may produce pith only 
or also the vascular tissues and even the cortex. In the gymno- 
sperms a peripheral and central zone may also be distinguished 
but here they appear to be more interdependent than in the angio- 
sperms: a superficial group of initials divide anticlinally and 
periclinally and give rise to both the external and the internal 
cells of the apical mound. 

The root and shoot apices differ from each other in several fun- 
damental features. The shoot apex is concerned with the produc- 
tion of the lateral organs of the stem axis, that is, the leaves; the 
root apex produces no lateral organs: the lateral roots arise some 
distance from the apex and not superficially (like the leaves) but 
in the deeper layers of the axis. Thus the lateral roots have an 
endogenous origin in contrast to the leaves, whose origin is de- 
scribetl as exogenous. The shoot apex is exposed to the outside 
and cuts off cells only toward the axis. The root apex is covered 
with a protective tissue, the root cap, produced by cells that are 
cut off away from the axis of the root. Thus, strictly speaking, 
the apical meristem of the root is subterminal, whereas that of 
the shoot is terminal, The initial cells of the root apex of angio- 
sperms are commonly arranged in two or more tiers. One tier 
may form the root cap, epidermis and cortex, the other the central 
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cylinder containing the vascular tissues. In other species the root 
cap arises from a separate initial layer (calyptrogen), the cortex 
and epidermis from another, the central cylinder from a third; or 
the epidermis and root cap have common origin. Sometimes all 
four root regions arise from separate sets of initials. In some 
roots the apical meristem appears generalized and shows no dis- 
tinct tiers of initials. The study of a root having separate initials 
for the various regions of the root axis might give the impres- 
sion that the regions are predetermined in the apical meristem. 
Such a view has been actually held and the supposedly independ- 
ent meristematic regions, the histogens, have received special 
names: dermatogen, periblem and plerome, the precursors of the 
epidermis, cortex and central cylinder, respectively. Since in 
some roots, and apparently in all shoots, the regions of the axis 
cannot be traced back to separate sets of initials, the deterministic 
Scheme of apical structure cannot be accepted. 

2. The Primary Plant Body.—The apical meristem of shoot 
and root produce a complete plant body with all its vegetative 
and reproductive organs. This body is spoken of as the primary 
body, and the tissues composing it as primary tissues in distinc- 
tion from the secondary body or secondary tissues that are later 
added to the primary body by the two lateral meristems, the | 
vascular cambium and the cork cambium. The primary tissues 
result from progressive differentiation of the cell masses pro- 
duced by the apical meristems, and the latter may be traced back 
to the embryo and the zygote. As previously stated, the various 
tissues or regions of the plant body do not appear to be prede- 
termined in the initial regions of the apical meristems. The first 
certain evidence of tissue differentiation occurs in the subapical 
regions. There some cell masses show speeded up vacuolation of 
their protoplasts, others remain dense somewhat longer, but di- 
vide largely by longitudinal walls and soon become longer than 
wide. The more highly vacuolated parts of the subapical meri- 
stem later differentiate into the cortex and pith (if the latter is 
present) and are termed the ground meristem; the meristem part 
composed of the dense elongated cells is the precursor of the pri- 
mary vascular system called procambium. It forms the primary 
xylem and primary phloem. A young plant organ, or part of it, 
composed of these partly differentiated but still meristematic tis- 
sues, is covered on the outside by a discrete meristematic layer, 
the protoderm, which later matures into the epidermis. These 
three meristems, the ground meristem, the procambium, and the 
protoderm, as well as the apical meristems, are the: primary meri- 
stems whereas the two cambia are secondary meristems. 

3. Epidermis.—The epidermis of the aerial stems and leaves is 
primarily a covering layer which protects against harm from loss 
of water and against mechanical injury. It usually consists of a 
single layer of living cells devoid of chloroplasts, and with thick- 
ened and waterproofed (cuticularized) outer walls. At intervals 
the epidermis is interrupted by small pores (stomata or stomates) 
leading from the outer air to the system of intercellular spaces 
in the underlying tissues, and serving for gaseous interchange 
between these tissues and the outer air. Each stoma or stomate 
is surrounded by a pair of peculiarly modified epidermal cells 
called guard cells, which possess chlorophyll and open and close 
the pore in accordance with the changes in water content (turgid- 
ity). The stomates of leaves are generally much more numerous 
in the lower epidermis than in the upper, and even may be ab- 
sent in the upper epidermis, They are often situated at the bottom 
of pits in the leaf surface.. Thus loss of water (transpiration) 
is checked by the creation of a still atmosphere in the pit above 
the pore. Such an arrangement of the stomates is found especially 
in plants adapted to growth in regions where the supply of available 
water is deficient. In some angiosperms the epidermis is doubled 
or trebled by tangential divisions in the original layer, resulting 
in a multiple epidermis, which functions as a water-storage tissue. 
In many vascular plants epidermal organs, known as hydathodes, 
are developed, especially on foliage leaves, and serve for excre- 
tion of water in liquid form. 

Hairs and Scales —The epidermis of many species of vascular 
plants bears hairs or scales of varied form and function, The 
simplest hairs consist of single elongated cells projecting above 
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the general surface of the epidermis, whereas others consist of 
simple or branched cell chains. The more complex scales are 
flat plates of cells commonly inserted on mounds or stalks, and 
may be placed parallel to the leaf surface or projecting directly 
from it. In other instances the hairs are glandular and excrete 
volatile oils, or they may be stinging, as in the common stinging 
nettle, in which the top of the hair is brittle, and when touched 
penetrates the skin, breaks and injects a poisonous liquid into the 
wound thus formed. In many plants both hairs and scales are 
shed before the stems and leaves are mature; in others they are 
retained throughout the life of the plant. 

Epidermis of Root.—The epidermis of the root is different from 
that of the stem or the leaf. In relation to its normal func- 
tion of water absorption its cell walls are not conspicuously 
cuticularized, and usually remain thin, The absorbing surface is 
increased because many of the cells expand their outer walls into 
tortuous, delicate, one-celled tubes (root hairs) which aid in 
anchoring the root, and readily absorb the surface films of water 
from the soil particles. A root hair thus corresponds in function 
with a rhizoid of a moss. The hairs are normally definitely re- 
stricted to a more or less definite zone of the root a little re- 
moved from the growing root tip. At the lower limit of this zone 
hairs are constantly being formed as the root advances in the 
soil, while at the upper limit they have passed maturity, are dying 
and are being destroyed, Thus beyond the zone which at any 
moment bears living absorbing hairs the epidermis is extensively 
or completely destroyed, and its place is taken by the immedi- 
ately subjacent cortical layer, which is not absorptive, but be- 
comes protective like the epidermis of the stem or leaf. 

4, Cortex.—The cortex consists primarily of living paren- 
chyma, but its differentiation may be extremely varied, and in the 
complex bodies of vascular plants its functions also are varied and 
may be modified, The cortex of a young stem is usually green— 
for its cells possess chloroplasts—and a fine system of intercellular 
spaces communicates with the external air through stomates. With 
age the inner cortical layers may lose their chlorophyll and be- 
come merely storage tissue, and the outer layers may be exten- 
sively modified. In many ferns and lower vascular plants the 
mature outer cortical layers of the stem and root are hard scleren- 
chyma with thick brown walls, but in flowering plants, while the 
stems are still slender, the cells of the outer cortical layers 
elongate and become cylindrical or spindle-shaped and develop 
localized cellulose thickenings; that is, this part of the cortex dif- 
ferentiates as collenchyma. It provides peripheral support for 
the growing stem, and as its cells are alive, is open to later modi- 
fications with changing conditions in stems that undergo annual 
increase in girth, On the other hand sclerenchyma is commonly 
dead, and provides a more rigid but usually unmodifiable sup- 
porting tissue. Its adequacy will be evident for stems such as 
those of modern ferns, which do not increase annually in girth, 
Less commonly, scattered cells or cell groups which increase little 
in length may become stone cells, with irregularly but inordinately 
thickened hard walls. Various secretory cells may occur in the 
cortex, usually lining cavities or canals which arise through a 
breakdown of certain cells (oil cavities in a citrus stem or fruit) 
or through enlargement of intercellular spaces (resin canal in pine 
stem). The cortex of the stem shows more modifications than 
that of the root. In the dicotyledons the root cortex commonly 
remains entirely parenchymatous and is early shed in connection 
with secondary growth, whereas in the monocotyledons and in the 
ferns it is more or less sclerified at maturity. 

Endodermis.—The innermost layer of the living cortex invest- 
ing the centrally located vascular system of the axis may be early 
and peculiarly modified as a continuous cylinder called the endo- 
dermis. Throughout its extent the endodermal cells are in close 
contact, so that the system of intercellular spaces in the cortex 
is not continued into the central cylinder of conductive tissue. In 
the absorbing region of angiospermous roots the endodermis 
shows a very characteristic structure. A band of wall material 
impregnated with fatty substances and lignin extends completely 

about the inner surface of the lateral longitudinal and end walls 
of each cell. These bandlike thickenings of the wall are known 
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as Casparian strips. This kind of endodermis is thought to play 
a role in the regulation of the transfer of solutes from the cortex 
into the vascular system: the presence of the fatty substances 
in the Casparian strip and the firm connection between the strip 
and the cytoplasm of the cell apparently force the soil solution 
to move through the cytoplasm and be subjected to the proto. 
plasmic control of the endodermal cells. In older roots that cease 
to absorb the endodermis may develop thick lignified walls; or it 
is torn and shed because of secondary increase in thickness of the 
central vascular cylinder. 

The stems of seed plants rarely show peculiar morphologic 
characteristics in the innermost layer of the cortex. In the young- 
est part of the stem this layer is commonly differentiated as a 
starch sheath, which may be regarded as an equivalent of the 
endodermis. It is rich in starch and forms a continuous layer 
around the vascular system. In the more mature regions of the 
stem starch is absent. In most ferns the endodermis appears as 
a morphologically distinct layer throughout the stem and the root, 
Casparian strips and more generally corky (suberized) endodermal 
cells have been observed in this group of plants. 

5. Mesophyll.—The mesophyll of the leaf is primarily con- 
cerned with the fundamental function of manufacture of carbo- 
hydrates (carbon assimilation), and to the active performance of 
this function the maximum exposure of living parenchymatous 
tissue containing chloroplasts is necessary. Thus the mesophyll 
is essentially a green expanse of thin-walled parenchyma and is 
penetrated by a large and elaborate system of intercellular spaces 
which serve at one and the same time for the promotion of tran- 
spiration and respiration. The pathways for the gases between 
the mesophyll and the outer air are the stomates which are in 
direct communication with the ample system of intercellular spaces 
in the mesophyll. The lower layers of the mesophyll are loosely 
arranged as spongy tissue with extensive intercellular spaces, This 
is the main transpiring tissue of the leaf, and in it chloroplasts 
may be comparatively few. It is protected from direct illumina- 
tion and is at the same time liable to overevaporation. The main 
assimilating tissue, on the other hand, is under the upper epidermis 
and it is well illuminated; its cells are densely packed with chloro- 
plasts, and are commonly oblong, with their long axes perpendic- 
ular to the leaf surface. The intercellular spaces in this upper 
epidermis are narrow, as between sticks in a bundle, and are in 
open communication with the intercellular spaces in the spongy 
tissue below. By reason of its resemblance to the boards in à 
fence, when viewed in a transverse section of the leaf, this рот" 
tion of the mesophyll is called the palisade tissue. Leaves with 
blades heldin a vertical position commonly possess palisade tis- 
sue on both sides or have little or no distinction in the form an 
arrangement of the cells of the mesophyll, since there is no dif- 
ierence in the illumination or other external conditions, while 
cylindrical or approximately cylindrical leaves may have palisade 
tissue all around. The leaves of shade plants have little or n° 
differentiation of the palisade tissue. In fleshy leaves, whi 
contain a great bulk of tissue in relation to their chlorophyll con- 
tent, the central mesophyll contains little or no chlorophyll an 
may consist of water-storage tissue, while locally a layer oF mass 
of subepidermal cells may be thick-walled and fibrous. - 

The cortex of the leaf stalk or petiole is transitional in ui 
ture to that of the stem and leaf blade. The petiole is traverse 
by one or more vascular strands connected below to the centr 
conductive system of the stem, and leading forward in the 
blade to a complex system of minor strands which ramify in t з 
mesophyll where the spongy and palisade tissues meet. The i 
of mesophyll immediately investirig each bundle (bundle ws M 
usually has the form of a special parenchymatous sheath of elo 
gated cells. In dicotyledons the sheath cells commonly have s 
chloroplasts than the rest of the mesophyll. The bundle shea! a 
are considered important in the conduction of carbohydrates fro 
the manufacturing (assimilative) cells to the conductive pv 
and in the supply of water from the latter for transpiration. that 
function is thus considered in some measure comparable Wl 
of the endodermis. 


f 
6. Vascular System—Among the most striking characters 0 
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vascular plants is the possession of a double (xylem-phloem) 
conducting system; such as has been presaged in the higher 
mosses, but with more sharply defined and specialized features. 
This is the vascular system, and associated with it are other tis- 
sues consisting of parenchyma and sclerenchyma. The primary 
vascular system together with the associated tissues is known as 
the stelar system (from the way in which in its simpler forms it 
traverses the whole axis of the plant as a column). When it is 
remembered that the moss plant is a gametophyte while the vas- 
cular plant is a sporophyte, it will be realized that the vascular 
system of the latter is not the result of elaboration of the conduc- 
tive system of the former, but that these vascular systems are 
most readily. interpreted as somewhat similar products of dif- 
ferentiation in plants adapted to life on land. 

Arrangement of the Vascular. System.—In the vascular system 
the xylem and'phloem are nearly always found in close associa- 
tion in strands or bundles, but as is to be expected the arrange- 
ment of such bundles is by no means stereotyped either in the 
given plant group or in the different parts or members of the 
plant body. A connected: vascular system penetrates, however, 
the entire body. When the vascular system of the axis appears in 
the form of a solid central rod, with a core of xylem ensheathed by 
phloem, it is termed protostele. Usually a discrete parenchym- 
atous layer, the so-called pericycle, surrounds the phloem and 
lies directly beneath the endodermis. The evidence from com- 
parative anatomy and paleobotany indicates that protostele is the 
primitive type of vascular system. It occurs in both the stem 
and root of many lower vascular plants, but is restricted to the 
root of seed plants. In the advanced ferns the vascular system 
of the juvenile stem is a solid protostele, but that of the more 
bulky portions of the adult plant shows a somewhat different ar- 
rangement. 

If the xylem core is not solid but contains parenchyma (pith 
or medulla), the stele becomes a medullated protostele or sipho- 
nostele (fig. 9[A]). In the protosteles the vascular system is not 
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FIG. 9.—TYPES OF VASCULAR SYSTEM IN HIGHER PLANTS 

(A) Siphonostele; (B) dictyostele; (C) tissues other than the vascular in oons 
neotion with a dictyostele 

interrupted, at least not markedly so, where a vascular bundle, 
the leaf trace, diverges to a leaf. Siphonosteles usually show 
breaks in the continuity of the vascular tissues above the depar- 
ture of a leaf trace, these breaks being called leaf gaps. The gaps 
are filled with parenchyma, which connects the pith with the cortex. 
In cross sections of internodes such a stele appears as à continuous 
circle but shows breaks in the nodal region. If the leaf gaps over- 
lap in their longitudinal extent in a siphonostelic vascular system, 
the stele is a dictyostele which, in cross section of both nodes 
and internodes, appears composed of several portions (fig. 9[B]). 
This kind of dictyostele may be found, for example, among ferns. 
Ina dictyostele breaks other than leaf gaps—the parenchymatous 
Medullary rays—may be present. A stele of this type should 
be visualized as-a tubular network, the meshes representing the 
vertical leaf, gaps and parenchymatous rays. The stems of seed 
plants usually have similar steles. : Thus the vascular system of the 
axis (root and stem) commonly has the shape of a solid rod or 
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a tube with or without perforations. 

The leaves, if small as in the lower Tracheophyta (e.g., Sela- 
ginella, Equisetum) or the conifers (e.g., firs), have a very sim- 
ple system which typically consists of one unbranched vein. The 
large-leaved ferns have complex systems of bundles in the petioles 
and rachises (extension of petioles to end of leaf) with branches 
given off into the leaflets (pinnae). The flowering plants (angio- 
sperms) commonly have rather large leaves with complex vas- 
cular systems (see below, Vascular System of Leaf). The xylem 
and phloem show two types of arrangement in siphonosteles. If 
the phloem appears only on the outside of the xylem the stele is 
ectophloic, if on both sides, amphiphloic. If the ectophloic stele 
is a much dissected siphonostele the individual strands making up 
such a stele are collateral bundles, having xylem on one side, 
phloem on the other. The component parts of an amphiphloic 
siphonostele are bicollateral bundles having phloem on both sides 
of the xylem. 

The Vascular System in the Stem of Seed Plants.—In this 
group of plants distinct vascular bundles traverse the axis and 
connect or anastomose with each other (very much dissected 
siphonostele). At certain intervals one or more bundles diverge 
into a leaf, and it appears that all bundles of the stem are directly 
or indirectly related to the leaf bundles. In other words, the vas- 
cular system may be regarded as made up of leaf traces and their 
fusions. The number of leaf traces to a given leaf varies. Com- 
mon numbers are one, three and many.: If the trace is single only 
one leaf gap or lacuna is associated with the given leaf and the 
node is called unilacunar. If there is more than one trace the 
node may be trilacunar (three gaps) or multilacunar (more than 
three gaps). The unilacunar node associated with two leaf traces 
to one leaf is primitive in the angiosperms. The development of 
axillary buds further complicates the vascular anatomy of the 
node. The vascular bundles connecting the bud with the vascular 
system of the main axis are known as branch traces, which are 
usually two in number. Branch gaps or parenchymatous areas in 
the vascular system of the main axis occur above the divergence of 
the branch traces. 

In the gymnosperms and dicotyledons the vascular bundles 
are usually arranged in one circle, with parenchymatous rays 
separating the bundles from each other. The monocotyledons 
typically possess large leaves with broad sheathing bases con- 
taining numerous bundles. Therefore the number of bundles pres- 
ent at any given level of the stem is high. They are arranged 
in more than one circle or are scattered in a definite, though not 
superficially obvious, order throughout the cross sectional area of 
the stem so that the delimitation of cortex and stele is difficult 
or impossible. The bundles are surrounded by large-celled ground 
tissue and around each bundle there is a fibrous investment or 
sheath. 

Vascular System of Root.—The stele of the primary root of a 
gymnosperm or angiosperm is of radial structure. There are 
usually two or more xylem strands radially alternating with as 
many phloem strands, and the first formed xylem groups (proto- 
xylem) are peripheral. Depending on the number of the xylem 
strands, the root is called diarch, triarch, tetrarch or polyarch. 
The centre of the stele is either solid xylem or is pithed, and 
sclerotic cells are in the ground tissue. Thus the vascular sys- 
tem of the root in seed plants is much simpler than in the stem. 
It forms a protostele, though not of the most primitive kind: the 
phloem does not completely ensheath the xylem but appears in 
strands alternating with the protoxylem groups. 

Vascular System of Leaf—In the leaf of the average seed plant 
the vascular tissue appears as a number of branching or approxi- 
mately parallel, and usually anastomosing, strands. Above and 
below the larger strands the leaf parenchyma is raised so as to 
produce the so-called veins. The vein system is typically very 
elaborate, and the bundle system is concentrated in the petiole as 
the tributaries of a river are massed in the main stream, The leaf 
bundles are usually collateral (the phloem being turned downward 
and the xylem upward), and the whole bundle may be protected 
above and below by fibrous cells. As the bundles are followed 
toward their blind endings in the mesophyll the fibres first disap- 
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pear, the sieve tubes are replaced by narrow elongated parenchyma 
cells which disappear before the end of the bundle is reached. 
The bundles usually end in short or long spiral or reticulate tra- 
cheids covered by the bundle sheath. 

Ontogeny of the Vascular System.—The primary vascular sys- 
tem in the various organs of the plant is first delimited in the 
form of a meristem called procambium. The procambium assumes 
similar aspect as the mature vascular system with its continuities 
and interruptions, gaps, traces, bundles and other details. But all 
parts of the procambial system are short. The elongation of these 
parts is one of the phases in the maturation of the procambium 
into the vascular system. In a given transverse section of the 
procambium the vascular elements differentiate not all at once, 
but gradually. The first primary xylem elements (protoxylem) 
may appear on the periphery of the xylem system, and the sub- 
sequent primary elements (metaxylem) toward the centre. Such 
order of differentiation is spoken of as centripetal and the xylem 
of this kind is exarch; or the protoxylem occupies the innermost 
position in the xylem system and the further xylem differentiates 
centrifugally. Such primary xylem is endarch. 

The first phloem is termed protophloem; then follows the meta- 
phloem. The phloem located on the outside of the xylem differ- 
entiates centripetally. The internal phloem, as in an amphiphloic 
siphonostele, differentiates centrifugally. 

A good example of exarch xylem is found in the roots of seed 
plants. Here the starting points of xylem differentiation, the 
protoxylem poles, occur on the periphery of the stele and alternate 
with the protophloem poles. Both metaxylem and metaphloem 
differentiate toward the centre of the root, but the phloem re- 
mains essentially peripheral, whereas the metaxylem frequently 
reaches the centre. The xylem in the stems of seed plants is 
typically endarch. The protoxylem occurs on the periphery of 
the pith in each major subdivision of the dictyostele. Opposite 
each protoxylem strand on the periphery of the stele is the proto- 
phloem bundle. The metaxylem and metaphloem differentiate 
toward each other, that is, the xylem shows a centrifugal, the 
phloem a centripetal order of development. The leaf bundles 
commonly show the same order of differentiation as the stem 
bundles. 

The longitudinal course of differentiation in the root is from 
the more mature toward the younger parts of the root, that is, 
the differentiation is acropetal. In the stem, however, xylem and 
phloem, as far as known, differ from each other in their initial 
course. The phloem differentiates acropetally from the lower re- 
gions of the axis toward the apex and into the leaf primordia, 
whereas the xylem is initiated at the base of the leaves or in the 
leaves and then differentiates toward the apex of the elongating 
leaf and downward (basipetally) into the axis toward the junc- 
tion with the mature xylem below. 

The primary xylem is simpler in structure than the secondary. 
The protoxylem contains only one or two kinds of tracheids or 
vessels (commonly with annular and spiral secondary thicken- 
ings) and some parenchyma. The metaxylem shows greater va- 
riety of elements and often contains fibres. The primary phloem 
also is simpler than the secondary. The protoxylem and proto- 
phloem mature before the organ in which they occur completes 
its elongation. 

Since the water-conducting elements are dead at maturity and 
the sieve tubes or sieve cells have enucleate protoplasts, these 
vascular elements cannot respond with growth to the continued 
division and elongation of the adjacent tissues, For a while the 
protoxylem and protophloem elements, which have no rigid walls, 
are passively stretched, then they are torn and more or less com- 
pletely obliterated while new conducting elements differentiate to 
take the place of the old ones. Consequently in mature plant 
organs the protophloem and protoxylem may appear much modi- 
fied as compared with their original state. This is particularly 
true of the protophloem in which fibres (bast fibres) or collen- 
chymalike cells often differentiate after the obliteration of the 
conducting elements. The fibrous or collenchymatous proto- 
phloem appears like a region very distinct from the rest of the 
phloem and has often been called the pericycle. The metaxylem 
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and metaphloem remain longer intact, though they too 
functionless when secondary vascular tissues are formed. Joie 
plants having no secondary growth, the metaxylem and mela. 
phloem are the main conducting tissues of the mature plant, - 

7. Laticiferous Tissue.—In certain families of angiosperms 
there are peculiar tissues that do not occur in the ferns and their 
more primitive relatives. Such, for example, is the laticiferous 
tissue found in many composites (Compositae) and spurges (Eu- 
phorbiaceae), which appears in the form of long, usually branched 
tubes penetrating the other tissues of the plant in a general longi. 
tudinal direction. The tubes possess a delicate layer of protoplasm 
with numerous nuclei lining the walls, whereas the interior of the 
tube (corresponding with the cell vacuole or cavity) contains a 
fluid called latex, consisting of an emulsion of fine granules and 
drops of various substances, suspended in a watery medium, in 
which other substances (salts, sugars, rubber producers, tannins, 
alkaloids and various enzymes) are dissolved. Of the suspended 
substances, grains of caoutchouc, drops of resin and oil, proteid 
crystals and starch grains may be mentioned. Of this varied 
mixture of substances some are undoubtedly plastic (i.e., of use 
in constructing new plant tissue), while others are apparently end- 
products of metabolism, secreted within the plant body. The 
latex may be milky in appearance or nearly colourless. The use 
of certain plants as rubber producers (notably Hevea brasiliensis, 
the Para rubber tree), depends on the property of coagulation of 
the latex. The trees are regularly tapped and the coagulated latex 
which exudes is collected and worked up into rubber. Opium is ob- 
tained from the latex of the opium poppy (Papaver somniferum), 
which contains the alkaloid morphine. 

Laticiferous tissue is of two kinds: (1) laticiferous cells, which 
branch but do not anastomose, and the apexes of which keep pace _ 
in their growth with the other tissues of the plant, as seen in dog 
bane (Apocynaceae) and in most spurges; (2) laticiferous vessels, 
which are formed from rows of actively dividing (meristematic) — — 
cells. The end walls of these cells break down so that a network 
of laticiferous tubes arises (Papaveraceae, Hevea). In some y 
plants, as in onion (Allium) and in morning glories (Convolyula- 
ceae), rows of cells with latexlike contents occur, but the walls —— 
separating the individual cells do not break down. 

8. Cambium and Secondary Growth.—Most of the modem __ 
ferns, horsetails and herbaceous monocotyledons, and many of the 
annual dicotyledons, are composed of primary tissues only. 
gymnosperms and many dicotyledons, particularly the treelike i 
forms (arborescent), have, in roots and stems, large amounts of — 
secondary vascular tissues added to the primary so that the axis 
becomes many times thicker than it was in the primary state, 
These tissues are formed by the vascular cambium. In the stems 
this meristem arises partly from the procambial cells that remain 
in meristematic state after the primary xylem and phloem of 
bundles mature, and partly from the ray and gap parenchyma 
cells located between the bundles. Because of this double origin 
it is customary to speak of fascicular cambium, if it arises Wil 
the bundle, and interfascicular, if it is formed between the 
dles. The two, however, form one continuous meristem, cireul® 
in cross section. In the roots, the cambium arises first on the in- 
side of the phloem strands. Then these strips of cambium be- 
come connected with each other by cambial cells that arise WKN" 
the parts of pericycle located outside the protoxylem poles. 2 
in both the stem and root a continuous cambial cylinder is fo! ‘t 
which produces secondary xylem toward the centre of the K 
secondary phloem toward the periphery. 

It is difficult to indicate sanae when procambium becomes. 
cambium. Generally, one might say that the procambium | 
and produces the primary vascular tissues as long as the primary 
organ is still elongating by continued cell division and cell en- 
largement. After this growth ceases, the remaining vascular mi 
stem assumes the characteristics of the cambium. The latter 
functions in the part of the body that attained its final 1 : 
Therefore, if the elements produced by the cambium elo! x 
they do so not in harmony with the adjacent tissues but by 
kind of sliding growth in which the elongating cell intrudes among 
other cells. 
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Monocot 


Cross section of (left) corn 
stem with vascular bundles 
scattered throughout the cor- 
tex; (above) close-up of a vas- 
cular bundle of corn; (right) 
corn root 
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SOME ASPECTS OF MONOCOTS AND DICOTS 


The angiosperms or flowering plants are divided into two groups, monocots 
and dicots, each of which follow strikingly different growth patterns. The 
photomicrographs on this plate show some of these differences as seen in 
the stems and roots of a member of each group 


VASCULAR BUNDLES 


EPIDERMIS 


Dicot 


Cross section of (right) trefoil 
stem, showing marginal ar- 
rangement of vascular bundles; 
(above) close-up of a vascular 
bundle of trefoil; (left) trefoil 
root 
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Plants produce their brilliant colours chiefly with three classes of pigment. The chlorophylls, which are th 


synthesizing pigments of green leaves and stems, predominate. (Right) A microscopic section of a tulip lea 
hundreds of chlorophyll-containing ellipsoid bodies called chloroplasts 


Daffodil flowers are coloured by the carotenoids—the same group of pigments that give colour to carrots, tomat 
and autumnal leaves of birches and aspens. (Right) Under the light microscope, a thin slice of daffodil petal sho’ 
yellow carotenoid-containing bodies called chromoplasts 


African violet blossoms are coloured by anthocyanin pigments—responsible for the reds, violets, and blues of many 
flowers and fruits. (Right) A magnified, thin slice of an African violet blossom; unlike plastid-borne chlorophyll and 
carotenoid, anthocyanin is dissolved throughout the cell sap 
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Cross section (stained) of a conifer needle. A single vascular bundle, bor- 
dered by endodermis, is surrounded by mesophyll cells. The entire leaf is 
bounded by a thick, waterproof epidermi Note the two large resin canals 
(top); sunken stomates (right and left); diffuse intercellular spaces; and 
transfusion parenchyma cells in the vascular bundle (surrounding vessels) 


Starch grains of potato, viewed through a polarized light micro- 
scope, Starch, a complex carbohydrate food, is stored in grains of 
different size and shape depending on the plant species 


als formed during metabolism glow pink and yellow in cells of onion skin, viewed A pair of summerwood vessels of hickory. Greatly magnified cross 
polarized light section was stained in Congo red, photographed In polarized light 


J| Photomicrographs of 
wood. (Left) Tangential 
section of a hardwood 
(soarlet oak) showing cut 
ends of two large and 
many small rays 


(Right) Tangential sec 
tion of a softwood (white 
pine), viewed under po- 
larized light, showing cut 
ends of rays and longi- 
tudinal views of tracheids 


Cross section of scarlet oak, showing large Cross section of softwood, showing spring- Cross section of carrot, under polarized light, reveals fibrous and 
xylem vessels and a pith ray (reddish lines wood and summerwood (with two resin other tissues scattered among parenchyma cells 
in centre) canals) 

M LEFT GROUP OF FOUR PHOTOGRAPHS) THE MEAD COR TRAL RESEARCH LABORATORIES; PHOTOGRAPHS, (TOP LEFT) PHILIP A. FEINBERG, Р 
HER crave RESEN 


Prate IV PLANTS AND PLANT SCIENCE 


LEAF BUNDLE 


EPIDERMAL CELLS 
ДА 
ERU 
4 t 
м 7 
rS PA 1 2 
GUARD CELL: M 
А BRANCH TRACES 
) i BRANCH GAP. 


XYLEM 


BUD TRA 


Cross section of fern stem Cross sec ne stem 


MICROSCOPIC VIEWS OF PLANT STRUCTURES 
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GUARD CELLS 


INTERCELLULAR SPACE 


Cross section of apple leaf 
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Cross section of corn leaf 
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In a wide range of dicotyledons and gymnosperms the vascular 
cambium shows certain common characteristics. It is composed 
of two kinds of initials: (1) the elongated, prosenchymatous, 
sometimes spindle-shaped, fusiform initials, and (2) the prismatic 
parenchymatous ray initials. Both kinds of initials are highly 
vacuolate. The fusiform initials form such elements as tra- 
cheids, vessels, fibres, wood parenchyma and sieve tubes, that is, 
vascular elements that are disposed vertically in the axis of the 
plant. The ray initials are points of origin and propagation of 
the radially disposed xylem and phloem rays. There is only one 
layer of initials around the circumference of the axis but the im- 
mediate products of this layer cannot be distinguished anatomically 
from the initials. The initials and their nearest products (the 
xylem and phloem mother cells) together form a few layered cyl- 
inder of thin-walled vacuolate cells between the xylem and the 
phloem. 

Through secondary growth the primary xylem is buried in the 
centre of the stem or root, while the primary phloem is pushed 
outward. The cambial cylinder itself moves outward because of 
the accumulation of secondary xylem inside of it. As it does so, 
it also increases in circumference. The divisions that add to the 
xylem and phloem are tangential, but those that cause the in- 
crease in girth of the cambial cylinder are either radial longi- 
tudinal (anticlinal) or oblique radial divisions, followed by such 
elongation of the daughter cells that they appear to slip past each 
other and eventually lie side by side, at least part of their length. 

9. Secondary Vascular Tissues.—The secondary xylem and 
phloem are highly complex tissues composed of many kinds of 
cells. As in the cambium, two systems of cells may be distin- 
guished in the secondary tissues, the radial or transverse formed 
by rays, and the vertical or longitudinal made up of various cells 
having their long axes parallel with the axis of the organ (fig. 10). 
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AFTER E. W. SINNOTT, “BOTANY PRINCIPLES AND PROBLEMS," MCGRAW-HILL BOOK CO, 
FIG, 10,—SEGMENT OF OAK LOG 


(Right) radial cut; (top) transverse cut; (left) surface of log with a portion 
of the phloem and bark cut away showing a tangential view of the wood under- 
neath 


The xylem and phloem rays are usually parenchymatous, but may 
contain ray tracheids in the xylem of gymnosperms. The longi- 
tudinal system of the phloem contains sieve cells, phloem paren- 
chyma and fibres in the gymnosperms; sieve tubes with com- 
panion cells, phloem parenchyma and fibres in the dicotyledons. 
The vertical system of the xylem in gymnosperms may contain 
only tracheids or also fibres and xylem parenchyma. The dicoty- 
ledons have a more complex longitudinal system, the complexity 
varying in different groups. Vessels, tracheids, several kinds of 
fibres, and xylem parenchyma are common components. The pat- 
terns of distribution of the different elements of the secondary 
phloem and xylem vary greatly and serve as useful criteria in the 
recognition of relationships among plants. 

The secondary vascular tissues in roots and stems are funda- 
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mentally similar, but often the root contains a higher proportion 
of storage parenchyma. The fascicular and interfascicular cam- 
bium portions of stems may produce essentially the same kinds 
of tissues, as in most trees; or the interfascicular cambium forms 
only ray parenchyma, as in woody vines. In the former case the 
secondary xylem and phloem form continuous cylinders; in the 
second the vascular system is broken up into blocks or large 
strands, each associated with a primary xylem strand next to the 
pith. Similarly in the roots, the cambium arising in the pericycle 
may form parenchyma only; or the cambium produces a continu- 
ous vascular cylinder. 

Annual Rings.—In those plants whose annual activity is inter- 
rupted by a regular winter or dry season the limit of each year’s 
increase of secondary wood is marked by a more or less dis- 
tinct line which is produced by the sharp contrast between the 
elements formed in the late summer of one year and those pro- 
duced in the spring of the next. Frequently large vessels are 
produced by the cambium in the spring, while as summer advances 
the vessels formed are narrower, and then fibres with greatly re- 
duced cavities arise. In gymnosperms containing no vessels the 
tracheids formed in the spring have much thinner walls and wider 
interiors (lumina) than those produced during the summer. Thus 
in a single season of cambial activity a rough outward progres- 
sion may be traced in the secondary wood of that season from 
wide vessels or tracheids to narrow fibres, beyond which the transi- 
tion to the wide vessels or tracheids of the succeeding spring is 
sudden, Each zone thus recognized in a cross section of the stem 
is called an annual ring, and the lines of separation of successive 
rings mark the temporary cessation of cambial activity at the end 
of successive seasons. 

Sapwood and Heartwood.—The older wood of large trees, form- 
ing a cylinder in the centre of the trunk, frequently undergoes 
marked changes in character. The wood parenchyma and medul- 
lary rays die, and the walls of all the cells often become greatly 
hardened, because of the deposit in them of special substances. 
Wood thus altered is called heartwood or duramen, as distin- 
guished from the younger sapwood or alburnum, which is nearer 
the cambium, carries on the active function of conduction, and 
retains its parenchymatous cells in life. The heartwood ceases to 
be of any use to the tree except as a support. 

10. Phellogen and Periderm.—The secondary increase of 
xylem and phloem involves an outward movement of the primary 
phloem and of all the elements which surround the latter. The 
cortex, and particularly the epidermis, must accommodate for this 
movement, either yielding passively to a limit and being injured or 
destroyed by the outward pressure, or being to some extent modi- 
fied so as to persist. Mostly the epidermis is unable to maintain 
the active radial division of its cells necessary for such expansion, 
is soon stretched to its limit, dies and is destroyed. Extensive 
radial division in the cortical cells is progressively less essential 
as the inner cortex is followed inward, and as a rule, by a com- 
bination of radial and tangential divisions, the integrity of the 
cortex is maintained. Toward the periphery of the cortex, and 
commonly by modification of its outer layer, a secondary meri- 
stem arises and produces external and internal secondary tissues. 
This meristem is the cork cambium or phellogen, and the whole 
of the tissue it gives rise to is known as periderm. 

Cork and Bark.—The phellogen is simple in structure as com- 
pared with the vascular cambium; it is composed of one kind of 
cell which is rather short and prismatic. The external product of 
this meristem is the characteristic tissue known as cork. This 
consists typically of closely fitting layers of cells which quickly 
die, and when mature, have completely suberized walls. The cork 
serves to replace the epidermis as an external protective layer 
when the former is ruptured. The outer layers of the cork are 
constantly being destroyed, but new layers are in progress of 
formation within. The internal tissue sometimes formed by the 
phellogen is known as phelloderm; it augments the cortex, and 
typically consists of living parenchymatous cells to some extent 
capable of further division. Indeed, an inward succession of 
phellogens may arise in the phelloderm and in even more deeply 
seated living layers. The phellogens arising deeply may cut off 
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parts of cortex.and even phloem. These tissue parts then die and 
together with the cork form the rough bark on the surface of the 
tree. In certain plants the epidermis becomes the phellogen. To 
the great activity of the phellogen, and to the power of formation 
of a series of phellogens in deep layers, the value of the cork oak 
as a source of cork is due. Certain regions of the periderm show 
loosely arranged cells whose walls are not suberized. These regions 
are the lenticels through which gaseous interchange between the 
stem tissues and the outside air is possible. 

BisLrocRAPHY.—A. De Bary, Comparative Anatomy of the Vegeta- 
tive Organs of the Phanerogams and Ferns (1884); A. J. Eames, 
Morphology of Vascular Plants, Lower Groups (1936), Morphology of 
the Angiosperms (1961) ; A. J. Eames and L. Н. MacDaniels, An Intro- 
duction to Plant Anatomy, 2nd ed. (1947) ; A. S. Foster, Practical Plant 
Anatomy (1942) ; G. Haberlandt, Physiological Plant Anatomy (1914) ; 
H. E, Hayward, The Structure of Economic Plants (1938) ; E. C. Jef- 
frey, The Anatomy of Woody Plants (1917) ; K. Linsbauer (ed.), Hand- 
buch der Pflanzenanatomie (monographs on special phases of plant 
anatomy) ; K. Esau, Plant Anatomy, 2nd ed. (1965) and Anatomy of 
Seed Plants (1960) ; A. S. Foster and E. M. Gifford, Jr., Comparative 
Morphology of Vascular Plants (1959). (K. E.) 


IV. PLANT PHYSIOLOGY 


Plant physiology is the division of botanical science which com- 
prises knowledge of the processes occurring in plants and the in- 
fluence of environmental conditions on those processes. Since 
experimental analysis of plant processes has invariably shown that 
each such process can be resolved into a number of relatively 
simpler physical and chemical processes, it is customary for the 
plant physiologist to regard a plant as essentially a complex living 
mechanism. Adoption of this viewpoint has led to notable ad- 
vances in our knowledge of the material and energy transforma- 
tions which occur within plants, and no exception has ever been 
found in which plant processes do not operate in accord with the 
fundamental principles of the physical sciences. Given a plant of 
known heredity, and of known previous history, it is possible by 
applying the principles of plant physiology to predict with con- 
siderable certainty the physiological reactions which will be evoked 
in that plant upon its exposure to a given complex of environmen- 
tal conditions, The following discussion is largely restricted to the 
physiology of seed plants. 


A. PHYSIOLOGY or THE PLANT CELL 


Although from one point of view all plant physiology is cellular 
physiology, most plant processes are considered in relation to 
larger structural units such as tissues, organs or the entire plant 
body. Certain topics, however, can most conveniently be dis- 
cussed under the above heading. 

1. Organization of the Plant Cell.—Essential to the discus- 
sion that follows is a review of cell structure as given earlier in 
the Anatomy section. The typical mature plant cell is a tiny many- 
sided compartment enclosed by a cell wall. Lining the inside of 
the wall is a thin layer of proto- 
plasm, which is the seat of phys- 
iological processes. Present as а 
part of the protoplasm of each 
cell is a more or less spheroidal 
body called the nucleus, which 
appears to exert a controlling in- 
fluence on the processes of the 
cell. The remainder of the proto- 
plasmic layer is called the cyto- 
plasm. Within the cytoplasm are 
present other organized bodies, 
Е smaller than the nucleus. The 
most important of these are the plastids. The great bulk of the 
cell cavity or lumen is the vacuole, which contains a complex 
watery (aqueous) solution called the cell sap. Present as solutes 
in the cell sap are sugars, salts and many other compounds. 

i Plant cells of higher plants vary greatly in size and configura- 
tion. Some are essentially spheroid (isodiametric), others are 
considerably or greatly elongate. They range in size from gy to 

oo in. in rough diameter; a cubic centimetre of compact plant 
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tissue may contain 1,000,000 or more cells. The protoplasts of 
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individual cells are not entirely isolated from each other by the 
imprisoning walls, but are interconnected by minute strands of 
cytoplasm called plasmodesmata, which extend from protoplast 
to protoplast through pores in the separating wall. 

The cell wall between two adjacent cells consists of two or more 
layers: (1) the middle lamella; (2) the primary cell wall of each 
cell; and (3) secondary layers which are not present in all cells, 
The middle lamella is the first cell wall layer formed in the process 
of cell division and is bounded on each side by the primary walls 
of two adjacent cells. This layer is composed of pectic compounds 
of which calcium pectate is one of the more important. The pri- 
mary cell wall, which also develops largely during and immedi- 
ately subsequent to cell division, is composed of cellulose and 
pectic compounds which are water-saturated. The basic struc- 
tural framework of such walls is composed of long chainlike cel. 
lulose molecules, which, in portions of the wall at least, are bound 
together into bundles (micelles) of 100 to. 170 parallel molecules, 
The pectic compounds in the primary wall apparently occupy only 
the irregular spaces between the micelles. In some kinds of cells 
a secondary wall may be formed on the inner surface of the primary 
wall. Unlike primary cell walls, secondary walls lack elasticity, 
and fail to manifest reversible changes in thickness which are 
characteristic of many primary walls. Secondary cell walls often 
contain a smaller proportion of pectic compounds to cellulose than 
primary cell walls. A number of other constituents are also found 
in plant cell walls. The most important of these are lignin, suberin 
and cutin. Lignin, the characteristic constituent of the walls of 
the cells of woody tissues, is a brownish substance whose exact 
chemical composition is unknown. It occurs in the intermicellular 
spaces of the cellulose-containing wall. Suberin is a fatlike sub- 
stance which is the characteristic constituent of cork cells; cutin 
is another fatlike substance which occurs as a thin “varnish” over 
the epidermis of most aerial plant organs. 

2. Protoplasm.—As observed at high magnification in an ordi- 
nary optical microscope protoplasm appears as a clear fluid in 
which are suspended numerous granules or droplets of insoluble 
materials. This visible gross structure of the protoplasm does not, 
however, represent the physical organization which accounts for 
its unique properties. Portions of the protoplasm which contain 
no suspended granules exhibit all of its fundamental properties. 
Hence the ultimate structure with which most of the distinctive 
properties of protoplasm are associated is beyond the limit of the 
optical microscope; it is ultramicroscopic and resides in the hya- 
line, optically empty fluid which is its basic constituent. t 

Chemical analyses of protoplasm tell us no more of its organi- 
zation than the analysis of a ground-up watch would tell us of its 
mechanical construction, The protoplasmic system is destroy 
the moment it is subjected to chemical analysis. Nevertheless 
such analyses do yield the best available information on the pro- 
portionate amounts of various ingredients present in protoplasm. 
Water is the chief component of the protoplasm of all active cells, 
usually constituting 90% or more of its total weight, Most detailed 
chemical analyses of protoplasm have been made upon the fons : 
less ameboid bodies (plasmodia) of slime molds. These are incon- 
spicuous naked masses of flowing protoplasm often found creeping 
imperceptibly over rotting logs in damp woods. Because of the 
absence of cell wall material, and because the protoplasm can be 
collected in relatively large quantities, such plasmodia have been 
favourite materials for chemical analyses of protoplasm. Anal 
of such a plasmodium shows that proteins and chemically Je 
substances constitute about 67%, lipids about 11%, minerals abou 
4%, and sugars about 14% of the total dry weight. The Du 
however, appear to be entirely restricted to the vacuoles, as 1$ 4 
true of a part of the minerals and some of the nitrogenous con 
pounds, especially the amino acids. ot 

The properties of protoplasm are clearly as much a func odis 
its ultimate physicochemical organization as of the specific СОГ 
pounds of which it is composed. A number of the ргорег is 
protoplasm are similar to those of gelatin, agar and other wa! E 
absorbing colloids (hydrophilic colloids). Among these А its 
elasticity, its variable viscosity, its capacity to absorb Ne 
capacity for reversible gelation, and the fact that its phys 
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FIG. 12.—ELECTRONMICROGRAPH OF A MERISTEMATIC CELL OF THE AFRICAN 
VIOLET, GREATLY MAGNIFIED 

state may be markedly influenced by mechanical disturbances, 
high or low temperatures, or certain concentrations of various 
salts (electrolytes), Although protoplasm appears to have the 
organization of a hydrophilic colloid, its structural and dynamic 
complexity far transcends that of nonliving hydrophilic systems 
such as agar or gelatin sols or gels. William Seifriz and others 
postulated that protoplasm has a basically fibrillar structure, the 
submicroscopic fibrils (composed largely or entirely of complex 
proteins) overlapping and interlocking through molecular side 
chains within an aqueous medium, Electrolytes, carbohydrates, 
lipids and other constituents of the system may be dissolved or 
dispersed in the aqueous medium, dissolved in water held within 
the fibrils, or adsorbed at interfaces within the system. For a 
detailed treatment of the physics and chemistry of protoplasm see 
CELL. 

Protoplasmic Streaming.—In many plant cells the protoplasm is 
in active motion, the exact mechanism of which is unknown, In 
the simplest cases this movement consists of a rotation around the 
inner surface of the cell wall. Rates of streaming may range up 
to at least 19 in. per hour. Cyclosis is accelerated by increases 
in temperature up to the point at which injury occurs, and is re- 
tarded at lower temperatures, ceasing just above freezing. Proto- 
plasmic streaming also ceases in the absence of oxygen. 

3. Permeability.—Unlike the cell walls, which in most living 
cells are quite freely permeable to water and solutes, the cyto- 
plasmic layer is more permeable to some substances than to others. 
In other words, cytoplasm is differentially permeable. This prop- 
erty of differential permeability resides largely in the surface 
layer of the cytoplasm in contact with the cell wall (plasmalemma), 
and the surface layer in contact with the vacuole (tonoplast). The 
cytoplasmic layers are usually relatively permeable to water and 
to certain solutes such as dissolved gases, and to some types of 
organic compounds. On the other hand, they are usually much 
less permeable to sugars and mineral salts. The permeability of 
the cytoplasmic membranes is a variable property, however, and 
under certain conditions solutes which ordinarily penetrate through 
these membranes slowly or not at all may enter or leave cells very 
rapidly. 

4, Osmotic Relations.—If a flabby or flaccid plant cell (i.e., 
one in which the cell sap exerts no pressure against the encom- 
passing protoplasmic layer and cell wall), is immersed in pure 
water, inward diffusion of water (osmosis) occurs into the cell sap. 
Diffusion of the water takes place because the diffusion pressure 
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of the water in the cell sap is less than that of the surrounding 
pure water by the amount of its osmotic pressure. If the osmotic 
pressure of the cell sap is 12 atm. (atmospheres, each of which 
is equivalent to a pressure of 14.7 lb. per square inch or 14.7 
]b./inch?) the diffusion pressure of the water in the cell sap is 
12 atm. less than that of pure water at the same temperature and 
under the same pressure. The lower diffusion pressure of the water 
in the cell sap results from the presence of solutes. As water 
enters the cell it exerts a turgor pressure against the protoplasm 
and cell wall, a pressure which also prevails throughout the mass 
of water within the cell. If the cell wall is elastic, as it usually is, 
some expansion will occur in the volume of the cell. As diffusion 
of water into the cell continues, turgor pressure gradually in- 
creases until eventually it is equal to the final osmotic pressure 
of the cell sap. At this point of dynamic equilibrium the dif- 
fusion pressures of the water in the cell sap and the surrounding 
water are equal, and the number of molecules entering the cell 
exactly equals the number passing out of the cell per unit of time. 
Subjection of water to an imposed pressure increases its diffusion 
pressure by the amount of the imposed pressure, In this example, 
disregarding the usually small effect of sap dilution as the cell 
expands, the diffusion pressure of the water in the cell sap is 
reduced 12 atm. because of the presence of solutes (the osmotic 
pressure is the index of this effect) and raised 12 atm. by the 
turgor pressure; hence its equilibrium diffusion pressure is the 
same as that of the pure water bathing the cell. If the same cell 
in a flaccid condition is immersed in a solution with an osmotic 
pressure of 5 atm., inward diffusion of water occurs but does not 
continue as long as in the preceding example. 

Disregarding dilution, dynamic equilibrium is attained when a 
turgor pressure of 7 atm. prevails within the cell, because at that 
point the diffusion pressure of the water in the cell sap and that 
of the water in the solution are equal. As exemplified in the pre- 
ceding examples, the effective physical quantity determining the 
direction of osmotic movement of water from cell to cell in plants 
or between a cell and an external solution is the diffusion pres- 
sure deficit of the water. This value is equal to the osmotic 
pressure of the contained water (which tends to hold the water 
in) less the turgor pressure to which it is subjected (tending to 
push the water out). In an unconfined solution (no membranes) 
the diffusion pressure deficit is equal to its osmotic pressure, 
since there is no turgor pressure. In a fully swollen or turgid 
cell the diffusion pressure deficit is zero, and the turgor pres- 
sure equals the osmotic pressure, and as much water leaves the 
cell as enters it; in a fully flaccid cell the turgor pressure is 
zero, and the diffusion pressure deficit is equal to the osmotic 
pressure; therefore much more water diffuses into the cell than 
goes out. 

The osmotic pressures of plant cell saps mostly lie within a 
range of 5-40 atm. Much higher values occur in some halophytes, 
the maximum on record being 202.5 atm. in the leaf cells of salt- 
bush (Atriplex confertifolia). The osmotic pressures of the cells 
of a given plant tissue may vary considerably with environmental 
conditions and the metabolic status of the cells; more or less 
regular diurnal or seasonal variations in osmotic pressure occur 
in the cells of many tissues. 

In some kinds of cells water may, under certain conditions, pass 
into a state of tension (negative pressure). In such cells the 
diffusion pressure deficit is equal to the osmotic pressure plus 
the tension imposed on the water, and sometimes far exceeds the 
osmotic pressure of the cell sap. Osmotic movement of water 
always occurs from the cell of lower to the cell of greater diffusion 
pressure deficit unless some interfering or offsetting condition or 
mechanism prevents or counteracts such movement. Movement 
of water in plant tissues commonly occurs from cell to cell along 
diffusion pressure deficit gradients. The osmotic pressure, diffu- 
sion pressure deficit and turgor pressure are called the osmotic 
quantities of plant cells; all three of these physical quantities 
are necessary in any critical evaluation of the water relations of 
cells. 

5. Plasmolysis.—If a partially turgid plant cell is immersed in 
a solution with a higher osmotic pressure than the cell sap, a slow 
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from the cell sap to the surround- 
ing solution, When the lower 
limit of elasticity of the rigid cell 
wall is reached the protoplasmic 
layer begins to recede from the 
wall because of continued loss of 
water from the cell sap. This re- 
cession often continues until the 
protoplasm has shrunk to a more 
or less rounded sack in the cen- 
tre of the cell, the space between 
the wall and the protoplasm be- | 
coming filled with the external 
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sion of a cell in a solution with 
an osmotic pressure just barely 
exceeding that of the cell sap should just initiate withdrawal of 
the protoplasm from the cell wall, this phenomenon is the basis 
for one of the methods of measuring the osmotic pressure of 
plant cells. 

6. Enzymes.—Numerous kinds of chemical transformations 
are constantly occurring in physiologically active plant cells. 
Many of these chemical reactions can be accomplished artificially, 
if at all, only by subjecting the reactants to drastic conditions 
such as high temperatures or extreme degrees of acidity or alka- 
linity. Yet these reactions occur efficiently and rapidly at ordinary 
temperatures in a protoplasmic medium which is neither strongly 
acid nor strongly alkaline. This is possible because of the ac- 
celerating effect of certain organic catalysts called enzymes, which 
are synthetic products of the protoplasm. 

Two principal groups of enzymes occur in plants. Hydrolytic 
enzymes catalyze certain hydrolytic decomposition reactions such 
as digestive processes and also condensation reactions in certain 
synthetic processes. Desmolyzing enzymes catalyze various kinds 
of reactions such as those that involve breaking the bonds between 
carbon atoms, adding or removing atoms or atomic groups, and 
shifting atoms or groups of atoms from one part of a molecule to 
another. The enzymes participating in the various chemical steps 
of respiration are of the desmolyzing type (see below, Respiration). 
À very small amount of an enzyme can catalyze the transformation 
of an enormous quantity of substrate. The enzyme sucrase, for 
example, can catalyze the hydrolysis of 1,000,000 times its own 
weight of sucrose into glucose and fructose and still retain its 
catalytic properties. 

Many enzymes catalyze the same reaction in both directions, 
but this is not true of all of them. Most enzymes are thermola- 
bile and in a liquid medium are chemically destroyed at tempera- 
tures between 140° and 158° F. Some enzymes appear to consist 
solely of protein molecules; others of protein molecules to which 
some nonprotein (prosthetic) group is attached. The prosthetic 
groups of some enzymes appear to exist in the protoplasm apart 
from the protein fraction, in which case they are called coenzymes, 
Some coenzymes are related chemically to the vitamins. See also 
ENZYMES. 
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B. TRANSPIRATION 


In spite of the indispensability of water for their growth and 
metabolism, most kinds of land plants—excepting only certain 
species native to arid habitats—are extremely inefficient in their 
utilization of water. An overwhelmingly large proportion of the 
water absorbed from the soil is not retained within the plant or 
used in metabolic processes but escapes in the process of tran- 
spiration, essentially a modified kind of evaporation. Although 
loss of water vapour, at least in limited amounts, can occur from 
any part of the plant exposed to the atmosphere, in general most 
transpiration occurs from the leaves. Leaf transpiration is of 
two types: (1) stomatal transpiration, in which water vapour loss 
occurs through the stomates; and (2) cuticular transpiration, in 
which evaporation of water takes place directly from the surface 
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of epidermal cells through the cuticular layer which, although rel- 
atively impervious to water, does permit the passage of limited 
quantities. In most species stomatal transpiration accounts for 
90% or more of the water vapour loss from leaves. Through the 
investigations of Stephen Hales, in 1727, transpiration was the 
first major plant process studied from essentially a modern ex- 
perimental viewpoint. 

1, Physiology of Stomates.—The stomates are minute, elipti- 
cal pores which occur in the epidermis of plants, being most abun- 
dant in leaves. Every stomate is surrounded by two distinctive 
epidermal cells called guard cells. Open stomates are the princi- 
pal pathways through which gaseous exchanges occur between a 
leaf and the atmosphere. 

The principal gases which diffuse into or out of a leaf through 
the stomates are water vapour, carbon dioxide and oxygen. When 
the stomates are closed all gaseous exchanges between a leaf and 
its environment are greatly retarded. The size of a fully open 
stomate varies greatly according to species. Among the largest 
known stomates are those of Zebrina pendula whose axial dimen- 
sions average 31 X 12и (lu = тууу in). The number of 
stomates may range from a few thousand per square centimetre of 
leaf surface in some species to over a hundred thousand per square 
centimetre in others. In many kinds of plants stomates occur in 
both the upper and lower epidermis, usually being more abundant 
in the lower. In numerous other species, especially trees and 
shrubs, they are present only in the lower epidermis. In aquatic 
plants with floating leaves stomates occur only in the upper epi- 
dermis. 

The total combined area of the fully open stomates is only 1%- 
3% of the total leaf area. Despite this fact, rates of stomatal 
transpiration are often 5095, and sometimes more, of the evapora- 
tion from a free water surface under comparable conditions. Much 
more important is the fact that the rate of diffusion of carbon 
dioxide, essential in photosynthesis (see below), into the leaf 
through the stomates is much greater than through an equivalent 
portion of the area of a fully exposed carbon dioxide absorbing 
surface. H. T. Brown and F. Escombe in 1900 showed that the 
high diffusive capacity of stomates in proportion to their area is 
in accord with the principles of the diffusion of gases through multi- 
perforate septa. Diffusion rates through small openings vary as 
the perimeter, not the area; therefore, the smaller the aperture the 
greater its diffusive capacity relative to its area. As a result a 
gas may diffuse nearly as rapidly through a septum pierced with 
a number of small apertures, whose combined area represents only 
a small proportion of the septum area, as through an open surface 
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(A) Under conditions of rapid transpiration a twig 
rise of water over considerable heights, greater than those attribu' 
mospheric pressure alone. If properly free of gas, the column of hers water 
as а unit, due to cohesion of water molecules to each other. (В) lon 
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equal in area to the septum. Since diffusion of gases through 
stomates is proportional to the perimeter of the pore, diffusion 
rates through a partially open stomate are almost as great as when 
the stomate is fully open. 

Increase in the turgidity of the guard cells results in opening of 
the stomates; decrease in their turgidity results in their closure. 
In general stomates are open in the daytime and closed at night, 
although there are many exceptions. The mechanism whereby 
stomates open in the light and close in its absence seems to be 
principally an osmotic one. Upon illumination the hydrogen ion 
concentration of the guard cells decreases. This favours the con- 
version of insoluble starch in the guard cells into soluble glucose- 
1-phosphate by the enzyme phosphorylase. The resulting increase 
in the osmotic pressure of the guard cells causes an increase in 
their diffusion pressure deficit. Osmotic movement of water from 
adjacent epidermal cells, in which there is no appreciable daily 
variation in osmotic pressure, takes place in the guard cells. A 
thicker ridge of cell wall occurs on the stomate side of the guard 
cells, and as the turgor of the guard cells increases the cells 
“buckle” and part, thus opening the stomate. With the advent 
of darkness or even of a markedly reduced light intensity, the 
reverse train of processes is induced in the guard cells, leading 
to stomatal closure. Since light of low intensity is relatively less 
effective in inducing stomatal opening, stomates usually do not 
open as wide on cloudy as on clear days and often do not re- 
main open for as much of the daylight period. Deficiency of 
water within the plant induces partial to complete closure of the 
stomates. During periods of drought stomates therefore remain 
closed much or all of the time regardless of the light intensity 
to which the plant is exposed. Stomatal opening does not occur 
in most species at temperatures approaching 32° F, Therefore 
in cold or even cool weather stomates may remain closed even 
when other environmental conditions favour their opening. Noc- 
turnal opening occurs at times in some species, but the conditions 
resulting in such stomatal behaviour have not been adequately 
investigated. 

Dynamics of Stomatal Transpiration.—In most kinds of plants 
the cells of the mesophyll do not fit together tightly and the inter- 
cellular spaces between them are occupied by air. A labyrinth 
of these air-filled spaces is thus present in a leaf, bounded by the 
water-saturated cell walls of the mesophyll. Evaporation of water 
takes place from the wet cell walls into the intercellular spaces. 
If the stomates are closed the only effect of this evaporation 
is the saturation of the intercellular spaces with water vapour. 
When the stomates are open, however, diffusion of water vapour 
may occur through them into the outside atmosphere. Such dif- 
fusion always takes place unless the atmosphere has a vapour 
pressure equal to or greater than that within the intercellular 
spaces, an uncommon condition during the daylight hours of clear 
days. The physical processes of evaporation of water from wet 
mesophyll cell walls and its subsequent diffusion from the inter- 
cellular spaces through the stomates into the atmosphere are, there- 
fore, the two main steps in stomatal transpiration. 

2. Environmental Influences on Transpiration.—Because 
of its usually controlling influence on the opening and closing of 
stomates, light is a factor of prime importance in influencing the 
rate of transpiration, Stomatal transpiration is largely restricted 
to the daylight hours; hence daytime transpiration is usually 
many times greater than nighttime transpiration, which is largely 
or entirely cuticular, Light also has a secondary effect on tran- 
spiration through its influence on leaf temperatures, since leaves 
in direct sunlight usually have temperatures one to several degrees 
higher than that of the surrounding atmosphere. 

The rate of diffusion of water vapour through open stomates 
depends upon the steepness of the vapour pressure gradient be- 
tween the intercellular spaces and the atmosphere. Assuming open 
stomates, therefore, the greater the atmospheric humidity (vapour 
pressure) for any given vapour pressure just below the stomatal 
pores in the intercellular spaces, the less the rate of transpiration. 
Temperature affects the rate of transpiration principally because 
of its differential effect upon the vapour pressures in the inter- 
cellular spaces and the atmosphere. 
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Although leaf temperatures do not follow atmospheric tempera- 
tures exactly, in general, increase of atmospheric temperature 
results in a rise of leaf temperature. Assuming a warm, clear 
day and an adequate soil water supply, increase in temperature 
results in an increase in the vapour pressure in the intercellular 
spaces. Such а rise in vapour pressure occurs because the vapour 
pressure necessary to saturate air increases with rise in tempera- 
ture, and the extensive evaporating surfaces of the cell walls 
bounding the intercellular spaces make it possible for the inter- 
cellular spaces to be maintained in an approximately saturated 
condition most of the time. Rise in temperature ordinarily has 
little or no effect on the vapour pressure of the atmosphere. Con- 
sequently the vapour pressure gradient through the stomates is 
steepened and the rate of outward diffusion of water vapour in- 
creases. 

Transpiration rates on windy days are usually greater than on 
otherwise comparable but quiet days. A gentle breeze is rela- 
tively more effective in increasing the transpiration rate than 
winds of greater velocity. In very quiet air local regions of rela- 
tively high humidity may build up in the vicinity of transpiring 
leaf surfaces. Such localized zones of relatively high vapour pres- 
sure retard transpiration unless the air movement is adequate to 
prevent such an accumulation of water vapour molecules, The 
bending, twisting and fluttering of leaf blades, and the swaying of 
branches in a wind also contribute to increasing the transpiration 
rate, 

Soil water conditions also influence the rate of transpiration. 
Whenever soil conditions are such that the rate of absorption of 
water is retarded, a corresponding diminution in transpiration rate 
soon follows. 

3. Significance of Transpiration.—Transpiration rates of 
temperate zone plants may range up to values of about 5 g. per 
square decimeter (about 154 sq.in.) of leaf area per hour. Con- 
siderable interest also attaches to the quantities of water transpired 
per acre of crops, grassland or forest. An acre of corn, for exam- 
ple, transpires water equivalent to 15 acre-inches in a growing 
season, Tremendous variations occur in such values from sea- 
son to season, however, depending upon climatic conditions. The 
quantities of water vapour transpired by vegetation-covered areas 
of the earth’s surface are often of sufficient magnitude to have 
important effects on meteorological conditions, 

Much fruitless discussion has raged over the question of whether 
transpiration is detrimental or beneficial to plants. The extreme 
viewpoints are (1) that the process is an unavoidable evil; and 
(2) that it is a physiological necessity. Some of the incidental 
effects of transpiration are advantageous to the plant, but none is 
indispensable for its survival or even for its normal physiological 
operation. Likewise, some of the incidental effects of transpira- 
tion are detrimental to the plant, but plants have transpired and 
survived for untold centuries. 

Transpiration is a necessary consequence of the relation of water 
to plant structure. Terrestrial green plants cannot survive unless 
they obtain carbon dioxide from the atmosphere. Whatever course 
the evolution of green plants might follow, their structure must 
always remain such that carbon dioxide can reach interior cells 
of the leaf. The principal carbon dioxide absorbing surfaces of 
terrestrial vascular plants are the moist mesophyll cell walls 
bounding the intercellular spaces of the leaves. Ingress of car- 
bon dioxide to these spaces occurs almost entirely through open 
stomates. 

When the stomates are open, outward diffusion of water vapour 
is unavoidable, and this process of stomatal transpiration accounts 
for most of the loss of water by plants. Transpiration is, there- 
fore, in itself an incidental phenomenon. Despite this fact it 
often has marked indirect effects on other physiological processes 
occurring in the plant, especially photosynthesis and growth, 
because of its influence on the internal water relations of the 

lant. 

ү 4. Guttation.—The exudation of drops of water at the tips 
or margins of the leaves of many species of herbaceous plants can 
often be observed, especially in the early morning on a spring 
day. This phenomenon, called guttation, also occurs in some 
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woody plants. The exuded water is not pure but contains traces 
of sugars and other solutes. Guttation occurs from special glands 
called hydathodes, which resemble enlarged stomates. In most 
species water loss by guttation is negligible compared with water 
loss by transpiration. 


C. TRANSLOCATION OF WATER 


In land plants the water absorbed from the soil moves to all 
living parts of the plant. The most striking examples of upward 
translocation of water occur in trees. In the tallest known living 
trees—coast redwood (Sequoia sempervirens )—water may ascend 
to an elevation of nearly 400 ft. from the root tips to the topmost 
leaves. The mechanism of the ascent of sap in plants, and espe- 
cially in tall trees, has long been one of the classical problems of 
plant physiology. 

1. Mechanics of Water Movement.—The upward movement 
of water in plants occurs in the xylem, which in the stems of trees 
and shrubs is identical with the wood. In the trunks and larger 
branches of a tree, however, sap movement is restricted to a few 
of the outermost annual layers of wood. For this reason hollow 
trees, in which most of the central core of heartwood has disinte- 
grated, can remain alive indefinitely. The xylem of any plant 
constitutes a unit system which extends from just back of every 
root tip through all the intervening root and stem branches to 
the mesophyll of the leaves. In angiosperms most translocation 
of water occurs through vessels, which are elongated tubelike 
structures in which cross walls are of relatively infrequent occur- 
rence. In gymnosperms movement of water occurs solely through 
spindle-shaped cells called tracheids, which may be as much as 
five millimetres in length. Small, often rounded, thin areas occur 
in the walls of vessels and tracheids which are contiguous with 
other vessels or cells; these pits are structurally of several types 
but all of them appear to facilitate passage of water from one 
xylem element to adjacent ones. 

Root Pressure.—1f the stem of an herbaceous plant is cut off, 
a slow exudation of sap often occurs from the xylem tissues at the 
cut surface of the stump. A similar phenomenon occurs in many 
woody plants, such as the maple, birch, currant and grape, espe- 
cially in the spring. A vigorous grapevine often loses a quart 
or more of sap per day after spring pruning. The exudation of 
sap results from a pressure originating in the roots, called root 
pressure. There are several reasons, however, why root pressure 
cannot be the principal mechanism operating in the upward trans- 
port of water in plants: (1) there are many species in which this 
phenomenon—the exudation of sap—does not occur; (2) the mag- 
nitude of measured root pressures seldom exceeds 2 atm. (about 
30 Ib. per square inch), which could not motivate a rise of water 
for more than about 60 ft.; (3) known rates of flow under the 
influence of root pressure are inadequate to compensate for known 
rates of transpiration; (4) root pressures are usually present in 
woody plants only in the early spring; during the summer period 
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when transpiration rates, and therefore rates of sap transport, are 
greatest, root pressures are negligible or nonexistent. Root pres- 
sure does account for some upward movement of water in certain 
species of plants at some seasons, but it represents only a secondary 
mechanism of water transport. 

Ascent of Sap.—Molecules of water, although ceaselessly in 
motion, are also strongly attracted to each other. This property of 
a liquid is called cohesion. The cohesion of water is the corner- 
stone of an important theory of the ascent of sap in plants, The 
postulated mechanism is relatively simple. Evaporation of water 
from the walls of the mesophyll cells of leaves results in an in- 
crease in the diffusion pressure deficit of the mesophyll cells, 
Resulting intercellular movements of water cause an increase in 
the diffusion pressure deficit even of those mesophyll cells not 
directly exposed to the intercellular spaces. The increased dif- 
fusion pressure deficit of the cells abutting directly upon xylem 
elements in the veinlets of the leaf induces movement of water 
from the vessels or tracheids into the adjacent cells. Whenever 
transpiration is occurring at appreciable rates, water does not 
enter the lower ends of the xylem conduits in the roots as rapidly 
as it passes out of the xylem vessels or tracheids into mesophyll 
cells at the upper end of the water-conductive system, conse- 
quently the water in the xylem ducts is stretched into taut threads; 
i.e., passes into a state of tension. Each column of water behaves 
like a tiny steel wire which is stretched. Because of their satu- 
rated condition, cross walls in the xylem do not interfere with 
the continuity of the water. The tension is propagated along the 
entire length of the water columns to their terminations just back 
of the root tips, causing entry of water from adjacent root cells 
(see below, Absorption of Water). The tension can be sustained 
by the water threads because of the cohesion between the water 
molecules, operating in conjunction with adhesion of the boundary 
layers of water molecules to the walls of the xylem ducts, The 
existence of water under tension in vessels and tracheids has been 
confirmed by direct microscopic observation and in other ways. 
Conservative calculations indicate that a cohesion of 30 to 50 
atm. would be adequate to allow conduction of water to the top- 
most leaf of the tallest known tree. However, under conditions 
of internal water deficiency, tensions considerably in excess of 
50 atm. probably prevail in the water columns of many plants. 
Actual measurements of the cohesion of water in physical systems 
indicate with a high degree of probability that tensions of this 
magnitude can develop in the water columns of plants. ) 

2. Absorption of Water.—Soil Water Conditions —Since soil 
particles never fit together tightly, there is a certain amount of 
space between them. This pore space varies from about 30% of 
the soil volume in sandy soils to about 50% in clay soils. The 
pore space may be occupied entirely by air, as in dried soils, or 
entirely by water, as in saturated soils, but is commonly occuple 
partly by air and partly by water. In a soil in which the water 
table lies relatively close to the surface, considerable quantities 
of water may rise into its upper layers and become available to 
plants. In many soils, especially in arid regions, there is no water 
table, and in many others, even in humid regions, the water table 
is continuously or intermittently too far below the soil surface to 
be an appreciable source of water for most plants. In such soils 
the only water available to plants comes through natural precipita” 
tion or artificial irrigation, Y 

1f rain falls on a dry, homogeneous soil the water will p 
rapidly distributed to a depth which will depend on the amount 0 


water which falls per unit area and the type of soil. ede dud 
eral days, further deepening of the moist blanket of soil ET 
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down from the ground surface will virtually cease becai › 
ward capillary movement of water has become extremely slow n 
negligible. The boundary between the moist layer of soil and t ^ 
drier zone underneath will be quite sharp. At this uu 
condition the water content of the moist soil layer is essential ^ 
uniform throughout. The water content of a soil in this cond 
is termed the field capacity. A soil at its feld capacity, atmen 
relatively moist, is also well aerated; hence soil water Cont 
in the vicinity of the field capacity are the most favourable 
the development of most kinds of plants. 
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A considerable proportion of the water in any soil is unavail- 
able to plants. The permanent wilting percentage, an index of the 
soil water unavailable in growth, is measured by allowing a plant 
to develop with its roots in soil enclosed in a waterproof pot un- 
til the plant passes into a state of permanent wilting. The water 
content of the soil at this point is its permanent wilting percent- 
age. The range of permanent wilting percentages is from less 
than 5% in very sandy soils to about 20% in clay loams. There- 
fore, sandy soil gives up a greater portion of its moisture; only 
about 5% of its total moisture content is unavailable to plants. 
The permanent wilting percentage of a given soil is about the same, 
regardless of the kind of test plant used. 

The diffusion pressure deficit of the water in soils varies with 
the soil water content. In most soils it is virtually zero at satura- 
tion, less than 1 atm. at the field capacity, and about 15 atm. at 
the permanent wilting percentage. As the water content of a soil 
drops below its permanent wilting percentage, its diffusion pres- 
sure deficit increases at an accelerating rate, soon attaining a value 
of hundreds of atmospheres; it is for this reason that the perma- 
nent wilting percentage is an index of the soil water which is un- 
available in plant growth. 

Relation of Root Growth to Water Absorption—The succes- 
sively smaller branches of the root system of a plant ultimately 
terminate in the root tips, of which there may be thousands or mil- 
lions on a single plant. The term root tip refers to the region 
extending back from the actual termination of the root for a dis- 
tance of several to many centimetres. The terminal zone of a 
root tip is the dome-shaped root cap, just back of which are the 
regions of cell division and elongation (see below, Growth). Just 
back of these regions, in most species, is the root hair zone. Each 
root hair is a projection from an epidermal cell of which it re- 
mains an integral part. A single root tip may bear thousands of 
root hairs, each of which may be from a few millimetres to a cen- 
timetre or more in length. A root hair is generally a short-lived 
structure, but new ones are constantly developing as the root ad- 
vances through the soil, 

Most absorption of water occurs at the root tips, especially in 
the root hair zone, since the older portions of roots become cov- 
ered with cutinized or suberized layers which are virtually im- 
permeable to water, Whenever the diffusion pressure deficit of 
root hairs and other peripheral cells of the root tip exceeds that 
of the soil water, movement of water into the root cells occurs. 
If the soil is above the field capacity, water may move from more 
remote portions of the soil by capillarity toward the region of 
absorption; the supply of water to root tips is largely or entirely 
maintained in this way. Elongation of the root tips, although 
slower in most species in relatively wet soils, also helps main- 
tain their contact with untapped portions of the soil water. Many 
plants grow for a great part of the time in soils with a water 
content between the field capacity and the permanent wilting per- 
centage. In this range of soil water contents, capillary move- 
ment of water is too slow to maintain an adequate supply of 
water to rapidly absorbing root tips, and after most of the water 
on the soil particles in contact with a root tip is absorbed, it 
cannot be replaced in significant quantities. In such soils it is 
the continued elongation of the root tips which maintains their 
contact with available soil water. The numerous root tips may 
be pictured as slowly progressing through the soil, absorbing water 
from the particles with which they come in contact. The ag- 
gregate increase in length of the root system of a rye plant aver- 
ages 3.1 mi. per day. Calculations show that daily root growth 
of this plant would permit sufficient absorption of water from 
soils at the field capacity to compensate for daily transpirational 
water loss. 

Mechanism of Water Absorption —The tension generated in the 
water columns of a plant as an indirect result of transpiration 
is propagated to the terminations of the xylem ducts in the root 
tips. As soon as the tension in the water columns exceeds the dif- 
fusion pressure deficit of adjacent cells in the root tip, water 
passes from those cells into the xylem. This engenders further 
cell to cell movement of water in a lateral direction across the 
root tip with-the presumable result that a gradient of diffusion 
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pressure deficits, consistently increasing from the epidermal cells 
to the root xylem, is established. As soon as the diffusion pres- 
sure deficit of the peripheral cells of the root exceeds that of the 
soil water, entrance of water from the soil begins. Essentially, 
the long chain of water molecules is “drawn” upward by transpira- 
tion in the leaves, and water from the soil is “taken in” through 
the root hairs. 

The process just described accounts for most of the absorption 
of water by plants. The phenomenon of root pressure, previously 
described, involves an absorption mechanism which is localized in 
the roots. Absorption of this type occurs only when transpiration 
is low and the soil is relatively moist. Although xylem sap is 
relatively dilute, its osmotic pressure is often greater than the 
diffusion pressure deficit of the soil water. This leads to the 
establishment of a gradient of diffusion pressure deficits across 
the cortex and other tissues of the root tip along which water 
moves from the soil to the xylem. 

Environmental Factors Influencing Water Absorption.—Because 
of their reciprocal relation any factor which influences the rate of 
transpiration influences the rate of absorption; the converse is 
also true. In addition the rate of absorption is also influenced by 
certain soil conditions. Within limits the greater the available 
soil water supply the greater the possible rate of absorption. Ex- 
tremely high soil water contents decrease absorption rates in many 
species because of deficient soil aeration. Low soil temperatures 
retard the rate of absorption of water by many species. The 
rate of water absorption by sunflower plants, for example, is 
rapidly reduced as the soil temperature drops below 55° F, Defi- 
cient aeration, characteristic of wet soils, retards water absorption 
in many species, In such soils the oxygen concentration is lower 
and the carbon dioxide concentration is higher than in the atmos- 
phere. This retarding effect on water absorption is correlated 
with a retardation in the rate of root respiration. The presence 
of solutes in appreciable concentrations in the soil solution also 
retards or checks water absorption by roots. In most soils the 
solute concentration is too low to have any appreciable effect on 
water absorption, but in saline or alkaline soils the influence of 
this factor may be so pronounced that only a few species of plants 
are able to survive. 

Relative Rates of Water Absorption and Transpiration.—On a 
clear, warm day, when transpiration rates are high, the rate of 
water absorption usually lags behind the rate of transpiration, 
largely because of the resistance of the root cells to the passage of 
water. As a result there is a gradual increase in the tension in 
the water columns and a gradual diminution in the water content 
of the plant, especially of the leaves, during the day. This leads 
to the partial loss of turgor pressure by the leaf cells, a condi- 
tion called incipient wilting. Sometimes, especially on clear, hot 
summer afternoons, the decrease in water content of the leaves 
is sufficient to induce visible wilting. If the soil water supply is 
adequate, absorption of water during the night exceeds nocturnal 
transpiration loss, and the leaf cells gradually regain their turgor. 
Visible wilting caused by a temporary excess of transpiration 
over absorption is called temporary wilting, which is distinguished 
from permanent wilting, caused by a soil water deficiency. Plants 
automatically recover from temporary wilting during the night, 
but will not recover from permanent wilting unless the soil water 
supply is replenished. 


D. METABOLISM 


1. Carbohydrate Metabolism.—The dry matter content of a 
plant tissue can be determined by drying it at 212° F. The dry 
residue remaining after the evaporation of water can be further 
separated into two fractions by incinerating it at about 1,100° F. 
The bulk of the dry matter, representing combustible organic con- 
stituents, disappears, leaving only a small mineral residue called 
the ash, which is derived from mineral salts absorbed from the 
soil. 

An adequate explanation of the origin of the bulk of the dry 
matter of plants long eluded students of plant life. As a result 
of the investigations of Joseph Priestley, Jean Senebier, Jan 
Ingenhousz, N. T. de Saussure and others in the late 18th and 
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early 19th centuries, the gaseous exchanges between green plants 
and the atmosphere were first clearly envisaged. Green parts 
of plants, exposed to light, were found to utilize carbon dioxide 
and release oxygen. Nongreen parts, whether in light or dark, 
and green parts in the dark were found, like animals, to release 
carbon dioxide and consume oxygen. These gaseous exchanges 
are the external manifestations of the processes now known as 
photosynthesis and respiration, respectively. Photosynthesis oc- 
curs only in green plant organs exposed to light. Respiration 
occurs in all living plant tissues, green or nongreen, in light or 
dark, The fact that green plants usually lose oxygen and use 
carbon dioxide in the light does not mean that no respiration 
occurs in such organs in the light, but merely that the rate of 
photosynthesis exceeds the rate of respiration. Although De 
Saussure in 1804 recognized that utilization of carbon dioxide by 
plants contributed to their increase in dry weight, it was not 
until Julius von Sachs, in 1862, discovered the appearance of 
starch in the chloroplasts of leaf cells as an accompaniment of 
the consumption of carbon dioxide that the relation of the gaseous 
exchanges of plants to their carbohydrate metabolism began to be 
adequately realized. 

2. Photosynthesis.—In the process of photosynthesis certain 
carbohydrates are synthesized from carbon dioxide and water in 
the chloroplasts of living plant cells, oxygen also being a product, 
and light the source of energy. The summary chemical equation 
for the process is: 


6CO; + 6H;O + 673 kg.cal. of radiant energy —> C«Hi:0s + 602 


A hexose sugar is conventionally considered to be the basic car- 
bohydrate product of photosynthesis, although in actuality the 
situation is much more complex. Most of the carbon dioxide used 
diffuses into the leaf through the stomates and dissolves in wet 
cell walls bordering the intercellular spaces, from where it dif- 
fuses in solution to the chloroplasts. In most species less than 
1% of the water absorbed is used in photosynthesis. Most of 
the oxygen liberated passes out of solution into the intercellu- 
lar spaces, from where it diffuses through the stomates into the 
atmosphere. For details of the synthesis of carbohydrates see 
PHOTOSYNTHESIS. 

Plant Pigments—In the higher plants photosynthesis occurs 
only in the chloroplasts, which are green ellipsoidal bodies about 
5 и in diameter. A single mesophyll cell may contain hundreds 
of chloroplasts. The green colour of chloroplasts and of leaves 
is due to the presence in the plastids of chlorophyll, of which there 
are two kinds in higher plants; chlorophyll а (C;;H720;N,Mg) 
and chlorophyll b (C;;H;9OgN,Mg). Most leaves contain from 
two to three times as much chlorophyll a as chlorophyll b. Both 
chlorophylls have been extracted in pure form from the leaves of 
over 200 species. The structural formulas of the chlorophylls 
were determined in 1936 by H. Fischer and S. Breitner. In the 
angiosperms chlorophyll is, with rare exceptions, synthesized only 
in the light; in plants of all other groups it can be made either in 
light or dark. Among the substances which must be present in the 
cells for normal chlorophyll synthesis are oxygen, carbohydrates, 
nitrogen, magnesium, iron and water. 

The role of chlorophyll seems to be a twofold one: it absorbs 
light of certain wave lengths, principally in the blue-violet and 
short red regions of the spectrum, which is used as a source of 
energy in photosynthesis, and it is a transitory participant in some 
step of the reaction, presumably acting as a catalyst. 

The chloroplasts о contain the yellow pigments carotene 
(C,oHsg) and xanthophylls (mostly C4oH5602). The leaves 
of any angiosperm which have developed in the dark are yellow 
as a result of the presence of these pigments. Carotene is the 
precursor of vitamin A, one molecule of carotene being split into 
two molecules of vitamin A by a simple hydrolysis reaction. 
Carotene, the xanthophylls and certain other chemically related 
red and yellow pigments are collectively called the carotinoids. 
In some plant organs, such as carrot roots, carotinoid pigments 
occur in the amorphous or crystalline state. The cell sap antho- 
cyanins constitute the other principal group of plant pigments; 
they are responsible for most of the red, blue and purple colora- 
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tions of flowers, fruits and other plant parts. Both the carotinoids 
and anthocyanins play a prominent part in the autumnal colora- 
tion of leaves (see COLORATION, BIOLOGICAL). 

Factors Influencing the Rate of Photosynthesis.—F. Е. Black- 
man's (1905) "principle of limiting factors" has assisted mate- 
rially in the interpretation of the effects of various factors on the 
rate of photosynthesis. This principle was stated by its author as 
follows: “When a process is conditioned as to its rapidity by a 
number of separate factors, the rate of the process is limited by 
the pace of the ‘slowest’ factor." This principle, which also holds 
for other physiological processes, does not admit of too rigorous 
an application, but in general the concept is valid that the rate of 
a physiological process is largely controlled by the factor present 
in relative minimum, the so-called “limiting factor.” 

Carbon dioxide constitutes only 0.03% by volume of the 
atmosphere, marked deviations from this value seldom occurring, 
In the air stratum just above the surface of rich forest or agri- 
cultural soils, however, concentrations several times the usual one 
sometimes occur, as a result of the upward diffusion of carbon di- 
oxide released in the respiration of soil organisms. With increase 
in the carbon dioxide concentration of the atmosphere, the rate of 
photosynthesis increases until some other factor becomes limiting, 
If the natural concentration of carbon dioxide in the atmosphere 
were higher than 0.03%, most plants, much of the time, would 
photosynthesize at a more rapid rate than they do. Very high 
concentrations of carbon dioxide (15% or more), however, cause 
a retardation in photosynthesis. 

Photosynthesis can occur in visible light from any: source, pro- 
vided its intensity is sufficiently great. The minimum light in- 
tensity at which sufficient photosynthesis occurs during an average 
day’s length to be in excess of the consumption of carbohydrates 
in respiration during 24 hours—no plant can long survive at in- 
tensities less than this—differs according to species. In tree seed- 
lings this minimum light intensity ranges from about 1% of full 
sunlight intensity in some shade species to about 5% in some 
sun species; in larger plants the minima are probably greater. 
For measurements made on a leaf or group of leaves, all of which 
are well exposed to light, the rate of photosynthesis rises with 
increase in light intensity until some other factor becomes limit- 
ing. At the atmospheric concentration of carbon dioxide, maxi- 
mum rates of photosynthesis in single leaves are attained in many 
species at one-fourth to one-third of full sunlight intensity, and 
in some shade species at still lower values. Very high light in- 
tensities cause a retardation in photosynthesis, a phenomenon 
termed solarization. 

The rate of photosynthesis for an entire tree, or for a plot of 
vegetation, increases consistently with increase in light up to the 
maximum sunlight intensity, which at noon on a clear summers 
day in mid-temperate latitudes approximates 1.3 g.cal. per square 
centimeter per minute (equivalent to about 9,000 foot-candles). 
Even in full sunlight many interior leaves of an apple tree, for 
example, cannot photosynthesize at their maximum capacities be- 
cause they are shaded by peripheral leaves. The lower the light 
intensity, the greater the proportion of the leaves of which this 
will be true. Hence the greater the intensity of the light, the 
greater the average photosynthesis per unit of leaf area and the 
greater the total photosynthesis per tree up to the limits of sun- 
light intensity. All wave lengths of light are not equally e 
tive in photosynthesis. For equal intensities of light за 
on the leaf, maximum photosynthesis occurs in the orange—shor 
red region, with a secondary maximum in the blue. Rates m 
the green and yellow regions are lower, but still very appIec- 
ble. " 

The daily rate of photosynthesis is also influenced by the e 
duration of the light period (photoperiod). One reason = 
crops can develop to maturity during the short growing pi 
of high latitudes is that more sugar can be synthesized during a 
long photoperiods than during the shorter photoperiods of low 
latitudes (see below, Photoperiodism). put 

Photosynthesis occurs over a wide range of temperatures, dy 
in temperate zone plants this process takes place at relativ 5 
rapid rates in the temperature range 50°-95° F.- Increase 
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temperature, in general, results in an increase in the rate of photo- 
synthesis, if no other factors are limiting the process. In nature, 
however, the effect of an increase in temperature on the rate of 
photosynthesis is often not fully realized because of the limiting 
effect of some other factor. Very commonly the factor which pre- 
vents a temperature rise from being fully effective in increasing 
the rate of photosynthesis is the carbon dioxide concentration of 
the atmosphere, but low light intensity and low water supply also 
often act as limiting factors. 

Reduction in the water content of a plant causes a retardation 
in the rate of photosynthesis, This effect is not primarily a result 
of a deficiency of water as a raw material used in photosynthesis, 
but of certain indirect effects such as a reduction in the dif- 
fusive capacity of the stomates, and a decrease in the hydration 
of the protoplasm, In young apple trees marked diminution in the 
rate of photosynthesis occurs long before wilting is apparent, al- 
though even in wilted leaves some photosynthesis continues. 
When water is applied to the soil, wilted apple leaves recover 
their turgidity in a few hours, but the original rate of photosyn- 
thesis is not regained for several days. 

Conditions within the plant also affect the rate of photosyn- 
thesis. Among the internal factors which may influence photo- 
synthesis are peculiarities of leaf anatomy, chlorophyll content of 
the cells, hydration of protoplasm, other “protoplasmic factors," 
and the accumulation of carbohydrates within the cells. 

Mechanism of Photosynthesis.—From the standpoint of funda- 
mental chemistry photosynthesis is, in essence, an oxidation- 
reduction reaction between carbon dioxide and water. The carbon 
dioxide is reduced and the water is oxidized, largely as a result 
of the transfer of hydrogen atoms from water to carbon dioxide. 
Because the energy content of the products (carbohydrates and 
oxygen) is greater than that of the reactants (carbon dioxide and 
water), energy must be supplied from an outside source. In ac- 
tuality the energy source is light, and the process is thus a 
photochemical one. As is true of many metabolic processes, photo- 
synthesis is a complex process, embracing numerous sub-reactions, 
and is by no means entirely understood. Three major sub-reactions 
which are generally recognized are: (1) photolysis (splitting by 
light) of water; (2) photosynthetic phosphorylation; and (3) 
carbon dioxide fixation. All three of these reactions occur in the 
chloroplasts, 

Substantial evidence exists that the light energy is used in 
splitting the water molecules and that chlorophylls play a role 
in this stage of photosynthesis. R. Hill (1937) showed that il- 
lumination of a suspension of chloroplasts in water in the pres- 
ence of certain hydrogen acceptors results in the evolution of 
oxygen. This phenomenon, now generally called the Hill reaction, 
can be represented chemically as follows, A representing a hydrogen 
acceptor: 
light 


chloroplasts 24E ОЖ 


2H;0 + 24 
The Hill reaction has also been shown to occur in suspensions of 
grana from disintegrated chloroplasts, as well as in suspensions 
of intact chloroplasts.: It has been shown experimentally that the 
oxygen released in this reaction comes from the water molecules. 
The Hill reaction appears to represent, in essence, the photolysis 
of water stage of photosynthesis. 

Photosynthetic phosphorylation is a process in which adenosine 
diphosphate is converted into adenosine triphosphate іп the chloro- 
plasts. This compound and triphosphopyridine nucleotide, which 
is reduced simultaneously with the synthesis of adenosine triphos- 
phate, provide the necessary "assimilatory power” used in the 
final step in photosynthesis, which is the fixation. of carbon di- 
oxide. M. Calvin and А. A. Benson (1949) and others consider 
that the compound phosphoglyceric acid is a key intermediate com- 
pound in the fixation of carbon dioxide stage of photosynthesis. 
(See PHOTOSYNTHESIS.) 

Biological Significance of Photosynthesis.—World-wide cessa- 
tion of photosynthesis would soon result in the disappearance of 
all plants and animals, including man, with the negligible exception 
of a few species of autotrophic bacteria, because this process pro- 


1213 


vides both the energy and organic substance capital of the bio- 
logical world. Directly or indirectly, all plants and animals, with 
the minor exception just noted, obtain from green plants oxidiz- 
able carbon compounds (“food”), which alone can be used as a 
source of energy (see below, Respiration) by living organisms in 
growth, movement and the accomplishment of metabolic proc- 
esses. All such oxidizable carbon compounds are. the direct or 
derivative products of photosynthesis. Carbohydrates, fats and 
proteins all are synthesized by chains of chemical transformation 
from the hexose sugars produced in photosynthesis, and retain 
within their molecules chemical energy primarily incorporated in 
hexose molecules by the transformation of radiant energy from 
the sun. In some food chains carnivorous animals prey upon 
smaller or weaker carnivorous animals, which in turn prey upon 
smaller or weaker animals, but ultimately all such chains always 
lead to animals which obtain their food from green plants. Photo- 
synthesis not only supplies the energy upon which living organisms 
operate, but all of the organic substance out of which bodies of 
plants and animals are constructed consists of the direct or de- 
rivative products of photosynthesis. 

Magnitude and Efficiency of Photosynthesis—Under favourable 
conditions rates of photosynthesis often approximate 10-15 mg. 
of hexose per square decimeter of leaf surface per hour. Corn 
plants yielding 100 bu. to the acre synthesize about 8,700 kg. 
(nearly 10 tons) of sugar in a growing season. This represents the 
transformation of about 33,000,000 kg.cal. of radiant energy into 
chemical energy. Nearly one-fourth of this is oxidized in respira- 
tion and most. of the rest has been transformed into starch, çel- 
lulose and other compounds before the plants are mature. The 
world production of sugar by land plants has been estimated by 
Н. Schroeder (1919) at 4 X 1013 kg. annually which represents the 
transformation of 1.6 X 101" kg.cal. of radiant energy into chemi- 
cal energy. 

Despite the utter dependence of the entire organic world upon 
photosynthesis, only a relatively small percentage of the light in- 
cident on plants is used in the process. Of the radiant energy 
falling on the acre of corn mentioned above only 1.6% is utilized 
in photosynthesis. Under certain conditions, particularly when 
the light intensity is low, the efficiency of the process in utilizing 
incident light may be as high as 5%, but rarely, if ever, is greater 
than that under natural conditions, From. theoretical stand- 
point the quantum yield of photosynthesis is of, considerable sig- 
nificance, but this question. has not. been. settled. with finality. 
Results of various investigators are not in agreement on the mag- 
nitude of this quantity, values ranging from 0.1 to 0.25 molecule 
of carbon dioxide reduced per quantum of light absorbed having 
been recorded. 

Synthesis of Other Carbohydrates.—Sucrose is universally pres- 
ent in plants, and is the most abundant of plant sugars. In some 
plant tissues (sugar cane, sugar beet) it may constitute as much 
as 20% of the fresh weight, but its concentration is usually lower. 
Upon hydrolysis sucrose yields an. equal. number of glucose and 
fructose molecules, both hexose sugars. In rapidly photosyn- 
thesizing leaves the sucrose content usually increases during the 
daytime; during the night hours the concentration decreases be- 
cause of its continued translocation out of leaves to other parts 
of the plant. 

Starch is a complex, insoluble carbohydrate which is synthesized 
in many, but not all, species of plants. In green leaves starch 
synthesis occurs in the chloroplasts and apparently is initiated 
whenever the concentration of hexosés exceeds a certain. critical 
value. Starch is a long chainlike carbohydrate molecule com- 
posed of hundreds of o p-glucose residues. It is synthesized in 
plant cells from glucose-1-phosphate by a specific enzyme. Con- 
siderable quantities of starch accumulate in green leaves during 
the occurrence of photosynthesis, but most of it is converted into 
soluble carbohydrates and translocated out of the leaves at night. 
Starch is also synthesized in many other organs of plants, as for 
example in potato tubers, from soluble carbohydrates translocated 
from the leaves. In the nongreen organs of plants, starch synthesis 
occurs in the colourless leucoplasts. Starch usually occurs in plant 
cells as microscopically visible starch grains. 
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Cellulose, the importance of which as a cell wall constituent 
has already been mentioned, is also synthesized from glucose. 
Cellulose molecules are long chainlike molecules built up from 
hundreds of 8 D-glucose molecules. Cellulose is the most abun- 
dant organic compound present on the earth. Among the other 
more important carbohydrates synthesized in plants are pentosans, 
dextrins, inulin, hemicelluloses, pectic compounds, gums, mucilages, 
glycosides and tannins, 

3. Fat Metabolism.—Fats and fatlike substances, collectively 
called lipids, are universal constituents of plant cells. All lipids 
contain the elements carbon, hydrogen and oxygen; some of the 
more complex ones, the phosphatides, also contain phosphorus 
and nitrogen. Phosphatides and perhaps other lipids are essential 
ingredients of the protoplasm. Fats (called oils in the liquid 
state) accumulate in various organs of plants, especially in seeds 
and fruits, in which they constitute a reserve supply of food. 
Upon germination of fatty seeds the oils are digested and used 
in the processes of respiration and assimilation. Many vegetable 
oils are important items of commerce; among these are castor 
bean, rape, sunflower, linseed, peanut, corn, cotton, coconut, palm 
and olive oils. Lipids apparently can be synthesized in any living 
plant cell. 

Only the synthesis of the fats is well enough understood to war- 
rant discussion, There are three main steps in this process: (1) 
synthesis of glycerol from carbohydrates; (2) synthesis of fatty 
acids from carbohydrates; and (3) condensation of glycerol and 
fatty acid molecules. The detailed chemistry of the first two 
steps is not known, except that in both there is a chemical reduc- 

tion with the result that both glycerol and fatty acids contain 
more energy than the carbohydrates from which they are made. 
This energy is derived from respiration. The condensation of 
fatty acids and glycerol to form a fat, using palmitic acid as an ex- 
ample, proceeds as follows under the influence of the enzyme 
lipase: 


3C Han COOH + CsH;(OH);—> (C\sHs:COO);CsHs + 3H:0. 
palmitic acid glycerol palmitin 


In this condensation reaction there is very little energy change, 
but because of the endothermic nature of the reactions by which 
fatty acids and glycerol are made, a fat contains about 24 times 
as much energy as an equal weight of carbohydrate. 

4. Mineral Metabolism.—Although many other chemical ele- 
ments are constituents of plants, only 15 are definitely known to 
be necessary in chemically detectable quantities for most kinds 
of plants. These are: carbon, oxygen, hydrogen, nitrogen, mag- 
nesium, potassium, calcium, phosphorus, sulfur, iron, boron, man- 
ganese, zinc, copper and molybdenum. The first three of these 
elements are obtained by plants from atmospheric gases or soil 
water. The remainder are obtained from mineral salts which are 
absorbed from the soil. The last six of the elements listed above 
are often called micrometabolic (or trace) elements because they 
constitute only a very small proportion of the necessary mineral 
ration of plants. In agricultural soils the elements most likely 
to be deficient are nitrogen, phosphorus and potassium; hence 
most commercial fertilizers consist of mixtures of compounds of 
these three elements. There are many soils, however, to which 
one or more of the other essential elements, including some of 
the micrometabolic ones, must be added if satisfactory growth 
of plants is to be obtained. 

Absorption of Mineral Salts.—A part of the mineral salts used 
by plants is absorbed from the soil solution. Another and, at 
least for cations, more important source of mineral elements is 
the clay fraction of the soil. The clay particles are largely of 
colloidal dimensions and bear negative charges, having associated 
with them certain cations in large numbers, the commonest of 
which are hydrogen, calcium, magnesium, potassium and sodium 
jons. Ofallthese cations the hydrogen ion is held most tenaciously 
by the clay particles. As a result of respiration, carbon dioxide 
is continuously being generated in root cells. Part of this carbon 
dioxide reacts with water, forming carbonic acid, which in turn 
dissociates, forming hydrogen ions. If a root hair or root epi- 
dermal cell is in intimate contact with a clay particle, hydrogen 
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ions from the cell exchange places with cations associated with 
the clay particles. This process of cation exchange is one of the 
mechanisms of absorption of ions by the roots of plants. Similar 
cation exchanges often occur following the addition of a fertilizer 
to a soil, the displaced cations passing into the soil solution, 

Some of the absorption of mineral salts from the soil solution 
undoubtedly occurs by a simple diffusion, but a larger propor- 
tion of the absorption results from the operation of a more com- 
plex mechanism, called accumulation of salts. Many of the kinds 
of ions in the cell sap of large-celled species of submersed water 
plants such as Nitella, Chara and Valonia are present in a much 
greater concentration than in the water in which the plants live, 
A similar situation appears to exist in cells of root tips, which 
contain various kinds of ions—apparently in a freely dissolved 
state—each in a concentration much greater than in the medium 
from which they have been absorbed. Many kinds of plant cells, 
including those of root tips, appear to possess such a capacity of 
accumulating salts, i.e., in causing their net movement from a 
medium of their lesser concentration to one of their greater con- 
centration, which is directly opposite to the direction in which 
they would move if simple diffusion were the mechanism of 
movement. Furthermore, such cells possess the capacity of re- 
taining accumulated salts in the cell sap in a higher concentra- 
tion than in the surrounding medium. In this process, unlike the 
cation exchange process, both the anions and cations of a salt usu- 
ally pass into a cell in electrostatically equivalent quantities. 
The accumulation of salts and their retention in the cell in a 
higher concentration than in the surrounding medium is cor- 
related with an adequate rate of aerobic respiration within the 
cells. Presumably energy released in respiration is utilized in the 
process. Absorption of water and absorption of mineral salts both 
occur principally through the root tips although the mechanisms 
of the two processes are entirely different. Continued growth 
of the root tips through the soil is an important factor in the 
absorption of mineral salts, particularly in soils at water contents 
below the field capacity. 

Roles of Mineral Elements in Plants.—Plants absorb many 
kinds of ions which are not necessary for their development, and 
commonly absorb necessary ions in quantities greater than are 
utilized in the metabolism of the plant. Absorption of ions, there- 
fore, is not necessarily followed by their utilization. Generally 
speaking, however, most of the ions of essential elements which 
are absorbed are utilized in one manner or another in metabolic 
processes, or else have important influences upon physiological 
conditions within the plant. Many of the mineral elements are 
important constituents of protoplasm, cell walls or accumulated 
foods within the plant. The osmotic pressure, hydrogen ion con 
centration, buffer action and permeability of plant cells are all 
influenced by mineral salts or their constituent ions. Some min- 
eral elements act as catalysts in the plant. Others have, In cer- 
tain concentrations, toxic effects which often may be offset, by 
the presence of other ions, a phenomenon known as antagonism: 
Examples of specific roles of most of the essential mineral ele- 
ments are given at other places in this article. 

Absence or deficiency of any of the essential mineral elements 
sooner or later becomes apparent in the plant as aberrations in 
growth or pigmentation. Characteristic visible symptoms OF | 
deficiency of each of the essential elements have been recognize 
for a number of kinds of plants. Ability to identify such symp“ 
toms is of value in diagnosing developmental disorders 1n plants 
under natural or cultural conditions. f 

Hydroponics.—]. von Sachs in 1860 and W. Knop in 1865 M 
the first to use the method of water culture (solution culture) i 
studying the mineral salt relations of plants. In this method 4 
plants are grown with their roots immersed in dilute solutions S 
taining dissolved salts (so-called nutrient solutions). An i 
tive procedure is to grow plants with their roots in pure un 
sand or gravel which is kept moist with the solutions. By m 
ing the development of plants in solutions containing me in 
kinds and proportions of ions, or the growth reactions of plan! sh 
a solution markedly deficient in one of the necessary elements y 
its growth in a complete solution (one containing all necess 
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elements) many important facts concerning the mineral nutrition 
and metabolism of plants have been discovered. 

Solution and sand cultures have been used by plant physiolo- 
gists as a laboratory technique for many years, but it was not 
until about. 1936 that the extension of these methods to the com- 
mercial culture of plants in large tanks was attempted, a pro- 
cedure for which the name hydroponics has been proposed. In 
one such method plants are supported in a matrix of peat, ex- 
celsior or some similar material on a wire screen with their roots 
projecting into a tank of solution below. Provision for adequate 
aeration of the solution is necessary if suitable development of 
the plants is to be insured. In another method the plants are 
rooted in a medium of coarse sand, gravel or haydite (fused 
shale) contained in large shallow tanks into which the solution is 
automatically pumped at intervals from a reservoir, to which it 
drains back after each cycle of pumping. Considerable success in 
the culture of certain greenhouse crops by these methods has 
been reported by commercial growers. The principal salts used 
in preparing solutions suitable for use in soilless plant culture 
are potassium dihydrogen phosphate, calcium nitrate; potassium 
nitrate, magnesium sulfate, ammonium sulfate and iron tartrate. 
(See HYDROPONICS.) 

5. Nitrogen Metabolism.—Proteins, as already noted, are, 
next to water, the most abundant constituent of protoplasm. 
Proteins also accumulate in certain plant organs in considerable 
quantities, especially in the seeds of legumes. Upon germination 
of such seeds the proteins present are digested and utilized in the 
processes of assimilation and respiration. All molecules of plant 
proteins contain the elements carbon, hydrogen, oxygen and nitro- 
gen. Sulfur also appears always to be a constituent, although 
present in relatively small quantities. Phosphorus is also a com- 
ponent of certain plant proteins. In spite of the fact that nitrogen 
gas constitutes about 79% of the atmosphere, green plants are 
not able to utilize nitrogen from this source. Leguminous plants, 
an apparent exception.to this statement, obtain atmospheric nitro- 
gen indirectly through metabolic activities of symbiotic bacteria 
living in nodules on their roots. The well-known influence of 
legumes in enhancing the nitrogen content of soils is dependent 
upon the action of these bacteria. Most green plants obtain their 
nitrogen as a constituent of the nitrates or ammonium compounds 
which they absorb from the soil. 

Protein molecules are synthesized by the condensation of large 
numbers of molecules of amino acids. More than 15 different 
amino acids occur in plants. The simplest amino acid is glycine: 
CH,.COOH. Most amino acids have a more complex molecular 
Хн, 
structure; at least one plant amino acid (cystine) also contains 
sulfur. Amino acids are apparently synthesized from organic 
acids derived from carbohydrates and from the nitrogen absorbed 
as nitrates or ammonium compounds, ' The sulfur present in cys- 
tine and possibly other amino acids is absorbed by the plant as 
sulfates. In some species of plants (apple, asparagus, certain 
grasses) synthesis of amino acids occurs principally in the roots, 
while in others (pea, soybean, tomato) it occurs principally in 
the aerial parts. The principal regions of protein synthesis do 
not necessarily correspond with the principal regions of amino 
acid synthesis. Amino acids may be made in one part of a plant, 
translocated to other parts, and used there in protein synthesis. 
Condensation of amino acids resulting in the formation of pro- 
teins occurs chiefly in the meristems and in certain storage tis- 
sues, especially in seeds. The condensation of amino acid molecules 
occurs mainly by their union through the peptide linkage. Using 
two glycine molecules for illustration, this process occurs as fol- 
lows: 


ines COOH | 
Caos OO TONHI———CHi-CO-NH 
МН; NH: 


By the linking together of at least several hundred amino acid 
residues in this fashion the long, complex molecular chains char- 


CH,—COOH 
+ HO. 
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acteristic of proteins are built up. A number of different kinds 
of amino acids enter into the constitution of each protein molecule; 
these are not arranged in a haphazard manner, but according to 
definite linear sequences, which are different and characteristic in 
each kind of protein. Many of the proteins found in the nuclei 
of plant cells contain phosphorus. Such. proteins are complex 
compounds formed by the combination of proteins and the 
phosphorus-containing nucleic acids. Among the compounds im- 
portant in the protein metabolism of plants are asparagine and 
glutamine, chemically very closely related to aspartic acid and 
glutamic acid, respectively, both of which are important plant 
amino acids. Organic nitrogen is often translocated from one 
part of the plant to another as asparagine, and this compound 
also commonly occurs as a temporary storage food. Alkaloids, 
complex nitrogen-containing compounds, very different in chemi- 
cal constitution from the proteins, occur in some species of plants. 
Examples are nicotine, quinine, strychnine and morphine. These 
compounds are apparently only incidental products of plant 
metabolism; many of them, however, are important in therapeu- 
tics. 


E. TRANSLOCATION OF SOLUTES 


1. Organic Solutes—Downward —Translocation.—Organic 
solutes, principally carbohydrates synthesized in the leaves, are 
translocated in a downward direction in plants to the tissues of 
stems and roots through the phloem. In the stems of woody 
plants downward translocation occurs only in the youngest layers 
of phloem, corresponding roughly to the inner bark adjacent to 
the cambium. In tall trees the carbohydrates entering the root 
tips may have moved hundreds of feet through the continuous 
phloem from the leaf cells in which they were made. Most of 
the translocation of solutes through the phloem occurs in the sieve 
tubes, which consist of linear series of elongate ceHs joined to- 
gether end to end. The exact mechanism of the downward trans- 
location of solutes through the phloem is not known. One theory 
is that it is accomplished by cyclical streaming of the cytoplasm 
in the sieve tube cells, the solutes passing from one cell to the next 
by diffusion. Another theory is that there is a mass flow of solu- 
tion in a downward direction through the phloem, movement from 
cell to cell being assumed to occur through the interconnecting 
cytoplasmic strands. There are a number of objections to both 
of these theories, one of the most serious being that neither of 
them can account for the rapidity with which translocation occurs 
in some plants. There are indications that the movement of 
solute molecules is in some manner greatly accelerated by the 
metabolic activity of the phloem celis through which translocation 
occurs, and that energy is actually expended in the accomplish- 
ment of solute movement. 

Upward Translocation —Under certain conditions considerable 
quantities of carbohydrates and other soluble foods are translo- 
cated in an upward direction through plants, This occurs, for ex- 
ample, in the stems of woody species when the buds resume growth 
in the spring. The tissues of the shoots formed shortly after initi- 
ation of growth are constructed largely from foods which move in 
an upward direction from storage tissues of the older stems, 
Translocation of foods in an upward direction also occurs toward 
developing flowers or fruits located іп a terminal position, in seed- 
lings as food moves from the endosperm or cotyledons toward the 
apical growing regions, and during the earlier stages in the develop- 
ment of leaves or shoots from bulbs, corms, rhizomes and tubers, 
Upward translocation of organic solutes occurs largely in the 
phloem. It is not certain whether solutes can move simultaneously 
in the phloem in both directions or can only move in an upward 
direction under certain conditions and in a downward direction un- 
der others. The comments previously made regarding lack of 
knowledge of the mechanism of downward translocation apply 
equally well to upward translocation of organic solutes. 

2. Mineral Salts.— The mineral salts absorbed from the soil 
by the roots are mostly translocated in an upward direction in 
plants, a large proportion of them ultimately reaching the leaves. 
Considerable controversy has flourished over whether upward 
movement of the mineral salts occurs principally in the xylem or 
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principally in the phloem, but the preponderance of the evidence 
at present indicates that the xylem is the chief tissue through 
which mineral salt transport occurs. The dissolved mineral salts, 
generally in very low concentration, are passively carried in an 
upward direction through the ascending streamlets of water in 
the xylem ducts. The possibility of some upward movement of 
certain mineral elements in the phloem, particularly if in organic 
combination, cannot, however, be entirely excluded. Not all of 
the mineral salts translocated into a leaf or other lateral organ of a 
plant necessarily remain in that organ permanently. Re-transloca- 
tion of certain mineral elements either as ions or as constituents of. 
organic compounds out of the leaf and their subsequent distribu- 
tion to other organs, often younger leaves, is of frequent occur- 
rence in plants. Just prior to the abscission of leaves or floral 
parts a considerable proportion of the nitrogen, phosphorus, potas- 
sium, sulfur and magnesium present is translocated back into the 
stems. Such movements of minerals out of leaves occur through 
the phloem. There are also indications of a periodic daily "circu- 
lation" of at least certain of the minerals in the plant. Mobile 
phosphorus compounds, for example, apparently can move from 
root to leaf through the xylem, and from leaf to root through the 
phloem within a 24-hour period. 


F. RESPIRATION 


The gaseous exchanges—consumption of oxygen and release of 
carbon dioxide—accompanying respiration are only external mani- 
festations of this process. 

1. Aerobic Respiration.—The essential and only invariable 
feature of respiration in green plants is that this process results 
in the oxidation of foods in living cells. The summary equation 
for the most usual course of respiration is: 


CsHı206 + 602 —> 6COz + 6H20 + 673 kg.cal. 


This process is often termed aerobic respiration because it pro- 
ceeds only in the presence of atmospheric oxygen. Hexose sugars 
are most commonly the substrate of respiration and the equation 
given above, representing their complete oxidation, is the exact 
opposite of the photosynthetic equation. Fats and proteins can 
also be oxidized in plant cells after conversion into soluble 
hydrolytic products. Oxidation of fats usually is not initiated 
until the soluble carbohydrates in the cell are exhausted. Oxida- 
tion of proteins apparently seldom occurs until the cells have been 
depleted of both carbohydrates and fats. The respiratory ratio 
(ratio of volume of carbon dioxide released to volume of oxygen 
consumed) of a plant tissue depends upon the type of substrate 
being oxidized, Oxidation of carbohydrates results in a respiratory 
ratio of approximately 1, of fats a ratio of about 0.8, of pro- 
teins about 0.9, and of certain organic acids, such as oxalic and 
malic acids, a ratio of more than 1. The occurrence of anaerobic 
respiration in a tissue also results in a respiratory ratio greater 
than 1. That heat energy is released in respiration can be demon- 
strated by placing a mass of germinating seeds in a calorimeter 
and measuring the rise in temperature with a thermometer. The 
energy which escapes as heat is entirely lost to the plant. An im- 
portant fraction of the energy released is not transformed into 
heat, but is used in endothermic synthetic processes, in various 
translocation phenomena, in protoplasmic streaming, in the ac- 
cumulation of ions or molecules by plant cells, in various stages 
of growth and in other ways. All of the energy made available 
by respiration represents radiant energy previously entrapped in 
the process of photosynthesis. 

Factors Influencing the Rate of Respiration.—In general, young 
meristematic tissues, relatively rich in protoplasm, have higher 
rates of respiration than older tissues in which the proportion of 
cell walls and dead cells is greater. Opening leaf or flower buds, 
growing root tips and germinating seeds all have relatively high 
rates of respiration. Germinating poppy seeds at 61° F. may lose 
122 cc. of CO, per gram of dry weight in 24 hours. The respira- 
tion rates of meristematic plant tissues are of the same order of 
magnitude as the rates in warm-blooded animals. Rates in dor- 
mant seeds or other dormant organs, and mature or senescent 
leaves, fruits or other organs are much lower. Within a tempera- 
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ture range of about 32°-113° F., increase in temperature usually 
causes an increase in respiration rate (an approximate doubling 
for each 18° F. rise in temperature), although at the higher tem. 
peratures the increased rate often diminishes with time. Starved 
plant cells respire relatively slowly, and in general, with increase 
in the soluble carbohydrate content of the cells there is an in- 
crease in the rate of respiration up to the point at which some 
other factor becomes limiting. Very high oxygen contents of the 
atmosphere result in increased rates of respiration, very low ones 
result in decreased rates. The oxygen content of the atmosphere 
can, however, deviate considerably from the usual atmospheric 
concentration without any pronounced effect on the rate of 
respiration, An increased carbon dioxide content of the atmos- 
phere results in a decrease in the rate of respiration of some 
plant tissues and an increase in others. The effect of a shift in the 
hydration of the tissues on the rate of respiration is exhibited 
most clearly in seeds. The respiration rate of dry seeds is often 
vanishingly small, but immediately upon the imbibition of water, 
the first step in germination, it increases markedly. 

Influence of Respiration Rate on Net Rate of Photosynthesis, 
—The average quantity of hexose produced in photosynthesis by 
a corn plant during its life history is about 9 g. per photoperiod, 
while the average amount of hexose consumed in respiration dur- 
ing its life history by the entire plant is about 2 g. per 24-hour 
day. The difference between these two quantities is the net daily 
rate of photosynthesis and represents the amount of hexose which 
can be utilized by the plant in assimilation or which may accumu- 
late as unused food. The average net daily rate of photosynthesis 
is an important consideration in evaluating the survival and de- 
velopment of plants, as, in general, the greater this quantity the 
larger the plant can grow and the more food that can accumulate. 
Temperature has an important effect on net daily photosynthesis 
because of its differential influence on the rates of respiration and 
photosynthesis. 

In many and perhaps all species the temperature optimum for 
respiration is higher than the optimum for photosynthesis. In the 
potato, for example, the temperature optimum for photosynthe- 
sis, under otherwise favourable conditions, is about 68° F., while 
the optimum for respiration, at least of the leaves, is about 95° F. 
Hence, the higher the temperature above the photosynthetic 
optimum, the greater the proportion of the photosynthate which 
is consumed in respiration in one part of the plant or another, 
and the smaller the daily net photosynthesis. At relatively high 
temperatures, therefore, there is relatively less food which can be 
used in the construction of new tissues and which can accumulate 
in the tubers or other organs. This is the explanation of the 
well-known fact that the potato is a cool climate crop. The same 
principle also applies to other species, although the temperature 
which results in maximum daily rates of net photosynthesis varies 
with other environmental factors and with the species, being 1M 
general higher in species indigenous to warm climates than to those 
indigenous to cool climates. Analysis of this effect of temperature 
on plants is complicated by the fact that plants in nature are 
exposed to a daily cycle of temperature variations, the general 
pattern of which varies from season to season and habitat to 
habitat. 4 

2. Fermentation.—When a dilute sugar solution becomes M- 
oculated with yeast cells the process of alcoholic fermentation 
ensues: 


СНО —> 2C:H,0H + 25 kg.cal. 
hexose ethanol 


This process proceeds as a series of sub-reactions, each cata- 
lyzed by a specific enzyme. The over-all series of reactions in 
which the compound pyruvic acid is formed from a phosphorylate! 
hexose sugar is called glycolysis. Although an oxidation reaction, 
glycolysis can occur in the complete absence of atmospheric oxy: 
gen; ie. it is anaerobic. The further steps in the conversion 0 
pyruvic acid to ethanol are also anaerobic. Even when oxygen di 
present yeast cells carry on very little aerobic respiration, sti 
obtaining most of their energy from the relatively less € cieni 
process of fermentation. 
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A process identical with or at least very similar to alcoholic 
fermentation occurs in the tissues of green plants under certain 
conditions. If kept in an atmosphere devoid of oxygen many plant 
tissues continue to release carbon dioxide while ethanol or other 
chemically related compounds accumulate in them. In some plant 
organs such anaerobic respiration occurs even in the presence of 
oxygen. This is true in the earlier stages in the germination of 
some kinds of seeds and grains (pea, oat, sunflower) because of 
the virtual impermeability of the coats to oxygen. The skin of the 
grape and some other fruits is also highly impermeable to oxygen, 
and considerable anaerobic respiration undoubtedly occurs in such 
organs. Many tissues of higher plants are soon injured by pro- 
longed anaerobiosis, Within a day signs of injury appear in corn 
seedlings which have been deprived of oxygen. The injurious 
effect of anaerobic respiration on many plant tissues is undoubtedly 
in part a result of the low-energy output of this process and in part 
a result of the accumulation of ethanol or other toxic products 
within the cells. Some aging (senescent) plant tissues, on the 
other hand, such as apple and pear fruits, continue to release car- 
bon dioxide and remain uninjured for months when stored in 
pure nitrogen or hydrogen, 

Mechanism of Respiration.—Like fermentation, the process of 
aerobic respiration proceeds as a complex series of sub-reactions. 
The earlier steps in fermentation and respiration appear to be 
identical. By means of the glycolytic series of reactions pyruvic 
acid is formed in the cells of plants. Glycolysis may occur either 
in the presence or absence of oxygen. In the presence of oxygen 
fermentation is usually inhibited and the further aerobic oxidation 
of the pyruvic acid to water and carbon dioxide takes place 
through another complex series of reactions known as the Krebs 
cycle. Most of these reactions in this cycle are catalyzed by 
specific enzymes. Energy transfers from molecule to molecule 
during respiration are accomplished through the intermediation 
of certain complex molecules of which adenosine triphosphate is 
the best known. Compounds formed during the intermediate 
steps of respiration are the starting points for many metabolically 
important chains of reactions. The biochemical pathway along 
which respiration proceeds appears to be the same or very similar 
in most kinds of plant and animal cells. 


G. GROWTH 


The co-ordinated development. of plant organs and tissues is 
just as clearly a type of physiological activity as relatively simpler 
processes such as photosynthesis and respiration. The tissues and 
their constituent cells resulting from the complex of physiological 
processes referred to as growth in turn become factors influencing 
subsequently occurring physiological processes in those tissues. 
Growth of plants occurs primarily in meristems, which are tissues 
in which the cells retain a capacity for cell division. The principal 
meristems of a vascular plant are the apical stem meristems, the 
apical root meristems and the cambium (not present in ferns or 
monocots). An embryo plant has only one apical stem meristem, 
but with the development of the branching stem system there 
comes to be such a meristem at every growing stem tip and in 
every bud. Hence there may be thousands of apical stem meri- 
stems on any plant with an extensive system of branching. Like- 
wise there is only one apical root meristem on an embryo plant, 
but with the branching of the root system the number of such 
meristems on a single plant may exceed many thousands or even 
millions, since one is present at every root tip. 

1. Types.—Growth of any meristem proceeds by successive 
microscopically visible stages of cell division, cell enlargement 
and cell maturation, which are the three principal morphological 
phases of growth. The terms for the first two stages of growth 
are self-explanatory. Cell maturation refers to the final stage in 
growth during which most of the distinctive structural and chemi- 
cal differences in the walls of the various kinds of cells develop. 
It is also the stage in which the protoplasm disappears from many 
kinds of cells as, for example, most cells of the xylem, An ac- 
tively growing meristem is a centre of intense assimilatory activ- 
ity, assimilation being the term used to refer to the construction 
of new cell walls and protoplasm from foods. Protoplasmic pro- 
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teins are made by the condensation of amino acids, principally 
during the cell division stage of growth. Cellulose, pectic com- 
pounds and other cell wall constituents are synthesized by the 
condensation of soluble carbohydrates, principally during the cell 
division and cell enlargement phases of growth. Water is incor- 
porated into the cells in considerable quantities during both cell 
division and cell enlargement, some entering into the hydration 
of newly formed cell walls and protoplasm, and larger quantities 
entering into the expanding vacuoles, particularly during cell en- 
largement, Translocation of water and soluble foods is, therefore, 
constantly in progress toward growing meristems, Translocation 
of essential minerals, as soluble compounds of one kind or another, 
is also continually occurring toward growing meristems. 

Certain hormonal growth-stimulating substances must also be 
present if growth is to occur (see HORMONE: Plant). Regions of 
cell division and cell enlargement are also centres of intense 
respiratory activity, considerable quantities of carbohydrates be- 
ing oxidized in such cells, much of the resulting energy being 
utilized in variously dynamic and metabolic processes which are 
integral phases of growth. Respiration rates during the matura- 
tion phase are distinctly lower than during the two preceding stages 
of the growth process, 

Growth from primary meristems is called primary growth 
and results in an increase in the length of stems and roots, in the 
development of their branching system, in the development of the 
primary tissues of such organs, and in the production of all lat- 
eral appendages, such as leaves, floral parts and root hairs. 
Primary growth of plants is not a continuous but a periodic phe- 
nomenon, periods of growth having in general a correlation with 
favourable seasons, but varying greatly from one species of plant 
to another. The periodicity of root growth in a given species is 
usually different from the periodicity of stem growth, often begin- 
ning earlier in the season than stem growth and continuing after the 
latter has ceased. Most of the secondary growth of plants is initi- 
ated in the cambium, which is a uniseriate layer of cells located 
between the xylem and phloem. In most plants in which it occurs 
the cambium is present as an almost continuous layer of cells ex- 
tending from just back of every root tip to just below every stem 
apex. Asa result of secondary growth in a lateral direction xylem 
cells (secondary xylem) are formed on the inner side of the cam- 
bium and phloem cells (secondary phloem) on its onter side (the 
first layers of these two tissues, primary xylem and primary phloem, 
develop during primary growth). In woody perennials secondary 
tissues may develop from the cambium for hundreds of years, 
cambial activity being resumed periodically with the advent of 
each growing season. The diameter of the woody cylinder is thus 
increased from growing season to growing season, and commonly 
each season's layer of xylem (wood) can be distinguished in cross 
sections of the wood as a definite annual ring. As new layers of 
phloem form adjacent to the cambium, the older phloem is dis- 
placed outward and, in most woody species, becomes part of the 
bark, which eventually sloughs off. 

Leaves develop from the leaf primordia, small protuberances 
of meristematic cells which originate laterally in apical meri- 
stems, The zone of attachment of a leaf to a stem is called a node; 
in most kinds of plants the leaves become more or less regularly 
spaced along the stem axis by elongation of the internodes, In 
the axil of each leaf an offshoot of the terminal meristem de- 
velops which in turn becomes a terminal meristem, Such meri- 
stems are essentially rudimentary side branches and are called 
lateral buds, usually being covered with bud scales in woody 
species. The branching stem system of the plant is a result of the 
development of the lateral buds into side branches. Branch roots, 
on the other hand, develop from meristems which originate in in- 
terior pericycle tissue. In many woody plants scale-enclosed ter- 
minal buds form annually at the tip of each stem axis. In the 
woody plants of temperate regions resumption of growth from 
the terminal buds and from some of the lateral buds occurs each 
spring, continuing for a few weeks to several months, depending 
upon the species of plant and the environmental conditions. In 
most species of plants some of the apical stem meristems sooner 
or later become differentiated into flower primordia from which 
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develop flowers and, ultimately, fruits and seeds. 

2. Factors Influencing Growth.—The process of growth is 
so complex that it is impossible to characterize it by any single 
index. Quantitative measurements may readily be made of such 
aspects as increase in lengths of stems or roots, increase in diam- 
eter of a stem, increase in volume of a fruit, or increase in dry or 
fresh weight of a plant organ. However, qualitative differences 
in growth are often of greater significance than quantitative differ- 
ences, The relative development of vegetative and reproductive 
growth, for example, or whether the vegetative growth is soft 
and succulent or hard and woody are often of greater import 
from a physiological or practical standpoint than the absolute de- 
velopment of any plant organ or organs, measured as length or 
weight. Such developmental differences must be characterized 
largely in descriptive terms rather than in quantitative measure- 
ments, 

The growth and reactions of a plant are the result of the co- 
ordinated interplay of its hereditary factors and the environmen- 
tal conditions to which it is exposed upon its internal physiological 
processes. Genetic factors have as much influence on the develop- 
ment of a plant as environmental factors, but a detailed con- 
sideration of their effects cannot come within the scope of this 
article, The environment of plants is too complex to be sub- 
jected to any completely logical analysis, but the following are 
the principal factors of the physical environment which have ef- 
fects upon the rate and type of growth of plants: radiant energy 
(intensity, quality, duration), temperature of air and soil, at- 
mospheric humidity, soil water supply, soil aeration, supply of 
available minerals in the soil, concentration of gases in the atmos- 
phere, gravity and atmospheric pressure. Since an individual fac- 
tor can vary in more than one way, since various interrelations 
exist among the different factors, and since each factor can induce 
various chains of reactions in a plant, interpretation of the effects 
of an individual environmental factor on the growth of plants is 
usually a complex problem. The principle of limiting factors can 
be applied in the approximate analysis of many growth phenom- 
ena. In this epitomized discussion the influence of only a few of 
these environmental conditions can be considered in detail. 

Photoperiodism.—The reaction of plants to the length of the 
daily period of illumination is called photoperiodism. The daily 
length of the photoperiod varies from latitude to latitude and 
from season to season in the same latitude. In the tropics, sea- 
sonal variations in the photoperiod are small, day lengths approxi- 
mating 12 hours the year round. In mid-temperate regions, 
photoperiods vary in length from 8 or 9 hours in December to 
15 or 16 hours in June. In arctic regions the photoperiod drops 
to a zero value in December, and is of a 24-hour duration in June. 
Although the length of the photoperiod has certain effects on the 
vegetative development of plants, its most noteworthy influence 
is upon reproductive development. The foundations of our knowl- 
edge of photoperiodism in plants were laid by W. W. Garner and 
H. A. Allard, beginning in 1920. Originally four categories of 
plants, in terms of their photoperiodic reaction, were recognized: 
short-day plants, long-day plants, indeterminate plants and inter- 
mediate plants. Further investigations have shown that all plants 
belong basically to the two categories of long-day plants and 
short-day plants. Long-day plants require a certain minimum 
length of photoperiod (which varies considerably from one species 
or even variety of plant to another) out of each 24-hour day for 
the induction of flowering, but flower under any longer photo- 
period, up to and including continuous light. Short-day plants, 
on the other hand, require an alternation between a dark period 
and a light period during each 24-hour day if flowers are to be 
induced. The dark period must be of a certain minimum length 
(which varies considerably from one species or even variety of 
plant to another) but flowering also occurs under dark periods 
which are considerably longer than the minimum. In the Biloxi 
soybean, for example, a dark period at least 11 hours (but which 
may be considerably longer) must alternate with photoperiods 
which may be from 4 to 18, but optionally from 10 to 12 hours in 
length if flowers are to be initiated. 

Examples of short-day plants include: cocklebur, salvia, aster, 
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dahlia, poinsettia, chrysanthemum and violet; examples of long. 
day plants include spinach, radish, dill, lettuce, grains, timothy 
and hibiscus. Spring-flowering plants of temperate zones are 
mostly of the short-day type, the flower primordia having been 
formed during the shortening days of the preceding late summer 
and autumn, Temperate zone autumn flowering plants mostly fall 
into the same category, except that flowers are: initiated during 
the current instead of the preceding season. Most summer- 
blooming plants are of the long-day type. 

The daily length of the photoperiod is an important factor in- 
fluencing the distribution of crop plants and of plants in nature, 
Species of the pronounced long-day type cannot survive in nature 
inthetropics. Similarly species of the pronounced short-day type 
cannot survive under natural conditions in more northern latitudes, 
excepting only those which are maintained by vegetative propa- 
gation. Short-day Biloxi soybeans, for example, fruit readily in 
the gulf states of the United States, but not in the latitude of 
Washington, D.C. In the latter region days short enough to in- 
duce flowering come so late in the season that fruits are killed 
by frost before they can ripen. Long-day species with a short 
critical photoperiod (indeterminate plants) can complete their 
life cycle over such a wide range of day lengths that their ecological 
distribution and season of blooming are controlled by factors 
other than length of the photoperiod. 

When the leaves of short-day Biloxi soybean are exposed to 
short photoperiods while the apical growing regions are kept un- 
der long photoperiods or in total darkness, initiation of flower 
primordia occurs. If the growing tip of the plant is exposed to 
short photoperiods and the leaves to long photoperiods, no such 
initiation occurs. Similar results have been obtained with other 
short-day species and also with long-day species. These facts 
indicate that the leaves are the loci of the reactions which lead 
to the flowering of plants, and that the effects of processes which 
occur in the leaves are transmitted to the apical meristems, causing 
them to differentiate into flower primordia. Under the influence of 
photoperiods of the proper duration it seems likely that a sub- 
stance (or substances) is made in the leaves, whence it is trans- 
located to the terminal meristems, inducing flower formation. The 
name florigen has been proposed for this postulated flower-inducing 
hormone. 

It is not necessary for plants to be exposed continuously to 
photoperiods of the proper length for the initiation of flowers to 
occur. Short-day Biloxi soybeans, which have been growing un- 
der long days, will initiate flower primordia after exposure to only 
two short-day cycles and a return to long days. Similarly four 
long-day cycles are sufficient to initiate flowering in long-day dill 
plants which are kept under short days before and after exposure 
tolong days. The existence of this phenomenon of photoperiodic 
induction has also been demonstrated in a number of other spe- 
cies of both long-day and short-day types. 

When a typical short-day plant is kept under a distinctly short- 
day cycle, such as 8 hours of light alternating with 16 hours 0! 
dark, initiation of flowers soon ensues. If, however, the dark pe- 
riod is interrupted at somewhere near its midpoint by а short 
period of relatively low-intensity light, flowering is inhibited. 
When a long-day plant is kept under such a short-day cycle flower- 
ing does not occur. If, however, the dark period to which such 
a plant is exposed is interrupted at approximately its midpoint by 
a short period of relatively low-intensity light, flowering is 10" 
duced. In both short-day and long-day plants the usual photo- 
periodic reaction is reversed by such a treatment. The same effect 
can be achieved by following the 8-hour photoperiod, which must 
be of relatively high light intensity, with a 6- to 8-hour exposure 
to low-intensity light. М t 

This low-intensity light reaction of photoperiodism (which er 
be distinguished from the "high intensity" reaction of the ue 
period proper) has been investigated from the standpoint of x 
relative effectiveness of different spectral bands of light. ee 
row band in the red vicinity of 6500 A (1 A or angstrom Ee ^ 

-roy ooy mm.) wave length has been found to operate E ET 
fectively in the low-intensity light reaction. Furthermore, a € ae 
adjacent band in the far red, at about 7,300 A wave length rever 
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the effect of the red band, This reversible far red reaction affects 
a number of other growth phenomena in plants in addition to the 
photoperiodic reaction. These include germination of seeds, elon- 
gation of stems, expansion of leaves, germination of fern spores 
and the formation of certain pigments, Many of these growth 
reactions apparently can be reversed an indefinite number of times 
by alternately exposing the plant first to the effective red band, 
then to the effective far red band of light. 

Temperature Effects on Growth.—Within limits a rise in tem- 
perature favours increased rates of elongation or enlargement of 
plant organs, The range of temperatures within which this occurs 
is usually higher in tropical than in temperate zone species, and 
higher in plants of the latter group than in subarctic species. In 
temperate zone species, the temperature range over which such 
an effect occurs approximates 40°-95° F. With further rise in 
temperature above the optimum, elongation or enlargement rates 
decrease, falling to zero at about 105°-115° F. The temperature 
most favourable for one stage of development of a plant is often 
not the most favourable for another stage. 

Relatively low temperatures favour initiation of flowers in 
some species, relatively high temperatures favour flower initiation 
in other species, and flowers are initiated in still other species 
over a wide range of temperatures. Celery plants which have been 
exposed to a temperature range of 40?—50? F. or 50°-60° F. for 
10-15 days will develop flowers, fruits and seeds if subsequently 
grown at 60°-70° F., a range of temperatures too high for the 
initiation of flowering, On the other hand, lettuce plants (White 
Boston) develop flowers, fruits and seeds without forming heads 
if grown at 70°-80° F. Similar plants grown at 60°-70° Е. first 
form heads and subsequently go to seed. Other species for which 
exposure to a relatively low temperature seems essential to induc- 
tion of flowering include rutabaga, onion, cosmos and stock; other 
species for which exposure to a relatively high temperature seems 
essential to induction of flowering include pepper, phlox and 
cleome. 

Growth Correlations—The influence of one part of a plant 
upon the development of another part of the same plant is called 
a growth correlation, The harmonious development of the plant 
body as a whole is controlled by correlative influences operating 
reciprocally from organ to organ, tissue to tissue, and cell to cell. 
Innumerable examples of growth correlations can be cited. A 
familiar one is the phenomenon of apical dominance. As long as 
the terminal bud on a woody stem remains intact or continues to 
grow, development of lateral buds, at least on the current season's 
shoots, fails to occur, If the terminal bud is injured or de- 
stroyed, however, development of the lateral buds usually ensues. 
Obviously the terminal bud has some sort of an influence on the 
lateral buds which prevents their development, Apical dominance 
also occurs in the growing shoots of herbaceous plants, When 
the terminal bud is removed from a broad bean and replaced with 
a block of agar gel containing auxin b or heteroauxin, inhibition 
of lateral bud development continues just as if the terminal bud 
remains intact. If the terminal bud is replaced with a block of 
plain agar, however, lateral buds begin to develop immediately. 
It is obvious that auxins play a role in apical dominance, but the 
exact mechanism of their action has not been worked out. Many, 
but not all correlative influences of one plant organ on another re- 
sult from the action of growth substances. One part of a plant 
often has an influence on the relative quantities of certain foods, 
of mineral compounds, or of water which reach other parts of the 
plant, and correlative influences on growth often result from such 
effects. For example, if the nitrate supply is low, the root sys- 
tem of a plant is large in proportion to its top. Under such con- 
ditions absorbed nitrates are largely used in the synthesis of 
amino acids in the roots and these amino acids are used in pro- 
tein synthesis accompanying root growth. Only small quantities 
of nitrogenous compounds escape utilization in the roots and are 
translocated to the tops. Hence the growth of the tops is checked. 
by a deficiency of nitrates or amino acids, even though they may 
contain an abundance of carbohydrates, some of which are trans- 
located downward and used in amino acid synthesis and other 
Processes in the roots. If the supply of nitrates is more abundant, 
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however, more nitrogenous compounds are translocated to the 
tops, where most of them are used in the synthesis of proto- 
plasmic proteins, The resulting enhanced vegetative growth of 
the tops results in a greater proportionate development of the 
aerial portions of the plant as compared with the roots than 
occurs when the nitrogen supply is deficient. 

Dormancy.—Many kinds of seeds, apparently mature, fail to 
sprout even when brought under environmental conditions favour- 
able for germination, This state of internally inhibited growth 
of seeds or other plant organs is called dormancy. The follow- 
ing are the main causes of dormancy in seeds; (1) seed coats 
impermeable to water; (2) seed coats mechanically so strong 
that they cannot be ruptured by swelling of the embryo; (3) seed 
coats impermeable to oxygen; (4) seed coats containing a specific 
chemical inhibitor of germination; (5) embryos in a rudimentary 
state at the time seeds are shed; (6) embryos fully formed at 
seed maturity but in such a physiological condition that they 
will not develop further until they have passed through a period 
of “after-ripening.” More than one of these conditions is present 
in some kinds of seeds. Methods of “breaking” the dormancy, 
or at least shortening the period of dormancy, have been devised 
for a number of kinds of seeds and are of considerable practical 
utility. The method used with a given kind of seed depends upon 
the cause of dormancy in that particular seed. 

The phenomenon of dormancy is also exhibited by buds, The 
buds on stems of woody temperate zone species ordinarily do not 
develop during the summer in which they are formed, even under 
favourable environmental conditions, This condition of dormancy 
is maintained in most such species until the following autumn or 
winter. Exposing stems to vapours of ether, ethylene chlorohy- 
drin or ethylene dichlorid is an effective method of breaking bud 
dormancy in many woody species. The buds of many kinds of 
tubers, rhizomes, corms and bulbs likewise may remain dormant 
for a considerable period. Freshly harvested potato tubers, for 
example, ordinarily do not sprout at once because of bud dor- 
mancy. The duration of dormancy in potato tubers can be greatly 
curtailed by treatment with certain chemicals. 

Vernalization—This term refers to a low-temperature treat- 
ment given seeds before sowing which results in shortening the 
time until flowering of plants that develop from them, Less com- 
monly, it is also applied to treatment of seeds at relatively high 
temperatures, or to temperature treatments of plant organs other 
than seeds, Although seeds of a number of kinds of plants can 
be vernalized, this technique is employed principally with cereals, 
and especially with winter wheats. Vernalization of the grains 
of a winter wheat so speeds up the completion of its life cycle 
that it can be grown as a spring wheat. Grains of the Turkey 
Red variety of winter wheat, for example, are vernalized by soak- 
ing to a moisture content of about 60%, which just permits initia- 
tion of germination, holding them at approximately that water 
content, and exposing them to a temperature of 33°-37° Е, for 
9-10 weeks before sowing. The plants developing from these 
seeds reach the heading stage in 110-120 days from the begin- 
ning of the cold treatment. Unvernalized seeds of the same variety 
require 150 days from sowing to attain the same stage of de- 
velopment in the same environment. This effect of low tempera- 
ture treatments on pre-germinated seed, now called vernalization, 
has been known for many years, but gained new prominence be- 
ginning about 1930 because of its advocacy as a practical measure 
by Russian agriculturalists. Because of the particular climatic 
conditions prevailing over large portions of the U.S.S.R., the 
vernalization of winter wheats has proved an advantageous agricul- 
tural procedure in some parts of that country. In other parts of 
the world, however, vernalization has not proved to be a practice 
of commercial value. 


H. PLANT MOVEMENTS 


The existence of autonomous movements in plants usually es- 
capes notice because most of them occur too slowly to permit 
their detection by casual observation. That movements of plant 
organs actually do occur can be readily confirmed by a series of 
observations of certain plant organs under suitable conditions. 
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The reality and vigour of plant 
movements can also be demon- 
strated strikingly by time lapse 
motion-picture technique in 
which pictures of the moving 
plant organs are taken at rela- 
tively long intervals and the re- 
sulting film projected at such a 
speed that the movements are 
greatly accelerated. Most move- 
ments in the vascular plants may 
be classified into growth move- 
ments or turgor movements. 
Growth movements, many of 
them curvatures of plant organs, 
result from differential rates of 
growth. Growth movements may 
be classed as tropic movements, 
nastic movements and nutations. 
1. Tropisms.—Tropic move- 
ments such as phototropism and 
geotropism occur under the influ- 
ence of an environmental factor 
acting with greater intensity from 
one direction than another. 
Phototropism.—NWhen a plant, 
such аз а potted plant on a win- 
dow sill, is illuminated more 
strongly on one side than on oth- 
ers, the stems usually bend to- 
ward the brighter light. Two 
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FIG. 16,—PHOTOTROPISM IN THE 
FRUITING BODY OF A FUNGUS 


Multiple exposure, taken at a rate of 
one exposure every four minutes, shows 
the sporanglophore oscillating between 
two fight sources 


mechanisms of this phenomenon 
of phototropism have been recog- 
nized. One is a retarding effect of light on the elongation of the 
cells. Hence the cells on the more brightly illuminated side of the 
stem elongate less than cells on the opposite side, and the stem 
bends toward the light. ‘The other mechanism of phototropism has 
been studied principally in the coleoptiles of grasses. Charles Dar- 
win showed many years ago that, although bending occurs in the 
basal portions of a coleoptile, shading its tip with a tin-foil cap pre- 
vents curvature of the coleoptile when unilaterally illuminated. 
Detipped coleoptiles likewise evince little or no phototropic re- 
action. Bending of the basal portions of the coleoptile is, there- 
fore, subject to a controlling influence of the tip. Later it was 
shown that the hormone auxin in the tip of an oat coleoptile mi- 
grates laterally across the tip from the lighter to the shadier side 
(some inactivation of auxin on the illuminated side may also oc- 
cur), Since downward translocation of the auxin is almost strictly 
longitudinal, the cells on the shaded side of the coleoptile receive 
more auxin than those on the lighted side. The cells on the shaded 
side therefore elongate more than those on the illuminated side, 
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FIG. 17.—MULTIPLE EXPOSURE OF OAT COLEOPTILES ILLUSTRATING 
GEOTROPISM. GRAVITATIONAL REDISTRIBUTION OF HORMONES CAUSES THE 
TWO SEEDLINGS SET HORIZONTALLY TO GROW UPRIGHT LIKE THE CENTRAL 
VERTICAL SEEDLING 


and the coleoptile bends toward the light. 

Geotropism—If a potted plant be placed in a horizontal posi- 
tion, the stem bends upward away from, and the root bends 
downward toward, the force of gravity. These are examples of 
negative and positive geotropism, respectively. In a horizontally 
oriented oat coleoptile, auxin migrates from the upper to the lower 
side of the tip and thence longitudinally in the usual manner. The 
greater concentration of auxin on the lower than on the upper side 
induces greater elongation of cells on the former, and the coleop- 
tile bends upward. Ina horizontally oriented root tip, auxin also 
migrates from its upper to its lower side. Elongation of root cells 
is favoured by much lower concentrations of auxins than favour 
elongation of coleoptile cells, and root cell elongation is retarded 
atall higher concentration. A relatively high auxin concentration 
on the lower side of the root therefore results in a smaller elonga- 
tion rate of the cells on the lower as compared with the upper side, 
and a downward bending of the root results. 

2. Nastic Movements and Nutations.—Nastic movements 
are those in which the direction of the movement is limited by the 
structural symmetry of the plant organ. The more rapid growth 
of the upper side of a plant organ such as a leaf or flower part is 
called epinasty; the more rapid growth of its lower side hyponasty, 
Opening of flowers is caused by epinastic movements of the sepals 
and petals; closing of flowers, such as occurs in some species at 
night or at low temperatures, results from hyponastic movements 
of the floral parts. Careful observation of a growing stem tip 
reveals that it does not grow straight ahead through space, but 
moves in an irregular spiral pathway as it elongates. Such growth 
movements are called nutations. 

3. Turgor Movements.—Turgor movements are those caused 
by reversible changes in cell volume. Many such movements re- 
sult from turgor changes in structures called pulvini, located at the 
base of the blade or petiole, or both in some kinds of plants. The 
well-known and spectacular reactions of the sensitive plant result. 
from turgor changes in cells of pulvini located at the base of the 
petiole and the base of each leaflet. 

Brsrrocrapuy.—W. Ruhland (ed), Encyclopedia of Plant Physiol- 
ogy, 18 vol. (1955- 1); B. S. Meyer and D. B. Anderson, Plant Physiol- 
ogy, 2nd ed. (1952); J. Bonner and A. W, Galston, Principles of Plant 
Physiology (1952) ; A. W. Galston, The Life of the Green Plant (1964); 
E. J. H. Corner, The Life of Plants (1964) ; L. J. Audus, Plant Growth 
Substances (1953) ; D. D. Davies, J. Giovanelli, and T. Ap Rees, Plant 
Biochemistry (1964); T. T. Kozlowski, Water Metabolism in Plants 
(1964); W. A. Jensen, The Plant Cell (1964); C. Ellis and M. W. 
Swaney, Soilless Growth of Plants, 2nd ed. rev. by T. 

(1947); E. J. Hewitt, Sand and Water Culture Methods Used in the 
Study of Plant Nutrition (1952); W. O. James, Plant Respiration 
(1953) and Introduction to Plant Physiology, 6th ed. (1963); A. 
Leopold, Auxins and Plant Growth (1955) and Plant Growth and De- 
velopment (1964); E. Rabinowitch, Photosynthesis and Related Pro- 
cesses, vol. 1, 2 (1945—56) ; B. T. Shaw (ed.), Soil Physical Conditions 
and Plant Growth (1952); F. Skoog (ed.), Plant Growth Substances 
; J. B. Sumner and К. Myrbàch (eds.), The Enzymes, vol. 1,2 
2); E. Truog (ed.), Mineral Nutrition of Plants (1951); Н. В 
ey (ed.), Plant Regulators in Agriculture (1954) ; . Wallace 
et al, Trace Elements in, Plant Physiology (1950) ; R: B. Withrow (ed), 
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V. IMPORTANCE OF PLANTS TO MAN 


Man and other animals exist ultimately because plants exist 
Plants are the basic food manufacturers: they gather up Walth 
minerals, and gases, trap the energy of sunlight, and produce or 
ganic matter that serves as sustenance for animals. Man's organic 
evolution is closely associated with the evolution of flower 
plants, or angiosperms: as seed bearers angiosperms readily 10- 
vaded the drier land where man lived and provided him with 4 
source of easily obtainable food, His social evolution is also TP 
lated to angiosperms: their annual habit and, in the cereal plants, 
their great yield in proportion to the work invested allowed for 
the development of relatively stable agriculturally based com 
munities and more complex civilizations. Man has indeed become 
dependent upon plants, especially cultivated plants, but he has $0 
adapted them to his use and environment that they too are depen" 
dent upon him: many could not survive without his care. 

1. Direct Influence of Plants, planis directly affecting man 
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include those providing necessities (food, fibres, shelter materials) 2 
ameliorants (essential oils, caffeine, poisons, narcotics, medicines) ; 
raw materials of industry (wood, cork, fatty oils, waxes, rubbers, 
gums, resins, dyes, tannins); and ornamentals. 

Food.—Man has employed as food approximately 3,000 plant 
species but only about 150 have become significant in cultivation. 
The chief crop plants today are: rice, wheat, corn, sugar cane, sugar 
beet, potato, cassava, common bean, soybean, peanut, coconut 
and banana. All major civilizations have been built on cereal 
production (Egyptian, Greco-Roman, Middle Eastern: wheat ; 
Far Eastern: rice; Inca, Aztec, Maya: corn). Rice, by far man's 
most widely used food, nourishes 60% of the world's population. 
Historically and currently, corn is, directly and indirectly, the basic 
carbohydrate food of the Americas, wheat being second in im- 
portance. Other starch sources are many: lesser cereals (barley, 
rye, oats); roots or tubers (oca, taro, yam); fruits or seeds 
(breadfruit, jackfruit, plantain); stem (sago). Starch is not 
only man's main food but is of considerable industrial use. 
Leguminous seeds are the chief source of vegetal protein (beans, 
peanut, lentil, etc.) and nuts of diverse sources. Other plant parts 
provide numerous fruits and vegetables. (See Foop SUPPLY or 
THE WORLD; FRUIT FARMING; VEGETABLE.) 

Fibres and Essential Oils —Fibres, serving mainly for textiles, 
are botanically of three types: surface (cotton, kapok); bast 
(flax, hemp, jute); foliar (abacá, sisal, henequen). Long known 
in both hemispheres, cotton, man's most important plant fibre, 
goes back to 3000 в.с. in India, 2500 в.с. in Peru. Flax dates 
from the Swiss lake dwellings (2000 B.C.) in Europe; hemp 
from 1500 в.с. (See FIBRE.) 

Thousands of flowering plants yield essential oils used in per- 
fumes, spices, medicine, and industry. Camphor is industrially 
one of the most important essential oils. Modern man employs 
in perfumery over 300 species but principally bergamot; orange; 
geranium; lemon-grass; rose; hyacinth; jasmine; lavender; violet; 
sandalwood; and ylang-ylang. The French Riviera annually pro- 
duces 5,000,000 Ib. of orange blossoms; 4,000,000 Ib. of roses; 
and 450,000 lb. of jasmine. (See ESSENTIAL OIL; PERFUME; 
SCENTED PLANTS.) Oils like wintergreen and peppermint find use 
in medicine and confectionery. Spices, employed in cookery, 
medicine and food preservation since early times, have often al- 
tered the course of history: the search for new spice routes pro- 
vided the stimulus to exploration. (See also Foop PREPARATION: 
Herbs and Spices.) 

Drugs.—Primitive societies discovered caffeine independently 
in many parts of the world, and from different sources: seeds 
(coffee, cocoa, cola); leaves (tea, mate, yaupon); bark (yoco). 
Tea (q.v.), at first a medicine in China, is now drunk by more 
people than any other caffeine beverage, although coffee (g.v.), 
spread from Ethiopia by Arabs only 500 years ago, is commer- 
cially more important. Cocoa (q.v.), used by the Aztecs before 
the Spanish Conquest, slowly gained popularity in Europe after 
its introduction in 1502. Соја, from Africa, is consumed locally 
and is exported for use mainly in carbonated drinks. Mate (q.v.), 
from the leaves of a holly, is drunk universally in southern South 
America. Another holly, yaupon (southeastern United States), 
employed ceremonially by the Indians as an emetic, was later used 
by white settlers as a stimulant. High in caffeine (595), guarana 
(Amazon) is prepared from the pulverized seeds of a cultivated 
vine, while the bark of the related wild yoco provides western 
Amazon Indians with a highly stimulating decoction. In Arabia 
khat leaves, with a caffeine-like alkaloid, are chewed for their 
stimulant effects. The betel nut, from a palm, is chewed in south- 
east Asia with betel pepper leaves and spices, a use described by 
Herodotus as early as 340 B.C. (see BETEL Nut). 

Alcohol, from the fermentation of sugars by yeasts (one of the 
primitive plants) has been known since earliest times. Prepared 
from hundreds of fruits and starchy grains or roots, alcoholic 
beverages play a major cultural role in most societies. They 
are either fermented (wines, beers) or distilled (whiskey, rum, 
gin, etc.). (See ALCOHOLIC BEVERAGES, DISTILLED.) 

Early in his history man learned that some plants had unusual 
effects on the mind and body; man considered these drugs sacred 
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and associated them with magic and religion, Nonalcoholic паг- 
cotics include excitants (tobacco), hypnotics (kava), hallucinogens 
(peyote, agaric, marijuana), and euphorics (coca, opium). Only 
the euphorics, both the blessing and the bane of humanity, are of 
major medical importance. Opium, native to Asia Minor, has 
many alkaloids, the principal ones being morphine and codeine. 
Coca (q.v.) leaves, rich in cocaine, are chewed by millions of 
South American Indians. The pistillate buds of the hemp plant, 
which yield marijuana (g.v.), bhang, ganja, hashish—different 
forms of the same narcotic—are still widely employed from North 
Africa to India and spreading elsewhere; in the New World, it is 
usually smoked. The hallucinogens, as their name implies, induce 
fanciful and brilliantly coloured visions; their physiological and 
psychological effects make them interesting as possible medicines 
for mental treatment (see NEUROPHARMACOLOGY AND PsYCHO- 
PHARMACOLOGY; TRANQUILIZING DRUGS). The peyote cactus, im- 
portant in a growing religious cult among Mexican and American 
Indians (see Peyotism), has shown promise as a tool in experi- 
mental psychiatry, Recent studies of hallucinogenic effects of 
certain mushrooms (teonanacatl) and the morning glory (ololiu- 
qui), employed in religious rites in Mexico, hold similar promise. 
Sundry narcotic snuffs from tropical America warrant further in- 
vestigation. Primitive societies in the new world have made ex- 
tensive use of narcotic plants; the two centres of greatest aborigi- 
nal use of narcotic plants are Mexico and Colombia, 

Tobacco, man’s most widely used narcotic, was smoked cere- 
monially by the American aborigines. Introduced to Europe as a 
medicine in 1556, its use as a stimulant spread rapidly in spite of 
strong public opposition. Tobacco is smoked, chewed, snuffed, 
and, among some Indians, licked and, as a decoction, drunk. The 
production and processing of tobacco is at present one of the 
world’s foremost occupations’ (see Товассо). 

Plants have been the source of nearly all medicines, Synthetics 
are generally modeled on the chemical structure of the natural 
drug. Discovery of the “wonder drugs” sparked a renascence of 
medical interest in the plant kingdom. Among the later plant 
derivative drugs are: muscle relaxants from the curares; hyper- 
tensive agents from snake root; cortisone from strophanthus; peni- 
cillin, streptomycin, aureomycin and many other antibiotics from 
molds, actinomycetes and bacteria. Among the older drugs still 
of major importance are: aloes, belladonna, cascara, castor oil, 
coca, digitalis, ephedrine, eucalyptus, guaiacum, ergot, ipecac, lico- 
rice, nux vomica, opium, psyllium, cinchona, rhubarb, senna 
wormseed. It is expected that current research into the 
potentialities of plants may uncover still more significant t: 
tic agents. 

Toxic plants have exerted strong cultural and historica 
ence. Primitive societies used them in tribal ceremony, 
hunting, fishing, euthanasia, determining guilt, and inducin 
tion; modern society finds them useful medicines as insec 
and rodenticides. The United States perhaps has 400 toxic! 
cies; the tropics are infinitely richer, Alkaloids, glycos| 
saponins, resins, phytotoxins, essential oils, tannins and inorg: 
substances are, when the toxic principle in a plant, classified 
cording to their physiological activity, 

The most spectacular use of toxic plants is for arrow poison 
invented independently on nearly every continent (with differen 
plants) but particularly developed in tropical southeast Asia an 
South America. Similarly, fish poisons are of world wide use| 
although best developed in South America, where about 10 
species are employed. One of these, rotenone, has become an i 
portant agricultural insecticide. Another valuable insecticide 
pyrethrum from certain species of Chrysanthemum, Ordeal 
sons, mostly from tropical lianas of the pea family, were adr 
istered in primitive African societies to determine guilt (dea 
or innocence (survival); from one of these poisons, physostigm 
important in ophthalmology, was isolated. Many weeds 
ornamental plants are poisonous, as are some edible plants (е) 
tapioca), which have toxic principles that must be removed. (S! 
Poisonous PLANTS.) 3 

Fats, Oils, and Waxes.—It is hard to exaggerate the importance 
of plants yielding fats and oils. They are employed as foods, in 
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soap-making, for lubricating and in countless industrial applica- 
tions. Derived mostly from seeds, oils are classified as: drying 
oils (linseed, tung, soybean); semidrying (cottonseed, corn, 
sesame, sunflower); nondrying (olive, peanut, castor). Fats, 
which are solid or semisolid at room temperature, are derived 
from the coconut, cocoa and other tropical trees; the palms are 
particularly rich in members providing fatty oils. 

Waxes, closely allied chemically to the fatty oils, are derived 
from fewer species. Waxes have industrial applications, especially 
in varnishes and polishes. Most wax plants occur in desert or 
near-desert areas, Carnaúba, from a Brazilian palm, is preferred 
for polishes because of its hardness. Other industrial waxes are 
produced by shrubs or bushes: candelilla, from Mexico; myrtle, 
from eastern North America; jojoba, from southwestern United 
States; and cauassü, from the Amazon basin. (See Ors, Fats 
AND WAXES; OIL PLANTS.) 

Latex, Gums, and Resins.—Although the milky latex of many 
species (about 7,000) yield rubber, only about 50 have ever been 
commercially significant; more than 90% of the world’s natural 
rubber comes from one species, the Para rubber tree, native to 
the Amazon but cultivated mainly in southeast Asia. One of the 
most recently domesticated plants, rubber has been greatly im- 
proved from the wild tree (producing 450 Ib. per acre) to clones 
yielding 1,800 Ib. per acre. In spite of its short time on the world 
market, rubber has altered the entire course of civilization; almost 
2,000,000 tons are produced annually for a wide variety of in- 
dustrial uses (see RUBBER). Other sources of rubber are mainly 
of historic interest, except the Russian dandelion, from Siberia, 
and the guayule shrub, from Mexico, which may be utilized in 
emergencies. Many lacticiferous trees yield nonelastic substances 
of diverse industrial applications: balata, gutta-percha, jelutong, 
and chicle. Gums and resins, occurring widely in plants, result 
from disintegration of cellulose tissues (gums) or oxidation of es- 
sential oils (resins). Common in plants of dry regions, gums are 
employed in the adhesive, paint, and printing industries and in 
medicine, Resins are employed in the varnish, soap, incense, per- 
fume and pharmaceutical industries. Hard resins include the 
copals, dammars, and lacquers; oleoresins, which have more es- 
sential oil than hard resins, include the turpentines and balsams. 
Copals, produced by trees of the pea and pine families in Africa, 
New Zealand, southeast Asia, and South America, usually are semi- 
fossilized but may be relatively soft. Dammars, chemically unlike 
coniferous resins, come mainly from dipterocarpaceous trees of 
southeastern Asia and are used chiefly in spirit varnishes and 
nitrocellulose lacquers. Amber, a fossilized resin from Miocene 
trees, is especially abundant in the Baltic area, Lacquer, a nat- 
ural varnish from an Asiatic species of sumac, is the basis of the 
decorative lacquerware industry of China. 

Commercially, turpentine from several pines of the southeast- 
ern United States is perhaps the most important oleoresin, being 
the basis of the “naval stores” industry. Minor turpentines 
are Canada balsam, spruce gum, Venetian turpentine. The bal- 
sams—including Peru balsam, Tolu balsam, benzoin, storax—are 

.mainly medicinal. The gum resins are mixtures of true gums and 
resins. Historically and commercially the most important are 
asafetida, myrrh, and frankincense. Produced mostly in desert 
areas of western Asia and North Africa, they are useful in incenses, 
perfumes, face powders, toiletries, and medicine. (See Gums, 
PraNT; RESINS.) 

Dyes, once largely vegetal, are now almost wholly synthetic. 
All parts of plants have yielded dyes: wood (logwood, brazil- 
wood, fustic, osage orange, cutch); leaves (indigo, henna, weld, 
woad); roots and tubers (madder, turmeric); bark (quercitron) ; 
stigmas (saffron); gum resin (gamboge). Archil, cudbear and 
litmus are derived from lichens. (See also DvEs AND DYEING: 
History.) 1 

Tannins and Paper.—Tannins occur widely but commercial 
sources are few and usually are not cultivated. The bark of hem- 
lock, oak, mangrove, and wattle; the wood of chestnut and que- 
bracho; the leaves of sumac and gambir; and the fruit of myrob- 

alan are prime sources. Tannins unite with proteins in animal 
skins to form leather. Tannin inks are made by combining a tan- 
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nin-high extract of oak galls with iron (ferrous) sulfate gum 
x Я 
arabic, and a dye. (See TANNIN.) 

One of the world’s most important products—paper—can be 
made from several different natural fibres. The use of wood fibres 
dates from about 1850. Currently, spruce furnishes about 30% 
of all paper; pine, hemlock, birch and poplar are secondary sources 
of wood pulp. Writing materials manufactured from the papyrus 
sedge, used in Egypt in ancient times, sparked a remarkable in- 
tellectual period. The Chinese, however, actually first made true 
paper. (See PAPER MANUFACTURE.) 

Wood and Cork.—Wood is man’s most valuable forest com- 
modity. Its advantages are: easy and cheap availability; easy 
tooling; lightness; great strength for its weight; and nonconduc- 
tivity of heat. The modern lumber industry supplies wood for 
boxes, construction, furniture, cooperage, railway ties, etc, 
Veneers and plywoods are increasingly important in many appli- 
cations. Wood alloys—wood impregnated with resins under 
pressure—have more and more use in industry. (See Woop.) 

Cork, known to the ancient Greeks, is a many-purpose substance 
derived from the bark of oaks. It is used either alone or in com- 
position (finely ground and molded with adhesives). The Medi- 
terranean countries are the chief producers of cork. (See CorK.) 

2. Indirect Influence of Plants.—Man is indirectly affected 
by disease-causing plants and weeds. Plant diseases attacking 
man’s cultivated species cause millions of dollars’ loss annually 
in agriculture and forestry. Resistant strains or clones of some 
crop plants have been developed through selection and breeding, 
but the main defense is control, costing many millions of dollars 
yearly. (See PLANT DISEASES.) 

Weeds—plants growing where they destroy or impede the 
growth of cultivated species—likewise are costly to man in terms 
of their control and the damage they do. Fast-growing annual 
weeds are often introduced plants which, without the natural ene- 
mies of their native regions, become aggressive. Most weeds can 
thrive under adverse conditions, mature great numbers of seeds 
(often of long viability), propagate vegetatively or, if perennials, 
regenerate lost parts. Weeds are not entirely devoid of utility 
to man—they add humus and nutrients to soil on which little 
else will grow; some are edible and a few are medicinal, (See 
WEED.) 

The extent and importance of range plants basic to the meat 
industry are so obvious that they need only passing reference 
here. The number of species thus indirectly affecting man 15 €x- 
tremely great. Forests, besides supplying many of man’s directly 
utilitarian plants, affect his life in many indirect ways. They 
have a part in controlling climate and temperature. They are a 
major factor in flood control and in water conservation, which is 
each year more and more important in the United States and 
elsewhere (see FORESTS AND FORESTRY). ل‎ 

The value of plants as ornamentals is well known. Horticulture 
is one of our major industries. Ornamentals, while not of imme- 
diate utilitarian value, are extensively grown for the pleasure they 
provide. See HORTICULTURE. 


See also references under “Plants and Plant Science" in the In- 
e tures 

BisLr0cRAPHY.—O. Ames, Economic Annuals and Human Cu UR 
(1939); A. Е. Hill, Economic Botany (1952) ; J. Hutchinson ар . 
Melville, The Story of Plants and Their Uses to Man (1948) i de 
Schery, Plants for Man (1952) ; J. C. T. Uphof, Dictionary of E22 
Plants (1959). (R. E. ape 

PLANUDES, MAXIMUS (in the world MANUEL) (c. 12 


c. 1310), Byzantine classical scholar who compiled the Planudean 


anthology (see ANTHOLocv: The “Greek Anthology”). Born id 
Nicomedia, he spent most of his life in Constantinople, TE a 
east, 


became a monk. His achievement, unique in the Greek еа 
translator of Latin literature (e.g., works by Ovid, Augustine, a 
Boethius) was probably due in part to results of the Latin E 
pation of the city (1204-61), and enabled him to be a member d 
a mission to Venice in 1296. His original attempts in prose un 
poetry (including an idyll in 270 hexameters) are of much less 1 : 
portance than his anthology, which is valuable chiefly because t 
contains certain epigrams missing from the Palatine ЖАШЫП, 
In the case of poems occurring in both anthologies, oY А 


PLASKETT—PLASTERING 


of the Planudean’s individual readings are derived from genuine 
transmission (e.g., 7,440, 10-11; 7,703, 5-6), the greater number 
being conjectures by Planudes. Many of these are correct, but 
obvious to any thinking and linguistically capable copyist, others 
are clearly hasty attempts to camouflage stylistic difficulties or 
more fundamental corruptions in the text, while others are due to 
prudery. Arbitrary alterations of this kind have not been found 
in the rest of Planudes’ work as scribe and collector. 

See C. Wendel in Pauly-Wissowa, Real-Encyclopüdie der classischen 
Altertumswissenschaft, vol. 20, col. 2202-53 (1950). (P. Ma.) 

PLASKETT, JOHN STANLEY (1865-1941), Canadian 
astronomer, discoverer of the dual star known as “Plaskett’s 
twins," was born Nov. 17, 1865, near Woodstock, Ont. He gradu- 
ated from the University of Toronto in 1899. In 1905 he was made 
astronomer of the Dominion Observatory at Ottawa, and remained 
in that position until 1917, when he was placed in charge of the 
Dominion Astrophysical Observatory in Victoria, B.C. After his 
retirement in 1935, he supervised the grinding and polishing of 
the 82-in. mirror for the telescope of the McDonald Observatory 
of the University of Texas. 

Plaskett was one of the most noted astronomers of his time. Of 
his many important discoveries, one of the first came in 1922 
when he found that what had for years been considered a large 
single star was actually two stars. The stars, although clearly 
visible to the naked eye, had not been identified as twins until 
Plaskett studied them through the Dominion Observatory's 72-in. 
telescope, which he had been instrumental in persuading the gov- 
ernment to install. The stars were subsequently given his name 
and are known as “Plaskett’s twins.” He also made valuable 
studies on the motions of stars, on the Milky Way and its move- 
ments, and on the rotation of the galaxy. 

Of his numerous papers, the most important include Star Image 
in Spectroscopic Work; Design of Spectroscopes; The Rotation 
of the Galaxy; Difuse Matter in Interstellar Space; and several 
on the O-type stars. He was the recipient of a number of honorary 
degrees and awards for his distinguished services to astronomy. 
He died at Esquimault, B.C., Oct. 17, 1941. 

PLASMA PHYSICS: see ELECTRICITY, CONDUCTION OF: 
Conduction in Gases; MAGNETOHYDRODYNAMICS. 

PLASSEY, BATTLE OF. Robert Clive's victory over the 
nawab of Bengal, Siraj-ud-Daula (q.v.), took place just north of 
Plassey, a village in Bengal, India, on June 23, 1757. Clive, with 
a force of about 3,000 men and 8 field pieces, took the field against 
60,000 men, 53 heavy guns, and some French artillery under Saint 
Frais. Despite the adverse decision of a council of war (June 
21), Clive on the following day crossed the flooding Bhagirathi 
River and marched to Plassey to force an engagement. He had 
confidence in purposefully led Europeans and hoped for the de- 
fection of much of the nawab's army under Mir Jafar, whom Clive 
was plotting to make nawab. 

Clive's force, sheltered in a mango grove with its back against 
the river, awaited the attack from an imposing enemy drawn up 
in a semicircle with the French artillery on its right, anchoring it 
to the river. An artillery duel developed during which Clive's 
carefully protected men and guns worked well against the exposed 
enemy. During an attack, Mir Mudin, the only loyal general of 
the nawab, was killed. An attack on Saint Frais's position proved 
successful, and when Clive was sure that Mir Jafar was not tak- 
ing part in the battle he pressed his advance. Siraj-ud-Daula fled 
as his vast, untrustworthy force disintegrated. 

The battle, won at the cost of about 65 British casualties, owed 
its success to Clive’s outstanding political and military qualities. 
The results, as Clive foresaw, were momentous. Bengal fell to 
the East India Company, and Britain was launched on a terri- 
torial expansion that embraced all of India. See also BENGAL: 
History: The British in Bengal; CLIVE, ROBERT. 


See M. Edwardes, The Battle of Plassey and the Conquest of Bengal 
(1963). (D. M. Sc.) 
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PLASTERING is one of the most ancient building techniques. 
Evidence indicates that primitive peoples plastered their reed or 
sapling shelters with mud, thus developing more durable structures 
and more effective screens against vermin and inclement weather. 
More lasting and sightly materials in time replaced mud. Some 
of the earliest extant plastering is of a quality that compares to 
that used in modern times. The pyramids of Egypt contain 
plasterwork executed at least 4,000 years ago which is still hard 
and durable. The principal tools of the plasterer of that time were 
in design and purpose like those used today. For their finest work 
the Egyptians used a plaster made from calcined gypsum which 
is identical with plaster of paris. In other respects also the ma- 
terials and the procedures used by the Egyptians 4,000 years ago 
were identical with those of today. 

Very early in the history of Greek architecture (e.g., at My- 
cenae) plaster of a fine white lime stucco was used. The art of 
plastering reached a high degree of perfection in Greece more than 
five centuries before Christ, and plaster was frequently used to 
cover temples externally (stucco) and internally, in some cases 
even when the building was made of marble. The stucco and the 
plaster of the interior provided an excellent ground for decorative 
painting. The temple of Apollo at Bassae, built of yellow lime- 
stone about 450—420 в.с., is an excellent example of Grecian skill 
and artistry in the use of decoration on stucco and plaster. The 
ornamental plaster ceilings of England during the reigns of Henry 
VIII, Elizabeth I, and James I still are admired. Earlier extant 
specimens of the plasterers’ skill in England are the pargeted and 
ornamented fronts of half-timber houses. Plaster as a medium 
of artistic expression waned by the 19th century, when imitation 
and mechanical reproduction all but displaced this creative art. 
As a surface material for interior walls and ceilings and to a lesser 
degree for exterior walls, plaster has become common. It facili- 
tates cleanliness and sanitation in building and is a retardant to 
the spread of fire. 

Interior plasterwork is designed according to the type of lathing 
to which it is applied and the number of applications that are 
necessary. The first coat, or scratch coat (not over 1 in. thick), 
is applied to a wood or metal lath, but not to a gypsum lath, 
This coat, rich in cementing material and binder, is laid on with 
a steel trowel, working upward with overlapping diagonal ap- 
plications of mortar. The second coat, called the brown coat 
in the U.S. and the floating coat in England, is less rich in 
cementing material and should not be less than 4 iri. thick. 
The third coat, or white coat, consists of a lime paste into 
which plaster of paris is mixed at the time of application. This 
final coat is applied in three operations: a thin application with 
a steel trowel; a second application to bring the finish surface 
to its final true plane; and a third operation in which a steel 
trowel and a damp brush are used to produce a smooth polished 
surface, 

Ornamental plaster for ceilings and cornices is usually applied 
with a metal molding tool that has the reverse of the desired pro- 
file. Some elements may be formed by hand, while others are 
precast and stuck in place with plaster of paris. Plaster coating 
of exterior walls, commonly known as stucco, may be applied di- 
rectly to concrete, brick, tile, or a supporting metal lath base. 
Various types of finish, including colours and textures, may be 
incorporated in the finish coat. Splatter dash and pebble dash 
are textured surfaces resulting from throwing mortar or pebble 
with some force on the finish coat while it is still soft. One 
of the oldest techniques for both interior and exterior embellish- 
ment is sgraffito, in which colour coats are applied to a sur- 
face finished with a skim coat of fine cement. The outer 
coat or coats are scraped away, exposing the various coloured 
layers. 

ERE E Van Den Branden and M. Knowles, Plastering 
Skill and Practice (1953) ; W. Millar, Plastering, Plain and Decorative 
(1927) ; О. Hering, Concrete and Stucco Houses (1922). (E.N. G.) 
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